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Copper(ll) bis-arginate [Cu(L-arg)2](NOs), (1) and [Cu(L-arg)(phen)-
CIICI (2) as mimics of the minor-groove-binding natural antibiotic
netropsin show preferential binding to the AT-rich region of double-
stranded DNA. The complexes with a d—d band near 600 nm
display oxidative DNA cleavage activity on photoirradiation at UV-A
light of 365 nm and at red light of 647.1 nm (Ar—Kr laser) in a
metal-assisted photoexcitation process forming singlet oxygen (*O5)
species in a type-2 pathway.

Photodynamic therapy (PDT) is an emerging method of
noninvasive treatment of cancer in which drugs like Photofrin
shows localized toxicity on photoactivation at the tumor cells
leaving the healthy cells unaffectéd'. The importance of

Scheme 1 . Netropsin (ntp) in Diprotonated Form, [Guérgy] ™2 (1)
and the Perspective View of [Quérg)(phen)CIt (2) Showing
Crescent-Shaped Structures

PDT has necessitated a search for new photosensitizers that

could show selective binding to DNA and photoactivation
within the PDT window of 636-800 nm>® Sequence-
specific DNA minor-groove-binding molecules like netropsin
(ntp) and distamycin (dst) are antiviral antibiotics used
extensively for biomedical applications for their selective
binding to the AT-rich sequences of DNAY! Both ntp and

with the proteins that regulate replication and transcription
processes. The molecules, however, lack any electronic
spectral band in the PDT window. As a consequence, they
in unmodified form or their amino acids/peptide analogues
cleave DNA only at UV light and are not suitable for PDT
applications,

dst with a crescent-shaped structure are efficient binders to  Netropsin derivatives bound to transition metal ions are

DNA and exert significant biological activity by interfering
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known to show “chemical nuclease” and/or hydrolase
activities?12-1* To circumvent the predicament of photo-
cleavage in the PDT window, we have chosen the crescent-
shaped copper(ll) bis-arginate complex as a structural mimic
of netropsin, having end group similarities along with its
analogue [Cu(-arg)(phen)CIICI 2) having 1,10-phenan-
throline as a DNA binder (Scheme 1). The water-soluble
complexes [Cu(-arg)](NOsz), (1) and 2 have 3d copper-
(1) bound toL-arginine ligand with a pendant guanidinium
terminal moiety.

Complex 1 is prepared and characterized following a
literature method® It has a square-planar geometry with the
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Figure 1. Electronic spectra of netropsin dihydrochloride{ —), 1 (- - -)

and2 (—) in aqueous medium. Inset shows thediband of the copper(ll) Figure 2. Effect of increasing the concentration of netropsin (ntpgnd

complexes and the wavelength of photoirradiation. 2 on the emission intensity of ethidium bromide bound poly(dA).poly(dT)
(@), CT-DNA (m), and poly(dG).poly(dC)4) in 5 mM Tris buffer-5 mM

ligands in a cis configuration. The aqueous solution of the T;CI _rTrlledi}JrgﬁaApp\éalueslfgr ritpl a?gez iarf 6.136 10_6,hl.ST 1d0;, 9.3|x
complex displays a dd band at 630 nm anq a ligand- (dT)\fvgndC 1.8x 105 533X x (ic')ﬁ, f.g x 10° '.le Withvggly?gg)(-pol);/’ggg)-.
centered band at 217 nm, whereas netropsin shows two

electronic spectral bands at 237 and 297 nm (Figure 1).

Complex 2, prepared from a reaction afarginine with

CuCh-2H,O and phen in aqueous methanol, has been

structurally characterized by X-ray crystallograghy’ The

crystal structure o shows a bidentate N,O-binding mode

of L-arginine with a pendant positively charged guanidinium

moiety and a N,N-donor 1,10-phenanthroline in a square

pyramidal (4+ 1) geometry having an axial chloride ligand

(Scheme 1). Complex displays a &-d band at 600 nm and

ligand-centered bands within 22@90 nm. The redox active

complexes show the Cu(ll)/Cu(l) couple-a0.38 V vs SCE

(AE, = 330 mV) forl and at—0.12 V (AE, = 310 mV) for Figure 3. View of the crystal structure of netropsin bound to d(CGC-
. GAATTCGCG) [NDB Code: GDLBO05] (a). View of the energy minimized
2at50 mVstin DMF/O']'_ M [Bu‘_‘N].(Clo“)' docked structure ot (b) and2 (c) with d(CGCGAATTCGCG).
The mode and propensity of binding of netropsirand

2 to calf thymus (CT) DNA have been studied using spectral, selectivity of the complex, we have carried out binding study

DNA melting, and viscosity measurements. For sequence Using synthetic oligomers poly(dAjoly(dT) and poly(dG)
poly(dC) (Figure 2). The equilibrium binding constaki,)
(16) Comlr;le>chwaS prepared frolmt_a reagtion_ of C%g';é,o (O-llz g, 1.(7) and the binding site sizes)( values obtained from the
mmol) with an aqueous solution afarginine (0.23 g, 1.1 mmo . - 1
treated with NaOH (0.04 g, 1.0 mmol) and followed by slow addition nonlinear least-squares fitting are 2@ 1) x 1°M™* and
of a methanolic solution of 1,10-phenanthroline (0.18 g, 0.9 mmol). 0.12 for1; 1.2(#-0.1) x 1® M~ and 0.6 for2, and 2.0-
The reaction mixture was stirred at 2& for 2 h and filtered. The (£0.1) x 106 M~! and 0.3 for netropsin with CT-DNA8
filtrate on slow evaporation gave blue, rectangular-shaped single ’ ) . . A
crystals suitable for X-ray diffraction. The crystals were isolated and The complexes and netropsin show preferential binding to
washed with aqueous methanol (1:1 v/v) before drying o poly(dA)-poly(dT) in comparison to poly(d&oly(dC).

[Yield: ~75%)]. The complex showed good solubility in water, Mol lar docki lculati h b ied
methanol, ethanolN,N-dimethylformamide (DMF), and dimethyl olecular docking calculations have been carried out to

sulfoxide (DMSO). The ternary structure is stable in solution. Anal. investigate the binding interaction @éfand2 with d(CGC-

Calcd for GgH22Cl,CuNsO7 (2): C, 44.22; H, 4.54; N, 17.19. Found: ;

C.44.12: . 445: N, 16.94. IR (KBr phase): 3373br, 3194br, 3027br, CAATTCGCG) dodecamer (Figure 3). The results show
1684s, 1660vs, 1601s, 1477m, 1445s, 1378s, 1343m, 1156m, 1031w,binding of1 to the phosphate backbone of the polynucleotide
769s, 730m, 572m, 414m cth(br, broad; s, strong; vs, very strong;  jnyolving the terminal positively charged guanidinium end
m, medium; w, weak). UV-vis in bD [Amax NM (€, M~ cm™1)]: 204 f inine th h H-bondi 280A dioni

(33 600), 223 (29 300), 273 (29 700), 294 (9000), and 600 (70). ESI- groups of arginine through H-bonding (2:8.0 A) and ionic

MS(irzwglgz%Mi(‘%: m/z458 [M — 2Cl + MeCNJ*, 452 [M — CI] ™. contacts (Figure 30 The complex preferentially binds at

Heff . .oup. . i .

arn Cerystal dataf02-2.58|-|20: CaeHarClCUNsO4 5, M = 533.90, triclinic, the AT.reg|on_ of the dodecamer. The span.of AT-binding
space grougPl (No. 1),a = 10.359(6) A,b = 12.437(7) A,c = stretch is relatively short compared to netropsin due to shorter
i8-2828889((121)) é,az=29;1593(?7,5f9= 1(%37 ‘#1(2”'23;2)1%120829‘91’15 overall length of the complex. This finding is consistent with
< 26.00, u = 12.27 ng' i:(ooog): 1104, R1= 0.0454, wR2= the binding parameters obtained from the spectroscopic

0.1226 for 14 046 reflections with> 20(l) and 1136 parameters [R1-  titration. The optimal binding conformation in the AT
(F? = 0.0588 (all data)]. Weighting schemav = 1/[0? (F,?) + . . .
(0.082P)2 + 0.0P], where P = [Fo? + 2F2)/3. The GOF and the ~ Strétches of minor groove forms an extensive H-bonding
largest difference peak were 1.025 and 0.934 @, Aespectively.
Perspective view of the complex was obtained by ORTEP. Data were (18) Carter, M. T.; Rodriguez, M.; Bard, A. J. Am. Chem. Sod.989

collected using Bruker SMART APEX CCD diffractometer with a 111, 8901.K} (s) values for ntpl and?2 are 4.2x 10° (0.34), 1.8x

Mo Ko X-ray source. The structure was solved and refined using the 10° (0.24), 2.6x 10° (0.49) with poly(dA)poly(dT) and 6.0x 1C°

SHELXprogram (Sheldrick, G. MSHELX-97, Programs for Crystal (1.2), 3.4x 10° (0.28), 9.3x 10* (0.27) M~* with poly(dG)poly-

Structure Solution and Refinemebiversity of Gdtingen: Gitin- (dC), respectively. ThATy, values for ntp,l and2 are 18, 3, 2 with
gen, Germany,1997). CT-DNA and 38, 11, 8C with poly(dA)-poly(dT), respectively.
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network with the A and T base pairs of B-DNA. This

establishes that the crescent-shaped backbone structure of

the molecule is important to bind efficiently with the DNA

in the minor groove. ComplexX also shows favorable

H-bonding interactions with the AT base pair sequences of

ds-DNA and positively charged guanidinium end group

(2.7-3.0 A). In addition, phen makes favorable stacking

interaction with the DNA base pairs (Figure 3c). Figure 4. (a) Gel electrophoresis diagram showing photoinduced oxidative
~ The photonuclease activity of netropsin and the complgxesi'?g‘@f’&)";ﬁg 2th1(c:)1/?M?Na/E\ &Oﬁéﬁ? ’éy%gg ﬂﬁr(()lgi'gs(nffl%‘]\/'l)h

is studied using supercoiled (SC) pUC19 DNA in a medium exposure) and red light of 647.1 nm (lanes-1IB, 2h exposure): lane 1,
of Tris-HCI/NaCI buffer (pH 7.2) on photolysis at UV-A DNA control; lane 2, DNA+ 1 (in dark); lane 3, DNA+ 2 (in dark); lane
ight of 365 nm and red liht of 647.1 nm (AKr mixed  S0VA 7 Lar0 GOIM) lane 5 DA cuckan (0 ane o
gas-ion lasery® The extent of DNA cleavage is measured 1; lane 10, DNA+ ntp+ 2; lane 11, DNA+ ntp; lane 12, DNA+ 1; lane

by agarose gel electrophoresis on the basis of the conversior#3, DNA + 2. (b) Gel electrophoresis diagram showing photoinduced
of the SC to its nicked circular (NC) and linear form of DNA. gf?_‘iaﬁ;?Lrsghpg(%égu?g'ﬁrégfzﬁ’égg"l%E"Azc(g’r%fo'}f)lgrﬁéeg 'g]{:lg_’;f

A 50 uM solution of1 shows complete cleavage of SC DNA  lane 3, DNA+ [Cu(phen)]2* (50 «M); lane 4, DNA+ 2 (under Ar); lane
(30uM) on photoexposure at 365 nmrfd h with significant %NDANﬁ ;’\'A\lggb (Zlofﬂiﬂ)zj:;r;éage L?N/'fﬁ;gége(lfﬁh?ﬁ g :222 ;,
formation of linear DNA. A 10uM solution of 2 shows DNA + SOD (4(u/:1it)s)+ 5 ' ( 92 ’

complete cleavage of DNA under similar conditions. Com-
plexesl and2 differ in their DNA cleavage activity at red scavengers DMSO, catalase, and SOD do not show any
light. While complex1 is a poor cleaver of DNA at 647.1  gpparent effect on the photocleavage activity in UV and red
nm, complex2 shows significant cleavage activity (Figure Jight. The photocleavage reaction at 365 and 647.1 nm
4a, lane 13). Netropsin is cleavage inactive at red light. The proceeds via singlet oxygen pathway (type-Il process).
cleavage of DNA at red light is believed to occurinametal- |5 conclusion, we report here the first metal-based ne-
assisted photoactivation process involving thelband™#*  tropsin mimics showing efficient AT-selective DNA binding
The mechanistic aspects of the DNA cleavage reaction gng photoinduced DNA cleavage activity at red light. The
are studied using different reagents (Figure 4b). Complexesoyidative photocleavage of DNA in the PDT window occurs
1and2 are cleavage inactive in the presence of netropsin or jn 4 metal-assisted photosensitization process involving the
distamycin-A, suggesting their minor groove binding prefer- §_q pand forming singlet oxygen as the reactive species.
ence. A complete inhibition of DNA cleavage takes place Tnhe results are of significance as highly specific cell-
under argon. Inhibition of cleavage in the presence of singlet hermeable metal-based natural antibiotic analogues/mimics
oxygen quencher Najand enhancement of cleavage i gyjitable for binding at the AT stretches can be tailored for

indicate the involvement ofO; as the reactive speci€&™  potential PDT applications. Further work in that direction is
Addition of respective HOradical, HO,, and Q°~ radical currently in progress.
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