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The problem of mutagenic actfon ·of_ ionizing· radiation on. mammalian arid 

human cells attracts especial attention in the last decade in connection with a 

deterioration. of the environment and. radioecological· situation in the world . 

The study of the mechanisms of the mutagenesis in mammalian and human 

cells is a rather difficult problem because of'both incompleteness of knowl

edge about the structure and functioning of eucariots' genome and insufficient 

development of the methods for a realization of such' investigations. In the 

last decade the test-systems for a registration of some gene mutations, con

nected with biochemical processes in cell nuclei, and a number of molecular

genetic methods for revealing of mutation events (sequence, FISH-technique, 

· blot-analysis) are developed. 

At this time the data about the mutations of some genes'(HPRT, APRT, 

TK and others), which cause cell resistance to the action of some toxic ana

logues of the purines and the pyrimidines are obtained. The interest to these 

agents arised in 60-th in earlier period of cancer chemiotherapy i~- coimection 

with an appearance of resistant to them variants in the populations of cancer 

cells. Later it was shown that the resistance was conditioned by insufficiency 

or full loss of phosphoribosyltransferase or nucleoside kinase enzymes. 

·we are investigating the mutants on HPRT:loc~s and the data concern-. 

ing this gene will be considered -then. The gene in humans .is in the X

chromosome. It is about 35-45 kb of genomic DNA in: mammalian cells • 

(44-kb- in humali cells) and has 9 exons that are -1.3:kb. HPRT-gene codes 

hypoxanthine guanine phosphoribosyltransferase, which catalyzes the· conden

sation of 5'-phosphoribosyl-1~pyrophosphate and the.purine bases of hypoxan

thine and guanine in the formation of the mononucleotides, utilized by the 

cells during DNA synthesis. 

The revealing of mutations in HPRT-locus ·is based' on the following 

principle: the mammalian cells can use exogenic purines or synthesize them 

for construction of the nucleotides de novo.· Thus they can also incorporate 

toxic for them exogenic purine analogues' as 6-thioguanine, 8-azagtianine and 

others. In selective medium with purine analogue· only:the cells survive and 
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form col?nies, .in which the mutation in HPRT-locus has taken .place, .result

ing in impair or. absent HPRT activity. The cells have impaired or. absent 

~bility to inc:;orporate these toxic analogues and ~re resistant to them. They 

will form, colonies, that allows one to evaluate the intensity ?f mutation 

p~oces~es after .the acti<m oL9ifferent physical and chemical agents and also 

to isolate the individual. colonies and to investigate HPRT-mutant subclon~s. 

· As our investigations have shown the, types of dose dependence curves for 
_..,.f . 

mutation. induction and chromosome .. aberrations. also, as well as survive curve 

of Chinese hamster cells depend on LET of radiations. After. y-irradiation and 
-· . . . . - . . . . - ~ ·' . ' 

heavy ions action with,LET up to. 80 keV /J.lm they are nonlinear, at higher 
., . • 't- . . \ 

. LET values they come nearer to linear. The RBE-LET dependence [ 1] on all 

thr~e criteria is described by the curves. with a maximum at- 80-100 keV I Jlm 

(Fig. 1), All.this, and also the close values of RBE factors on the. number of 

mutations and, chromosome aberrations allow one to believe, th~t at the basis 

of these .changes one and the same primary damages. lie, namely, double

strand breaks of· DNA, and as a result both structural chromosome aberra- · 

tions and,microstructural.damages of DNA; registered as gene mutations, are 

formed. 

Accumulated in the literature data testify the role of. structural DNA 

damages in the induction of gene mutations in mammalian and human cells 

[2~16].;Jhe_data of Table 1 allow one to judge about the nature of HPRT

mutations in these cells. Thechanges were !lot revealed at the majority of 

indepen4ent spontaneous mutants (up to 85%). Amongst radiation-induced 

(by, X-, and y-rays) mutants the fraction of.changed ones becomes prevailing 

·(up to SS-100%), except only the data of.Hakoda M. et al.(1989) [12] for 

lymphocytes in vivo from persons, survived after Atom bombardment: the 

changed mutants,comprise only 15-25%, that corresponds to spontaneous mu- · 

tant .level for this test. At spontaneous and radiation-induced mutants the 

partial or total gene deletions prevail, and ,moreover at radiation-induced 

ones a.fraction of mutants with total deletion of gene [ 13, 14] is raised. The 

data, receiyed by sequence or PCR methods show diversified mutation chan-
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ges of gene. So Rossi A.M. etal:(1990) [17]-ha":e.observed the loss of 1-2 or 

part of exons; the frameshifts, s~all delettons'; th_e ~plice-mutatio~s. the base

pairs SUbstitutiOnS (in exons_1, I 2, 3, 8) amongst SpOntaneOUS mutantS from 

human T-lymphocytes, and. i; the. last cas~ the transitions GC to AT were 

40% of them.;On an e~timation.of Niclas·'J.A. et aL(19,89)[10], the viability 

of spontaneous mutants is kept at least a~ the deletions up ~o 22 kb from the 

5'-end a~d 29 kb from the 3'-end of HPRT-gene. At ~adiation-induced mu

tants of Chinese hamster cells a duplication of a part of the 5'-end of the 

gene and gene deletions in all sites are marked. by Thacker J. et al.( 1990) 

[13]. There are also evidences of nonrandom ,character of breaks in HPRT

gene ~t spontaneous and radiation-induced mutants [7, 13]. 

As follows from a technique of revealing the mutations, a necessary con-. ' 

ditionfor realization of <l;risedpremutation damage in_a mutatif:!n, for-exam-

ple, after, irradiation, is to do several cycles of cell divisio~ in normal physio

logicaLconditions (o~ the different data, from 3-5 up to 10 and more) before 

the cultiv~~ion in selective medium with toxicpurine analogue ("the expres

sion time,"). As isknowA, during the period of fir~t postir~adiation mitosis 

the structural chromosomal a~errations are revealed. ·Amongst.th~m structural 
' I 

gene deletions; the sizes. of which exceed the microscope resolution, must also 
. i - .~ ' . - ' . 

appear~ The minimum values are about 1;2-1 ,3 kb, that coincides with the 
' ' 

appropiiate sizes, received aLthe. blot-analysis, ,when it was a success to 

evahiate ihem ( 1,5-14 kb) [ 13, 14].· It is shown, ~arlier, that the partial or 

total. gen~ deletions were characterized for. the. majority of HPRT-mutants. 
• • ' • I ' 

The data; of the analysis of such unstable· chroriwsome aberrations, as the 
·, 

frag~ents and, especially, interstitial deletions, can also serve as indirect 

. confirmation of a role of gene structural damages in mammalian an~ human 

cells ml!t;_;gen~sis. At the cytogenetic analysis the different sizes of interstitial 

deletions httract attention: from very small up to large circular or oval struc

tures.:up to. acentric rings, which are identical to such deletion~ on the 

mechanism of origin. Jhe assumption is probable perfectly that the structural 

gene deletions with ·different sizes are als~' registered amongst the fine inter-
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stitial deletions. Obviously, the probability of multiple chro~osome breaks, 

that are a necessary condition for their formation, i~creases after action by 

heavy ions with high LET. In,~~r· ~~~~stigation [18], the number of intersti

tial deletions and acentric fragments . increases in the greatest degree after 
/__ ·, ~-~·-~ ·:. ~-: ;. ' .•, ~ l _- ~ :~ 

heavy ion irradiation as compared -with "(-rays (Fig. 2). Their nuinber in-

creases with the increasing of heavy i~~: LET. 'and·. reaches · ~: maximum at 

about 100 MeV /~m. .:r··.: 
Other indirect confirmation of a role of structural chromosome damages 

in mutagenic processes in .mammaliim and human cells can be the formation 

of stable chromosome aberrations, Jor example, translocations, when: the ex-
. ~··~. : • •• ,-,,-: .. ·.• ,r·;, ,,, '{.··· _,.~ v -· ••· ~-

change of parts between the chrom~somestakesplace. In this:case'the:loss of 
. . ' ' ; .. , '• : '~' .··b···l . 

genetic ~atter does n?t o'cctir~~d th~~eaberratio~;\··are ~ept·i~ th~·popula-
tion of irradiated cells for. a: long time.' It is 'general 'recognized,· that subse

quently such cells can cause the development of mutation processes in 'the or

ganisms and the cancerogenesis. Our investigations of stable chromosome ab

errations in irradiated human lymphocytes by FISH-method [ 1'g, ;0] testify 

the high frequency of the tran~locations, in which the chromosome-1 is in

volved (Fig. 3). Their number' increases nonlinearly with a dose of y-rays, 
\ 

and after nitrogen ion irradiation it increases essentially, and the dose de-
J i .' . - ' -~ 

pendence comes nearer to liriea'r .. RBE of nitrogen ions with. LET -80 

keV /~m exceeds 3. 

As concerns the mutant clones without vislb,le ~h::nges at the blot-analysis, it 

is obvious that the variants with true point gene m'ht~tions; conn~cted with 

single substitutions of the nucleotides in the cod ones of· structural gene of 
' •• :. ~l- '\ ~" • 

DNA, are amongst them. Phenotypically i£ r~sults in a replacement of the 

aminoacids in' the ferments, the synthesis of which is controled by this gene. 

·But unlike bacteria, at which gene mutations are always point ones, ,as for 

them any doubie-strand br~ak ·~L nt-iA b·~com~s le~hal ev~nt,. at mammalian 

and human cells it is not always p6ssibl~ to distinguish sinall ~hfo'&6~omal 
I ' • . .: ~'-" · l •; ' '"'' . . ; • • ~ • .... ~, 

damages (for example, interstitial and terminal microdeletions, insertions) 

from point mutations, which inactivate this gene. Phenotypically such struc-
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' ,.. : • ·· T~bl~2 
·The means of the change of the 'coding in irradiated DNA.· 

. (In: Tir:nofee,v.-~.esovsky N.V, et al,! )9~1)., .. , 

Pyrimidine. 
"! .,.:' 

Thymine 
(T} 

-ln 

Cytosine 
(C) 

.. 
' 

Adenine 
(A). 

1) The destruction of bases chromofores 

G::2 
(includes the formation of 

hydroperoxides, glycols and 
other) 

! /t 

G:: 1. 
(includes the distruction of 

pyrimidine or. imidazole cycle) 

2) The break of glycoside binding and loss of base 
•, , · (G;; o:os) 

I 

3) The formation of other bases 

Uracil codes 
asT 

G::0.02 

Hypoxanthine 
. codes as G 

G::0.05 · 

in 
coding 

It is possible 
. all kinds of;.· 
transversions 

AOT 
C G 

and all kinds 
of 

transitions 

,Ax: 
c 

· Two kinds of 
. ·transitions 
are possible 

A T 

cXG 
Radiation-chemical yields (G}are in molecules per 100 eV. 
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tural mutations are displayed in a replacement and a loss of individual ami-

noacids or, on. the contrary, their additional occurrence .in molecules of en

zyme. Radiati~ri-ihduced gene mutatiods are essentially identical to the same 

changes in codones of structural gene of DNA, as well as at spontaneous 

mutagelie~is. But besides some. products of radiation-chemical modification of 

nitrogen bases.of DNA can be al~o a reason of single substitutions of the nu

cleotides. In Table 2 tpe damages o( nitrogen bases: (the purines arid the 

pyrimidines), that res11It Jn the change ofJhe ·coding in ·irradiated DNA [21], 

are. shown schematically. As .a result. of the destruction of pyrimidine and 
' , ' • ' ' ,, ·~ j '. • • • ' • 

; i~idoazole cycles and the loss of nitrogen bases because of break of glicoside 

binding, the different single: tra~sversions and· transitions. i~ c?d,ones ~f DNA 

gene must arise. As a result of base modification only single transitions arise. 

:' So i~ consequence of desamination the adenine can turn in tne hypoxanthine, 
' • c • 

· which codesas the guanine. The base-pair substitution of AT to GC will be 

in this place during replication. In consequence of desamination the cytosine 

can tu,rh· to uracil, which codes as the thymine,' an<I'iri this place of DNA the 
. •.'. '. 

base~pair,GC will be substitute by a base-pair AT. The majority of transitions 

' am~ some transversions have no influence on matrix aCtivity of DNA and do 

' not' interfere in replication and transcription processes, that 'further aids in 

reiriaining.these mutations in the cells. 

As has been marked earlier, for realization of a damage in a mutation of 

' re,sis~ai_J;ce .. to, 6-TG, several cell cycles, of diyision in nor~al conditions of 

growth are. necessary before the cells .will pas~ on selective nutritious me

dium. The ·damaged nitrogen bases, kept. unr~pared duiing the first replication 

~ycle, wil} cause the base substitution·, ici' n~w synthesized DNA (transition or 

. tran~version) and occurrence of potentially mutagenic cell. A normal daugh

ter~cell wili appear sim~ltaneously. After the second division cycle the first 
' 
. mutant cell with a changed b~se pair in DNA, one potentially mutant and 

two normal . cells will appear. If all cells 'Yill be ~iable, the 63 mutant, 1-

potential mutant and M no·r~al ~eli~ will appe~; in the· ~ol~ny after the 7th 

divisions. During cultivating in medium with 6-TG only the cells with muta-
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tion, of HPRT-ge~e;:resulting in)mpaired of absenfabilityto incorporate thf~ 
. toxic,analogue have. tl{e chance.td~s~r~ive_:and to form col~ny. Depending on 
. ' ~ .\~'. ·:;· . . . . .· ; >< . .' : ·:.". . . ·.: ' ; . . 
the types of base d~mage, ·the appearance of! the cells with different kinds of 

. HPRT-gene mut~~i6ns1n arising popul~tiom is.not excluded)In case ofbase 

modification all ~ells will have the same mu~ation~~But ,in ~"'cas~ of de~rada
. ;tion of th~ base~;; o;·bre~k glico~ide binding wi~h' ~;los~ ~fthe b~~e~. when 

different transve;si~ns and tiansition~ are p~ssible, ~he d~~ght~r:~~lls with 
< -, • •'' .- ;> ~ .. ' ·,. ,. . . . .. ~;: '"·~-} . 

different :HPRT"gene mutations· can arise ffom .the· same • potentially .mutant 

'cell, and nonunifonri, celi populaii~n o~ mutag~~ic. pi~p~i~ies ·will tenerate. 

Thus, in ~- basis' of muta~enesis of mam~alian and -~umkni cells the 

events lay, which ~r~ ~o~nected wi,ih chromosomes, wheihii it: ~on~~rns their 

chemkalorganizati~~ ·~r-imp~iiof str~cturaUntegrity. It is obvious, that the 
! " . ' .• • • . • • . ~ • ' ' •• 

realiz~tion of gen~ damages .on a, ce.ll level is ·complicated. :Possible' conse-

quences of. :fiPRT -ge~e damage'S are· cons~dered -on the sch~e (Fig. 4). They . _· 

can be connected; ,witli .intragenic changes ("point" mutations, microdele-

tions,- in~;r~ions, addition of a g~ne sites) and with total loss of gene or its 

9 
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part in case of str~ctur~l deletio!l.ofX~chromoso111e, in whkh)tis.Inc<;ts~. of 

damage of the bases arising transitions or transversi~ns do not inte~fere in the 
'' ' . . , 

processes of transcription and translation. As a result the·synthesis of normal 

enzy~e due t~ degenerative genetic code (position 1) can happen. The termi

nati~n of the.chain beca~se of appearance of terminating codones and accord-. . . 
ingljrthe abs~nce of enzyme synthesis (position 2) can take place, while the 

substitution of arriinoacid in enzyme causes the loss (po_sition 3) or decrease 

(posit.ion 4) of enzyme ~ctivity. .. ' ... ~~ ! 

Gene microdeletions ·in 3 nucleotide size in! case or' terminal or intersti-
... • . I " . . . 

. tial deletions with loss of one codone. ~-ill result in absence of final or any 

,other aminoadd iri the enzyme and as a result the absence (position 5) or im

:.:pair :(positio~· 6) of enzyme activity will be. But int~rstitial deletion in size 
' ' " 

=of 1-2 nucleotides wilLcause_ the _i~pairment of the specific codones sequences 
' > " ' • 

on l~rge sections of DNA; "frameshift":'• at. transcription and impairment of 
( ,- ' t,' ' ; • 

.translation processes: Tile same consequences will follow in the case of gene 

'micr<>keorganizatio~,· connected with inve~sioris, insertions or addition of the 

. gene~sites. The en~yme synthesis is not realized in these cases (positi~n 7). 
. . ' '• . 
. The majority. of structural chromosoll!e aberrations of X-chromosome, in i 

the r~~ion of HPRT-ge~e, .a!sore~ult~JI!.ihe.p~ssation of enzyme synthesi~ as 
. ,, " ,. ~ 

'in the case of chromosome deletion with 'total loss of gene or its part 
:; ' " .,.,.. ~ ' . . 
;.(position 8, 9), as in the 'case of iriterch'romosorrial excharige of gene part 
; ~ • ,l :. • ' i • 

_(positJcin 10).: In case: of symmetrical chromosome exch~nges;without damage 

. of HPRT-locus the s~nthesis of enzyiri~ can also stop when HPRT-adivity is 
I . ,,.. . . . . . . . :; ' .. • . 

,·absent because of." the position effect'•' (position it). :BuFif H:. is ·only re-
~ ... .· ' . ·'. ' . ' . ' 

'duced; the pool of n~rmal· 'fe~me~t (position 12) will decrease and when 

HPKJ:-activity remains, the normal enzyme synthesis will take place 

(position 13). 

:So the consequences of gene damages are displayed in a number of cell 

generations as through the change and the impairment of gene activity and 
I.· 

through the change and the lmpairrri~nt of appropriate enzyme activitY·. ''fh~ 

displ~y of the na~ure attribute~ on a cell~ level can be regul~ted~s on the 

level 
1~f:transcription of the genetic information, as through posttranscription, 

translation and posttranslation processes. 
/ 12: 

Types of 
mutants 

Control 

Sponta-
neous 

mutants 

Radia-
tion-

induced .. 
mutants 

I'•' 

: 

; 

. ~ · :Table ·3 
Chromosomal aberrations in cells of diploid 

mutants, 

( i•' ; ' ', < ·.· ;'Cells-with -Total Fraction 
Dose Group, Number :: f~rRIIl0- Ilumber, of . of. 
Gy of· · · somal aberrations mutants, 

;. mutants: 
•. ·, ,.,,,· .. rl. 

· per 100' ,.': %!. abe~rations,' .. 
,; . %· '; .. · ··cells . ·,: ' . ' 

;I 

-- -- 14 8.7 ± 0.8 9.9.± 0.8 78 ., 
'·' 

.. : .... ·: 

-- lb. :;5; 8~6 ± 1.3 c10;4 ± 1':4' ' 31' 
I I 5 16~_8± 1.8 21.2 .. ± 2.1 31, 
III 3 39.7 ± 3.7 .63.4 ± 4~6 I 19 · .. · .. .. ,. 

. ~ ~ :·, 

Ia 1 ' •.· , .4:·o ± 2.0 . ,5.0±2;2. ' 14 
2 I b 4 ; I• 9.8 ± 1..6 10.3 ± 1.6 57 
·' ; ' 1 .· . ' < '• ; ·'; ' 

! ' 14 II 29.0 ± 5.4 . 44.0 ± 6.6' 
3' I a 3 3~0 ± 1.0 3.0 ± 1.0 13 

I"b 11 9.0 ± 0.9' 10.2 ±' 1'.'0 . 1;48• 
II t< ; ,4,, .. 19;8 + 2.2:, 28:9:±2:3· 17 .. 

5 ; I a . ·.A .. .4.0 ±:2.0 ; 4.0. ± -2.0 ' t:'· 8 
I b 6 7.8 ± 1.1 9.5 ± 1.3 46 
II 6 

••. ,,j ,,,.·,_.-,, ; ,_ .. ; 

46 18.7 ± 1.8 22.3 ± 1.9 
7 ·· I a 1 ; 2.0 ±' 1.4 2~0 ± '1.4 . 8 
'' I b 3 . (7.0 '± 1.5 . ·:7;3±1.6'' 25 

II. . -6 · . .'l: 17~5 ± L7 :, · 23~T ± 1.9 :• .SO; 
· III*. . 1 ') :. 88( 18) ± 9.4 110(22)±10 .. 8. 

"· s 
·'' 

* 88 % of cells have interchfomosomal symmetrical;excl).ange (other, types 
of aberrations). . 

The' fubire of irradiated cells 'during; bt!ithiatirig' oil seleCtive' medium' will 

be various. The cells, avoided' of damages; ~n'd also mutant cells, in \vhich 

ther~ is no~~al enzyme synthesis' will die (posftion'1:13)} Others'will b~ ca

pable to form colonies (position 2-12).' But'their'phenotypicalproperlies'will 

l3 



·.be not the same. It is possible to assume that those, which although synthe

size the enzyme, but it appears less active or smaller amount of normal en

zyme is synthesizeq(position 4,6,12), will form colonies slower than other 

mutant cells. In these cases a viability of mutant population is provided at 

the expense of the cells, which have no time to incorporate purine analogue 

during cell cycle. We observed the delay of mutants' growth (almost by a 

factor of two as compared with the contr?l) during HPRT-mutants revealing 

from Chinese hamster cell culture. The share of mutants with slower growth 

increased from 25 up to 85% at increasing of radiation-induced dose from 2 

up to 7 Gy. The appearance of the spontaneous mutants on TK-Ioci with slow 

growth, that were· isolated from· human limphoid cells line TK-6, had been 

also noted by Yandell et al.(1986) [22]. . 
L 

Moreover the consequences of mutation events can _be displayed and were 

· ·displayed in a rise of chromosome instability in population of mutant sub-

. clones [23].The mutants were highly heterogeneous on a frequency of aber

rant cells and a number of chromosomal aberrations (Table 3). When we sys

tematized them by these parameters we distinguished arbitrarily several 

groups of diploid mutants: the first ones did not differ essentially. as com-

. pared to control, but amongst radiation-induced mutants the single ones of 

t~is group were found with the frequency of aberrations from 2 to 4 ·times 

l~ss. The other mutants had higher level of chromosomal· aberrations and 
f 

were highly heterogeneous on these parameters. At mutants of the group II 

· their level was about 2 to 4 times higher than in control. The mutants of the 

group III have very high level of chromosomal damages (more than 30% of 

aberrant cells). Percentage of radiation-induced mutants of the group I de

creases from 70 to 33% but the group II increases from 14 to 50% when doses 

increased from 2 to 7 Gy (Fig. 5). The mutants of the group III were in fact 

revealed only amongst spontaneous ones. The radiation-induced by dose of 7 

Gy mutant was only one and differed from all others in the chromosomal ab

errations spectrum: the stable translocation .was found in 88% of its cells. The 

level of other types of aberrations in this mutants did not differ from the 

level of the mutants of the group II. 

14 
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Moreover 15-20% tetraploid mutants were observed also. They ar'e char- · 

acterized; by the higher level ofchromosomalaberrations·as compared t() dip

loid control. The frequency of chromos~mal aberrations in the cells ofradia-

. tion tetraploid mutants, induced by the doses of2 and_3 Gy, wasafew 
1
times 

higher. The single tetraploid mutan!, induced by 7 Gy dose, differs fr!-Jm all 

others: the stable tr;mslocation was observed in almost. 90(~ of the. cells, the 

level of other types of aberrations was also high enough. Extremely high 

level . of chromosomal. aberrations., is revealed at spontaneous tetraploid mu-. 

tants (about 50% of aberrant cells). 

So the.heterogeneity on the cytogenetical properties ·and the increase of 
" chromosomal instability: of the. mutants were. a result of HPRT-mJ.Itations' in 

the mammalian cells. The data reflect a phenomenon of the reproductive in

stability of chromosomes in many generations of mutant cell~ The higher level 

of chromosome· aberrations in. cells of many mutants can; testify .that the . . . 
probability of impairment of chromosome· integrity raises in mutants. inevita-

bly. possibly: 'as a stage of the appropriate genome reorganization. . that is 

adequate to changed vital conditions, 

Thus, the analysis of aforesaid literature and proper data confirms an-es

sential role 'Of 'struCtural damages of chromosomes (and accordingly. structural• 

damages ~f genes) in radiation mutagenesis of mammalian and human cells. 
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: fo8op)'!i P.ll. 
XpoMOCOMHLJe HapyweHHll " Myrme3 8 uenax M1leJ 

HHJlYUHpOBaHHLie HOHH3Hp)'l<}mull!u-DJ.il}"'eaHIIMH .c pa:JJ 
. .- .· -·/ . . ... · .· ... 

:_:. Ha OCHOBe ~ampa JIHTepal)'JlHLIX ·u· Co6cTBeHHLIX 
pOJIH CTp}"I'l)'JlHLIX nollpe_JKJteHHii ~poMOCOM (H retl<JB: 
.KJieTOK ~JieKOflHTaJOmHX:H 'IMOseKa~Ha npHiifepe JIOK) 
.weHHH HX pMH B MyfafeHe3e. npH. B03JleiiCTBHH Hl>HH3H 
peHLJ rn~OTeTH'IecKH iiocne)lCT8Hll UOBpeJI(JleHHii reHa 1-
HOCTb MYraHTtlbfX c)'6KJIOH08 no HX UHToreHeTINecKH 
HeCTa6HJII;HOCTb XpoMOCOM y MYrauTHMX CyQKJIOHOB U 
MYJ'aHTHoii Kl!eTKH .. CJteniw: 8LI80Jt rr ~M, _..,.0 npu MYr. 
HOCTbiD fl08blliiaeTCll BepoliTH.OCTb Hllp}weHHii uenocJ, 
m~p_ecTpoiiKH reHoMa, aJteKlllmioii lt;~~eHj,t8liiHMCll ycno1 

-- :;. 

... · · · Pa6oTil o~mo;He~a 8 oT!l~eHH~· paliuau~oHHLIX H 1 
- ~- . ~ -~\ . - \ ·. ·~ /- . \ ' ·-

.. 
~ .. 

'";'~_ ''·· :...... 

'".-;npenpHHT Ofue!lHHeHHoro· HHcTHTyra lltJ.e 
; -~ .... ~· . --- . ~ -

~ -""'' / 

· Chromosomal'Damages~and Mutagenesis in Mammaliru 
. by Ionizing Radiationsw~tii DiffefenfLET .. • ·· • 

~ ·'.· On 'the ba~i~ ·~(Iiteratur~- a~d prorerdata the tnfern 
chromosomal (a~d gene) dam~ges in spoiltaneou" and 
imd human cells 'on HPRT-Joci. The evidences. of incre 

:after the influence o'fionizing radiatim\s with high LET 
; damages have been examined hypothetically. The heteroE 
·properties wer~ rivealed expedinentally. The data reflect 
· instability ·i·n m'any gen~rations· of mutant ~~II. The mut~ 
· by the impairment of chromosome. integrity. with high 
reorginizationbt<cause of chmiged vital condition~: 
'- . ' ~ I I 

· ·· 'The investigation has been performed at the Divisi 
JINR .. ·. ·. -.. . . ... " . . 

•. ·-
·Prej>rint ofthe Joint Jnstitu):e for Nu 

·,. 


