




DATA ARRANGEMENT AND ACCESS

ProGlycProt is developed by integrating the data in
MSSQL, an object-relational database management
system (RDBMS), which works at the backend, and the
web interface was built in ASP.Net 2.0 with C#, HTML,
Java Script & CSS.
The complete data are arranged below menu

ProGlycProtdb under 10 broad fields that are further
split into 47 subfields out of which 18 are content fields
and 29 provide cross-references/links facilitating an easy
access to existing information (Figure 2). The broad fields
and subfields contain information for an entry as defined
below:

ProGlycProt ID: a unique ProGlycProt ID that
starts with series AC to indicate an archaeal
characterized glycoprotein and BC to indicate bacterial
characterized glycoprotein. Similarly, AU and BU series
indicate archaeal and bacterial uncharacterized glycopro-
teins, respectively.

Organism information: contains general information
about the source archaeal or bacterial species/strain.

Genome sequences: provides links to the available
genome sequences and additional information like note
on pathogenicity of source bacterial species/strain.

Gene information: enlists general information about the
coding gene with relevant links.

Protein information: enlists name and other general in-
formation about the experimentally identified glycopro-
tein with relevant links.

Protein structure: provides available crystal structures or
homology model with related links.

Glycosylation status: contains relevant links and infor-
mation derived mainly from the literature about experi-
mentally identified glycosites, type of glycosylation,
experimental methods used to detect and define
glycosites, a glycosite sequence logo and functional im-
plication of glycosylation.

Glycan information: provides linear glycan structure
(usually in standard IUPAC linear notation) correspond-
ing BCSDB ID link and method of characterization of
the glycan.

Protein glycosylation-linked gene(s): provides informa-
tion about related, experimentally validated and pre-
dicted OSTs/GTs and relevant links

Literature: a tabulated bibliography and interesting add-
itional information is given that could not be placed
under aforesaid fields. For example, if a protein is glyco-
engineered or native, information about foreign OST

Figure 2. ProGlycProt data arrangement/retrieval schema.
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used to glycosylate a protein of a given organism, sequon
features, etc.

ProGlycProt is searchable by and for multiple parameters.
A typical search result display (Supplementary Figure S3)
and detailed note on data access is available as supplemen-
tary information.

TOOLS

A part of the literature in ProCGP, as discussed below,
defines novel and potential sequon features in different
bacterial glycoproteins belonging to different species.
Some of these sequons are unique to prokaryotes. In the
same context, there is a growing concern that existing
glycosite prediction tools (as listed at http://www
.proglycprot.org/related_tools_database.aspx) might not
be sufficient or suitable for best analysis of prokaryotic
glycoproteins (8). Interestingly, in a recent study by
Comstock’s group, in Bacteroides fragilis as many as
eight new proteins have been characterized as glycopro-
teins, upon identification of the sequon (D)(S/T)(A/I/L/V/
M/T) in corresponding sequences in bacterial proteome
(23). The same group of researchers had validated this
sequon experimentally while characterizing first
Bacteroides glycoprotein BF2494 (24). Encouraged by
this, we have developed tools Map Sequon (http://www
.progpdb.org/Mapsequon.aspx) and Glyseq Extractor
(http://www.progpdb.org/glyseq_extractor.aspx) that we
believe can be of great help for making beginners’ estimate
of putative glycoproteins in prokaryotes, especially when
one has to deal with proteome scale data. Map Sequon
provides visual display and information about presence,
spread or clustering of specified sequons in the input
protein sequence(s). Similarly, Glyseq Extractor helps in
retrieving defined sequence lengths around a sequon for
statistical analysis of the glycosites. Based purely on the
insights from the published literature irrespective of their
statistical significance, the following sequons as found in
native glycoproteins have been included in one or both the
tools:

Typical in eukaryotes, NX(S/T) (X 6¼P) sequon is re-
quired for N-glycosylation in glycoproteins of
Gammaproteobacteria [HMW1 protein of H. influenza,
(25)] as well as in almost all archaeal species (16). A
recent characterization of PglB homolog of Delta-
proteobacteria Desulfovibrio desulfuricans also suggests a
preference for NX(S/T) sequon (26).

On the other hand, N-glycosylation at (D/E)X1NX(S/T)
(X1 and X 6¼P) sequon has almost always been found
mediated by PglB protein (OST) of Campylobacter
species and recently in case of Helicobacter pullorum that
all belong to class Epsilonproteobacteria (27,28).

With currently available data, sequon (D)(S/T)(A/I/L/
V/M/T) should be considered as an O-glycosylation
feature exclusive to phylum Bacteroidetes. The sequon
has an aspartate (D) preceding the glycosylated T or S
which is followed by an amino acid with one or more
methyl groups (24). The presence of this sequon has
been observed consistently in glycoproteins of various
members of this family belonging to all three but different

classes, namely Flavobacteria, Sphingobacteria and
Bacteroidia. One exception to this, Chondroitinase-B of
Pedobacter heparinus lacks a methyl group containing
amino acid at +1 position at the actual glycosylated
sequon DSN (29) suggesting DS as a possible independent
sequon feature that is supported in previous literature as
well (30).
Similarly, glycosylation at tyrosine (Y) that is always

preceded by valine (V) has been observed in all four
sites of S-layer glycoprotein of Thermoanaerobacter kivui
[original name Acetogenium kivui, phylum Firmicutes
(31)], the first-available characterized glycoprotein with
O-glycosylation at tyrosine. Therefore, we found it im-
portant to include DS as well as VY in our tool (s) to
provide maximum coverage for possible sequons in pro-
karyotic glycoproteins.
The other common features observed around glycosites

of O-glycosylated proteins of bacteria are S/T low com-
plexity region at Fexible-loop region of protein as in case
of N. gonorrhoeae (32) and a eukaryotic mucin type Pro-,
Ala-, Thr- and Ser-rich domains in Actinobacteria (33).
An additional tool BLAST (34) provides an easy re-

trieval of information using sequence similarity search
against ProGlycProt. All these applications are accessible
from ProGlycProt website under menu Tools.

WEB INTERFACE AND ADDITIONAL FEATURES

A free access to ProGlycProt database, tools and other
features is available at http://www.proglycprot.org/. The
curated data files, applications and additional features
are arranged under four independent pull-down menus:
ProGlycProtdb, Structure Gallery, Tools and Links. The
browsing-enabled database statistics, our contact details
and submission form for a new glycoprotein entry are
available from the home page. A quick help is facilitated
in the form of brief explanatory notes at the top of every
page, explanatory text beneath various buttons, example
display page and a detailed help section consisting of
relevant FAQs, glossary of terms, and a downloadable
tutorial on how to use ProGlycProt. Structure gallery
renders independently an easy retrieval of crystal struc-
tures and homology models of characterized glycopro-
teins. Whereas a list of existing related databases/tools
and a searchable bibliography and relevant recent reviews’
list is available under links. An overall database design
and flow of information in ProGlycProt is shown in
Figure 2. More details on data access and print/
download options under various menus are available as
supplementary material.

CURRENT SCOPE AND FUTURE PERSPECTIVE

First release of ProGlycProt provides an extensive collec-
tion of experimentally identified prokaryotic glycosites
(334), glycoproteins (95) and related information to set a
stage for future statistical analysis of prokaryotic glyco-
sites, neighbouring residues and 3D folds that can then
provide fresh insights into the specificities of related
OSTs and differences in the mechanisms of protein
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glycosylation between prokaryotes and eukaryotes. For
the reasons that ProGlycProt has a broad taxonom-
ic coverage (Supplementary Figure S1) and published
evidence of glycosylation for all entries, it provides an
updated and realistic estimate of the extent of occurrence
of protein glycosylation in prokaryotes. To serve a
broader interest in prokaryotic glycoproteins, OSTs and
associated GTs for their potential applied and basic appli-
cations (1–5,35), the database provides a variety of bio-
logically and experimentally relevant information
(Supplementary Table S1 and S2) about both native and
glyco-engineered proteins of prokaryotes in addition to
their cataloguing. Existing entries are updated in real
time as soon as relevant literature is published or
obtained. Otherwise, a general update policy is once in
three months. The future versions aim at introducing
in-depth information on prokaryotic OSTs along with
continued compilation of characterized and
uncharacterized glycoproteins under respective sections
& enhanced structural/image inputs for glycan entries in
ProCGP.

SUPPLEMENTARY DATA

Supplementary Data are available at NAR online:
Supplementary Tables 1–3, Supplementary Figures 1–3.
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14. Messner,P. and Schäffer,C. (2003) Prokaryotic glycoproteins.
Fortschr. Chem. Org. Naturst., 85, 51–124.

15. Abu-Qarn,M., Eichler,J. and Sharon,N. (2008) Not just for
Eukarya anymore: protein glycosylation in bacteria and archaea.
Curr. Opin. Struct. Biol., 18, 544–550.

16. Calo,D., Kaminski,L. and Eichler,J. (2010) Protein glycosylation
in archaea: sweet and extreme. Glycobiology, 20, 1065–1076.

17. Gupta,R., Birch,H., Rapacki,K., Brunak,S. and Hansen,J.E.
(1999) O-GLYCBASE version 4.0: a revised database of
O-glycosylated proteins. Nucleic Acids Res., 27, 370–372.

18. Jung,E., Veuthey,A.L., Gasteiger,E. and Bairoch,A. (2001)
Annotation of glycoproteins in the SWISS-PROT database.
Proteomics, 1, 262–268.

19. Lee,T.Y., Huang,H.D., Hung,J.H., Huang,H.Y., Yang,Y.S. and
Wang,T.H. (2006) dbPTM: an information repository of protein
post-translational modification. Nucleic Acids Res., 34, D622–627.

20. Sayers,E.W., Barrett,T., Benson,D.A., Bolton,E., Bryant,S.H.,
Canese,K., Chetvernin,V., Church,D.M., Dicuccio,M., Federhen,S.
et al. (2010) Database resources of the National Center for
Biotechnology Information. Nucleic Acids Res., 38, D5–16.

21. Zeitler,R., Hochmuth,E., Deutzmann,R. and Sumper,M. (1998)
Exchange of Ser-4 for Val, Leu or Asn in the sequon
Asn-Ala-Ser does not prevent N-glycosylation of the cell surface
glycoprotein from Halobacterium halobium. Glycobiology, 8,
1157–1164.

22. Toukach,P.V. (2011) Bacterial carbohydrate structure database 3:
principles and realization. J. Chem. Inf. Model, 51, 159–170.

23. Fletcher,C.M., Coyne,M.J. and Comstock,L.E. (2011) Theoretical
and experimental characterization of the scope of protein
O-glycosylation in Bacteroides fragilis. J. Biol. Chem., 286,
3219–3226.

24. Fletcher,C.M., Coyne,M.J., Villa,O.F., Chatzidaki-Livanis,M. and
Comstock,L.E. (2009) A general O-glycosylation system important
to the physiology of a major human intestinal symbiont. Cell,
137, 321–331.

25. Choi,K.J., Grass,S., Paek,S., St Geme,J.W. III and Yeo,H.J.
(2010) The Actinobacillus pleuropneumoniae HMW1C-like
glycosyltransferase mediates N-linked glycosylation of the
Haemophilus influenzae HMW1 adhesin. PLoS One, 5, e15888.

26. Ielmini,M.V. and Feldman,M.F. (2011) Desulfovibrio desulfuricans
PglB homolog possesses oligosaccharyltransferase activity with
relaxed glycan specificity and distinct protein acceptor sequence
requirements. Glycobiology, 21, 734–742.

D392 Nucleic Acids Research, 2012, Vol. 40, Database issue

 at Institute O
f M

icrobial T
echnology (Im

tech) on N
ovem

ber 19, 2013
http://nar.oxfordjournals.org/

D
ow

nloaded from
 

http://nar.oxfordjournals.org/cgi/content/full/gkr911/DC1
http://nar.oxfordjournals.org/cgi/content/full/gkr911/DC1
http://nar.oxfordjournals.org/cgi/content/full/gkr911/DC1
http://nar.oxfordjournals.org/cgi/content/full/gkr911/DC1
http://nar.oxfordjournals.org/
http://nar.oxfordjournals.org/


27. Kowarik,M., Young,N.M., Numao,S., Schulz,B.L., Hug,I.,
Callewaert,N., Mills,D.C., Watson,D.C., Hernandez,M., Kelly,J.F.
et al. (2006) Definition of the bacterial N-glycosylation site
consensus sequence. EMBO J., 25, 1957–1966.

28. Jervis,A.J., Langdon,R., Hitchen,P., Lawson,A.J., Wood,A.,
Fothergill,J.L., Morris,H.R., Dell,A., Wren,B. and Linton,D.
(2010) Characterization of N-linked protein glycosylation in
Helicobacter pullorum. J. Bacteriol., 192, 5228–5236.

29. Huang,W., Matte,A., Li,Y., Kim,Y.S., Linhardt,R.J., Su,H. and
Cygler,M. (1999) Crystal structure of chondroitinase B from
Flavobacterium heparinum and its complex with a
disaccharide product at 1.7 A resolution. J. Mol. Biol., 294,
1257–1269.

30. Plummer,T.H. Jr, Tarentino,A.L. and Hauer,C.R. (1995) Novel,
specific O-glycosylation of secreted Flavobacterium
meningosepticum proteins. Asp-Ser and Asp-Thr-Thr consensus
sites. J. Biol. Chem., 270, 13192–13196.

31. Peters,J., Rudolf,S., Oschkinat,H., Mengele,R., Sumper,M.,
Kellermann,J., Lottspeich,F. and Baumeister,W. (1992) Evidence

for tyrosine-linked glycosaminoglycan in a bacterial surface
protein. Biol. Chem. Hoppe Seyler, 373, 171–176.

32. Vik,A., Aas,F.E., Anonsen,J.H., Bilsborough,S., Schneider,A.,
Egge-Jacobsen,W. and Koomey,M. (2009) Broad spectrum
O-linked protein glycosylation in the human pathogen Neisseria
gonorrhoeae. Proc. Natl Acad. Sci. USA, 106, 4447–4452.

33. Dobos,K.M., Khoo,K.H., Swiderek,K.M., Brennan,P.J. and
Belisle,J.T. (1996) Definition of the full extent of glycosylation of
the 45-kilodalton glycoprotein of Mycobacterium tuberculosis.
J. Bacteriol., 178, 2498–2506.

34. Altschul,S.F., Gish,W., Miller,W., Myers,E.W. and Lipman,D.J.
(1990) Basic local alignment search tool. J. Mol. Biol., 215,
403–410.

35. Schwarz,F., Huang,W., Li,C., Schulz,B.L., Lizak,C., Palumbo,A.,
Numao,S., Neri,D., Aebi,M. and Wang,L.X. (2010) A combined
method for producing homogeneous glycoproteins with eukaryotic
N-glycosylation. Nat. Chem. Biol., 6, 264–266.

Nucleic Acids Research, 2012, Vol. 40, Database issue D393

 at Institute O
f M

icrobial T
echnology (Im

tech) on N
ovem

ber 19, 2013
http://nar.oxfordjournals.org/

D
ow

nloaded from
 

http://nar.oxfordjournals.org/
http://nar.oxfordjournals.org/

