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We have investigated by means of absorbance measurements at 310 
nm the binding of a-anomeric or D-anomeric tetrathymidylates 
covalently substituted at their 3# end by an intercalating agent 
(oxazolopyridocarbazolium), to poly(rA). Taking into account the 
strong autoaggregation of the free ligands, we have derived the 
binding parameters corresponding to the [a] and the [B] ligands. 
The affinity of the a-anomer for poly(rA) is higher than the 
affinity of the B-anomer in accordance with the Tm studies 
conducted on such a system. 0 1988 Academrc me**, 1°C. 

During the past few years, there have been a growing 
interest in using oligodeoxynucleotides to control gene 
expression (see reference 1 for a review). Among these studies, 

it has been shown that the stability of the annealed complexes 

formed by oligodeoxynucleotides with their complementary sequence 
could be strongly enhanced by covalent attachment of an 

intercalating agent to either end of the oligonucleotide (2-5). 
More recently, the use of a-anomer of deoxynucleosides, to 

synthetize such oligonucleotides has improved their stability 
toward nucleases (6-8). Among these molecules, a-oligodeoxy- 

nucleotides modified by means of the linkage of an ellipticine 

derivative (a-T4C50PC) were used and appeared to have a greater 
affinity toward poly(rA) than the corresponding modified B-oligo- 
nucleotide (D-T4C50PC)(9). However, the precise determination of 
their affinity constant was difficult to handle as long as a 

strong autoaggregation appears for the free compound and is 
competing with the binding to poly(rA). In order to determine 
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accurately the binding parameters of these molecules, we have 

used a model previously developed by Schwarz and al (10-12). Once 

taken into account the equilibrium concentrations of free and 
bound monomer ligands, we have evaluated the basic parameters 

corresponding to the poly(rA) binding of a- and A-T4C50PC 
respectively. We thus quantitatively confirm that the affinity of 

a- T4C50PC for poly(rA) is higher than the one calculated for B- 

T4C50PC in the same conditions. 

Materials and Methods 

(r-T4C50PC and A-T4C50PC were synthetized as previously 
described (9). The solutions were always freshly prepared before 
the measurements in order to avoid any degradation of the 
dissolved solute. 

Poly(rA) was purchased as a sodium salt from Boerhinger 
(Mannheim): Lot 10421221-18. 

All the experiments were performed using a cacodylate 
concentration of 10 mM and a NaCl concentration of 100 mM. The pH 
was kept equal to 7 and the temperature set at 8'C. 

Spectrophotometric measurements were carried out by means of 
a thermostated Uvikon 810 spectrophotometer equipped with a 
temperature attachement. During the experiments, nitrogen was 
circulated through the cuvettes compartment. 

Results a:nd Discussion 

Aggregation of the free ligand: 

The molar extinction coefficients of the T4C50PC derivatives 
were found to be dependent on the concentration even in dilute 

solutions (9). This deviation from the Lambert-Beer‘s law is due 

to an aggregation process. this process has already been observed 

when stu(dying the OPC moiety alone. Assuming that in our 

conditions of dilution (C,"<10-5 M) we can neglect the formation 

of aggregates larger than dimer, we can analyse the optical 
properties of the T4C50PC solutions using the procedure 

previously described by Schwarz et al (12). Let E, E, and E, 
denote the extinction coefficient of the solution, the monomer 

and the dimer respectively. The total extinction must be: 

E = Caoc = Ca&a + ~C,E, [l] 

CaO, C., C, being the concentrations of the solution, of the 

monomer and of the dimer respectively. According to mass 

conservation, C-O = C,+2C, [2]. We can then express the fraction 

of monomer as: I',, = C,/C," = (E--E,)/AE [3] were AE = E,--Em. If K, 

represents the equilibrium constant for the aggregation process, 
we have: C, = K,Ca2 [4] and eliminating C, and C, between [2], [31 

and [41, we derive the following equation: 
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[(Es-f )/C,‘]l’, = (~K,/AE)~'*[A~-(E,-E)] f53 

Plotting [(E,--E)/C,']'/~ versus (E,--E) yields a straight line with 
the intercepts corresponding to ( 2K,/Ae)'j2 (ordinate axis) and AE 

(on the abcissa axis). Such plot is shown on figure 1 for (Y- 

T4C50PC and R-T4C50PC solutions. The molar extinction 

coefficients of the monomer and the dimer at 318 nm turned out to 
be: e,(a) = 59500, ~~(a) = 23500 and E.(B) = 54500, E,(B) = 26500 

for CY-T4C50PC and B-T4C50PC respectively. The very good linearity 

obtained in both cases is in accordance with the assumption that 

the equilibrium is mainly between monomer and dimer species and 
that larger aggregates, in our experimental conditions can be 

neglected. Dimerization constants K, as well as enthalpy changes 

A% (resulting from the temperature dependance of the 

dimerization) are shown in Table 1. The value of K, does not 
strongly differ when comparing Q- and D- anomers: K,(a) = 4.5 lo5 

M-1, K,(B) = 2.2 lo5 M-l. 

Bindinq of a-T4C50PC and B-T4C50PC to poly(rA): 

In the presence of polY(rA), the T4C50PC solutions exhibit 

extinction coefficients which differ from those corresponding to 
the free molecules in solution. As previously observed (9), at a 

poly(rA) to T4C50PC ratio: p =C,/C," = 8, the E values decreases 
as the total concentration of drug increases. This decrease 

corresponds to the spectral changes induced by the binding of the 

OPC moiety to poly(rA). Assuming n binding sites per unit segment 

of poly(rA), a fraction 0 of occupied sites and E, the extinction 

coefficient of the bound dye at 310 nm, we obtain for E the 

following equation: E= ra~a+2K,cao rbE,+enpE, [cl. This equation 

takes into account the autoaggregation process of the free dye 
through Equ.[4]. Furthermore, mass conservation: 

F.+2K,CIoFa2+0np = 1 [7] allows us to eliminate 0np from [61 
leading to E=E,+(E,-E~)~,+(E~-E~)~K,C,~~,Z [8]. 

From autoaggregation studies, we have access to E, and E, and 

we can calculate K, (Table 1). By increasing C-O, keeping p 
constant, greater and greater fractions of T4C50PC molecules will 

bind to Poly(rA) and therefore E, can be determined by 

extrapolating E to an infinite total concentration of ligand 

(i.e. l/C, * => 0) as shown in figure 2. Let ITa' represents the 

total fraction of non bounded ligand (l-enp), then Equ [7] 

becomes: r;=r,(1+2~,c,~r,) r91 and from the experimental 
determinations of E, we have access to r, through Equ.[8] and to 
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Figure 1: Plots to determine dimerization constants (Kd) and I extinction coefficients (e,, Ed) for l3-T4C50PC -O- and a- 
T4C50PC -a-- respectively.Measures were performed at 318 nm. 

Figure 2: Molar extinction of D-T4C50PC --4- and a-T4C50PC -o- 
respectively as a function of the reciprocal value of the total 
drug concentration (l/C,') at a constant poly(rA) to T4C50PC 
ratio: p=8. The experimental points were measured at 310 nm. 

r.* througih Equ.[9]. By plotting F,* as a function of p with CbO as 

parameter (Fig 3) we obtain curves with a common limiting 

straight line for small p's, This common straight line can be 

extrapolated to the p axis where its intercept corresponds to np 

= 1 (p=l/'nf . This representation leads to values of n which are 

equal to 0.26 and 0.30 for n(B) and n(e) respectively. This 

Table 1: ~- Extinction and thermodynamic parameters for free T4C50PC 
and for T4C50PC binding to poly(rA) at 8°C 

B-T4C50PC a-T4C50PC 

ca (M%m-') 41800+6200 44000+3500 

cd (M-km-l) 32000+4100 27400+2300 
Free 

Compound Kd (M-l) (2.2+0.1)x105 (4.5+0.2)x105 

AH- (kcal/mole) -8.7 -7.6 

AS' (u.e.) -6.2 -1.4 

AG' (kcal/mole) -7.0 -6.5 

Associated cb (IVcm-') 24300+200 20600+75 
to 

r?olY(rA) n 0.26+0.004 0.29+0.009 

K (M-l) (7.0+1.0)x105 (2.2+0.3)x105 

AGo (kcal/mole) -7.6 -8.3 

The thermodynamic parameters for free T4C50PC are the parameters 
corresponding to dimerization.The values of AG- are given for a 
temperature of 281'K (8-C) 
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Figure 3: Fraction of free T4C50PC (7.*) as a function of 
poly(rA) to drug ratio p. 
Panel a refers to B-T4C50PC with C,O = 6.9 )LM +, 
10.3 MM -r-A--, and 42.5 KM -¤--; panel b refers to a-T4C50PC 
with Ca' = 2.9 FM -o--, 5.9 PM -A-, and 8.5 FM -•O-. The 
dashed lines are drawn to show the determination of n and K (see 
text). 

result implies that one molecule of IS-T4C50PC is bound to 4 

adenine residues and corresponds to the binding of one thymine 

per one adenine residue. In the case of (Y-T4C50PC, one molecule 

of modified oligonucleotide is bound to 3.4 adenine residues. In 

order to determine the association constants for the binding: K, 

we define the parameter s = KC- = KC,OP,, and from [9] we derive 

the following relation: 

~,*=(s/KC,~)[~+~(K,/K)S] [lo]. On figure 3, by drawing a 

straight line whose equation is lY,'=l-np/2, we determine an 

intercept with the experimental curve: P=*=l-Grip at a point r” 
where 8=0.5 i.e. s=l (see ref.11 for discussion). Then by 

injecting these values of Pa in Equ 10, K comes out to be the 

root of the quadratic equation: KZCa"Po-K-2K,=O. Solving this 

equation for K leads to values of K which are: K(a)=2.2 lo6 M-l 

and K(D)=7 10' M-l for the binding of Q- and S- T4C50PC 

respectively, to poly(rA). As suggested from the melting 

temperature of the complexes formed between poly(rA) and these 

modified oligonucleotides (911 the association constant 

corresponding to the hetero hybrid a-B is higher than the one 

corresponding to the 8-D hybrid. The values AG derived from the 

determination of K (Table 1): AGO(D) = 7.6 Kcal/mole and AGO(a) = 

8.3 Kcal/mole, fit with those derived from the Tm measurements 

(9). In addition, from these values it appears that the 

dimerization constants measured for T4C50PC solutions are of the 

same order of magnitude than the association constants for 

256 



Vol. 154, Not. 1, 1988 BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS 

PolY(rA). This leads to the conclusion that in such a case, 

general when studying the interaction of ellipticine derivatives 

with oligonucleotides, the dimerization process is strong enough 
to compete with the binding of the drug. 
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