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Materials: 

cyclo(Arg-Gly-Asp-Phe-Lys(mpa)) was kindly provided by GL Biochem (Shanghai) ltd 

(Purity: 98.52%, Fig. S6 and Fig. S7). Acridine orange was purchased from JING TIAN BIO 

(Shanghai). All other chemical reagents were purchased from Sigma-Aldrich and were used 

as received. 8-Oxo-8H-acenaphtho[1,2-b]pyrrole-9-carbonitrile was synthesized according to 

the reference1. 

General Experiments:  

UV-visible absorption spectra were measured using a Shimadzu UV-2550 

ultraviolet-visible-near infrared spectrophotometer. Fluorescence emission spectra were 

measured on an Edinburgh LFS920 fluorescence spectrometer with a 1000 W xenon lamp. 

Probe 2 was purified by reverse phase preparative HPLC: SunFireTM Prep C18, 4.6 mm × 150 

mm, 5μm. The mobile phase was changed from 30% acetonitrile in water (0.05% TFA) to 

40% acetonitrile in water (0.05% TFA) in 7 min, hold at 40% for 7 min. The flow rate was 40 

mL/min and UV absorbance was monitored at 214 nm. Analytical purity was assessed by 

analytical reverse phase HPLC: XBRIDGE-C18, 4.6 mm × 100 mm, 3.5μm. The mobile 

phase was changed from 10% acetonitrile in water (0.05% TFA) (0−1.5 min) to 95% 

acetonitrile in water (0.05% TFA) at 16 min. The flow rate was 1.2 mL/min and UV 

absorbance was monitored at 214 nm. 

Synthesis of 2:  

To a solution of 8-Oxo-8H-acenaphtho[1, 2-b]pyrrole-9-carbonitrile (0.0115 g, 50 μmol) in 

DMF (3 mL), c(RGDFK)-SH (0.0692 g, 100μmol) was added, and then the mixture was 

stirred at room temperature. After a few minutes, the solution became red and was left to react 

for 2 hours. The product was purified by reverse phase preparative HPLC. The fractions 

containing pure 2 were collected, freeze-dried and then stored at −20 oC (0.025 g, 55%). MS 

(m/z) calcd. for C45H49N11O9S [M+H]+ 920.34; found 920.3. 

Cell Culture:  

The HeLa (human cervical carcinoma) and SMMC-7721 (human hepatocellular carcinoma) 

cell lines were provided by Institute of Basic Medical Sciences Chinese Academy of Medical 
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Sciences. The HeLa cells were grown in MEM (Modified Eagle’s Medium) supplemented 

with 10% FBS (Fetal Bovine Serum), and the SMMC-7721 cells were grown in RPMI 1640 

supplemented with 10% FBS. Cultures were maintained at 37°C under a humidified 

atmosphere containing 5% CO2.  

Cytotoxicity Assay:  

The in vitro cytotoxicity was measured using the methyl thiazolyl tetrazolium (MTT) assay 

in human hepatocellular carcinoma cell line SMMC-7721. Cells growing in log phase were 

seeded into 96-well cell-culture plate at 1×104/well and then incubated for 24 h at 37 °C under 

5% CO2. The compound 1 (100 µL/well) at concentrations of 5, 25, 50, 100 μM were added 

to the wells of the treatment group, and 100 µL/well DMSO diluted in RPMI 1640 at final 

concentration of 0.2% to the negative control group, respectively. The cells were incubated 

for 24 h at 37 oC under 5% CO2. Subsequently, 10µL MTT (5 mg/mL) was added to each well 

of the 96 well assay plate and incubated for an additional 4 h at 37 oC under 5% CO2. After 

the addition of 10% Sodium dodecyl sulfate (SDS, 100 µL/well), the assay plate was allowed 

to stand at room temperature for 12 h. Tecan Infinite M200 monochromator-based 

multi-function microplate reader was used to measure the OD570 (A value) of each well with 

background subtraction at 690 nm. The following formula was used to calculate the viability 

of cell growth:  

cell viability (%) = (mean of Absorbance value of treatment group / mean of Absorbance 

value of control)·100.  

Fluorescence Imaging:  

Confocal fluorescence imaging, including xy-scan and spectrum-scan were performed with 

an OLYMPUS FV1000 laser scanning microscope and a 60× oil-immersion objective lens 

(1.35 numerical aperture, OLYMPUS, Japan).  

For cell imaging, cells (5×105/L) grown on 18 mm glass coverslips were washed with PBS 

and then were incubated with 20 µM 2 under serum-free medium at 37°C for 30 min. For 

competition studies, the cells were preincubated with 200 µM unlabeled c(RGDFK) for 30 

min before the addition of 20 µM 2. The cells were further incubated at 37°C for 30 min. For 
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4°C experiment, after washing with PBS, cells were incubated in serum-free medium at 4°C 

for 10 min and then were incubated with 20 µM 2 under serum-free medium at 4°C for 30 

min. Cell imaging was then carried out after washing cells with PBS. Cells loaded with 2 

were excited at 515 nm using a multiline argon ion laser. Emission was collected from 535 to 

635 nm. 

For dual-labeled imaging in the photobleaching experiments under the same excitation 

conditions, acridine orange and 2 were excited using a multiline argon ion laser at 488 nm. 

Emission of acridine orange was collected at 500-540 nm in channel-1, emission of 2 was 

collected at 560-600 nm in channel-2. After washing with PBS, cells were incubated with 20 

µM 2 under serum-free medium at 37°C for 1h. Subsequently, the cells were washed with 

PBS and then incubated with 0.5 μg/mL acridine orange in a serum-free medium for 1h at 

37°C. Cell imaging was then carried out after washing cells with PBS. Quantization by line 

plots and fluorescence decay were analyzed using software package provided by OLYMPUS 

instrument. 

Flow Cytometry Assay: 

SMMC-7721 cells and HeLa cells were detached by pipetting and by harvesting with 

trypsin, respectively. Both types of cells were washed twice with PBS. Cells pellets (1 × 106 

cells) were incubated with compound 2 (20 μM) for 30 min and 2 h at 37°C. After washing, 

the cells were resuspended in PBS and analyzed with a flow cytometry FACSCalibur. The 

collected data were analyzed using CELLQuest software (Becton–Dickinson, CA, USA). 
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Fig. S1. The HPLC-MS chromatogram of 2. 
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Fig. S2. Fluorescence spectra obtained from the living SMMC-7721 and HeLa cells incubated 

with 2 (20 µM) for 1 h at 37 °C (λex = 515 nm). 

 

 

Fig. S3. Confocal fluorescence (a and b) and brightfield (c) images of the SMMC-7721 cells 

stained with 20 μM 2 and 0.5 μg/mL acridine orange (λex = 488 nm). The signals of acridine 

orange and 2 were collected from the green channel (channel-1: 520 ± 20 nm) and red channel 

(channel-2: 580 ± 20 nm), respectively. Overlay of panels (a), (b) and (c) is shown in panel 

(d). 

a b c d
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Fig. S4. The change in the fluorescence spectra of 2 (20 μM) in DMSO/PBS (1:119, v/v) (λex= 
515 nm). 

 

N(H3C)2N N(CH3)2

.ZnCl  

Fig. S5. The structure of acridine orange. 
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Fig. S6. The HPLC chromatogram of c(RGDFK)-SH. 
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Fig. S7. The MS spectrum of c(RGDFK)-SH. 

 



Supplementary Material (ESI) for Molecular BioSystems 
This journal is (c) The Royal Society of Chemistry, 2008 

 10

References 

(1) M. Zhang, M. X. Yu, F. Y. Li, M. W. Zhu, M. Y. Li, Y. H. Gao, L. Li, Z. Q. Liu, J. P. 

Zhang, D. Q. Zhang, T. Yi and C. H. Huang, J. Am. Chem. Soc., 2007, 129, 

10322-10323. 



<<
  /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


