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I . INIRODUCТIOO 

А series of investigations has reveal ed ап existenoe of supercoiled DNA sиЬ­

units , connected with the nuclear неmЬrапе . Тhеу are called DNA nemЬraпe canplexes 

(DМС) апd their molecular weight м0 is approximately З.з< . lо-15g /1-5 / . Sedimentation 

Ьehaviour ·of these canpl exes has . Ьeen shown to change consideraЬly after irradiation 

of cells / 4/ . Тhis phenanenon сап Ье explained through ап assurrption that single ­

straпd breaks (SSB) of DNA lead to despiralization of DМС /5/. When studying the 

sedimentation Ьehaviour of DМС in cells of the Chinese hamster after mixing the cor­

respcnding fractions of irradiated апd non- irradiated !М: , the authors of paper / б/ 

have shown that the pcsition of the DМС peak after centrifuging is the superpcsi tion 

of contriЬutions of individual оме . 

Тhе relative sedilrentation velocity (RSV) r
8 

decreases very quickly after ir­

radiation of cells with doses of rJhe or der of several Greys fram L (the r eference ma­

teria l is the non- irradiated cel l s) down to approximately 0.4 (D~lO Gy) / 4,5/ . For 

different types of ce lls the initial parts of relations r
5

(D) do not ccincide , which 

сап Ье due to different sizes of DМС in same types of cells /4 , 5/ . The RSV difference 

fram the control l eve l observed at the given irradiation dose r educes during the 

pcstirradiation incuЬation practically to nil . The tilre-de(JE!ndence curve coincides 

with kinetics o f DNA SSB reparation, determined Ьу the sedilrentation method /4/ . 

When irradiation doses are sufficiently high (of the order of 100 Gy) , the va­

lue of r
5 

for DМС of the Chinese hamster V79-4 cells increases again, -has а loca l 

maxiюun1 at 0 "'"' 550 Gy, апd r eaches the value 0.4 again / 4/ . It should Ье noted that 

irradiati on with l arc;e doses (апd , consequently , а large numЬer of douЬle-straпd 

breaks (DSB) of DNA) l eads to the relea?e of DNA fragments fram DМС /8/ . Since irra­

diation сап induce DNA damages of another type (not only SSB) which cJh change 

the U>X: sedilrentation Ьehaviour in the oppcsite way , as carpared to SSB, this сап Ье 

а pcssiЬle r eason for the local maximum. МJst рrоЬаЬlу , these damages are DSB of DNA . 

It is very iroportant to develop new methods for the determination of the DNA DSB 

yield , and we have made ал attempt to aпalyse the relation Ьetween the dependence 



r
5 

1D) and induction of DNA breaks . On the Ьasis of experilnental data , assUIЩ?tions 

on quantitative r e lations a r e put forward апd rrost рrоЬаЫе hypotheses are discussed. 

2. INDUCТION дND Rbl'ARATI ON OF DNA SSB 

Due а discrete aЬsorption of energy of ionizing irradiation , the induction of 

DNA SSJЗ is ап incidental process . The pr esence of DNA SSB i n СМ: l eads to а r eduction 

of RSV to some value r; (see Fig . 1) . In view of the Poisson distriЬution of energy 

aЬsorption at '6' -irradiation, the fraction 

with the dose D (i . e . without DNA SSB) i s 

of DМС "survived" after irradiation 

-мoslD 
f = е (1) 

where м0 i s the rrol ecular weight of DМС , s 1 is the DNA SSB yield per а dose unit апd 

а graлm . Since the position of the peak is the superposi tion of individual contri­

but i ons of separ ate СМ: , the final sedilnentati on ve locity as а function of. the dose is 

r
5

(D) = е 
-м s D 

о ! + 
+ - -!'1 s . D 

r
5 

(l ... е о 1 ) 
(2) 

This function descriЬes well the initia l part of the curve r 5 (D) . Тhе plateau r egi on 

a llaws one to determine the va l ue r; апd the inclination of the s traight l ine in 

-ln (r -r+)/(1-r+) 
s s s 

vs D p l ot equals м0 • s 
1

• А rrore accurate estimate сап Ье 

obtained through the "f.- 2 
minimization . 
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F'ig. 1 . Тhе relative sedilnentation velocity of DNA - merrt>rane canplexes vs the dose 

of r -irradiation . AЬscissae : doses in Gr ey (logarithmic scale); ordinates 

СМ: RSV in relative units. 
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If the DNA SSB reparation is ап incident process , it сап Ье pr esented Ьу ап ех-

ponential function . Тherefore, one сап write : 

S(t)= s e -At + s . 
r 1r 

(3) 

where s r is the fraction of repai.raЬle SSB , sir is the fraction of irrepairaЬle SSB , 

)\ is the decay oonstant . Introducing the fraction of . irrepairaЬle breaks as f=s 1r ; s 1 

we may r ewrite eq . 3 in the forrn 

S (t) = s
1 

[ t l-f)e-Лt + t_] (4) 

suЬstituting eq . 4 in eq . 2 , we obtain the dose- tilne dependence r
5

: 

г -Лt J - - At J -м0s1 L(.i-f)e +f D + -м0s1 L( ~-t)e +f D 

r
5

tD,t) = е + r5 (~--e ) 
(5) 

For the V79-4 cells the par ameters M
0

s 
1

, r;, .Л , апd f have the f o llawing va l ucs : 

+ ). - 1 ·M
0

. s 1 = 0 . 534 , r
5 

= 0 . 525 , = 0 . 14 hour , f = 0.062. 'I'he optiшal va l ues are deter -

mined Ьу пeans of the prograшne l1INUIT (СЕНN ) . The optimal value of the sum 

2 n ( r . theo - r . ) 2 2. 
q =.6 51

' r б f51 ' exper is 61.4 '( бL are the deviations) for the numЬer of 
!=! 

degr ees of freedaтr n = 15 , which suggests that the actual deviations of experilnental 

data are greater thaл the statistical e rrors ( О;) . According to eq . 5 the given 

e ffect r 5 сап Ье oЬserved at various canЬinations o f D and t va lues. The r
5 

(D , t) 

dependence is shown in Fig . 2. 
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Fig . 2 . 'I'he r e lative sedilnentation ve l ocity of DNA - merrt>rane canpl exes vs the dose 

of t - i rradiation f or seve ra l tilnes ot incuЬation a l l awing the r eparation 

of DNA SSB . AЬscissae : doses in Grey; or dinates : DМС RSV in rel ative units . 
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3. FUNC'1'ION r
5 

(D) IN ТНЕ RffiiON О~' НIGН IRRADIIO'ION DOS~ 

The IrOst inter esting part of the curve r 5 (D) is the r egion of the local maxi­

шum at irradiation doses over 100 Gy (see Fig . 1) . The IrOst рrоЬаЫе is the assuпq:>-

tioп tha t this Ьehaviour of the curve is due to the changes in the sedirтentation 

Ьehaviour of оме as а result of UNA DSB . However , the relation Ьetween the yiel d 

of DNA lJSB and the Ьehaviour of the r
5 

(D) curve is quite coшplicated. If we con­

s i der the quantity r 5 as the supe:q:osi tion of contriЬutions of separate DМС (rSi !, 

i . e . 
N 

rs ~ __!_ 2:::' r Si 
N , 

(б) 

i=.i. 

where N is the numЬer of canplexes , we шау discuss sare hypotheses concerning the 

nentioned rel ati on . 

&:J. . 6 can Ье rewri tten i n the fo:r:m : 

+ 
r 5 ~ f

0 
+ f .1 r::> 

00 

+ L f2 j rS2j ' 
i~.l 

т 

where f 0 is the f rac tion of а~ without breaks (RSV of these оме i s taken as 1) ; t
1 

is the fraction of оме only with DNA SSB; t
2

j are the f r actions with j - DNA DSB; 

r 52j is the contriЬution of the corresponcting оме wi th j - DNA DSB to r
5

• 1Ье first 

two te:r:ms of expression 7 descriЬe the initial part of the r
5

(D) curve . Fractions 

f0 , f 1 , f 2j can Ье easi 1y cal cul ated unde r the assumption on the Poisson distriЬution 

. of DNA SSB and DSB over оме at t - irradiation: 

f 
о 

-И0 (S.L+S2)D 
= е ' ( 8а) 

м0s .10 -м0s2о (8Ь) f ~ (.1 - е )е 
.1 

j 
-м0s2 D (M

0
s
2

D) 
(8с) f . ~ е 

2) j! 

Paraneters M
0

s 1 and M
0

s 2 are the numЬers of DNA SSB and DSB, r espectively, per а 

canplex and а dose unit. Тhе only unkncмn paraneter r 52 j cannot Ье cal culated, as the 

s tructure of ctaшaged canplexes is very ccrnplicated and actually unknc:мn, but the 

main characteristic features of these оме will Ье discussed Ьelow. 
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4 . SEDIМ!'NI'IO'ION PROPERTIES о~· оме WI'l'Н DSB 

Тhе presence of DNA DSB in оме can oЬviously change thei r properti es. The 

fir st DSB does not , howeve r cause the fragrnentation of оме and , therefore , we can 

assuшe that the sedirтentationproperties of оме are not changed . Large fragnents ari­

sing fran оме with sever a l LJSB (2,3, . .. ) lead to the increase of the RSV . 0n the 

other hanct , great nwruьer of DNA DSB cause ful l f r agrnentati on of оме , which is con-

cerned with decr eased HSV of DNA agregate again. 

·rwo DSВ per оме are c r i t ica1 as а new state of оме ari ses . А part of UNA is Ьound 

to the mernЬrane and the remaining part is rel eased . At the sane tine additi onal DSB 

cause onl y а gr adua l decrease of the IrOlecu l ar wei ght of LJNA fragrnents accanpanied 

Ьу diшinishing RSV of DNA-containing agregate . 

'i'he simpl est distriЬution of r 52 j reflecting the decr eased s i tuation is the 

f ollowing: 

r S2.l 

rS22 

rS2j 

'rhen the optimal val ues of 

M
0

s 2 ~ 0 . 0049 (0 . 0035 - 0 . 00'12) 

+ 
rs 

r 
max 

r Sfr ag ~ 0.4 for j > 2 / 2/ . 

- 1 the paraneters are M
0

s
1 
~ 0 . 29 (0 . 16 - 0 . 52) , Gy 

- 1 + 
Gy , r 5 ~ 0 . 39 , rmax ~ 3 . 5 . 'l 'he errors m:e cteter-

mined Ьу neans of МINUIT , МINOS caпnand . If оме with several DSB /2 , 3 , 4/ have in­

c r eased RSV, the obtai ned production of DSB s lightly increases (1 . 8 - 2 . 1 . .1012) 
- 1 - 1 2 

Gy g , the value of q , however , i ncreases . 

5 . CONCШSION 

The character of the function r 5 (D! can Ье expl ained on the Ьasis of anal ysis 

of the r e l a tion Ьetween yields of DNA SSB and DSB and changes in sedinentation pro-

perties of DМС. Тhе availaЬle exper inental data are i n good agreenent witlj the hy­

pothesis that a l ready the first SSB of DNA leads to а consideraЬle reduction of the 

RSV, while i ts i ncrease after that r equires 2 or IrOre DSB of DNA . The proposed 

• 
approach is highly productive, Ьecause it allows to calculate Ьoth quantities on 

the Ьasis of the sane curve obtained, naturally, under i dentical experirтental con-

ditions : the initial part of the curve provides info:r:mation on oc=ring ssв of !X'IA, 

and the position o f the l ocal maximum allows one to calculate the yield of DNA DSB. 

5 



The corresponding va lues for yi e l ds of DNA SSB and DSB obtained Ьу the 1nethod 

14 -1 -1 
proposed Ьу us are : s 1 = 0.9. 10 Gy g , wh~ch corresponds to the value given in 

14 -1 -L 12 -1 -L the literature / 9/ s 1 = 1.2.10 Gy g ; s 2 = 1. 5 . 10 Gy g , which is camparaЫe 

with the va1ue that we obtained Ьу the usual sedilrentation Irethod - s
2 

= 3.10L2 

Gy- l g-
1

• It is easy to estimate the reparation decay constant, for the V79-4 cells 

we obtained .Л. =О .14 
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8 06DeAHHeHHOM HHCTHTyTe RAepH~X HCCJieAOBaHH~ Ha4an 
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6YAYT noMe~aTbCR CTaTbH, COAeP*a~He OpHrHHaJibH~e Hay4H~e, 
Hay4HO-TeXHH4eCKHe, MeTOAH4eCKHe H npHKJiaAH~e pe3yJibTaT~, 
Tpe6yiO~He Cp04HOH ny6JIHKa4HH, EiYAY4H 4aCTbiO "Coo6~eHHH 
011RH", CTaTbH, BOWeAWHe B c6opHHK, HMeiOT, KaK H APYrHe 
H3AaHHR 011RH, CTaTyC O~H4HaJibH~X ny6JIHKa4HH, 
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3p~rpe6ep r., Ko3y6eK c., nanHAYC H.n. E19-85-626 
CeAHMeHTa~HOHHbJe CBOHCTBa ,UHK-MeM6paHHbiX KOHIIJleKCOB 
H BbiXOA pa3pbWOB ,UHK npH o6nyqeHHH KneTOK MneKOllHTahl~X 

Ha npHMepe KneTOK KHTaHCKOrO XOMH't!Ka npOBOgHTCH aHanH3 
3aBHCHMOCTeH OTHOCHTenbHOH CKOpOCTH CeAHMeHTa~HH ,UHK-MeM6paH­
HbiX KOMnJteKCOB OT A03bl o6nyqeHHH H ,[IJIHTeJibHOCTH llOCTpaAHaJ..\HOH 
HOH HHKy6a~HH. ITpeAnonaraeTcH, 'ITO Ha'tlaJibHaH qacTb paccMaTpH­
aaeMOH KPHBOH COAeP*HT HH~pMal\Hhl 06 o6pa30BaHHH OAHOHHTeBbiX 
pa3pbiBOB ,UHK, a llOJIO*eHHe noKanbHOrO MaKCHMyMa ll03BOnHeT pac­
C"'HTaTb BbiXOA ABYHHTeBbiX pa3pbiBOB ,UHK. llpHBOAHTCH o~eHKa ae­
JIH"'HHbl KOHCTallTbl pacnaAa. 

Pa6oTa BblllOJIHeHa B na6opaTOpHH HAepHbiX npo6neM OID!H. 

fipenpHHT 06beAHHeHHOrO HHCTHTYTa RAepHWX HCCneAOBaHHA. ~y6Ha 1985 

Erzgraber G., Kozubek S., Lapidus I.L. E19-85-626 
Sedimentation Properties of DNA-Membrane Complexes and 
Yield of DNA Breaks at Irradiation of Mammalian Cells 

The dependence of the relative sedimEntation velocity 
of DNA-membrane complexes on the dose of irradiation and time 
of incubation of Chinese Hamster eells is analysed. It is 
concluded that the initial part of the curve provides the 
information on the occurrence of single strand breaks in D~A; 
the position of the local maximum allows us to calculate 
the yield of DNA double strand breaks. The reparation decay 
constant can be estimated as well. 

The investigation has been performed at the Laboratory 
of Nuclear Problems, JINR. 
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