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ABSTRACT: Interaction of acridine- and 9-aminoacridinecarboxamide platinum complexes with DNA was
investigated with respect to their DNA sequence specificity and kinetics of binding. The DNA sequence
specificity of the compounds was quantitatively analyzed using a polymerase stop assay with the plasmid
pUC19. The 9-aminoacridinecarboxamide platinum complexes exhibited a different sequence specificity
to that of cisplatin, shifted away from runs of consecutive guanines (the main binding site for cisplatin).
This alteration was dependent on chain length. Shorter chain length compourd®,(3) showed a
greater difference in sequence specificity, while longer chain length componreg(5) more closely
resembled cisplatin. An acridinecarboxamide platinum complex showed a similar sequence specificity to
cisplatin, revealing that the major change of sequence specificity was due to the presence of the 9-amino
substituent. A linear amplification system was used to investigate the time course of the reaction. The
presence of an intercalating group (acridinecarboxamide or 9-aminoacridinecarboxamide) greatly increased
the rate of reaction with DNA,; this is proposed to be due to a different reaction mechanism with DNA
(direct displacement by the N-7 of guanine).

Cisplatirt is clinically used as a cancer chemotherapeutic cells 8, 11). Until the experiments described in this paper,
agent (). Cisplatin reacts with DNA inside cells forming no study has convincingly shown an altered sequence
cross-links 2, 3). DNA intrastrand cross-links at GG  specificity for a cisplatin analogue.
sequences are thought to be the crucial lesion for its The sequence specificity of cisplatin and analogues can
biological effectiveness as an antitumor agent. The main sitebe determined using a polymerase stop asssylally the
of adduct formation is at the N-7 of guanine. Sequence linear amplification reactiong). In this assay,;Tag DNA
specificity studies have shown that adducts form mainly at polymerase extends from an oligonucleotide primer until
runs of consecutive guanines, with less intense damage ainhibited by a cisplatin adduct. The products are linearly
AG, GA, and GC sequenceg{7). A similar sequence  amplified by thermal cycling and run on a DNA sequencing
specificity is found in intact human cell8); Sequence  gel alongside dideoxy sequencing reactions as size markers.
selectivity of platination has been determined for a number The precise sequences damaged by cisplatin can be deter-
of cisplatin analogues in both plasmid, ©, 19 and human mined as well as the relative intensity of damage at each
lesion site 7, 9.
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* University of New South Wales. in which a DNA affinic group is attached to the platinum
s University of Melbourne. complex. Cisplatin and the related Ptep@lolecules have
The University of Auckland. intrinsic affinity for DNA d th in h thesized
1 Abbreviations: cisplatingis-diamminedichloroplatinum(ll); Ptengl no Inrnsic afinity for » and the main nypotnesize
dichloro(ethylenediamine)platinum(ll); Pten@i2), dichloro{\-ethyl- effect of attachment of a DNA affinic group is to place the
ethylenediamine)platinum(ll); Pterdah3), dichloroN-propylethylene-  platinum close to the biological target, DNA. A number of

diamine)platinum(ll); ac-Ptengh3), dichlorol\-[3-[(2-aminoethyl)- consequences could flow from this, including the follow-
amino]propyllacridine-4-carboxamide)platinum(ll); 9-aminoac-PtenCl ’

(n2), dichlorolN-[2-[(2-aminoethyl)amino]ethyl]-9-aminoacridine-4-car-  INg: reduced side reactions with other molecules in the cell;
boxamide)platinum(ll); 9-aminoac-Pten(i3), dichloroN-[3-[(2-ami- altered kinetics of binding; different reaction mechanism; and
noethyl)amino]propyl]-9-aminoacridine-4-carboxamide)platinum(il);  possibly an altered sequence specificity of covalent binding.

9-aminoac-Pten@n4), dichloro(N-[4-[(2-aminoethyl)amino]butyl]-9- ; P ; ; ;
aminoacridine-4-carboxamide)platinum(ll); 9-aminoac-Ptgn6&), dichlo- A different sequence specificity might result in a different

ro(N-[5-[(2-aminoethyl)amino]pentyl]-9-aminoacridine-4-carboxamide)-  SPectrum of lesions on DNA, including novel lesions that
platinum(l1); 9-aminoac(n2)\-[2-[(2-aminoethyl)amino]ethyl]-9-amino- may escape the DNA repair process.

acridine-4-carboxamide; 9-aminoac(nB}{3-{(2-aminoethyl)amino]- Previously, we have shown an increased rate of reaction
propyl]-9-aminoacridine-4-carboxamide; 9-aminoac(iNH4-[(2-ami- ith DNA f lati | ith ttached ph
noethyl)amino]butyl]-9-aminoacridine-4-carboxamide; 9-aminoac(ns), WIth DNATor plainum compléxes with an attached phenan-
N-[5-[(2-aminoethyl)amino]pentyl]-9-aminoacridine-4-carboxamide.  thridinium intercalating groupl(), and a similar observation
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Ficure 1: Structures of cisplatin and related complexes used in
this study.

Temple et al.

[PtenC} (n2)], and dichlorad-propylethylenediamine)plati-
num(ll) [PtenC} (n3)] were prepared following the method
of Dhara (5). The complexes dichlorbg[3-[(2-aminoethyl)-
amino]propyl] acridine-4-carboxamide)platinum(ll) [ac-
PtenC}(n3)] and dichlordy-[3-[(2-aminoethyl)amino]propyl]-
9-aminoacridine-4-carboxamide)platinum(ll) [9-aminoac-
PtenC}(n3)] were prepared using methods we have previously
reported 7). The same general methods were used to prepare
the new ligandsN-[2-[(2-aminoethyl)amino]ethyl]-9-ami-
noacridine-4-carboxamide [9-aminoac(n2N;[4-[(2-ami-
noethyl)amino]butyl]-9-aminoacridine-4-carboxamide [9-ami-
noac(n4)], andN-[5-[(2-aminoethyl)amino]pentyl]-9-amino-
acridine-4-carboxamide [9-aminoac(n5)] and the platinum
complexes dichlord{-[2-[(2-aminoethyl)amino]ethyl]-9-ami-
noacridine-4-carboxamide)platinum(ll) [9-aminoac-PtenCl
(n2)], N-[4-[(2-aminoethyl)amino]butyl]-9-aminoacridine-4-
carboxamide [9-aminoac-Pten(14)], andN-[5-[(2-amino-
ethyl)amino]pentyl]-9-aminoacridine-4-carboxamide [9-ami-
noac-PtenG(n5)]. All compounds were characterized by

has also been made for phenazine-tethered platinum com-£lemental analysisH, **C, and'**Pt NMR; and electrospray

plexes (4). In both cases, it was postulated that the altered
kinetics, when compared with cisplatin, might be due to a
different reaction mechanism. Instead of the chloride leaving
group being replaced byJ@ before reaction with DNA (a
slow step withty, of 2 h), the chloride could be directly
displaced by the N-7 of guanine. This direct displacement

ionization mass spectrometry. Full synthetic details for new
compounds will be reported elsewhere.

All compounds were dissolved in dimethylformamide to
give stock solutions of 1 mM. The plasmid pUC19 was
prepared by a heat-alkali methoti.

DNA Damage ExperimentSequence specificity of adduct

model can occur because the intercalating group places thdormation was determined by treating:§ of pUC19 plasmid

platinum close to the N-7 of guanine.
In this paper, we show an altered DNA sequence specific-

DNA with a final concentration of 0.050.5 M cisplatin
or platinum complex for 18 h. All damage reactions were

ity for a series of 9-aminoacridinecarboxamide platinum Maintained in darkness at 3C in 2 mM HEPES, pH 7.8,
complexes. We describe the sequence specificity and relativel© MM NaCl, and 1:M EDTA in a final reaction mix of

time course of adduct formation of eight platinum complexes
and compare their behavior with that of cisplatin (see Figure
1 for structures). The following five groups of compounds
were examined:

(1) the reference control compound, cisplatin;

(2) 9-aminoacridinecarboxamide platinum complexes, the
main subject of this study;

(3) acridinecarboxamide platinum complex;

(4) the metal-free 9-aminoacridine ligands;

(5) the platinum complexes of the ligands ethylenediamine,
N-ethylethylenediamine, ard-propylethylenediamine (lack-

ing an attached intercalator). These are closer structural

analogues of the platinum portion of the intercalator-tethered
complexes than cisplatin.

Groups 1, 3, 4, and 5 were control compounds. Group 5
[PtenC}, PtenC} (n = 2, 3)] was used to investigate the
influence of the intercalator. Group 4 [9-aminoacridime (
=2, 3, 4, 5)] examined the effect of platinum. The sequence
specificity of the group 3 compound, acridinecarboxamide
(n = 3) platinum complex, has been previously determined
(7); this was included as a control to examine the effect of
the 9-amino substituent. The compounds in group 2 were
the main subject of study and comprised four 9-aminoacridi-
necarboxamide platinum complexes containing polymeth-
ylene chains of different length (2, 3, 4, and 5 carbons)
separating the intercalator and the platinum complex.

MATERIALS AND METHODS

Materials. Cisplatin, dichloro(ethylenediamine)platinum-
(1) (PtenC}), dichloro(N-ethylethylenediamine)platinum(Il)

40 uL. After ethanol precipitation (4.4L of 3 M sodium
acetate, 88.&L of ethanol) and two ethanol washes were
performed, the DNA was dissolved in 20 of 10 mM Tris-
HCI, pH 8.5, and 10:M EDTA.

The time course of adduct formation was determined in a
scaled up reaction mix consisting of 4@./time point;
typically, this consisted of a final reaction mix of 2&Q
for 7 time points. For each time point, a 40-aliquot was
taken from the mix and added to a cold (on ice) stop bath
mixture of 4.4ulL of 3 M sodium acetate and 884 of
ethanol to precipitate the DNA and stop the reaction. In the
zero time (stopped) control, a 4Q- aliquot was taken from
the reaction mix prior to the addition of the cisplatin or
analogue and added to the stop bath to precipitate the DNA.
The cisplatin or analogue was then added and mixbis
control excluded the possibility of adduct formation during
the ethanol precipitation or the linear amplification proce-
dures.

Incubated DNA controls were prepared for all damage
reactions. In these, dimethylformamide os(Hwas added
in place of a platinum complex. These controls monitor the
negligible damage due to solvent effects or extended incuba-
tions in the reaction mix.

Linear Amplification ReactionThe linear amplification
reaction comprised a mix of 16.6 mM (NHSOy; 67 mM
Tris-HCI, pH 8.8; 6.7 mM Mg, 300 uM each of dATP,
dGTP, dCTP, and dTTP; 0.05 pmol #P-labeled primer;
0.25 units of Amplirag DNA polymerase (Perkin-Elmer
Cetus) (final concentrations). The sequencing primer utilized
was (REV) 3AACAGCTATGACCATG-3 and was 5
labeled as previously described7f with polynucleotide
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kinase (Pharmacia) angt-f°PJATP (Amersham). DNA (2 NoT o

uL) was added to this mix producing a final volume of 5 E& %Ea 5&

uL, which was overlaid with 5@L of mineral oil. Dideoxy OO0 O
double-stranded DNA sequencing was performed using the 5585 5

same sequencing primer to accurately pinpoint the precise oaaa
site of damage. The linear amplification procedure subjected 6 ge oN@
the reaction mix to 98C for 30 s (time at temperature), 50 _ _ E ~2 2220 ==
°C for 60 s, and 72C for 90 s for 20 cycles in a Perkin- £ £ © QEEEE QQ
Elmer Cetus DNA thermal cycler 480. Two microliters of & & 73 ..ﬂ_»! O A A
the reaction mix was then electrophoresed on a 6% poly- SSor<0Baicddd i
acrylamide-urea DNA sequencing gel. The gelwasdriedand _  m gt v o~ 0 00 S = & 2 3
analyzed by a Molecular Dynamics Phosphorimager after .

exposure to a phosphor storage screen. e .-= ol --. -

u-o -w-n ‘
- .ﬁn.a 4

“"-

DensitometryDensitometry was performed using Molec- '
ular Dynamics ImageQuaNT v4.2a software. For determi- & ««
nation of the sequence specificity of adduct formation, the
intensity at all bands was calculated by integration of the s —-!-
peak area of the entire lane, from bp 210 to 440. The baseline - ""‘-’" SR <
of each line graph was determined using the lowest point .--. ol - 325
method, and the boundaries of each site of damage were = -'-"-" ;_;:
selected manually. For determination of the time course of “- bbb i hadad o
adduct formation, the peak area of a damage band was - - wemm ¢ _350
integrated across sequential lanes to give a set of damage -
intensities, one for each time point. The baseline of each egm ¢
line graph was determined using the lowest point method,
and the lane boundary of each damage band was determine:
manually. Each set of damage intensities was determined
after baseline subtraction. For cisplatin and each analogue,
the intensities of five damage sites were determined and
normalized relative to the time point at which the maximum
intensity occurred. The average relative intensities of cisplatin
and each complex were plotted against time.
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Sequence specificity and time course of adduct formation
by cisplatin and related complexes in pUC19 have been
evaluated using the linear amplification procedure. The
products of these reactions were run on DNA sequencing
gels alongside appropriate dideoxy sequencing lanes (Fig-
ures2 and 3). The intensity of damage at each site was
quantified using densitometry. In all cases, the level of
damage in the no drug control lanes was negligible as
compared to damage in the drug-treated lanes. The control
compounds, 9-aminoac(n®) that lack platinum and cannot
form platinum adducts, produced no significant damage.

Sequence Specificityhe sites of damage by the platinum
complexes can be observed in the DNA sequencing gels -
shown in Figures 2 and 3. The sequences of the 10 mostFicure 2: Phosphorimage of a DNA sequencing gel comparing

intense sites of damage are depicted in Table 1. The mosithe sequence specificity of damage due to cisplatin and its analogues
intense damage sites of cisplatin in pUC19 are found at aln pUC19. Sequence specificity of adduct formation was determined

. : . by treating pUC19 plasmid DNA with 0.38M cisplatin or platinum
run of five consecutive guanines (bp 31822) and four complex for 18 h. All samples were linearly amplified using the

guanines (bp 415418) (Figures 2 and 3). These two runs REV primer. Lanes 1 and 2 are untreated damage control lanes.
of guanines are also the most intense sites of damage forLanes 3-6 are the pUC19 dideoxy sequencing lanes and give the
the “untargeted” complexes PtenGind PtenG(n2,3) and sequence on the template strand. Lane44 were derived from

. . - . damage due to cisplatin, PtenC8-aminoac-Pten@(n2), 9-ami-
the previously studied7j acridine-linked compound ac- (7o PtenG[n3), 9-aminoac-Ptengh4), 9-aminoac-Pteng@hs),

PtenCi(n3). For the sequences shown in Table 1, these piency(n2), and PtenG(n3), respectively (as indicated). Black
complexes have at least 8 of the 10 damage sequences imrrows indicate the position in the sequence of three or more

common with cisplatin. consecutive G bases.

However, the 9-aminoac-Pten(i2,3) complexes exhib-  plexes did not exhibit a strong preference for adduct
ited striking differences in sequence specificity relative to formation at sequences containing consecutive runs of
cisplatin and PtenGl The 9-aminoac-Ptengh2,3) com- guanines. Instead, they had a preference feigBat-3,
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Ficure 3: Phosphorimage of a DNA sequencing gel comparing the time course of damage due to cisplatin and its analogues in pUC19.
All samples were linearly amplified using the REV primer. Lanes 1 and 2 are untreated damage control lanes—baarestBe pUC19

dideoxy sequencing lanes and give the sequence on the template strand. +48esr& from damage due to cisplatin (048), lanes

14-20 are from PtenGl(0.15uM), lanes 2127 are from ac-Ptengh3) (0.054M), and lanes 2834 are from 9-aminoac-Pten(i3)

(0.15uM). Incubation times for each compound were 0, 5, 15, and 45 min and 2.3, 6.2, and 22 h. Black arrows indicate the position in the
sequence of three or more consecutive G bases.

agAgt, gaCct, acGce, ctGea, caCga, tgCag, and cgAgc sitesconsecutive guanines. The= 2 compound had only 4 out
(Table 1). of 10 damage sites with consecutive guanine, white 3

The 9-aminoac-Ptengh2—5) complexes vary in the had 5 out of 10n =4 had 7 of out 10; and = 5 had 7 out
length of the polymethylene linker chain € 2, 3, 4, or 5) of 10. Cisplatin and Pten&both had 9 out of 10; ac-Ptencl
that tethers the 9-amino-acridinecarboxamide intercalator to(n3) had 8 out of 10; and Pteny42,3) had 9 out of 10.
the PtenGl moiety. The shortest chaim & 2) homologue The maximum intensity is shown for each compound in
had the most dissimilar sequence specificity as compared toTable 1, with cisplatin having a value of 12 100. For
that of cisplatin. As the linker chain length increased, the 9-aminoac-Pten@n2—5) complexes, the maximum intensity
sequence specificity became progressively more similar tois lowest forn = 2 and gradually increases through= 3,
that of cisplatin. This can be observed in Table 1 for the 4, and 5, with then = 5 compound being most similar to
number of damage sites that contain runs of two or more cisplatin.
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Table 1: DNA Sequence Specificity of Cisplatin and Analogues in p¥C19

cisplatin PtenCGl ac-PtenGi(n3) PtenCGl(n2—3)
RI RI RI RI
sequence bp 12100 sequence bp 12200 sequence bp 11300 sequence bp 8700
aggGgga 320 1.00 aggGgga 320 1.00 cccGggg 415 1.00 aggGgga 320 1.00
ccgGgga 416 0.85 ccgGgga 416 0.77 aggGgga 320 0.94 ccgGgga 416 0.75
cagGott 358 0.43 cagGgtt 358 0.34 aggCatg 442 0.66 tgcGtaa 213 0.36
cagGcat 441 0.35 aggCatg 442 0.30 tagAgtc 428 0.52 cagGgtt 358 0.34
gaaGggc 273 0.31 gttGgot 346 0.27 gttGgga 268 0.52 gaaGggc 273 0.31
aggCgat 336 0.30 gaaGggc 273 0.27 aggCgat 336 0.50 ttgGgta 347 0.30
ttgGgta 347 0.29 aagGaga 218 0.24 ccaGggt 357 0.47 cagGcat 441 0.30
ctcGgta 408 0.24 cggTacc 410 0.24 tgaAttc 398 0.42 aggCgat 336 0.29
gcgGgcece 287 0.23 aggCoat 336 0.23 gcgGgcece 287 0.41 ctcGgta 408 0.25
tagAgtc 428 0.23 tagAgtc 428 0.18 gaaGggc 273 0.41 aagGaga 218 0.24
9-aminoac-Pten@n2) 9-aminoac-Ptengh3) 9-aminoac-Ptengh4) 9-aminoac-Ptengh5)
RI RI RI RI
sequence bp 3600 sequence bp 4600 sequence bp 4000 sequence bp 10400
gtgAatt 397 1.00 tagAgtc 428 1.00 aggGgga 320 1.00 ctaGagt 427 1.00
tagAgtc 428 0.97 cgaCctg 434 0.92 agaGtcg 429 0.89 aggGgoga 320 0.52
tacGcca 304 0.87 aggCatg 442 0.84 aggCatg 442 0.86 aagGaga 218 0.36
ccgGgoa 416 0.86 cgaCggc 388 0.74 cggGgat 417 0.74 aggCatg 442 0.35
gctGeaa 330 0.84 tcaCgac 372 0.66 ggcGaaa 314 0.63 tgcGtaa 213 0.34
ctgCagg 438 0.82 tacGceca 304 0.65 aagGcecga 335 0.60 ggcGaaa 314 0.28
tcgAgct 403 0.81 aggGgga 320 0.59 tgcGtaa 213 0.56 aagGcga 335 0.26
gcaGgca 440 0.80 aagGcga 335 0.55 gctGgeg 311 0.54 gggGatc 418 0.26
aagGcega 335 0.79 ccgGgga 416 0.54 acgGceca 390 0.51 ttgGgaa 269 0.25
aggGgga 320 0.78 ctgCagg 438 0.52 aagGaga 218 0.45 tcaGgct 253 0.20

aThe most intense damage sites were arranged in decreasing order with respect to the relative intensity (RI) of each compound. The intensity
(in arbitrary units) of the most intense site is indicated below the RI heading. The sequences are writteh tsdnvéith the capital letter
indicating the site of maximum damage for each damage cluster. The pUC19 plasmid sequence investigated extended from bp 210 to bp 440. Note
that Taqg DNA polymerase approached the damage site from the right of the indicated sequence.

Another interesting feature of the 9-aminoac-Ptefm2- Time Course of the Reactioilime course reactions of
5) complexes was the range of damage intensities producectisplatin, PtenG| PtenC}(n2,3), ac-PtenG{n3), and 9-ami-
at different sites. The relative intensity (RI) of damage sites noac-PtenG(n2—5) have been determined in this study. A
for each compound is shown in Table 1. The 10th most typical time course experiment was carried out at titnes
intense damage site had an RI of 0.23 for cisplatin but 0.78 0, 5, 15, and 45 min and 2, 6, and 22 h. A DNA sequencing
for 9-aminoac-PtenGIln = 2), 0.52 forn = 3, 0.45 forn = gel for cisplatin, PtenGJ ac-PtenCG{n3), and 9-aminoac-
4, and 0.20 fon = 5. This indicates that the 9-aminoacridine PtenC}(n2) time course is shown in Figure 3. [It should be
platinum compounda = 2, 3, and 4 had a large number of noted that for 9-aminoac-Pten(i3), the DNA has been
damage sites with very similar damage intensities. Again, a overdamaged at longer time points (Figure 3, lanes3&1)].
correlation is observed between linker length and cisplatin-  Line graphs showing the relative time course for cisplatin
like properties, i.e., as linker length increases, the behaviorand the targeted platinum complexes are shown in Figure 4.
of the 9-aminoac-Ptengh2—5) compounds became more The damage rates fall into two broad categories; those that
similar to that of cisplatin and PtenCIThe ac-PtenG(n3) damage at short incubation times, ac-Ptem3)) and 9-ami-
complex was more similar to the 9-aminoacridine com- noac-PtenG(n2—5), and those that damage at long incuba-
pounds, as the RI of the 10th most intense damage site wagion times, cisplatin, Ptengland PtenG(n2,3). All com-
0.41. plexes that damaged at short incubation times possessed an

Most damage sites consisted of a cluster of resolved attached acridine moiety. A comparison of the time taken to
fragments spanning approximately 3 or more bp, and the reach half the maximum relative intensity indicates that ac-
quoted bp position of damage refers to the most intense PtenC}(n3) and 9-aminoac-Ptenfgh2—5) reacted at least
fragment. While ac-Ptengh3) shared a similar site of strong 10-fold faster than cisplatin and PtenCAc-PtenC}(n3)
damage to cisplatin at bp 43818, the most intense exhibited a marginally faster rate of damage than the
fragment occurs '3(toward the bottom of the gel) as 9-aminoac-Pten@hn3) complex, which is perhaps surprising
compared to that of cisplatin by 1 bp (Figure 3). The as the more basic 9-aminoacridine is a better intercalating
polymerase approaches from tHelBection of the sequence, agent.
and for ac-PtenG(n3), it pauses a base earlier at this site of  In each set of lanes, representing the time course of a single
damage. This is observed often for ac-Pte(rd) and never ~ compound, 10 damage sites were analyzed, and the intensity
for PtenC} and PtenGI(n2,3). This effect has been previously values were normalized relative to the time point of
documented for phenanthridinium platinum complexis) ( maximum intensity. For each compound, it was observed
and is probably due to the bulkier acridinecarboxamide that all damage sites exhibited the same rate of damage. Thus
platinum lesions causing tieaq DNA polymerase to halt  all damage sites are damaged at the same rate, and the
before the platinum-induced lesion. damage rate is not sequence specific.
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10 m—— US| of consecutive guanines were not the most intense sites of
P damage, with 5tgAat-3, agAgt, gaCct, caCga, tgCag,

08 o cgAgc, acGeg, and ctGcea sites instead being prominent. All
o of these sites except the last two have purine dinucleotides
s B - present and probably involve purine N-7 intrastrand cross-
gos— ) links. The acGcc and ctGca sites could be GG interstrand
g 17T cross-links. However, there is the possibility of unusual
'_:E 04 — T lesions not involving the N-7 of purines being significantly
€ ] iy present. These could be caused by a novel reaction

024 ; jE‘* ;zﬁ\*;gg';_(gzncwz) mechanis_n°rdirect displacemer_lt of chloride by a DNA

[ : —H3~ 9-aminoac-PtenCly(n3) nucleophile. These unusual sites are also present in the
A —H— 9-aminoac-PtenCly(n4) . . - .
C —W g-aminoac-PtenCly(ns) acridinecarboxamiden(= 3) platinum and also may result

00 - L AL R A B from a novel reaction mechanism.

0 1 2 s 4 5 6 7 There are a number of possible explanations for the altered
Time (hr) sequence specificity of the 9-aminoacridine platinum com-

FiIGURE 4: Line graph showing the time course of DNA damage. plexes (reduced reaction at runs of consecutive guanines) as
Compounds shown are cisplatin, Pten@c-PtenG(n3), 9-ami- compared to cisplatin and the acridine platinum complex.

noac-PtenG[(n2), 9-aminoac-Ptengh3), 9-aminoac-Ptengh4), - AL
and 9-aminoac-Ptengh5). Each line represents the normalized (1) As compared to the acridine analogue, the 9-ami

relative intensity for each analogue, and each point is the averageN0acridine analogues contain an extra amino group and are
of five damage sites. Data were taken from Figure 3 and other positively charged at pH 7.5. This extra functionality could

comparable gels (not shown). provide new base pairing possibilities. This could result in
a different pattern of DNA intercalation and DNA platination.
DISCUSSION The additional 9-amino functionality could also result in

Sequence specificity and relative time course of DNA binding to bases other than guanine.
addugtformatiopn of cisylatin and 12 related compounds were (2) The more rapid covalent reaction by the 9-ami-
P P noacridinecarboxamide platinum complexes suggests that the

investigated using a plz_ism|d system. A linear a_mphflcatlon_/ reaction is occurring directly from the intercalated state. The
DNA sequencing technique was used to determine the precise

sites of adduct formation. and densitometry was used to orientation of the carboxamide linker and platinum will be
. ! y crucial in determining the interaction with DNA. Recent
determine the degree of damage at each site.

. ; , X-ray diffraction structures of 9-aminoacridinecarboxamide
Five groups of compounds were examined (Figure 1). The

) e . ; analogues (lacking platinum) complexed to DN28( 19
9-aminoacridine platinum carboxamide complexes (group 2) ghoyy that the carbonyl oxygen of the carboxamide linker
showed more rapid rates of reaction and different sequenc

o , X UeNC&oms a hydrogen bond to the protonated N-10 of the
specificity as compared to cisplatin (group 1). The acridine g_ymingacridine, thus directing the side chain into the DNA

platinum  carboxamide complex (group 3) also had an p4i0r groove. This specific interaction cannot occur with

accelerated rate of reaction but a similar sequence specificity;y, unprotonated acridinecarboxamide (because the 9-amino

as compared to cisplatin. The platinum complexes with an o, is absent), so that orientation of the side chain (which
attached linker but no intercalating chromophore (group 4) pears the platinum complexes) is likely to be different. If

had a similar rate of reaction and similar sequence specifiCity tho same structural features are found for the platinum
as compared to cisplatin. The 9-aminoacridines with attachedcommex the orientation of the platinum group will be

linker but no platinum (group 5) did not damage DNA. different for the 9-aminoacridine complex as compared to

Taken together, these data reveal that the 9-amino sub+ne acridine complex. Hence, the platinum group will be in
stituent is responsible for the altered sequence specificity. 5 different position in the DNA helix and could react with a
Also the presence of an intercalating group results in an gifferent sequence specificity. [See Adams et &) (for
accelerated rate of platinum reaction with DNA. This study discussion of evidence that the carboxamide chain is in the
represents the first occasion that an altered sequenceémajor groove.]
specificity has been convincingly demonstrated for a cisplatin - (3) The fact that the greatest difference in sequence
analogue. specificity (away from runs of guanines) occurred with the

Sequence Specificitsequence specificities of cisplatin  shorter chain length 9-aminoacridine platinum complexes
and related complexes, as determined in this study, are showrsuggests that the platinum atoms in more rigid structures have
in Table 1. The sequence specificities of Pter#did PtenGl some difficulty in reaching these usually favored, most
(n2,3) complexes were found to be very similar to that of electronegative sites and thus are available to react at
cisplatin, with runs of consecutive guanines being preferen- alternative ones. Footprinting studies of 9-aminoacridine-4-
tially damaged. For Ac-Ptengh3), the major sites of  carboxamides (lacking platinum) have shown a preference
damage were similar to cisplatin (runs of consecutive for runs of consecutive guaninezj. This footprinting data
guanines), but there were numerous additional minor damagewould tend to confirm the importance of steric and positional
sites, as found previously for this compound). (It is factors. Until three-dimensional structures of the 9-ami-
interesting to note that these minor damage sites are the majonhoacridine and acridine platinum analogues bound to DNA
damage sites for the 9-aminoacridinecarboxamide platinumhave been determined, the precise reason for the novel
complexes. sequence specificity will be unclear.

The 9-aminoac-Ptengh2—3) analogues had a markedly The novel sequence specificity of the 9-aminoacridine
differing sequence specificity as compared to cisplatin. Runs platinum complexes reported here is not due to the formation
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of monofunctional adducts. THeaqDNA polymerase/linear  atin-resistant cells27). This could be due to the different
amplification system has the ability to distinguish between sequence specificity of these analogues. The production of
mono- and bifunctional intrastrand adduct®), (in that novel lesions in DNA may lead to evasion of DNA repair
monofunctional damage sites are displaced toward the topand increased cell toxicity. As a result, these compounds
of the gel. This displacement was not observed for any of could form the basis of a new class of cancer chemothera-
the group 2 compounds. peutic agent.
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