BacMam-Enabled Cellular Assays Measuring Histone Posttranslational Modifications
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Introduction

The eukaryotic nucleosome, composed of histones H2A, H2B, H3,
and H4, regulates the structure of chromatin and consequently
modulates gene transcription profiles in a concerted manner.
Nucleosome function is directly regulated by a multitude of
posttranslational modifications on amino-terminal tails of core
histones, including acetylation, phosphorylation, methylation and
ubiquitination. These modifications occur in a tightly regulated
fashion, and affect numerous cellular processes including histone
deposition, chromatin assembly, and chromosome condensation
during both mitosis and meiosis. Therefore, a number of histone
modifying enzymes have been identified as valuable targets for
therapeutic intervention.  The combination of Baculovirus-
mediated gene delivery (BacMam) with LanthaScreen® cellular
assay technology and measurements using the BioTek Synergy™
4 Hybrid Multi-Mode Microplate Reader, enables a powerful
platform for the analysis of target-specific posttranslational
modifications of histones in the cell line of interest. Specifically,
we have developed HTS-compatible cellular assays measuring
acetylation of histone H3 at Lys9, phosphorylation of histone H3
at Ser10, and the ubiquitination status of histone H2B. These
assays together with sensitive filter-based detection on the
Synergy™ 4 represent a flexible method to measure the ability of
compounds to affect histone posttranslational modifications in a
HTS-compatible format.

Figure 1 - The Activity of HATs and HDACs
Regulate Chromatin Structure and Transcription

Relaxed Chromatin = Increased Transcription

Role of HDACs on chromatin structure and transcription.
The balance between transcriptionally active and silent genetic loci
is regulated by the activity of histone acetyltransferases (HATSs)
and histone deacetylases (HDACs). HDAC inhibitors such as
Trichostatin A shift the equilibrium toward increased histone
acetylation and increased transcription.

Figure 2 - LanthaScreen® Cellular Assay Schematic
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Live Cells Expressing GFP-Histone H3 or GFP-H2B

Description: LanthaScreen® cellular assays utilize genetic fusions of GFP
with substrates known to be modified in a signal transduction pathway. GFP
serves as a FRET acceptor for modification-specific Tb-labeled antibodies in a

lysate-based immunoassay.

Specific post-translational modifications are

measured on a microplate reader as an increase in TR-FRET.

Figure 3 - Use of BacMam Delivery Method Enables
Portable LanthaScreen® Cellular Assays

« Baculovirus is an insect cell virus

« Non-replicating in mammalian cells
« Biosafety level 1

« High, CMV-driven expression

« Non-toxic to cells

« Easy to use; just add virus to cells
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Figure 4 - BacMam Enables Delivery of GFP-Histone
Fusion Proteins in the Cell Line of Interest

transduced with BacMam
GFP-H3 and Invitrogen
Organelle Lights™ ER-OFP.
24 hours post-transduction,
cells were seeded on sterile
coverslips and allowed to
adhere overnight. Cells

.h were then imaged on a
DeltaVision fluorescence

v microscope using a 60X
objective and a TRITC or
GFP filter set. GFP-H3 is
distinctly localized to the
nucleus, indicative of proper
functionality.
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Figure 5 - BacMam-Enabled Assays Measuring
Acetylation of Lysine 9 of GFP-Histone H3
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Figure 6 - Analysis of GFP-H3 Phospho-serine-10
Mediated by Aurora Kinase

Measuring Histone H3 Phosphorylation in U-2 OS Cells
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Materials & Methods: Figure 5: U-2 OS cells were transduced by plating overnight in
presence of BacMam GFP-H3 virus (directly into 384-well plates). 24 hours
posttransduction, cells were stimulated with serial-diluted HDAC inhibitor and incubated
for 3 hours. Figure 6: Cells were treated for 1 hour with serial diluted VX680 inhibitor
prior to 1 hour treatment with calyculin A (phosphatase inhibitor). Cells were then
aspirated and lysed by addition of lysis buffer containing LanthaScreen® Tb-anti-H3
[acetyl-lysine-9] antibody (top) or Th-anti-H3 [pS10] antibody (bottom). Following a 2
hour equilibration at room temperature, TR-FRET signals were measured on a Synergy™
4 Hybrid Multi-Mode Microplate Reader (BioTek Instruments, Winooski VT USA).
LanthaScreen® Tb TR-FRET instrument setup: 340/30nm excitation filter, 495/10nm and
520/25nm emission filters, 400nm dichroic mirror, 100usec delay, 200usec integration
and auto sensitivity selected. Error bars represent the average of 3 data points +/- S.E.

Figure 7 - Detection of Histone H2B Ubiquitination

Histone H2B Ubiquitination
in U-2 OS cells

0.119
0.104
0.094
.S 0.084
S o074
£ 0064
2 0.051
2 0.041
1 0.034
0.021

T T T T T T 1
104 10° 102 104 100 10' 102 10°
% BacMam H2B Virus

Inhibition of H2B Ubiquitination

in U-2 OS cells
0045
0.040 ] .
00351 E1 Inhibitor
0.0304 FilSlope | -3.057
EC50 | 6751

Emission Ratio
o
8
i

104 10°% 102 10 10° 101 102 10°
[E1 Inhibitor PYR-41] (uM)

Materials & Methods: Top: U-2 OS cells were transduced with serial-diluted
BacMam GFP-H2B virus (directly into 384-well plates). Bottom: U-2 OS cells
were transduced with a fixed concentration of BacMam GFP-H2B and immediately
treated with E1 Inhibitor PYR-41, followed by 24 hour incubation. 24 hours
posttransduction, cells were then aspirated and lysed by addition of lysis buffer
containing LanthaScreen® Tb-anti-ubiquitin-FK2 antibody. Following a 2 hour
equilibration at room temperature, TR-FRET signals were measured on a
Synergy™ 4 Hybrid Multi-Mode Microplate Reader (BioTek Instruments, Winooski
VT USA). LanthaScreen® Tb TR-FRET instrument setup: 340/30nm excitation
filter, 495/10nm and 520/25nm emission filters, 400nm dichroic mirror, 100psec
delay, 200psec integration and auto sensitivity selected. Error bars represent the
average of 3 data points +/- S.E.

Results and Conclusions

e The combination of BacMam delivery and LanthaScreen®
technologies provides a HTS-compatible technology for
measuring specific posttranslational modifications of
histones.

. BacMam enables cellular assay development in the cell
line of interest.

« A multitude of histone posttranslational modifications can
be measured including phosphorylation, acetylation, and
ubiquitination, demonstrating the flexibility of this
technology.

seBiolek

éinvitrogen

www.invitrogen.com




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /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 /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /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 true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /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 <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. 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 for quality printing on desktop printers and proofers.  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 /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


