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Chemical Biological Methods for Mapping the Role of PTMs 
Science 2000, 287, 2007; J. Am. Chem. Soc. 2002, 124, 14894; Proc Natl Acad Sci USA 2003, 
100, 14846. 
 
Introduction & Hypothesis 
• PTMs expand the diversity of gene products enormously and may be the explanation for the 
differing biological complexity of organisms with similar levels of genes. 
• Problem – when nature makes PTM modified proteins they are not synthesized under tight 
genetic control, they are synthesized by enzymes that create mixtures of multiply or partially 
modified PTM structures on the surface of proteins. These mean that it is difficult to dissect the 
function of PTM- modified proteins and then track their role.  
• Can chemical methods allow us to create, quantify, track and/or delineate their roles by providing 
controllable ways of introducing modifiable PTMs? Two examples of PTMs are illustrated here: 
glycosylation and lipidation 
  
Method Development 
• Make precise mimics of proteins modified with PTMs and see what they do 
OR 
• Construct molecules that can be fed to organisms that will allow the presence of PTMs to be 
identified, perhaps through the display of the protein on a cell surface. These molecules might 
bear functional groups (or ‘tags’) for modification. A reaction is needed for these tags so that they 
can be visualized/identified/modified. 

 
 
• One of the sugars 
that appears at the end 
of oligosaccharide 
chains that are added 
to proteins as PTMs is 
sialic acid (SA). SA is 
made enzymatically 
inside cells from the 
sugars N-acetyl 
glucosamine (GlcNAc) 
and N-acetyl 
mannosamine 
(ManNAc). A ‘salvage’ 
pathway means that as 
well as being internally 
synthesized by cells, 
ManNAc can be taken 
up by the cell from its 
external environment. 
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• Precursors bearing two types of tags (azidoacetamide NAz) and levuinoyl (Lev) were 
synthesized. The synthesis of the NAz compounds is shown (how would you make the ManLev?, 
explain the chemoselectivity). 
 
 
 
• Peracetylated compounds were made: 
acetylation increases the membrane 
permeability of the polar sugar; once the 
molecule is inside the cell, the acetyl 
groups are readily cleaved by cytosolic 
esterases. 
 
 
 
• Reactions were needed for reacting with 
the tags present in ManNAz (azide) and 
ManLev (ketone).  The reaction for reacting 
selectively with azide is shown below. From 
your knowledge of chemical tests used for 
ketones what would you use for reacting 
with the tag in ManLev? 
 
 
 
 
 
 
 
 
• The azide 
reaction is based 
on the reaction of 
phosphines with 
azide to form aza-
ylid 
iminophosphoran
es. Here it has 
been cleverly 
adapted to allow 
reaction with a 
neighbouring 
ester leading to 
amide formation. 
This is often 
referred to as the 
‘Staudinger 
ligation’ reaction. 
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• A reagent was 
created that contains a 
well known ligand 
biotin that has a strong 
affinity for proteins 
known as avidins. 
 
 
 
 
 
 
 
 
 
 
Application to Cells 
 
• Several cell types (Jurkat, HeLa) were 
incubated with peracetylated ManNaz and then 
treated with the biotin-containing phosphine 
reagent. Analysis of the cell surface using 
fluorescently-labelled avidin protein (which binds 
to biotin) showed high levels of fluorescence on 
cells. 
 

• The incubation with peracetylated ManNAz 
is not toxic as cells grow at a normal rate 
despite the fact that they are now 
incorporating a non-natural group. 
 

 
Problems? 
 
• Can you think of groups that other PTMs in proteins that might be disrupted by the phosphine? 
• In aqueous environments containing oxygen the phosphine is prone to other side reactions – can 
you see what these might be? 
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Future Applications and Developments 
 
• ‘Traceless’ variants of the ligation reaction involve 
loss of the phosphine following hydrolysis and allow 
the formation of a product that contains amide but 
not phosphine oxide. This can also be used as 
tagging method. 

 
 
 
• SAs appear on the tips of both N and O-
linked glycans on glycoproteins. A method 
that uses the galactose analogue GalNAz 
has been applied to investigating the 
presence of GalNAc. 
 



<<
  /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
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -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
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /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
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /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 ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


