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ABSTRACT

Triple helix-forming oligonucleotides (TFOs) represent
potentially powerful tools to artificially modulate gene
activity. In particular, they can be used to specifically
introduce a lesion into a selected target sequence:
interstrand crosslinks and monoadducts can be intro-
duced via TFOs coupled to psoralen. The efficiency of
these strategies depends on the cell ability to repair
these lesions, an issue which is still controversial.
Here we show, using psoralen-coupled TFOs and the
yeast as a convenient cellular test system, that
interstrand crosslinks are quantitatively poorly repaired,
resulting in an efficient modification of target gene
activity. In addition, these lesions result in the intro-
duction of mutations in a high proportion of cells. We
show that these mutations are generated by the
Error-Prone Repair pathway, alone or in combination
with Nucleotide Excision Repair. Taken together, these
results suggest that TFOs coupled to psoralen could
be used to inactivate a gene with significant efficiency.

INTRODUCTION

particular DNA sequence and to introduce a covalent modification
(2,5,6). Psoralen is a bifunctional photoactive intercalator which,
upon irradiation with near UV light, forms either a monoadduct
(where the psoralen is covalently attached to one strand of the
target DNA) or an interstrand crosslink (in which the two strands
of DNA are linked to the psoraleri))( The ratio of monoadducts

to interstrand crosslinks can be modulated by changing the
irradiation wavelength, with monoadducts preferentially formed
at longer wavelengths.

A TFO-psoralen conjugate can efficiently inhibit transcription
after photoinduced crosslinking, at least using an ectopic
transiently transfected promote8).( The success of such a
strategy is highly dependent on the efficiency and the accuracy
with which the cell repair machinery will process the lesion. A
number of studies have been devoted to determine the cell
response to this type of dama@e40). Taken together, these
studies show that psoralen adducts introduced through a TFO are
repaired in mammalian cells, but the extent of the repair process
is still controversial since some papers have reported a highly
efficient repair of these lesionS,{2,13) while others found no
repair 1). TFO-targeted psoralen lesions can also resultin a high
level of mutations, which were analysed in cell lines derived from
patients defective in DNA repair such as Fanconi anemia (FA)
(17,18) or xeroderma pigmentosum group A (XPA) and xeroderma

Triple helix-forming oligonucleotides (TFOs) represent potentiallypigmentosum variant (XPV) celld§). These studies led to the
powerful tools to artificially modulate gene activity. They couldconclusion that the poorly defined gene(s) mutated in the XPV
have interesting applications both in fundamental research andgroup was involved in the generation of mutants.
therapeutics since, as sequence-specific DNA-binding ligands,In the present study, we have taken advantage of the fact that
they can be directed against selected targjpts(particular, they the yeast repair machinery is homologous to that of mammals
have promising applications as anti-retroviral agents and the HI{22) and used the genetically well defin&@hccharomyces
genome, which includes two copies of a 16 bp sequence that ca@revisa@rganism to assess more precisely the parameters of the
be recognized by TFOs, thelypurine tracior PPT, is a potential repair process of site-specific psoralen adducts introduced via a
target @). TFO. Our results indicate that the repair efficiency is highly
Two alternative strategies can be proposed to modify gersependent on the fraction of crosslinks versus monoadducts,
expression using TFOs. They can be used as competitishedding some light on the controversy over the efficiency of
inhibitors for sequence-specific DNA-binding ligands such asepair of TFO-targeted psoralen lesions: monoadducts do not
transcription factors 3(4). Another approach uses TFOs toimpair the replication of the plasmid whereas crosslinks are very
specifically introduce a lesion in a target gene. In contrast to othgoorly repaired (of the order of 10%) and the process introduces
strategies using oligonucleotides which interfere with gena high level of mutations in the target sequence. We also analysed
expression, functionalized TFOs could promote irreversibléhe mutagenic processing of crosslinks in yeast strains bearing
effects. TFOs have been used to direct a psoralen molecule tmatations in genes encoding key proteins ofrHti8 epistasis
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group (involved in Nucleotide Excision Repair, NER), th@6  Triplex formation and targeted photoadduct formation

epistasis group (involved in Error-Prone Repair, EPR) or trzca reaction volume of 10, 2.5 ug of plasmid DNA were

ubated overnight at room temperature in 10 mM Mg@th

&r'without psoralen-coupled TFOs|{M). Irradiation experiments
kre performed either with a long wavelength UV light (365 nm,
r? kJ/n%) using a monochromatic lamp (Bioblock, lllkirch, France)

rad52 epistasis group (involved in Recombinational Repair, RR.
(7). Our results suggest that two different pathways can be us
some of the mutants arise from a combination of NER and EP
whereas EPR alone, without any involvement of NER, i

responsible for the appearance of the rest of the mutants, rwith visible light using a 150 W xenon lamp and a filter with a
aadition, these two pathways introduce distinct types of mutation 00 nm cut-off (GG 400 filter glass; Oriel). Irradiated samples were

diluted to 10Qul with 10 mM Tris, 1 mM EDTA, pH 8.5.
MATERIALS AND METHODS

Oligonucleotides Restriction analysis

) ) In vitro treated plasmids (50 ng) were digested with 15 Draf
The TFO PSO-CT4Ge-NH, (TFO, Fig.1A) was obtained from 4 5 U oBanH for 1 h at 37C in aDral commercial buffer.
Appligene Oncor (llikirch, France). A 5-methoxy psoralen|, these conditions, TFOs that were not covalently linked to their
molecule (5-MOP) was linked via its C5 position to thersd of  target by photoreaction of the psoralen did not inhibitDre
fche ollgonucleotlde _through a hexamethylene linker. The cytosinggtyiction enzyme (data not shown). Restriction fragments were
in the oligonucleotide sequence was replaced by a 5-methylaparated on a 1% agarose gel. The gel was then soaked for
cytosine. The '3end of the oligonucleotide was modified with a 20 minin a 0.51g/ml BET-containing solution and washed twice

hexylamine group. Unmodified oligonucleotides that were usegy 20 min. Image acquisition and bands intensity quantitation
for constructions, PCR and sequencing were purchased frore performed using a Bio-Rad bioimager.

Eurogentec (Belgium).
Renaturing gel electrophoresis

Treated plasmids (50 ng) were digested with 10 Bsif Ndd

TheURA3:HIV1TTAandura3:hivitaaalleles were constructed and Ncd to generate a 325 bp fragment containing the PPT
by inserting properly designed 42 bp DNA fragments containingedquence from HIV1 and a control 180 bp fragment without the
the PPT from HIV1 (positions 8662-8677 in HIVBRUCG) afterPPT. Restriction fragments were-Igbeled with {-32PJATP
the ATG initiaton codon of thelRA3gene. The two modified USINg T4 polynucleotide kinase, precipitated and resuspended in
URA3 alleles were introduced into the multiple cloning sitelO pl of water. An equal amount of denaturing loading buffer
(MCS) of episomal or centromeiischerichiacoli-yeast shuttle  (20% glycerol, 4 mM EDTA, 150 mM NaOH) was added prior
vectors £3,24; Tablel). to migration on a vertical 3% Nusieve gel containing@énl

of BET. The gel was then dried and radioactivity quantitated
using a Fuji phosphoimager.

Construction of modified URA3 alleles

Table 1.List of plasmids

Table 3.Frequency of cells transformed with more than one plasmid

Name Yeast URA3allele Type Parental
marker plasmid Amount of plasmids pRS315 and pRS314 (ng/ng)

pRS2TTA LEU2 URA3:HIVITTA CEN6/ARSH4 pRS315 100/0 75125 50/50 25/75 0/100

pRS1ITTA TRP1 URA3HIVITTA CENG6/ARSH4 pRS314 LEU2* cells 10647 3660 2140 867 0

YEpTTA TRP1 URA3HIVITTA 2u YEplac112 TRP1' cells 0 2060 3580 5607 6500

YEpTAA TRP1 ura3:hivltaa 2u YEplac112 LEU2* TRPT' cells 0 147 200 47 0
Co-transformation (%) 0 2.6 35 0.7 0

Yeast strains Yeast cells were transformed using the LiAc procedure and plasmids pRS314

and pRS315, which carry, respectively, fiRP1 and LEU2 auxotrophic
Yeast strains are described in Tahl€mY826 yeast strain was markers. A total amount of 100 ng of plasmids was used for each transformation.
a kind gift from Dr C. MannZ5). Isogenic yeast strains used for For selection oLEU2* cells, TRPI* cells orLEU2* TRPT" cells, appropriate

the study of repair pathways were a kind gift from Dr F. Fabredilutions of the transformants were plated on the corresponding selection medium.
Per cent co-transformation was estimated as the ratio between the number of

) LEU2* TRPI" cells and the total number of transformants. The given numbers
Table 2. Yeast strains are the mean value between three different transformation experiments.

Name Genotype

CmY826 MATa ura3-52trp1A63leu2Al his3A2001lys2-801
ade2-101barl::HIS3

Transformation experiments

Yeast cells were transformed by the LiAc proceduzs).(
Aliquots of 100 ng of plasmid were used for each transformation
FF18 733 MAR ura3-52trp1-289leu2 his7-2lys1-1 in order to minimize transformation of multiple plasmid copies,
FF18 739 MAR ura3-52trp1-289leu2 his7-2lys1-1rad1&:LEU2 which was determined to be <5% (TaB)eFor quantitation of
transformation efficiency, a 1/20 dilution of the transformed cells
was plated on tryptophan- or leucine-lacking medium, depending on
FF18 xxx MATa ura3-52trp1-289leu2- his7-2lys1-1lradl:LEU2 which marker was carried by the plasmid, and grown for 2 days

FF18 1079-2 MA®& ura3-52trp1-289leu2- his7-2lysl1-1rad51:ura3-




at 30°C. Transformation efficiency was calculated as the ratio
between the number of transformants obtained with the treated
DNA and the number of transformants obtained with the control
DNA. Cells bearing a mutated non-functiond&®A3:HIV1TTA
allele were recovered on the same selection medium supplemente
with 5-fluoroorotic acid 27) after 3 days at 3@. ura3:hivitaa
revertants were recovered after 3 days &C30n a selection
medium lacking uracil. Mutation frequency was calculated as the
ratio between the number of mutants and the total number of
transformants.

Fitting of theoretical curves to experimental data

When considering a sample containing BA% of crosslinks, the
residual transformation efficiencljg, can be accounted for, in a
simple model, by the plasmid molecules that have not been
crosslinked, 1 —BA, and by the crosslinked molecules that have beel
repairedst, x BA wheret, stands for the global repair efficiency:

Te=1-BA +T,x BA 1

Quadratic error between experimental data from Figarand
theoretical values obtained using the above equation were
minimized with 1, = 9%. If 1, stands for the proportion of
mutated molecules among the repaired plasmids, the mutatior
frequency, MF, can be computed as

MF =T % Tp X BA/(1 — BA +T; x BA) 2

Using Tty = 9%, quadratic error between experimental data form
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Figure3D and theoretical values obtained with this equation were ® c
minimized withty, = 9%.

Molecular analysis of mutants _ ) _ ,
Figure 1. Experimental strategyAj Schematic representation of the TFO—

DNA from mutants was isolated using standard procediBs ( psoralen conjugate (TFO) used in this stuBy.Triple helix formation on the
The plasmid borné&JRA3 alleles were amplified by PCR with PPT of HIVL. The psoralen molecule is intercalated &{p8-3' site. Upon
. i . ... _irradiation, it forms covalent links with either one (monoadduct, 410 nm) or two

prlmers SpeCIflp for each p_li_ismld. P.CR pI’OdUCtS were purlfle crosslink, 365 nm) of the adjacent thymines. Only one of the two possible

using a QlAquick PCR purification kit and sequenced by usingnonoadducts is showrC) Plasmid vectors bearing thiRA3reporter genes

an Applied Biosystems cycle sequencing kit. The sequencingere incubated and irradiatiedvitro in the presence of TFOs. The site-specific

primer was nested. lesions were analysed for quantitation of monoadducts and crosslinks. Yeast
cells were then transformed with the vectors. Quantitation of transformation

efficiency was performed by plating dilutions on an appropriate selection

medium. Samples were plated in parallel on a medium allowing the detection

of changes in theJRA3reporter geneY) Nucleotide and amino acid sequence

of the modifiedJRA3alleles. The codons containing the psoralen intercalation site

. ) » _are in bold. Detectable mutations are shown below the sequences. The position of

The approach used to study the repair of site-specific crosslinkse mutations in the sequence is indicated by an arrow. fs, frameshift mutations.

introduced through a TFO is described in Figurehe PPT from

HIV1 (Fig. 1B), a target sequence recognized with high affinity

by a previously described TFQ,§), was inserted in the coding enzyme Dral, Fig. 1B). In addition, the proportion of interstrand
sequence of thdRA3gene in a series of reporter constructs alsarosslinks was quantified by analysis in renaturing gels. After
harboring a distinct marker gene, eithBtJ2 or TRP1(Tablel). irradiation, the plasmids were used to transftRA3" yeast
Previous experiments indicated that insertion of a sequence at gtins (Table2 and Fig.1C), under conditions allowing the
chosen position in tHeRA3gene did not significantly impair the penetration of one molecule of plasmid per cell (Tak)le
activity of the URA3 protein product (data not shown). TheseTransformants were selected usingltB&)2 or TRP1marker. As
plasmids were incubateid vitro with the TFO described in crosslinked plasmids penetrated into the cells with an efficiency
Figure 1A. The TFO is covalently linked to a molecule of similar to that observed for control untreated samples (data not
psoralen, a bifunctional photoreactive intercalator. Irradiation ashown), the decrease in transformation efficiency was indicative
the complex target DNA/TFO with visible light (410 nm) resultedof an inability of the cells to repair the lesions. The analysis of the
in the attachment of the TFO to only one strand of the target DNBRA3 phenotype of the transformants allowed quantification of
(Fig. 1B). Irradiation at 365 nm resulted in the introduction of arthe induced mutation frequency. In order to detect a spectrum of
interstrand crosslink between the two strands of the target DNutations as wide as possible, two types of constructs were
(Fig. 1B). After irradiation, the proportion of adducts wasemployed in the screening of the mutants. In a first approach, the
estimated using an assay based on the inhibition of a restrictiblivV1 sequence was inserted in such a way that it did not disrupt

RESULTS AND DISCUSSION

Experimental strategy
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theURA3coding frame (FiglD, URA3:HIV1TTA), allowing the

detection, on BRA3counter-selecting medium, of all frameshift A o = B o £
mutations and of some of the substitutions thatwould yieldast 5 1 2 I g
codon. In a second approach, the HIV1 sequence was inser § 2 £ = &2 2E3E
with a frame such that a stop codon inactivate&Ra3allele e . 2.4 :
(Fig. 1D, ura3:hivitag. All but one of the possible substitutions —_— . . <15k
at the two targeted thymines would revert this null codon ar =~ <00 kb M 550 nt
mutants could be screened on a medium lacking uracil. In ord | =325 nt
to assess any influence of the mode of replication of the plasmi :: ™
these sequences were inserted into a centromeric and an episc — .
backbone vector. In addition, control plasmids were also col
structed, in which the HIV1 PPT was replaced by that of HIV2 C D
The PPT sequence of HIV2 (AAAAGABGGGAGGA) has % 140- 5
four mismatched sites as compared with HIV1; they strongl | = 120} —— T £
decrease the affinity of the TFO for the target sequence. § 100 : 315
Interstrand crosslinks are poorly repaired 2 ol -— | *E
E ¥ 205
We first compared the efficiency of the repair process ¢ |3 29| ﬂ %
monoadducts versus crosslinks (2. Samples of pRS1TTA E_ o 410 TFO VA TFO | | = 0 210 TFO'LE' p— |

plasmids in which the proportion of total lesions were simila i . 1 +
(Fig. 2A), but in which the lesions (Fig2B) were either e wva | | nd ket
monoadducts (TFO+410) or crosslinks (TFO+UVA), were

analysed after replication in yeast cells. Results indicated that the

mtro_ductlon of monqadducts did not have any _effect on thqtigure 2.Comparison of the effects of monoadducts and interstrand crosslinks
survival of the plasmid in the cells (F&C), nor did it result in  on repair and mutagenesis. Plasmid pRS1TTA was incubated with or without
the appearance of mutations (F2D). A likely explanationisthat ~ TFO and irradiated with visible light (TFO+410, 410) or UVA (TFO+UVA,
TFO-targeted psoralen monoadducts can be excised throuq?gYA)- Dral restriction analysis A) and renaturing gel electrophoresis

. . - . ) indicated the presenceld@9% of monoadducts in the case of TFO+410 with
NER or avoided du”ng rEphcatlon throth a strand switchin ittle or no crosslinks, whereas TFO+UVA treatment induced 8% of monoadducts

meChanism of the DNA polymerased) or a recombinational _and 69% of crosslinks. Three different transformations were performed for each
mechanism between the damaged duplex resulting from partiadmple, using FF18 73&) Transformation efficiency of the samples treated with

DNA synthesis on the adducted strand and the undamaged duplEX0 was measured and compared with the irradiated conBylditation
resulting from DNA synthesis on the unadducted str&i ( frequency was estimated from growth on 5-fluoroorotic acid.

Indeed, damage avoidance has been shown to be responsible for

92% of the bypass of site-specifically placed AAF adducts in an

NER and mismatch repair-deficient yeast strai).(In previous  of the proportion of crosslinks (Fig). A sample in which 90%
reports that used tliecol-mammalian cell SV40 shuttle vector of plasmid pRS2TTA was crosslinked (a result routinely obtained
and the bacteri@upFgene, MAs introduced via TFOs have beerin our conditions) was mixed with a control batch of the same
found to yield slightly more mutations (1-2%)). This larger  plasmid in various proportions and used to transform yeast cells.
frequency of mutations might be due to the higher number Gthe survival of the plasmid was directly correlated with the
adducted plasmids transfected in mammalian cells. Moreoveatoportion of crosslinks (Fi@C). The relation was linear and the
one might not expect trancription-coupled repair of the bacteriaixperimental data best fitted with a proportion of repaired
SupFgene in mammalian cells, whereas we found such a coupliegosslinks in the range of 10% (Materials and Methods). The
in our system (F.-X.Barret al, submitted for publication). In any frequency of mutants also correlated with the proportion of
case, monoadducts had little effect in our system. This suggests thiasslinks, although in that case and as expected, the relation
in view of gene modulation by TFOs, they would be inefficient. (Materials and Methods, equatignwas not linear (Fig3D).

In contrast, the introduction of a crosslink into the target A number of studies3(12,13) reported that psoralen lesions
sequence strongly impaired plasmid survival (F2C, introduced using a TFO were significantly repaired. In contrast,
TFO+UVA). In addition, crosslinks were highly mutagenicour results and those of Mussb al (21) show that triple
(Fig. 2D). Controls included plasmids irradiated in the absence dfelix-targeted psoralen lesions can elicit considerable biological
TFO (Fig.2C and D) or plasmids incubated with the TFO in theeffects despite active cellular repair pathways. This discrepancy
absence of irradiation (data not shown). Experiments performeadight come from a lower frequency of RR in our system. Indeed,
on the HIV2 PPT did not result in any detectable lesion of thim our experiments, only one copy of the plasmid was introduced
plasmid, nor did it have any effect on transformation efficiencyn each cell. However, we wish to emphasize that RR is very
or on the appearance of mutations (data not shown). Finalfficient in yeast and has some influence on the level of
experiments performed using thara3:hivltaa or the mutagenesis in our system (Fi). The yeast strains used in this
URA3:HIV1TTAallele inserted into the episomal (YEp) backbonestudy carry airra3-52allele, disrupted by a Ty insertiodd), but
gave similar results (data not shown). Thus, these data suggesich is still able to recombine with a linearized fragment
that crosslinks are poorly repaired and that mutations am®ntaining thaJRA3:HIV1TTAallele (data not shown). Moreover,
introduced with a significant frequency. This was furthemon-homologous end-joining repair, a pathway which, like RR,
demonstrated when plasmid survival was measured as a functisimplicated in resolving DNA double-strand bre&k3 (should
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Crosslinks (%) Crosslinks (%) were treated with TFO and UVA. They were used to transform the yeast strain

FF18 733 (WT). Two classes of mutations were observed, insertions and
substitutions. Insertion events are shown aboveURA3 reporter gene
sequence. All the insertion events occurred at the TpA site of the target
(indicated by an open arrow). Substitution events are shown beld\R#g
sequence. Their position is indicated by a black arrow. Mutations obtained
using the YEpTTA plamid sample and FF18 xxx (radl) yeast strain are also
reported.

Figure 3. Repair and mutagenesis of plasmids treated with TFOs. Plasmid
pRS2TTA was incubated with or without TFO prior to UVA irradiation
(TFO+UVA, UVA). In the presence of TFQP5% of plasmids contained a
lesion as assayed IDral restriction analysisX) and 90% of plasmids were
crosslinked, as revealed by the renaturing gel electrophoresis expeBnent (
Samples containing intermediate levels of lesions were obtained by diluting the . . .
TFO+UVA-treated sample with the UVA-treated sample and they were used tdJRA3:HIVITTA and ura3:hivltaa (Fig. 1). Plasmids from

transform CmY826. Three distinct transformations were performed for eachmutant clones were extracted and sequenced. As expected,
sample. Transformation efficiencg)and mutation frequenc{j are plotted  mtations were mostly localized at the psoralen intercalation site,
as a function of the per cent of crosslinks. a 5-TpA-3' located at the extremity of the target sequence
(Fig.4). In the case of the YEpTAA plasmid, biased toward
have been observed in at least one of the assays, with #hbstitutions, they were mostly-AT (at position 18), - A or
URA3:HIV1TTAallele. Finally, using modifieGupFsystems TG (at position 17) transversions. These substitutions are in
designed for the observation of recombinational events, onlygbod concordance with those previously reported in the literature
low frequency of TFO-induced intermolecular recombination wag37). Insertions of G residues were the most frequently observed
found (L4). Intramolecular recombination between two tandenmutation in the YEpTTA plasmid (Figd), although some
repeats of th&upFgene was also lov2() and no double-strand multiple insertions (TpG) and some substitutions (at position 16)
breaks were observed in oocyt8d)( We therefore believe that also occurred. This result was observed in both the centromeric
the discrepancy between our results and those obtained in ted the R backgrounds. The TTA construct allowed the
SupFsystem 9,13) is not explained by the involvement of RR. detection of only one third of all possible base substitutions, but
Interestingly, our results show that the biological effects of tripleven when taking into account this factor, a higher frequency of
helix-targeted lesions are highly dependent on the nature of thesertions was found as compared with previous reports on
targeted damage: in the case of psoralen, crosslinks are maitdygeted mutagenesis using free psoralen in a variety of organisms
responsible for lethality and mutagenicity with little or no effect(37,38) or using TFO-targeted psoralen addud®).(A likely
of monoadducts, in accordance with results obtained using fregpothesis is that this is due to the local DNA sequence that, for
psoralen in a wide variety of organisri§,36). We think thatthis example, could increase base slippage during the course of
is the reason why a number of studies reported efficient repair pblymerization.
triple helix-targeted psoralen damages: the proportion of crosslinked
molecules in the test sample, when it was estimated, was Iofhe EPR pathway is involved in the generation of mutations
Indeed, careful analysis of previously published dbEaguggests
an inverse correlation between the percentage of crosslinks and YMe next characterized the cellular pathway(s) which was used to

survival of the plasmid. repair the crosslinks in our system. Results on the survival of the
plasmids and on the appearance of mutations obtained in the
Nature of the mutants wild-type strain were compared with those obtained in a variety

of mutant cell lines in which one of the repair pathways was
We next analysed the mutations induced by the psoralen-coupleatpaired (Table?). None of the mutations in the repair pathways
TFO in the target sequence of the tM#RA3 alleles, had a significant effect on survival of crosslinked plasmids (data
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A mutation inrad51, encoding the protein that mediates the

A YEpTTA ll VEpTAA - strand exchange reaction in yeadt ¢esulted in an increased
8 number of mutants (FiA and B, rad51). This result indicated
5 T 5 7 that the RR pathway was involved in some type of error-free
> > > 6 repair which competes with the mutagenic process(es), therefore
z 4 § 5 decreasing the generation of mutants as has been proposed in
g s A . bacteria 44).
< ) ‘g al= Finally, results obtained with thad1 mutant, a gene necessary
y I 5 o for the dual incisions of the NER pathwag) (vere strongly
= 1-D 2 H dependent upon the type of screen. Using YEpTTA, which allows
ol ] — _ o . . i detection of insertions, the number of mutants was significantly
WT rad1 rad18 rads1 WT  radi rad18 rad51 increased in theadl~ strain (Fig.5A, radl). The generated
T mutations were mainly insertions as in the wild-type strain
C 5 ¥ (Fig.4). Thus, insertions resulted from EPR without any
— involvement of NER, as depicted in Figus€. However, the
number of mutants was significantly decreased when using
YEpTAA, a construct biased toward substitutions (b&y.radl).
/\ This indicates that substitutions resulted from a distinct repair
" process in the cell: a likely model, as depicted in Fi§Gras that
+ NER starts the process by excising one of the crosslinked strands,
NER EPR (mutagenic bypass) either on both sides of the lesion as shown in bact&sjaf on
one side as recently demonstrated in mammalian déjlshut
— Insertions cannot process the lesion any further. The lesion is then treated
l through a translesion mechanism. The predominance of insertions in
the case of YEpTTA indicates that the repair process based on
EPR (mutagenic bypass) NER and EPR is much less mutagenic than the one which does
— not involve NER. As depicted in Figus€, these two pathways
— — seem to compete for crosslinked substrates which likely explains
T why, in the absence of NER, the total number of mutations (taking

into account substitutions and insertions) increases5f&jgadl).

In conclusion, our results show that lesions introduced into a
Figure 5. Effects of different mutations in the host repair process on the target DNA throth a TFO can elicit considerable biological
generation of TFO-induced mutants. Plasmids YEpTAR dnd YEPTAA effects. H_owev_er, these effects are highly dependent on the nature
(B) were incubated with or without TFO, irradiated with UVA and introduced Of the lesions 'ntrOdulced- In the case of psoralen, TFO-targeted
into yeast strains FF18 733 (WT), FF18 xxx (rad1), FF18 739 (rad18) and FF1gnonoadducts have little or no consequences whereas only 10%
1079-2 (rad51). The YEpTTA sample contained 78% of adducts and theof TFO-targeted crosslinks are repaired. TFOs could thus be
YEPTAA sample contained 95% of adducts as observelrayrestriction ~ \a|able tools in an anti-retroviral strategy since, if all other

analysis. Three distinct transformation experiments were performed for each t timized. th liminati f '90% of th

strain. C) Proposed pathways involved in the mutagenic processing of_p"jlrame ers were opumize ’ € elimination O 0 0 e

TFO-targeted psoralen crosslinks. infected cells could be determinaff). Furthermore, most of the
mutants escaping due to the cell repair machinery are likely to be

non-functional since any modification of the PPT sequence is

not shown). This further points out the inefficiency of the repaiFXpemeoI to affect survival of the HIV virus.
of TFO-targeted crosslinks, the residual transformation efficiency of

TFO-treated plasmid samples being mainly due to uncrosslinkéeFKNOWLEDGEMENTS

molecules.
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