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INTRODUCTION 

The SOS regulatory system controls the response of Escheri
chia coli to a variety of treatments that damage DNA/II. In a 
lysogen RecA protein acts as a protease and cleaves both UI(~ 

LexA and A repressor, and turns on SOS functions and lytic 
pathway growth. The induction of the A prophage as an ind i ro c t 
assay g i v e s information for the SOS system state. The e xp o r i r 

men1s dealing with the), bacteriophage induction began in LII'-' 

2-4/.50s As inducing agents, they used mainly u Lt r av i o l . t 

(UV) irradiation, X-r,lys-and later l-irradiation/ 5/ . Unl i I 1'0

cently, one has not performed any work wi th accelerated 1Ii',IVy 

ions. In order to c la r iry the mechanism or Lc t h a l and rnu t u rc n i c 
action of i o n i z i ng rad i a t i on of d i f f c r o n t I inear-PTlergy t t uu s
fer (LET) it is important to have information 011 E.coli S()S 

response to the same r nd ia t, ions. It is kI10\,/11 that the inc 1'1':1' 

sing LET is c onu e c tc-d with i ncrr- a s i n g of DNA l o s i oris whil'll:lr,' 
r cpa i r ah l e only ill L11l' slow repair pnlcl'ssl'S/h/. In this ,,('n-

nee/ion, the degrcl' Ill' SOS r es pou s c (,XIH'I'S~;iol1 would show if 
t ho nb ov c i ud i c atr-d l cs i on s t.nk c part ill :1 ~;i)',u;1I f o rma t i o n 
th.i t swi t c ho s OIl S()~; 11111<'1: i o n s , The p r o sr-u ! ~;llld iI'S have c xaroi 
1I1'd t h(' <Il'pelldell!'" 0 I t lu. )- p r o ph a g o i uduc I i ou r r oquericy Oil 

111(' dOSl' or r ad i n t i ou s w i l h d i Ll o r o n t 1.1':'1', :llll! ~;il11ilar depew
d('lll'l-~' 1111.1('1' v.i r i o t y Ill' 1'1'(" i r r nd in ri on ('111 f iV;11 ion cond i t i o n-: , 

;111.1 v .1 r' i l' I Y (l I' 1'1' 1 1 )',' 'II" I YIl(' ~; • 

~l/\'I'I':H 1/\1.:; /\NI) ~11,"111{)1l~; 

II;wl"li,d :;lr:lil'~' 

'1'1", ':1 1:1 i II~: 11';1'<1 III "III v"ll, "I (' 1'1''''''111 (,.I i II I ,rI.I" I. 

~;'I,lill Cl'~;lr w,,~; w"'<1 ,I', ,III ill<li",II"1 "I 1,1"'1"1' 1"llIlill/', uu i ti. 
ill 1111' illdlll'l \'"1 l'xP",'ill\l'1I1 ':.~;II,lill /\v( \) \'/,I~; 11",'<1 ,I', ,I .1"111'1 

t" I 1"11'1,, .. i "pll,I)',(' ~, WI 1.1 I YIII'· 

~l,'di". Cr'lwll, "I 11:1('I" r i,1 :1,,<1 1II,llli,III"" 

TIll' ('('II~; wrr c: )',r-'IWII oV"l'lIi!,.111 ill I i qu i d nu t ri cu t 111,,11, 

(111",11 I'('pl"" h r ot h (~1i'I\) 111;1<1" ;11. IIIl' l n s t i t u t. 01 1':pid'~llIi"I,,)'.'.' 

.11'.1 ~lil'r(l"iolo)~y "N.I.'.r::llllall>i",t'lo,;c{)\-J).ln s orne e x pe r i mo n t ': hi" 
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Table 1. Bacterial strains 

Genotype SourceStrains 

HfrH thi Institute of Genetics Acadern.
 
HfrH(A) as HfrH, but A Sci., USSR
 
30S0 thi, lac, recA37 _It_
 

3050(11.) as 30S0, but A "
 
H3110 B I, thy36, deoC Institute of Biophysics 

Ministry of Health 
W3110(A) as \013110, hut A -"
JC5491 Hf r , Th r , i 1e , _It_ 

val, BI, recBC 
JC5491(A) as JC5491, but A -"
P3478 polAI, HI, thy -"
1'3478(11.) as P3478, hut t.. _ft_ 

C str r _It_ 

(;C244 1e XAll, his -"
_11(;C244(t..) as <:C24/1, but t.. 

u s od poor (MlJ) and rich (AMI') nu tr i o nr med i a . The M9 media con
s i s t or MlJ-bllrtl'r .uul glu(,oslO and t h i run i n , O.ORZ and 0.00011.':, 

11).7r o s po c t i vc- l y . M')-hllrf!'r wa~; mM NII,.Cl; Id.7 mM Na211P04; 
:ll.:1 111M KII..ll'04; (J 111M N;rel; I 111M CilCI..l; I M M~~S04' AMl'l11l'dia 

(m;IlIP .u pn t cu t IIII'dil'illl"~; [;I('tory of L!'nill~rad'~ moat wo rk s ) 

a rc: prep;lr('d Oil t lu- !>""in of nm i uo po p r i dv nnd diluted thn'p

l,lId ill o , 1'1 M N;Il:l. 
TIH' 'Tlls W.'I'., d i l ut r-d I;}O :JI1l1 illl'lIb"ll'd w i t h shnking lit 

I/0t: to .rpp ro x i mn t e l v !x)O" ('I'll/mi. Cu l t u ro x w('r .. "I'lItriruged 

:II }()()O Po 1'",' I', mi n IIl1d rlO~jllSIH'l1d..d ill Hr-·1 M M~~S()4' 11111 of 
I Ill' "111111t' W.l:I I ill 11111'.1 thrllllV,1r Il:l('rtlll 11111'1"111' I i It .. r n (llill-' 

IIII' 1,'r II t til t (' r I'" 1 , - Ii i r: n , 'I Ill). 'I'Ir i Ii 1111' t h"dill Ii l 'I HI r II i i « 11 "I 
;1 IY!jo~',"l1i(' !>,II'II'ri,J1 ('1111111" '1(1111 IIII' fn'" phlW,1' (1"1') po rrn i t a 

1111.' III r.'dlll'" I Iu- b,lI'kl',rlllllld "I 1"1' by 111""11 two '" d"IS Id IllIIl', 
nillld,./I/. 

r:,IIIIIII:I i II lid i ill i till Wil'l 1'" I I II nilI'd wi I II ,I I "C,t 1',1111111111 ""lilT C' • 

(l.Il) 1Ir1 011111' 11:11111'1,'" di:II11(fIl.d "II II", 1111('1"111 lill,'r 11111'1/11'" 

WI'II' m.t i n t u i m-d III '1I'I',oxilllilt .. ly (ltlt: dllrillV, l rr nd l n r l ou , Fil 

I"I~I w"", 1'111 Ill' "" I Ill' 11I111i.'1I1 Illl'/il p.'ploll "1',111 (MI'A). '1'111

d'Hll' Iill., 'J,I" :ll'prllxilllill,'ly .". (;Y/Illill. 

\-/1' "'II'd 1"'1111111 "I t""IVY i "1111 I'10dll( I,d lrv 1111- Ill'/IVy mnu v "lrlll 

f',l'd i,," 111"',,1""11," (1.,lt,oIIlIIlIY 01 N'I"I"/II H"ill' I 101111, .1111111 

11I1I1illll" 1"1 NII,I";l1 1I"'II·IIIl'Ir. Ihdlllll). TIlt' 1l1l11lpl,''1 Wl'l" i i r n 

.. -.f·.. ·: '.. :, 



diated in the same manner as the gamma-irradiated samples. 
All dilutions after irradiation were done in JO-2 M MgS0 4 • C) 

After convenient dilution the cells were plated on glass petri 
dishes contaitt.ing approximately 20 m1 of MFA for colony for

1 ~ ming units determination. To determine the production of infec ....t •I Itive centers O. I ml of the aliquot was added to melted soft  o • 
agar together with 0.1 ml of overnight indicator b~cteria and ~~ 0 
poured on the MFA plates. ~a,-ilD-

~All the plates were incubated at 370C for at: 1(,'",;(, lB 1'. 
The radiations used in the present work are shown iii tab l e 2. 

~ 
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N. i" .t Iu 111I1I1b('I' "I ('"I,,"y I "nllillf', IlIlil,: 1111"1' ,';t;)ial i"li .111.1
 
N;: is t Iu- 11111111,1'1' "I 11'"1 i r r nd i n t r-d I>:wl"l'ill. Till' p r o ph.u«
 
i n.l urt i ou I/I''III('IWY (II 1""lf: t!"ll'/llIilll'" :1:,,, Illlio 0111"':1111,,",,1
 
,,J 1111' "I>,oI'lv,'d 1'1:1'1"" I "l'lIIillf', uu i i i: (Nj) I" II", ,1111"11111 ,Ii III('
 

""loIIY 1"llIlilll', u n i t « No: I Ni/NI). '1'111' .1"1"'1111"11"1' "I I '"' IIII'
 
"":il' (Il) w,':: lill"d hy II", IIIIWli,,": 1(11) '111")(1'( 1',11)y
 

I I. , I 
hi I ""I'( III) n i i , 111'1" iiI) ""f'i)',Il:II,'" 1111'1 ...",1"11:1 ::11:1111 

1,I.li'II:"II':il i v i t v 1/11" .111.1 ". I', ,II" 1',1I""I,'I"ln. 

~ ; I "I i Ii I ii' 01 I ~,.. I I,,,,, II I,J 'I' I "" I 1111' II I 

Till' 1':11111110'1"," A.II "I II ... ,IIIIVI\lIII"IItV"!1 1"'·'iI'III,·" III lilt' 
""1111 I "f', "('1111' Iov IIII' 1''IlIill i i ru Y ,- AK I II, \,1"1" ,'111,,,1,,1,'.1 I,v 
1111' 1"",,1 Il<plllll'" 1110'111,,01, '1'111' 1'111111111'1"111 ,j ,III" I', "I IIII' 11111' 

I illil I (II) \,,/1'1" ".'I"llIlill,·d 1,\' Il":I"II,.,,, I. I" 111"1111111/ 11 / . 

I 

j
 

•l 
... 
..."•

",/ 
"A('! 0 __ 0 -- ~ r-. '" 

#<1 0 _°"- S 
,. 
i~ • 
.. ," ",/ I.

.( ...•...~o- '"."4_0 ... ° 

,,/'"
/ .. /

/ ' 0/ 
.. /<4 V III

.' 0"" o 
).4

./0' ;;1 
"b'" ' . ' ..... 

... 
" ) ':\. .,. . , I 

"I 
,llilV I \fA I. 

'U 

I 
;s,g ,--..) -......-..... 

10 o 0 
I '- '-- II ....=

-r-, '" ~E-i~ o ~3 '" r>j
'-- • \-..') C\) ~-"1 

.0.-4:-0-<$ <iQ0 '\j Q, 
• I • I C) ()~ \'U ~ 

;:.~ t' til +' 
'\) 0, .~, 

Q) \, r- , ::'3 
10
s 

~ 
.. () ~. ','~ 

'I) \\) G 'Q&. .-:,) ~ :... \ ;;;.:~ 

C) .,ooi r ''U () 
:;;':' -: ...)0 I ..~\ 

~ 8 (J ~.j.- ... 

• "\" "i ~-f!S:J.::::::te= '( ~ Fl ,':.---'--- -~.-- "I C) '<, __ ",1 

• , ) 

,..-', .\' (~ \\)C) 
• 1 ","t:l..~ i', ' 10 i.' 

I) ',j 
C) . ~ -\ \ \I) "" ~ <I .... C) 
!"') :~; ~ ~ I' 

.... 
... .r.... .--.:: (j 

I'f .-\\ :;,1.61~0--- 0 ;1: 'I) 'n 
(.'C) rl.1 \ I~'. ';"0 -_.._~_.t;j--_...L. 

\ (i)rlJ ;:.~ ~ '~ ':'~ \ I .... , ,'\ 

0' ., 
~ 0'.' 

/ .' 
l.T

o,.0.'.' 

c1'. 
0" ./

S 0,0:>" 
,0./.. 

,.0,
').0. 

" .. ./ 

" /M./ 

fa ... .. 
.. '" ...., .. • t ' ~ 't. 

" '\1 r) 
l\) I I') (.: ~. 

1'\ .: '1\ 
(1 {'I) 

'\\ I \ ~ \ 
'\1 I ('jJ 

I, \' t r/,) ,'oJ 
\' \'j , 

" \ (,1 'f -: \ 

, r \ I, ~~ ~ , \1 
( ~ ,. I ,. I 

;:' :. ' ••'1t; ,': °'1 1'1 • (J,, 

.' 
..,'\1 '1\ 

I, ." 
.' 'n 

fl.l 1"" 
r'J \ ,.., " 
'\1 I, ~ ~, t',J 

" j ") 

'1'1~-: , 
", I,


,', (I .. I
 
rl.J ,',,'1 t, 

" I 
'J' 

", 'II 

, " 
:1' • (, I 

. (I) 
" 

," ',' I 
'J' I 

I" 
1'\ 

\ I '\1 

.\ til. 

'1'" 'I 

i, I) 
I" I, II 

..
 

http:t;j--_...L


--

RESULTS 

The survival curves are found in fig.l. We find that the 
radiosensitivity (Do1 ) of strains with recA+/lexA+ genotype 
increases as well as LET. Furthermore, the difference ,";Do = 
= Do(A-) - DO(A+) approximately remains a constant. 
In co~trast to it, 6Do of the cells cultivated up to 
the ~-irradiation in various nutrient broths decreases 
in the directicn rich -- poor media. A prophage induction 
in strains which possess recA+ /lexA+ genot.ype had a common pe
culiarity. The induction frequency dependence on the dose sha
ped a curve with a maximum (fig.2-4). The initial linear slope 
of I(D) is defined by the parameter a which represents quan
titative increment of the induced cell number per unit dose. 
\,Je named ex the iuductivity. The pa r ame t e r 0 increases as well 
as LET and an alteration poor -- rich meelia doe s it. The 1 (Il) 
function I s pa r ame t c r s are shown in t ab l e 3. The parameter i' 

defines 1(0) decay. Unlike I(D) for recAt-/lf'xA+, the de pend cn
C(' T(D) for recA,lexA and recBC strains W;JS ;\ cous t an t (I ii',.',). 
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A comparison bet
ween the induction 
levels of these 
mutants showed that 
the induction fre
quency increases in 
accordance with the 
sequence recA --  s --- lexA --- recBC. H 
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As a consequence of the hypothesis we can write: Pr ~ I - S, 
where S is the nonlysogenic survival. Taking in view that 
I ~ Pi, (1) becomes: 

Sl ~ S(1 - 1). (2) 

The value Sl can be easily obtained from (2). In fig.6 the 
survival curves of the (~+), (~-) HfrH strains, the survival 
curve Sl obtained from (2) and the ~ prophage induction fre
quency after T- and accelerated helium beam irradiation are 
given. Apparently, the degree of induction expression doesn't 
influence the exponential curve shape. On the basis of the 
fact that the exponential survival curves of the lysogenic 
strains had exponential b ehav i o r and not t.he one shown by the 
dotted line in fig.6 we concluded that the radiatioJl destruc
tion processes and prophage induction in lysogen a r e not in
d epcndcn t , Af te r rad i nti on damage of DNA two RL'cA fuu c t i on s 
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attain paramount importance: proteolytic function leading 
to the starting of SOS response and the restrictive function 
in relation to DNA degradation processes following RecBC exo
nuclease operation. The presence of the X repressor in a host
cell is "an additional weight" on r e.cA" jlexA+-dependent repair, 
since the X repressor competes with the LexA repressor in the 
process of their Dwn cleavage from RecA protein and obstructs 
RecA protein to realize its restrictive function toward DNA 
degradation. In this connection we believe the derepression 
degree of SOS function and of RecA protein produced de novo in 
:1 lyso~en is lower than the one in a nonlysogen cell. As a re
sult, both DNA degradation and enzyme double-strand breaks 
(EnSB) increase. Thus the radiosensitivity of the lysogen en
llanees. This explanation is supported hy the fact that cells 
"ltltivated in poor media up to the y-irradiation indicated 
bo t h s l i gh t t prophage induction .md a radiosensitivity equal 
10 t h« i s o ge n i c (11-) s t r a i n (sce lig.l!l .md 3). 
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On the basis of the above-mentioned consideration and ta
king into account the circumstance that the ~ repressor inac
tivation reflects the RecA proteolytic activity and so swit
ches on the lytic development of the bacteriophage ~, webelie
ve that the dependence T(D) reflects the proteolytic RecA ac
tivity. Thus, we believe hypothesis (2) describes truthfully 
the experimental data. 

~ Prophage Induction at Different LETs 

After exposure of the cell to radiation a large spectrum 
of initial DNA damages are induced. Simultaneously with LET 
increasing, SSBs decay hut DSBs a nd various "complex" DNA SSl3s 

lwith end groups of t lu- c.omp l i ca t cd structure augment/l / . These 
"romp l e x " SSBs :lRPI';lr a t :1 LET·- d o pr-nd o u L f r e quo uc y as a curve 
with:1 maximum/I.!. "Compl('x" S5Hs .i rr- nonrepnirahlf' from 
polA+-depcndcllt r c-p n i r , hut arc r c p.r i r ab l c only hy n'('A+/l('xA+

d (' Ill'I111(' n t 0 Ill' •
 
Til this r;lSI'. t l u: v i c- l d 01 till' i n i t Li l b r r-a k s which .i r c:
 

:1 s u h s tr a t um for v.t r i ou s ('l,llular eX(lnlll',ll':l:;I'~; jllcr(':\';('~; wi th
 
1.1':'1'. The "X0111WI":I:," (·]I':lrin~'. C:luse:; sse lo rm.i t i ous wllich may
 

I'Xl'cutl' :1 Si,'.II;t! 101,' .r t IIIl' SOS :;y:;t"111 ';Llrl irl/'.• 'l'hu « W(' III.·IV
 

('XI1('c\ t h.i t till' pr"l'll:q'", i m i ucr j v i t v will illl'rl'.IS(· witli 1.1':'1'.
 

In ro n Li I v •. 1 Silllil:lr illl'I":I:;(' ill II", i nduct i v i t v I.d,,':; 1'1.1('"
 

( :>< 'I' r i ~ '.. / ..'I,. I: ii, I ,. \).
 

V" r i oil'; 1'1" II'Cld 1,,1 .·d I :II'ld i I I ("I~; 

lJ.· ';1',.,' iii .·d 111.11 I Ii<' IIii'I .','1'''' III l lu : i 11,1",'1 I v r I V '.iI'. "., 
1'1.1('" IJIt"n (,,·11· .. 11" 1'1111 iV.II,·d III' ,,, II,,· ill.ldi.IIIIIII 11111111 

ri r- n : IIl1'di,l .,11"11111'.1'"111 1'''''1' I" ,i"11 lilli', III "ld,'1' III 1':J'I'I:1I11 

II w.' .1·;:,I1II1I·d 11,.1' i '; ,I i 1'",'1 I V 1'1 "1,",1 i (111.,1 I II II,,· H,·(,AI 

1""II'ill .11111111111. 111.1/'.1""\.'1<'111 wi'i, t l i i'. ;1';''111111'11(111 ,I,,"" I';
 

.1 1.1< I 111.11 ill' 1.·11 1I1,·d i I III,' I VI,II';'"11 )'."11":; ""1>1 , ..... '1"'\11· .•·1 V.·
 

1".111 V 1"ld 1"'.1"1 11,.111 till"! d" it III I'''''' "I"di /11/.
 

1:"11111 v,,,· H"I.' 111111" AI"'I 111"" "I
 

1'1 "1'11,'1'." 1'11111' I I "'I
 

(III I " " I"" i Ill" III I I ,I. I ',I I,' I i I... I I" I'lli' .'., I' , " I "" "I ,\:; 

I 'I ~) I ~ ~ I, I ~ " I ' jill I. II I 1 ~ I I I ,'I' ~ I Ii'. I '.' ,II ' 114' II ii, , . III I II \ ' l' j , I II • JI I I I I. I II., I ! I , • , 

ii, liNA "'1'''' (I I r, . ." ,', I \.", Ii 11,1 III I II'., I, tl'.11 II,,· ,1"1"'11.1"11'" 

I (II) 1"I 1',01 A 1111,1.11,1 111,1 I I", '•. 1111' ·d,'I"· ,I" I (II) I." I III' '.~ i 1,1 

IVI'" 'ill.llIl. II I ,.1, .. ,,/1,11>'11 II ... ",,11\ 111111.1111 ':'I~, ,1"111 ,'"Ii 

I ' , I" Ii,· i ." I I I I ' I I I j .' \, I I I· I I ". III ' ~ I I I I If' I I II ' .11 11 IJl ' I I J r I ' I. II I / \' 

I :l 

: he following two symbols for the d o s e-rrnod i fying factor (DHF): 
(YHF'g '-'(1 m/ow' whe r o <1y,1 and Ow represent the mutant's and wild 
t ype ' s i nduc t i v ity; DHF s '" D,·:...,·,;,!l);·:,', , where D- 1 is the mutant's 

oJ ... ,.H \,"W om 
rad i o s en s i ti.v i t y and D;;J is the ';,"tid type's one. Experimental 
dat~ sh otce d that DMFg i: :t,n.,,: tin~es mn~e t\l~ll1 DMF • This.facts 
:ndlcates that the par t ic i.pa t i or. of "'s1tes 111 the f o rma t i on 
.f the lethal events differs essentially from the " p r ophage-vi
'ulent phage" switchiDg over. 

The DNA injuries, sw itch i ng on the lytic cycle develo4/entf the bacteriophage ~ are chiefly S5 fragments or SSG~l • 
DSB s and EDSB s of DNA are lethal for ~~. col i cells. Many dama; 
geed DNA bases of polA mut aut, a re r ep a i r e d only by r e c A" /lexA 
,:lc'pendent repair. As a r e sul t , a hi gh level of EDSB, a~pe3rs 

"'hirlt determine', the enchanced cell radiosensitivity/I. /. On 
thr' other hand, t hc ab s e nc e of polA-dependent repair i nc re a-

c: the .nnoun t of DNA bi nd RccA protein and augme n t a Rs cA pro
tein molecules, hhich (jhlnin an opportunity to acquire a pro
1t':IS(' c on f'o rma t i on . Since ...., part of t he s e injuries is r e cove-: 
~I'd hv I'lT!I+/lexA-f-dcpendeIlt re pn i r , it is easy to understand 
i II:tt Il~n'f' " ]),\IF,,. 
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