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ABSTRACT.

tercalinium, an antitumor bifunctional intercalator which forms a high
affinity reversible complex with DNA, was found to be specifically cytotoxic
for polA and 1ig7 E. coli strains. In the polA strain, the cytotoxic effect
of rcalinium was suppressed by the uvrA mutation. DNA single strand
breaks accumulated in presence of ditercalinium at high temperature in 1ig7
strains but not in polA strains. Ditercalinium caused no DNA synthesis 'lnﬁi-
bition although it was able to induce SOS functions. It is proposed that the
ditercalinium DNA complex because of its non covalent nature acts as a dummy
lesion for the UV repair system in E. coli leading to a futile and abortive
repair process.

Polymerase I appears to be required to prevent the malfunctioning of a

DNA repair process triggered by molecules forming non covalent complex with
DNA.

INTRODUCTION.

To obtain molecules with a high binding affinity for DNA, polyfunctional
intercalators have been synthetized and studied (1,2). DNA binding agents
with affinity as high as 10l1“M~! were obtained (3). Several bifunctional
intercalators, among them ditercalinium (NSC 335153), elicit strong anti-
cancer activity on a variety of animal tumor models (4,5). Ditercalinium
(structure shown in figure 4) is derived from 7H-pyridocarbazole and binds to
DNA from the major groove (6,7). The mechanism of action of ditercalinium
appears totally different from that of other anticancer agents (8). One of
the most intriguing of its properties is the induction of a delayed toxicity
in animal cells. Cells exposed for a short time to ditercalinium continue to
grow for 5 to 6 generations before dying (8).

Prior to the introduction of this new agent in clinical trials, muta-
genic tests were performed in bacterial systems. This led us to isolate an E.
coli mutant strain specifically sensitive to ditercalinium (9). The discovery
that the mutation confering sensitivity to ditercalinium was polA led us to
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study in detail the interference of this compound with the UV repair system
in E. coli. We show here that the DNA-ditercalinium complex, although rever-
sible and non covalent, is recognized by the UV repair system in E. coli.

MATERIAL AND METHODS.
Bacterial strains.

Strains used in this paper are described in Table 1 :
Bacterial construction.

Bacterial strains were constructed by Pl transduction according to
Miller (20). Tnl0 and Tn§ insertions confering respectively the tetracycline
and the kanamycin resistance were used as selective marker. A Tnl0 inserted
in the gene named zig which is located at 86 min on the bacteri al genome, was

used as a marker of transduction of the polA gene. The zig gene is 40 % co-
transductible with polA gene. polA mutants were revealed by their increased
MMS sensitivity (2 mM). Double mutants, polAl lexA(ind”) polAl uvrA, polAl2
uvrA, .E.‘l‘_Al?. uvrC, polAl2 uvrD were revealed by their increased sensitivities
to both MMS and UV. Double mutant polAl lon was revealed both by the mucoid
character of lon strain and its high MMS sensitivity.

As it was observed that Tnl0 decreased the ditercalinium sensitivity
of ELA nutants (data not shown), Tnl0 was removed in all strains by the
method of Bochner et al. (21).

Media.

LB and M9 media were made as described (20).

M9 medium was supplemented with 0.3 % casaminoacids.

LBT plates consists of LB medium plus 50 pg/ml of thymine and 12 g/1
agar.

For Py transduction 15 pg/ml of tgtéracycﬁne or 40 pg/ml of kanamycin
was added to LBT plates containing 2.5 10 M sodium citrate.

Bochner medium was used to select tetracycline sensitive strains as
described (21).

Chemical reagents.

The various 7H-pyridocarbazole dimers were synthetized as described
previously (4,5). Ditercalinium, a 7H-pyridocarbazole dimer (NSC 335153)
was from Roger Bellon Laboratory. Tetracycline hydrochloride, ONPG (ortho-
nitrophenol-p-D-galactopyranoside) and calf thymus DNA were from Boehringer
Mannheim. Kanamycin sulfate was from Theraplix Laboratory. Chloramphenicol
was from Roussel Uclaf. MMS was from Aldrich. Fusaric acid was a gift of Dr.
R. D'Ari. 3 MM filters were from Whatman. Chlortetracycline was from Sigma.
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Table 1. E. coli strains used in the work

Strain Genotype Source, reference or
. construction
AB1157 thr-1, leu-6, %EQA-Z his-4, thi-1 14
_E?_'E_ lacV,, 3%1_ ara-14; ﬂT

1 tsx-3.]§ rA 1 _p_F.37
AB2500 as AB115T also UVFA6 M. Cox
AB2499 as AB1157 also wBS M. Cox
AB2498 as AB1157 also uvrC34 M. Cox
AB2463 as AB1157 also TecAl3
AB2494 as AB1157 also TexA
GW2100 as AB1157 but umuCl122::Tn5, KnR 10
N2057 as AB1157 but Tuv60::Tnl0” 11
AB2429  as AB1157 but UVFA37, uvrC34 (AuvrA*ssb*) 12
AB1884 as AB1157 but uvrc34 (Auv +) 13
GC4671 Alon-100 zab300::Tnl0, 15
N2668 172 , TelAl, s oTT 3b_g_R6 rpsL150 B. Bachmann (16)
RH2456  polATZ derfves from M. Radman and (17)
GY3926 uvrD101 P. Moreau
GC4510 STiALl, sfiC R. D'Ari
Bl654  STIA: Tns"k R. D'Ari
6C2281 TeTA (ind-), malB::Tng '&CmR 2S), pro, .

ar , 1ac al, R. D'Ari
6C2736 g rﬂm T‘i‘ R. D'Ari
GC4715 th A lac, s't_ idem JG113 S. Boiteux (18)
GC4716 15 But polAL S. Boiteux
GC4718 as GC4715 but sfiA, lacZ)CIind) S. Boiteux
GC4727  as GCA4715 but RglAI_'(xp'(_ﬁA lacZ)Clind) S. Boiteux
SR1601 uvrA :Tnl0, Tc R. Sharma
BL199 E'I' zi Tn10 uvrc3s, TR from GC2736 and AB2498 (a)
BL200 Al, from BL199 and GC4716 (a)
BL201 as RI-I24 —'IA12 zig :Tnl0, TR from BL199 and RH2456 (a)
BL202 01Al uvrA:: Tnﬁ_ from GC4716 and SR1601 (a)
BL203 OTAl, sTiA:: Kn from GC4716 and B1654 (a)
BL204 LI_AI WC122 "‘l'nS KnR from GC4716 and GW2100 (a)
BL206 12, —;{T_g_ :Tnl0, uerlOl Tﬁ from BL201 and GY3926 (a)
BL207 L|_A12 F3 TnTU wvre3s, Tc from BL201 and AB2498 (a)
BL208 LI' 7-100Zab300: Tn10 TR from GC4716 and GC4671 (a)
BL209 1, 1 :Tnl0, sfiAll s'ﬁ'c from BL200 and GC4510 (a)
BL300 _#_i17 1,_{* from N2668 (b)
BL301 Al _Ty_ from GC4716 (b)
BL500 01Al, ATon-100 from BL208 (c)
BL501 0TAl, uvrk from BL202 (c)
BL503 LI_AIZ uvrc3s from BL207 (c)
BL504 Al2, uvrD101 from BL206 (c)
BL505 HAI Sf A1 sfiC s from BL209 (c)
BLS0G  poTAL Mo moTB::Tnd (CrR, A5) from 6C4716 and 6C2281 (a)
BL507  poTAL TexA (ind-) maiB::Tng (CrR,AS)  from GC4716 and 6C2281 (a)

(a) P1 transduction ; (b) trimethoprim selection (20) ; (c) Tnl0 removed (21)

Sucrose was from B.D.H.

Plastic beakers were

from Prolabo. [1*C]thymine

(55 mCi/mmo1) and [ H]thymine (46 Ci/mmol) were from Amersham. [!“C Juracil
(58 mCi/mmo1) and [!“C] leucine (60 mCi/mmol) were from C.E.A.
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Cytotoxicity measurement.

Bacteria were grown in M9 medium containing 50 pg/ml of thymine at 33°C.
At a 0.4 absorbance (A = 600 nm) bacteria were diluted fourfold. 2 ml ali-
quots of bacterial suspension were treated with various concentrations of the
compounds and incubated at 33°C or 42°C depending on the thermosensitivity of
the polA mutation. After 120 min of incubation, bacteria were plated on LBT

plates. Colonies were counted after an overnight incubation at 33°C. Plastic
beakers were used to minimize wall adsorption of compounds which is probably
responsible for a relatively large variability of the results. Therefore
measurements were repeated three times or more so that standard errors could
be estimated.
S0S induction measurements.

Strains GC4727 or GC4718 were incubated and treated at 37°C as in the
cytotoxicity method. After 120 min of incubation, p-galactosidase synthesis

measurement was performed as described previously (22).
Selection of ditercalinium resistant polA mutant.

Strain GC 4716 (polAl) was grown in LBT medium at 33°C up to a 600 nm
optical density of 0.8. Bacteria were diluted and each dilution was spread
on LBT plates containing 10 ug/ml of ditercalinium. After an overnight incu-
bation at 33°C resistant colonies were picked up and grown in LBT medium.

Resistant colonies were tested for UV and MMS sensitivity.
Macromolecular synthesis kinetics.

Bacteria (polAl sfiA mutant) were grown in M9 medium supplemented with
the required amino acids and containing 10 ug/ml of thymine. Bacteria were
treated or not with 0.1 pg/ml of ditercalinium at 00600 — 0.1 in the same
medium supplemented only with 2.5 ug/ml of thymine. At times indicated, a
50 ul aliquot was removed and 10 w1l of [ ¥ thymine or [!“C juracil or [1%C|
leucine was added (2 uCi/sample) to the aliquot. After 10 min of incubation
at 33°C, the cells in the 50 ul aliquot were collected on 3 MM filters.
Filters were treated and washed as described previously (23), except that for
[**CJuracil and [!“C]leucine incorporation the NaOH preloading of the filters
was omitted. Radioactivity was counted with a Beckman scintillation counter
(LS 1800).

At times indicated, aliquots of bacterial suspension treated or not
with ditercalinium were diluted and poured on LBT plates for cytotoxicity

determination.
Alkaline sucrose gradient sedimentation.

BL300 (1ig7, thy™) and BL301 (polAl, thy™), strains which are mutants
able to grow on low concentration of thymine, were used. Bacteria were grown
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overnight at 33°C in M9 medium containing 10 ug/ml of thymine. Saturated
cultures were diluted at 2 % in M9 medium containing 2.5 ug/ml of thymine
plus either [ ¥ Jthymine (60 pCi/ml) on [1“CJthymine (12 uCi/ml).

Bacteria were grown up to an 0Dggg pn = 0.4.

Labeled bacteria were diluted at an 00600 pm = 0-1 in M9 medium contai-
ning 50 ug/ml of non-labeled thymine. Samples were treated or not with
ditercalinium (0.05 pg/ml) for 90 min either at 33°C or 42°C for BL300 strain
or 120 min at 33°C for BL301 strain. After incubation spheroplasts were
prepared and alkaline sucrose gradient sedimentation was performed as des-
cribed (23).

RESULTS.
polA and 1ig7 mutations specifically confer sensitivity to ditercalinium.
The DNA polymerase activity of the BL102 strain ofiginally isolated
for ditercalinium sensitivity (9) was very low (<5 % of the wild-type).
This strain was also UV and MMS sensitive. These results suggested that the
ditercalinium sensitivity of the BL102 strain was related to a polA mutation.
This was confirmed by studying the behavior of authentic polA strains. Figure
1 shows the relative sensitivity to ditercalinium of polAl, polAl2 at 42°C

T 1T pol* T
1 00, " -

{ <Kq\*\\\§*ggiz_fjl* ~__\{ 2668 30°C
S 10 i 8
3 £ -
£ . gol | £
® gLA : A;, 42°c - N2ses 42°c
g H 3 I
@ A

03 l
' ' N N w0l 1 o w2l Y
o 10 25 50 100 ng/mi 0 50 100 250 500 ng/mi 0 10 25 50 100 ng/mi
|Ditercalinium] [Ditercalinium].x" [l:)ite«:alinium]e .

Figure 1. Survival of GC4716 (polAl), RH2456 (polAl2) and N2668 (1ig7)
strains after ditercalinium treatment.

Bacteria were grown and treated as described in the Method section. RH2456
and N2668 strains were treated with ditercalinium 120 min at 42°C and plated
at 33°C.
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and 33°C and M* strains. Furthermore, it was observed that all MA* rever-
tants isolated from polA by selecting for the partial MMS resistance were all
resistant to ditercalinium.

In addition, the 1ig7 strain which is deficient in ligase activity at
high temperature is also ditercalinium sepsitive (figure 1) whereas cells
mutated in one of the following genes (uvrA, uvrB, uvrC, uvrD, recA, lexA,
:u_v_) all involved in DNA repair, were completely resistant to ditercalinium.

Ditercalinium sensitivity of polA strains is reverted by uvrA mutation.

When polA cells which display ditercalinium sensitivity were plated on
medium containing a high concentration of ditercalinium (_19 pg/ml), diter-
calinium resistant cells appeared at high frequency (= 10 ). More than 500
revertants colonies were tested for MMS sensitivity. They all retained the
MMS sensitivity characteristics of the Lol_A phenotype.

In addition, all these revertants were much more UV sensitive than the
parental polA strain.

These results suggested that the ditercalinium resistance was obtained
through the occurrence of an additional mutation in one of the genes involved
in U repair. The double mutants polA uvrA, polA lexA, polAl2 uvrA, polAl2
uvrC, polAl2 uvrD were constructed and tested for their ditercalinium sensi-
tivity. polA uvrB was known to be not viable (24) and therefore could not be
studied. The double mutants polAl2 uvrA and polAl2 uvrD were found not viable
at 42°C and the ditercalinium sensitivity could not be measured in non
permissive conditions.

Figure 2 shows the relative sensitivity of the polA uvrA double mutant
to ditercalinium as compared to polA strain. The polA uvrA double mutant
appears completely resistant to ditercalinium. Contrastingly the polAl2 uvrC
double mutant has the same sensitivity as the polAl2 mutant.

In addition, the presence of the uvrA mutation in polA strains which
have become ditercalinium resistant after selection in presence of
ditercalinium was tested by complementation. These ditercalinium resistant
strains were lysogenized with the phage AmA+. Under these conditions, the
lysogenized mutant strains are able to code for a functional uvrA protein.
A1l the lysogenized polA ditercalinium resistant strains (7/7 tested) became
ditercalinium sensitive. This further demonstrates that the PpolA sensitivity
to ditercalinium can be suppressed by a uvrA mutation and can be restored by
a functional expression of the uvrA protein.
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Fi%ure 2. Survival of GC4716 (polAl) and BL501 (polAl uvrA) strains after
ercalinium treatment. - -

Bacteria were treated as described in the Method section.

Ditercalinium induces DNA single strand breaks when ligase is inactivated
at high temperature in 1ig7 mutant.

The lig7 strain is clearly more sensitive to ditercalinium at high
temperature (42°C) than at low temperature (33°C) (figure 1). However at low
temperature, ditercalinium elicits a small but significative toxicity on 1ig7
cells. This is probably related to the fact that even at low temperature,
ligase activity is quite low in 1ig7 cells (24). DNA of 1ig7 cells which were
treated with ditercalinium at 33°C and 42°C were analysed on alkaline sucrose
gradient. Data shown in figure 3 demonstrate that in presence of diterca-
1inium, single strand breaks accumulated when ligase was inactivated at high
temperature whereas breaks were not observed at low temperature. Surprisingly
no breaks could be detected in polAl strain treated with ditercalinium.

Ditercalinium induces the SOS function in polAl strain.

It was observed that filamentation of the polAl cells was induced by
ditercalinium treatment. This suggested that ditercalinium could induce the
S0S functions in polAl cells. This was confirmed when induction of SOS func-
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Figure 3. DNA analysis of ditercalinium treated cells by alkaline sucrose
gradient sedimentation.

BL300 (1ig7) was treated as in the Method section. 25 ul of spheroplasts
from each Treated or not treated samples were placed on the top of an alka-
line sucrose gradient. Sedimentation was performed as described (23).

Results are expressed as the percentage of the total acid precipitable radio-

activity.

Panel a : A =mmm A 1ig7 cells at 33°C,A -.....o A ditercalinium treated lig7
cells at 33°C ; pane : A mmmm A 1ig7 cells at 33°C,A =cecere- A 1ig7 cells
at 42°C ; panel C : A emmmm A 1ig7 celTs at 42°C,A ... +A ditercalinium trea-
ted 1ig7 cells at 42°C ; pane :Awmm A ditercalinium treated 1ig7 cells
at 33'?',, A ceeeennnn. A ditercalinium treated 1ig7 cells at 42°C ; panel e :
Oy pOTA cells, ¢ =mmm¢g ditercalinium treated polA cells.

tions was measured using the procedure of Quillardet et al. (22). In this
method, the induction of B galactosidase synthesis is measured in 1&' E.
coli strains lysogenic for MsfiA::lacZ). In this strain, expression of B
galactosidase is under the control of an SOS dependent promoter. The polAl
strain lysogenized with A(sfiA::lacZ) was used to measure the effect of
ditercalinium on B galactosidase synthesis induction. The results of these
measurements are shown in figure 4. Ditercalinium was found to induce 8
galactosidase synthesis in the L"lﬂl strain, and therefore SOS functions at
doses which are close to those which cause the death of polA cells. The
induction of the SOS functions in that case cannot be related to an inhibi-
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Figure 4. SOS inducing ability of ditercalinium and its analogue on GC4727
'[_g'l'Kl"Mo___ sfiA::lacz) | and 6C4718 [pol* A(sfiA::lacZ)] strains.

Quum()y ) enmm— ) GC4718.
Bacteria were treated as described in the Method section.

tion of DNA synthesis. As shown in figure 5 no inhibition of DNA, RNA and
protein synthesis 1is observed, even after 4 hours incubation with
ditercalinium at concentrations able to induce SOS functions at the maximum
rate.

Interestingly, a closely related ditercalinium analogue devoid of anti-
tumor activity and cytotoxicity on mammalian cells, was unable to induce B
galactosidase in this strain (figure 4) and did not elicit cytotoxicity on
PolA strains.

Because DNA breaks could not be detected in polAl strain after
ditercalinium treatment, it could be hypothetized that cell death resulted
from uncontrolled induction of SOS functions by analogy with the situation
encountered in thymineless induced death (25). To test this hypothesis, the
effect of protein synthesis inhibition on ditercalinium toxicity in polAl
cells was measured. The results of figure 6 show that, indeed, protein syn-
thesis inhibition by chloramphenicol significantly increases survival. To
test whether some SOS functions are involved in lethality, ditercalinium
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Figure 5. Ditercalinium effect on macromolecular synthesis and survival on
BEgUZ TpolAl sfiA) strain.

BL203 s‘gﬁiﬁﬁa_s treated as described in the Method section.

Panel A : labeled precursor incorporation kinetics.

Q@uuum @ [ H Jthymine
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The results were standardized in comparison with labeled precursor incorpora-
tion in non treated cells.

Panel B : survival fraction of ditercalinium treated cells.

sensitivity of double mutant strains associating a polA mutation with a muta-
tion in one of the genes involved in the SOS response was studied. The double
mutant strains (polAl sfiA, polAl umuC, polAl lon) and the strain polAl sfiA
sfiC were found to be as ditercalinium sensitive as the polAl.parental strain
(results not shown). Contrastingly, PolAl lexA was found significantly more
sensitive to ditercalinium (figure 7).

DISCUSSION.

Many bulky electrophilic molecules, such as alkylating agents and acti-
vated carcinogens, form covalent adducts with DNA. It is well established
that these adducts can be removed inside E.coli and the native DNA structure
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Figure 6. Effect of chloramphenicol treatment on the survival of diter-
cahnium treated GC4716 (polAl) strain.

Bacteria were grown and uted to 0D 00 = 0.1 (see cytotoxicity section).
Bacterial suspension was separated in two samples. One sample was treated
with 100 pg/ml of chloramphenicol, the other sample was incubated in absence
of chloramphenicol. After 60 min of incubation at 33°C, bacterial suspension
(2 m in plastic bechers) was treated with various concentrations of diter-
calinium. Aftgr 120 min of incubation at 33° C, bacteria were diluted 10 fold
in MgSO, 10 M containing sonicated calf thymus DNA at a concentration 100
fold that of the ditercalinium. The presence of calf thymus was to complex
free drug. After 60 min at 0°C, bacteria were diluted and poured on LBT
plates for the determination of surviving fraction.

@=—=@ no chloramphenicol
QOw=ms=() chioramphenicol treated cells.

restored through the concerted action of the proteins coded by the uvrA,
uvrB, uvrC, uvrD, polA and 1ig genes (for review see Friedberg, 1985). In
contrast, there is no report of non covalent DNA binding drug triggering a
DNA repair response. This is well illustrated by the differential effect on
DNA repair in E. coli of ethidium and ethidium azide in the dark which both
bind reversibly to DNA and ethidium azide after its photoactivated covalent
binding to DNA (27).

The results presented here show that ditercalinium, a bifunctional
intercalator which forms a reversible and high affinity complex with DNA,
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Figure 7. Survival of GC4716 (polAl) and BL507 (polAl lexA) strains after
rcalinium treatment.
see legend of the figure 1.
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interferes with the UV repair system. However, the interference with the UV
DNA repair system is completely different from that observed in the case of
covalent bulky adducts as shown by the following observations :

e Ditercalinium sensitivity was found specifically associated with the
PolA or 1ig mutations and not with any other single mutation tested (y_r_A,
uvrB, uvrC, uvrD, lexA, recA, ruv, lon, umuC, sfiA, sfiC) which are all
involved directly or indirectly in DNA repair.

¢ The uvrA mutation which increases the sensitivity of polA cells to
UV and compounds forming DNA covalent adducts (28) completely suppresses
the toxicity of ditercalinium. The addition of a functional gene uvrA in
ditercalinium resistant polAl uvrA strain restores the ditercalinium sensiti-
vity.
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® The double mutant polAlZ uvrC remains as ditercalinium sensitive as
polAl2 at high temperature. The double mutants polAl2 uvrA, polAl2 uvrD were

found not viable at high temperature and could not be studied. polAl uvrA
does not grow at 41°C and this is therefore consistent with the fact that
polAl2 uvrA cannot grow at 41°C. In agreement with these observations, no
reversion of ditercalinium resistance in any of the revertant strains iso-
lated from polAl strain was observed by complementation with the A gv_nr-(:'r
phage.

e Although DNA single strand breaks are clearly observed in lig7 at
42°C in ditercalinium treated cells, no DNA lesions could be detected after
ditercalinium treatment of the polAl strain. No DNA repair synthesis was
detected in dnaA; o at 42°C 1in ditercalinium treated cells but was detected
in UV irradiated cells (data not shown).

e Neither DNA replication nor RNA and protein synthesis inhibition was
observed even after 3 hours incubation with ditercalinium in the polAl
strain, an observation which is consistent with the absence of a DNA syn-
thesis blocking lesion in this strain.

e Although DNA synthesis is not inhibited, SOS induction is clearly
observed in the polAl strain.

A11 these observations can be rationalized according to a model presen-
ted in figure 8.

Ditercalinium binds to DNA and induces a DNA conformational change
recognized as a lesion by the uvrAB complex. UvrC binds later and DNA is
incised (as single strand breaks are observed in lig7 at 42°C).

Ditercalinium analogues with long linking chains which could bind to
DNA without inducing such conformational change could not be recognized and
do not elicit any cytotoxic or SOS inducing effects.

In wild-type strains, polA and uvrD proteins could not excise the DNA
fragment because of the large increase of DNA stability caused by the diter-
calinium binding (7). This would account for the lack of unscheduled DNA
repair synthesis in wild-type strain and the lack of gaps in DNA after
ditercalinium treatment in the polAl strain and the absence of immediate
inhibition of DNA synthesis.

Because ditercalinium is not covalently bound, it will dissociate from -
the DNA-repairosome complex, leaving the repairosome bound to a DNA of normal
structure. In wild-type environment polA and uvrD gene products increase the
turnover of the DNA uvrABC complex (29,30). In presence of polymerase I,
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Figure 8. Proposed model for the action of ditercalinium.
(sgi' discussion in the text).

after ditercalinium is released, the repairosome bound to DNA of normal
structure could dissociate and single strand breaks could be rapidly sealed
by ligase, accounting for the observed presence of DNA breaks in 1ig7 mutant
and its absence in the 29_1_+ strain. In the same conditions, but in absence of
polymerase I, the uvrABC complex would remain bound to DNA for a much longer
time. We propose therefore, that the presence of a uvrABC complex bound to a
normal DNA structure is the factor responsible for cytotoxicity.

How such a factor is responsible for cytotoxicity is presently unknown.
One could have thought that the uncontrolled SOS induction could lead to cell
death. This could be suggested by the fact that ditercalinium cytotoxicity is
decreased after chloramphenicol treatment.

However, the strains polA sfiA sfiC polA l_g_r_\_, polA umuC which associate
polA. with a mutation involved in SO$ response appears as sensitive to
ditercalinium as polA. Furthermore, in the double mutant polA lexA, SOS func-
tions cannot be induced. However, this strain appears significantly more
ditercalinium sensitive than polA suggesting that some SOS function could
contribute to the protection of the cells as observed for covalent adducts.

According to such a model, ditercalinium, by inducing a DNA conforma-
tional change similar to the one caused by covalent adducts, would act for
the repair system as a dummy lesion because of its non covalent nature.
Attempt to repair such a dummy lesion would lead to a futile DNA repair
process lethal in a polA mutant. As expected in such a model, stopping this

futile repair cycle by uvrA mutation in a polA strain completely suppresses
ditercalinium toxicity.
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These experiments reveal a very important property of DNA polymerase
1. Its presence appears absolutely required to prevent toxic effects resul-
ting from the non covalent binding to DNA of molecules which induce DNA
structural modifications recognized by the repair incision complex. This
property might be related to both its polymerase activity and its ability to
increase the turnover of the repairosome accounting for the lack of uvrd
effect. Most significantly, the toxicity of ditercalinium analogues in polA
strains correlates with the cytotoxicity and the antitumor activity of these
derivatives (unpublished results). Studies to analyse whether ditercalinium
and its derivatives induce such processes in eucaryotic systems are presently
in progress in our laboratory.
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