


Introduction
. Itis well known that the oxygen as well as the organic nitroxyl-free radicals

are able to sensitise irradiated cells to the lethal action of ionising radiation. The
these compounds with radiation-induced DNA - radicals (Johansen, :1974;
Nakken and Brustad, 1974). The interaction of N-oxyls (for example, TAN)
with: DNA-radiéals generates TAN-DNA adducté,_;};at are difficult to repair
(ohmmnetal, 1976)

..~ The important role of bthe""cgmpljg):(}'waNA damages in mutagenesis induced
by high LET radiation have been shown by study of the effect of the anoxic
radiosensitizing agent TAN on the induction of revertants byﬁy-ﬂr,é'y)s:;-anq,helium
ions in S_‘ql‘mﬂpgvexllq,.Vtestgfr::,s'grain‘s—(Baéha.e;t al., 1992). In our research on.the A-
proﬁhage( ‘induction by y-rays aIl,di,,“}'lQl'i,l:l;‘l_’l_\ ions we- have established that, the
'?fpor:qblcx;! single-stranded DNA breaks (ssb), which require a:substantial level
of energy:deposition: and; which cannot, be repaired by fast: repair: processes,
enhance xfinductibn potency (AiP): (Bonev.et al., 1990).-On the other hand, an
increase in SOS-response: in' TAN-sensitised E.coli cells under anoxia was

shown after y-irradiation . (Komova, et:al., -1990)..These data indicate -that
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binding of a sensitiser (TAN or oxygen) to DNA radicals leads to formation of
SOS-inducing damages. Owing to A-repressor cleavage, which is under recA
protein control, the induction of A-prophage is a good pointer of the DNA
lesions, which are repairable only by the SOS system. The efficiency of these
lesions could be studied further by induction of A-prophage under different
» conditions (oxygen, anoxia, and anoxic radiosensitizing agent TAN), wich is

the aim of the present work. -

Materials and Methods o
The E.coli strains used inouri’experiments are: W31 l(l(Bl thy 36 deoC‘ lt)
P3478(polA1 BI1 thy,k), and C600(thrl leu6 thil supE44 lacY1 tonA21 JF,Str).
The last strain C600 has ‘been’ used as an’ 1nd1cator of plaque formmg unit
(PFU) " All'strains were obtalned from the Inst1tute of B1ophy51cs M1n1stry of
Health of Russia. R -""“‘ R e e e
.2,2,6,6-Tetrarriethyl;4?piperidin‘ei;1#oxyl '(’TANj‘ was’ synthesised ini the
Institute of Chemical Physics of the Acaderny of Sciences of Russia. TAN was
dissolved in destilled water and added to the bacterial suspensiontinborder to
obtain a final concentration of 10°M 1mmed1ately before degass1ng performed
: by ﬂow1ng argon for 4t least 30 min before irradiation. ‘ A
* Bacteria' were ‘grown overnight in liquid nutrient broth, diluted 1:20; and
incubated ‘at *30°C " to approximately ‘2x10° cells/ml:’ Thei:suSpension was
centnfuged at 8000g for 15min and resuspended twice in'0.01mol/l MgSO4
'In"order ‘to determine  the’ production of” infective centers; 0.1 ml of
appropriately diluted suspension was added to 3nil ‘of TOP agar (7g/l a'gar,‘“lg/l
yeast”extract, 8g/l' NaCl, and 3nmol/l MgS0;) togettier with 0.lml of a
suSpensiOn of indicator bacteria (4x10® cells/ml; C600 strain) and ‘poured-on to

plates containing nutrient agar. The fraction of spontaneously induced cells that
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.may occur on the plates during overnight incubation was one or-two orders of

magnitude lower than in the irradiated samples. -

The surviving fraction (S) was calculated as the ratio S=N¢/N,, where N is

- the number of surviving bacteria after irradiation, and Ny is the number of non-

irradiated cells. The number of cells was determined by a standard method, i.e..
by counting the number of macrocolonies on the nutrient agar... -
*  The fraction of induced cells (I) was determined as the ratio of the number
of observed PFU (N;) and the number. of the non-irradiated bacteria: I=Ny/N,.
The dose-dependence . \

... I(D)=0Dexp(-BD)(1-exp(-D.D; ™" ), NPT
where Do'.l,, 1s the radiosensitivity of hthev:,cells .(Bonev et al.;: 1990). ‘kThe

~ parameters ot and B were determined for each I(D) dose dependence by an
~optimising procedure (Velev et al., 1989).The parameter o -will be called AP
furtheron. TR o S s
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‘Results. -

The spontaneous k—prophage induction in non-1rrad1ated cells under anoxia,

>anox1a 1n the presence of TAN, and in the presence of oxygen durmg of perrod

of 3 hours at 0 C ‘appears to be the same. = .

- The survrval ‘curves of the wild type and polA” mutant stralns under different
anoxic conditions aﬁer y-1rrad1at1on are shown i in figures.1 and 2. Bacteria of
both wild: type and polA strarns seem to be most sensmve in the presence of
oxygen less in the presence of anoxia+ TAN, and least sensrtrve under anoxia.

The values of the radrosensmvrtres and AP w1th their standard dev1at1ons are

“summarised in- the table The oxygen‘enhancement ratlo ’(OER) on the cell

sensitivity -was determ1ned as ratio ‘D’ (oxygen) 1 Dg- (anox1a). The effect of
‘TAN'+ anoxia (TAN' enhancement ratio = TER) was presented as D(,"!(TAN) /

D, !(anoxia). The effect of oxygen and TAN on the A-induction (OIR and TIR)
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was' " described” as - the = ratios: ~ AiP(oxygen)/AiP(anoxia) - and
AP(TAN)/AiP(anoxia) respectively. The OER for the wild type stain is equal to
5.8, and for polA” is equal to 12.9. ' The relevant TER‘.ratios are equal to 2.0,
“and -2.3: The A-induction curves are presented in figures 3 “and 4. For the wild
type and for polA” strains the values of AiP are greatest in the case of irradiation
in the presence of oxygen. The smallest value of AiP * is in the case of irradiation
' ‘under anoxic conditions: The OIR for the wild type strain is equal to 6.5 and for
polA” is equal to 118.5. The relevant TIR values are equal to 1.7 and 2.5. "~ "
Discussion
‘We have investigated the effect of the anoxic radiosensitizing agent TAN on
~cell survival and A-prophage induction in wild type and po]"\:fhrtftant strains
after irradiation- with:y-rays. The results of our experinrents show - that :the
‘influence of anoxia on the cell survival and X-induct‘ion\' after irradiation are
similar (a diminution of the both sensitivity to y-rays and XTP).

The radiosensitivities of the two strains under anoxia decrease. The
modification effect of TAN on the wild type strain is significantly smallér than
in the presence of oxygen (TER=1.50, and OER=5.80). The similar line of
«behaviour,is observed in the case of polA” mutant.cells irradiation. The bigger
efficiency of oxygen as compared to TAN suggests that thelesions created by
an interaction of oxygen and DNA-radicals after y-irradiation are more difficult

 to repair than those created by an interaction of TAN and DNA-radicals. ...
-As it can-be seen from thefﬁgures 3 and 4, the initial slope of induction
curves under. anoxia- decreases ,~for‘"the ‘two - strains. .= = AP ~characterises ~the
efficiency.-of - ionizing radiation ‘in inducing . A-prophage (it represents the
~number of induced cells per inactivated-cell and per unit dose). On the other
: hand,’. ‘MP expresses SOS-response, as.the A-repressor-cleavage is under recA
protein¥control. ‘In addition, the. increase of- AiP. in. the - presence. of oxygen

' reflects the increase of the DNA damages which are repairable by recA-lexA-
4

dependent repair system. The effect of TAN on the wild type strain is smaller
than in the presence of oxygen (TIR=1.7, and OIR=6.5). The similar effects of
TAN and oxygen on the polA” strain (TIR=2.5, and OIR=118.5) we can observe

too.

The biochemical steps_of A as well as SOS induction are initiated by the
activation of RecA protein‘ following DNA damage. This process, which is not
understood in deta.ils,'begins when bacterial DNA is damaged in any of a
variety of ways. The final event activation 'of | RecA protein to bind and
promote cleavage of A and LexA repressors has been studied mostly in
blochemlcal experlments (Cralg and Roberts, 1980) Little, 1983) Cleavage-
promotlng activity of RecA prote1n depends on the presence of smgle—stranded
DNA (Craig and Roberts, 1980). The results of our experlments show that the
values of Aip in the presence of oxygen are bigger in cornparison to anoxia in
the presence of TAN This means that. the amount of s1ngle-stranded DNA
following the repa1r process in the presence of oxygen is'larger than that under

anoxia in the presence of TAN

The influence of oxygen .on the surv1val and X—mductlon increases in polA”
strain as compared to the wild type. The sen51t1v1ty to y-1rrad1atlon of the polA”
strain is approximately 3 tlmes higher than that of the wild type. The ratio
klP(polA Y AiP(wild type) is equal t0 9. The effect of anoxia in the presence of
TAN on the surv1val and 7& 1nduct10n is 51m11ar to that in the presence of
oxygen but more shghtly " The radlosen51t1v1ty of the polA strain is
approximately 2 times hlgher compared to that of the wild type, and the ratio
AP(polA™ )/ AiP(wild type) is equal to 1.3. The radiosensitivities and AiP
strengthening in polA™ strain are due to the absence of polymerase I ink the
mutant strain (Town et al., 1973). The absence of polA-dependent repair leads
to an enhancement in the number of the DNA gaps. This can cause an

augmentation of DNA-bound RecA protein molecules and as a consequence an
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enhancement of the RecA proteolytic activity. Therefore, the expressioh of A-

prophage induction’is greater in the polA™ straln than that in the wild type

In conclusron our results show that ‘ _

(I) the les1ons created by an mteractron of oxygen and DNA-radlcals aﬁer
y-lrradxatron are more drfﬁcult to repalr as compared to those created by an
interaction of TAN and DNA- radlcals ' . N ”

(ii) the amount of smgle—stranded DNA under oxygen condmons is blgger
than that under anoxia in the presence of TAN and :

(m) the effect of oxygen and anoxia m the presence of TAN is 1ncreased in
polA stram “which is due to an enhancement of the RecA proteolytlc acthtyé
following the absence of DNA-polymerase L o '
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