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Materials and general methods:

All solvents used were of analytical grade. Analyte solutions were prepared from
L-Cysteine (Cys), L-Aspartic acid (Asp), L-Glutamic acid (Glu), L-Asparagine (Asn),
L-Glutamine (Gln), L-Tryptophan (Trp), L-isoleucine (Ile), L-Leucine (Leu), L-Valine
(Val), L-Methionine (Met), L-Tyrosine (Tyr), L-Histidine (His), L-Lysine (Lys),
L-Threonine (Thr), L-Proline(Pro), L-alanine (Ala), L-Arginine (Arg), L-Serine (Ser),
L-Phenylalanine (Phe), L-Glycin (Gly), DL-Homocysteine (Hcy), reduced Glutathione
(GSH), Glucose (Gluc), Taurine (Tau) by separately dissolved in distilled water. 'H-NMR
and "C-NMR spectra were recorded on a VARIAN INOVA-400 spectrometer chemical
shifts reported as ppm (in CDCl; or CDs;OD, TMS as internal standard). Mass
spectrometry data were obtained with a HP1100LC/MSD mass spectrometer and a
LC/Q-TOF MS spectrometer. Fluorescence measurements were performed on a VAEIAN
CARY Eclipse Fluorescence Spectrophotometer (Serial No. FL0812-M018) and the slit
width was 5 nm for both excitation and emission. All pH measurements were made with
a Model PHS-3C meter.
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Scheme S1. Synthesis of RS1.
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Synthesis of Rhodamine-6G hydrozone

Rhodamine 6G hydrozone was prepared as the reference reported.”

Synthesis of RS1

Rhodamine-6G hydrozone (300.0 mg, 0.7 mmol) was dissolved in 20 mL ethanol in a
50-mL flask. 2.0 mL (excess) glyoxal aqueous (40%) was then added dropwises with
vigorous stirring at room temperature for overnight. After removal of ethanol under
vacuum, the residue was purified by flash chromatography with petroleum/ethyl acetate =
6/1 as eluent to give the yellow powder RS1 (217 mg, yield: 66.2%), mp. 282-283°C.
'H-NMR (400 MHz, CDCl3), 8y (ppm): 9.23 (d, 1H, J = 7.6 Hz, CHO), 7.98 (d, 1H, J =
7.2 Hz, C¢Hy), 7.63-7.55 (m, 2H, C¢Ha), 7.44 (d, 1H, J = 7.6 Hz, CHNN), 7.02 (d, 1H, J
= 7.6 Hz, C¢Ha), 6.34 (s, 2H, Xanthene-H), 6.28 (s, 2H, Xanthene-H), 4.17 (s, 2H, NH),
3.22-3.16 (m, 4H, CH,), 1.85 (s, 6H, CH3), 1.26 (t, 6H, J = 6.8 Hz, CH3); >C NMR (100
MHz, CDCl3), §¢ 192.55, 166.17, 153.16, 151.01, 148.19, 140.94, 135.22, 128.78, 127.16,
126.21, 124.227, 118.27, 104.14, 97.03, 76.87, 66.15, 38.40, 16.83, 14.81. IR (KBr, cm™):
3381, 2968, 2925, 2870, 1669, 1635, 1615, 1548, 1517, 1467, 1357, 1309, 1266, 1221,
1122, 824, 785, 762, 702. Q-TOF MS: [M+H]" 469.2240; found 469.2229.
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Scheme S2. Synthesis of RGCOOH by reaction of RS1 with Cys.

Synthesis of RGCOOH by reaction of RS1 with Cys

RS1 (100.0 mg, ~0.2 mmol) was dissolved in 300 mL ethanol in a 500 mL flask. Cys
aqueous solution (50 mg Cys dissolved in 10 mL H,O) was then added dropwises with
vigorous stirring at 37°C for 1h. After removal of water/ethanol under vacuum, the
residue was purified by flash chromatography with CH,Cl,/MeOH/acetic acid= 400/25/1
(volume ratio) as eluent to give the red powder RGCOOH (3.0 mg, yield: ~3.3%).
Q-TOF MS: [M]" 415.2022; found 415.2029.
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Scheme S3. Synthesis of RGCOOH by hydrolysis of Rhodamine-6G.

Synthesis of RGCOOH by hydrolysis of Rhodamine-6G

Rhodamine-6G (400.0 mg, 0.84 mmol) and NaOH (34 mg, 0.84 mmol) were mixed in
20mL methanol in a 100 mL flask. The mixture was refluxed overnight with vigorous
stirring. After removal of methanol under vacuum, the residue was dissolved in 5 mL
H,0O, and then adjusted to pH about 3.0 by addition of hydrochloric acid. The red
precipitate was collected, washed with cold water to give the red powder RGCOOH (300
mg, yield: 86%). 'H- NMR (400 MHz, CD;OD), &y (ppm): 8.22 (d, 1H, J = 6.4 Hz,
CeHa), 7.80 (m, 2H, C¢Ha), 7.36 (d, 1H, J = 6.8 Hz, C¢Ha), 6.89 (d, 4H, J = 10.4 Hz,
Xanthene-H), 3.50 (q, 4H, J= 7.2 Hz, CH), 2.15 (s, 6H, Xanthene-CH3), 1.35 (t, 6H, J =
6.8 Hz, CH3).

Scheme S4. The synthetic route of 4.

Synthesis of 4

To a 500 mL flask, RS1 (100.0 mg, ~0.2 mmol) was dissolved in 300 mL ethanol, Hcy
aqueouse (50 mg Hcy dissolved in 10 mL H,O) was then added dropwise with vigorous
stirring at 37°C for 1h. 4 is unstable when purified by flash chromatography. Q-TOF MS:
[M+H]" 586.2488; found 586.2483.
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Experimental procedure
Crystallography

The intensities of the crystal data were collected on a Bruker SMART APEX CCD
diffractometer with graphite—-monochromated Mo—Ka (A = 0.71073 z&) using the SMART
and SAINT programs.” The structure was solved by direct methods and refined on F* by
full-matrix least-squares methods with SHELXTL version 5.1.> All of the non-hydrogen
atoms were refined with anisotropic thermal displacement coefficients. Hydrogen atoms
were fixed geometrically at calculated distances and allowed to ride on the parent
non-hydrogen atoms with the isotropic displacement being fixed at 1.2 and 1.5 times of
the aromatic and methyl carbon atoms the attached, respectively.

Fig. S1. X-ray crystal structure of RS1.

formula CysHsN4O;
Mr [g mol '] 468.54
A[A] 0.71073
crystal system Orthorhombic
space group Pnma
a[A] a=19.352(4)
b[A] b=15.755(3)
c[A] ¢=8.3951(17)
VA% 2559.5 (9)
VA 4
T[K] 298(2)
u [mm™] 0.081
F [000] 992
total reflns 7957
reflns observed 2289
parameters 181
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Intensity (a.u.)

goodness-of-fit on F 1.082
R1*[1> 20 ()] 0. 0534
wR® [1> 206 (1)] 0.1493

max peak/hole [e A™] 0.414/-0.262

Rint 0.0339

R1 = (Z||Fy| - [FIVEIF.- @R = [Ew(F,” - A Ew(F)"?
Table S1. X-ray crystallographic data for RS1.
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Fig. S2. Time dependent fluorescence intensity changes of RS1 (10 uM) with 20 equiv of
Cys (a) and Hcy (b) in ethanol-PBS (0.1 M, pH = 7.00) solution (3:7, v/v, 37°C), Aex =
500 nm. Inset: Fluorescence intensity 552 nm.
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Fig. S3. Normalized response of the fluorescence signal to changing Cys concentrations.
A linear regression curve was then fitted to these normalized fluorescence intensity data,
and the point at which this line crossed the ordinate axis was considered as the detection
limit (7.35 x 10 M).* Y = 4.5278 + 0.63468 * X, R =0.98522.
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Fig. S4. Influence of pH on fluorescence at 552 nm for RS1 (10 uM) in ethanol aqueous
solution, Aex = 500 nm. The pH of solution was adjusted by aqueous solution of NaOH (1
M) or HCI (1 M).
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Fig. SS. Fluorescence spectral changes of RS1 (10 uM) in ethanol-PBS (0.1 M, pH =
7.00) solution (3:7, v/v, 37°C) upon addition of Hcy (0-1000 uM). Each spectrum was
recorded after 30 min, A¢x = 500 nm. Inset: Fluorescence intensity (Cys: 0, 100, 200, 500,
700, 1000 uM) at 552 nm.
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Fig. S6. TOF-MS of RGCOOH: Reaction of RS1 with Cys
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Fig. S7. "H-NMR of RGCOOH: (a) Reaction of RS1 with Cys (b) Hydrolysis of
Rhodamine-6G.
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Fig. S8. TOF-MS of 4
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Fig. S9. (a) Fluorescence spectral changes of RS1 (10 uM) upon addition of Cys (0, 0.1,
0.2, 0.3, 0.4, 0.5, 0.8, 0.9 uM). (b) Calibration curves for the determination of Cys
concentration in human urine using commercial Cys as an internal standard. Typical
standard curve obtained by adding graded amounts of Cys (0, 0.1, 0.2, 0.3, 0.4, 0.5, 0.8,
0.9 uM) to RS1 solution and intensity at 552 nm was recorded. The resulting linear curve
gives an intensity-Cys concentration function: I = 78.89 + 2.93C (I: intensity (a.u.), C:
Cys concentration). Condition: ethanol-PBS (0.1 M, pH=7.00) solution (3:7, v/v, 37°C).
Each spectrum and value were recorded after 30 min, Aex = 500 nm, Slite,= 10 nm, Slite,,=
20 nm.

Cell incubation and fluorescence imaging

PC12 cells and MCF cells were both cultured in DEME (Invitrogen) supplemented
with 10% FCS (Invitrogen). One day before imaging, cells were seeded in 24-well
flat-bottomed plates in an atmosphere of 5% CO,, 95% air at 37°C. Fluorescence imaging
of intracelluar cysteine was observed under Nikon eclipase TE2000-5 inverted
fluorescence microscope (excited with green light). The microscope settings (brightness,
contrast, and exposure time) were held constant before and after pretreatment of cells
with N-ethylmaleimide to compare the relative intensity of intracellular cysteine
fluorescence.

For fixed cell imaging, cells were incubated in ethanol-PBS (3:7, v/v, pH = 7.20) for
20 min, and then pretreated with a DMSO-PBS (1:49, v/v, pH=7.20) solution containing
60 uM RS1 for 30 min in an atmosphere of 5% CO,, 95% air at 37°C. For the control
experiment, cells were pretreated with ethanol-PBS (3:7, v/v, pH = 7.20) solution
containing 100 pM N-ethylmaleimide for 1.5 hrs, and then incubated with 60 uM RS1 in
DMSO-PBS (1:49, v/v, pH = 7.20) for 30min in an atmosphere of 5% CO,, 95% air at
37°C. Fluorescence imaging was then carried out after washing the cells with the PBS.

For living cell imaging, cells were incubated with 60 uM RS1 in culture medium for
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30 min in an atmosphere of 5% CO,, 95% air at 37°C. For the control experiment, cells
were pretreated with 30 uM N-ethylmaleimide for 30 min, and then incubated with 60
uM RS1 in culture medium for 30 min in an atmosphere of 5% CO,, 95% air at 37°C.
Fluorescence imaging was then carried out after washing cells with the PBS.

a.. b.! e c.. d

Fig. S10. Fluorescence (a) and brightfield (b) image of fixed MCF cells incubated with
60 uM RS1 for 30 min; fluorescence (c) and brightfield (d) image of fixed MCF cells
pretreated with 100 uM N-ethylmaleimide for 1.5 hrs, and then incubated with 60 uM
RS1 for 30 min. Condition: an atmosphere of 5% CO,, 95% air at 37°C, exposure time of
1/10 sec (Excited with green light).

Fig. S11. Fluorescence (a) and brightfield (b) image of fixed PC12 cells incubated with
60 uM RS1 for 30 min; fluorescence (c) and brightfield (d) image of fixed PC12 cells
pretreated with 100 uM N-ethylmaleimide for 1.5 hrs, and then incubated with 60 pM
RS1 for 30 min. Condition: an atmosphere of 5% CO,, 95% air at 37°C, exposure time of
1/10 sec (Excited with green light).
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Fig. S13. C-NMR of RS1

12




Supplementary Material (ESI) for Chemical Communications
This journal is (c) The Royal Society of Chemistry 2009

References:

1. Yang Y-K., Yook K-J. and Tae J., J. Am. Chem. Soc. 2005, 127, 16760.

2. SMART and SAINT, Area Detector Control and Integration Software, Siemens
Analytical X-Ray Systems, Inc., Madison, W1, 1996.

3. G. M. Sheldrick, SHELXTL V5.1, Software Reference Manual, Bruker, AXS, Inc.:
Madison, WI, 1997

4. M. Shortreed, R. Kopelman, M. Kuhn and B. Hoyland. Anal. Chem. 1996, 68, 1414.

13




<<
  /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


