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9-Aminoacridine is the parent compound of a family of pharmacologically 
active model substances that bind to DNA through intercalation between base 
pairs. In the present study we show that 9-aminoacridine inhibits the B-to-Z isom- 
erization of poly(dA-dT) in conditions that otherwise cause it to occur (5 M NaCI 
and 123 mM Ni(CIO4)2). Higher concentrations of Ni(CIO4) ~ (155 mM) are able to 
induce the Z-form due to the disruption of the drug-polynu-cleotide interaction by 
the metal ion. Additionally, the dye reverses the Z-form in certain conditions. 
Thus, the data from this study indicate that 9-aminoacridine binds preferentially to 
the B-form of poly(dA-dT). ® 1992 Academic P ..... I .... 

Acridine dyes are classical model substances for studying the binding of 

small, pharmacologically active molecules to DNA. These kind of molecules have 

also been widely used as molecular probes for nucleic acids structure (1). Their 

proposed mode of action at the molecular level is intercalation between the DNA 

base pairs (2). 9-Aminoacridine has been important in early X-ray studies of its 

complex with DNA dinucleotides that provided further validation for the intercala- 

tion hypothesis (3). Molecular mechanical studies analyzed the interaction between 

9-aminoacridine and d(CGCGCGC) duplex and found no stereochemical preference 

for the neighbor-exclusion principle (4). 

On the other hand, the interest in the study of the effect of metal ions on nu- 

cleic acids structural transitions has spectacularly increased in the last years as a 

result of the expected biological significance of this DNA polymorphism (5). It has 

been a puzzle that AT containing sequences have offered a great resistance to 

enter the left-handed conformation. This resistance has been associated to the 
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lack of the amino exocycl ic group in the case of poly(dA-dT) and to its different 

hydrat ion pattern when compared to GC sequences (6). In spite of this, it has 

recently been shown that the B-Z transition of poly(dA-dT) can be induced in 5 M 

NaCI and in the presence of NiCI 2 using UV and CD (7), and Raman spectrsocopies 

(8). Interestingly, in this case both a high salt content and the presence of Ni 2 + 

are needed to promote the right- to left-handed isomerization, whi le w i th  most 

other synthetic polynucleotides only one of this requirements is needed• We report 

here the effect of 9-aminoacridine on this conformational isomerization as studied 

by absorption and fourth derivative spectrophotometries. 

Absorpt ion spectroscopy has been widely used to study drug-nucleic acids 

interact ions (9). This technique has been applied to the study of complexes of 

acridine orange with different natural and synthetic nucleic acids (10). We have 

previously shown that fourth derivative spectrophotometry is a useful technique in 

the study of conformational isomerizations of polynucleotides al lowing to obtain 

more information than classical absorption spectrophotometry (11). Moreover, we 

have been able to associate some of the fourth derivative peaks in the spectra of 

polynucleotides to stacking interactions (11 ). In the present study we take advan- 

tage of the resolving power of the fourth derivative technique to study the drug- 

polynucleotide interaction in spite of the overlapping of the absorption spectra of 

both molecules in the region analyzed (220-320 rim). It has to be taken into 

account  that  the in tensi ty  of the fourth derivat ive peaks is proport ional  to the 

inverse of the fourth power of the bandwidth at half-height (12). Thus, one of its 

main advantages is that it favors the narrow components of the absorption spectra 

whi leel iminat ing the contribution from the broader ones. 

MATERIALS AND METHODS 

Poly(dA-dT) was purchased from P•L. Biochemicals and used wi thout  further 
purificatj,on. It was dissolved in 50 mM Tris/HCI 0.1 M NaCI pH 7.5 (buffer solu- 
~°g)a  N~h+e poalynaddedtads e Ni(C/O4~2a6H20,wfre°mdF~Ukrl~i9eAr~yn°aicr;d;nneEsaSr~rt°or ~ 

coefficient ETR n = 6600 M -1 cm -1. 
UV abs-dr-ption spectra were recorded at 20°C wi th  a 320-model  Perkin- 

Elmer spectrophotometer interfaced to a microcomputer in order to allow posterior 
t reatment• Fourth der ivat ive spectra were obtained using the standard least- 
squares method by Savitzky and Golay (13); the derivative parameters used were 
interval 3 and number of points 11. 

l l l  
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RESULTS AND DISCUSSION 

Figure 1 shows the absorption and fourth derivat ive spectra of poly(dA- 

dT) in the B- and Z-forms. The B-form spectrum obtained in buffer solut ion is 

characterized by main fourth derivative peaks at 262, 272 and 282 nm, the latter 

being associated with stacking interactions of the adenine bases (11). Regarding 

the nature of this electronic transition, although components of absorption spectra 

of polynucleotides are usually assigned to r f - ->  rr* electronic transit ions we have 

discussed the possibi l i ty of an n- ->rT*  character for this t ransi t ion in v iew of 

previous physicochemical studies (11 ). Recently, an n - - > r f *  electronic transition 

in the 280-300  nm region has been proposed for the adenine cromophore (14) 

which reinforces our tentative assignment. 

When the polymer is brought to 5 M NaCI no changes in the derivative spec- 

trum are observed. The addition of the required amount of nickel salt results in the 

appearance of a new fourth derivative peak at 295 nm also observed in the Z-form 

of poly(dG-dC) =1=. The profile of this conformational change is shown in Figure 2 

where a plot of the fourth derivative parameter R (R=h0/h 1, see Figure 1) versus 

nickel salt concentration leads to an abrupt transition between 102 and 123 mM 

with a midpoint at approximately 115 mM. An anomalous behavior of the curve 

above 123 mM may be indicative of supramolecular forms of Z-DNA due to the 

effect of the metal ion (15). The higher nickel salt concentration needed to obtain 

the Z-form in comparison with a previous work where the reagent used was NiCI 2 

(95 mM, reference 7) shows the different role of the counterion upon the structur- 

al t ransi t ion.  The importance of specific interact ions involving CIO 4 has been 

suggested in the case of the B-Z transition of poly(dG-dC) (16). 

9-Aminoacridine has a strong absorption in the 220-270 nm region and 

main peaks at 250 and 261 nm in the fourth derivative spectrum. Nevertheless, 

no signif icant fourth derivative peaks can be seen in the 280-320 nm region, so 

that it remains useful to monitor the conformational change by using the 295 nm 

=~= Unpublished results. 
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Figure 1 Absorption and fourth derivative spectra of poly(dA-dT) (125pM) in 
buffer solution (B-form,--) and in the same buffer plus 5 M NaCI and 123 mM 
Ni(CIO4) 2 (Z-form,j-). h 0 and h 1 are the heights of the 295 and 282 nm fourth 
derivative peaks, respectively. 

Figure 2. Plot of R (see Figure 1 and text) versus [Ni(CIO4)2]. 

140 

fourth der ivat ive peak highly characterist ic of the Z-form. Figure 3 shows the ex- 

panded spectra of this latter region in order to better observe the appearance of 

the 295 nm peak. 9-Aminoacridine has no important peaks in this region as stated 

above (Figure 3a). When aminoacr id ine is in teract ing w i th  po ly(dA-dT)  (1:1, 

molar ratio of 9-aminoacridine to nucleotide) in 5 M NaCI, the addition of 123 mM 

nickel salt does not a l low the transit ion to take place (Figure 3b). Further addit ion 

of nickel salt  to a concent ra t ion  of 155 mM leads to the le f t -handed form as 

monitored by the appearance of the 295 nm peak characteristic of the Z-conforma- 

t ion (Figure 3c). Increase in the drug concentrat ion (4:1, molar ratio of 9-aminoa- 

cr id ine to nuc leot ide)  conver ts  the Z-form back to the B-form as judged by the 

disappearance of the 295 nm peak (Figure 3d). 
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Figure 3. Fourth derivative spectra of (a) 9-aminoacridine; (b) poly(dA-dT) (125 
pM) plus 9-aminoacridine (1:1, 9-aminoacridine to nucleotide molar ratio) in 5 M 
NaCI and 123 mM Ni(CIO4)2; (c) the same as (b) but with 155 mM Ni(CIO4)2; (d) 
the same as (c) but with 9-aminoacridine in excess (4:1, 9-aminoacridine to nu- 
cleotide molar ratio). 

It is generally accepted that intercalators prefer GC sequences rather than AT 

sequences  in DNA (17). Several studies have reported e f fec ts  of in terca lat ing 

drugs upon the B-Z t ransi t ion but mainly w i th  GC conta in ing po lynuc leo t ides  

(18,19). In particular, proflavin, a molecule closely related to 9-aminoacridine, has 

been repor ted to inhibit  the thermal ly  induced B-Z t ransi t ion of poly(dG-m5dC) 

(20). Interest ingly, in this study we have shown that the interact ion between a 

classical intercalator and a non GC containing polynucleot ide, i.e. poly(dA-dT),  

produces the inhibition of the B-Z isomerization of this polynucleotide. 
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