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Experimental section 
 

Materials. Calf thymus DNA (ct DNA) was purchased from Sigma Aldrich and 
purified by literature methods.1a The DNA per base pair concentration was determined by 
UV/Vis absorption spectroscopy using the following molar extinction coefficients at the 
indicated wavelengths: calf thymus DNA ε260 13200 bp cm–1 M–1.1b DNA oligomers were 
obtained from Tech Dragon Limited (Hong Kong). The sequences of the oligomers are: 

 
C32 = [5′- CTCTCTTCTCTTCATTTTTCAACACAACACAC-3′] 
C42 = [5′- AGGGACGGGACCCCCCCCCAAAACCGCCCGCCTGTGGAGGGT -3′] 

 
The G-quadruplex structure was prepared by incubating C42 in Tris/KCl buffer, which 

was heated to 95 °C for 10 min and slowly cooled to room temperature. Unless otherwise 
stated, DNA binding experiments were performed in Tris buffer solution (10 mM Tris, 100 
mM KCl, pH 7.5) at 20 oC. All chemicals used for the synthesis of complex 1 were purchased 
from Sigma Aldrich and used as received. 2-Phenyl-1,10-phenanthroline was synthesized 
using literature methods.2 Stock solutions (10 mM) of 1 were prepared in DMF and further 
dilutions to designated concentrations were made using deionized water. 
 Physical measurement. Absorption spectra were recorded on a Perkin-Elmer 
Lambda 19 UV/Vis spectrometer or a Cary 300 UV/Vis spectrometer. Emission spectra were 
recorded on a SPEX Fluorolog-2 Model fluorescence spectrophotometer. Emission spectra 
and lifetime measurements for complex 1 were performed on a PTI TimeMaster C720 
Spectrometer (Nitrogen laser: pulse output 337 nm) fitted with a 380 nm filter. Error limits 
were estimated: λ (±1 nm); τ ( ±10%); φ (±10%). All solvents used for the emission and 
lifetime measurements were degassed using three cycles of freeze-vac-thaw. 

 1H NMR spectra were recorded on a Bruker DPX400 NMR spectrometer operating at 
400 MHz (1H) and 100 MHz (13C). 1H and 13C chemical shifts were internally referenced to 
solvent shifts (1H DMSO-d6 δ 2.50 ppm; 13C DMSO-d6, δ 39.5 ppm). High resolution mass 
spectra were recorded using a QSTAR XL Hybrid LC/MS/MS System. Circular dichroism 
(CD) spectra were measured on a JASCO-815 spectrometer. 
 Spectroscopic titration. A solution of the platinum(II) complex 1 (50 μM) was 
prepared in Tris buffer solution (10 mM Tris-HCl, pH 7.5). Aliquots of a millimolar ct DNA 
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solution were added. Absorption spectra were recorded in the 260–580 nm range, after 
equilibrium at 25 °C for 10 min. The intrinsic binding constant, K, was determined from a 
plot of D/Δεap vs D according to equation (1):2

 
 

D/Δεap = D/Δε +1/(Δε × K)                   (1) 
 
where D is defined as the concentration of DNA, Δεap = |εA − εF|, εA = Aobs/[complex], and Δε 
= |εB − εF|; εB and εF correspond to the extinction coefficients of DNA−complex adduct and 
unbound complex, respectively. 
 Gel mobility shift assay. A 123-bp DNA ladder (50 μM) was incubated with 
platinum complex 1 (50, 250 μM), ethidium bromide (250 μM) or Hoechst 33342 (250 μM) 
at 37 °C for 30 min, and the mixtures were analysed by gel electrophoresis (Pharmacia 
Biotech GNA-200 submarine unit with Power Pac 300 power supply, Bio-Rad) using a 1% 
(w/v) agarose gel and 1× Tris-acetate-EDTA (TAE) buffer (40 mM Tris-acetate, 1 mM 
EDTA, pH 8.0). 

Cytotoxicity test (MTT (3-(4,5-dimethylthiazol-2-yl)-2,5-tetrazolium bromide) 
assay). CCD cells were seeded in a 96-well flat-bottomed microplate at 8000 cells/well in 
100 μL of minimal essential medium (MEM-Eagle, Sigma) containing 10% fetal bovine 
serum (Invitrogen) and 1% antibiotic and antimycotic Solution (Sigma). Complex 1 and 
cisplatin (positive control) were dissolved in DMSO and mixed with the growth medium 
(final DMSO concentration ≤ 4%). Serial dilutions of each complex were added to each well. 
The microplate was incubated at 37 °C, 5% CO2, 95% air in a humidified incubator for 72 h. 
After incubation, 10 μL MTT reagent (5 mg/mL) was added to each well. The microplate was 
re-incubated at 37 °C in 5% CO2 for 4 h. Solubilization solution (10% SDS, 0.01 M HCl) 
(100 μL) was added to each well. The microplate was further incubated for 18 h. The 
absorbance at 570 nm was measured using a microplate reader. The IC50 values of 1 
(concentration required to reduce the absorbance by 50% compared to the controls) were 
determined by the dose-dependence of surviving cells after exposure to the metal complex for 
72 h. 

Emission measurement. Solutions of the platinum(II) complex 1 (1.0 μM) with C32 
or C42 oligonucleotide (0.1 μM) were prepared in Tris buffer (10 mM Tris-HCl, 2 mM KCl, 
pH 7.5). Aliquots of a millimolar stock AgNO3 solution (0–20.0 μM) or various metal ions (2 
μM) were then added. Emission spectra were recorded in the 350−700 nm range, after 
equilibration at 20.0 °C for 1 h. Excitation wavelength = 330 nm. 

Luminescence quantum yields were determined using the method of Demas and 
Crosby5 [Ru(bpy)3][PF6]2 in degassed acetonitrile as a standard reference solution (Φr = 
0.062) and calculated according to the following equation: 

 
Φs = Φr(Br/Bs)(ns/nr)2(Ds/Dr) 

 
where the subscripts s and r refer to sample and reference standard solution respectively, n is 
the refractive index of the solvents, D is the integrated intensity, and Φ is the luminescence 
quantum yield. The quantity B was calculated by B = 1 – 10–AL, where A is the absorbance at 
the excitation wavelength and L is the optical path length. 

Synthesis of chloro(2-phenyl-1,10-phenanthroline)platinum(II) (1). A mixture of 
K2PtCl4 (207 mg, 0.50 mmol) and 2-phenyl-1,10-phenanthroline (128 mg, 0.50 mmol) in 
MeCN–H2O (1:1, 20 mL) was heated at 100 °C allowing the MeCN to slowly evaporate. The 
precipitate was collected by filtration and washed with water to yield complex 1 as an orange 
solid (79 mg, 0.16 mmol, 32 %). MS (FAB): m/z 485 [M]+, 450 [M – Cl]+. HRMS (ESI) for 
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[PtL(CH3CN)]+: calcd. 491.0835, found 491.0954. 1H NMR (400 MHz, DMSO-d6, ppm): δ 
8.85 (d, J = 4.8 Hz, 1H), 8.71 (d, J = 8.2 Hz, 1H), 8.50 (d, J = 8.6 Hz, 1H), 8.04–7.93 (m, 
4H), 7.56 (d, J = 7.1 Hz, 1H), 7.39 (d, J = 7.4 Hz, 1H), 7.09–6.87 (m, 2H). 13C NMR (100 
MHz, DMSO-d6, ppm): δ 8.85 (d, J = 4.8 Hz, 1H), 8.71 (d, J = 8.2 Hz, 1H), 8.50 (d, J = 8.6 
Hz, 1H), 8.04–7.93 (m, 4H), 7.56 (d, J = 7.1 Hz, 1H), 7.39 (d, J = 7.4 Hz, 1H), 7.09–6.87 (m, 
2H). 13C NMR (100 MHz, DMSO-d6, ppm): δ 164.9, 148.3, 147.2, 142.2, 138.7, 138.3, 
137.8, 134.8, 131.4, 131.2, 129.3, 127.8, 127.4, 126.9, 125.8, 126.3, 124.3, 119.3. UV-vis 
(CH3CN, 298 K): [λ/nm (εmax/dm3 mol–1 cm–1): 249 (1.5 × 104) and 304 (1.1 × 104)]. 
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Fig. S1   UV-vis spectra of 1 (50 μM) in Tris buffer solution with ct DNA at 20 oC. Inset: plot 
of D/Δεap vs D. Absorbance was monitored at 330 nm. 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

0

0.2

0.4

0.6

0.8

300 340 380 420 460 500 540 580

λ / nm

A
bs

or
ba

nc
e



Supplementary Material (ESI) for Chemical Communications 

This journal is (c) The Royal Society of Chemistry 2010 

 
Fig. S2 Gel electrophoresis of a 123-bp DNA ladder in 1% (w/v) agarose gel showing the 
mobility of DNA. Lanes A and F contain DNA (50 μM) only. Lanes B–E contain DNA (50 
μM) in the presence of ethidium bromide (250 μM, lane B), Hoechst 33342 (250 μM, lane C), 
or platinum(II) complex 1 (250 μM, lane D or 50 μM, lane E). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. S3 Emission spectral traces of 1 (1.0 μM) and C32 (0.1 μM) upon addition of Ag+ (0–5.0 
μM) in Tris-HCl buffer (10 mM, pH 7.5) containing KCl (2 mM). Inset: Phosphorescence 
intensity at 560 nm vs. Ag+ concentration. 
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Fig. S4 CD spectrum of C42 (5 μM) at 25 °C at [Ag+]/[DNA] ratios of 0, 0.2, 4, 20 and 40 in 
in Tris buffer (10 mM, pH 7.5) containing KCl (2 mM).  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. S5 Emission spectral traces of 1 (1.0 μM) and C42 (0.1 μM) upon addition of Ag+ (20 nM) 
in Tris buffer (10 mM, pH 7.5) containing KCl (2 mM), showing a signal-to-noise ratio 
greater than 3. 
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Fig. S6 Comparative emission response of 1 (1.0 μM) and C42 (0.1 μM) upon addition of Ag+ 
or various other metal ions in Tris buffer (10 mM, pH 7.5) containing KCl (2 mM), 
demonstrating selectivity for Ag+. Group 1: Hg2+, Cu2+, Mn2+; group 2: Na+, NH4

+; group 3: 
Ca2+, Mg2+, Ba2+; group 4: Cd2+, Co2+, Ni2+, Zn2+. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Scheme S1. Schematic representation of the function of an Ag+ probe that operates based on 
modulation of the secondary structure of oligonucleotide C32 by Ag+ ions allowing 
intercalation of 1, resulting in a strong luminescence emission. 
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Table S1. Spectral properties of the chloro(2-phenyl-1,10-phenanthroline)platinum(II) (1) 
recorded in CH3CN at 25 °C. 
 

Complex UV-vis 
λ / nm ( dm3 mol–1 cm–1) 

Emission 
λ / nm  (τ/μs, φem) 

1 249 (1.5 × 104) 
304 (1.1 × 104) 

570 (6.9, 0.074) 

 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends false
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage false
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile (Color Management Off)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /FlateEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /ENG ()
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [595.276 779.528]
>> setpagedevice


