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ABSTRACT. Cell-penetrating peptides are widely used to deliver cargo molecules into cells. Here we describe
the synthesis, characterization, DNA binding, and cellular uptake studies of a series of pegtade
conjugates containing oligoarginine as a cell-penetrating pemtid@etaarginine units are appended onto

a rhodium intercalator containing the sterically expansive chrysenequinone diimine (chrysi) ligand to form
Rh(chrysi)(phen)(bpy)-tethered oligoarginine conjugates, where the peptide is attached to the ancillary
bpy ligand; some conjugates also include a fluorescein or thiazole orange tag. These complexes bind and
with photoactivation selectively cleave DNA neighboring single-base mismatches. The presence of the
oligoarginines is found to increase the nonspecific binding affinity of the complexes for both matched
and mismatched DNA, but for these conjugates, photocleavage remains selective for the mismatched site,
as assayed using both gel electrophoresis and mass spectrometry experiments. Significantly, the rhodium
complex does not interfere with the delivery properties of the cell-penetrating peptide. Confocal microscopy
experiments show rapid nuclear localization of the mepaptide conjugates containing the tethered
fluorescein. Mass spectrometry experiments confirm the association of the rhodium with the HelLa cells.
These results provide a strategy for targeting mismatch-selective metal complexes inside cell nuclei.

Efficient and rapid delivery of diagnostic probes and drugs to insert easily within well-matched B-DNA and instead bind
into a cell is crucial in disease detection and treatment. Many preferentially to thermodynamically destabilized mismatched
drug candidates and probe molecules fail because of insuf-sites. With photoactivation, the complexes furthermore
ficient cellular uptake. Only molecules with a narrow range promote strand breakage neighboring the mismatched site.
of molecular weight and polarity are able to directly cross Rh(bpy}chrysi*, for example, has been shown to be both
the plasma membrane by passive diffusi@p {To circum- a general and highly specific mismatch recognition agent
vent the cellular uptake problems, the physical properties of (6). Upon photoactivation, the complex cleaves at more than
the agent must be optimized to achieve acceptable levels 0f80% of mismatch sites in all possible single-base pair
passive entry into cells. An alternative strategy is to conjugate sequence contexts. Moreover, the complex has been demon-
the agent to a molecular transporter; this strategy allows strated to recognize and photocleave a single-base mismatch
agents with a wide range of physical properties to enter cellsin a 2725 bp linearized plasmid heteroduplex. These sterically
(2). Such transporters include the cell-penetrating peptidesdemanding intercalators have proven to be useful in assays
(CPPs) which are often derived from HIV Tat or from for single-nucleotide polymorphism$)(and as diagnostic
Antennapedig3). A CPP, closely related structurally to the agents in probing deficiencies in mismatch rep8jr (

HIV Tat peptide, is the oligoarginine CPP. Cellular uptake  Transition metal complexes have been increasingly ex-
studies of homopeptides consisting of seven to nine argininesplored as novel diagnostic and chemotherapeutic agédts (
show an even greater level of uptake compared to that of 12), but these applications require their ready uptake within
the Tat peptide itself4). the cell. Although there is an extensive history of biological
In our laboratory, we have designed metallointercalators activities associated with octahedral metal comple2&}, (
that target DNA base pair mismatches with high selectivity few studies have been carried out explicitly to explore their
(5—7). Rhodium(lll) complexes with sterically demanding cellular uptake. In contrast, increasingly, experiments have
ligands such as chrysenequinone diimine (chrysi) or benzo-been carried out to explore applications of metal complexes
[a]phenazinequinone diimine (phziB)(are too expansive  containing appended peptides. We have developed a family
of metal-peptide conjugates of ruthenium and rhodium
* Financial support for this work from the National Institutes of ~intercalators to explore DNA hydrolysi&4) and DNA cross-
Health (Grant GM33309 to J.K.B.) and a postdoctoral fellowship of linking (15) and to enhance DNA sequence selectivitg, (
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coupled plasma mass spectrometry. specific DNA sites, we became interested in exploring
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whether appending CPPs to the metal complex might mined by their absorptions of fluorescein=€ 67 000 M
enhance cellular uptake while maintaining the DNA recogni- cm™ at 492 nm, pH 8) and thiazole orange € 63 000
tion characteristics of the parent coordination complex. Here M~1 cm! at 500 nm) or the absorption of [Rh(bpy)(chrysi)-
we present the synthesis, DNA binding studies, and cellular (phen)f" (e = 9400 Mt cm™ at 389 nm).
uptake properties of bulky rhodium intercalators function-  DNA Preparation and Photocleage ExperimentsThe
alized with a CPP. If the mismatch-specific rhodium inter- oligonucleotides 5GGT AAT CCG TCA CCA TCG TGG
calators are to be applied in probing mismatch repair within GAC CGA CAT C-3, 5-GGT AAT CCG TCA CCA TCG
the cell and in developing new diagnostics, then their TGC GAC CGA CAT C-3, and 3-GAT GTC GGT CCC
functionalization to allow rapid cell entry would be advanta- ACG ATG GTG ACG GAT TAC C-3, whereC denotes
geous. We find that the complexes functionalized with a basic the position of the mismatch, were synthesized on an ABI
CPP still promote site-specific cleavage at mismatched sites392 DNA/RNA synthesizer (Applied Biosystems) by using
in duplex DNA. The presence of the appended peptide standard phosphoramidite solid-phase synthesis. To cleave
increases the level of nonspecific binding to DNA but does the oligonuclectides from the resin, the DNA was incubated
not alter the site specificity of the photoreaction. Moreover, in 30% aqueous ammonia for 16 h at 80. The cleaved
the complexes, once functionalized, are rapidly taken up into DNA strands were dried in a vacuum and resuspended in
the cell. The CPP efficiently delivers the mismatched water prior to purification by HPLC. Following the first
complex to its target location. purification, the dimethoxytrityl group was removed with
80% acetic acid, and the strands were repurified by HPLC.
EXPERIMENTAL PROCEDURES MALDI-TOF mass spectrometry was used to characterize
Materials All reagents and solvents were of the highest the strands.
commercially available grades and were used as received For the MALDI-TOF mass spectrometric detection of the
without further purification. [Rh(bpy3C)(chrysi)(phen)}Cl  photocleavage experimenta?j, the oligonucleotides were
(bpy3C= 4-propionic acid-4methyl-2,2-bipyridine), con-  suspended in a buffer containing 50 mM NaCl and 10 mM
taining a pendant carboxylate for attachment of the peptide, sodium phosphate (pH 7.0) and quantified by t\isible
was synthesized using tleequinone condensation method  spectroscopy. DNA duplexes were annealed by combining
analogous to the procedure described previous®).(The  an equal number of moles of the desired DNA complements
metal complex was characterized by ESI mass spectrometryin the buffer and heating at 9 for 5 min, followed by
UV —vis spectroscopy, antH NMR spectroscopy (Support-  slow cooling to ambient temperature. To the annealed DNA
ing Information). was then added 1 equiv of rhodium complex modified with
Instrumentation Electronic spectra were recorded on a peptide, and the sample was irradiated for 15 min. After
Beckman DU 7400 UV-visible spectrophotometer (Beck- irradiation, all samples were worked up by the ZipTip
man Coulter). Mass spectra were measured on an LCQ masgrocedure (Millipore, TN225 ziptip protocol), and MALDI-
spectrometer with electrospray ionization or on a PerSeptive TOF mass spectra were measured with 3-hydroxypicolinic
Biosystems Voyager-DE Pro instrument with 3-hydroxypi- acid as the matrix.
colinic acid for DNA ando-cyano-4-hydroxycinnamic acid For the detection of the photocleavage reaction by gel
for peptides as a matrix (positive modus). The irradiations electrophoresis5—7), the DNA single strands were'-5
for the photocleavage experiments were performed on a 1000abeled with {-3?P]JATP and T4 polynucleotide kinase. The
W Oriel Hg/Xe arc lamp (Oriel, Stamford, CT) with 320 labeled strands were further purified by gel electrophoresis
440 nm light. (20% denaturing polyacrylamide gel), eluted from the gel
Synthesis of the Peptide Conjugat&slid-phase bound by soaking in triethylammonium acetate (100 mM, pH 7),
and protected peptides were purchased from AnaSpec, Incethanol precipitated, and annealed in the presence of
(San Jose, CA); arginine was protected as its 2,2,4,6,7-unlabeled DNA. To the duplex DNA was then added 1 equiv
pentamethyldihydrobenzofuran-5-sulfonyl derivative and lysine of rhodium complex modified with peptide, and the sample
as its methyltrityl (Mtt) derivative. The acid-modified metal was irradiated. After irradiation, all samples were lyophilized,
complexes were coupled to the free amines of the peptidedenaturing formamide loading dye was added, and the

by standard HOBT/HBTU activated coupling reactio2g)( samples were electrophoresed on a 20% polyacrylamide
Undecanoic acid-modified thiazole orange was synthesizeddenaturing gel. The photocleavage results were quantitated
as described previously2{). The nonapeptide bfArg- by phosphoimagery (Phosphorimager, Molecular Dynamics).

(PbflsLys(Mtt)] was purchased on the solid support with Cellular Uptake ExperimentsThe rhodium complex
N-terminal Fmoc groups already deprotected. The peptidesfluorescein-modified peptide was dissolved in PBS buffer
were cleaved from the resin using 95% trifluoroacetic acid, (pH 7.2), and the concentration was determined by absorption
2.5% triisopropylsilane, and 2.5% water f® h atambient of fluorescein at 490 nm. HelLa cells (ATCC, CCL2) were
temperature and then precipitated by addition of cold diethyl grown in a solution of 89% minimal essential medium, 10%
ether. In all cases, the final products were obtained in fetal bovine serum, and 1% peniciltistreptomycin (10&)
analytical purity using a HP1100 HPLC system fitted with (all Gibco) under an atmosphere of 5% £0n glass-

a Vydac C18-packed reverse-phase column using a waterbottomed dishes (MatTek Corp., Ashland, MA), and each
(0.1% trifluoroacetic acid) (solvent A)/acetonitrile (solvent of these was used for cellular uptake experiments. Various
B) gradient and analyzed by ESI and MALDI-TOF mass amounts of peptide conjugates were added to approximately
spectrometry (Supporting Information). All conjugates em- 10* cells in medium (combined total of 20@L) and
ployed in this study were used as their corresponding incubated for varying amounts of time at 3. The cells
trifluoroacetate salts bearing a full complement of counter- were washed with PBS (R 200x«L), and then an additional
ions. The concentrations of the bioconjugates were deter-200 uL of PBS was added. Confocal microscopy was
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Ficure 1: Chemical structures of the peptide conjugates.

performed on a Zeiss LSM Pascal inverted microscope usingcomplex was synthesized with a procedure analogous to that
a planapochromate 63NA 1.4 oil immersion objective. The  recently published19), except bpy3C was used instead of
confocal microscope was equipped with an ArKr laser which bpy to provide a carboxylate for tethering of the conjugate.
was used to excite the dyes. The carboxyfluorescein wasp-Arginines were chosen because they are more biostable
excited using the 488 nm laser line. Relative fluorescence than thein-isomers. The modifications were introduced into
was measured using the Zeiss 3D for LSM software. the N- and C-termini of the peptides so that the octaarginine
Inductively Coupled Plasma Mass Spectrometric (ICP- peptide can act as a spacer and prevent possible quenching
MS) Detection of RhRhodium conjugatd was dissolved of the dyes by the metal comple3).
in PBS buffer (pH 7.2), and the concentration was determined  ag jllustrated in Figure 2, the C-terminal modification was
by absorption of fluorescein at 490 nm. Hela cells (ATCC, 4qqed to the peptide via a Mtt-protected lysine, which could
CCL2), 10 000 per vial, were seeded in a 96-well plate in e selectively deprotected. N-Terminal modifications were
200uL of medium, consisting of a solution of 89% minimal  gptained by N-acylation of the N-terminal amine by the car-
essential medium, 10% fetal bovine serum, and 1% penicil- boxylic acid-modified rhodium comple @nd2), acetic acid
lin—streptomycin (10&) (all Gibco) under an atmosphere (3), or undecanoic acid-modified thiazole orange-6),
of 5% CQ. After 24 h, the medium was replaced with fresh  hich were preactivated by a HBTU/HOBT/DIEA mixture.
medium, and 9.9L of 1 (460xM) in PBS, yielding a total  ¢jeavage of the Mt protecting group with 3% TFA in dichlo-
concentration of 2uM 1, was added. After incubation for  ,methane yields the freeamine at the lysine, which can then
1 h at 37°C, the medium was collected, and cells were e frther modified with the second group (fluorescein or
washed with 20QL of PBS. The medium and the washing gy complex). Cleavage from the resin can be performed
solution were combined and filled with water and HMO under standard Fmoc cleavage conditions, since the rhodium
a total volume of 2.5 mL of 1% HN© The washed cells .,y jexes are found to be stable under these conditions. The
were treated with 3GiL of HNO3 (70%) for 1 h atroom final products are further purified by reverse-phase HPLC
temperature ahl h at 60°C. After this, water was added 10y characterized by MALDI-TOF mass spectrometry. The

a total volume of 2.5 mL. The samples were then directly conjugates can be quantified on the basis of their absorptions
used for measuring the Rh content using ICP-MS on a g q P '

Hewlett-Packard 4500 ICP-MS system. DNA Photoclegage of the.Mismatch—SeI.eqei Conju-
gates We were interested first in determining whether
RESULTS conjugation of the CPP peptide affects targeting of the bulky

Synthesis and Characterization of Peptide Conjugates intercalator to the mismatched site. Mismatch selectivity is
Conjugatesl—5, as illustrated in Figure 1, all contain an determined primarily through DNA photocleavage reactions.
oligoarginine that serves as a CPP and are either coupled'-3?P-labeled double-stranded matched or mismatched oli-
both to a bulky metallointercalator and to a fluorophore, gonucleotides were incubated with Rpeptide conjugate
fluoresceinl, or thiazole oranges, or coupled to the metal, 1, 2, 5, or 6 for 5 min and then irradiated for 15 min. The
2, or fluorophore,3 and 4, separately. Also prepared was cleavage reaction was then analyzed by polyacrylamide gel
the rhodium complex coupled to thiazole orange with an electrophoresis (PAGE). Figure 3 shows PAGE analysis of
alkyl chain as a linker rather than an oligoarginiee,The a photocleavage reaction ofiM 1 and 1M duplex DNA
conjugates were synthesized as shown in Figure 2 by solid-AB containing a single CC mismatch. As is evident in Figure
phase chemistry. The carboxylic acid-modified rhodium 3 for 1, upon photoactivation of the Rh complex-modified
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Ficure 2: Strategy for the synthesis of conjugaless. The following reagents were utilized: (a) HOBT/HBTU, DIEAL®MF; (b) 3%
TFA, DCM; (c) HOBT/HBTU, DIEA, R, DMF or FITC, DIEA, DMF; (d) 95% TFA, 2.5% TIS, 2.5% 4. Conjugates was synthesized
in an analogous procedure, using (Fmoc)Lys(Mtt) on the solid support instead of the peptide.

peptides, highly selective cleavage is observed, only on one= 3620.4), which we have assigned to the 2,3-dehydro-
strand, one base shifted to thes&le next to the mismatched nucleotide of the cleaved DNA2p). No fragments are
site. Cleavage occurs at the same site as that of the parentbserved without irradiation (DC) or with irradiation but in
Rh(bpy)}chrysf*. Equivalent site-specific cleavage is evident the absence of (LC) (Supporting Information).

with the other peptide conjugate®, and 5 (Supporting It should be noted that MALDI-TOF mass spectrometric
Information). Preferential cleavage is apparent also at this analysis shows also no cleavage with the fully matched
site with the conjugate lacking the oligoarginine linker, duplex DNA AC (Supporting Information). The MALDI-
although with slightly less specificity. No cleavage is TOF mass spectrometric analysis of the photocleavage
observed when the DNAs are irradiated in the absende of reaction therefore fully confirms the highly selective pho-
(light control, LC) or as a mixture df and mismatched DNA  tocleavage observed by PAGE analysis.

without irradiation (dark control, DC). DNA Binding Assayssiven the presence of the appended
Also shown in Figure 3 are photocleavage studies per- oligoarginine units tethered to the metal complex, we were
formed with a matched oligonucleotidaC, and the Rk interested in determining the effect on DNA binding and

peptide conjugatel. PAGE analysis of the photocleavage selectivity. First, we examined the binding affinity dffor
reaction shows no detectable DNA cleavage with fully mismatched DNAAB in photocleavage titrations, where the
matched DNA using any of the rhodium conjugates at yield of the photocleavage reaction with different amounts
concentrations of 0.0220 uM Rh. It is therefore clear that  of DNA and rhodium peptidd is quantified by phospho-
tethering of the oligoarginine does not alter site-specific imagery. The ratio ofl to mismatched DNA duplex at the
targeting of the bulky rhodium intercalator to the mismatched photocleavage reaction was kept at 1:1. Figure 5 shows the
site by photocleavage. corresponding binding isotherm after PAGE analysis and
The photocleavage reaction may also be analyzed byquantitation of the photocleavage reaction with different
MALDI-TOF mass spectrometry2@). As shown in Figure concentrations of and theAB mismatched DNA. At high
4, the uncleaved DNAs and their doubly charged speciesconcentrations, significant scatter is evident, precluding a
are clearly apparent, as are cleavage product¥z8934.73 guantitative determination. From these data, we may estimate,
and m/z 3429.52, which correspond to thé-3and 5- however, that the constant for binding bto mismatched
phosphate-modified cleaved DNA products, respectively. DNA AB is >3 x 10’ M~ for the CC mismatch in 50 mM
These results are fully consistent with the photocleavage NaCl and 10 mM phosphate at 2C. This lower estimate
products seen by PAGE analysis. The cleavage occurs oneorresponds to an increase of at least 2 orders of magnitude
base shifted toward theé-8nd next to the mismatched site, compared to the determined binding affinity of the parent
and cleavage is apparent only on the A strand after reactionRh(bpy}chrysé™ not modified with a cationic peptider).
with the AB mismatched duplex. It is interesting that we Photocleavage studies were also performed with conjugates
also observe a second cleavage produnt?aB618.19 Mcarc 2, 5, and 6. These conjugates all exhibit selective photo-
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A: 5°-GAT GTC GGT CCC ACG ATG GTG ACG GAT TAC C-37
Mismatched DNA  B: 3-.CTA CAG CCA GCG TGC TAC CAC TGC CTA ATG G-5°

A: 5-GAT GTC GGT CCC ACG ATG GTG ACG GAT TAC C-3°

C: 3"-CTA CAG CCA GGG TGC TAC CAC TGC CTA ATG G-5°

Ficure 3: Site-specific photocleavage neighboring a DNA mismatch with the mpggitide conjugatel. Below are shown the DNA
sequences utilized for mismatched DNA, strands labAleshdB, and matched DNA, strands andC, with the CC mismatch in bold and

the site of cleavage, neighboring the mismatch, denoted with an arrow. Above is the phosphoimagery of 20% denaturing polyacrylamide
gels for photocleavage in 10 mM phosphate and 50 mM NaCl (pH A®igleft) andAB (right). Shown (left) is the phosphoimagery after
denaturing PAGE of 0.0120 uM 1 and matched DNAAC, where strandd was32P-5-end-labeled. Shown (right) is the phosphoimagery

after denaturing PAGE of AM complex1 and mismatched DNAB, where forA, DNA strandA was3®?P-5-end-labeled and fd8, DNA

strandB was 32P-5-end-labeled. On the right, selective photocleavage is evident on DNA s&raatbo denoted with an arrow, by the
rhodium peptide complexi, neighboring the mismatched site, while on the left, no photocleavage is seen. AG and CT lanes indicate
Maxim—Gilbert sequencing reactions; LC lanes indicate the light control sample irradiated without metal complex, and DC lanes indicate
the dark control incubated with the metal complex but without light.

Matched DNA
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Ficure 4. MALDI-TOF mass spectrum after DNA photocleavage by conjudafehe photocleavage conditions were¥ 1 and 1uM
mismatched DNAAB in 50 mM NaCl and 10 mM sodium phosphate (pH 7) with irradiation for 15 min. The cleavage products are marked
with numbers. The uncleaved DNA%,and2, correspond to ions atvz 9553.11 Mcac = 9553.2) and/z 9442.22 Mcac = 9442.2) with

their double-charged speciet,and5, at m/z 4775.89 Mcac = 4777.1) andnz 4721.59 Mcac = 4721.6). Cleavage producBat nvz
5934.73 Mcaie = 5934.9) and’ at mVz 3429.52 M. = 3430.2) can be observed, which correspond to ther®d 3-phosphate-modified
cleaved DNA products. Site-specific cleavage is observed only on s&rareighboring the mismatch. The cleavage occurs 1 base shifted
toward the 3-end next to the mismatched site. Atz 3618.19 M..c = 3620.4), a second cleavage prodtis found which we assign

to the 2,3-dehydronucleotide of the cleaved DNA.

cleavage at the same site asIn fact, photocleavage is we estimate that the relative binding affinities for the
observed witt2 and5 at lower DNA and peptide concentra- mismatched site increase for the complexes in the following
tions than withl. On the basis of relative photocleavage, order: 6 < 1 < 2 < 5. Clearly, the cationic oligoarginine
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35 mismatched DNA is observed, yet under comparable condi-
: tions, photocleavage is evident only on mismatchA8dand
3.0 . not on the well-matched dupleXC.
- These experiments indicate that nonspecific binding does
251 R occur with duplex DNA for the metal peptides containing
o the cationic CPP. It is perhaps not surprising that an
O 50 - P . N .
> 2 electrostatic association is evident for the cationic peptides
S : with the DNA polyanion, yet this nonspecific interaction is
8 1.54 . . not sufficient to orient the bulky chrysi intercalator inside a
X base pair binding site for strand cleavage. The photocleavage
1.0 reaction requires a close, intercalative association for reaction,
1 and this is evident only with the mismatched duplex.
054 s . P Fluorescence monitoring of the pendant thiazole orange does
1 ® not reveal this difference, but it does reveal nonspecific
0.0 +———rv —— — association of the conjugates with the duplex.
001 01 ! Cellular Uptake of Conjugate$ and 3. Cellular uptake
HMDNA, 1 of fluorescein-modified compounds and 3 in live HeLa
Ficure 5: Binding isotherm forl targeted to oligonucleotidaB cells was studied by confocal laser scanning microscopy. As

containing a CC mismatch. Photocleavage reactions were performedexpected, Hela cells incubated with«® conjugate3 for
with 0.005-0.75u4M 1 and 0.005-0.754M mismatched DNAAB c L 2o e setribg I ;
in 50 mM NaCl and 10 mM sodium phosphate (pH 7) and 60 min at 37°C exhibit an uneven_dlstnbunon &, Wlth
irradiation for 15 min. Quantitation was performed by phospho- VerY strong fluorescence apparent in the nucleus (Figure 7).
imagery after PAGE analysis as described for Figure 3. The percentimportantly, with 5«M 1, containing the CPP appended onto

cleavage corresponds to cleavage at the mismatched site normalize¢he bulky rhodium intercalator, as also shown in Figure 6,

to total counts within the lane. similar results are obtained. Fayfast and efficient cellular
8 - uptake is evident with stronger fluorescence apparent in the
nucleus. In fact, for both and3, as quickly as the confocal
7 - 1 microscopy can be performed, strong fluorescence is found

in the nucleus of HeLa cells. The incorporation of the metal
complex moiety onto the fluorescein-modified peptide ap-
pears to have no significant influence on the cell penetrating
properties of the peptide.

Given the parallel behavior df and3, we wanted also to
explore uptake by assaying rhodium directly. This assay
allows us to test whether the complex is decomposing in a
manner where the rhodium complex is shed from the CPP.
To estimate the amount of the Rh conjugate taken up by the
HeLa cells, ICP-MS detection of rhodium was employed.
After treatment of HelLa cells fol h with 20uM 1 at 37
T °C, ICP-MS measurements of solutions obtained from cell-
0. ' ' ' e . bound and free Rh show 78 0.7 ppb of the Rh conjugate

Fluorescence (A.U.)

T T T T T T T T T
500 520 540 560 580 600 620 640 660 associated with the cells and 23135.4 ppb of Rh still in
Wavelength (hm) the medium. If we assume an average cell volume of 1 pL

. : . ) (25) and therefore a total cell volume of 10 nL (10 000 cells),
Ficure 6: FluorescenceF (arbitrary units), of metatpeptide h h I-b dRh L ; v 8 mM
conjugate5 (0.1 M) with mismatched DNA {), with matched ~ theén the cell-boun concentration is approximately 8 mM,
DNA (2), and without DNA @) in 50 mM NaCl and 10 mM where the medium Rh concentratiomid 1 uM; the metat-
phosphate (pH 7); the excitation wavelength was 500 nm. The peptide conjugate appears to be concentrated within the cell.
oligonucleotides that were used at ¥ are as described inthe |t should be noted, however, that this is at best a crude
legend of Figure 3. approximation. These data only indicate rhodium associated

binding affinity; the oligoarginine and thiazole orange . tes. The ICP-M ta h tainl t th
moieties understandably contribute to overall DNA binding. Jigg: ?ﬁét iteis the inStadc? ?ﬁetaogsgtei}(;écceggwgétzu?ﬁg is €

th;iiig/uorescein moiety, on the other hand, decreases themcorporated.
The binding to DNA of the peptides modified with thiazole pscussioN

orange,4—6, can be monitored also by fluorescence spec-

troscopy. Thiazole orange is not fluorescent in the absence With the overall goal of exploring biological activities of

of DNA but fluoresces brightly in the presence of DN24J. our coordination complexes that are selective for DNA

Figure 6 shows the fluorescence increase that is observedmismatches, we were interested in finding a reliable way to

after addition of 0.JuM mismatched DNAAB or matched bring these complexes inside cells. It should be noted that

DNA AC to a solution of 0.1uM 5. Interestingly, no coordinatively saturated octahedral complexes containing the

appreciable difference in fluorescence between matched andopy ligand and derivatives are taken up inside cells without
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Ficure 7: Confocal microscopy of HeLa cells treated with peptide conjugates. Shown are fluorescence images of HelLa cells after incubation
for 60 min with 5uM 3 (left) or 1 (right) at 37°C. The excitation wavelength was 488 nm.

the need of the appended peptid8; C. Puckett, unpublished  shows rapid and efficient concentration of the conjugate

results), but attachment of the CPP potentially offers a containing the metal complex tethered to the CPP in the
dependable means of delivering metal complexes to thenucleus of HelLa cells. Moreover ICP-MS confirms that the

nucleus. We therefore attached the mismatch-selective Rh—rhodium complex is taken up by the cells. The bulky rhodium

(bpy)(chrysi)(pherd" complex top-octaarginine, which is  complex, despite its large size (11.3 A diameter) and charge,
a well-known cell-penetrating peptide that can act as a does not appear to hinder transport across either the cell or
vehicle for delivery to the nucleus,(4). nuclear membrane.

Rh(bpy)chrysf* is known to recognize and with photo- These results therefore establish a clear strategy for
activation to cleave single-base mismatches within duplex targeting octahedral metal complexes inside cells. Tethering
DNA (5—7). An important issue in appending an extended of an octaarginine as a CPP onto an ancillary ligand of the
functionality onto the metal complex scaffold is whether the metal complex offers a reliable means of intracellular
peptide would alter the mismatch targeting properties of the delivery while maintaining, at least for the bulky metalloint-
metal complex. Using photocleavage as a probe, it is clearercalators, the targeting of mismatched DNA sites. This
that the complex containing the tethered peptide still cleavesstrategy now offers a route for exploring the biological
site-specifically neighboring the mismatch. In fact, MALDI- activity of these complexes inside cells.

TOF mass spectrometry reveals that the photocleavage
products are identical to those of the parent, with cleavage SUPPORTING INFORMATION AVAILABLE
only on one strand and shifted to thes&le of the mismatch.

L ; X Synthesis and characterization of the parent metal complex
These similar features of the metgleptide conjugate and y P b

t metal I t that the orientati fth ¢ Iand complex conjugates as well as DNA photocleavage
parenl me ta.tcog.m de;x sugtge_s al te' ongr_\ atlf?n orthe m;a a experiments and controls analyzed by gel electrophoresis and
compiex at Its binding site 1S maintained in the conugate. o p|-ToF mass spectrometry for all the metgbeptide

There are important differences between the conjugate andconjugates. This material is available free of charge via the
parent metal complex, however. Photocleavage titrations asinternet at http:/pubs.acs.org.
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