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ABSTRACT Table 1.

O-GLYCBASE is a database of glyCOprOteinS with _ O-linked sugar Abbreviation | Number of sites in O-GlycBase 4.0‘
O-linked glycosylation sites. Entries with at least one \ﬁ“:l:;%;ﬁziz;ﬁ;‘;(f Eilgf:; 680 (194 s;; 486 Thr)
experimentally verified O-glycosylation site have been Mannose Man 158

compiled from protein sequence databases and litera- Xylose Xyl 16

ture. Each entry contains information about the glycan Glucose gle A

involved, the species, sequence, a literature reference Others/Unspecified o 3]

and http-linked cross-references to other databases.

Version 4.0 contains 179 protein entries, an approxi-

mate 15% increase over the last version. Sequence of known and verified O-glycosylation sites would facilitate this
logos representing the acceptor specificity patterns research.

for GalNAc, GlcNAc, mannosyl and xylosyl transfer-

ases are shown. The O-GLYCBASE database is NEW FEATURES IN VERSION 4.0

available through the WWW at http://www.cbs.dtu.dk/ . . . .
databases/OGLYCBASE/ Since version 3.0, 88 new O-glycosylation sites have been

included in the database. A few earlier entries have been revised
from recent literature and a few slight inconsistencies were
INTRODUCTION corrected. Version 4.0 includes Medline references for the

Glycosylation is an important post-translational modification o |tera|§urke quOted’ and d_"l"t%?ase ﬁross-[rjeferences have been
proteins and affects more than half of all the proteins in algell ( "tP-linked to sources available on the web.

O-linked glycosylation refers to the event in which a carbohy-
drate is covalently linked to the hydroxyl group of serine of2-GLYCOSYLATION TYPES AND SEQUENCE MOTIFS

threonine, and is one of the three main types of post-translationgle gatabase includes entries with six types of sugars O-linked to
modifications involving Carbohydrates. Th|§ moqllflcatl_on IN“the hydroxy amino acid (Tablg.
fluences a number of properties of proteigs3) including Only a minor fraction of serine and threonine residues are
proteolytic resistance, solubility, immunological properties, liganqqgified by glycosylation and no clear consensus sequence exists
binding and is also involved in recognition during sperm-eggor acceptor sites in most types of O-glycosylation. While certain
binding. Glycosylation is important for the biotechnologyyjes and acceptor motifs have been propasgel6), there are no
industry ¢,5) since altered glycosylation has been shown tQefinite rules which distinguish glycosylated hydroxy amino acid
impair protein function&-8). o _residues from non-glycosylated residues. Sequence logos displaying
Mapping the exact sites of modification is important, both if,q fuzzy sequence context for mucin-type (GalNAc), GIcNAc,

ynderst_anding_ the glycosylation process per se and in "?femﬁ’ﬁannose and xylose glycosylation are shown in Fijure
interactions with other processes such as phosphoryl&jon (

Additionally, it is important while designing constructs for o ra SOURCES
recombinant glycoproteins to ensure that acceptor sites are placeﬁ

within the correct sequence motif. While current experimentdProteins with a carbohydrate assigned either to a serine or a
methods for mapping glycosylation sites (such as Edmahreonine residue were extracted from SWISS-PRQT) (
degradation and mass spectrometry) are cumbersome, they @etease 36) and PIR&) (release 50) databases as well as directly
presently the only precise way of accurate determinatiofitom published reports. Only a few entries were submitted
However, with the large amount of experimental data being madirectly to the database. All proteins included in our database have
available, this data can be employed for constructing predictiat least one experimentally verified O-glycosylation site and
methods for acceptor specificities. Thus, an added-value datasensist largely of glycoproteins expresgedivo.

*To whom correspondence should be addressed. Tel: +45 4525 2472; Fax: +45 4593 1585; Email: ramneek@cbs.dtu.dk



Nucleic Acids Research, 1999, Vol. 27, No. 1 371

GalNAc GleNAc

[ 2 B

bits

bits
-y

Caral

rGFNHﬂﬂWhNGDFNN#D

rrEEEE

it

m‘ﬂﬂrowﬁhwm NPQFNH?“@h@GOFNﬂUm
e rirT T
RN

NﬂvmwhWOOPNﬂ¢m

rEETTT

Mannose

Figure 1. Acceptor site specificities are shown in the form of Shannon information content (21) represented as sequence logos §2&)shamgn for GalNAc,
GlcNAc, mannose and xylose-linked glycosylations and incorporate all sites available in OGLYCBASE 4.0 (Table 1). Sitgredenéthlthe glycosylated residue

at position 0. The height of each column reflects the bias from random of particular residues surrounding the glycasyldtesiad of each residue letter reflects
the frequency of the residue on that position. The height of the central serine/threonine has been rescaled to mageky dhetbentpositions, and is thus
non-informative. Neutral and polar amino acids are shown in green, acidic and basic charged residues in red and blely, erspéwtineutral and hydrophobic

in black. The high frequency of serine and threonine in the vicinity of the glycosylated position 0 is largely indicatietosétblustering of O-glycosylation sites

in general (11,12,20,23). All four acceptor patterns display a low frequency of charged amino acids at position —1 a$oongiriafithe GalNAc transferase (24).
GalNAc and GIcNAc acceptor sites are influenced to a large extent by proline vicinity (23-26). Further, the clustering@macileptar sites indicates an even
positioning of acceptor sites and an odd positioning of proline/valine sites @uapbtan preparation). For mannose modified sites, the most frequent hydrophobic
residue is alanine on all positions. Xylose acceptor sites agree with the characteristic ‘SGXG’ motif suggested for glylgosanaittachment (16).

DESCRIPTION PREDICTION OF O-GLYCOSYLATION

Version 4.0 (7 Oct, 1998) of O-GLYCBASE contains 179We have earlier reported a neural network based prediction
glycoprotein entries with 991 experimentally determinednethod of mucin type O-glycosylation on mammalian proteins,
O-glycosylation sites. The entries consist of 11 fields (Bjg. NetOGlyc 2.0 20). The method is available at the URL:
including database and literature references, the O-linked glycdnttp://www.cbs.dtu.dk/services/NetOGlyc/ both as a mail and
sequence and a list of O-linked sites. N-glycosylated sites have alseb server. We have recently also made available a prediction
been marked on the included proteins where information was readityethod fora-linked N-acetylglucosamine (GIcNAc) acceptor
available. The database is extensively cross-referenced to sequesitas orDictyostelium discoideuproteins at http://www.cbs.dtu.
and structure databases including SWISS-PROT, PROSITHK/services/DictyOGlyc/ (Guptet al, in preparation). Further
TREMBL, PIR, PDB, EMBL, HSSP, GenPept and GenBank. Therediction servers for other types of O-glycosylation will be
database is available in a plain-text as well as an html format witteveloped when a statistically sufficient number of acceptor sites
http links to Medline abstracts (maintained at PubMed, NCBI) anid available.

database sources on the internet. The database will be continualliPredictions indicate that more than one-third of all SWISS-
updated with the availability of more information. For a morePROT entries may be O-glycosylated, which is in sharp contrast
comprehensive description of the database, see Haingb(iL9).  to the very small number of entries annotated as O-glycosylated.
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>003 25 Aug 1995
GLECPROT: Flycan 1,4-alpha-gluccsidase.
SFPECIES: Aspergillus niger
DE_REF: SWISE, PO4ORE, AMYG_ASPNG.
PROSITE, PS008Z0, GLUCCAMYLASE.
PIR, 422149, ALASCRE.
FDE, 1GLY, J1-JanN-94.
OGLYCAN: Manncsa
SER! Experimental : 465,467,4608,477,483,484,492,508,510,513,515, 522,
525,527,529,530, 532
Predicted:
THR: Experimental: 476, 486,488,496, 499,500, 501, 502,504, 506,512,514,
517,518,520,524,526,528,531,534, 535
Pradicted: =
ASN: Experimental: 195,419
Pradicted: -
REFERENCES: Svensson B., Larsen K. and Gunnacsson A. (1986)
Eur. J. Biochem., 154, 497-502. Medline:86138085
SB0: ad0

MEFRSLLALSGLVCTGLANVISKRATLDSWLSNEATVARTA ILNN IGADGAWVSGADSG IVVAS PSTDNPDY FY TWTRDS
GLVLETLVDLFRNGDTELLE TIENY I8AQA IVOG IENPECDLESGAGLGEPK FNVDETAY TGS WERPORDGPALRA TAMI
GFEOWLLDNGY TSTATDIVWPLVENDLS T VAQYWNQ TGY DLWEEVHGESFRT IAVOHRALVEGBAFATAVGESCEWCDED
APEILCYLOQSFWIGEF ILANFDSSRSGKDANTLLGS IHTFDPEAACDDS TFQPCS PRALANHE EVVDSFRES IY TLNDGLS
DEEAVAVGRY PEDTY YNGHPWFLCTLAAARQLY DALY QWDRQGELEVTDVSLDFFRALY SDAA TG TY SSE88 TYBS IVDA
VRIFADGFVS IVETHAASNGEMSEQY DK SDGEQLSARDLTWS TAAL LTANNRRN S VVPASWGETSASSVPGTCAATRATG
TEEEVIVISHPS IVATGGTTTTATPTGEGEVIS TSR TTATASR TS TS TSSTSCTTPTAVAVIFCLIATTIEGENIYLVGS
ISQLGDWETSDG IALBADKY TSSDPLWY VIVILFPAGESFEYKF IR IEEDDSVEWESDFNREY TVPOACGTETATVIDTWR

Figure 2. A typical database entry from O-GLYCBASE 4.0. Underlining indicates html-links. A plaintext version is also available. THéBASE WWW home
page is at http://www.cbs.dtu.dk/databases/OGLYCBASE/

DATABASE ACCESS 9 Hart,G.W., Greis,K.D., Dong,L.Y., Blomberg,M.A., Chou,T.Y,, Jiang,M.S.,
Roquemore,E.P., Snow,D.M., Kreppel,L.K. and Cole,R.N. (188%)

Version 4.0 of O-GLYCBASE is available in both plain-text and  Exp. Med. Biol 376 115-123.

html versions via the internet at http://www.cbs.dtu.dk/databasel] Yoshida,A., Suzuki,M., Ikenaga,H. and Takeuchi,M. (199Bjol. Chem

272, 16884-16888.
OGLYCBASE/ or by anonymous FTP from ftp'Cbs'dtu'dk/pUb/ll Gooley,A.A., Classon,B.J., Marshcalek,R. and Williams,K.L. (1991)

Oglyc/Oglyc.base , _ Biochem. Biophys. Res. Corti7g 1194—1200.
Users of the database are encouraged to provide correctiofs, pisano,A., Redmond,J.W., Williams,K.L. and Gooley,A.A. (1993)

comments, or new information for the database; unpublished Glycobiology3, 429-435.
material will be held in confidence at the request of the author3 Haltiwanger,R.S., Kelly,W.G., Roquemore,E.P., Blomberg,M.A.,
The administrator of the database can be contacted by Email at Pong.L.Y.D., Kreppel.L., Chou,T.Y. and Hart,G.W. (19&%chem. Soc.

ramneek@cbs.dtu.dk. We encourage users of the database to fitq?:;‘ﬁéﬂ /2;64{;(2)2?@ AA. FergusonMA. Redmond.J\, and

this paper. Williams,K.L. (1993)Eur. J. Biochem 216 729-737.
15 Harris,R.J. and Spellman,M.W. (19@38ycobiology 3, 219-224.
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