JACS

OURNAL OF THE AMERICAN CHEMICAL SOCIETY

Subscriber access provided by ISTANBUL TEKNIK UNIV

Communication

Kinetically Favored Platination of Adenine
in the G-Rich Human Telomeric Repeat
Lu Rao, and Ulrich Bierbach
J. Am. Chem. Soc., 2007, 129 (51), 15764-15765 « DOI: 10.1021/ja077390a
Downloaded from http://pubs.acs.org on February 9, 2009

H R
1
H=N__N i
Ren"Sn; b | N/) keny = 4.88x 10557 R =7E8X 10T
— ’N H2N NH2
N, =0 N, — )4 —> </N7 a
N Qe W O o 5 AL
=N H H N~y N | 3
H 3 RS ~N -
Ho O N— | NN 2

TTA loop

fi N‘H-O:'SZ(N yN O
<1 L

NN NN R
1
2 H

G-tetrad

More About This Article

Additional resources and features associated with this article are available within the HTML version:

. Supporting Information

. Links to the 1 articles that cite this article, as of the time of this article download
. Access to high resolution figures

. Links to articles and content related to this article

. Copyright permission to reproduce figures and/or text from this article

View the Full Text HTML

ACS Publications

High quality. High impact. Journal of the American Chemical Society is published by the American Chemical
Society. 1155 Sixteenth Street N.W., Washington, DC 20036


http://pubs.acs.org/doi/full/10.1021/ja077390a

JIAIC[S

COMMUNICATIONS

Published on Web 11/30/2007

Kinetically Favored Platination of Adenine in the G-Rich Human Telomeric
Repeat

Lu Rao and Ulrich Bierbach*
Department of Chemistry, Wake Forest hmsity, Winston-Salem, North Carolina 27109

Received September 24, 2007; E-mail: bierbau@wfu.edu

Human telomeres consist of noncoding repeats of the guanine (A) ()
(G)-rich sequence'ST TAGGG, which protect chromosomes from :AZ l;_Nﬁ\NJZ* B unmod. Pt-mod.
degradation and end fusion, two factors limiting a normal cell’s Sl R N N
life span! In most tumors, the telomeres are relatively short [_""”T'”":]'“‘”'h“'f’“" “ ”_.G-_m
compared to normal cells but are efficiently maintained by up- e PT—ACRAM}jI'T;
regulated telomerase, rendering cancer cells immdéttdlas been 8) . T -= ot
proposed that telomere-targeted agents capable of disrupting (fml NH
indefinite cell proliferation might have applications as anticancer NANHE
therapeuticd. Telomeres contain '3single-stranded overhangs, w we G10
which have the potential to fold into G-quadruplex structures H s P1) :‘ A9
containing threer-stacked G tetrads (G4)nla G tetrad, the four w T 3 o
guanine bases are linked by Hoogsteen H-bondirg. this ‘M’M:z L ¢
configuration, N7 of guanine is protected from DNA-targeted <N IN;J - =
electrophilic agents, such as platinum-containing drugs, which N o =
preferentially bind to this site. 0 Iﬁ ® -
Our previous discovery of the unusual high frequency of o=p- <’N | i" .
monofunctional adenine (A) adducts in double-stranded DNA o w NN . ."""
formed by PT-ACRAMTU (ACRAMTU= 1-[2-(acridin-9-ylami- OH

no)ethyl]-1,3-dimethylthiourea) (Figure 1A), a platinatirigter- AivanrmpG) )

calating cytotoxic hybrid ageritprompted us to study its interac- Figure 1. Structures of PT-ACRAMTU (A) and the platinum-modified

tions with the sequence-3TAGGG in a quadruplex secondary  pNA fragments (B) detected in enzymatic and acidic digests. The asterisks
structural context. On the basis of high-resolutiand biophysical indicate the fragment [Pt(en)(ACRAMTW], which is highlighted in (A).

data available for human telomere sequences, we anticipated thafC) Denaturing polyacrylamide gel analysis of platinum-modif@d-24
specific adenine bases in the flexible TTA loop regions of the 9igested with exonuclease .

guadruplex might be targeted by PT-ACRAMTU. The current study
demonstrates that telomeric A is highly susceptible to platination
by this agent and binding to A-N7 is kinetically favored over adduct

formation with G-N7. This is an unprecedented reactivity feature _ _ ) ; " .
in platinum-DNA interactions and suggests a new strategy for three isomers of the dideoxyribonucleotide fragment d(A*pG), in

telomere-targeted chemotherapeutic intervention. which platinum is bound to A-N3, A-N7, and A-NIP@—P4,
To probe the interactions between PT-ACRAMTU and telomeric Mr = 1159.3), respectively (Figure 1B). The absence of dA* in
G4 DNA, we generated the Kforms of the sequences d[AG Fhe mixtures indicates that t.he d(ApG). phosphodlester linkage
(ToAG3)3] (G4-22) and d[(BAGs)s (G4-24) and confirmed their IS resistant to endonucleolytic hydrolysis, which has been pre-
quadruplex structures by variable-temperature UV and CD spec- viously observed specifically for adenine adducts formed by PT-
troscopy (Supporting Information) prior to incubation with platinum. ACRAMTU.#" The platinum binding sites in the linkage isomers
G4-22was incubated with PT-ACRAMTU at a drug-to-nucleotide and their approximate abundances were further determined by
ratio () of 0.2 at 37°C for 24 h. The samples were then subjected Selective depurination of adenine, yielding the corresponding A*
to enzymatic and acid digestion and analyzed by in-line liquid fragments A1—A3, M, = 715.7) (Figure 1B). All of the adducts
chromatographyelectrospray mass spectrometry (EESMS) identified in G4-22were also observed in digestsdg-22andss-
according to previously established protocblEo test the effects 6, albeit at varying abundances characteristic of template secondary
of DNA secondary structure on the adduct profile, the corresponding structure (vide infra).
hybridized duplex, d[AG(T2AG3)3]/d[(C3TA)3CsT] (ds-22), and To study the sequence preference of adduct formation in telo-
the single-stranded hexanucleotide, #G3] (ss-6, were also ~ meric DNA, the platinum-modifiedrg = 0.08) templateG4-24
studied. The base and donor-site specificity of platination in was subjected to'3-5' exonuclease digestion. In the denaturing
G4-22 (as well as inds-22 and ss-§ was deduced from the  gels, multiple damage sites were detected with exonuclease I. The
LC—MS analysis of fragments detected in the enzymatic and acidic most intense bands are observed at the terminal base, G24, and the
digests. Structural assignments were based on molecular massefirst two AG steps, A3G4 and A9G10. Significantly weaker damage
and characteristic fragmentation patterns observed in positive- andis also observed at A15G16 and A21 (Figure 1C). These observa-
negative-mode ESMS and tandem MS/MS spectra (Supporting tions are consistent with previous biophysféand footprinting
Information). studies, which show the first two A bases in the sequence, and the

Four fragments were observed in the enzymatic digests of drug-
modified G4-22, all of which could be unambiguously identified:
2'-deoxyguanosine, platinated at N7 (d&*P1, M, = 847.3), and
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Figure 2. Reverse-phase HPLC profiles and relative adduct abundances the G4 structure and favor reaction of the A-afffrptatinum moiety

fo? enzy'matic (A) aﬁd acidic (B) Fc)Jigests ®4-22 (red), ds-22 (black), in PT-ACRAMTU with the TTA Iopps. Itis noteworthy.to mentlgn
andss-6(blue) DNA treated with PT-ACRAMTU at, = 0.2. that a structurally related quinacridine-tethered “classical” platinum
triamine compleX induces major damage only at thermodynami-
&ally preferred G in the same sequence, indicating major differences
in the binding mechanisms of the two complexes. In contrast, our
platinum—intercalator technology has the potential to produce
telomere specificity for agents that are able to discriminate between
G4 and dsDNA via a mechanism that combines specific recognition
of DNA secondary structure and nucleobase nitrogen. While
ACRAMTU itself binds to and stabilizes G4 DNAA(T, ~ 13°C

in G4-22 Supporting Information), it was designed as a groove-
specific intercalator for dsDNA! Thus, to generate a platinum
intercalator conjugate that is truly selective for telomeric adenine,
it will be necessary to replace acridine in PT-ACRAMTU with a
highly G4-specific ligand. Synthetic studies of complexes containing
suitable extended polyaromatic carrier systems are currently
underway to achieve this goal.

outermost of the three stacked G tetrads are more accessible an
susceptible to attack by electrophilic agents.

The relative abundances of A and G adducts in enzymatic and
acidic digests 064-22 ds-22 andss-6were deduced from reverse-
phase HPLC profiles (Figure 2). The enzymatic digests indicate a
dramatic increase in A adductBZ—P4) for G4 DNA compared
to dsDNA and ssDNA (Figure 2A). Approximately 50% of the
adducts formed by PT-ACRAMTU at = 0.2 inG4-22are formed
with A, which has to be attributed to secondary structural effects
in this type of DNA. Similarly, higher levels of A adducts are
observed inds-22 compared toss-6 a consequence of the base-
pair step recognition of the conjugdfeThe effects of DNA
secondary structure on the damage profiles are also reflected in
the frequency of the A-N1, A-N3, and A-N7 linkage isomers (Figure
2B). N1 and N7 are the preferred targets for PT-ACRAMTU in  Acknowledgment. This work was supported by the National
G4-22with a minor fraction also binding to N3. In contrast, N1is |nstitutes of Health (Grant CA101880).
disfavored inds-22 because it is involved in WatseiCrick ) ) ] ) )
H-bonding and becomes even less abundant than sterically hindered SuPPorting Information Available: Experimental details, char-

N3, whose reactivity is enhanced due to PT-ACRAMTU’s unique acterization of the DNA sequences, ESMS and MS/MS data, and details
mir;or-groove recognitiofie Characteristically, N3 is the least of the modeling and calculation of kinetic data. This material is available
favored A binding site iI‘BS--G ' free of charge via the Internet at http:/pubs.acs.org.
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