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APURINIC DNA: MODELISATION AND REACTIVITY
TOWARDS 9-AMINOELLIPTICINE AND RELATED AMINES

Jean-Jacques VASSEUR, Bernard RAYNER and Jean-Louis IMBACH
Jean-Remi BERTRAND*, Claude MALVY“and Claude PAOLETTI®,
Laboratoire de Chimie Bio-Organique, UA 488 du CNRS,Université des
Ssciences et Techniques du Lanquedoc.Place E. Bataillon. 34060 Montpel-
lier Cédex, France. “Laboratoire de Biochimie-Enzymologie, UA 147 du
CNRS. U 140 INSERM, Institut Gustave-Roussv. 94805 Villejuif cédex,

France.

Summary t The mechaniaem of breakaqe of the model apurinic oliqonucleo-
tide Te(aP)pT by 9-aminaellipticine and the structuralzly related 3-
aminocarbazole wae investiqated. Broikaqo recsults from the formation
of an unstable Schiff base between the aldehvde aroup af the apurinic
site and the aromatic amines. followed by fast p-elimination of S° -
phosphate thvmidine. An «. p-ethylenic Schiff bace ic then formed which
can account far the epecific fluoreccence obseérved durinag the reaction

between apurinic ONA and 8-aminoellipticine.

Abasic (apurinic/apyrimidinic) sites in DNA arise spontaneously by
hydrolysis of the N-glvcosidic bond in nucleosides under physiological
conditions.1 Some base modifications such alkylation of purines, deami-
nation of cytosine and formation of thvmidine photodimers accelerate
their formation.?

These lesions consist of a 2'-deoxyribose residue linked to neighbo-
ring nucleosides through 3'- and 5'-phosphodiester bonds. Chemicallvy.
abasic sites can be represented by a tautomeric egquilibrium between «
and s cyclic anomers of deoxyribofuranose and an open chain aldehyde.
This last form is responsible of the reactivitv of abasic sites.d It
is well established that apurinic DNA is cleaved by a p-elimination
process under amino reagents treatment.4 The postulated mechanism of
this breakage involves formation of a Schiff base, which facilitates
abstraction of the 2'-deoxyribose proton leading to the phosphate bond
scission.? Among all the amino reagents known to induce apurinic DNA

breakage, the intercalating 9-aminoellipticine (9-AE) is one of the
most potent compound.5 During the reaction between apurinic DNA and
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9-AE, it as been shown that a time dependant cleavagqe of apurinic DNA
and a time dependant increase of a specific fluorescence (xmax exita-
tion 322 nm. amax emission 547 nm) were observed.BCoincidence of both
kinetics of cleavage and fluorescence would indicate that compounds
responsible of the specific fluorescence result from DNA strand break
by 9-AE or are formed verv shortly after breakage. The aim of this
work was then to determine the mechanism of action of 9-AE on apurinic
DNA and to determine the nature of the fluorophore.

(H;

ewe
CH
3-AC 9-AE 3

For this purpose a simple abasic oligonucleotide model Tp(AP)pT was
svnthesized.7Reactions of 9-AE and the related 3-aminocarbazole (3-AC)
with the apurinic model were monitored by HPLC. In both cases a multi-
step reaction was found. In the first step, formation of an «.,e-ethy-
lenic aldehvde occurs via 5'-phosphate thymidine (pT) p-elimination.
With 3-AC, it was demonstrated that 1.4-addition of the aromatic amine
to the unsaturated aldehyde occurs to give an unstable compound which
was converted durinqg the working up bv an oxvdative ring closure into
a derivative of pvridonz.3-cncatbazole.8with 9-AE, formation of an

adduct was also detected. However, this latter compound was to unsta-
ble to be isolated and characterized.

These results cannot account for the specific fluorescence observed
during the reaction between 9-AE with apurinic DNA and are not consis-

tent with those described with other amino reagents such
phenylhvt‘lraazine.4'9

However, experiments performed with 9-AE and Tp(AP)pT have schown that
the apparent rate constant for the p-elimination step appears to be
linearly related to the concentration of the aromatic amine indicating
a second order reaction. We ave also studied the p-elimination breaka-
ge of Tp(AP)pPT by 9-AE from pH 3 to 7. The extent of pT elimination
determined after 5 minutes of reaction is pH dependant and follow a
bell-shape curve with amine indicating a second order reaction. These
results are consistent with the occurence of an unstable, and as vet
undetected Schiff base preceeding the eé-elimination cleavage. In order
to ascertain the occurence of this derivative, we performed experi-
ments in presence of sodium cyanoborohvdride at pH 5. Under these con-
ditions., this reagent is known to selectively reduce the Schiff bases.
We then observed with 9-AE as well as with 3-AC, the disappearance of
Tp{AP)pT and formation of a new compound without pT elimination. Struc-
ture of these compounds was established by NMR and mass spectroscopy
as the product of reduction of a Schiff base formed between the alde-
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hyde function of the apurinic site and the aromatic amines. The forma-
tion of a Schiff base is therefore a mandatory step before p-elimina-
tion in Tp{(AP)pT. Evidence was also found that Schiff base formation
occurs when apurinic DNA is reacted with 9-AE because when the reac-
tion was carried out with sodium cyanoborohydride, the mixture exhibi-
ted a fluorescence spectrum (amax exitation 308 nm. amax emission 497
nm) closely similar to that of the reduced Schiff base isolated after
reacting the apurinic trimer with 9-AE (amax exitation 305 nm. amax
emission 497 nm).
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In the light of these data, a general mechanism of the reactions with
the apurinic model can be depicted as follows : when the apurinic tri-
mer is reacted with either 3-AC., 9-AE or phenvlhvdrazine, cleavage of
the phosphate backbone occurs via formation of a Schiff base followed
by a rapid e-elimination of the 3'-phosphoester moiety and affords a
2',3'-ethylenic Schiff base. This Schiff base is in equilibrium with
the corresponding aldehyde. Michael addition of the amine mav occur
with both of these compounds followed by a possible oxvdative ring
closure as observed with 3-AC and phenvlhvdrazine.a'

During the reaction of apurinic DNA with 9-aminoellipticine., the ob-
served coincidence of strand breakage and fluorescence suggests that
the fluorophore is likely the 2',3'-ethylenic Schiff base formed. Al-
thougth this compound was not detected during analysis of the reaction
with the apurinic trimer, a stronq stacking effect in a double stran-
ded DNA may contribute to its stabilization. This prompted us to pre-
pare longer abasic oligonucleotides 13-mer and to study their reacti-
vity in double stranded duplexes towards 9-AE.

Two duplexes containing ever an apurinic site or an apyrimidinic site
have just been synthesized. Both exhibit a sharp decrease of thermal
stability when compared to the parent duplexes and the apurinic site
being more destabilizing that the apyrimidinic site.
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Work 1is in proqress to study the effect of 9-AE and related amines on
these two duplexes.
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