


"“The problem of mutagemc actlon of ‘ionizing’ radlatlon on mammallan and
human cells attracts especial attention in the last decade in connectlon witha"
deterloratlon of the env1ronrnent and radloecologlcal 51tuat10n in the world.
The study of the mechamsms of the mutagenesxs in mammahan 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 (seduehCe, FISH-technique,

“ blot-analysis) are developed. == - k

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 in-Connection
with an appearance’ of re51stant to them varlants in the populatlons of ‘cancer
cells. Later it: was shown that the resxstance was condltloned by 1nsuff1c1ency
or full loss of phosphoribosyltransferase or nucleosxde kmase enzymes. )

~We are investigating ‘the mutants on HPRT-locus 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"'inf“tnam:mali_an ‘cells’
(44 kb — in human-cells) and has 9 exons that are ~1.3 kb. HPRT-gene'codes
hypoxanthlne guanine phosphorlbosyltransferase “which catalyzes the’ conden-'
sation of 5'-phosphoribosyl- 1-pyrophosphate and the. purine bases of hypoxan-
thine and guanine ‘in the formation of the mononucleotldes, utilized by the
cells during DNA synthesis. -~~~ =" e e s B

The revealing of mutations in' HPRT-locus'is based: on the followmg
principle: the mammalian cells can use exogenic purmes or synthesize them
for construction of the nucleotldes de novo Thus they can also mcorporate?
toxic for them exogenic purine analogues as 6- thloguamne 8- azaguamne and

others. In selective medium w1th purlne analogue only the cells survive and
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‘ form colonies, .in .whichmthe‘rhutatiori in HP.RT;lbc'us h;is: taken.placé,dresul't-
ing in. impair, or.absent HPRT- activity.. The '.cell§ ‘have impaired  or. absent:
ability. to incorporate. these. toxic analogues and are résistanf ;tv:o them. They
will form colonies, that alldws one. to eVahi’ate‘,the’ intensity of mutation
processes after the action of different. physical and chemical agér\lts and also
to isolate the indivi‘duail_; colonies and to investigate HPRT-mutant subclones.
. As our investigations have shown the types of dose dependence curves‘for_
“mutation induction. and chromosome aberratlons also, as well as survive curve
of Chmese hamster celis depend on LET of radlatlons After y-irradiation and.
hea\"y_.lvons action w1thf},ET up to 80 keV /um.they are nonlinear, at _higher
~LET values they come nearer to linear. The RBE-LET dependence [1] on all:
three criteria is described by the curves with a maximum at'80-100 keV / pﬁl
(Fig. 1)..All this, and also the close values of RBE factors on the number of
'mutations and. chromosome-éberrations'allow one to believe, .that at- the basis -
of ;tﬁhese;(changes‘; one and the same primary- damages: lie,*j'(namely,:“doub]e-f
‘ stkran‘dkb‘reaké of DNA, and as .a result both: structural; chromosome aberra- -

tions’and;microstructura] .damages of DNA; registered. as gene mutations, are

Accumulated in .the hterature data. testlfy the role of  structural. DNA
damages in the induction of gene mutations in mammalian and human cells
[2-16]. . The data of Table 1 allow.one to judge about the nature of HPRT-
mutations in these cells. The changes were not- revealed at the majority of
indf;péndent spontaneous mutants (up to 85%).:Amongst. radiation-induced
(by,_X-;:and y-rays) mutants the fraction of.changed ones becomes prevailing
“(up to 55-100%), 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, received by sequence or PCR methods show diversified mutation chan-
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~-ges of gene. So Rossn A.M. et al:(1990) [17] have observed the loss of 1-2 or
part of exons the frameshlfts small deletlons the spllce mutatlons the base-
pairs subst1tutlons (in exons 1 2 3, 8) amongst spontaneous mutants from
human T~lymphocytes and 1n the last case the transrtlons GC to AT were
40% of them. On an estimation of Nlclas J. A et al (1989)[10], the viability
of spontaneous mutants is kept at least at the deletlons up to 22 kb from the
5-end and 29 kb ‘from the 3- end of HPRT—gene At rad1at1on induced mu-
tants of Chinese hamster cells a dupllcatlon of a part of the 5-end of the
gene and gene deletions in all sites are marked-by Thacker _I et 'al.(1990)
-~ [13]. There are. also evidences of nonrandom character of breaks in HPRT-
k gene at spontaneous and radiation-induced mutants [7, 13]
 As follows from a technlque of revealing the mutat1ons, a necessary con-
dition. l:or realization. of arised premutation damage in a mutation, for:exam-
ple, after 1rrad1at10n s to do several cycles of cell division in normal phy51o-
logical’ cond1t1ons (on the d1fferent data from 3 5 up to 10 and more) before
the cult1vatlon in select1ve medium with tox1c purlne analogue (“the expres-
sion t1me ) As is known durlng the perlod of flrst post1rrad1atlon mitosis
the structural chromosomal aberrat1ons are revealed. Amongst them structural
gene, delet1ons the s1zes “of which exceed the m1croscope resolutlon must also
appear. The m1n1mum values are about 1 2 1 3 kb that c01nc1des w1th the
approprlate s1zes recelved at. the blot analys1s,;when 1t was a success to
evaluate them (1,5-14 kb) [13,-14]}. It is shown earller that the part1al or
total -gene deletions were - characterized for the : majority of HPRT- mutants
" The data of the analysis of such unstable chromosome aberrations, as the
fragments and, espec1ally, 1nterst1t1al deletlons, can also serve as 1nd1rect
‘conflrmatlon of a role of gene structural damages in mammalian and human
cells’ mutagene51s At the cytogenetic analysis the different sizes of 1nterst1t1al
delet1ons attract attentlon from very small up to large circular or oval struc-
tures up to acentr1c rlngs ‘which are identical to such deletions on the
mechamsm of orrgln The assumptlon is probable perfectly that the structural

gene’ deletlons with- dlfferent sizes are also reglstered amongst the flne inter-
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stitial deletions. Obv10usly, the probab1hty of multlple chromosome breaks,
that are a necessary- condition for thelr formation, mcreases after action by
heavy ions with h1gh LET. In, our 1nvest1gat10n [18], the number of intersti-
tial deletions and acentric fragments 1ncreases in the greatest degree after
heavy ion irradiation as compared w1th y—rays (Flg 2) Thelr number in-
creases with the increasing of heavy ion LET and” reaches a’ ‘maximum at
about 100 MeV /pm. oo e e el ;
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Other indirect conf1rmat1on of a role of structural chromosome damages
in mutagenic processes in mammalian and human cells can be the formation
of stable chromosome aberrat1ons, for example translocatlons, \]vhen the ex-

change of parts between the chromosomes takes place In th1s case ‘the! lOaS of

genetic matter does not occur and these aberratlons are kept in the popula—
tion of irradiated cellsfor.a‘long t1me It is general recognlzed that subse-
unently such cells can cause the development of mutation processes in the or-
ganisms and the cancerogenesis. Our 1nvest1gat10ns of stable chromosome ab-
errations in irradiated human lymphocytes by FISH-method [19 20] testify
the high frequency of the translocat1ons in which the chromosome 1 is in-
volved (Fig. 3). Their number lncreases nonlmearly with a dose of y-rays,
and after n1trogen ion 1rrad1at1on it 1ncreases essentially, and the dose de-.
pendence comes nearer to l1near RBE of nitrogen ions wrth LET ~80

keV /pm exceeds 3.

" As concerns the mutant cloneslwithodt vrsrblechanges at the ’blot—analysis, it
is obvious that the variants with true polntﬂ g:eneﬂmh‘tati"ons’hconnected with
single subst1tut1ons of the nucleot1des in the codones of structural gene of
DNA, are amongst them Phenotyp1cally it results in a replacement of the
aminoacids in' the ferments, the synthesis of Wthh is controled by thlS gene.
-But unlike bacteria, at wh1ch gene mutatlons are always pornt ones .as for
them any double strand break of DNA becomes lethal event at mammallan
and human cells it is- not always possrble to drstmguxsh small chromosomal
damages (for example 1nterst1t1al and termlnal mlcrodeletlons xnsertrons)

from point mutations, which inactivate this gene. Phenotypically such struc-
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tural mutations are displayed in a replacement and a loss of individual ami-
noaclds.or,: on:the contrary, -their additional ,occurrence .in, molecules of en-
zyme. Radiation—/induc‘ed'gene ‘mutations are ess'endtially‘ identical to the same
‘ changes in codones of structural gene of DNA, as well as at spontaneous

; mutagene51s But besides some. products of radlauon chemical modification of

nitrogen bases .of DNA can be also a reason of single substltutlons of the nu-

cleotides. Tn Table” 2 the damages of nitrogen bases (the purines and ‘the

pyrlmldlnes) that result in the change of the coding in irradiated DNA [21],

| are, shown schematlcally As a result of the destructlon of pyrimidine and

1m1doazole cycles and the loss of n1trogen bases because of break of glicoside

b1nd1ng, the different smgle transversrons and- transitions, 1n codones of DNA'

gene must- arise. ‘As a result of base modlflcatlon only s1ngle trans1tlons arise.

: So 1n consequence of desamination the adenine can turn in the hypoxanthlne
wh1ch codesas the guanine. The base-pair substitution of AT to GC will be
l 1n this place dur1ng repllcatlon In consequence of desamination the cytos1ne
can turn to uracil, which codes as the thymme and in this place of DNA the

base palr .GC will be substitute by a base- palr AT. The majority of transitions

and some transver_f,‘lons have no influence on matrlx activity of DNA and do:

‘not 1nterrere 1n replication and transcription processes that further aids in

; remalnlng@these mutations in the cells.

e As has'been marked earlier, for realization of a damage in a mutation of
. resistance. to 6TG several cell . cycles of d1v1sron in normal conditions of
growth are necessary before the cells w1ll pass on selectlve nutritious me-

dium; The damaged nitrogen bases kept unrepared dur1ng the first replication

:)cycle Wlll cause the base substitution in new synthe51zed DNA (transition or

transverswn) and occurrence of potentially mutagenlc cell. A normal daugh-

ter cell will appear 51multaneously After the second d1v1s1on cycle the first -

e

‘mutant cell with a changed base pair in DNA, one potentlally mutant and
two normal cells will appear. If all cells w1ll be v1able the 63 mutant, 1-
potentlal mutant and 64 normal cells w1ll appear in the colony after the 7th

divisions. During cultivating in medium with 6-TG only the cells with muta-

~per 100 cells

Translocations of chromosome-1

F|g 3. The frequency of translocatlons of chromosome-1 in
' human Iymphocytes asa functlon of - ray and heavy )
radlatlon doses :

tion of. HPRT gene resultmg 1n 1mpa1red or --absent” ab111ty to 1ncorporate l‘.hlS/ :

) tox1c analogue have the chance to surv1ve ‘ar d‘to form- colony Dependmg on

:;the types of base amage ‘the appearance 0 ;the cells w1th dlfferent k1nds of:
. HPRT-gene mutatlons 1n ar1s1ng populatlons is. not excluded In case of base '

ﬁmod1f1cat10n all cells w1ll have the same mutatlon But in‘a. case of degrada-v,

;{tron of -the- bases or break g11c021de bmdmg w1th a loss"‘o [ ithe bases when'
) d1fferent transvers1ons and tran51t10ns are poss1ble the daughter-cells with
'drfferent HPRT-gene mutatlons ‘can’ arlse from the same potentlally mutantw:

Miﬁcell and nonumform cell populat10n on mutagemc propertles w1ll generate

Thus in a basrs of mutagenesrs of mammalian and human cells the
events lay, wh1ch are connected Wlth chromosomes whether 1t concerns their

chemical organ1zat1on or: 1mpa1r of structural’ :tegr1ty It 1s obv1ous that the

real1zat1on of gene damages on a, cell level ‘is compl1cated Possrble conse-
quences of. HPRT gene damages are cons1dered on the scheme (Flg 4). They
can be connected w1th lntragemc changes ("point" mutatrons microdele-

tlons inversions, add1t10n of a gene sites) and with total loss of gene or its
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‘part in case of structural deletion of X- -chromosome, in which it is. In case of

damage of the bases arlsmg transrtlons or transversrons do not mterfere in the

processes of transcrlptlon and translatlon As a result the synthesns of normal

enzyme due to degeneratlve genetlc code (position 1) can happen. The termi-

nat|on of the. cham because of appearance of terminating codones and accord- :

mgly the absence of- enzyme synthesns (posrtlon 2) can take place, while the

substltutlon of amlnoacld in enzyme causes the loss (posrtlon 3) or decrease :

(pos1t10n 4) of enzyme actrvrty e "

: Gene m1crodeletlons ‘in ‘3 nucleotide 51ze 1n case: of termmal or lnterstl-‘”é

f*tlal deletions w1th loss of one codone wrll result in absence .of final or any

' other ammoacld ln the enzyme and as a result the absence (pOSlthl’l 5) or im-

palr (posrtlon 6) of enzyme act1v1ty will be. But mterstrtlal deletion in size

of 1 2 nucleotides w1ll cause the lmpalrment of the specific codones sequences

on large sections of DNA "frameshlft" at transcrlptlon and impairment of

translatlon processes The same consequences will follow in the case of gene

mlcroreorganlzatlon connected with inversioris, 1nsert10ns or addition- of the

gene sntes The enzyme synthesns is not reallzed in these cases (posrtlon 7)

The majorlty of structural chromosome aberratlons of X- chromosome in
the reglon of HPRT—gene, also results 1n the cessatlon of enzyme synthe51s as |

1n the case of chromosome deletlon ‘with total loss of gene or its part

(posrtlon 8, 9) as’ 1n the case of mterchromosomal exchange of gene' part

(posntlon 10) In case of symmetrlcal chromosome exchanges w1thout damagev :

of HPRT locus the: synthes1s of enzyme can also stop. when HPRT—actwrty is

(absent because of ." the posntlon effect" (posrtlon 11). But 1f it is only re-

duced -the pool of normal - ferment (posmon 12) will decrease and when -

HPRT-actwnty remams
(posrtlon 13).

So the consequences of gene damages are drsplayed in a number of cell

the normal enzyme‘synthe51s wlll take place

generatlons as through the change and the 1mpa1rment of gene activity and

through the change and the 1mpa1rment of approprlate enzyme actrvrty “The

dlsplay of the nature. attributes on a cell-level can be regulated as on the
-level of transcrlptlon of the genetic information,:as through posttranscription,

translation and posttranslation processes.
12,

Chromosomal aberratxons in cells ‘of d1p101d

-‘Table 3

mutants
T PRI TS LT iCells. w1th «Total %'} Fraction
Types of | Dose ,Group‘,: Number .chromo- | number of | ., of.
mutants | Gy R of - “somal ° aberratlons mutants
| thutants’ aberratlons Cper 1007 %
SULTRLS P Y e - cells
Control | - | - 14 | 87+08 | 9.9x08 | 78
Sponta- | - |+ Ibo | <057 | 86+1.3: 10414 31
neous It 5 | 16818 [ 21.2+21.|. . 31"
mutants | 3 139.7+37 | 63.4+46| 19
o Xa ], 400 2.0 L[05.0 522 14,
2.0 Ib | 4 | 98+16 |103+16]| 57 |
| I 1 29,0154 | 44066 | 14
3 Ia | 3 3.0£1.0 30+10 13
Radia- " ITb | | 9.040.9710.2 10 | 48"
tion - | CAl e A 0 49:8 £2.20] 28.9412:30 ] 1T
induced,|] S |- Ta..|.. 1 ...]| 4.0+20 2 4.0£2.0-]..  8:
mutants Ib .6 ‘78+11 9.5+13 | - 46
I 6 | 18.7+18 |223+19| 46
" 7 1" T1a 17172014 |2.0%1.4 8
o b 30 1701 73216 | 25
S ALl b e 4TS 24074237 21,9 | .50;
B L) LN I R 88(18) = 0.4 .110(22)110., T

* 88 A of cells have mterchromosomal symmetncal exchange (other types
of aberrations). :

*“The ‘future of irradiated cells during cultivating' on selective'medium will

‘be '\'rarlo'us‘."The”"cells, ‘avoided ' of ‘damages; and also’ mutant cells, in “Wwhich

' ‘thefrigis'”normal e_nz\y‘m'e:"t‘synt.hesi"sé will die"(p“osii\t:ion'flil3).‘5 O:thers_fwill‘be ca-

pable to form colonies (position 2-12).  But their phenotypical properties will

13



“‘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 synthesized(position 4,6,12), will form colonies slower than: other

" mutant cells. In these' cases a viability of mutant populatlon is provided -at

" the expense of the cells, which have no time to 1ncorporate purrne analogue

during cell cycle. We observed the delay of mutants’ growth (almost by a
factor of two as compared with the control) 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-loci with slow

- growth, -that were isolated from:human limphoid cells line TK-6, had been
' also noted by Yandell et al.(1986) [22]. : "

:Moreover ‘the consequences of mutation events can be displayed and were

~. displayed in a rise of chromosome instability in populatron 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-

~tematlzed them by these parameters we d1st1ngu1shed -arbitrarily - several

groups of diploid ‘mutants: the flrst ones did not differ essentially as com-

: paredto control, but amongst radlatron-lnduced mutants the~s1ngle ones of

this group were found with the frequency of aberrations from 2 to 4 ‘times

less The other mutants had hlgher level ‘of chromosomal aberrations and

e were- hrghly heterogeneous on these parameters. At mutants of the group 1I

ftherr level was about 2 to 4 tlmes hlgher 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- 1nduced 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 iwas 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

»

Moreover 15 20/, tetraplord mutants were observed also They are char- o
acterized. by the higher Ievel of .chromosomal. aberratlons as compared to dip- .

loid control. The frequency of chromosomal aberrations in the cells of :radia-.

- tion tetraploid: mutants, 1nduced by the doses of 2 and 3 Gy:; was a- few Ltimes

hlgher ‘The single tetrap101d mutant, induced by 7 Gy. dose, drffers from-all
others: the stable translocatlon 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). W e L e ‘

" So the. heterogenelty :on the cytogenetical properties - and the-increase of.
chromosomal 1nstab111ty of the: mutants were ‘a result of HPRT—mutatlons in
the mammalian cells. The data reflect a phenomenon of the reproductive:in-
stability of chromosomes inmany generations of mutant-cell:: The:higher level
of "chromosome® aberratrons in.cells of many" mutants can: testify ‘that the:
probabrllty of impairment of chromosome integrity raises®in:mutants:inevita-
bly, possibly; as a‘stage of ‘the appropriate genome reorganization, - ::that is’
adequate to i:hang'ed' vital conditions: ' ' .

Thus, the analysis of aforesaid literature and proper data: confirms an'es- -
sential role of structu1al ‘damages’ of chromosomes (and accordmglv structural’
damages of genes) in radiation mutagenesis of mammalian and human cells.
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