Biochemistry

© Copyright 2003 by the American Chemical Society Volume 42, Number 9 March 11, 2003

Current Topics

Dynamic Nuclear and Cytoplasmic Glycosylation: Enzymes of O-GIcNAc Cytling

Sai Prasad N. lyé# and Gerald W. Hart*

Department of Biological Chemistry, The Johns HopkinsJdrsity School of Medicine, 725 North Wolfe Street,
Baltimore, Maryland 21205-2185, and Graduate Program, Department of Biochemistry and Molecular Genetics,
The Unversity of Alabama at Birmingham, Birmingham, Alabama 35294

Receied December 3, 2002; Rised Manuscript Receed January 9, 2003

Post-Translational Modification of Proteins by O-GIcNAc. catalyze the cycling of O-GIcNAc onto and off proteins,
For more than the past decade and a half, post-translationahnalogous to those that add and remove phosphates (i.e.,
modification of Ser/Thr residues of nuclear and cytoplasmic kinases and phosphatases), support this hypothesis. A unique
proteins by the O-linketll-acetylglucosamine (O-GIcNAE nuclear and cytoplasmic glycosyltransferase, O-GIcNAc
monosaccharide has been shown to be a ubiquitous andransferase (OGT), that catalyzes the addition of O-GIcNAc
dynamic form of protein modification (extensively reviewed on proteins has been purifietl), cloned, and characterized
in ref 1). This post-translational modification, often referred (14, 17—19). Likewise, its counterpart, an O-GIcNAc specific
to as O-GIcNAcylation, is found in all higher eukaryotes S-N-acetylglucosaminidase known as O-GlcNAcase that
that have been examined and is dynamic, often in responseremoves the monosaccharide, has also been purified, cloned,
to extracellular stimuliZ). Proteins modified by O-GIcNAc  and characterized?0—22). Both enzymes are highly con-
are vast in form and function; they include RNA polymerase served throughout evolution froif@aenorhabditis elegans

Il and its associated transcription facto®-6), viral (6), to Homo sapiengl7, 18, 21). The O-GIcNAc modification

oncoproteinsY), cytoskeletal §, 9), signal transductionl(), was shown to be vital for life since targeted deletion of the
and translational machinendl, 12) proteins, as well as  OGT gene results in embryonic stem cell lethality in mice
enzymes such as phosphatasé8) (and kinases 1(4). (23). Other forms of cytosolic glycosylation that may exist

O-GlcNAcylated proteins have been shown to form revers- include O-fucosylation, O-glucosylation, and mucin type
ible multimers in large protein complexes and are also O-glycosylation, and these have been extensively reviewed
phosphorylated. The sites of O-GIcNAc modification are elsewhere &5, 66).

often the same or adjacent to sites of Ser/Thr phosphoryla- While much is known about the characteristics of O-
tion, suggesting a role in regulation analogous to or competi- GIcNAcylation, the overall and specific function(s) of the
tive with phosphorylationX5). Thus, it is hypothesized that  modification remain elusive. Since comprehensive reviews
O-GIcNAc regulates the functions of proteins, either exclu- on the O-GIcNAc modification and its cycling are present
sively or in concert with phosphorylation. Enzymes that in the literature {, 24), this review will focus on the enzymes
that cycle O-GIcNAc addition and removal (i.e., the OGT
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wanger et al. using conventional and affinity chromatography unpublished observations), definitive evidence identifying the
from rat liver (L6). The rat liver enzyme was found to be a exact residue(s) involved in the binding is still lacking. Of
holoenzyme consisting of two 110 kDa subunits and one 78 note, however, is the observation that deletion of the extreme
kDa subunit, migrating with an apparent molecular weight C-term from residue 944 to 1037 results in a catalytically
of 340 kDa (6), indicating that the enzyme likely existed inactive OGT (4, 30), adding to the notion that the active

in a heterotrimer complex. It was found that the OGT had site indeed resides in the carboxy terminus. Interestingly,
an unusually low appareit, (0.545 uM) for UDP-GIcNAc these analyses of the carboxy terminus of OGT place it into
(16), with the resulting UDP product strongly inhibiting the superfamily of glycogen phosphorylase/glycosyl trans-
activity (greater than 50% loss at less than 0.5 ul¥)( ferase (GPGTF) protein®29), some of whose members
Radiolabeling studies performed with a noncleavable specific include glycogen phosphorylase, maltodextrin phosphorylase,
photoaffinity probe revealed the 110 kDa subunit to contain and bacterial UDP-GIcNAc 2-epimerase. However, definitive
the enzyme’s active site. Using conventional cloning tech- structural evidence such as X-ray crystallography or NMR
niques, the cDNA for the 110 kDa subunit was cloned and solution structures remain to be performed to confirm the in
characterized1(7, 18). silico analyses.

OGT—Gene and Primary Structur€loning and assembly Southern blot analysis of the OGT gene shows it to be
of the cDNA of the 110 kDa OGT subunit from rat liver highly conserved throughout evolution in higher eukaryotes,
revealed it to be a polypeptide of 1037 amino acitig).( from the nematode to mad 7). While the modification and
Simultaneously, the&C. elegansand a partial human OGT  the enzyme have not been foundEscherichia coli weak
sequence was also cloned and publishEg). (At the time homologues have been found in archea bacteria and metha-
of initial publication, the published human OGT sequence nobacteria. While O-GIcNAc modified proteins have been
was shown to be smaller than the rat or worm sequences,found in the filamentous funghspergillus oryza¢31), it is
with 921 amino acids. However, recent fine mapping of the not clear whether this activity is due to the cloned OGT (or
OGT gene 26) revealed that the human OGT gene is actually its homolog) or an unrelated O-GIcNAc transferase. How-
1036 amino acids, indicating that the initial published ever, to date, no clear OGT homologue has been found in
sequence was a partial one. Comparison of the completethe yeasSaccharomyces cerisiaeor S. pombeThus, while
human and rat sequences show that both sequences arthe evidence of the O-GlcNAc modification or the OGT
virtually identical (-99% identity). Expression of the OGT enzyme in yeast is lacking, we cannot disprove its occur-
cDNA in CHO-K1 and Hela cells resulted in corresponding rence. It is possible that there may be other monosaccharides,
increases in OGT activity, indicating that the cloned cDNA such as O-mannose, that may play the same role as
indeed encoded for the OGT enzyni&,(18). Interestingly, O-GIcNAc does on proteins. Alternatively, it is also entirely
antibodies raised against the recombinant OGT also reactedblausible that there may be an OGT in yeast that is not related
with the 78 kDa subunit, indicating that it was either a to the cloned OGT on the primary level. There is one ex-
proteolytic fragment or derived via an alternative start site ample of this in the literature. The-toxin from Clostridium
from the OGT cDNA. While the 110 kDa is ubiquitously nowyi has been shown to be an O-GIcNAc transferase that
expressed in most all tissues that have been examined so fashows specificity for the Rho subtype proteig)( Analysis
to date, the 78 kDa fragment has limited tissue distribution of the a-toxin sequence shows very little homology to the
(17), suggesting that there might be a unique relationship cloned OGT sequence; yet it is an OGT. Therefore, there
between the 110 kDa and the 78 kDa, perhaps in a regulatorymight be a similar situation in yeaSt cereisiaeor S. pombe
manner, analogous to the p110 and p85 subunits of PI-3 To date, there has been only one OGT gene that has been
kinase. OGT is expressed in high abundance in tissues suchdescribed in mammalsly, 18, 26). The OGT gene was
as brain (MRNA and protein) and pancreas (mRNA), relative targeted in mouse and deleted using a Cre recombinase based
to other tissues that have been examingd, (L8). The approach Z3). Deletion of the OGT locus in mice resulted
enzyme bears post-translational modifications itself; it is tyro- in embryonic lethality, down to the single cell level,
sine phosphorylated and is itself modified by O-GICNA)( indicating that the enzyme is essential for lif28). Tissue

Analysis of the OGT sequence revealed a very distinct specific targeted deletion of the OGT locus resulted in
bi-modular nature to the enzyme. The amino terminal half developmental ablation of those targeted organs, indicating
of both rat and human OGT consists of 11.5 tandem the further importance of OGT and the O-GIcNAc modifica-
tetratricopeptide repeats (TPR), whereas the worm sequencgion in development (O’Donnell, N., personal communica-
consists of 13 TPRs1{, 18). TPRs or TPR domains, in  tion). TheOGTgene has been mapped to the X chromosome
proteins that contain them, are protejorotein interaction in mice and humans (Xq13.1) via radiation hybrid PCR and
domains 27, 28). The role of the TPR domain of OGT will  FISH (23, 26). This region is of significance since the loci
be reviewed in detail below. for X-linked dystonia Parkinsonism (DYT3) also maps to

Initially, the carboxy terminal half of the OGT was found Xq13.1 6). The potential involvement of OGT in neuro-
to be unique, with no homology to any known protein. logical disorders is not without precedence since numerous
Recently, however, alignment of the carboxy termini of OGT proteins involved in neurological disorders have been shown
sequences from different species predicts that that it adoptsto be extensively modified by O-GIcNAc, such as the
a fold that consists of two Rossman-like domair2g)( microtubule associated protein tad3| and S-amyloid
Furthermore, a conserved acidic residue in one of the helicesprecursor protein34), both of which have been implicated
of the second domain identifies this region as a putative in the etiology of Alzheimer’s disease.

UDP-GIcNAc binding site 29). While there is some While there is only one reported OGT gene in mammals,
preliminary evidence of the carboxy terminus containing the two OGT genes have been reported to exist in plants. The
UDP-GIcNAc binding site (Kreppel, L. K., and Hart, G. W., Arabidopsis thaliangpindly (SPY) protein is an important
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component of the gibberellin (GA) signaling pathw&p{ activity was dramatically reduced toward a 10 repeat (70mer)
37), and it has been shown to have a significant level of RNA polymerase Il carboxy terminal domain (CTD) repeat
homology to OGT 86, 38). Mutations in SPY suppress the peptide (CTQy) (46). Interestingly, the CTD peptide must
effects of GA deficiency, and it is thought that SPY be at least 10 repeats long to be a good substrate for OGT;
negatively regulates GA signalin@%—37, 39). Whether lesser repeats are either not substrates at all (GTD) or
SPY is a valid OGT and possesses OGT activity is unclear are very poor substrates (CE)Pindicating that the glyco-
since the evidence that SPY is an OGT are prelimind®y. ( sylation of CTD repeats may involve a unique mechanism
Interestingly, SPY mutants show reduced levels of O- (46). The CK Il 12mer peptide is considerably shorter than
GlcNAcylated proteins4l), indicating that there are possibly the CTD 70mer peptide; therefore, it is possible that larger
additional OGTs in plants. This led to the isolation and peptide substrates may require multiple points of contact with
cloning of another gene called Secret Agent (SEC), which multiple TPRs to be efficiently glycosylated by the enzyme.
shows considerable resemblance to both SPY and @@&T (  This may hold true for protein substrates as well. Similar
Bacterially expressed and purified recombinant SEC has beerstudies were performed with the recombinant partial human
shown to be modified by O-GIcNAc, suggesting that it OGT enzyme expressed . coli (14). However, studies
autoglycosylates itsel4@). However, this may be a result performed in this report are problematic since these authors
of endogenoug. coli glycosyltransferases modifying SEC. were unaware that they were working with a mutant form
Therefore, SEC’s ability to O-GIcNAcylate protein or peptide of the enzyme since their original clone lacked two and a
substrates remains to be demonstrated. Interestingly, whilehalf TPRs. Thus, these studies are considered inconclusive.
mutations in SEC did not exhibit obvious phenotypes, SEC The TPRs may also play a role in mediating OGT'’s own
mutants exhibited synthetic lethality when combined with post-translational modifications as well. While the full-length
mutations in SPY 42), indicating that both proteins have recombinant OGT (expressed in baculovirus) &A&610OGT
overlapping functions that are indispensable for life in plants, are tyrosine phosphorylated, t OGT TPR deletion is
consistent with the role of OGT in animals. not phosphorylated, indicating that TPRs 1 may contain
OGT-TPR Domain-Roles in Multimerization, Substrate the site of tyrosine phosphorylatiofd). The glycosylation
Specificity, and Interacting Protein§PRs are composed of ~ of the TPR deletion mutants (up to 9 TPRs) is unaffected,
34 amino acid repeats that contain the consensus sequencand all mutants are efficiently O-GlcNAc modified 9).
W-L—-G-Y—-A—-F—A—P, which is often loosely conserved Thus, the multimerization of OGT mediated by the TPRs
(43, 44). These repeats often occur in tandem or separatelyaffect substrate specificity toward certain protein substrates
and modulate protetprotein interactions either in serial or  and also affect its post-translational modifications. We have
random combinations of TPRs. Different combinations of proposed that the specific combinations of TPRs may
TPRs can result in different combinations of binding partners, function as docking sites for protein and large peptide
resulting in different functional consequencds,(44). The substrates, both targeting and controlling the specificity of
TPR domains of protein phosphatase 5 (PP5) has been solvethe catalytic subunit (lyer, S. N., and Hart, G. W., unpub-
and reveal that each repeat forms a pair of antiparallel lished observations, reéf9).
a-helices, acting as superhelical structures in pretpiotein Another important role of the TPR domain of the OGT is
interactions 45). to mediate proteirrprotein interactions with other interacting
Systematic deletion of individual sets of TPRs of the OGT proteins. Two recent reports of OGT interacting proteins have
have clearly shown that one of the key functions of the TPR been described. Kudlow’s group have reported that the co-
domain is to facilitate subunitsubunit interaction 19). repressor protein mSin3A interacts with OGJ0). It was
Recombinant rat OGT, expressed and purified from bacu- shown that TPRs 16 mediate the binding of OGT to the
lovirus, exhibits identical kinetic parameters and enzymology PAH4 domain of mSin3A30). mSin3A is found complexed
as the native enzymel9). The recombinant enzyme is a with histone deacetylases and is thought to mediate tran-
homotrimer, and this trimerization is mediated by the TPR scriptional repression by recruitment of histone deacetylases
domain. Deletion of the first five and a half TPRs results in (47, 48). This discovery was made partly on the basis that a
the enzyme’s inability to assemble into a trimer, indicating Gal4-TPR 16 fusion protein was able to repress transcrip-
that the first six TPRsA6 OGT) contribute to subunit tion from a Gal4 responsive reporter. By binding to OGT, it
subunit associatiorll@). Deletion of the first three TPRAR is thought to recruit a subset of OGT to mediate repression
OGT) results in the enzyme’s ability to oligomerize but ina of target genes, in concert with histone deacetylation, by
salt dependent manner. Under high salt conditions (1 M O-GIcNAc modification of transcription factors and tran-
NaCl), theA 3 OGT enzyme dimerizes, and under physio- scriptional machinery proteins, leading to their inactivation.
logical conditions (150 mM NacCl), it trimerize49). Similar This would result in efficient gene repression and silencing.

results were obtained by Yang et aBOJ, where they We have recently reported the identification and cloning
demonstrated that TPRs-B were fully capable of binding  of a novel family of coiled-coil domain proteins that interact
full-length OGT. with OGT (59) isolated by a yeast-two hybrid screen. The

Interestingly, prevention of the multimerization of OGT members of this family are GRIF-1 (GABAassociated
by deletion of the first six TPRs did not affect its activity protein) and OIP106 and their various species orthologs. Both
toward certain small peptide substrates. Similarly, both the proteins have highly identical amino terminal halves, with
dimer and the trimer forms of the enzyme exhibited similar loosely conserved carboxy termini. Both proteins interact
kinetic properties 19). However, while the activity of the  with the TPR domain of the OGT and bind OGT stoichio-
A6 OGT toward a 12mer casein kinase Il (CK Il) acceptor metrically 69). In addition, both proteins are also modified
peptide and several other short synthetic peptides wasby O-GIcNAc, indicating that they are also substrates for
unaffected relative to wild-type full-length enzyme, it's OGT. However, Nup62, which is heavily modified by
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Ficure 2: UDP-GIcNAc is an ideal metabolic sensor. Levels of

Targeting of OGT to distinct " >
| UDP-GIcNAc in the cells are dramatically affected by all the

subcellular locations mediated

by TPR interacting proteins . I: indicated factors. Glucose metabolism is highlighted, in the context
- V4 of this review, since 25% of glucose that is uptaken by the cell
.. Nucleus .~ (depending on cell type) is converted into UDP-GICNAc via the

. . I _ hexosamine biosynthetic pathway.
Ficure 1: Targeting of OGT via TPR interacting proteirBy

binding to proteins such as mSin3A, OGT would be targeted to . . . .
the nucleus for gene silencing events, in concert with histone IMPlicated the carboxy terminal half of the OGT as contain-

deacetylases. Interactors such as the OIP106/GRIF-1 family of ing the active site and the UDP-GIcNAc binding site; a notion
proteins would target OGT to the nucleus and to GABAceptor has been further supported by the in silico analysis reviewed
complexes. In the nucleus, OIP106 would target OGT to Pol Il gphove. Studies performed with the recombinant rat OGT

containing complexes; however, it is unclear as to what effect this
kind of targeting would have on transcription. TPRs6lof the revealed that the enzyme had three appakgnvalues for

OGT have been implicated in interacting with at least these three UDP-GICNAC (6, 35, apd 217. uMJL0). Furthermore, studies
known interactors, indicating that these TPRs could mediate theseperformed on synthetic peptide substrates demonstrated that
distinct events by forming specific complexes through different the activity of OGT was clearly dependent on UDP-GICNAC
combinations of individual sets of repeats. concentrations, with activity dramatically increasing with
concentration 19). Further studies performed using the

O-GIcNAc, does not stably interact with OGT, indicatin .
y g CTD;omer as a substrate showed that the enzyme is never

that just being a substrate is not enough of a requirement to . 4 :
interjact stab%/ with the enzyme. Us?ng a TP?? deletion saturated with UDP-GIcNAc, even at concentrations as high

approach, TPRs 26 have been implicated in binding to as the Ii_mit of solubility (50 mM)49). Interestingly, analysis
OIP106 (lyer, S. N., and Hart, G. W., unpublished observa- of the kinetics reveal that the enzymology of the OGT (full-
tions). GRIF-1 was initially isolated and cloned as a novel length 3“dA6 OGT) is consistent W"Fh a ra”d.om bi-bi
protein that associates with tf#2 subunit of the GABA mechamsm._ Therefore, the_ obser\{atlpn .that it is never
receptor 60) and was shown to be expressed only in excit- saturated with UDP-GIcNACc is very intriguing. It has been
able tissue such as brain, heart, and muscle. OIP106 displaySU99ested that perhaps the enzyme goes through a covalent
a more ubiquitous expression patteB®)(and localizes to intermediate (Mildvan, A., personal communication). Re-

the nucleus in HeLa cells. Both confocal and electron micros- 92rdless, it is apparent that OGT is very sensitive and
copy showed that OIP106 co-localized with a subset of RNA f€SPonsive to even the slightest shifts in the concentrations
polymerase lla, and this was confirmed biochemically by ©f UDP-GICNAC. In the cell, this is a very important
showing the existence of an in vivo Pol H®IP106-OGT physmloglcal consequence since UI:_)P—GIcNAc levels can
protein complex$9). These findings are significant since it  "'S€ and fall drama’_ucally, especially in response to F,"asma
has been shown that RNA Pol Il and its associated transcrip-9/Uc0S€ concentrations. Indeed, as summarized in Figure 2,
tion factors are heavily modified by O-GICNAG5). UDP-GIcNAc is an ideal metabolic sensor. As much as

OIP106 may mediate their glycosylation by targeting OGT 2~>% of glucose is metabolized to UDP-GIcNAc, depending
to such complexes5Q). GRIF-1 is thought to target OGT =~ UPOn the cell-type, via the hexosamine biosynthetic pathway

to GABA, receptor complexes in a similar manner. (63, 64). Furthermore, importar_nly, r_ecent evidencg ha}s
Thus, in addition to OGT’s enzymology, it is clear that shqwn that eIeyatgd O-GIcNAc is a direct cause of insulin
the first 6 TPRs also influence its binding partners. We resistance, which is the hallmark of type Il diabete§ 61).
speculate that perhaps the multiple functions attributed to It is clear that the OGT is influenced by a variety of
the first 6 TPRs could be facilitated by different combinations factors, allowing for very complicated and involved mech-
of individual sets of TPRs, with one combination of specific anisms of regulation. While much has been delineated about
TPRs mediating multimerization, whereas another combina-the enzyme, it is still not clear as to how the enzyme is
tion mediating interaction with the mSin3A complex and yet exactly regulated. It is unclear as to how the post-translational
another mediating interactions between GRIF-1-GABA modifications on the enzyme affect its function. It is likely
receptor and OIP106Pol Ila protein complexes (Figure 1). that the discovery of mSin3A and the OIP106/GRIF-1 protein
This has precedence, one example of which are the yeasfamily as OGT interactors just represent the beginning of a
cell cycle proteins Cdc16, Cdc23, and Cdc27 that all contain possible long list of as of yet unidentified proteins that
TPR domains. They all interact with each other via their TPR regulate OGT'’s function and localization in a similar manner,
domains, and each specific interaction is mediated by specificby selectively recruiting it to specific locations in the cell or
sets of TPRsH1). by perhaps modulating its enzymatic activity. This is a
One important conclusion that was derived from the TPR reasonable speculation since we have already isolated over
deletion studies are that catalytic activity of the OGT is not 30 unique cDNA clones potentially encoding for different
dependent on the TPRs or its ability to multimerize. This polypeptides in our initial yeast two-hybrid screesd). It
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is also unclear as to what the role of the 78 kDa subunit is. &g},z

Clearly, much work remains to be done. A Nucleus
O-GlcNAcase-The EnzymeSeveral years ago, the O- o s

GlcNAcase -N-acetylglucosaminidase, EC 3.2.1.52) was \ Exeeutioner

purified via conventional chromatography from rat spleen \\ frotease

(20) and characterized. The purified enzyme was designated /

as a hexosaminidase C, based on its characteristics of having ~ -¢/eNAease l
a neutral pH optimum, nucleocytoplasmic distribution, and

selectivity for the removal of GIcNAc and not GalNA2Q). " Unrestrited
Subsequently, using a modified protocol based on the original Neem_ / Nucis
purification scheme, the enzyme was purified from bovine /Dg, —~CGomani) "

brain, sequenced via mass spectrometry, and its cDNA was of ety

A= 0-GleNAe
cloned from a human brain librarg1). Several proteins that .
70 b Ficure 3: Model of O-GIcNAcase deregulation during apoptosis.

strongly. co-purified with th? enzyme_vyere als_o |dent|f|eq, In the apoptotic pathway, the O-GIlcNAcase would get cleaved by
suggesting that these proteins co-purified by virtue of being the executioner protease caspase-3. The resuitiitgkDa carboxy

strongly associated with O-GIcNAcase. These are the heatterminal fragment would then translocate to the nucleus, and then
shock proteins hsp110 and hsc70, cullin, TATA binding be free to deglycosylate key apoptotic proteins that may be involved
protein 120 (TIP 120) calcineurin, amphiphysin, and dihy- in the pathway. How the putative acetylase activity of the cleaved
dropyrimidinase-related protein 2 (DRP-2Jlf. Subsequent O-GlcNAcase fragment may contribute to this pathway is unclear
py p ‘ q at this time (as symbolized by the question marks).

studies ruled out hsp110, hsp70, cullin, and TIP120 as

potential interacting protein22p). Studies performed with The homology of O-GIcNAcase to hyaluronidases is weak.
recombinantE. coli expressed enzyme showed that the On the basis of this and the prediction that it is a member of
O-GIcNAcase is monomeric, migrating at its apparent the GNAT superfamily, it is reasonable to suggest that
molecular weight of-130 kDa @2). This is significant since  perhaps it also may have acetyltransferase activity as well.

native O-GIcNAcase activity migrates at600 kDa @2), This is a testable hypothesis, given that the recombinant
indicating that in the cell, the enzyme may be complexed O-GIcNAcase has been expressed and purified fEowoli.
with some of the above co-purifying proteins. If indeed O-GIcNAcase possesses acetylase activity, this

Confirmation of the cloned cDNA as the O-GIcNAcase would not only make it a very unique multifunctional
enzyme was established by demonstrating that the recom-enzyme, but it would also fit in with the model of the role
binant protein had very high activity, including the ability of O-GIcNAc in the transcriptional cycle that has been
to selectively remove GIcNAc, but not GalNAc from proposed46). It has been shown that the IIA form of RNA
glycopeptides41, 22), with kinetic parameters identical to  polymerase Il, found exclusively in preinitiation complexes,
the native enzyme. Furthermore, overexpression of the cDNA is extensively modified by O-GIcNAc in its carboxy terminal
in mammalian cells reduces O-GIcNAc levels on nuclear and domain (CTD) that contains multiple repeats of the heptad
cytoplasmic proteins2?). O-GlcNAcase is a 916 amino acid sequence YSPTSPS)( During transcriptional elongation,
protein, with a predicted molecular weight 6f100 kDa, which follows promoter clearance, a set of enzymatic events
and an apparent molecular weight of 130 kDa. It is expressedoccur that involve acetylation of histones to loosen and open
in every tissue that has been examined, especially b24)n ( chromatin and hyperphosphorylation of the CTD. The sites
and is conserved highly throughout evolution, with homo- of glycosylation and phosphorylation on the CTD have been
logues inC. elegango mammals. The O-GIcNAcase gene shown to be overlapping. Indeed, the presence of either
localizes to 1092441, 50). This locus maps to the late onset maodification blocks the occurrence of the other modification
Alzheimer’s disease geng4—54). Therefore, like the OGT,  (i.e., glycosylation of the CTD inhibits the activity of the
it would seem that O-GlcNAcase also may directly be CTD kinase 46)), indicating that these modifications are
involved in neurological disorders. mutually exclusive. Therefore, it can be envisioned that by

Surprisingly, the cloned sequence did not show any possessing dual activities of a potential acetylase, as well as
homology to known glycosidases. Instead, it showed loose removal of the sugar, O-GIcNAcase may function as an
homology to a number of proteins, most notably hyal- integral and novel component in the transcriptional cycle.
uronidases and acetyltransferases. This is interesting since O-GIcNAcase-Splice Variants, Localization, and Regula-
earlier, the cloned O-GIcNAcase sequences was identifiedtion. The O-GIcNAcase protein is expressed in two forms,
as MGEA5, meningioma expressed antigen 5 protein thatthe 130 kDa form and a splice variant that migrates at an
induces an immune response in meningioma patiés@s (  apparent molecular weight of 75 kD21 50, 56). Both
Meese and co-worker$Q) had shown that MGEAS pos-  variants are expressed ubiquitously in various human tissues
sessed weak hyaluronidase activity, indicating that O- and throughout mouse developmes)( The 75 kDa splice
GlcNAcase has dual functions. Recently, comparison of the variant is a result of an alternative stop codon, resulting in
O-GIcNAcase sequence to a variety of acetyltransferasesa protein lacking that C-terminal third of the full-length
places it in the GCN5-related family of acetyltransferases O-GlcNAcase. Meese and co-workers have characterized the
(GNAT) (55). It is also predicted that the GNAT homologous 75 kDa splice variant as being a nuclear protein in the
region in the C-terminal half contains the O-GIcNAcase glioblastoma cell line TX386856). Furthermore, the 130
activity. The putative weak hyaluronidase activity is predicted kDa variant was shown to be mostly cytoplasmic, when
to reside in the N-terminal half. Thus, the O-GIcNAcase is overexpressed in mammalian celsl) and in the TX3868
predicted to have dual domain structure, separated by a linkercell line (56). These results were further confirmed by
sequence in the middle of the molecule. performing immunofluorescence with a C-term specific
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O-GIcNAcase antibody and localizing the endogenous 12.
enzyme predominantly to the cytoplasm in CHO-K1 cells
(22). Interestingly, mild reactivity in the nucleus at distinct
punctate sites was also notic&®), indicating that a fraction

of the enzyme localized to the nucleus. This nuclear reactivity
is likely not to result from the 75 kDa since the smaller splice
variant terminates before the extreme C terminal sequence
used to generate the antibody. The biochemical localization 16.
correlates well with the O-GIcNAcase activity found in these
subcellular fractions~90% of the activity resides in the
cytoplasm, with~10% activity found in the nucleu®). It

is known that the 75 kDa splice variant does not possess
O-GIcNAcase activity22), indicating that the carboxy termi-
nus is necessary for activity. Currently, it is unclear as to 5;
what the role of the smaller splice variant is. Several hypoth-
eses can be proposed, including potential roles of the 75 kDa 22.
as serving as a regulatory subunit, perhaps by competing ,,
for interacting proteins with the larger splice variant.

One of the post-translational modifications that occurs on
O-GIcNAcase is cleavage by the apoptotic protease, caspaseg"'-
3 (22). Caspase 3 is the executioner caspase in the apoptotic
pathway B7). It has been shown that O-GlcNAcase is 2s.
efficiently cleaved by caspase 3 generating a 65 kDa C term 27.
fragment (as ascertained by the C term specific antibody)
(22). Most interesting is the observation that cleavage of the
enzyme had no effect on its activity in vitro. This is not  29.
unprecedented since other caspase 3 substrates such as th&0-
phosphatase calcineuri®8) and PKCo (62) also retain
complete activity upon cleavag®g). It is reasonable to
suggest that perhaps cleavage of the O-GIcNAcase into its
individual fragments leads to dys-regulation of its enzymatic 33
activity, a consequence that may be essential for the apoptotic 54
process (see Figure 3). Since the proteolytic fragments are
active (presumably the 65 kDa C term fragment), they may 35.
be unhindered to deglycosylate key proteins that may play
a role during apoptosis.

While much is known about the OGT through structure
function studies that have been performed, much work needs
to be done on the O-GIcNAcase. Very little is known about
the regulation of the enzyme. Clearly, one area of great
interest are the proteins that may interact with the enzyme
and potentially regulate it. Another area of great importance
is the role of the enzyme in neurological disorders, as well
as in cancer and diabetes.
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