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NEW PEPTIDYL-ANTHRAQUINONES: SYNTHESIS AND DNA BINDING 

Giuseppe Zagotto, Giovanni h4itaritonna, Claudia Sissi and Manlio Palumbo. 

Department of Pharmaceutical Sciences, University of Padova, Via Marzolo, 5,  35131 
Padova (Italy). 

Abstract: AminoacyI- hydroxy-anthraquinones bearing glicyl, valy1, lysyl and trvptophanyl residues 
in the side-chain were synthesized as new potential DNA-directed drugs. These compounds bind 
very tightly to double-stranded DNA by intercalating their planar portion into the nucleic acid and 
further stabilizing the complex through electrostatic contacts with the backbone phosphates. All 
protonated groups in the side-chains participate in the latter process. The i?ee energy of DNA- 
binding corrected for the electrostatic contribution is similar for the lysyl and glicyl derivatives, 
which points to a c o m o n  geometry of intercalation. 

Among the most widely used anticancer drugs, DNA-interacting compounds of the anthraquinone 

structural type represent a major class'22. In fact, natdy-derived agents, such as the 

anthracyclines, and synthetic compounds, such as mitoxantrone, are extensively used in clinical 

practice since many years3. Their mode of action relates to their ability of damaging the nucleic 

acid, thereby inducing cell death. In fact, they can produce reactive species such as i?ee radicals or 

carbonium ions, which cleave or alkylate DNA, andor they can interfere with the topoisomerase- 

DNA cleavable complex, causing protein-associated DNA-strand scission 4-9. 

An important limitation to a l l l y  successful treatment of neoplasia with anthcenediones is 

represented by thek lack of selective recognition of the DNA target, which will unavoidably lead 
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2136 ZAGOTTO ET AL. 

to severe systemic toxicit$. Clearly, a drug exhibiting appropriate sequence specificity for the 
genohc sequences mutated in cancer cells would generate a substantial improvement in the 

therapeutic index. To address this issue, the toxic agent must be linked to a targeting element able 

to confer the desired DNA-sequence specificity. A number of relatively short peptidic motifs are 

extensively utilised in nature to interfere specifically with nucleic acids". Indeed, such motif.. could 

well act as appropriate DNAIRNA-targeting moieties when bound to cytotoxic compounds. 

To explore this novel avenue, we (and others) have recently examined anthraquhone compounds 

containing aminoacyl residues in the side-chain(s) as usell  models for selective DNA-directed 

drugs "-I4. In the present work we have synthesized the aminoacyl analogues of the leading drug 

mitoxantrone reported below: 

R = glicyl 

valyl 

lYVl 
triptophanyl 

R = CHZCHZOH in mitoxantrone 

Synthesis. 

The starting 1,4-bis[(2-aminoethyl)amino]-5,8-dhydroxyanthracene-9,lO-dione, bis(tduoro- 

acetate) was obtained  om the commercially available 4,8-diamino-l,5-dhydroxyanthracene-9,10- 

dione-2,6-disulfonic acid (Acid Blue 45) as described previously 12215. The main problem was 

connected to the very low solubility of the products in the synthetic and purification steps. The 

deprotected side chains of the starting anthracene-9,lO-dione were coupled to the (terr- 

butoxycarbony1)-protected aminoacid (Boc-AA-OH) using the conventional coupling reagents 

dicyclohexylcarbodiimide and N-hydroxysuccinimide. The condensation product was purified by 
column chromatography, since it proved very diflicult to purify the final compound due to 

solubility reasons. The Boc group was then cleaved with trikoroacetic acid and the product 

stored as the trinuoroacetate salt. The obtained 1,4-bis[(2-glyclaminoethyl)amino]-5,8- 

dihydroxyanthracene-9,lO-dione and the corresponding lysyl, triptophanyl and valyl derivatives 

were charaterized by 'H- and I 3 C - m  and elemental analyses. 

The synthetic scheme is the following: 
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1) BOC-M-OSU, DMF, Et3N 
CH,CI,, RT, 16h 

2) TFA, CH,CI,, RT, 45' 
90-98 % 

DNA binding properties. 

Spectrophotometric titration experiments in the presence of double-stranded DNA were 

performed at neutral pH and variable ionic strength. Glycyl (compound C) and lysyl (compound 

K) derivatives were studied in detail, due to their better solubility profile. 

A representative example is shown in Figure 1. 

The presence of isosbestic points allowed to treat the binding equilibrium as a two-component 

system, so that the amount of free and DNA-bound drug could be directly calculated fiom the 

titration curves. 

Scatchard plots were derived, from which the intrinsic binding constants (K,) and the number of 

base pairs occupied by a single ligand molecule (n) were extrapolatedI6. No cooperativity effects 

were observed. The results are summarized in Table 1. 

To achieve reasonable dissociation of the complex as to perform reliable measurements, the K, 

values were evaluated only at ionic strength higher than 0.5 M. Even at such unusually high salt 

concentrations, the binding constants range between lo4 and 10' M', which points to a very 

efficient interaction of the aminoacyl-anthraquinones with the nucleic acid, as it is the case for 

mito~antrone'~. 
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0.5 4.68 f 0.03 2.7 f 0.1 

0.75 4.49 f 0.03 3.0 k 0.1 

aa, 

A 

aio 

0 

1 .oo 
0.5 

Figure 1. Spectrophotometric titration of glycyl-derivative (G) with dsDNA at 0.75 M ionic 

strength, pH 7.0 and 25°C. 1: free drug; 2: DNA-bound drug. 

Drug concentration = 20 pM. 

3.95 f 0.02 3.1 k 0.2 

5.11 k0.05 2 . 4 f O . l  

Table 1. DNA-binding parameters of anthraquinones G and K at pH 7.0,25"C 

and different ionic strength (IS). 

Compound I I S ( M )  I log&" I n b  

I 

I I I 

a intrinsic binding constant 
size of the binding site (base pairs) 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
4
:
5
2
 
2
6
 
J
a
n
u
a
r
y
 
2
0
1
1



NEW PEPTIDY L-ANTHRAQUINONES 

63 
2139 
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Figure 2. Ionic strength (IS) dependence of the intrinsic DNA-binding constant (K, ) for 

compounds G and K. 

It is worth of note that n ranges between 2.4 and 3.1 bp, very close to the values normally found 

for anthracyclines and anthraquinones ”. Considering the structural similarity of the planar portion 

of the above derivatives and ours and the comparable spectroscopic behaviour, it can be inferred 

that a normal intercalation mechanism is operating for the present aminoacyl derivatives. 

The observed changes in Ki upon changing ionic strength point to the participation of electrostatic 

interactions in complex formation. This is conceivable considering that the protonated amino 

groups of the anthraquhone side-chains will be in close vicinity to the DNA phosphates when the 

intercalation complex forms. The Manning’s condensation theory applied to nucleic acids 18*’9 

was used to evaluate the number (rn) of ion pairs formed per complex unit between the DNA 

backbone and the drug from The plot of log K, vs. log (ionic strength) is presented in Fig. 2. 
Its slope is related to rn, while the intercept at 1 M salt is close to the thermodynamic bmdw 

constant, corrected for the electrostatic contribution (f?)”. The results are consistent with rn 

values of 2 for G and of 4 for K. Thus, all charged groups of the dnoacyl  residues (2 in G and 4 

in K) participate in complex formation and strengthen the intercalation complex by additional 

electrostatic interactions. Finally the KO value is close to lo4 for both compounds. It follows that 

the intercalation process occurs energetically in a very close fashion for the test compounds and 

contributes to the total bindmg energy for about 22 kJ/mol. 

Preliminary resuits obtained with the D-enantiomer of the lysyl-anthraquhone K indicate that this 
configuration of the aminoacid increases the drug affinity for the target DNA more than the L 
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codgumtion. This may be considered rather interesting in view of developing biologically 

effective peptidyl anthraquinones resistant to enzymatic digestion. 
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