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Abstract: The critical DNA lesion accounting for the anticancer activityctFPtCL(NH3), and its analogues
[cisPtX,A2: A, = a diamine or two amines, %= anionic leaving ligand(s)] is an unusual intrastranist
Pt(d(GpG))A cross-link with Pt linking N7’s of adjacent guanines (G). The only known cross-link form with
two anti G’'s, HH1, has head-to-head (HH) bases. We provide NMR, HPLC, and mass spectral evidence for
a second, distinct Hidis-Pt(d(GpG))A cross-link conformer, HH2, iBipPt(d(GpG)) Bip = 2,2-bipiperidine,

where the coordinateBip hasR, S, SandR configurations at the asymmetric N, C, C, and N chelate ring
atoms). The HH1 and HHBipPt(d(GpG)) conformers are formed both kinetically and thermodynamically in
comparable amounts. The NMR results showed for ByPt(d(GpG)) conformers that the bases wand,

anti HH, the B3-G sugar pucker was N, and the@ sugar pucker was S. The major difference between the
HH1 and HH2 conformers is the propagation direction of the phosphodiester linkage. Molecular modeling
calculations with NMR restraints on the HH1 and HH2 conformers indicate comparable energies and no unusual
features that should have precluded prediction of the existence of the HH2 conformer. Calculations led to
similar conclusions for theis-Pt(d(GpG))(NH). HH2 conformer. During the two decades of intense interest

in this cross-link, this new form has gone unrecognized, although published results have suggested the presence
of unknown conformers. Our results in this first report of a secanti anti HH d(GpG) adduct place an
entirely different perspective on the conformational diversitgisfPt(d(GpG))(NH). in solution. Although

the new HH2 conformation is unlikely to exist in a duplex at low temperature, the new form may be important
in mutational events, in duplex breathing, or in duplex interactions with DNA damage recognition proteins
and repair enzymes. Finally, the spectral features, especially the H8 NMR signals, of HH1 d(GpG) species in
single strands and in duplexes are typically very different, results attributed to differences in both extent and
direction of base cantingBip is an example of a chirality controlling chelate@C) ligand that can influence
canting. The HH1 conformer dBipPt(d(GpG)) is the first single-stranded species that has key spectral
characteristics very similar to those of a typical duplex cross-linked species. Thus, even the HH1 conformer

of BipPt(d(GpG)) is an unusual species.

Introduction

The exceptional anticancer activity displayed by cisplatis- (
PtCh(NHs),) and its analogue<is-PtX,A,: A, = a diamine
or two amines, % = anionic leaving ligand(s)]is usually
attributed to a unique type of intrastrand d(GpG) lesion with Pt
cross-linking N7’s of adjacent anti G's of DNA.In both single-

anti, anti conformer, called HH1 here, has two recognized
variants with different directions of base canting. Typically,
the B-G base cants toward thé-G, and the 3G base cants
toward the 5G in single- and double-stranded HH d(GpG)
adducts, respectivef{£:910.1214 Virtually all reports on both

(6) van der Veer, J. L.; van der Marel, G. A.; van den Elst, H.; Reedijk,

stranded and duplex adducts, the cross-link is widely believed J. Inorg. Chem 1987, 26, 2272-2275.

to adopt aranti, anti head-to-head (HH) conformation with N
and S puckers for the' &nd 3 sugars, respectivefy®-11 This
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single-stranded and duplex adducts indicate that the HH1
conformer predominates, but many reports contain speculation
that HH1 equilibrates with other forms that interconvert too
rapidly for separate characterization by NMR spectros-
copy#9121517 Recently, two forms were found for a duplex
adduct, even when the duplex is bound to an HMG proteifi.
One form, with spectral characteristics somewhat similar to those ~ _—
of the platinated single-stranded precursor, has broad NMR 5' Pt 3
signals, suggestive of multiple conformations. In both recent L
and earlier studies, the nature of alternative d(GpG) cross-link

forms was not explicitly determined, and distinct, resolved,

multiple forms of simple single-strand GG cross-links are not HH2
known1516 The only well-defined alternative d(GpG) cross- H
link adduct has an HH conformation but withsgn G and is J\
found in a hairpin with unusual propertiés. SUQar\N N

Conformers with distinctly different relationships of the
d(GpG) to the Pt moiety or of the bases to each other, such as
head-to-tail (HT) forms requiring 18@ase rotations, have been N
considered to be either unlikely or highly unfavored. It has \ 1
generally been thought that the backbone linkage between the I\
bases has two interrelated effects: (i) it makes such rotation
very slow or very unfavorable and (ii) it stabilizes the HH1
form. The assumption has been implicit that if HT forms were Figure 1. G orientations possible iBipPt(d(GpG)) adducts. In the
present the dynamic processes leading to the HH1 form would scheme, the G coordination sites are forward andBipeligand is to
be slow and the HT form would be detected. Counter-argumentsthe rear and mostly omitted for clarity. The open arrows represent the
can be raised, however. We note that since the symmetry of aC Pases (as shown at bottom), and the small arrows represent the
DNA chain is low and each atom is unique, NMR methods propagation direction of the phosphodiester linkage.
cannot easily distinguish the case of one conformer in a chart 1
relatively fixed state from the case of a mixture of conformers
in rapid dynamic motion. Indeed, simple models with uncon-
nected nucleotides are more amenable to NMR study, and these
are highly fluxional, interconverting rapidly between forms in
which the bases rotate througi 80°.18 Adducts with thecis-
Pt(NHs), moiety itself are especially difficult to elucidate.
Attachment of the Nhlligands to Pt by single bonds allows
the ligands to adopt independently numerous orientations that
allow the NH groups to form hydrogen bonds to the nucleic
acid target or to avoid steric interactions with the target. As a
result, multiple similar conformations probably coexist, and the
barriers between the conformers are probably shallow, making

cis-Pt(NHs)> adducts especially fluxional. we began several years ago to desifC ligands which could

We now demonstrate that a single-strandeePt(d(GpG))- both slow the dynamic motions and favor particular conformers
A cross-link adduct can exist in multiple conformations in slow in solution1®22 Through continued improvements @CC

exchange. One conformer has the HH1 structure but is unique”gand design, we now have available very useful cisplatin
in having spectral characteristics very similar to those of a gnajogues with Pt coordinated Bip,22 a ligand having two
duplex adduct. We provide compelling evidence for a novel, fayoredC,-symmetrical geometries wittR(S,S,Ror (S,R,R,B
distinctly unprecedentetls-Pt(d(GpG))A conformer. We show  configurations at the asymmetric N, C, C, and N chelate ring
that this new conformer, HH2, also has taoti G's and HH  4toms?2 The NH's ofBip are contained in a piperidine ligand
bases. As depicted schematically (Figure 1), the main difference g in addition to the Pt chelate ring, makijp resistant to
between the new HH2 conformer and the accepted HH1 pase-catalyzed inversion of N chirality. The bulk of i
conformer is the direction of propagation of the backbone. jigand is concentrated in the Pt coordination plane, a feature
During the two decades of intense interest in such unusual andgesigned to slow dynamic processes after product formation.
important cross-links, this new conformer has gone unrecog- This design was validated in a study @ipPt(3-GMP),

I/

of a chirality controlling chelateGCC) ligand!® Because of
the dynamic nature of typical Pt cross-linked d(GpG) adducts,

nized. complexe$? We thus expected that the adducts formed by
We discovered the HH2 conformer as one of the two main [BipPt(H,O),]2* with oligonucleotides would not be fluxional,
kinetic products from the reaction of d(GpG) witlR[S,S,R and we anticipated that studies on the adducts would provide

BipPt(H0);]2* (Chart 1). Bip (2,2-bipiperidine) is an example  rewarding insight into the nature of both the kinetic and the
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thermodynamic products. Indeed, our studies RfS(S,R
BipPt(d(GpG)) (hereafteBipPt(d(GpG))) reveal novel con-
formers with unusual properties.

Experimental Section

Materials. Deoxyguanyl(35")deoxyguanosine (d(GpG)) from Sigma
was used as received. The platinum compounds were of the form
(R,S,S,RBipPt(NG;).. The free bipiperidine ligands were prepared
by hydrogenation of bipyriding@ The purity of the isomers was
checked by HPLC by using a RR-DACH DNB column.

BipPtCkL complexes were prepared by the substitutiorBgf for
(DMSQ), in cis-Pt(DMSO)Cl,. In a typical experiment, a suspension
of cis-Pt(DMSO)CI; in methanol (0.42 g, 1 mmol, in 90 mL) was
treated with a solution containing a stoichiometric amounBipf (1
mmol of SSisomer) in the same solvent (10 mL). After a few hours

of stirring, the suspension became a colorless solution and was left

overnight. The yellow precipitate formed was collected, washed with
water, and dried in vacuo; yield, 80%. The compound proved to be
BipPtCh as a single isomer RS SR)-BipPtChL for SSBip). Anal.
Calcd for GoH20CINoPt: C, 27.7; H, 4.6; N, 6.4. Found foRSSR)-
BipPtCh: C, 28.1; H, 4.7; N, 6.3.

The nitrate salts were obtained from the reactioBg@PtCL with
AgNOs. In a typical experimentBipPtChL (1 mmol) was suspended
in acetone (150 mL) and treated with the stoichiometric amount of
AgNOs (2 mmol dissolved in 5 mL of water). After being stirred at
room temperature in the dark for 6 h, the suspension was filtered on
Celite, and the clear solution evaporated to dryness. TheddDwas
obtained in nearly quantitative yield as a white powder. Anal. Calcd
for CioH20N4O6Pt: C, 24.6; H, 4.1; N, 11.5. Found fdRESSR)-BipPt-
(NO3)2: C, 25.1; H, 4.3; N, 11.7.

Methods. In a typical in situ preparation, d(GpG) (1 equiv) was
treated with R,S,S,RBipPt(NOs), (1 equiv,~3—5 mM) in DO (0.5~
1.0 mL) at pH 3.5 and 0C; dilute (0.8 mM) conditions were sometimes
employed. Reactions were monitored ¥y NMR spectroscopy until
no free d(GpG) signal or no change in H8 signal intensity was observed.
Samples were eventually lyophilized and redissolved in 99.96% D
for 2D NMR experiments.
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Figure 2. H8 'H NMR signals ofBipPt(d(GpG)) at pH 3.5, 20C (x
indicates signals of a thirBipPt(d(GpG)) species mentioned in text).

was used for the NOE restraints. Minimization typically included 1000
cycles of steepest descents and 5000 cycles of conjugate gradient until
aA rms gradient of 0.0001 kcal/(mdl) was obtained. Dynamics runs
were preceded by minimization and consisted of a 500-ps constant
temperature simulation at 300 K. The conformers were sampled every
1 ps, and the resulting 500 structures were minimized th ems
gradient of 0.001 kcal/(meh). For both minimization and dynamics
calculations, the distance-dependent dielectric constant was sgt to 4
while 1-4 nonbonded interactions were scaled by a factor of 0.5.

HPLC separations were performed on a RP-18:(5) column.
Eluent A was ammonium acetate (0.02 M) buffer, pH 5.5, and eluent
B was ammonium acetate (0.02 M) in 2:1 methangDH The gradient
employed was 95% A to 15% A over 60 min with a flow rate of 0.7
mL/min. The detection wavelength was 254 nm.

Results

Treatment of d(GpG) with 1 equiv of R;S,S,RBipPt-
(H20)2])%" at pH 3.5 and 20C generated two major, spectrally
similar productsl(andll) in a 55:45 ratio (reaction time 30
min). Each product had a pair of H8i NMR signals (Figure

NMR spectra were obtained on a GE GN600 Omega spectrometer 2) With pH-independent shifts, indicating N7 coordination of

or a Varian Unity-600 and referenced to the residual HOD péaR ¢4
3-(trimethylsilyl)tetradeuterosodium propionatéH( and **C), and
trimethyl phosphate’{P). The saturation transfer experiments used a

Pt3 The reaction was repeated, using both dilute (0.8 mM)
and 0°C conditions, with similar results, suggesting that the
two products are not oligomers. The pH 7 reaction also yielded

16K block size and presaturation pulse sequence with a 500 ms delay.the same product distribution, indicating that Big chirality

Procedures for 2D NMR data acquisition and processing (described in
the Supporting Information) included the following: phase sensitive
nuclear Overhauser enhancement (NOE&Ydpuble-quantum filtered
correlation (DQF COSY¥ 'H—31P reverse chemical shift correlation
(RCSC)?" and gradientH—'°C heteronuclear single quantum coherence
(HSQC) spectroscop??.

Molecular mechanics and dynamics (MMD) calculations using
restraints from NMR data were performed using the Discover module
of the Insightll 97.0 package (MSI) on a Silicon Graphics Indy
workstation. The force field was recently developed in this laboratory.
Charges on th&ip ligand were determined using the CFF91 force
field and corrected for the positive charge from Pt as described
elsewheré® The volume integrals of NOE cross-peaks from each
conformer, measured with Felix, were normalizectG H2-2" (1.78
A) NOE cross-peak of that conformer. A 20 kcal/mol force constant

(23) Sato, M.; Sato, Y.; Yano, S.; Yoshikawa,J5Chem. Soc., Dalton
Trans.1985 895-898.
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525.
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is maintained under these conditions. HeatigPt(d(GpG))

at 55°C resulted in a slight:1l population redistribution from
~55:45 t0~65:35 afte 2 h but no further change up to 24 h.
No exchange of magnetization between H8 signals was observed
in saturation transfer experiments collected at@5indicating

slow interconversion betweenandlIl. Thus,Il is a more
favored kinetic product than a thermodynamic product, although

| is more favored both kinetically and thermodynamically.

The two main adducts, separated by HPLC, showed no
appreciable interconversion after 24 h at 25, indicating
extremely slowl —II interconversion. However, the separated
products equilibrated slowly at £C to the same-2:1 mixture;
the equilibration rates ((5.# 0.4) x 10°statpH 3 and (5.9
+ 0.3) x 105 st at pH 7) are pH independent (Supporting
Information). This result demonstrates that Bip configu-
ration, as expected, is the sameliandll since a change in
configuration would require base-catalyzed inversion at one NH,
and the rate would be faster at pH 7.

The equilibration in dilute HPLC isolates at moderate
temperature demonstrates thaindIl must be conformers or
isomers with the samBipPt:d(GpG) ratio. Both the invariance
of the I:Il product formation ratio and the absence of new
species on treatment oR(S,S,RBipPt with a 10-fold excess
of d(GpG) strongly indicate that the adducts have aRifPt:
d(GpG) ratio. The MALDI (Matrix-Assisted Laser Desorption/
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Table 1. Assigned Signals (ppm) for BipPt(d(GpG)) atC, pH
35

G H8 HI H2 H2" H3 H4 31P

Forml 5 876 6.32 248 273 482 4.13-3.2
3 822 6.23 232 23R 454 416

Formll & 830 6.17 276 294 449 3.97-256
3 870 6.15 235 278 4.66 4.46

aNo distinction between H2and H2' was possible on the basis of
DQF COSY or NOESY data.

5.G 0=
lonization) mass spectrometry data show an ionm&t 959
corresponding to a 1:BipPt:d(GpG) ratio (Supporting Informa-
tion). No ions were observed at highefz values. |

Combined 2D NMR experiments allowidgl (Table 1),1°C,
and 3P NMR assignments are detailed in the Supporting (\o
Information. Each pair of HSH NMR signals has a large
dispersion (Figure 2) and a medium NOESY cross-peak, features o—_ -
consistent with HH conformefs.”12 The H8-H8 distance
estimates for forms$ andll were both in the medium distance
(2.5-3.5 A) range, suggesting very similar H818 distances
within a range consistent with HH bases. For comparisor; H8
H8 distances in HT models of d(GpG) adducts ares% A.

No H8—H1' cross-peaks were observed in the 300 ms mixing
time NOESY spectrum, indicating that all of the G’s aueti
since an intense H8H1' cross-peak would be observed for a
synG. The absence of H8H1' NOE cross-peaks has been
noted in other systems and interpreted as indicatingratn
residue’®3! However, the absence of these NOEs may also
indicate an unusual glycosyl bond orientation in these adducts.
Also, shifts of all of the C8 signals were141-142 ppm
(Supporting Information), the normal C8 shift range. Down-
field-shifted C8 signals have been reported $gnbases.

Forl, the B-G H8 signal is downfield and theé-& H8 signal
upfield (Table 1); this H8 chemical shift relationship is opposite
to that found forll and for cis-Pt(d(GpG))(NH)..3* Strong
5'-G H8—H3' NOE cross-peaks and the absence of afn-H1
H2' DQF COSY cross-pedkindicate that the '5G sugars of
andll have N-puckers. Both the absence of stroh3H8—

H3" NOE cross-peaks for forms and Il and the pattern of  Figure 3. Views of HH1 (top) and HH2 (bottom) models of lowest
observable DQF COSY cross-peaks indicated that the two formsenergy with theBip ligand to the rear. The d(GpG) orientations are
had a 3G S-sugar. analogous to those shown in Figure 1. Bip hydrogens were omitted

As mentioned above, the HH2 conformer is unprecedented, for clarity.
but the NMR data and consideration of possible cross-linking i . .
pathways presented below suggested that the HH2 conformerVhen no NMR restraints were used in the calculations, the HH2
was the only species that could account for our results. To conformer of lowest energy was actualiy2 kcal/mol more
determine if the proposed HH2 adduct was a feasible cross-Stable than the HH1 conformer of lowest energy. Thus, our
linked species, MMD calculations were performed with NMR calculations show that the HH1 and HH2 conformers can both

restraints from forms andil on both HH1 and HH2 models P& €xpected to exist in comparable abundance. _
(four sets of calculations) since it was not clear from experi- V€ shall emphasize the models from calculations with NMR

mental data which form was HH1 or HH2. Two sets of restraints. Ex_cept for the different propagation directions of
calculations (HH1 with form restraints and HH2 with forri the phosphodiester backbone, mo_d?'s of the HH1 ?”d HH2
restraints) gave computed structures nearly twice as low in confqrmers appear to hgve Very S|m_|lar structures (F|gur(_a 3),
energy as those generated with the other combinations. Therefonsistent with the r.elat|vely small difference in the chemical
fore, we shall associate forinwith the HH1 conformer and  Shift, NOE, or coupling constant pattern observed for the two
form Il with the HH2 conformer. Although we shall describe forms. The structure O_f HH2 he_‘S no unusual steric or other
below some of the computed structural data, it should again beProPlems. The H8H8 distances in the HH1 and HH2 models
emphasized that these calculations were done primarily to Were 2.9 and 3.2 A, respectively. In both models, th&%nd
determine if the HH2 conformer was energetically feasible. The 3-G sugar puckers were N and S, respectively. Th€ and

HH2 model of lowest energy was only1.2 kcal/mol higher 3'-G residues were ianti, anti HH orientations. In accordance
in energy than the HH1 model of lowest energy. Moreover, with the NMR restraints, the'85 glycosyl angles for the HH1
and HH2 models were slightly different, placing® H8 close

(30) Kaspakova J.; Mellish, K. J.; Qu, Y.; Brabec, V.; Farrell, N.  to both H2 and H3 (~2.2 A) in HH2 but close to only H3

Biochemistry1996 35, 16705-16713. ~ o
(31) Patel, D. J.; Kozlowski, S. A.; Nordheim, A.; Rich, Rroc. Natl. (~2.6vs 3.5 A for H8-HZ) in HH1.
Acad. Sci. U.S.A1982 79, 1413-1417. The HH2 model of lowest energy had a-G O6—NH

(32) Widmer, H.; Wihrich, K. J. Magn. Reson1987, 74, 316—336. H-bond, which canted the'% H8 into the shielding cone of
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N _N i copy for the more fluxionatis-Pt(d(GpG))(NH),. Furthermore,
sﬁi\%\ E— 5%, the study of theBipPt(d(GpG)) adduct has an advantage over
A 3 the study of such fluxionalcis-Pt(d(GpG))A adducts in
HH1 evaluating adduct formation from reactants. BiePt(d(GpG))
I“ / \ HH2 conformer was observed at a slightly greater abundance
3 N___N N__ N N N than at equilibrium; thus, it must be formed directly from
{sﬂ/m\ Sm. 5ml reactants. An analysis of how the HH2 conformer can be
B produced directly is instructive in understanding the structural
Iiii \ / differences between HH1 and HH2.

N__ N v N__ N Wg propose likely but hypothetical crpss-linking pathways
5 /Pt‘\ — 5 Pt 3 consistent with the fundamental chemistry of Pt-G adducts
Qﬂ? U depicted on the left of Figure 4. Critical points to appreciate

are that the Pt must initially bind to either the@ or the 5

G®* and that once the first bond is made between Pt and the
first G, any symmetry of the reactive Pt center is eliminated.

HH2

Figure 4. Hypothetical adduct formation pathways for the reaction of

d(GpG) with acis-PtA, compound. Step i or steps+i i show chelate . o , . .
formation of the well-recognized HH1 adduct. Step iv or stepsiiv For simplicity, the figure shows only the case in whichG

show formation of the HH2 adduct. Interconversion of the HH1 and binds f|r§t; a S|m|Iar.schem(.a.W0u.Id .reSU|t fof-,G bln_dlng
HH2 conformers via sequential 18@otations of the 5G and 3-G (Supporting Information). Initial binding of the'& orients

bases is shown at the right of the figure. the 3-G next to or away from the empty Pt coordination position
(A and B in Figure 4). In the latter instance (B), tHeGcannot

3-G. This canting explains the H8 chemical shift relationship Pind until some movement occurs. If rotation about the N7
observed experimentally for forth. The HH1 model places  bond is fast compared to the glycosyl bond rotation, the well-
3-G 06 close to Bip NH, and a hydrogen bond is indicated known HH1 conformer is formed via steps ii and i (Figure 4).
by the canting revealed by theé-6 H8 downfield/3-G H8 However, if glycosyl bond rotation is fast compared to-Rf7
upfield relationship found experimentally and the calculations Pond rotation, cross-linking produces HH2 via steps iii and iv
without NMR restraints. The MMD calculations using no NMR ~ (Figure 4). These pathways are reasonable for cisplatin and
information but using HH conformers with different directions any of its typical analogues; in such cases, however, the evidence
of backbone propagation, as shown in Figure 1’ gave essentia"ydiscussed below SuggeStS that the kinetic pI’OdUCt is too dynamIC
the same structures as those computed with NOE restraints. 0 be observed.

BipPt(d(GpG)) forml is unusual in having spectral features
Discussion very similar to those of the d(GpQ&)is-Pt(NHs), cross-link
within duplexes, where the HH1 conformation is better defined.
In particular, the typical H8 shift relationship in a duplex is
5'-G H8 downfield and 3G H8 upfield?10.1314and the3lP shift
is well defined at ca—3.2 ppm?13:3537 Also, the 5-G H8
shift of form | is very close to this shift for most duplexes,
~8.7 ppm?1013.14 HH1 cross-links usually have one base canted
toward the othef; 71238and the H8 of the more canted base is
upfield due to the ring-current effects of the less canted Base.
Depending on which base is canted, opposite shift relationships
are found for the 3G H8 and 5G H8 signals. The'3G H8
signal is always upfield in duplexes, indicating that tHeG3
base is canted. Both types of canting are observed in the crystal
structure of the single-stranded spec@sPt(d(pGpG))(NH),,
which has four independent molecules, all with the HH1
conformation®4° In solution, only upfield 5G H8/downfield
3'-G H8 shifts have been detected for single-stranded species
except in two reported casé’s?? It is of considerable interest
that BipPt(d(GpG)) forml is a third exception. The opposite

Our results show th&ipPt(d(GpG)) has two major conform-
ers. The most unusual of the two conformers (HH2) has a
unique new conformation. Although MMD calculations indicate
that it has no unfavorable structural features, the existence of
such a conformer has not been predicted in previous studies.
The other conformer (HH1) has a conformation similar to that
found in previous studies. The rate of interconversion between
the HH1 and HH2 forms is slow, and the process probably
involves HT intermediates, as seen on the right of Figure 4. A
third, consistently observed min@ipPt(d(GpG)) conformer
is probably such an HT conformer. Although too minor for
characterization, it has two upfield H8 signals (Figure 2). In
related studies in progress with oth@GC)Pt systems, we have
detected higher percentages of similar adducts having two
upfield H8 signals. Preliminary 2D NMR results indicate that
these are HT conformers.

For cases in whicBipPt compounds of guanine ligands can
be compared directly with similar compounds derived from
cisplatin and other Pt analogues, the evider_lce shows that the (34) Gonnet, F.; Reeder, F.; Kozelka, J.; Chottard, JnGrg. Chem.
same conformers are formed, but dynamic interconversion of 1996 35, 1653-1658.
these conformers is much slower for BipPt compound$?22:33 (35) den Hartog, J. H. J.; Altona, C.; van Boom, J. H.; van der Marel,
MMD calculations similar to those described above indicate that GésAo'; Haasnoot, C. A. G.; Reedijk, J. Am. Chem. S0984 106, 1528~
the HH2 conformer is possible for the analogue derived from (36 wilson, W. D.; Heyl, B. L.; Reddy, R.; Marzilli, L. @norg. Chem.
cisplatin,gis—Pt(d(GpG))(NH)z. Inf[his case, no NMR restrain.ts 1982 21, 25_2”_7—L25§§.R LD vl B L MeMurray. C. T Wison
were available, and the only new input into the HH2 calculations W.(%?)F“éaBrél LS . el|7yé o dacyl, B. L McMurray, C. T.; Wilson,
was the change in the direction of propagation of the backbone. " (3g) Bemers-Price, S. J.; Ranford, J. D.; Sadler, Fiatg. Chem1994
However, the d(GpG) moiety in the HH2 conformer @§- 33, 5842-5846.

Pt(d(GpG))(NH). gave all the features observed in the HH2 195(;39)2??“15“22157- E.; Gibson, D.; Wang, A. H.-J.; Lippard, Sclence
conformer OTBipP_t(d(GpG)). These incmd? the _SuQar pUCke_rS’ (4?0) S(alerman, s. E.; Gibson, D.; Wang, A. H. J.; Lippard, S. Am.
glycosyl bond orientations, etc. We believe interconverting chem. Soc1988 110, 7368-7381.

conformers exist but would be undetectable by NMR spectros- 10%12) Dunham, S. U; Lippard, S.J. Am. Chem. So¢995 117, 10702~

(33) Ano, S. O.; Intini, F. P.; Natile, G.; Marzilli, L. G., manuscript in (42) Hambley, T. W,; Ling, E. C. H.; Messerle, B. lorg. Chem1996
preparation. 35, 4663-4668.
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shift relationship forl and Il is consistent with a difference In conclusion, our results in this first report of a secamd,
involving which base is most canted. anti HH d(GpG) conformer place an entirely different perspec-
In contrast to the well-defined, relatively narrow shift ranges tive on the possible conformers ofs-Pt(d(GpG))(NH), and
for duplexes, single-stranded species have very variable H8larger single-stranded species in solution. The new HH and
shifts, with the 5G H8 signal found from~8.0 to~9.0 ppm HT conformers most probably exist as part of a dynamic
and the 3G H8 shift from~8.5 to ~9.5 ppm in the various  mixture. Such a mixture could explain the relatively rapid G
species"12% The broad range of H8 shifts for single-stranded N(1)H proton exchange with solvent,8 observed for cross-
species is just one piece of evidence for dynamic exchangejinks in duplexes since HT or HH2 conformers would have one
between multiple single-stranded conformers. Since the HH2 504 1o bases, respectively, exposed to solvent. The HH1
conformer has not been foreseen in the literature and HT qncormer found in duplexes at low temperatures is probably
conformers were considered to be unlikely, the only dynamic g e predominant form at 37C. However, minor HT or
process that has been discussed at any length is the change 'MH2 conformers in duplexes could have a role in recognition

base canting of the HH1 conformer. Our results raise the . . .
possibility that there was also some population of HH2 and HT by repair enzymes or by damage recognition proteins.

conformers in these single-stranded species. This possibility )
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