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Abstract
O-GlcNAcylation is the addition of β-D-N-acetylglucosamine to ser-
ine or threonine residues of nuclear and cytoplasmic proteins. O-linked
N-acetylglucosamine (O-GlcNAc) was not discovered until the early
1980s and still remains difficult to detect and quantify. Nonetheless,
O-GlcNAc is highly abundant and cycles on proteins with a
timescale similar to protein phosphorylation. O-GlcNAc occurs in
organisms ranging from some bacteria to protozoans and meta-
zoans, including plants and nematodes up the evolutionary tree to man.
O-GlcNAcylation is mostly on nuclear proteins, but it occurs in all intra-
cellular compartments, including mitochondria. Recent glycomic anal-
yses have shown that O-GlcNAcylation has surprisingly extensive cross
talk with phosphorylation, where it serves as a nutrient/stress sensor to
modulate signaling, transcription, and cytoskeletal functions. Abnormal
amounts of O-GlcNAcylation underlie the etiology of insulin resistance
and glucose toxicity in diabetes, and this type of modification plays a
direct role in neurodegenerative disease. Many oncogenic proteins and
tumor suppressor proteins are also regulated by O-GlcNAcylation.
Current data justify extensive efforts toward a better understanding
of this invisible, yet abundant, modification. As tools for the study of
O-GlcNAc become more facile and available, exponential growth in
this area of research will eventually take place.
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a b s t r a c t

Ser(Thr)-O-linked b-N-acetylglucosamine (O-GlcNAc) is a ubiquitous modification of nucleocytoplas-
mic proteins. Extensive crosstalk exists between O-GlcNAcylation and phosphorylation, which reg-
ulates signaling in response to nutrients/stress. The development of novel O-GlcNAc detection and
enrichment methods has improved our understanding of O-GlcNAc functions. Mass spectrometry
has revealed O-GlcNAc’s many interactions with phosphorylation-mediated signaling. However,
mechanisms regulating O-GlcNAcylation and phosphorylation are quite different. Phosphorylation
is catalyzed by hundreds of distinct kinases. In contrast, in mammals, uridine diphospho-N-acetyl-
glucosamine:polypeptide b-N-acetylglucosaminyl transferase (OGT) and b-D-N-acetylglucosamini-
dase (OGA) are encoded by single highly conserved genes. Both OGT’s and OGA’s specificities are
determined by their transient associations with many other proteins to create a multitude of spe-
cific holoenzymes. The extensive crosstalk between O-GlcNAcylation and phosphorylation repre-
sents a new paradigm for cellular signaling.

! 2010 Published by Elsevier B.V. on behalf of the Federation of European Biochemical Societies.

1. Introduction

O-GlcNAcylation is a common posttranslational modification
(PTM) of nuclear and cytosolic proteins. O-GlcNAcylation was ser-
endipitously discovered in experiments designed to detect termi-
nal GlcNAc residues on the surfaces of living lymphocytes, but
surprisingly nearly all of the O-GlcNAc was found to be on nucleo-
cytoplasmic proteins, where dogma said protein glycosylation was
absent [1,2]. O-GlcNAcylation occurs in some bacteria, many proto-
zoa, viruses, filamentous fungi and in all metazoans, including
plants, but thus far has not been definitively documented in yeast.
O-GlcNAcylation is distinguished from ‘‘classical” glycosylation in
the following respects: (1) It is nearly exclusively on cytoplasmic
and nuclear proteins, compared to the extracellular and luminal
localization for most other protein-bound glycosyl moieties. (2)
O-GlcNAc is generally not modified or elongated to more complex
structures. (3) Like phosphorylation, O-GlcNAcylation occurs at
substoichiometric amounts and rapidly cycles on and off polypep-
tides at different rates and at specific sites in response to different
physiological stimuli, such as hormones, growth factors, and mito-
gens [3–6] (more in review [7]).

OGT and OGA are the paired enzymes responsible for the addi-
tion and removal of O-GlcNAc, respectively. Although O-GlcNAcy-
lation has many properties similar to phosphorylation, the two
PTMs are regulated very differently. Phosphorylation is determined
by hundreds of specific kinases, each encoded by a distinct gene. In

0014-5793/$36.00 ! 2010 Published by Elsevier B.V. on behalf of the Federation of European Biochemical Societies.
doi:10.1016/j.febslet.2010.04.044

Abbreviations: O-GlcNAc, O-linked b-N-acetylglucosamine; OGT, uridine diphos-
pho-N-acetylglucosamine:polypeptide b-N-acetylglucosaminyl transferase; RNAP
II, RNA polymerase II; OGA, b-D-N-acetylglucosaminidase; PTM, posttranslational
modification; UDP-GlcNAc, uridine diphospho-N-acetylglucosamine; ES, embryonic
stem; kDa, kilodalton; TPR, tetratricopeptide repeats; hOGA, human OGA; HAT,
histone acetyltransferase; HBP, hexosamine biosynthetic pathway; ATP, adenosine
triphosphate; GFAT, L-glutamine: D-fructose-6-phosphate aminotransferase; IRS1,
insulin receptor substrate 1; RNAi, RNA interference; PUGNAc, O-(2-acetamido-2-
deoxy-D-glucopyranosylidene)amino-N-phenylcarbamate; Hsp, heat shock protein;
AMPK, AMP-activated protein kinase; MAPK, mitogen activated protein kinase;
sWGA, succinylated Wheat-Germ Agglutinin; CTD, carboxyl terminal domain; CID,
collision induced dissociation; CAD, collision activated dissociation; ECD, electron
capture dissociation; ETD, electron transfer dissociation; GalT, galactosyltransferse;
RP-HPLC, reverse phase high performance liquid chromatography; NF, neurofila-
ment; ER, estrogen receptor; TAS, tagging-via-substrate; UDP-GlcNAz, UDP-N-
azidoacetylglucosamine; DTT, dithiothreitol; BEMAD, b-elimination followed by
Michael Addition with DTT; CaMKIV, calcium/calmodulin-dependent kinase IV; PC-
biotin, photocleavable biotin; FT-ICR, Fourier transform ion cyclotron resonance;
FoxO1, Forkhead box O1; PGC-1a, peroxisome proliferator activated receptor c
coactivator-1a; SILAC, stable isotope labeling with amino acids in cell culture; GSK,
glycogen synthase kinase; iTRAQ, isobaric tags for relative and absolute quantifi-
cation; TMT, tandem mass tags; QUIC-tag, quantitative isotopic and chemoenzy-
matic tag; OA, okadaic acid; PKA, protein kinase A; AD, Alzheimer’s disease; PHF-
tau, paired helical filamentous tau; TMG, Thiamet G; eNOS, endothelial nitric oxide
synthase; PEST, Pro, Glu, Ser and Thr; IKKb, Ij kinase b; PIP3, phosphatidylinositol
3,4,5-triphosphate; TAFII110, TATA-binding protein-associated factor; TFIID, tran-
scription factor II D; GABA, gamma-aminobutyric acid; GRIF, GABAA receptor-
associated protein; MYPT1, myosin phosphatase targeting subunit 1; CARM1,
coactivator-associated arginine methyltransferase1
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V I E W P O I N T

Glycosylation of Nucleocytoplasmic
Proteins: Signal Transduction and O-GlcNAc

Lance Wells,* Keith Vosseller,* Gerald W. Hart†

The dynamic glycosylation of serine or threonine residues on nuclear and
cytosolic proteins by O-linked !-N-acetylglucosamine (O-GlcNAc) is
abundant in all multicellular eukaryotes. On several proteins, O-GlcNAc
and O-phosphate alternatively occupy the same or adjacent sites, leading
to the hypothesis that one function of this saccharide is to transiently
block phosphorylation. The diversity of proteins modified by O-GlcNAc
implies its importance in many basic cellular and disease processes. Here
we systematically examine the current data implicating O-GlcNAc as a
regulatory modification important to signal transduction cascades.

Cells respond to their environment through dy-
namic posttranslational modification of their
existing proteins. There are more than 20 post-
translational modifications that occur on eu-
karyotic proteins (1). Several of these modifi-
cations, with phosphorylation being the hall-
mark, participate in signal transduction. Gener-
ally, glycosylation is not thought to participate
directly in signaling. Complex N- and O-linked
glycosylation occurs on membrane-bound or
secreted proteins that are synthesized in the
endoplasmic reticulum and Golgi apparatus.
The lumenal or extracellular localization of
these glycans restricts their potential for dynam-
ic responsiveness to signals. In contrast, O-
GlcNAc is a simple monosaccharide modifica-
tion that is abundant on serine or threonine
residues of nucleocytoplasmic proteins (2, 3).
An O-GlcNAc site consensus motif has not yet
been identified. However, many attachment
sites are identical to those used by serine/thre-

onine) kinases, and a neural network program
has been developed to predict O-GlcNAc
sites (4). Unlike phosphorylation, O-GlcNAc
modification of tyrosine residues has yet to
be observed. Many proteins have been iden-
tified that carry this modification, including
transcription factors, cytoskeletal proteins,
nuclear pore proteins, oncogene products,
and tumor suppressors (5–7). O-GlcNAc ap-
pears to modify a large number of nucleocy-
toplasmic proteins (Fig. 1). The attributes of
O-GlcNAc, which are distinct from those of
complex carbohydrates, predict that it plays
an important role in signaling.

O-GlcNAc Meets the Requirements for
a Signal Transduction Modification
In order for a protein modification to play an
active role in signal transduction, it needs to
have certain key features. First, the modifica-
tion needs to be dynamic. For the proteins
that have been examined to date, the O-
GlcNAc half-life is much shorter than that of
the modified polypeptide chain (8). Second,
the removal or attachment of the modification
should be inducible by certain stimuli. O-
GlcNAc modification of certain proteins is
known to change in response to T cell acti-

vation, insulin signaling, glucose metabo-
lism, and cell cycle progression (6). Thus,
O-GlcNAc displays features essential for a
role in signal transduction.

Consistent with O-GlcNAc being dynamic
and inducible, regulated nucleocytoplasmic en-
zymes for the attachment [O-GlcNAc trans-
ferase (OGT)] and for the removal (O-GlcNA-
case) of the modification have been purified,
characterized, and cloned (9–12). The OGT
enzyme is modified by both O-GlcNAc and
tyrosine phosphorylation and has 11 protein-
protein interaction domains known as tetratri-
copeptide (TPR) repeats (13). OGT specifically
interacts with a variety of other proteins. Be-
cause the transferase has a variety of binding
partners and is itself Viewpointposttranslation-
ally modified, OGT’s substrate specificity, lo-
calization, and/or activity are likely to be regu-
lated by signal transduction cascades. Further-
more, the activity of this enzyme is exquisitely
responsive to intracellular uridine 5"-diphos-
phate (UDP)–GlcNAc and UDP concentra-
tions, which are in turn highly sensitive to
glucose concentrations and are known to fluc-
tuate in response to a number of stimuli (14).
Disruption of OGT activity is lethal in mouse
embryonic stem cells, underscoring the impor-
tance of this modification (15). O-GlcNAcase,
which specifically catalyzes the removal of O-
GlcNAc from proteins, is a cytosolic neutral
!-N-acetylglucosaminidase, unlike the general
acidic lysosomal hexosaminidases. Both OGT
and O-GlcNAcase are highly conserved from
Caenorhabditis elegans to humans (9, 10, 12).
Regulation of O-GlcNAc levels by these two
enzymes may be analogous to the regulation of
phosphorylation by kinases and phosphatases.

Department of Biological Chemistry, Johns Hopkins
School of Medicine, 725 North Wolfe Street, Balti-
more, MD 21205 USA.

*These authors contributed equally to this work.
†To whom correspondence should be addressed. E-
mail: gwhart@jhmi.edu
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V I E W P O I N T

Glycosylation of Nucleocytoplasmic
Proteins: Signal Transduction and O-GlcNAc

Lance Wells,* Keith Vosseller,* Gerald W. Hart†

The dynamic glycosylation of serine or threonine residues on nuclear and
cytosolic proteins by O-linked !-N-acetylglucosamine (O-GlcNAc) is
abundant in all multicellular eukaryotes. On several proteins, O-GlcNAc
and O-phosphate alternatively occupy the same or adjacent sites, leading
to the hypothesis that one function of this saccharide is to transiently
block phosphorylation. The diversity of proteins modified by O-GlcNAc
implies its importance in many basic cellular and disease processes. Here
we systematically examine the current data implicating O-GlcNAc as a
regulatory modification important to signal transduction cascades.

Cells respond to their environment through dy-
namic posttranslational modification of their
existing proteins. There are more than 20 post-
translational modifications that occur on eu-
karyotic proteins (1). Several of these modifi-
cations, with phosphorylation being the hall-
mark, participate in signal transduction. Gener-
ally, glycosylation is not thought to participate
directly in signaling. Complex N- and O-linked
glycosylation occurs on membrane-bound or
secreted proteins that are synthesized in the
endoplasmic reticulum and Golgi apparatus.
The lumenal or extracellular localization of
these glycans restricts their potential for dynam-
ic responsiveness to signals. In contrast, O-
GlcNAc is a simple monosaccharide modifica-
tion that is abundant on serine or threonine
residues of nucleocytoplasmic proteins (2, 3).
An O-GlcNAc site consensus motif has not yet
been identified. However, many attachment
sites are identical to those used by serine/thre-

onine) kinases, and a neural network program
has been developed to predict O-GlcNAc
sites (4). Unlike phosphorylation, O-GlcNAc
modification of tyrosine residues has yet to
be observed. Many proteins have been iden-
tified that carry this modification, including
transcription factors, cytoskeletal proteins,
nuclear pore proteins, oncogene products,
and tumor suppressors (5–7). O-GlcNAc ap-
pears to modify a large number of nucleocy-
toplasmic proteins (Fig. 1). The attributes of
O-GlcNAc, which are distinct from those of
complex carbohydrates, predict that it plays
an important role in signaling.

O-GlcNAc Meets the Requirements for
a Signal Transduction Modification
In order for a protein modification to play an
active role in signal transduction, it needs to
have certain key features. First, the modifica-
tion needs to be dynamic. For the proteins
that have been examined to date, the O-
GlcNAc half-life is much shorter than that of
the modified polypeptide chain (8). Second,
the removal or attachment of the modification
should be inducible by certain stimuli. O-
GlcNAc modification of certain proteins is
known to change in response to T cell acti-

vation, insulin signaling, glucose metabo-
lism, and cell cycle progression (6). Thus,
O-GlcNAc displays features essential for a
role in signal transduction.

Consistent with O-GlcNAc being dynamic
and inducible, regulated nucleocytoplasmic en-
zymes for the attachment [O-GlcNAc trans-
ferase (OGT)] and for the removal (O-GlcNA-
case) of the modification have been purified,
characterized, and cloned (9–12). The OGT
enzyme is modified by both O-GlcNAc and
tyrosine phosphorylation and has 11 protein-
protein interaction domains known as tetratri-
copeptide (TPR) repeats (13). OGT specifically
interacts with a variety of other proteins. Be-
cause the transferase has a variety of binding
partners and is itself Viewpointposttranslation-
ally modified, OGT’s substrate specificity, lo-
calization, and/or activity are likely to be regu-
lated by signal transduction cascades. Further-
more, the activity of this enzyme is exquisitely
responsive to intracellular uridine 5"-diphos-
phate (UDP)–GlcNAc and UDP concentra-
tions, which are in turn highly sensitive to
glucose concentrations and are known to fluc-
tuate in response to a number of stimuli (14).
Disruption of OGT activity is lethal in mouse
embryonic stem cells, underscoring the impor-
tance of this modification (15). O-GlcNAcase,
which specifically catalyzes the removal of O-
GlcNAc from proteins, is a cytosolic neutral
!-N-acetylglucosaminidase, unlike the general
acidic lysosomal hexosaminidases. Both OGT
and O-GlcNAcase are highly conserved from
Caenorhabditis elegans to humans (9, 10, 12).
Regulation of O-GlcNAc levels by these two
enzymes may be analogous to the regulation of
phosphorylation by kinases and phosphatases.
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Phosphoryla1on	
  VS.	
  O-­‐GlcNAcyla1on	
  

Characteris*c	
   Phosphoryla*on	
   O-­‐GlcNAcyla*on	
  

Amino	
  acid	
   S,	
  T	
  and	
  Y	
   S	
  and	
  T	
  

Enzyme	
   518	
  kinases1	
   O-­‐GlcNAc	
  transferase	
  (OGT)	
  

Mo1f	
   Consensus	
  mo1fs	
  depends	
  on	
  
kinases	
   No	
  clear	
  consensus	
  mo1fs	
  

Proper1es	
  around	
  
sites	
  

In	
  and	
  around	
  disordered	
  
regions,	
  surface	
  residues,	
  
enriched	
  in	
  charged,	
  

hydrophilic	
  (except	
  for	
  Y)	
  and	
  
highly	
  flexible	
  residues2	
  

Close	
  proximity	
  to	
  proline	
  and	
  
valine,	
  downstream	
  tract	
  of	
  

serines	
  and	
  absence	
  of	
  leucine	
  
and	
  glutamine3	
  

Predictors	
   NetPhos,	
  Scansite,	
  DISPHOS,	
  
GPS,	
  etc.	
  

DictyOGlyc,	
  NetOGlyc,	
  
OGlycPred,	
  OGPET,	
  YinOYang	
  

1.  Manning	
  et	
  al.	
  (2002).	
  The	
  protein	
  kinase	
  complement	
  of	
  the	
  human	
  genome.	
  
2.  Iakoucheva	
  et	
  al.	
  (2004).	
  The	
  importance	
  of	
  intrinsic	
  disorder	
  for	
  protein	
  phosphoryla1on.	
  
3.  Gupta	
  and	
  Brunak	
  (2002).	
  Predic1on	
  of	
  glycosyla1on	
  across	
  the	
  human	
  proteome	
  and	
  the	
  

correla1on	
  to	
  protein	
  func1on.	
  



Substrate	
  specifici1es	
  

•  There	
  are	
  518	
  known	
  
kinases	
  in	
  humans	
  

•  There	
  is	
  only	
  one	
  
known	
  gene	
  for	
  OGT	
  
in	
  mammals	
  and	
  two	
  
in	
  plants	
  

•  How	
  does	
  OGT	
  
modify	
  more	
  than	
  
1000	
  different	
  
proteins?	
  



Biological	
  role	
  of	
  these	
  PTMs	
  

BI80CH33-Hart ARI 16 May 2011 14:3
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Figure 5
O-linked N-acetylglucosamine (O-GlcNAc) signaling is crucial for proper neuronal function. (a) O-GlcNAcylation of tubulin is
important in maintaining the soluble pool of the protein during cellular rearrangement. (b) O-GlcNAc transferase (OGT) is targeted to
kinesin by the vesicle trafficking protein Milton, which regulates axonal transport. (c) Neuronal filament solubility is partially controlled
by O-GlcNAcylation. (d ) Long-term potentiation is enhanced by increases in cellular O-GlcNAcylation. (e) At the synapse, many
proteins are heavily modified by O-GlcNAc. The tau protein is O-GlcNAcylated in the normal physiological state, but in tau paired-
helical tangles, associated with neurodegenerative disease, the tau is no longer O-GlcNAcylated but is heavily phosphorylated. Miro,
Bassoon, and Piccolo are proteins.
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Case	
  for	
  crosstalk	
  

•  All	
  known	
  GlcNAcylated	
  proteins	
  are	
  also	
  
phosphoproteins1	
  

•  Same	
  amino	
  acids	
  modified	
  –	
  “Thus	
  far,	
  virtually	
  
every	
  O-­‐GlcNAcylated	
  protein	
  can	
  also	
  be	
  
phosphorylated”	
  

•  O-­‐GlcNAc	
  half-­‐life	
  much	
  shorter	
  than	
  polypep1de	
  
chain	
  –	
  dynamic	
  like	
  phosphoryla1on2	
  

•  Regula1on	
  of	
  phosphoryla1on	
  outside	
  the	
  
kinase-­‐phosphatase	
  framework	
  

1.  Wang	
  et	
  al.	
  (2008).	
  Cross-­‐talk	
  between	
  GlcNAcyla1on	
  and	
  phosphoryla1on:	
  Site-­‐specific	
  
phosphoryla1on	
  dynamics	
  in	
  response	
  to	
  globally	
  elevated	
  O-­‐GlcNAc.	
  

2.  Roquemore	
  et	
  al.	
  (1996).	
  Dynamic	
  O-­‐GlcNAcyla1on	
  of	
  the	
  small	
  heat	
  shock	
  protein	
  alpha	
  B-­‐
crystallin.	
  



Crosstalk	
  at	
  different	
  levels	
  
Yin-­‐Yang:	
  serum	
  starva1on	
  increases	
  
Thr	
  GlcNACyla1on	
  and	
  addi1on	
  
increases	
  phosphoryla1on	
  
Proximal:	
  More	
  common,	
  in	
  p53	
  it	
  
appears	
  that	
  there	
  might	
  not	
  be	
  
enough	
  space	
  for	
  both	
  PTMs	
  
	
  
Spa*ally	
  proximal:	
  Muta1ng	
  Ser189	
  (O-­‐
GlcNAc	
  site)	
  increases	
  phosphoryla1on	
  
at	
  Thr200	
  &	
  enzyme	
  ac1vity	
  
	
  
	
  
Distal:	
  Crosstalk	
  between	
  N-­‐terminal	
  
phosphoryla1on	
  sites	
  and	
  C-­‐terminal	
  O-­‐
GlcNAc	
  sites	
  regulates	
  insulin	
  signal	
  



And	
  growing	
  evidence	
  …	
  

•  Ac1va1on	
  of	
  protein	
  kinase	
  A	
  and	
  C	
  decreases	
  global	
  
O-­‐GlcNAcyla1on	
  and	
  inhibi1on	
  increases	
  it	
  

•  Inhibi1on	
  of	
  GSK-­‐3	
  increases	
  O-­‐GlcNAcyla1on	
  at	
  least	
  
10	
  proteins	
  (mostly	
  cytoskeletal)	
  &	
  decreases	
  O-­‐
GlcNAcyla1on	
  on	
  19	
  proteins	
  (mostly	
  RNA-­‐binding)	
  

•  O-­‐GlcNAc	
  found	
  to	
  regulate	
  several	
  kinases	
  and	
  OGT	
  
regulated	
  by	
  phosphoryla1on	
  

•  In	
  hippocampal	
  neuronal	
  synapses	
  eleva1on	
  of	
  O-­‐
GlcNAc	
  increases	
  phosphoryla1on	
  of	
  synapsin	
  I/II	
  at	
  
specific	
  sites	
  

•  Yin-­‐Yang	
  model	
  –	
  reciprocal	
  occupancy	
  of	
  phosphate	
  
and	
  O-­‐GlcNAc	
  moie1es	
  at	
  	
  Ser/Thr	
  



Large-­‐scale	
  study	
  

Wang	
  et	
  al.	
  (2008).	
  Cross-­‐talk	
  between	
  
GlcNAcyla1on	
  and	
  phosphoryla1on:	
  Site-­‐specific	
  
phosphoryla1on	
  dynamics	
  in	
  response	
  to	
  globally	
  
elevated	
  O-­‐GlcNAc.	
  

•  711	
  phosphopep1des	
  
quan1fied	
  

•  ~48%	
  of	
  phosphosites	
  not	
  
cycled	
  

•  Of	
  the	
  remaining,	
  increased	
  
O-­‐GlcNAcyla1on	
  resulted	
  in	
  
lower	
  phosphoryla1on	
  at	
  
280	
  sites	
  and	
  increased	
  
phosphoryla1on	
  at	
  148	
  sites	
  

•  Mul1ple	
  causes	
  anributed	
  



Bioinforma1cs	
  in	
  this	
  area	
  

•  Most	
  work	
  has	
  focused	
  on	
  Yin-­‐Yang	
  sites	
  
•  No	
  work	
  on	
  sequence	
  and	
  conserva1on	
  analysis	
  of	
  
these	
  sites	
  

•  Only	
  one	
  predictor	
  so	
  far	
  –	
  YinOYang1	
  
•  An	
  ensemble	
  of	
  nine	
  neural	
  network	
  classifiers	
  
trained	
  on	
  local	
  sequence	
  features	
  and	
  surface	
  
accessibility	
  around	
  O-­‐GlcNAc	
  site	
  

•  Runs	
  this	
  predictor	
  and	
  then	
  runs	
  NetPhos	
  –	
  those	
  
sites	
  with	
  high	
  scores	
  for	
  both,	
  predicted	
  as	
  Yin-­‐
Yang	
  sites	
  

1.  Gupta	
  and	
  Brunak	
  (2002).	
  Predic1on	
  of	
  glycosyla1on	
  across	
  the	
  human	
  proteome	
  and	
  the	
  
correla1on	
  to	
  protein	
  func1on.	
  



An	
  alterna1ve	
  approach	
  
•  Train	
  on	
  known	
  Yin-­‐Yang	
  sites	
  as	
  
posi1ves	
  and	
  any	
  sites	
  not	
  known	
  to	
  be	
  
occupied	
  by	
  both	
  PTMs	
  as	
  nega1ves	
  

•  Tried	
  as	
  class	
  project	
  by	
  Chao	
  and	
  group	
  
•  Used	
  dataset	
  from	
  Wang	
  et	
  al.	
  
•  If	
  the	
  phosphoryla1on	
  level	
  dropped	
  
significantly	
  aper	
  P/N	
  treatment	
  for	
  a	
  
specific	
  site,	
  the	
  site	
  was	
  a	
  Yin	
  Yang	
  site	
  



No	
  consensus	
  sequence	
  

Pos	
  Ser	
  
	
  
	
  
	
  

Neg	
  Ser	
  
	
  
	
  

Pos	
  Thr	
  
	
  
	
  

Neg	
  Thr	
  



Profile	
  model	
  and	
  ANN	
  
•  Window	
  centered	
  around	
  
site	
  

•  4-­‐fold	
  cross	
  valida1on	
  is	
  
used	
  to	
  evaluate	
  the	
  
model	
  

•  Feed-­‐forward	
  ANN	
  with	
  
sigmoidal	
  nodes	
  and	
  one	
  
hidden	
  layer	
  

•  The	
  input	
  layer	
  has	
  n	
  
binary	
  input	
  groups	
  for	
  
window	
  length	
  n	
  



Discussion	
  

•  Training	
  with	
  Yin-­‐Yang	
  data	
  makes	
  sense	
  as	
  
opposed	
  to	
  the	
  YinOYang	
  approach	
  
–  But	
  training	
  data	
  quan1ty	
  and	
  quality?	
  
– ANN	
  with	
  two	
  outputs	
  for	
  phosphoryla1on	
  and	
  O-­‐
GlcNAcyla1on	
  –	
  (0,	
  0),	
  (0,	
  1),	
  (1,	
  0)	
  and	
  (1,1)?	
  

•  What	
  about	
  the	
  idea	
  that	
  “virtually	
  every	
  
phosphoryla1on	
  site	
  can	
  be	
  O-­‐GlcNAcylated”?	
  

•  Other	
  features	
  such	
  as	
  intrinsic	
  disorder?	
  
•  Computa1onal	
  predic1on	
  and	
  analysis	
  of	
  crosstalk	
  
other	
  than	
  Yin-­‐Yang	
  sites?	
  



Thanks	
  for	
  listening	
  


