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APURINIC DNA: HODELISATION AND REACTIVITY 
TOWARDS 9-MINOELLIPTICINE AND RELATED M I N E S  

Jean-Jacques VASSEUR. Bernard RAYNER and Jean-Louis IMBACH 
Jean-Remi BERTRAND', Claude MALVY*and Claude PAOLETTI' , 

Laboratoire de Chimie Bio-Orqanique. UA 488 du CNRS.UniversitC des 
Sciences et Techniques du Lanquedoc.Place E. Bataillon. 34060 Montpel- 
lier Ckdex. France. 'Laboratoire de Biochimie-Enzvmoloqie. UA 147 du 
CNRS, U 140 INSERM. Institut Gustave-Roussv. 94805 Villejuif cCdex, 
France. 

S u m m a r v  I T h e  mechanism of b r e a k a a e  of t h e  model apurinic olioonucleo- 

t i d e  T p < U P > p T  b y  9 - a m i n o r l l i ~ t i c i n n  a n d  t h e  ctructiira\l~ related 3- 

aminocarbaznle w a s  invectiqatud. B r e a k a a e  results f r o m  t h e  format inn 

of an unctable Schiff b a S Y  betwarn t h e  aldehvde qrnup of t h e  apurinic 

c i t e  a n d  t h e  aromatic aminer. followed bv fact m-elimination of 5 ' -  

DhnsDhate thvmidine. A n  Y.  13-Othvlenic SChiff b a s e  i s  then fciPmed which 

c a n  PCCnUnt f o r  t h e  CDecxfic fluorescence observed durinq t h e  reictiorl 

brtwecn apurinic DNA a n d  9-aminoe1lipticine. 

Abasic lapurinic/apyrimidinic) sites in DNA arise spontaneouslv by 
hvdrolysis of the N-qlvcosidic bond in nucleosides under phvsioloqical 
conditions.' Some base modifications such alkylation of purines, deami- 
nation of cytosine and fornation of thvmidine photodimers accelerate 
their f orrnat ion. 
These lesions consist of a Z'-deoxyribose residue linked to neiqhbo- 
rinq nucleosides throuqh 3'- and 5'-phosphodiester bonds. Chemicallv, 
abasic sites can be represented bv a tautomeric equilibrium between 
and 6 cvclic anomers of deoxyribofuranose and an open chain aldehyde. 
This is responsible of the reactivitv of abasic sites.3 It 
is well established that apurinic DNA is cleaved bv a o-elimination 
process under amino reaqents treatment .'l The postulated mechanism of 
this breakaqe involves formation of a Schiff base, which facilitates 
abstraction of the 2'-deoxyribose proton leadinq to the phosphate bond 
s c i ~ s i o n . ~  Amonq all the amino reaqents known to induce apurinic DNA 
breakaqe, the intercalatinq 9-aninoellipticine (9-AL) is one of the 
most potent c~rnpound.~ Durinq the reaction between apurinic DNA and 
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864 VASSEUR ET AL. 

9 - M ,  it as been shown that a time dependant cleavaqe of apurinic DNA 
and a time dependant increase of a specific fluorescence (Amax exita- 
tion 322 nm. M a x  emission 547 nm) were observed.6Coincidence of both 
kinetics of cleavaqe 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 breakaqe. 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. 

3-A C 9-A E 

For this purpose a simple abasic oliqonucleotide model Tp(AP)pT was 
synthesized. 7Reactions of 9-AE and the related 3-aminocarbazole (3-AC) 
with the apurinic model were monitored bv HPLC. In both cases a multi- 
step reaction was found. In the first step, formation of an a,b-ethv- 
lenic aldehvde occurs via 5'-phosphate thymidine (PT) o-elimination. 
With 3-AC, it was demonstrated that 1.4-addition of the aromatic amine 
to the unsaturated aldehyde occurs to qive an unstable compound which 
was converted durinq the workinq up bv an oxvdative rinq closure into 
a derivative of pyridolT2.3-cllcarbazole.*With 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 
durinq the reaction between 9-AE with apurinic DNA and are not consis- 
tent with those described with other amino reaqents such 
phenylhydrazine. ' 

However, experiments perfomed with 9-AE and Tp(AP)pT have schown that 
the apparent rate constant for the o-elimination step appears to be 
linearly related to the concentration of the aromatic amine indicatinq 
a second order reaction. We ave also studied the o-elimination breaka- 
qe of Tp(AP)pT bv 9-AB 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 indicatinq a second order reaction. These 
results are consistent with the occurence of an unstable. and as vet 
undetected Schiff base preceedinq the o-elimination cleavaqe. 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 reaqent is known to selectively reduce the Schiff bases. 
We then observed with 9-A6 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 bv NHR 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 c.-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 cvanoborohvdride. the mixture exhibi- 
ted a fluorescence spectrum (Amax exitation 308 nra. m a x  emission 491 
nm) closelv similar to that of the reduced Schiff base isolated after 
reactinq the apurinic trimer with 9-A6 (Amax exitation 305 nm. Amax 
emission 491 nm). 

In the liqht of these data, a qeneral 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. cleavaqe of 
the phosphate backbone occurs via formation of a Schiff base followed 
by a rapid o-elimination of the 3'-phosphoester moiety and affords a 
2',3'-ethylenic Schiff base. This Schiff base is in equilibrium with 
the correspondinq aldehvde. Michael addition of the amine may occur 
with both of these compounds followed bv a possible oxvdative rinq 
closure as observed with 3-AC and phenylhvdra~ine.~*~ 
Durinq the reaction of apurinic DNA with 9-aminoellipticine. the ob- 
served coincidence of strand breakaqe and fluorescence suqqests that 
the fluorophore is likelv the 2'.3'-ethylenic Schiff base formed. Al- 
thouqth this compound was not detected durinq analysis of the reaction 
with the apurinic trimer. a stronq stackinq effect in a double stran- 
ded DNA may contribute to its stabilization. This prompted us to pre- 
pare lonqer abasic oliqonucleotides 13-mer and to study their reacti- 
vity in double stranded duplexes towards 9-AE. 
Two duplexes containinq ever an apurinic site or an apvrimidinic site 
have just been synthesized. Both exhibit a sharp decrease of thermal 
stability when compared to the parent duplexes and the apurinic site 
beinq more destabilizinq that the apvrimidinic site. 
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Work is i n  proqress to study the effect of 9-AE and related arnines on 
these two duplexes. 
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