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It is s t i l l  uncertain whether ionizing radiat ion can cause profound changes in the chromosomes of bacter ia ,  

including changes in their configuration, or whether its act ion is l imi ted  to the induction of mutations in specific loci .  

The most suitable method of solving this problem is by crossing sex-dif ferent ia ted strains of E. col i ,  followed 
by genet ic  analysis of their  recombinants.  By using this method,  Wilson [3] studied g. co l i  crosses in which the donor 
strain was exposed to } ' - ray  irradiat ion in large doses, and found that the frequency of recombinants  exhibi t ing link- 

age between the threonine and lactose loci  decreases with an increase in the dose of radiat ion.  On the basis of these 
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Effect of x - ray  irradiat ion on transmission of 
select ive signs. 

observations it was suggested that  ionizing radiat ion causes breaks 
in the chromosomes of the donor bac te r i a l  cei ls .  According to 
other findings [2], indicat ing that the frequency of se lec t ive  signs 
in bac te r ia l  recombinants  also fails during irradiat ion with large 
doses of x-rays,  it must be assumed that ionizing radiat ion pro- 

duces "points of f ragi l i ty ,"  at which breaks occur during conjuga- 
tion, and also induces changes interfering with the transmission 
of the donor's chromosome segment to the recipient .  

In a previous investigation [1] we studied the effect  of 
h igh-energy protons on genet ic  recombinat ion  in E. col.__.ji. However, 

in contrast to the investigations cited above, i r radiat ion of donor 
cel ls  caused an increase in the number of recombinants  and in 
the frequency of transmission of nonselect ive signs. It is impor-  
tant to note that the bac te r ia  in this case were irradiated with 
compara t ive ly  smal l  doses of protons. 

In the present study the effect  of various doses of x - ray  ir- 
radiat ion on genet ic  recombinat ion in E_. col.__~i was investigated.  
The effect  of x - r ay  irradiat ion on transmission of the ab i l i ty  to 
synthesize threonine and leucine (both together),  to ferment 

lactose and galactose,  and to synthesize threonine and ieucine 
(separately),  and also on the transmission of  a number of non- 
select ive signs was analyzed.  

M E T H O D  

Donor and rec ip ient  strains of  E. col i  were used in the ex-  
periments.  The  donor strain E. co l i  HfrH is th iamine-dependen t  
(Bi-) and sensitive to s t reptomycin (sS), phages of the T group, 
and phage X. The  order of transmission of signs to the cei ls  of  
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TABLE 1. Genet ic  Structure of T+L+S r and Gal+S r Recombinants (Transmission 

of nonselect ive signs as a pementage  of number of recombinants)  

)oses of irradiation 
in R) 

0 
10),(!03 
20X10 z 
80X103 

100XI03 
120X103 
150X103 

T-]~ L-t- S r Galq- S r 

Lac~- Gal-{- 

1 4 , 6 : 5 , 5  
1 3 , 3 : 2 , 1  
6,1 6,1 
2,6 3,3 
5,3 7,0 
2,3 5.1 
1.4 2,1 

Nonselect ive signs 

T~ k S Lac~ T+ L~- 

82,2 75,7 72,7 100 
83,5 82,5 72,0 100 
92,5 75,6 75,9 100 
74,0 76,0 84,2 100 
82,5 65,0 64,4 100 
83,5 66,3 71,4 100 
79,0 70,9 77,7 100 

T+ L@ 

89,0 100 
86,6 100 
89,9 !00 
89,5 100 
85,8 100 
85,7 100 
100 100 

70,3 
73,4 
78,5 
71,1 
71,5 
7t ,5 
55,6 

;.s 

75,7 
78,7 
78,5 
73,7 
64, 3 
57,2 
55,6 

the rec ip ient  strain is as follows: threonine (T ) -  leucine (L ) - l ac to se  (Lac ) -ga l ac to se  (Gal). The recipient  strain 

E. col i  PA678F is s t reptomycin resistant (S r) and is character ized by loss of the independent ab i l i ty  to synthesize 

threonine,  leucine,  and th iamine ,  and to ferment lactose, galactose,  xylose, manni tol ,  and maltose,  and it is re- 

sistant to phases T1, Ts, T6, and X. 

Before crossing took place,  broth cultures of both strains were centrifuged for 5 rain at 3000 rpm. The bac te r i a l  

residue was transferred to fresh broth to give a concentrat ion of 109 cel ls /m1.  

The donor cells were irradiated with a type RUM-7 x - ray  apparatus. After i rradiat ion of donor Hfr ceils  with 
different doses of x-rays,  they were crossed with recipient  cel ls  by mixing  in a proportion of 1 : 10. Tubes containing 
the mixture were incubated at  37* for 60 rain, after which samples were seeded on se lec t ive  media  and then incu- 

bated at 37 ~ for 72 h. Select ion of the T+L+Sr recombinants  was carried out on m i n i m a l  medium with the addit ion 

of 1% glucose, th iamine ( l g g / m l )  and streptomycin (150 gg /ml ) ,  and of the Gal+S r recombinants on m i n i m a l  me-  

dium with 1% galactose,  threonine and leucine (80 g g / m l  of each) ,  th iamine  (1 p g / m l ) ,  and s treptomycin (150/ lg /ml)  
[1]. The  T+S r and L+S r recombinants  were selected on the same medium as the T+L+S r recombinants,  with the addi-  

t ion of leucine to obtain T+S r recombinants  and of threonine to obtain the L+S r. 

The genet ic  structure of the recombinants  (transmission of nonselect ive signs) was studied with reference to 
the results of seeding on media  capable  of de tec t ing  a part icular  sign (abi l i ty  to ferment lactose was detected on 
mea t -pep tone  agar with lactose and an indicator dye,  sensit ivity to phage T 1 on MPA with this phage, and so on). 

R E S U L T S  

The results of de terminat ion  of the frequency of transmission of the studied signs from donor to recipient  in 
re la t ion to the dose of i rradiat ion of the donor are il lustrated by the curves given in the figure. These curves were 
drawn on the basis of the rat io between the number of recombinants in the crosses in which the donor was irradiated 

and the number of recombinants in the crosses in which the donor was not irradiated.  The in i t ia l  doses of i rradiat ion 
that  were used caused an increase in the number of T+L+S r, T+S r, and L+S r recombinants.  However, with an increase 
in the dose of i rradiat ion an appreciable  decrease in the number of a l l  the recombinants took place.  If the order of 
transmission of signs from donor to rec ip ient  is remembered ,  it wil l  be easy to see that,  in accordance  with the curves 

obtained,  the radiosensi t ivi ty of the se lec t ive  signs was the greater ,  the farther along the transmitted segment of the 

chromosome they were situated from its in i t i a l  portion, i .e . ,  the portion first to enter the rec ip ient  ce l l .  

The  data  given in Table  I show that prel iminary irradiat ion of the donor cells with an increase dose of x-rays 
caused a decrease in the number of T+L+S r recombinants inherit ing the property of fermenting lactose and galactose.  
The number of  Gal+S r recombinants  inheriting the property of fermenting lactose with an increase in the dose of 
x-rays  rose at first and then fell.  A marked increase was observed in the number of recombinants  inherit ing sensi= 

t iv i ty  to phages T 1 and X. 

Analysis of the genet ic  structure of the T+S r and L+S r recombinants (Tables 2 and 3) shows that  i rradiat ion in 
increased doses also caused a decrease in the number of recombinants inherit ing the property of fermenting lactose 
and galactose.  I t  is clear  from the results given in these tables that i rradiat ion causes a disturbance in the coupling 
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TABLE 2. Genet ic  Structure of T+S r 

Recombinants (Transmission of nonselect ive 

signs as a percentage of number 

of recombinants)  

Doses of 
i rradia-  
tion ( i n k  

0 
10X10 s 
20X10 s 
80XIO 3 

IOOxIO 3 
120X IO s 
150• 10 ~ 

Nonselect ive  signs 
- 

v + 

781 77 
7 9 1 7 7  
68 I 84 
56,61 93,6 
45,91 67,2 
40,01 50,0 
40,01 55,0 

I 

ks 

TABLE 3. Genet ic  Structure of L+S r 

Recombinants (Transm ission of nonselect ive 

signs as a percentage of number 

of recombinants)  

59 0 
75 10Ml03 

83,0 20M10 a 
85,5 8OXl0 s 
7 7 , 0  10Ox 103 
55,0 120M103 
55,0 150X103 

Doses of Nonselect ive s__j~ 
"--- '--- '--T--- 

i rradia-  La~+] C~ + T+ 
t ion (in R . _ _ _  ) 

16,2 15, 100 
9,0 [.4, 100 
7 1 3 1 8 ;  100 
1,3 I 1, 100 

o I loo 

ns  

86,2 
60,0 
82,3 
58,1 
68,0 
62,8 
62,8 

ks 

82,5 
63,0 
88,0 

68,0 
60,0 
60,0 

of the T + and L + signs (the ab i l i ty  to synthesize threonine and leucine) ,  for a decrease was observed in the number 

of T+S r recombinants  inherit ing the ab i l i ty  to synthesize leucine,  while there was no reduction in the number of 

L+S r recombinants  inheri t ing the ab i l i ty  to synthesize threonine. This lat ter  feature was associated with the fact 
that the L + sign is t ransmit ted to the rec ip ient  ce l l  after the T + sign. The results of analysis of  the transmission of 
nonselect ive signs also showed that the farther the sign is located from the in i t i a l  portion of the transmitted segment 

of the donor's chromosome, the more sensitive it is to ionizing radiat ion.  

Ionizing radiat ion evident ly  causes genet ic  changes in the transmissible ma te r i a l  of the donor which either 
s t imula te  the process of transmission of the segment of the donor's chromosome or depress it. This choice between 
the two outcomes of the act ion of radiat ion on genet ic  recombinat ion in bacter ia  depends on the dose of irradiation.  
So far as the possibil i ty of breaking of chromosomes at individual  points is concerned,  it is not yet  possible to say 

whether this takes place  i m m e d i a t e l y  after i rradiat ion or during the process of conjugation at the "points of fragil i ty.  ~ 
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