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Research during recent years has shown that irradiation of DNA with small and moderate doses of ionizing 
radiation is not followed by any fall in molecular weight detectable by the light-dispersion method F6, 12]. This 
is not to exclude the possibility that local disturbances may occur within the molecular structure. 

Among such possible injuries may be included single breaks in the phosphoric ester chains and the formation 
of intramotecular cross-linkages. It is evident that either of these may have definite biological effects, leading in 
particular to rupture of the coding chain and to loss of the power of reduplication. 

Alexander F4] has shown that if DNA is irradiated by a stream of electrons in a dose of the order of hundreds 
of thousands of roentgens, single ruptures may be produced in the polynucleotide chains. An investigation by 
Marmur [9] has demonstrated the formation of intramolecular thermostable cross-linkages as a result of ultraviolet 
irradiation of DNA. 

One of the most effective approaches to the investigation of internal injuries in the DNA macromolecule is 
the study of single-strand DNA obtained from irradiated preparations. For this purpose it is necessary to determine 
the molecular weight, the number of chains, and the degree of flexibility of both the original DNA and the prod- 
ucts obtained from it as a result of separation of the chains. 

The number of chains in the DNA macromolecule may be determined by studying the kinetics of its degrada- 
tion by ionizing radiation. If the change in viscosity is taken as the criterion of degradation, the degradation of 
linear polymers may be described (if it is assumed that the breaking of the chain obeys the law of chance) by the 

equation 

log [q] . . . . .  alog (Ro + R) + const, 

where [7 ]  is the characteristic viscosity of  the irradiated preparation; a the index of degree in Staudenger's equa- 
tion, R 0 the dose required in order to break a semi-endless chain to the initial distribution by molecular weights, 
and R the dose of irradiation [5]. If the molecule consists of two chains, like, for example, untreated double-strand 

DNA, the above equation will assume the following form: 

log;[~l] ~ --2a log (Ro + R) + const, 

where the multiplier 2 indicates the number of strands in the DNA [7]. If this equation is generalized for n chains, 
the multiplier 2 is replaced by n, and then if R >> R0, the tangent of the angle of deviation of the linear part of the 
graph of the relationship between log [-~] and log (R), divided by - a ,  will be equal to the number of strands in the 

DNA molecule. 

According to Doty [8], a for single-strand DNA in a solution of 0.01 M Na + is 0.92; a for double-spiral DNA 

in a solution of 0.2 M Na + is 1 [3, 73. 

Single-strand DNA must differ from double-spiral DNA not only by its particular type of kinetics of degrada- 
tion, but also by its physico-chemical properties. Their structural differences are evidently manifested as differ- 
ences in flexibility. In contrast to double-strand DNA, single-strand must change its configuration easily in 
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accordance with the external  environmental  conditions (ionic strength of the solution, temperature ,  e tc . ) .  A cha rac -  
teristic property of single-strand DNA is the increase in its viscosity when the temperature rises, as a result of the 

opening out of its molecule .  The same property is possessed, for example ,  by RNA which is a s ingle-strand structure 

[2]. No change takes place  in the viscosity of double-spiral  DNA in these conditions. 

Comparison of the viscosity of single-strand DNA obtained from irradiated and nonirradiated DNA may give 

information on the presence of breaks in the DNA chain caused by irradiation.  The viscosity of s ingle-strand DNA 
obtained from DNA in whose chain there are several breaks must be great ly reduced by comparison with the viscosity 
of the single-strand DNA isolated from nonirradiated double-spiral  DNA. 

We therefore started our investigation from the standpoint that by determining the number of strands from the 
kinetics of degradation,  and by studying the viscosity and other properties of the single-strand structures obtained 
from irradiated DNA preparations, we could evaluate  the local  injuries to the DNA macromolecule  caused by radiat ion.  

E X P E R I M E N T A L  M E T H O D  
Double-spiral  DNA was isolated from a calf ' s  thymus; prel iminary isolation of DNA was by Mirsky and 

Pollister 's  method [10] and subsequent deproteinizat ion with phenol by Georgiev's  method [1]. The preparations 
had the following characteristics:  N/P  - 1 . 6 4 - 1 . 6 8 ;  E(P) = 260 m/l = 6500-6700; molecular  weight = 7 " 106-8.5 
' 1 0  6 E 3 ] .  

Roentgen-ray irradiation was given by means of a type RUM-60 apparatus (fi l ter 0.5 mm A1, tube vol tage 
60 kV, dose rate 5000 r / r a in ) .  Ultraviolet  irradiation was given by means of an apparatus assembled on a BUV-15 
lamp according to a scheme suggested by Alexander  [113. The duration of i rradiat ion was 5 rain and the power 
4.7 " 104 e r g / m i n  . m m  2. 

We obtained single-strand DNA from irradiated and nonirradiated preparations by Doty's method [8] at 88 ~ 
The viscosity was determined by means of a low-gradient  viscosimeter of the Ostwald type.  The coeff ic ient  of c o m -  
pression of the single-strand DNA was determined during transfer from a solvent with 0.01 M Na + into a solvent with 

0.2 M Na +, i .e . ,  we determined the ratio [~]Q.01 M Na + The viscosity of single-strand DNA in 0.2 M Na + was 
[~]0-z M Na + 

measured at 25 ~ and 70 ~ and the ratio 777] in 0.2 M Na+ (70 ~ was determined.  
[7]  in 0.2 M Na+ (25 ~ ) 

E X P E R I M E N T A L  R E S U L T S  

The results of determinations of the kinetics of radiation degradation are given in the figure and show that  the 
number of strands in double-spira l  DNA was close to 2; this ref lected its double-spiral  structure. The number of 

Relationship between [7]  and Na + Concentration and Temperature of Solution 

Preparation 

Single-strand DNA obtained from 
nonirradiated DNA 

Single-strand DNA obtained from 
DNA irradiated in a dose of 
7500 r 

Single-strand DNA obtained from 
DNA irradiated with ul traviolet  
l ight (5 rain) 

No. of 
prepa-  
r a t ion  

[7]  of single-strand 
DNA obtained from 
nonirradiated DNA 
[7 ]  of single-strand 
DNA obtained from 

irradiated DNA 

[7] 0.01 M Na + 

[~]  0.2 M Na + 

['7"1 in 0.2 M Na + (70 ~ 

[ 7 ]  in 0.2 M Na + (25 ~ ) 

4 

3.4 

3.8 

3.7 

32 

27 

22 

21 

3.7 

3.0 

3.7 

3.1 

1.0 

1.0 

strands in the structures obtained from preparations irradiated with roentgen rays and from nonirradiated prepara-  
tions by heating as in Doty's method was 1.08. Consequently, the structures in fact were basical ly s ingle-s t randed.  
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It may be concluded from these findings that  thermostable cross-linkages between DNA chains do not develop during 

roentgen-ray irradiat ion.  In contrast to roentgen-ray irradiation,  ul t raviolet  irradiation prevents the separation of the 
spirals, evident ly  as a result of the formation of thermostable cross-linkages between the DNA chains. The tangent 
of the angle of incl inat ion of the s t ra ight- l ike part of the curve was ac tual ly  not - 1 ,  but - 1 . 6 ,  suggesting that the 

preparation contained a considerable amount of broken spirals. Cross-linkages not only prevent separation of the 
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Degradation of preparations by roentgen rays. O-Double-sp i ra l  DNA 
tg131 1.86 

(n . . . . .  1.86); O-s ing le - s t rand  DNA, isolated from a 
- c t  1 

tg82 1.0 
nonirradiated preparation (n . . . . .  1.08); + - s ing le - s t rand  

- c% 0.92 

DNA isolated from double-spiral  DNA irradiated with roentgen rays 
tg63 0.99 

(7500 r) (n . . . . .  1.06); A-s t ruc tu re  isolated from double-  
- a  s 0.92 

spiral DNA irradiated with u l t raviole t  l ight (tg~ 4 = - 1 . 6 ) .  Kinetics of 
degradation of preparations of single-strand DNA isolated from nonirra- 
diated DNA and from DNA irradiated with roentgen and ul traviolet  rays 
in the presence of 0.001 M EDTA. 

spirals, but also strengthen the structure a l i t t le ,  for the region of roentgen-ray degradation of the preparations irra-  
diated with ul t raviolet  l ight  was shifted towards the large doses. Complete  correlat ion was observed between the 

degradation kinetics and the results of the study of the viscosity at different e lect rolyte  concentrations and tempera-  

tures (see table) .  

We thus see that in the case of single-strand DNA obtained from nonirradiated DNA or DNA irradiated with 
roentgen rays, an increase in the concentrat ion of sodium ions from 0.01 M to 0.2 M led to the rolling of the m o l e -  
cule into a bal l .  This process was accompanied by a 20-30-fold decrease in the viscosity. Flexibi l i ty  of  this sort 
is character is t ic  of certain l inear nonelectrolytes.  Double-spiral  DNA possesses considerable r igidity,  and in these 
conditions its viscosity changes by a factor of only 1.2-1.5 [81. In a 0.2 M Na + solution, a rise of temperature from 
25 to 70 ~ leads to an increase in the viscosity of the single-strand DNA solution by more than three t imes.  Under 

the same circumstances the viscosity of untreated DNA remains constant. 

These results emphasize the single-strand structure of these polymers. Nevertheless, the viscosity of the sin- 
gle-strand DNA obtained from DNA irradiated with roentgen rays is lower than that  of DNA obtained from a nonirra-  
d ia ted  preparation by 67-75%. Irradiation apparently causes breaks along the chains of the DNA molecule  which 
reveal  themselves by a separation of the spirals. When a dose of 7500 r is given,  there are comparat ive ly  few of 

these breaks (irradiation in the presence of 0.001 M EDTA). 

The structure obtained from DNA irradiated with ul t raviolet  l ight  possesses much less f lexibi l i ty  in the pres- 
ence of an increased concentration of Na + ions or a raised temperature ,  and resembles the DNA denatured in 0.2 M 

NaC1, consisting of two cross-linked strands [13~. 
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S U M M A R Y  
By the method of thermal  separation of strands a study was made  of the local  injuries in the DNA m a c r o m o l e -  

cule caused by x- ray  and ul t raviolet  i r radiat ion.  By analysis of the degradation kinetics and f lex ib i l i ty  of the in i t i a l  

and final products it  was shown that A- i r radia t ion  causes no cross l inking preventing the separation of DNA strands; 

at the same t ime  i rradiat ion leads to the appearance  of sol i tar  breaks in polynucleot ide  chains. In uhrav io le t  i r r ad i -  
ation thermostable cross-linking is fo rmed ,  preventing the separation of the two-stranded structure. 
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