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Today correlation between t he yield of DNA double strand 
breaks (DSB) and cel l viability after exposure to ionising 
radiations /t - 41 is universally acknowledged and puts forward the 
task to develop adequate methods for determdnation of DNA DSB 
occurrence frequency, Now t here is a tradi t ional method of se
dimentation of DNA after lysis of irradia t ed cells in the neut
ral sucrose density gradient /5/. This method is based on the 
ground which limits its application to some ext ent. For example, 
freely sedimenting DNA appears only as a result of bad damages 
by very high doses of irradiation (over 200 Gy ) , and statisti
cally reliable sedimentation profiles for data processing and 
determination of the number of DNA DSB can be obtained onl y at 
a low speed of ultracentrifuging (up to 10000 rpm), wh i ch takes 
17-24 hours depending on the irradiation dose. More difficul
ties arise when one determines the yield of DSB after exposure 
to a radiat i on with hj gh LET. since many small fragments of UNA 
are there. All this, in our opinion, shows convincing l y that 
more reliable and less labor-consuming methods should be found 
for determi nation of the DNA DSB yield. 

This paper deals with two methods which we first suggested 
for the above purpose. 

~he first method is sedimentation of DNA fragmen t s released 
DSB/61under ion ising irradiation due to This method was used 

earlier for investigations of chromatin supercoil sub units 
(method I). In paper lSI the molecular weight (M 0) and volume of 
supercoiled subunit have been determined. On introduc i ng lhese 
parameters as known values, it becomes possible to determined 
the yield of DNA DSB by comparis on of the theore t ical and expe
rimental curves which show dependence of the released amount of 
DNA on the radiation dose F(D). 

The second method is sedimentation of DNA-membrane complexe s 
(DMC) in the neutral sucrose dens i ty gradie nt with ethyd i um 
bromide (method 2). Up to now t he me thod has been ap
plied for investigations of DNA highest organization in chroma

l lOltin ' 7.8.91and - in some cases - for determination of the 
yield of DNA single-strand breaks (SSB). In Ref. /IOI sedimenta
tion behaviour of DMC at high irr adiation doses is described 
for the first time and possibility to use this method for deter
mination of the DNA DSB yield i s discussed. 

Below are given the f i rst results of determination of the 
DNA DSB yield for cells affected by ionising rad i ations with 
different physical characteristics , obt a i ned by the two methods. 
The results are compared with the da ta obtained by t he tradit io
nal method of sedimentation (method 3). 
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}~TERIALS AND METHODS 

The t echniqu e of cul tivating. t a ggi ng by 3 H -thymi d ine, and 
treating the Chines e hamster cel ls V7 9- 4 as we ll as cond i t ions 
of t he ir i rradiati on by 187Cs y- r ays, heavy i ons (a t the accele
ra to r U-200, JINR, Dubns) and neutr ons (in the bi ophysi cal 
cha nnel of t he I BR-2 reactor . J INR, Dubna) is described i n de
t ail in papers / ll. U!l Here in Table 1 we shall li st on l y compo
s itions o f l ys i s mixture s , sucrose solutions, and centrifuging 
condi t ions f or s amp l e s in the three discussed methods. Exampl es 
of sedime nta tion prof i les ob tained by methods 1 and 3 are given 
i n Ref. 1 11 /. Tab ~e 1 

Meth od 1 Me thod 2 "e thod J 

Sucrose 5-20 % of sucrose 5-20 % of sucrose 5-20j~ of s u c rose 

solution 2 IJ NaCl 1 !II NaCl Iii NaCl 

0.01 MNa-citra te 0.01 M Tris-HCl 0.01 11 Tri s-HCl 

0.2 ml of 60,~so- 0.01 M EDTA 0.01 EDTA 

lution of sucrose 6 or JO f1- glml of 

wi th saturated ethydiwn bromide 

CsCl are put on 

the bottom of the 

test tube 

pH 9-9.5 pH 7 - 7.5 pH 7 - 7.5 

Lysi s 0.2'/£, sarcos yle 1,; SDS 1 i; 

s o lution 0 . 08i~ Na-de oxycho- O. 2 /~ Na -deoxy cho- O. 2 i~ Na-deoxycho·. 

l a te, 2 /,1 Jia Cl, l a t e , l o te, 

0. 0 1 I.! Na-ci trat e 0.0 5 M Na-citra te 0 .05 UNa-citra te 

0 . 0 2 i,I EDT!\, 0. 05 M EDTA 0 . 05 ).\ EDTA 

pI:! 9 - 9. 5 pH 7 - 7 . 5 pH "( - 7. 5 

Spee d of ul
20000 rpm 30000 rpm 9000 r pm 

tracen tri fuging 

Ti me f or ul t r a 
3 rwur 0. 5 -1 hou rs 17-24 'lOurs 

ce nt r i fuG i nG 

RESULTS 

Me t hod I . Af ter lysis of i rradiated cells by means of sar
co syle i t is pos s i b l e to sepa r a te s lowl y sediment ing re l eas ed 
f ragment s and rapidl y sedementing DNA in DMC , since a t hick 
stratum of 60% s olu t ion of sucrose wi t h e sCI prevents t hem 
from falling down to t he bottom of t he test t ube. One can 
judge abou t t he amount of ea ch part of DNA by the rat i o of 
t otal radioactivitie s i n bo t h peaks. It is we l l seen f r om se
dimentat ion profiles/ 1 l1 tha t ~ l a r ger amount of DNA r elea s ed 
from DMC corresponds to a higher irradia tion do se. Values of 
FCD) obtained i n t hi s ~ay f or r-radi ation are shown in Fi g. 1 . 
A so l id l ine i s t he ca l cul ated cur ve in very good agreement 
wi th expe rimental data ( MoS = 1. 08· 10- 2 Gy -1, where M 0 i s the 
mol ecular we i ght of a supercoiled subunit , S is t he yi eld of 
DNA DSB). On int r oducing Mo = 3.98, IO- 15 g de t ermined fo r t he 
same cel ls by sedimentation o f super coiled DMC in t he sucr ose 
densi t y gradi en t with ethyd ium bromide, one ge ts the va l ue of 
t he DNA DSB y ie ld equa l to 2.7 · \OI2 Gy - l g-l 

Figures 2a and 2b show experiment a l data fo r 12 C ion s wi t h 
I~T 250 keV/~ m . Solid lines ar e theoretical l y c alcul a t ed func
tions Fro) for thr ee d iffer ent DSB fre quencies: 4. 8.\0 12 , 

6.6 ' 10 12 and 8.9 · 10 12Gy -l g-l ; in each case a lower curve cor
re spond s to the subun i t vo lume 0.2 jJ. m i n di ame te r and an uppe r 
curve i s for the subunit vo l ume 0.3 f1- m i n diame ter, their va

'd . / 6 / C f hl ues d eterrn~ne ~n . ompar ~. son 0 exper i' mental and t 'eoreti
ca l data r eveal s tha t the best agreement for low i rrad iat ion 
dose s is obser ved a t s = 6.6 ' }O I2 Cy -l g-1 • and at s :. 

4. 8 ' 10 12 r.y -l g-l for high irradi ation doses,. 

Me th od 2. I n Fi g . 3 the DMC re lative sediment ation veloc i t y 
(RSV) is plot ted ve rsus the y- irrad i a tion dos e . I n our pa
per / IO / ass umpt i ons we re mad e as to reasons for t his behaviour 
o f a ll parts of the curve. It was mentioned, among othe r t hi ngs, 
that higher RSV i n t he y-i rra d i ation dos e r ange 50-550 Gy and 
l ower RSV at doses ove r 550 Gy are due to a l a r ger number of 
DNA DSB and. corres pondi ngl y . a l a rger amount of free DNA. Those 
assump t ions led us to t he conc lusion that RSV of t he DNA-con
t a i ning agregate cou ld be ca l cul ated in t he first approxima
tion as fol l ows: 

r S A . r Sdesp . + B . r Sd . s. -.- F . r S f ragm. ' 

where A is amoun t of subunits wi t h RSV r Sdea p. and despirali
sed because of SSB . bu t wi thout DSB of DNA; B i s amount of 
destroyed subunits which los t fr agment s of DNA because of DSB, 
thei r RSV is rSd.5 . : F is amount of f ree DNA with sedimenta
tion ve loci t y r Srragm .· On the basis of obvious a ssumpt ions t hat 2 
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F,-'. 	 Fi g . 1. Amount of r eleaS3d 
100 	 DNA vs y - i rf'adiat ion doses. 

Abscissae : dose s i n Gy. Or 
dinates : omount of re l~ased 
DNA in per cent. The cur ve 
is calculated by Eq. (2) 
i n I BI J 0 - e:cpef"unenta l 
data . 

2000 3000 400l) O/Gy 

Fig. 2. Amount of I'eleased 
DNA vs the dose of i rradiaFI", 

F j"l. 	 t ion by 12C ions. Absci
ssae: doses i n Gy . Ord-i

JOO 500 

/\41~) \~ ~~~ ! na tes : amount of re leased 
j OJO b DNA in per cent'. So lid cuy'

il. ves ar e ca lculated by E~ . (2) 
f r om/51 f or s = 4. 8 .10 1 

• 
6. ? 10 12 J 8. 9 · 10 12 Gy - 1 g -l 
at two volwne diOJl1eter$ -

- '1m 2000 DIGy 0. 2 and 0 . 3 vm - for each 
s ; - experimental da ta; a 

low dose range (iT'radiation unde2' norma l conditions) J b _. high 
dose r ange (i 'J" 2'adiat i on under enoxic condi t ions) . 

F,.~~V ~ , 1,0 1( ~____~ M.sD 
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Fig. 3 . Relat i ve sedimentation ve Zoci t y of DMC and 
,7f'!o'mt c,_r' fl'ee DNA v s y - iY'I'adiation doses. Abscis
sae: doses in Gy . O1'dinatea,' DMC RSV and QTllOImt 

of free DNA i n relative units . The upper pal,t of 
abs c i:'Jsae shows an avel"age of DNA DSB per' a sub
units . 
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at 550 Gy A = 0 (all subunits h ave DSB) and the mean value of 
r Sfragm is 0.3 Vie obtain rS d. s_ = 3.8. Re sults of these calcu
l a tions a r e shoVITI in Fig .3 by a dotted curve with the maximum 
at the 550 Gy do se . In f act, r S fra grn . (and consequently rS d.s) ) 
depends on the i rradia t i on do s e , but i n genera l our a ssump t i ons 
on t he r ole of DNA DSB i n i ncrease o f t he RSV c urve i n t he 
50- 550 Gy dose r ange are obviousl y true . 

l-~e thod 3 . Exper i mental r esul ts on determination of DNA DSB 
by a t raditional_sedjment ation me t hod a re usually pres ent ed as 
depe ndence of l iMn (Mn i s an average molecular Vle i ght of DNA 
fragment s) on the i rradiat ion dose. The i nc l i ne o f t he se stra i ght 
lines alloVis one to de termine t he following values of the DNA 
DSB yield: under non nal conditions for 137Cs - 3 .2 . \01 2 Gy -l g-l, 
12c - 7 .8 . 10 12Gy-l g--1 ,160 -- 6.7 . 10 12Gy - l g-1 ; unde r anox ic 
condit i ons (a r egion of hi gh doses) for 12C - 3 . 2. lO t2 Cy-l g -l. 
150 _ 2 . 7 . \0 12 Gy -l g-l . 

For be t ter obvrou sne ss the DNA DSB yi e l ds ob t a ined by t he 
three methods are summed up in Table 2. 

Tab le 2 

DNA DSB yields (in Gy-l g-l obtained ny t hree met hods 

Type of radiati on Method Me thod 2 Method 3 

137CS _ y 2 .7 ·)01 2 1. 5 . 10 12 3.2.1 0 12 

12 C, 250 keV/,l m 6 .7 , 10 12 6. 7· 10 12 

(normal conditions) 

120. 250 keV/ pm 3.6 . 10 12 3. 2. ]0 12 

( anoxic condit i ons ) 
160, 5 10 keV/pm 6. 7.1 0 12 

(normal condi t ions) 

160, 5 10 keV//-L m 2 .4 . 10 12 

(anoxi c conditions) 

DI SCUSSION 

A t r ad i tional me t hod of de t ermi na t ion of t he DNA DSB yield, 
be ing good i n ma ny a spec t s , ha s a number of drawbac.ks . It can 
be applied only at high i rradia t i on dos es , and requi res r adio
act ive i nd i cator fa gging, long c.en t r ifugi n g me asur i ng of radi o
ac t i vity l eve l of gr ad i ent f racti ons, data proces s ing in the 
computer . Method I , t hough inc l ude s some stages s i mi lar t o 
method 3 ( t agging, grad ient f r a c t i ona tion , radioac tivi t y coun
t i ng) , a l l ows however a h i gh speed of u ltr ac en t r i fuging and 
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RS V 	 Fig . 4. Re lat ive sedi
ment ati on velocity of 
DMC vs do se of y-ra
diation, neut r'ons and 
12 C ions. Abscissae : 
doses i n Gy. Ordinat es: 
DMC RSV i n r>elative 
uni t s . 

do es not requi r e a 
1.. ",-", . """ complicated data pr o

s 10 100 200 100 D, Gr ' h ' h .cesslng, w ~c permlts 
one to obtain results much easier and quicker. However, method 2 
is, in our opinion, the most promi s ing. It can be used in the 
50- 550 Gy dose r ange, allows a h i gh speed o f ultracenrifuging 
(30000 rpm) a t minimum time . Mea surements of t he a ggregate se
dimentation d istance is a very simple procedure which does 
not require a costly equipment. In Fig.4 the f irst resu l ts 
obtained by me thod 2 are presented as curves of DMC RS V de
pendences on doses of rad i ations with d ifferent physica l cha
racteristics. Calculations of DNA DSB yie l ds on the ba s i s o f 
these curves will be published. 
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B 06~eAHHeHHoM ~HCTHTYTe ftAepH~X HccneAoeaHHH Ha~an 
BblXOAIoITb c60pHIoIK "HpamKue coo6 Uje HUJl OI1JlI1". B HeM 
6YAYT nOMe~aTbCR CTaTbH. cOAep*a~He opHrlolHanbHble HaY~H~e, 
HaY~HO-TeXHH~eCKHe. MeTOAH~eCKHe H npHKnaAHWe peaynbTaTbI, 
Tpe6YIOII\He CPO~HOH ny6I1HKaL\HH. 6YAY~H ~aCTblO " Coo6u!eHHH 
OHlIW'. CTaTbH. 80weAWHe B C60PHHK, HMeIOT , KaK H APyrHe 
H3AaHHR OHRH, CTaTYC ~HL\Hal1bHblX ny6I1HKa L\HH. 

C60PHHK "KpaTKHe C006~eHHft OHRH" 6YAeT B~XOAHTb 

perYI1RpHO. 


The Joint Institute for Nuclear Research begins publi
shi ng a col lect ion of papers enti t led JINR Rapid Communi
cations wh ich i s a sect io n of the J INR COllJllunicat ions 
and is i ntended for t he accel erated publ icat ion of impor
tant results on t he f ol lowi ng subjects: 

PhYSi cs of el ementary parti cl es and atom;c nuclei. 
Theoret ical physics . 

Experimental techniques and met hods. 

Accel erators . 

Cryogenics. 

Computing mathematics and methods. 

Solid state physics. Liquids. 

Theory of condenced matter. 

Appli ed researches. 


Being a part of the JI NR Communications . the ar ti cles 
of new col l ection li ke all other publ i cations of 
the Joi nt Institut e for Nuclear Research have t he s t atus 
of 	official publications. 

JINR Rapid Communi cations wi ll be issued regularly. 
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3pl.\rpe6ep r., JlanHAyC H .Jl. E 19-85-202 
TpH MeTop;a onpep;eneHH.R Bb!Xop;a ABYHHTeBbiX pa3pbiBOB ,[{HK 

Oocy)K,ll;aeTc.R B03MOJI(HOCTb onpep;eneHHH BbiXOp;a p;ByHHTeBbiX 
pa3pbiBOB .[(HK KJieTOK KHTaHCKOI'O XOM1JliKa V79-4 MeTop;aMH HaXOlK
p;eHH.R ,ll;OJIH .[(HK, BbiCBOOOJK,IJ;aeMOH B pe3yJibTaTe oopa30BaHli.R pag
pbiBOB, H onpep;eJieHH.R OTHOCHTeJibHOH CKOpOCTH Ce,ll;HMeHTal.\HH 
.[(HK-MeMopaHHb!X KOMnJieKCOB JIPH B03,ll;eHCTBHH HOHH3Hpyro~X H3Jiy
~eHHH c pa3Hb~H ~H3H~ecKHMH xapaKTepHCTHKaMH. Pe3yJibTaTw 
aHaJIH3a cpaBHHBaWTC.R C p;aHHbiMH, JIOJI~eHHb~H Tpa,!J;Hl.\HOHHb~ 

MeTO,ll;OM Ce,ll;HMeHTal.\HH B HeHTpaJibHOM rpap;HeHTe nJIOTHOCTli Caxa
p03hl, OocyJK,IJ;aeTc.R cpaBHHTeJibHa.R xapaKTepHCTHKa MeTop;oB. Bw
xo,ll;bi p;ByHHTeBbiX pa3pbiBOB .[{HK, onpep;eneHHbie yKasaHHbiMH He3a
BHCHMbiMH MeTop;aMH, XOpOmO COI'JiaCyroTC.R, ~TO OTKpbiBaeT B03MOlK
HOCTb H3~eHH.R HH,ll;YKI.\HH H penapal.\HH ,ll;BYHHTeBhlX pa3pbiBOB 
c noMompro oonee npoCTbiX H Hap;elKHbiX MeTop;oB. 

PaooTa BbmonHeHa B JlaoopaTOPHH .Rp;epHbiX npooneM H Jlaoo
paTopHH HeHTpOHHOH ~H3HKH ORHH. 

npenpHHT O~e~HeHHOro HHCTHTYTa ~epKWX HCCneAOBaHHA. ~y6H8 1985 

Lapidus I.L., Erzgraber G. E19-85-202 
Three Methods to Determine the Yield 
of DNA Double-Strand Breaks 

A possibility of determining the yield of DNA double
strand breaks in cells of the Chinese hamster (V79-4) by 
finding the amount of DNA released as a result of breaks 
and by determining the relative sedimentation velocity of 
DNA-membrane complexes affected by ionising radiations with 
different physical characteristics is discussed. Results of 
the analysis are compared with the data obtained by a tradi
tional method of sedimentation in the neutral sucrose densi
ty gradient. Comparative characterisation of the methods is 
discussed. The yields of DNA double-strand breaks determined 
by the suggested independent methods are in good agreement, 
which opens possibilities of studying induction and repair 
of double-strand breaks by means of simpler and more reliablE 
methods. 

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