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Fluorescence quenching experiments show that the stacking Q NH,
interaction between nucleic acid bases and I-tryptophan is . /N " S
enhanced significantly upon base coordination to a metal center B < | )\ | /J\
such as Pt(ll), and the biological implications of such enhancement L T N NH, '|“ °
are discussed. " R

NH Pt NH, R = Ethyl (1) R = Methyl (3)

R = ribosephosphate (2) R = ribosephosphate (4)
Stacking 7—z interactions play a fundamental role in NH

DNA/RNA —protein selective recognitionThese interactions E\N | N
generally involve the planar protein residues tryptophan- N) NP
(phenylalanine) and guanine(cytosine) on the nucleic acid. ) ®

Methylation of purine and pyrimidine nucleic acid bases Figure 1. Schematic structures of complexes used in this study.

enhances— stacking interactions to I-tryptophan (Trp) in

both solid state and solution, attributable to a lowering in

energy for ther-acceptor LUMO in the methylated nucleo- 80 °C

base, thus improving the acceptor properties toward the

s-donor HOMO of the amino aci@lin this contribution, we

report that the analogy between the electrophiles idied

P&* may be extended so that platination of simple nucleic 50 °C

acid bases exerts a similar enhancement in stacking inter-

actions. The results suggest a novel structural motif for design

of metallodrugs capable of selective ternary DNA(RNA)

protein interactions and capable of serving as novel probes 20 °C

for the tryptophan environment in protein systems.
The systems examined were [Pt(dien)gt:)jwhere L= B e TY e L

9-ethylguanine, (9-EtGHL)), 5-guanosine monophosphate  figyre 2. Coalescence of%Pt NMR spectra for [Pt(dien)(1-MeCy®)l.

(5-GMP, 2), 1-methylcytosine (1-MeCy8), and 3-cytidine

monophosphate (82MP, 4). In the absence of a reactive = 17 ppm) at 20C coalescing to one broad peak at°&0

leaving group, only noncovalent hydrogen-bonding and indicative of the presence of rotamers in solution due to

stacking interactions need to be taken into account (Figurehindered rotation about the PN3 axis, Figure 2 The

1). All complexes were synthesized using [Pt(dien)gNO comparative values fo# are —2901 and—2916 ppm Ao

NO; as a starting materiall®Pt NMR spectroscopy of = 15 ppm). The low fieldH NMR spectrum for3 (9.5—

complex3 gave two peaks at 2895 and—2912 ppm Ad 5.5 ppm) ind-DMF shows that the unique secondary dien-

NH amine proton in the dien moiety, andans to the
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: o Table 1. Association Constants for Nucleobases and Nucleotides Used
N in This Study with Tryptophah
system studied Kax 1M1 SD
_ 9-EtGH+ Trp (1+ Trp) 3.3(6.8) 0.1(0.3)
E 5-GMP + Trp (2+ Trp) 3.1(6.9) 0.3(0.2)
= 1-MeCyt+ Trp (3+ Trp) 6.0 (8.8) 0.1(0.2)
g 5-CMP + Trp (4+ Trp) 3.1(7.0) 0.1(0.5)
= 3+ HSA (pH5.2) 8.6 0.6
aValues in parentheses are for the corresponding platinated base.
._ : (-0.012) (-0.014)
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Figure 3. Quenching observed in Trp fluorescence spectrum upon l OH
increasing concentration of [Pt(dien)(9-EtGH)]. (-0.014) 1 c -0.016

cH— H\<—( )
feature found in théH NMR spectrum of3 is the already (-0.067) NH
reported chemical inequivalence among the €M, 0 0*1' 4) (_5'006) o
protons in 1-MeCyt, 8.85 and 8.42 ppm, due to hindered CHs (10,006

i 4
rotation: . . Figure 4. Upfield chemical shifts observed M-acetyltryptophan protons
These protons also show a marked acidity in comparison after titration with complexd (A = +0.001 ppm).

to the free 1-MeCyt with a large shiftAp ~ 2 ppm)
exhibited upon platination. Similar shifts are observed for ably the stacking interaction, at least in this simple system.
the B-CMP analogue. The coupling constaxdt(H5, H6) These results are somewhat different from those reported
does not change significantly upon coordination; t®#nd for [Pt(dien)Cl] and 9-EtGH and'85MP, but it is important
4 present values of 78 Hz. An explanation for the presence to note that only in the 9-EtGH case was there a well-defined
of rotamers is given from the X-ray crystal structure for the complex studied.Complex3 exhibited the overall highest
analogous complex [Pd(dien)Cytosifiglwhere the cytosine  association constant, albeit with a somewhat lower increase
plane is found almost perpendicular to the chelating dien (AKa= 2.7 x 10° M~1) compared to the free basél NMR
ligand3* The presence of rotamers is also in agreement with studies of3/N-acetyltryptophanN-AcTrp) systems allowed
results reported for [Pt(dien)adenosiie]n the present case, assignments of chemical shift changes induced bytthe
the energy barrier required for coalescence of the dien-NH stacking interactions (Figure 4). Upfield chemical shifts have
signal appears to be greater (25 vs°@for the adenosine  been observed fdrans[Cp*Rh(*(N3)-1-methylcytosine)-
and 1-methylcytosine respectively), probably because the(u-OH)],(OTf), involving both 1-MeCyt and Trp in a
amino group in the adenosine is farther from the dien,NH noncovalent interactiof.
protons than in the case of Cyt. The importance of the “natural” nucleic acid bases in the
Fluorescence spectroscopy can be used with high sensitiv-stacking interaction was further assessed by examination of
ity to monitor small changes occurring on thecloud of two model compounds [Pt(dien)(pyrimidié&) (5) (lacking
the I-tryptophan indole ring due to noncovalent interactions, the exocyclic substituents of cytosine) and [Pt(dien)(iso-
and the degree of quenching in the Trp spectrum is an quinoline)f" (6) (containing a planar heterocycle). In neither
estimate of the strength of the—x stacking interactions  case was any significant enhancement seen over the free
occurring (Figure 3. Association constantskf's) were ligands (data not shown), even at comparatively high
obtained for the alkylated nucleobases (9-EtGH and 1-MeCyt) concentrations. Contribution te—s stacking interactions
and the corresponding nucleotides-@VP and 5CMP) from the cytosine functional groups C2-carbonyl and C4-
with solutions of Trp. On average, the values obtained from amine could further decrease-acceptor LUMO energy or

Eadie-Hofstee plots were approximately 3010° M~ for play an important role by themselves in steric and H-bonding
all nucleobases, except for 1-MeCyt which exhibited a interactions.
significantly higher value of 6.& 10° M. The association The enhancement oftr—z stacking interactions, and

constants for complexek—4 revealed significantly higher  especially the highk, associated with the 1-MeCyt system,
values for the platinated nucleobases in all cases, Table 1.may have interesting applications. Recently, the recognition
In general, the results obtained were very similar for between the viral nucleocapsid protein (NCp7) of HIV-1 to
complexedl, 2, and4 (the average increase upon platination single strand RNA and DNA has been shown to involve
was AK, = 3.7 x 10° M~1) showing that the presence of tryptohan(phenylalanine)/guanine(cytosine) stacking interac-
the ribose monophosphate moiety does not affect consider-tions? The understanding of the protein/RNA(DNA) recog-
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nition is important in this case for a better understanding of of 8.6(6) x 10° M1, very close to that for the Trp-only
how to rationally design selective Zn-finger inhibitors system. The binding constant reportedd®DDP and HSA
(usually acting through active-site Zn ejection), a target of is an order of magnitude smaller, 0.8510° M~1.1* The K,
increasing interest in antiviral thera@y.In parallel, the value and the instant quenching upon interaction of complex
potential for simple platinum complexes to eject zinc from 3 with HSA suggest a direct access to the Trp residue within
zinc-finger environments has been demonstratedom- the hydrophobic pocket in the protein’s [IA subdomain, one
plexes of general formule&sP-4-2-[PtCl(nucleobase)(Nk}- of the principal regions for ligand binding sites in HSA. It
(L)]*, where L= a planar heterocyclic ligand isoquinoline, is possible that small, diffusible molecules such3asan
quinoline, etc., have some anti-HIV activity and high find further use as probes for reporter tryptophan in proteins
specificity toward S-donor ligands, and Zn is displaced from and proteir-DNA interactions.
the NCp7 C-terminal finget2 The complex $P-4-3-[PtCI- In a broad sense, bioinorganic chemistry is the application
(NH3)(9-EtGH)(quinoline)] gave &, of 12.9 x 10* M1 and use of intrinsic properties of metal complexes (redox
(at 20°C), and in this case, the Pt(9-EtGH)/Trp interaction properties, substitution kinetics, ligand donor preferences,
may be considered to serve as a template for specific and steric effects) to effect biological responses. The above
recognition: sequence-selective targeting of zinc-fingers results suggest further systematic manipulation of metal
would be feasible when the platinated nucleobase is incor-ligand properties may serve as a motif for molecular
porated into consensus oligonucleotide strafds. recognition in proteif-nucleic acid complexes.

The applicability of complex3 as a probe for the protein
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