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DNA Minor Groove Adducts Formed by a Platinumcridine Conjugate Inhibit
Association of TATA-Binding Protein with Its Cognate Sequénce
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ABSTRACT. PT-ACRAMTU ([PtCl(en)(ACRAMTU-S](NOs3),, en= ethane-1,2-diamine, ACRAMTU-
1-[2-(acridin-9-ylamino)ethyl]-1,3-dimethylthiourea) is a cytotoxic platintseridine conjugate previously
shown to form adducts with the N3 endocyclic nitrogen of adenine in the DNA minor groove. This unusual
observation and our prior determination of the pronouncebt®8TA base-step affinity of the drug have
prompted us to investigate effects of these adducts on DNA minor groove binding proteins. Here, we
used electrophoretic mobility shift assays to study the recognition of a PT-ACRAMTU-modified TATA
box sequence by TATA-binding protein (TBP). The frequency of PT-ACRAMTU adducts in the minor
groove of the TATA box was varied by selective elimination of potential major groove and minor groove
binding sites in a 24-bp probe sequence through incorporation of deaza nucleobases. The most dramatic
effect on TBP binding was observed in a duplex substituted with 7-deaza-G and 7-deaza-A, which reduced
binding by as much as 73% compared to an unplatinated duplex. In contrast, elimination of A-N3 binding
sites had no significant effect on TBP binding, suggesting that minor groove adducts of PT-ACRAMTU
are the cause of inhibition. This notion was further corroborated by efficient platinum-mediated photo-
cross-linking of the drug-modified DNA to TBP. PT-ACRAMTU appears to be the first platinum-based
drug capable of targeting DNA sequences critical for transcription initiation. The biological consequences
of PT-ACRAMTU’s minor groove adducts are discussed.

DNA-targeted agents play an important role in cancer groove binding proteins to trigger downstream events
chemotherapyl)). Platinum-based drugs such @s-diam- ultimately leading to apoptotic cell death. Direct and indirect
minedichloroplatinum(ll) (cisplatid,Chart 1) and its deriva-  mechanisms for cytotoxicity have been proposed. Direct
tives are widely used as treatments for solid tum@ysThe effects include inhibition of the replication and transcription
anticancer activity of cisplatin-type therapies is attributed to machinery of the cell0, 11), while indirect effects likely
the irreversible platination of purine N7 positions in the major involve the recognition of DNA damage by over 20 proteins
groove of DNA, especially in adjacent guanine residues, including high mobility group (HMG) domain proteins and
leading to both intrastrand (major) and interstrand (minor) TATA-binding protein (TBP) {2—14). Several types of
cross-links 8). The structural damage resulting from the 1,2- HMG domain proteins, including HMG1, HMG2, UBF, and
d(GpG) intrastrand cross-link, the putative cytotoxic lesion SRY, recognize bent DNA and bind to DNAisplatin
(4), is characterized by local unwinding of the modified adducts with high affinity 15—17). It was suggested that
duplex at the platinated base pair step. In addition, a sharp,HMG domain proteins could provide a shielding mechanism
directed bend of the duplex toward the major groove is that protects cisplatin adducts from being removed by
observed, which leads to a concomitant widening of the nucleotide excision repair (NER)L®). Furthermore, the
minor groove $—9). These structural alterations are believed “hijacking” of TBP from its natural promoter sequences to
to interfere with DNA-processing enzymes and DNA minor cisplatin damage sites has been proposed to potentially reduce

normal gene transcriptiori@—21). Thus, both mechanisms

R : __atthe DNA level may be considered mediators or enhancers
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cisplatin derivatives, however, produce essentially the same
kind of DNA damage and most likely trigger cell death via
the same downstream events as the parent d&tlg Thus,

it is crucial to design new agents that produce different DNA
damage features, which might lead to alternative apoptotic pATERIALS AND METHODS
mechanisms26).

Platinum(ll)—acridinylthiourea conjugates are a novel class
of DNA-targeted cytotoxic agents that show activity in a
broad range of solid tumor cell line27{—29). PT-ACRA-
MTU ([PtCl(en)(ACRAMTU-9](NOg3),, Chart 1; en=
ethane-1,2-diamine, ACRAMTE 1-[2-(acridin-9-ylamino)-
ethyl]-1,3-dimethylthiourea) modifies DNA through a dual
mechanism involving intercalation and monofunctional plati-
nation but does not induce cross-1inkd9(31). A transcrip-
tional footprinting study revealed that the binding preferences
of this conjugate and cisplatin are mutually exclusive: while
cisplatin predominantly targets-&G and 5AG base steps
(4), PT-ACRAMTU produces adducts with thefaurine base
at 3-TA, 5'-CG, and 5GA sites, which are unknown for
cisplatin @2, 33). Furthermore, we demonstrated that the
unique binding profile of PT-ACRAMTU is dominated by
the sequence and groove specificity of the ACRAMTU
moiety (34), which has the effect of directing platinum away
from cisplatin-specific sequences. Most strikingly, the distinct
groove specificity of the thiourea group in ACRAMTU leads

PT-ACRAMTU previously unknown in platinum antitumor
chemistry.

Preparation of Platinum Compounds. &8amminedichlo-
roplatinum(ll),cis-[PtClL(NH3)] (cisplatin), PT-ACRAMTU
(dinitrate salt), and dichloroethylenediamineplatinum(ll),
[PtCly(en)] (enplatin), were prepared according to literature
procedures 49, 38). Stock solutions of cisplatin and PT-
ACRAMTU (100 uM in 10 mM Tris-HCI buffer, pH 7.5)
were prepared at 25C and stored in the dark at20 °C.

The activated, water-soluble form of [P#&n)], [Pt(en)-
(H20)2](NO3),, was prepared by reacting [Pt&En)] with
1.95 equiv of AgNQ in water for 20 h followed by removal
of the AgCI precipitate by filtration.

Oligonucleotide Probed& he unsubstituted oligonucleotide
probe (probe 1, Chart 2) and the nucleobase analogue
substituted probes (probes-2, Chart 2) were synthesized
on an automated Applied Biosystems Model 394 DNA/RNA
synthesizer using standard phosphoramidite chemistry. The
phosphoramidite precursors of the nucleobase analogues
7-deaza-2deoxyguanosine (7-deaza-G), 7-deazdebxy-
adenosine (7-deaza-A), and 3-deazaléoxyadenosine (3-
o . . : deaza-A) were purchased from Glen Research (Sterling, VA).
to platnjatlon of adenlne_-NS in the minor groove of DNA The oligonucleotides were purified by polyacrylamide gel
(35)'. _I\/Imor groove adenine adducts appear to comprise aelectrophoresis (16%, 19:1 acrylamide:bisacrylamide/8 M
significant per_centage~(5—;0%) of _the total array of urea) in 1x TBE buffer (90 mM Tris-HCI, 90 mM boric
adducts established in previous studigs)( acid, 2.5 mM EDTA, pH 8.3). Bands corresponding to full-

Alternating TA motifs, a major target of PT-ACRAMTU,  |ength deprotected oligonucleotides were excised and elec-
are the hallmark of promoter sequences responsible fortroeluted using the Elutrap system (Schleicher & Schuell,
recruiting eukaryotic RNA polymerase Il. Assembly of the Dassel, Germany) followed by ethanol precipitation. Aqueous
essential transcription initiation complex involves recognition stock solutions of the oligonucleotides (10 in 10 mM
of the TATA box sequence by the TBP subunit of transcrip- Tris-HCI, pH 7.5) were stored at20 °C until used.
tion factor 1ID. Since TBP-TATA box binding is a key step 5'-End Labeling of Oligonucleotided.he top strand of
in complex formation§6), alterations within the TATAbox  each probe (5@M oligonucleotide) was radiolabeled at the
sequence may profoundly impact transcripti@dv)( We 5'-end using T4 polynucleotide kinase (Promega, Madison,
previously argued that blocking TBP binding sites by bulky WI) and [y-32P]ATP (Perkin-Elmer, Billerica, MA). Radio-
minor groove PT-ACRAMTU adducts could inhibit tran- labeled oligonucleotides were purified using Sephadex G-25
scription, thereby affecting cell viability3, 35). Here we Quick Spin columns (Roche, Indianapolis, IN) according to
demonstrate using electrophoretic mobility shift assays the manufacturer’s protocol.

(EMSA) and drug-mediated photo-cross-linking experiments  Platination of DuplexesPrior to the platination reactions,
that PT-ACRAMTU adducts localized to adenine-N3 in the the single-stranded oligonucleotide probes were annealed
minor groove of a palindromic (TA)equence dramatically  with their complementary strands (Chart 2) by heating both
reduce TBP binding. TATA box mediated transcription strands to 98C for 5 min followed by slow cooling to room
initiation emerges as a potential direct biological target for temperature in a dry bath. Reactions were performed in 10
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mM Tris-HCI buffer (pH 7.5) with duplex concentrations from above to induce cross-link formation. Irradiation was
of 50 uM for unlabeled probes (used in CD and thermal carried out using a Transluminator Model 88 (Fisher
melting experiments) and &M for radioactively labeled Scientific, Pittsburgh, PA) operating at 312 nm for 90 min
probes. The labeled and unlabeled probeg! Wvere incu- with 5 uL aliquots of sample removed every 30 min. Dark
bated with 0.1, 0.5, 1, 2, 3, and 4 molar equiv (drug:duplex) controls were also performed by heating the mixtures at 55
of PT-ACRAMTU. Cisplatin was incubated with the radio- °C for 90 min. Irradiated and nonirradiated samples were
actively labeled probes-14 using 2 molar equiv of platinum  combined with gel loading buffer containing 10 M urea,
complex. The reactions were incubated at room temperature0.05% bromophenol blue, and 0.05% xylene cyanol, heated
for 48 h in the dark for both labeled and unlabeled probes. to 95 °C for 5 min, immediately placed on ice for 5 min,
The mixtures containing unlabeled probes were treated with and subjected to 10% PAGE under denaturing conditions.
10 mM thiourea for 30 min at 4C and subsequently dialyzed The gels were then dried and analyzed by phosphorimaging.

against 10 mM Tris-HCI buffer (pH 7.5) for 48 h. [Pt(en)-  Thermal Melting StudiedVelting studies were performed
(H20)2](NO3). was reacted with radioactively labeled probe on an HP-8453 Hewlett-Packard WWis spectrophotometer
1at0.1,0.5, 1,2, 3, and 4 molar equiv of platinum complex. equipped with an HP 89090A Peltier temperature control.
MALDI-TOF mass spectra of the PT-ACRAMTU-modified Absorbances were measured at 260 nm evelg from 15
probes were recorded by HT Laboratories (San Diego, CA) to 90 °C and back to 15C with a heating/cooling rate of
on a Voyager DE instrument (Applied Biosystems, Foster 0.5°C/min and 1 min holding time. The studies were carried
City, CA). out in a buffer containing 10 mM Tris-HCI (pH 7.5) and 50
Electrophoretic Mobility Shift Assay$o generate TBP mM NaCl. The melting temperatures were extracted from
TATA box complexes, radioactively labeled duplexes (final plots of relative absorbance versus temperature using the
concentration of 15 nM) were added to a buffer containing van't Hoff two-state model as described previousdg)(

4% glycerol, 20 mM Tris-HCI (pH 8), 60 mM KCI, 5 mM Circular Dichroism Specroscopgircular dichroism (CD)

MgClz, 100u4g/mL BSA, 1 mM DTT, and 125 ng of poly-  gpectra were collected on an Aviv Model 215 CD spectropo-
(dG-dC} (20 uL). The reactions were equilibrated at room |5rimeter in the range of 226820 nm at 25°C. The

temperature for 5 min befqre human TATA-binding protein  measurements were performed in 25 mM HEPE®H (pH
(hTBP) was added to a final concentration of 3 nM, and 7 5y and 50 mM NaCl. CD data were transformed to molar
incubation was continued for another 40 min. The hTBP used g|jipticity (Ae) as described in the literature by taking into
in the reaction (Protein One, College Park, MD) had a ¢onsjderation the oligonucleotide duplex concentratidO (
molecular mass of approximately 45 kDa, according to the
manufacturer. Electrophoretic mobility shift assays (EMSA) RESULTS
were performed on 6% polyacrylamide gels (60:1 acryla-
mide:bisacrylamide) containing 25 mM Tris-HCI, 190 mM Design, Platination, and Characterization of the Duplex
glycine, 2.5% glycerol, and 5QeM DTT. Gel loading buffer DNA Probes The DNA probes are 24-bp duplexes contain-
containing 80% glycerol, 50 mM Tris-HCI, 400 mM glycine, ing a palindromic TATA box element flanked by two GG
0.05% bromophenol blue, and 0.05% xylene cyanol was Sequences (probes-#, Chart 2). Previous crystal structure
added to the samples prior to the electrophoresis. Electro-studies of TBP-TATA box complexes demonstrated that
phoresis was carried out at 160 V for 30 min, and the gels model duplexes as short as dodecamers are sufficient for TBP
were dried and analyzed on a Bio-Rad FX-Pro Plus phos- binding @1). We used 24-bp duplexes to enhance the thermal
phorimager (Hercules, CA). Bands on the gels were inte- stability at room temperature of our TA-rich sequence and
grated using the Quantity One software (version 4.4.1; Bio- to avoid the formation of non-double strand specific adducts
Rad, Hercules, CA). Reported intensities are averages ofby PT-ACRAMTU. The TATA element selected (TATATA-
three independent experiments. TA) corresponds to the adenovirus E4 TATA box promoter
Determination of Dissociation Constant®issociation  sequence, which represents a high-affinity site for TBP
constantsKy) were determined by adding varying amounts binding @1). This sequence contains eightBA sites, the
of hTBP to the platinated duplexes, and binding was maximum possible number of -5A target sites for PT-
quantified by EMSA as described abou¢, values were ~ ACRAMTU within the TATA box (32—34), promoting
extracted from plots of the fraction of bound oligonucleotide efficient targeting of the drug to TBP’s cognate sequence.
against the hTBP concentration (nM). Data were fitted using The flanking GG dinucleotides were introduced to compare
a hyperbolic function in Origin 7 (Northampton, MA). The the differential effects on TBP binding of PT-ACRAMTU
hTBP dissociation constants were determined for probes 3and cisplatin-modified DNA 19, 20). Other sequences
and 4 modified with PT-ACRAMTU at a drug-to-probe ratio targeted by PT-ACRAMTU [5GA and 3-CG (32)] were
of 0.5. eliminated from the probe to minimize competitive binding.
Photo-Cross-Linking of Platinated Duplexes to hTBP In previous work we demonstrated that adenine adducts
Binding reactions of hTBP with platinated duplexes (29 account for approximately 20% of the total DNA modifica-
were performed as described above for the mobility shift tions arising from PT-ACRAMTU, with platination occurring
assay. Probes 3 and 4, modified with 0.5 equiv of PT- at more than one nucleophilic donor site of adenB&; 85).
ACRAMTU, were used in this experiment. The final As we sought to probe the effect of minor groove PT-
concentrations of hTBP in the mixtures were 9.0 and 3.8 ACRAMTU adducts of adenine, critical competing donor
nM for probes 3 and 4, respectively. This concentration of sites (A-N7 and G-N7) were eliminated from the duplexes
protein was calculated from the dissociation constants to yield by globally substituting adenine and guanine with N7-
approximately 60% bound oligonucleotide. After incubation deazaadenine and N7-deazaguanine (probes 2 and 3). Con-
for 40 min, the mixtures were placed on ice and irradiated versely, to direct platinum away from the minor groove, a
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Ficure 1: Binding of hTBP to drug-modified 24-bp duplexes at varying degrees of platination monitored by polyacrylamide gel
electrophoresis. EMSA of hTBP binding to probes 2 (7-deaza-G; panel a) and 3 (7-deaza-A, 7-deaza-G; panel b). Lanes: (1) probe modified
with 2 equiv of cisplatin; (2) unplatinated probe;«8) PT-ACRAMTU-modified probe at drug-to-duplex ratios of 0. 1:1, 0.5:1, 1:1, 2:1,
3:1, and 4:1, respectively. (c) Plot of hTBP binding levels vs incubation ratios. Inhibition (and enhancement) levels are relative to unmodified
duplexes. Each data point is an average of three independent experiments, and error bars fepretseiard deviation.

probe containing N3-deazaadenine (probe 4) was alsoplatination of probe 3 with 4 molar equiv of PT-ACRAMTU
synthesized. To verify that incorporation of the unnatural produces probe duplexes containgigeast threeplatinum
nucleotides had no significant effect on DNA thermal adducts per TATA box (see Figure S2) which are distributed
stability and global conformation, we recorded UV melting within the TATA box. This statistical distribution of PT-
curves and CD spectra of the modified and unmodified DNA ACRAMTU among the eight potential binding sites likely
duplexes. We observed melting temperatures of 319.4 andinduces partial binding of TBP to the TATA box, accounting
320.1 K for the unplatinated probes 1 and 3, respectively, for 27% TBP binding to platinated probe 3 instead of a total
indicating that introduction of the deaza analogues has noinhibition of TBP binding. For probes 2 and 3, cisplatin has
significant effect on the thermal stability (Figure S1; see no effect on the binding affinity of TBP, which is consistent
Supporting Information). Treatment of the two probes with with the absence of G-N7 sites in these duplexes. When
PT-ACRAMTU resulted in increased melting temperatures minor groove binding of PT-ACRAMTU is prevented by
of 8—9 K (Figure S1), in agreement with a monofunctional incorporation of 3-deazaadenine in probe 4, TBP binding is
coordinative-intercalative binding mode established in previ- reduced by only approximately 6% (Figure S3). This
ous studies of site-specifically platinated model duple®8s ( inhibition of binding is less than the 11% reduction observed
42). Probe 3 also maintains B-form structure, both in its for the native duplex (probe 1) with its full complement of
platinum-free and platinated forn3@, 43): at the highest major and minor groove sites available for adduct formation,
degree of platination, this duplex showed a negative band atestablishing that inhibition of TBP binding correlates with
250 nm and a positive band at 275 nm, with a characteristic the drug’s ability to platinate A-N3 in the minor groove. In
red shift of 2-3 nm compared to the unplatinated proBg)( contrast, modification of probe 1 with classical enplatin
(Figure S1). To assess the degree of platination within a enhances TBP binding approximately 1.5-fold (Figure S3),
modified TATA box, MALDI-TOF mass spectra were in agreement with prior studies of cisplatin damage by
recorded for probe 3 treated with 0.5 and 4 molar equiv of Lippard et al. 19, 20). A graphical presentation of the probe-
PT-ACRAMTU (drug:duplex). Platination with 0.5 molar  specific inhibition levels for various concentrations of
equiv of drug produces at least one adduct per double-platinum agent is shown in Figure 1c.
stranded probe, while 4 molar equiv of drug generates a Photo-Cross-Linking of TBP to Platinum-Modified DNA
minimum of three adducts per duplex (Figure S2). The interaction between a TATA box element and TBP is
TBP Binding to the TATA Box ProheElectrophoretic distinct from most proteir DNA interactions in that protein

mobility shift assay (EMSA) analyses were performed to
monitor the consequences of PT-ACRAMTU maodification
on TBP binding. Probes-14 were treated with varying
amounts of PT-ACRAMTU and incubated with TBP prior
to electrophoresis. At the highest incubation ratio (4 molar
equiv of PT-ACRAMTU per duplex), TBP binding to the
native duplex (probe 1) is reduced by approximately 11%
(Figure S3). At the same degree of modification, elimination
of nonspecific G-N7 binding in probe 2 results in a 46%
inhibition of TBP binding (Figure 1a). Elimination of both
G-N7 and A-N7 potential binding sites (probe 3) inhibits
TBP binding even more dramatically, resulting in a 73%
decrease in DNAprotein association (Figure 1b). As
demonstrated by MALDI-TOF mass spectrometry analysis,

binding occurs in the minor groove, as shown in X-ray crystal
structures of TBP from diverse species bound to their
respective TATA boxesid—46). Likewise, PT-ACRAMTU
also intercalates and binds to N3 of adenine from the minor
groove B5). On the basis of the molecular mechanism of
TBP—DNA recognition @1) we reasoned that at some level
of platination it should be possible for TBP and PT-
ACRAMTU to occupy the same TATA box, potentially
placing TBP in close proximity to the PT-ACRAMTU adduct
(see also Discussion). As demonstrated by MALDI-TOF
mass spectrometry analysis, platination of probe 3 with 0.5
molar equiv of PT-ACRAMTU primarily produces probe
duplexes containingneplatinum adduct per TATA box (see
Figure S2). At this ratio, TBP binding is approximately 25%
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Ficure 2: Photo-cross-linking reactions between platinated probes and hTBP. (a) Phosphorimage of a denaturing polyacrylamide gel.
Bands | and Il correspond to the non-cross-linked and photo-cross-linked probes, respectively. Lanes: (1) probe 4 without TBP, 90 min;
(2) probe 4+ TBP, 30 min; (3) probe 3+ TBP, 30 min; (4) probe 4 TBP, 60 min; (5) probe 3+ TBP, 60 min; (6) probe 4 TBP,

90 min; (7) probe 3+ TBP, 90 min; (8) probe 3+ TBP, 90 min, NaCN. All samples were irradiated at 312 nm for the indicated time
intervals. (b) Time dependence of photo-cross-link formation monitored by integrating intensities of band Il. Plotted data are averages of
three independent experiments, and error bars repraskestandard deviation.

reduced but not completely abolished (Figure 1c). Photo- sible for transcription inhibition, we looked here to the
substitution of a platinum-bound ligand by a suitably eukaryotic RNA polymerase Il, which recognizes its pro-
positioned amino acid residue of bound TBP, we argued, moter through TBP TATA box binding.
might then induce a metal-mediated ternary complex. AS  The TATA box consensus sequence, TATA(T/A)A(T/AN
TBP makes contacts exclusively with the minor groove, yhere “N” is any base), is an intrinsically deformable
evidence of photo-cross-link formation would support the ,cjeqtide tract41). The saddle-shaped TBP associates with
predicted molecular mechanism of TBP binding inhibition. its A/T-rich promoter through the minor groove and induces
A cross-linking assay was performed on the complexes a sharp bend in the DNA duplex leading to compression of
formed between TBP and probes 3 or 4 platinated with 0.5 the major groove41). This distinct bending is a consequence
molar equiv of PT-ACRAMTU. Sufficient TBP was added  of the molecular mechanism of TBP binding, in which partial
to platinated probes to achieve 60% bound duplex based oninsertion into the base stack of four Phe residues from the
Kg determinations for each prObe (Figure 84) PT-ACRA- minor groove produces |arge roll ang]es,E(O") at the
MTU induces proteir-DNA cross-links upon irradiation with  gutermost base pair steps of the TATA box. The complex
312 nm light as evidenced by the appearance of a high-thys formed is stabilized primarily by van der Waals
molecular-weight band on the denaturing PAGE gel (Figure jnteractions involving Val, Leu, and lle residues of TBP and
2a). Addition of sodium cyanide to the mixture reverses the he minor groove walls, as well as by sequence-independent
cross-link, confirming that platinum is the mediator of ternary hydrogen bonding between charged and polar residues of
complex formation (Figure 2a). Characteristically, the high- tBp and the phosphodiester backbo#® (The lack of base-

molecular-weight complex is not observed in the absence gpecific contacts observed in the crystal structures provides
of light or in the absence of TBP. At each irradiation time, . (4tionale for the observed variation in TATA box se-

more cross-linked product is observed for the FgiPobe quences. A limited number of hydrogen bonds are also

3 complex than for the TBf probe 4 complex. This is' observed at the bottom of the minor groove between A-N3
consistent with the expectation that probe 3 contains _ 4156 and TBP Thr and Asn residugd)( While high-
primarily minor groove adducts, thus favorably positioning oqqtion structural information for the adenine minor

e 1o 1 I oSt e groove aduct of PTLACRANTU s ot yet avalae, e
efficiently thag probe 3 (Figure 2b) binding mode of the G-N7 adduct has recently been
' determined by NMR42). On the basis of this structure, we
predict that the minor groove adduct involves platination of
DISCUSSION A-N3 and intercalation of the acridine chromophore into the
We previously proposed) that the cytotoxic effect of ~ base stack on the face of the modified nucleobase, placing
the platinum intercalator conjugate PT-ACRAMTU may be acridine between T and A. Such bulky adducts would cause
generated by multiple mechanisms, including topoisomeraseinhibition of TBP binding by disrupting critical groove
poisoning. PT-ACRAMTU promiscuously damages G and contacts. In the crystal structure of hTBP bound to the
A sites in random-sequence DNA, and adducts are formedadenovirus E4 promoter sequence, for instance, Asn-163 and
at both major and minor groove positions. Given that RNA Asn-253 are involved in hydrogen bonding with A-N3 at
polymerases bind DNA in the minor groove, we hypothesized the central AT step4l). If this A-N3 H-bond acceptor was
that transcription inhibition might be one of the cytotoxic instead modified with platinum, TBP binding would no doubt
implications of DNA damage. Indeed, transcription catalyzed be significantly altered. Another mechanism of inhibition
by T7 RNA polymerase was significantly impaired even at may involve direct competition between acridine and Phe
low drug concentrations3@). To dissect the defect respon- intercalation at the terminal TA steps of the TATA box.
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Partial intercalation and unstacking of the TA base pairs by DNA, may contribute to the cytotoxicity of this drug by
TBP’s Phe residues are a prerequisite for protein-inducedinterfering with transcription. In native DNA, with all major
DNA bending and complex formation. Intercalated acridine and minor groove sites available for adduct formation,
may not only prevent this crucial interaction but also stabilize treatment with PT-ACRAMTU results in inhibition of TBP
an unbent, rodlike DNA conformation, as seen in the solution binding by approximately 11%. Furthermore, we expect that
structure of the G-N7 monoadductd). Indeed, the 89° transcription inhibition arises from the cumulative effects of
increase in duplex melting temperature upon platination DNA damage. In addition to blocking TBP binding, adduct
(Figure S1) indicates that the normally flexible TA tract is formation may produce a TBFpromoter complex that is
stabilized, shifting the equilibrium away from TBP binding an ineffective platform for assembly of other transcription
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ordinative-intercalative mode of PT-ACRAMTU binding, as elongation of the nascent RNA. Future studies, therefore,
monoplatination without intercalation has been shown to will be concerned with the design of TATA sequence and
decrease thermal stability of DNA duplexe®/). minor groove specific agents derived from PT-ACRAMTU
A critical structural difference also emerged between the and their effects on RNA polymerase Il transcription activity.
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