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INTRODUCTION

The SOS regulatory system controls the response of Escheri-
chia coll to a variety of treatments that damage DNA 1, 1 a
lysogen RecA protein acts as a protease and cleaves both the
LexA and A repressor, and turns on SOS functions and lytic
pathway growth. The induction of the X prophage as an indircct
assay gives information for the SOS system state, The experi-
men;s dealing with the » bacteriophage induction began in the
50s/274/, As inducing agents, they used mainly ultraviolul
(UV) irradiation, X-rays and later y-irradiation 5/, bntil re-
cently, one has not performed any work with accelerated heavy
ions. In order to <larify the mechanism of lethal and muta:enic
action of ionizing radiation of different linear-energy tirans-
fer (LET) it is important to have information on E.coli 508
response to the same radiations. Tt is known that the increa-
sing LET is connected with increasing of DNA lesions which are
repairable only in the slow repair processces O/ In this con-
nection, the degree ol SOS response expression would show if
the abhove indieated lesions Lake part in a sipnal formation
that switches on 805 tunctions, The present studies have exami -
ned the dependence of the > prophage induction frequency on
the dose of radiations with different LET, and similar depen-—
dences under variety of pre-irradiation cultivation conditions,
and variety of cell penotypes,

MATERTALS AND MECTHODS
Bactervial Straing

The atraitns ased o o work e presented an table 1.
U . . . . L
Steain G was used s o indireator ol plaque Torming, units

u
in the induction experiment s . Steain Av(y) was uned o a donor
for bacteviophape A wild type.

Media, Crowth ol Bacteria and Tryadiat ion

The coellys were prown overnipht in liquid nutrient broth
fmeat pepton broth (MPB) made at the Institute of Epidemiolopy
ad Microbiology "NoF . Camalel" Moscow), I some experiment s we
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Table 1. Bacterial strains

Strains Genotype Source
HfrH thi Institute of Genetics Academ.
HEfrH(\) as HfrH, but A Sci., USSR
3080 thi, lac, recA37 ="
3050 (\) as 30S0, but A ==
w3110 Bl, thy36, deoC Institute of Biophysics
Ministry of Health
W3110(0) as V3110, but A ="-
JC5491 Hfr, Thr, ile, -
val, Bl, recBC
JC5491(0) as JC5491, but A ="
P3478 polAl, BI, thy ="
P3478()\) as P3478, but A ="-
C strV ="~
CC244 lexA4, his -
GC244(0) as CC244, but A ="

used poor (MY9) and rich (AMP) nutrient media, The M9 media con-
sist of MY9=bulfer and glucose and thiamin, 0,087 and 0.00017,
respectively. MY-haffer was 19,7 mM Nil,Cl; 43,7 mM NazlPO4;
23,2 mM KH2PO4; 9 wM NaCls 1 M CaClz; | M MpSoy. AMP media
(made at patent medicine's factory of Leningrad's meatworks)
are prepared on the basis of aminopeptide and diluted three-
lold in 0,15 M NaCl,

The colls were diluted 1:20 and incubated with shaking at
FI0C to approximately ?2x10% cell/ml. Cultures were centrifuged
at 2000 ¢ For 1% min and resuspended in 1072 M MpSO,. 1 oml of
the calure was filtrated through Dacron nuelear tilters (dia-
meter of filter pores 15 0.5 m). This method of separat ion of
a lysopenic bacterial culture from the (ree phage (FI') permits
one to reduce the hackpround of FI' by aboat two orders of map-
nitude

Camma ivradiation was performed with a "7,

LA nouree.
0.0 mb ot the gamplen digponed an the nuclear Lilter surface
were mintained ot approximately 0°C during irradiation, rFil-
feva were put ap on the natvient meat pepton apgar (MPAY . The
dode rate wan approximately MY Gy/min.

We aned heamns ol heavy fonn produced by the heavy many chat
ped o acceleralor (Laboratory ol Nuelear React ioun, Join
fantitute Tor Noclear Reaenveh, Dubima). The samples were fvras
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diated in the same manner as the gamma-irradiated samples.
All dilutions after irradiation were done in 1072 M MgSO4. 5} o
After convenient dilution the cells were plated on glass petri

. . . . [
dishes contaiming approximately 20 ml of MPA for colony for- . o >
® . » . » M : - TN TN
ming units determination. To determine the production of infec-— s . 1 § ] | Y
» » - o —
tive centers 0.] ml of the aliquot was added to meited scft- ° m — o
. : . . ' o ? - - J ; ~~ ot el
agar topether with 0.1 ml of overnight indicator bacteria and a0 S o kmx
- - e VLS
oured on the MPA plates. ~ 8 - a0 Wty
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RESULTS

The survival curves are found in fig.l.We find that the 0-14 |
radiosensitivity (Do) of strains with recA™/lexAt genotype 012
increases as well as LET. Furthermore, the difference ADg = el
= Do(A7) - Do(At) approximately remains a constant. i
In contrast to 1it, ADo of the cells cultivated up to a 010 |
the y-irradiation 1in wvarious nutrient broths decreases 1 i
in the directicn rich —— poor media. A prophage induction z 008 ¢
in strains which possess recA*/lexA* genotype had a common pe- 5 -
culiarity. The induction frequency dependence on the dose sha- 2 Qost
ped a curve with a maximum (fig.2-4). The initial linear slope E u

of T(D) is defined by the parameter ¢ which represents quan- Q004
titative increment of the induced cell number per unit dose.
We named a the iuductivity. The parameter a increases as well

. . . . 002
as LET and an alteration poor —— rich media does it. The 1(D) | o . 5
function's parameters are shown in table 3. The parameter 0 E . N
defines T(D) decay. Unlike I(D) for recA'/lexA', the dependen- S — T : I
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A comparison bet- !
ween the induction

levels of these

mutants showed that -1
the induction fre- 10+
quency increases in
accordance with the

sequence recA —— = 2@ 9
—* lexA — recBC. E 10 ¢ ¢ ® o
3] 4 m— b 4+
S *
A 3
;’g 10 1—._.-.—.—
Fig.h. N prophage é
Induction in: y-ir— S
radiateld cells; A ,b‘
(N) = pecd mutant ( —a A A a a=—
andd m) — lexA mu-—
tant, erposed cells
lo aceelerated he- - ,b5[_~
A 'l A

[Twn Tons with LET=
20ReVamg (+) - 0 60

roceBC e bantk aned

(&) — [orA mutant.,

120 180

DOSE, Gy

DISCUSSTON

The Lysopen Survial

The cxperimental data showed that the survival of the lyso-
pen recA /1exAt strains was lower than that of the nonlysopen
strains. AMter irradiation the lysopen diea because of both
nonrepaired DNA injuries and o lysis doe to the propage A in-
duction, In this conmection a question emerges about the rela
tionship ol the two destruction types. One ordinary hypolhenis
wan that the two lethal eflects are indepeadent o In order to
check thia hypothesis we conntructed a mathemat ical model, We
initiated the tollowing aymbolw: Py the probability that
a cellb will dic as a reault of nonrepaired DNA injurien, Pj
the probability that o coell will die owing to the prophape in
duction. Using these symboly we can present Che probability
of the lysopen sarvival §) in view:

ST ", L I L L (1)

9



As a consequence of the hypothesis we can write: ?r =1-28,
where S is the nonlysogenic survival. Taking in view that
I =P;, (1) becomes:

2
Sl=s(]']:)¢ ()

The value Sj can be easily obtained from (2). In fig.é6 tpe
survival curves of the (A'Y), (A7) HfrH strains, the survival
curve S§1 obtained from (2) and the A prophagg indgct%on fre-
quency after y—- and accelerated helium bean 1rrad1§tlon 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 behavior and not the one shown by the
dotted line in (ig.6 we concluded that the radiation destruc-
tion processes and prophage induction in lysogen are not in-
dependent. After radiation damage of DNA two RecA functions
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() sl s, (o) Lyvonpen, ) Sclind Sonr e
RV
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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 A repressor in a host-
cell is "an additional weight" on recAt /lexA*-dependent repair,
since the A repressor competes with the LexA repressor in the
process of their own cleavage from RecA protein and obstructs
RecA protein to realize its restrictive function toward DNA
depradation. In this connection we believe the derepression
degree of SOS function and of RecA protein produced de novo in
7 lysogen is lower than the one in a nonlysogen cell. As a re-
sult, both DNA degradation and enzyme double-strand breaks
(EDSB) increase. Thus the radiosensitivity of the lysogen en-—
hances., This explanation is supported by the fact that cells
cultivated in poor media up to the y-irradiation indicated
both slight » propbage induction and a radiosensitivity equal
to the isogenic (A7) strain (see fig.lb and 3).

The T(D) Dependence Behaviour
Since titration of the A prophape induction had to be per-
formed on a large cell population, the question arises: what
the 1) dependence in an individual coll
the D) dependence o an averape col |
alternative situations mipht cxiot

as compared to
population? One of Lwo
depending on the action
ol the cellular indoacer,

Hypothesis (1) A part ol the cotls are kKilled by eccellular
phages matated in sach o way That they lost their
capacity. We o rejected this hypot ey

Honn g

infective
lor the Tollowing rea
d) the frequency of The mat ad tans ment foned above o quite
soablen than the oxper tmental valae:s ol (el ./"/;m'«- Lip.? 4,

L) the dependence 1) Loy oAy vec A and vecBC matant s
Aoronstant b detinite vadiation (nee Tip, ).

Hypothesis (s the obier v dependence 1) vet lect s g cel
Talony anducer awtavity, The Following Tacts capport 1his
cmption. a0 be s Faown thiat with the dose
common Lenphi

an
ncreasing, | he
ol e snp e Grrandesd pape (nso) cxpands, S0 we
canenpect that dose tncreaning will canae a wapniticat ton of
the conmected RecA DNA amon ey g consiequenee ol 1, an
bensibication ol Che Two RecA Lunet fons - proteolytic aclivi
tyoand DNA depradat ton vestviction, by 1o 1940 Craty and Ro
et obiseg ved an Vitio that e proflealyi el tvity ol RecA
protein depended an he sing e arranded DHA CHSDNAY o

H5oa bune
Lron with g m.nninunn/"’/.




On the basis of the above-mentioned consideration and ta-
king into account the circumstance that the A repressor inac-
tivation reflects the RecA proteolytic activity and so swit-
ches on the lytic development of the bacteriophage A, we belie-
ve that the dependence T(D) reflects the proteolytic RecA ac-
tivity. Thus, we believe hypothesis (2) describes truthfully
the experimental data.

A 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, $S$Bs decay but DSBs and various "ecomplex' DNA SSBs
with end groups ol the complicated structure augment . These
"complex" SSBs appear at a LET- dependent frequency as a carve
with a maximun/ ! "Complex” SSBs are nonrepairable from
polat-dependent repair, but are repairable only by rocAt/Lexat-
dependent one,

T this case, the yield of the initial breaks which are
a2 substratum for various cellular exonucleases increases with
LET. The exonucfoase clearing causes SSG formations which may
execute a sipnal role at the SOS gsystem start iny. Thus we may
cxpect Uhat the prophape indoctivity will increase with LET,
In realily, a similar increase in the inductivity takes place
(see (iy 274, table ).

Varions Pre Trradiated Conditions

We specitied that the increase in the inductivity fakes
place when colla e caltivated ap to the doradiation tnonuat
vient media o altering from poor to tich ones I order tao explata
i, we assmmed that o is divectly proportional to the RecA
protein amount . lo aprvecment with thin assumpl ron there is
dolact that an el media the tvbosom penes express themoe bves

ARYE

many told banter than they doo1t oo poor meding

Conotype Role o the Alteratron ob

M ophiagge Tadae o

O crperdmental daca te oty that the capressaon ol I s
pophare b Cron o by depends on The pene panb o rpat ooy
P DMA veparr Chap s Ve tind an Lo that rhe dependence
FCUY for polA entant hoad the wame shoape s 10y bor the wi Bl
Ly Gt atn. bt Shean thiat the polA o matanl SO e tem W b
v el Eieient Ty s the v bl tspe cteaig one daco e votrodee:
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hg following two symbols for the dose-modifying factor (DMF):
FFg’=a.m/aw,‘wbere o, and Gy re?resent the mutant's and wild
e’s inductivity; DMFg = D1/, where D=7 is the mutant's
radiosensitivity and D50 is the wild type's one. Experimental
data showed that DMFg is three times more than DMFg. This fact
iudicates that the participation of y-sites in the formation
:f the lethal events differs esseatially from the "prophage-vi-
‘ulent phage" switching over.

The DNA injuries, switching on the lvtic cycle development
f the bacteriophage A are chiefly SS fragments or SSG/lf/
USBg and EDSBg of DNA are lethal for E.coli cells. Mani dama-
ced DNA bases of polA wmutant are repaired only by recA*t/lexAt-
dependent repair. As a result, a high level of EDSB, appears
which determines the enchanced ceoll radiosensitivityll?y. On
the other hand, the abserce of polA-dependent repair increa-
eh the smount of DNA bind RecA protein and augments RecA pro-
tetn molecules, which ohtain an opportunity to acquire a pro-
tease conformation. Since @ part of these injuries is recove-
red by reeAt/lexat =dependent repair, it is easy to understand
it DM, > DMF .

)
¢

Alter the actiocu of the acceclerated helium fons the isoge-—
aice strainsg W3T10 and 3478 showed an inductivity that is lar-
wor than the one revealed after y arradiation, The reasons for
this behaviour of the relative indactive elficiency (RTE) have
seen discussed. We only add to this that atter fvvadiation the
polA mutant gave a hipher RTE value than the wild type did.
his (act i understandable 11 one takes itnto account that va-
vions "complex™ DNA injurics, otherwise repairable by polat

Joependent recovery, are aepairved in this case (polA wmutant)

+ [ .
v o receA [TexAT-dependent vepair.

We believe the diffevence between the dnduction freqoeney
ol ahie recAy TexA, reeBC mntants on the one hand and recAt /TexA?
cenotype on the other band b0 due to the ittt e format ion pro
Pabirlity of the complex: DNA RecA A vepresaor . The format ion
o this compley s obviously Timled Ly the RecA protein amount
for 1 ec Al TexA it at tons, el by 1 he S5, ol PDNA S fon tecBBC

vertbant o Alter the action ol aceclerated heliam vons the TexA

cntant chowed anoincreane o the tadoction tregoneney will ves

pect to the one observed alter y nrradiation. In oour opinion,

1o cannedd byorhe aupement ob the ovariouns "comples™ DNA

crealay whieh appear more ol ten abter ton heam action,  as o

conaedguence ob the enerey discociatton feataves . than al ey
nradiation,
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BoueB M.H. u gp. E19-88-511
Hupyxuus nipodara A HOHHU3HUDYIOLHMH H3ITyUYEHHAMH

¢ pasHou JII2

HayueHa uHAOyKIHUA IIpodara A yY-HU3jyuUeHHEM H YCKODEeHHBIMH
3apAXeHHbIMH HoHaMH ¢ pas3uol JIIID Ha pasumx mrammax E.coli.
3aBHCHMOCTD UYaCTOTH HHOYKIHKH OT mosbl 1(D) mis mraMMmoB
¢ recAt/lexAt-renorMnoM omuceiBaeTCs KPHBOH C MaKCHMYMOM.
UHayuubenbHOCTE 2THX MTAMMOB BO3pacTaeT Kak ¢ pocTtoM JIM3,
TaKk ¥ B HamnpaBlieHHH OT 6GegHoli K foratod cpepme. B oTimuuue

oT sToro, 3aBHcumocTb 1(D) pnas wrtamMMoB RecA, lexA, recBC
ABIAETCH IMOCTOSIHHOH .

PaGora BrnonueHa B JlabopaTopHH sigepHbx npobnem OUSH.

lMpenpunt O6beAHHEHHOrO HHCTHTYTA AIEPHLIX HCCNeROBaHHR. [yOna 1988
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The A prophapge induct ion caused by yoirradiation and
tong with difterent LET was studied in
variety Facehervichia coli

accelerated heavy

strains, The induction {yequency

on the doge 1D <haped a corvve with a maximum i 1 he
strains which posaess reeA Y/ TexA' penotype, The inductivi
ty ol these stiaiuns inecreases as well as LET and an albte
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