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Abstract wo-Color Cell Based Assa
There are more than 500 protein kinases and 100 protein phosphostases

encoded ir_1 the human genome. Pro_tein p_hpsphorylation/deph'osphorylation Quantitative and simultaneous measurements of EGFR and phosphorylation
by thes_e kinases and phosphotases is a critical process regulating a_lmost 700 nm (red), 800 nm (green), both (yellow) of EGFR in response to EGF in the presence of EGFR inhibitor

every signal transduction event. The study of protein phosphorylation has
largely relied on conventional Western blot and enzymatic kinase assays.
Since both assays can assess only one target at a time, an additional step is
usually needed for data normalization.
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We have developed methods employing two-color infrared fluorescent tech- 700 nm alone \ / 800 nm alone 80

nology for the analysis of signal transduction events. With three different
systems (INF-y, ERK1/2, and Stat3), we have demonstrated the capability of
two-color Western blots to simultaneously detect both the phosphorylated
protein and the total protein regardless of its phosphorylation status.
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Furthermore, we have extended the assessment of the phosphorylation state
of the EGF receptor using simultaneous direct two-color immunostaining of
stimulated and unstimulated cells. Dose-response curves demonstrated that Quantification of IFN-y Stimulated Tyrosine The Amount of IFN-yR Immunoprecipitated
the quantitative cell-based assay is sensitive, highly reproducible and linear 2 Phosphorylation of INF-R o From Resting and INF-y Treated Cells
over a wide dynamic range. The ability to monitor the activation of signaling ” 250
pathways by in vitro and in situ assays should greatly facilitate the characteri-
zation of pharmacological inhibitors and target validation of specific mole-
cules within the cell.

A431 cells were seeded in a 96-well plate and grown to be confluent. The cells were serum-starved

¢ f‘i?.i;'fmm overnight. Two-fold serial dilutions of the EGFR inhibitor, PD168393, were added to wells 3 through 12, and
were incubated at 37°C for 1 hour. The cells in wells 2 to 12 were stimulated with 100 ng/ml of EGF for 15

minutes. After stimulation, the cells were fixed with 4% formaldehyde/PBS for 20 minutes at room temper-

ature and washed three times with 0.1% Triton X-100/PBS. After blocking, the total EGFR (visible in green)
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Introduction ’ : meorcsary Number of Cells (10%) ‘ and phosphorylated EGFR (visible in red) were revealed by incubation with rabbit a-EGFR and mouse

a-phosphorylated EGFR, followed by incubation with Alexa Fluor® 680-labeled goat a-mouse and IRDye
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Common visible fluorophores cannot be used effectively for direct protein IEN . — .
. . . S -y receptor was immunoprecipitated from resting (lanes 1 to 4) and IFN-y treated (lanes 5 800-1 . . .
- -labeled goat a-rabbit antibodies.
detect:jo?l on membra_netshanq I.rtw)lplastlc plagles b.ecfausedo(let‘??Ilr hlghhback to 8) cells. Two-fold serial dilutions of the immunoprecipitated proteins were separated by 9 *
(g)g;)OLJ?100uor<e)sEence '3. t'e vtISId e rz:nge. ear—_n?brlarz 4 ;;Drtop or(las SDS-PAGE, transferred onto a nitrocellulose membrane, and detected simultaneously with
back_grounryr;luoar\ézcin; I:tcloig\;inv;%?elz‘r:zrtr\':;s'pr:vi(},:ss'alr?exieI\I,:r:Zsiogvr:al mouse anti-phosphotyrosine (visible in red) and rabbit anti-IFN-y receptor (visible in green).
g . . . . . - Th 1] lor in th nel indi h n f both in a given pixel.
to-noise ratio. Furthermore, antibodies labeled with IR dyes at different wave- e yellow color in the top panel indicates the presence of both dyes in a given pixe Quantitative and simultaneous measurements of total ERK and
lengths can be used for detection of multiple targets on membranes and in phosphorylation of ERK in response to EGF in the presence of EGFR inhibitor
plates, a feature that cannot be accomplished by other technology such as . . . m am
ECL and radioisotopes. Tyrosine Phosphorylation of ERK in Mast Cells EGF Induced Tyrosine Phosphorylation Inhibit 5 E D e T ERK Phosphorylation As the Result
Induced with Multivalent Antigens Of Transcriptional Factor Stat3 nhibitor - - - - Of Inhibition of EGFR by P168393
LI-COR has developed an IR imaging system designed to image membranes Through Receptor-Bound IgE 700 nm (red), 800 nm (green), both (yellow) EGF -+ + v+ + + + o+ + + !

and plates for protein application. The imager simultaneously detects two 700 nm (red), 800 nm (green), both (yellow) 100

distinct wavelengths. A scanning optical assembly carries two laser diodes
that generate excitation light at 680 and 780 nm, as well as two avalanche
photodiodes, which detect emitted fluorescence at 720 and 820 nm. Here we
demonstrate two-color infrared fluorescent technology for the analysis of sig-
nal transduction events by in vitro and in situ assays.
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A431 cells were treated as described above. The total ERK (visible in green) and phosphorylated EGFR
. (visible in red) were revealed by incubation with rabbit a-ERK and mouse a-phosphorylated ERK, followed
Color imag by incubation with Alexa Fluor® 680-labeled goat a-mouse and IRDye 800-labeled goat a-rabbit antibodies.

Primary antibodies against INF-yR, EGFR, ERK, Stat3 and their phosphorylated PR A1 E00mE b
forms (4G 10, phospho-EGFR, phospho-ERK, phospho-stat3) were purchased
from commercial sources. Goat anti-mouse and anti-rabbit secondary anti-
bodies were labeled with IRDye 38 (800 nm, Rockland Immunochemicals) or
with Alexa Fluor® 680 (700 nm, Molecular Probes).
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The basic procedure for two-color infrared fluorescence detection is as follows:
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Rabbit antibody against the total protein regardless of its phosphorylation sta- 12345678 12345678 - —— - =t - o . .
_ 1 23 456 7 8 12 3456 7 8 wo-color Western blot and in situ assays allow two antigens to be analyzed simultaneously on the same
tus 0 I The Amount of Total ERK Loaded from Resting o T lor W t blot and t I X t o t to b .I d I.t I th
Simul ly added tp We blots or plates P And Antigen Activated Cells p” - membrane or in the same well, a feature that is critical for drug screening, yet which cannot be offered
"1 Tyrosine Phosphorylation b Quantification of EGF- 0 The fymount of Total by other technologies such as ECL and radioisotopes.
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Alexa Fluor® 680-labeled goat a-mouse (red) " =% F o £ . ) tional to the amount of antigens present on membranes and in wells without the influence of exposure
+ ol s - » 2 o time and stripping as in ECL. Infrared fluorescent analysis offers an excellent technique enabling the
f 0 5 K 1 0 ’ s 5 | large-scale analysis of signal transduction, including drug screening.
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Mast cells sensitized with anti-DNP IgE were reacted with X . X
DNPg-albumin for 5 minutes. Two-fold serial dilutions of A431 cells were stimulated with EGF for 10 minutes. Two-
Odyssey™ Analysis total cellular lysate from resting (lanes 1 to 4) and activated fold serial dilutions o_f total cellular lysate from resting Phone 800-645-4267
\ / (lanes 5 to 8) cells were separated by SDS-PAGE, trans- (IarTes 1 to 4) and activated (lanes 5.to 8) cells were separat- ® Application Note #549
ferred onto nitrocellulose membrane, and detected simulta- ed in SDS-PAGE, transferred onto nitrocellulose membrane, ‘ I'M’ Doc # 979-06809
neously with mouse antibodies recognizing only tyrosine- and detected simultaneously with mouse antibodies recog- _— An on-line version of this poster can be seen at www.licor.com
phosphorylated ERK (visible in red), and rabbit antibodies nizing only tyrosine-phosphorylated Stat3 (visible in red), Biosciences
recognizing ERK regardless of its phosphorylation status and rabbit antibodies recognizing Stat3 regardless of its

(visible in green). phosphorylation status (visible in green).





<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /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 <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. 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 best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


