


1. INTRODUCTION

Existence of compact subunits associated with the nuclear
membrane in the interphase nuclei of the mammalian cells was
shown by different authors’ -4

It is supposed that after y —irradiation of the cells the
supercoiled structure of DNA-membrane complexes (DMC) is dest-
royed due to single-strand breaks (SSB)/5-6/, that is expressed
in decrease of sedimentation velocity as compared with the comp-
lexes from the nonirradiated (control) cells. If SSB are the
actual reason for such sedimentation behaviour, there is a pos-
sibility of investigating the kinetics of SSB repair with a re-
latively simple method (sedimentation in sucrose density gra-
dient with ethidium bromide in dose range up to 10 Gy without
radioactive labelling).

By researching the sedimentation behaviour of DMC and using
fractional irradiation, one can judge about the degree of SSB
repair. The purpose of this paper was the investigation of induc-
tion and repair of SSB by the DMC-sedimentation method. For the
first time wo applicd this method in a wide dose range {up te
3000 Gy) and made an attempt to estimate also the yield of DNA
double strand breaks.

2. MATERIAL AND METHODS

The growth condition for the Chinese hamster cells (V79-4),
che isolation of lymphocytes of human peripheral blood and the
neutral sucrose gradient sedimentation technique were described
earlier ¢ . Concentration of ethidium bromide was 30 yg/ml in all
experiments. The samples were irradiated at the '"SVET" faci-
lity (137 () at the temperature 0°- 4°C, Postirradiation incuba-
tion continued for 10, 30 or 60 min at 37°C.

3. RESULTS AND DISCUSSION

Figure la shows experimental values of the relative sedimen-
tation velocity of DMC of V79-4 cells in dependence upon the
y ~irradiation dose immediately after the irradiation and after
10, 30, 60 min of postirradiation incubation. On the basis of
paper/6/ we calculated the values of rS8*, the so-called survival
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of supercoil DMC, and further D3; was determined. From the
equation Mg- D, A-const , where Mg 1is the molecular weight of one
subunit and X ‘is the yield of SSB per Gy and Dalton (¢ - im-—
mediately after the irradiation, A,- as a result of postirradia-
tion incubation during t ) one can determine the relative yield
of SSB without information about Mg:

A /g = Dyz /Dyz v

Figure 1b shows the dependence of SSB relative yields upon the
duration of postirradiation incubation. The solid line is the
SSB-rejoining kinetic curve obtained by Kerner et al./7/ for the
Chinese hamster cells of the same line by means of a usual sedi-
mentation technique; the. dots show our data. One can see from
the figure that SSB rejoining and DMC repair are in the same
dependence upon the incubation time. That means that the comp-
lex repair kinetic allows one to judge about induction and re-
pair of SSB. We would like to note that there are too many un-—
repaired SSB in lymphocyte cells after 1 hour of postirradiation
incubation. These data agree with the well-known fact of high
radiosensitivity of lymphocytes/g’g/ and confirm the assumption,
that their higher sensitivity to y -radiation is due to their
poor ability of repairing DNA breaks. Experiments of Kerner et
al. allowed one to determine the kinetic of SSB rejoining ex-
posed to y -radiation doses of about 100 Gy. By using our method
it seems possible to study the kinetics of SSB rejoining in the
dose range up to 10 Gy. Figure 2 shows the experimental results
of the investigations of the complex repair in the dose range

up to 100 Gy. The results allow the conclusion,that at y —irra-
diation doses up to 100 Gy the repair of complexes and, conse-
quently, of SSB have a constant velocity within 60 minutes of
postirradiation incubation.
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Fig.3. Experimental results
of fractionated irradiation.
Abscissae: the second irra-
diation dose in Gy; ordina-
tes: the relative sedimenta-
tion velocity normalized to
the one after the first dose
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if the SSB repair gives rise to supercoiled complexes with the
same sedimentation behaviour, as it follows from the above data
with allowance for the breaks, which appear after the second
irradiation. In our experiments we used following fractionated
regime: 15 Gy + 30 min incubation + 2 or 4 or 6 Gy + 60 min in-
cubation + 2 or 4 or 6 Gy; 100 Gy + 60 min incubation + 10 or

30 Gy. The obtained results are presented in fig.3. The complex
sedimentation velocity after irradiation of the cells equals one,
Solid lines show relative sedimentation velocities calculated

on the basis of the curve (fig.l) illustrating the data obtained
immediately after the irradiation. If our assumptions regarding
the role of $SB in the sedimentation behaviours of DMC are cor-
rect, then after irradiation in the mentioned fractionation re-
gime we should obtain a number of SSB, which is a sum of the SSB
unrepaired during interfraction incubation and the SSB due to
the second irradiation. The experimental values of the relative
sedimentation velocity are shown by dots. They are in good ag-
reement with the expected values for the following fractionation
regime: 15 Gy + 30 min at 37°C + 2,4,6 Gy. That means, that SSB
repair gives rise to the complexes, which will behave in accor-
dance with the curves in fig.l after the second irradiation. In
the two other fractionation regimes the expected sedimentation
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Fig.4. The relative sedimentation velocity of DMC

and percentage of free DNA plotted against the y -ra-
diation doses., The dashed curve is calculated by means
of Eq. (1). A - our data published in ref./14/. Abscis-
sae: below: doses in Gy; above: the mean number of DSB
ner subinit (vield of DSB for v ~radiation is

4,5 10-12gy-1 p-1), Ordinates: the relative sedimen-
tation velocity of DMC and percentage of free DNA in
relative units,

behaviour was not observed. To examine this effect the DNA sedi-
mentation was investigated in the dose range over 100 Gy. The
results are seen in fig.4. To make the explanation of these
unexpected data more clear, one more curve is plotted in fig.4;
it shows the part of DNA F released from DMC due to DSB, The
solid curve was calculated theoretically/!0/triangles show our
experimental data obtained on the cells v79-4/11/1f one divides
in mind the curve rS(D) in four parts, one can explain its
behaviour in each dose range in the following way. In the 0-50 Gy
range the behaviour of the curve is the result of despiraliza-
tion of DNA supercoil subunits owing to SSB, which leads to

a slower sedimentation. At the dose of the order of 50 Gy all
subunits are despiralized and sedimentation of complexes has

the slowest relative velocity. The part of released DNA at 50 Gy
amounts only to 3Z, therefore complexes destructed in this way
(and free fragments of DNA) do not affect the value of rS. In

the next dose range from 50 to 550 Gy the relative velocity of
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sedimentation grows quickly and the part of released DNA
achieves 677.We assume,that as the result of release of DNA
fragments a considerable compactization of complexes takes place,
and their sedimentation velocity grows. After the maximum at
550 Gy the sedimentation relative velocity again decreases,
since the complex velocity is more and more affected by the se-
dimentation velocity of free DNA fragments, which decreases due
to decrease in the molecular weight, Besides, the destruction
of the remaining complexes goes on, which leads to the rupture
of their compactness. But all these considerations are of some
interest only for the case, when all DNA-containing components
sedimentate in one aggregate with a certain mean velocity. This
assumption is proved by our experiments aimed at studying the
sedimentation behaviour of the mixture, which consists of non-
irradiated, or checking, cells (307) and cells irradiated with
a high dose (707%). The results listed in the table show, that
if the mixture includes the cells irradiated with doses less
than 550 Gy, the sedimentation velocity of the aggregate dec-
reases (because of non-destroyed complexes), and if there are
cells irradiated with doses over 550 Gy, the velocity of sedi-
mentation increases.

Table

Relative sedimentation velocity of mixture of non-
irradiatred (307) and irradiated (707) cells

rS rS

Dose (Gy) dose mix
300 1.17 1.05
500 1,50 1.13
750 0.60 0.97
800 0.60 1.07
1000 0.43 0.93

On this basis of the afore-mentioned facts one can calculate
the aggregate sedimentation velocity in the first approximation
by the relative sedimentation velocity of the DNA~containing
mixture components in the following way:

S = A-rS + B'rSdsf F.rS

desp’ fragn’ (l)

where A is the percentage of subunits having a relative sedi-
mentation velocity 83, and despiralized due to SSB (having
no DSB); B 1is the percentage of destroyed subunits, which lost
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DNA fragments due to DSB, their sedimentation velocity being
1S4, s F is the percentage of free DNA with the sedimentation
velocity rSf,agm.

On the basis of obvious assumptions, that at the 550 Gy

dose A=0 (practically all subunits have DSB) and the mean value

of rSfragm 15~0.,3 we obtain r8y, = 3.8. The results of these
calculations are shown in fig.4 by dashed curve with the ma-
ximum at 550 Gy. In fact, rS¢,,,, (and, consequently rSy o )
depends upon the irradiation dose, nevertheless one can affirm,
that our assumption on the DSB role in the growth of the curve
in the 50-550 Gy dose range is true.

Thus, the results of our investigation proved, that the
technique developed to measure superspiralization of DNA struc-
ture affected by radiation is suitable for estimation of rela-
tive yields of DNA single- and double-strand breaks in various
dose ranges, but under absolutely identical conditions. Using
the molecular weight of the subunit as a known value, one can
find the numbers of SSB and expect estimation of the number of
DSB. These calculation will be published.

The authors are grateful to A.Krug and M.Lauckner for the
technical assistance in our work,
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