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• What are glycans and what are databases? 

• What do we expect from them? 

• Why do not we get it? 

• What is an ideal database?  

• What do we have already? 
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CAZy 

* 

? structure energy 

regulation 
protection 

DNA 

RNA 

enzymes 

bioglycans 

glycoconjugates 

proteins, 

lipids,  

other aglycons 

nucleic acids 

GPI-anchors 

cell wall 

ATF biosynthesis 

energetic reserve 

recognition, adhesion, 

inter-cell contacts 

protein conformation  

stabilization 

barrier function, 

local pH 

anti-coagulation 

immunity and mimicry  

(friend-foe contact) 

proteolysis protection 

(friend-friend contact) 

bioactivity 

mechanical protection 

most chemically diverse 

class of biomacromolecules 



n 

aldo-pyranose example (β-D-GalpN) 

O 

OH 

HO OH 

OH 

NH2 

HO 
O 

OH 

OH OH 
aldo-furanose example (β-D-Ribf) 

   Complete structure 
• monomeric residues, incl. non-sugars 

• topology & sequence 

• linkage positions 

• side chain stoichiometry 

• polymer size and frame positioning 

   Residue structure 
• carbon skeleton size (4-10) 

• stereo pattern (monomer identity) 

• ring form (p/f/a, aldo/keto) 

• anomeric configuration (α/β) 

• absolute configuration 

• modifications (-NH2,-COOH, deoxy) 
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• Structure, diversity, conformation of carbohydrates 

• Taxonomy and classification of microorganisms 

• Glyco-epitopes and immunospecificity of strains 

• Explanation of antigen-antibody interaction 

• Carbohydrate vaccines and immunostimulators  

• Correlation of microorganism bioactivity to its glycome 

• Carbohydrate biosynthesis and turn-over 
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• similar information scope (>100 000 known structures) 

• greater chemical diversity 

• poorer IT involvement (databases, services) 

• less standardized 

standards 
 publications annotations 

м м 

ALL 
GTCTCA... 

Val-Ser-… 

O 

O 

N 
H 

м 
ALL 

м 

O 

O 

isolated 

islands 

Glytoucan GenBank 
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as compared to other –omics: 

X 

Egorova K, Toukach Ph   Bridging isolated islands in the sea of data  Angewandte Chemie Intl Ed 2018, 57:14986-14990 



• Easy access to knowledge and research automation 

Which natural structures look like a model of interest? Which of their fragments are specific to a 

genus of interest? Where were they published, and in association to which taxa, diseases, and 

organs? Which enzymes synthesize them and how was it proven? Which glyco-epitopes induce 

immune response in an organism of interest?  

• Simulation of molecular properties 

Molecular geometry and energy, MS and NMR spectra, bioactivity, … 

• Structure prediction from experimental data 

• Prediction of taxon properties 

Glycome-based clustering, search for similarities and differences in taxa, chemotaxonomic 

classification 

• Molecule identification and visualization (in publications as well) 
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Aoki-Kinoshita K, et al.   Introducing glycomics data into Semantic Web   J Biomed Semantics 2013, 4: id 39 

Egorova K, Toukach Ph   Bridging isolated islands in the sea of data  Angewandte Chemie Intl Ed 2018, 57:14986-14990 

• Diversity and heterogeneity of objects 

• Ambiguous structural description 

• Difficult input and visualization of complex structures 

• Project isolation and lack of standards 

• Incompleteness of data and poor data quality 

• Resource-greedy algorithms 

• Lack of systematic view from users and developers 

(no commonly-agreed services; incompatibility of initiatives) 
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O 
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knowledge 

(data) 

engine 

questions 

exact 

answers 

human-manned automated 

1 
2 
3 

indices and  

meta-data 
API 

models 

predictions 
(inferred knowledge) 



• A database and a platform should follow the rules of informatics 

• These rules should be adapted and specificated for carbohydrates 

2008-… 

1989-1995 

Egorova K, Toukach Ph   Bridging isolated islands in the sea of data  Angewandte Chemie Intl Ed 2018, 57:14986-14990 

O 

n 

$, time 

~10 000 

bio-organic concept 

adapted for usage in 

informatics 

informatic concept 

adapted for usage in 

informatics 
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        definite pathways                        fuzzy pathways           logic: AND, OR, NOT 

 

 

 

 

 
structures 

 

 

 

 

 
publication

s 

 

 

 

 

 
organisms 

 

 

 

 

 
spectra 

 

 

 

 

 
fragment, motif, 

composition 

2 2 

name, 

class 

properties

, … 

diseases, 

organs 

issue data, 

authors, 

titles, … 

terms 

methods, 

… 

CCPN id, … 

MESH 

ICD-11 

GenBank id, 

UniProt id 

MESH 

NCBI Tax ID 

? 

MS DB id, … 

DOI, PubMed ID 

Toukach Ph   Bacterial Carbohydrate Structure Database 3: principles and realization   J Chem Inf Model 2011, 51:159-170 

 

 

 

 

 
geometry 
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, 

NLM 

genes, 

enzymes 
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fragment  

 

 

 

 

fragment 

Lys / Ala 

↓ 

SugA 

2 

6 

 

 

 

 

 

composition 

2 x KDO 

1 x HexN 

+  … 

 

 

 

 

 

taxonomy 

Proteus O1 
 

host: 

 human 
 

 

 

 

 

bibliography 

≥ 2005 
 

keyword: 

LPS 

 

 

 

 

 

NMR filter 

δ13C: 

 18.3 ± 0.8 

class / name 

IDs 

OR 

NOT 

AND 

Toukach Ph, Egorova K   Bacterial, Plant, and Fungal Carbohydrate Structure Database   in “Glycoscience: biology and medicine" 2014, ch. 29: 241-250 

Data arranged by compound, 

publication, organism, etc. 

AND 

AND 

AND 

AND 
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Database set +  

platform for services 

since 

2005 

since 

2012 

O 

25K      13K      14K     10K      2K        3K 

O O 

since 

2017 

CSDB 

O 

Zelinsky Institute 

Moscow, Russia 

Egorova K, Toukach Ph   CSDB_GT: a new curated database on glycosyltransferases   Glycobiology 2017, 27:285-290 

Toukach Ph, Egorova K  Carbohydrate structure database merged from bacterial, archaeal, plant and fungal parts  Nucl Acid Res 2016, 44:D1229-1236 

Egorova K, Toukach Ph   Expansion of coverage of Carbohydrate Structure Database (CSDB)   Carbohydr Res 2014, 389:112-114 

Toukach Ph   Bacterial Carbohydrate Structure Database 3: principles and realization   J Chem Inf Model 2011, 51:159-170 

• regular updates 

• extensible architecture 

• data analysis tools 

• curated content (15% = Carbbank, 85% = literature) 

• complete coverage (bacteria and fungi) 

• integration with other DBs 
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23 

mammals, 

> 6 

25 / 

19 

11 

 database collection 

 poor annotations 

> 70 

PDB 

 

O 

ORIG 

  99 
 complete to 1995 

 architecture, % errors 

 architecture 

 model only 

 meta-repository 

 poor annotations 

 no aglycons 

SweetDB, SugaBase 

$ $ 

LC 

 curated 

4 / 1 

$ $ 

O 

All DBs 

Toukach Ph   CSDB and other carbohydrate databases   Glycoconj J 2013, 30:347-349 

0.2 E. coli 
GTR O 

ORIG 

0.7 O- & N- HPLC 

O 

ORIG 

O 

ORIG 
$ $ 

0.3 animals 

mammals+… 

10 / 1 

 complete to 2005 

O 

ORIG 

$ $ 

PDB 

44 

 

BCSDB           PFCSDB 

 complete on prokaryots 

 curated 

13 / 5 (bacteria, archaea) 

8 / 3 (fungi, plants) 

O 

ORIG 

GTR 

39 



binding to pathogens 

O-glycBase, 
O- & C-glycoproteins 

GlycoMaps, 

computed conformational maps 

MSDB 
monosaccharides & notations 

human glyco genes 

protocols for 
 synthesis & analysis 

glycochemical  reactions 

conjugates & aglycones 

N-glycoproteins 
 C. elegans + mice 

N- & O-glycan MS2,3,4 

glyco-eitopes 
 & antibodies 

O 

O 

O 

O 

O 

O 

~0.2 (0.6 ABs) ~0.8 

~99 

~2.5 

~0.2 (0.5 sub) 

>70 

~3.0 (4.4 str) 

~0.2 

~0.2 

~2.6 

O B 

~0.9 

~0.2 

GlyTOUcan 
 (id repository) 

15 



• Completeness (+ chosen domain) 

• Data quality (% of errors, human-readability) 

• Functionality (data and index types, query processing) 

• Integration (supported data formats, import & export, API, RDF) 

• Interface (user-friendliness, stability, performance) 

16 

architecture 

O 

control scripts data 

recoverability 

! 



• Relational database  

• Indexation + standard indices (DOI, TaxID, ICD-11, PMID, Genbank, …) 

• Structures, taxonomy, bibliography  (different entries and data types) 

• Human-readable dump (organization of data upload) 

• Controlled term vocabularies (monomers; MSDB) 

• Free text 

• Connection table 

structure, 

taxonomy, 

bibliography, 

cross-DB references 

trivial names, 

NMR and MS spectra, 

spectroscopic conditions, 

bio-activity, 

genes, enzymes, 

conformation 

diseases, 

organs, tissues, 

genotype, life stage 

keywords, 

abstracts, 

affiliations 
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10 



confidence, 

verifiability 

generality, 

universality 

p
u

b
li
s

h
e

d
 

predicted 

derived 

meta-data 

c
u
ra

ti
o
n
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CCSD 

<1995 

Carbbank and other DBs 

O 

own and  

other’s data 

1 year 

literature 

• publication search 

• retrospective analysis 

• validation 

conversion, 

    validation 

complete coverage: 

 negative search result = still valuable scientific information 

O 

~800  
per year 
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CSDB 2021: 

25 000 sequences, 

  9 800 publications, 

13 000 organisms, 

14 200 spectra, 

  2 500 conf. maps, 

  2 100 GT activities 

+interrelations 



2dGlc → araHex, 

α-Rib-ol → Rib-ol, 

D-Kdo → Kdo, 

1-methyl → 1-Me, 

n.m.r. → NMR, 

taxid 583 → Proteus, 

… 

correctable 

Glc(1-2)GlcN, 

anhydro-Kdo, 

D-manHep, 

Galp5N, 

Ac(1-2)[Glc(1-2)]Gal, 

Escherichia sapiens, 

Dev Food Sci 2012,  

#Ac : 23ppm, 65 ppm, 

D-Gcl, … 

detectable 
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from databases 

A B 

in scripts from annotators 

found &  

corrected 

from publications 

~350 >2000 

E. coli O127: 

aDGalpN(1-4)bDFucp(1-4)bDGlcp 

Fuc C1 103.2 ppm 

 

undetectable 

104.2 

O 

OH 

HO 

O 
NAc 

OH 

O 

OH 

OH 

O 

O 

HO 

OH 

OH 

OH 
CH3 

α-D-GalpNAc   β-D-Fucp    α-D-Glcp     

E. coli O128 

 >50%  (incorrect, missing, falsely present 

                 structures, strains, annotations) 
 <10% 

Egorova K, Toukach Ph   Critical analysis of CCSD data quality   J Chem Inf Model 2012, 52:2812-2814 

other DBs 



GlycoCT,  

PubmedXML, 

glycoRDF, … 

publications 

ALL 

id #… 

database O 

triplestore 

users 

O 

other DBs 

м 

other DBs 

c
ro

s
s
-

re
fs

 

submission 

services 
 

 

 

WSDL 

database-independent 

knowledge 

standards 

other services 

database 
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Aoki-Kinoshita K, et al.   Towards an international glycan structure repository   Glycobiology 2013, 23:1422-1424 

Toukach Ph, Joshi H, Ranzinger R, Knirel Y, von der Lieth C-W  Sharing of worldwide distributed carbohydrate resources  Nucl Acid Res 2007, 35:D280 



Data conversion      other formats 

Automated web-services (WSDL) 

Import, export 

Documentation, user’s HELP 

User-friendliness, performance  

Links to  other projects  (queries, indices, data) 

Structure input & output 

SNFG, 

WURCS, 

GlycoCT,  

SMILES, 

MOL, PDB, 

GlydeII, 

LinUCS, 

Sweet-DB 

GLYCAM, 

GlycoRDF, 

DCI XML, … 

NCBI PubMed, 

NCBI Taxonomy, 

DOI, 

Uniprot, Genbank, 

Glycosciences.DE, 

MonosaccharideDB, 

Glytoucan, ICD-11 

wizard, 

graphic builder, 

library,  

CSDB Linear, 

GlycoCT 

22 

bDManp(1-3)[Ac(1-2)DGalpN(1-?)aDGlcp(1-4)]?LFucp CSDB 

β-D-GalpNAc-(1-3)-α-D-Glcp(1-4)┐ 

                               │ 

            β-D-Manp-(1-3)-L-Fucp 

SNFG editor 



-4)aXAbep(1-3)bXLDmanHepp(1-4)[xDRib-ol(1-P-5),xLAla?(2-1)]aXKdop(2- CSDB 

                            D-Rib-ol-(1-P-5)┐ 

                                            │ 

-4)-α-Abep-(1-3)-β-L-gro-D-manHepp-(1-4)-α-Kdop-(2- 

                                            │ 

                                 L-Ala-(2-1)┘ Sweet-DB 

4 4 3 
5 

2 

1 

1 =  L-Ala 

a b a 

SNFG 
MOL (3D) 

MOL 

Visualization in human-readable formats: 

Export in machine-readable formats: 

WURCS 2.0/5,5,5/[Aad1122h-2a_2-6][h222h][a11221h-1b_1-5][a2d12m-1a_1-5][A1m_2*N]/1-2-3-4-5/a1-e2_a2-d4~_a4-c1_a5-b1*OPO*/3O/3=O_c3-d1  

SMILES [*]O[C@]1(C(=O)N[C@@H](C)C(=O)O)C[C@@H](O[C@@H]2O[C@H]([C@@H](O)CO)[C@@H](O)[C@H](O[C@H]3O[C@H]

(C)[C@H]([*])C[C@H]3O)[C@@H]2O)[C@@H](OP(=O)(O)OC[C@H](O)[C@H](O)[C@H](O)CO)[C@@H]([C@H](O)CO)O1  

23 

Chernyshov I, Toukach Ph   Automated translation of glycans from residue-based notation to SMILES and coordinates   Bioinformatics 2017, 34:2679 

Varki A, et al.   Symbol nomenclature for graphical representations of glycans   Glycobiology 2015, 25:1323-1324 

Alocci D, Suchankova P, Costa R, Hory N, Mariethoz J, Toukach Ph, Lisacek F  SugarSketcher: quick online glycan drawing  Molecules 2018, 23: id 3206 
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bDFucpN(1-1)Ac  (CSDB) 

D-FucpN-β1OAc 

beta-fucosamine acetate 

1-acetoxy-beta-D-fucopyranosamine 

2-deoxy-2-amino-β-D-fucopyranosyl acetate (IUPAC) 

β-D-fucosamine acetic ester 

β-6-deoxy-D-galactosamine acetate 

b-dgal-HEX|1:5|2-amino|1-acetate   (GlycoCT) 

β-D-фукозамин-1-O-ацетат (another human language)  

O 

HO OAc 

CH3 

NH2 

HO 

(2S,3R,4R,5R,6R)-3-amino-4,5-dihydroxy-6-methyltetrahydro-2H-pyran-2-yl acetate (IUPAC) 

N[C@H]([C@H]([C@H]([C@@H](C)O1)O)O)[C@@H]1OC(C)=O (SMILES) 

1S/C8H15NO5/c1-3-6(11)7(12)5(9)8(13-3)14-4(2)10/h3,5-8,11-12H,9H2,1-2H3/t3-,5-,6+,7-,8+/m1/s1 (InChI) 

(CFG) 

β 

1Ac 

Varki A, et al.   Symbol nomenclature for graphical representations of glycans   Glycobiology 2015, 25:1323-1324 

unambiguously maps to 

structure but, nevertheless, 

is human-readable 



• A lot of deep stones in translation of coordinates to residue-based notation 
(to publish like α-D-Galf-(1-3)-β-D-Glcp) 

• Difficult translation from a residue-based notation to coordinates 
=> annotation laboriousness 

• Cannot describe underdetermined structures 

• Dara are not visually linked to knowledge 

• Non-human-readable → difficult to curate  → data errors 

• Atom coordinates are not primary data 
but incomplete MOL (without 3D) has the same format as 3D MOL 

• Large in storage and network transfer 

 (and cannot be used as an URL part) 

52.0606    6.3910   -0.1606 O   0  0  0 

51.8591    8.6986   -0.1875 N   0  0  0 

52.9844    9.0584    0.7259 C   0  0  1 

53.8550    8.9929    0.0662 H   0  0  0 

52.9684   10.5530    1.3121 C   0  0  2 

52.2705   11.0903    0.6993 H   0  0  0 

1117    1  0  0  0  0 

1118    1  0  0  0  0 

1119    1  0  0  0  0 

  atoms, coordinates, connectivity 
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C.T. 

dump 

file 

HEX 

A 

B 

D E 

ALK 

LIP 

OR 

25% 

% 

or 

or both 1 

1 

1 

4 

6 

2 

? 

1 

1 

2 

3 

1’ 

имя p 
f 
a 
? 

-ol A N 
3N 
N3N 
etc. 

4en 
etc. 

-4-ulo 
-ulosonic 
-ulosaric 

4F 
3CMe 
etc. 

-onic 

OR 

absolute 

config 

a monomer 

from vocabulary 

ring size 

alditol 

double bonds 

amino groups 

uronic  

acid 

other modifiers,  

alone or together 

a 
b 
l 
x 
? 

D 
L 
R 
S 
X 
? 

anomeric 

config 

m
o

n
o

m
e

r
s
 

t
o

p
o

l
o

g
y
 

f
u

z
z
i
n

e
s
s
 

annotators,  

operators,  

other notations 
(IUPAC, GlycoCT, WURCS, …) 

Toukach Ph, Egorova K   Bacterial, plant, and fungal Carbohydrate Structure Databases: daily usage   in “Glycoinformatics" 2015, ch. 5: 55-85 

CSDB Linear 

notation 

Sub 
Sub =  

SMILES …{1’}.. 

[       ] A B 

C 

D E 

F 

G 

1 

1 

1 

1 1 

2 2 

7 3 
4 

4 6 

6 

3 
6 

2 

[       ] F B 
1 

1 

7 

3 
I 

H 

1C 

4 3 

n=2..4 

3 
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-3)[xLAla(2-6),Ac(1-2)]bDGalpNA(1- 

exact fragment and its linkage 

xDGro(1-P-5)aDRibf 
unspecified topology and capping bonds 

unspecified configurations, substitution 

positions, ringsize, N-acetylation 

x?Ala(2-?)?DGal?NA 

-?)?Dhex(1- 
only residue class 

and 1-linkage 

        L-Ala(2-6)+ 
                  | 

-5)α-D-Ribf(1-3)β-D-GalpNAcA(1-2)D-Gro(1-P- 

n 

O 

COOH 

N H 

C H 3 

O H 

O 

O 

O 

N H 

O H 

O 

O C H 3 

O 

P 

O H 

O 

O 

O H O H 

O 

Rib 
GalNA 

Ac 

Ala 

Gro 
P 

2 

2 

6 

3 

5 

1 

1β 

1α 

P 

HEX, xDRib?, PEP 

partial composition 

? 

f 

P ? 

approximate motif 
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 compatibility 

approach complete 
unambi-

guous 

human 

control 
parseable 

fuzziness 

support 

IUPAC 

IUPAC extended 
(SweetDB, Carbbank) 

pseudo-

graphics 

Glyde I 
XML 

 

URL 

WURCS 
(JCGGDB, ChEBI, PDB) 

 

URL 

GlycoCT 

(Glycome-DB) 

LinearCode (CFG)  

URL 

LinUCS 
(GlycoSCIENCES) 

 

URL 

KCF (KEGG)  

 

CSDB linear (CSDB)  

URL 

……… 

……… 

……… 

worse                      better 

Toukach Ph, Egorova K   New features of CSDB Linear, as compared to other carbohydrate notations   J Chem Inf Model 2020, 60:1276-1289 



• Biosynthesis pathway analysis (glycosyltransferase database) 

• Oligosaccharide conformation maps 

• NMR simulation and spectrum assignment (13C, 1H, 2D) 

• Structure prediction from NMR and other data 

• Glycome-based taxon clustering 

• Feature distribution in structures and taxa 

• Monomer classification 

conclusions inferred on ALL data,  

including screening and statistics 

knowledge add-ons 

29 



Activity: 

Object: 

 

 

 

 

 references 

DOI, PMID 

 

 

 

 

 synthesized 

fragment 

4 1β 

 

 

 

 

 donor and  

acceptor 

UDP Glc 

 

 

 

 

 full product 

structure 

ID 12345 

 

 

 

 

 organism, 

organ, tissue 

A. thaliana 

 

 

 

 

 

71B1 
Uniprot 

# Q9LSY9.1 

Genbank 

# 821729 

IDs 

GT 

Criteria: 
(in any combination) 

• IDs in databases 

• enzyme name / group 

• gene name / cluster 

• CAZy family 

• organism (species, strain) 

• synthesized linkage 

• donor (or its fragment) 

• acceptor (or its fragment) 

• object cellular role 

• trustworthiness level 

Egorova K, Toukach Ph   CSDB_GT: a new curated database on glycosyltransferases   Glycobiology 2017, 27:285-290 

Egorova K, Toukach Ph   Expanding CSDB_GT glycosyltransferase database with Escherichia coli   Glycobiology 2019, 29:285-287 

Egorova K, Smirnova NS, Toukach Ph  CSDB_GT, a curated glycosyltransferase database with close-to-full coverage on three  

                                                              most studied non-animal species    Glycobiology 2020, ePub ahead of print 

O 

HO 

O OH 

OH 

OH 

O 
HO 

HO 

OH 

OH 

CSDB GT 

30 
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MM-relaxation 

aLRhap(1-4)[x?Ala?(2-6)]?DGalpA 

 

 

 
 

 

α-  

β-D  

 
other variants 

(α-GalA, D-Ala, etc.) 

SMILES 

picking of minima 

«chairification» 

populated  

bond torsions 
φ,ψ,ω,θ 

O 

DB 

populated ring 

conformers 

 ~1000 residues 4C1,
1C4, … 

O 

DB 

conformers 

+ energies 

structure, 

incl. incomplete 

mol. dynamics 

300K, 100ns, H2O 

Scherbinina S, Toukach Ph   Three-dimensional structures of carbohydrates and where to find them   Int J Mol Sci 2020, 21: id 7702 
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1 normalization 

2 clustering 

filters 
(fragment type, 

taxonomic scope, 

thresholds, detail 

level, etc.) 

fragment pool 
bDGalp(1-3)aKdop, ... 

taxon pool   
E.coli, ... 

occurencies    

 
 

 

 
 

00101 10100 110… 

00011 11100 010… 

… 

fragments 

taxa 

similarity 

matrix 

 
 

 

 
 

0  4  5  1 … 

4  0  3  1 … 

5  3  0  9 … 

taxa 

taxa 
phenetic trees 

 
 

 

 
 

Hamming  

comparison 

Egorova K, Kondakova A, Toukach Ph  CSDB: statistical analysis of bacterial, plant, and fungal glycomes  Database 2015, id. bav073 

assigned structures       and organisms 

bacteria:          Gram+           Gram- 



• Chemical shift simulation (13С ~ 0.7 ppm, 1H ~ 0.06 ppm) 

• Support for structure elucidation 

• Signal assignment and hypothesis validation 

• Structure iteration and simulation-to-experiment comparison 

• Verification of molecular geometry models 

NMR is a main methods for sequence analysis in glycobiology 

O 

O 

O 

С 

H 

Glycan-Optimized Database-Driven 

Empirical Spectrum Simulation 

33 

Toukach F, Ananikov V  Computational predictions of NMR parameters for structure elucidation of carbohydrates   Chem Soc Rev 2013, 42:8376-8415 

Kapaev R, Egorova K, Toukach Ph  Carbohydrate structure generalization for simulation of experimental observables  J Chem Inf Model 2014, 54:2594 

Kapaev R, Toukach Ph   Improved carbohydrate structure generalization scheme for 1H and 13C NMR simulations   Analyt Chem 2015, 87:7006-7010 

Kapaev R, Toukach Ph   Simulation of 2D NMR spectra of carbohydrates using GODESS software   J Chem Inf Model 2016, 56:1100-1104 

GODDESS algorithm 



structure iteration 

property simulation 

ranking 

constraints 

experiment 

databases 

best-fitting structures and data 

data are tracked to original databases and literature 
selection filters 

β-D-Glcp 

2 

α-L-Rhap 

O 

O 

O 

1β GRASS algorithm 
 

Generation, Ranking 

and Assignment of 

Saccharide Structures 

13C 
unassigned 

NMR spectrum 

O 

? 

2 x 

known data 

about structure 

full structure 

(remaining unknowns) 

 

 
monomers, configurations, 

modifications, linkage pattern, 

sequence 

Kapaev R, Toukach Ph   GRASS: semi-automated NMR-based structure elucidation of saccharides   Bioinformatics 2018, 34:957-963  

34 



• Recognized human-readable language (SNFG, CSDB Linear, …) 

• Cross-project data access (GlycoRDF, GlycoCoO, central triplestore) 

• Cross-project services 
         (structure input & output , conformational calculations, spectra simulation, …) 

• Recognized indices 
             (Glytoucan ID, MSDB, PMID, DOI, TaxID, ICD-11, PDB id, Genbank, …) 

• Standard models and protocols (API, WSDL, SPARQL, …) 

• Ideological replacement of Carbbank 

• Requirement to include IDs in publications (Glytoucan ID?) 

                                                                                      (who will remove unpublished / erroneous data?) 

35 

● done in CSDB    ● to do    ● almost done 

$ $ 
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http://csdb.glycoscience.ru 

http://glycosciences.de 

http://www.genome.jp/kegg/glycan/ 

http://glytoucan.org 

http://jcggdb.jp/index_en.html 

http://toukach.ru/rus/glyco-db.htm 

http://www.unicarbkb.org/ 

T. Lütteke  The use of glyco-

informatics in glycochemistry 

(2012) Beilstein J Org Chem 8, 

915-929. doi: 10.3762/bjoc.8.104 

K. Aoki-Kinoshita  A practical guide to using 

glycomic databases (2017) Springer. 

doi: 10.1007/978-4-431-56454-6 

Ph. Toukach, K. Egorova  Carbohydrate 

Structure Database merged from 

bacterial, plant and fungal parts (2016) 

Nucl Acid Res 44, D1229–D1236.  

doi: 10.1093/nar/gkv840 

J. Abrahams et al.  Recent advances in glycoinformatic 

platforms for glycomics and glycoproteomics (2020) Curr 

Opin Struct Biol 62, 59-69. doi: 10.1016/j.sbi.2019.11.009 



●  free access        ● detailed manuals        ● problem solution examples 
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Toukach Ph, Egorova K  Carbohydrate Structure Database: examples of usage  in “A practical guide to using glycomics databases" 2017, ch. 5: 75-113 

$ $ 



Zelinsky Institute 

Moscow, Russia 

programming Roman Kapaev, Andrei Bochkov, Ivan Chernyshov, … 

literature processing & verification Ksenia Egorova, Nadezhda Kalinchuk, Kirill Kazantsev, … 

general support, data collection Yuriy Knirel 

integration, ontology René Ranzinger, Kiyoko Aoki-Kinoshita, Thomas Lütteke, … 

conformation analysis Victor Stroylov, Sofya Scherbinina, … 

ideas, R&D, notation, programming,  

interface, supervision Philip Toukach 

partners 
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Carbohydrate Structure Database 

curated content, close-to-full coverage 

O O 

Russian 

Foundation for 
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International Science 

and Technonogy 

Center 

Russian 

Federation 

President Grants 

Deutsches Krebbs-

ForschungsZentrum 

2005-2007,  

2012-2020 (x3) 

Russian Science 

Support Agency 

Russian Science 

Foundation 

2004-2005 2005-2007 2007-2010 (x4) 2008-2009 2018-2020 



Supplementary 
(used for discussion) 



• Study how an introduction of the amino group will affect the NMR chemical shifts of the lactose fragment 

• Find bacterial glycans containing a galacturonic acid residue and at least one more hexose, published after 

2005 in relation to antigens 

• Find all compounds extracted from the plants of the genus Solanum which contain a solanidine constituent 

• Find all carbohydrate structures having a signal close to 34 ppm in the 13C NMR spectrum, except those 

containing any octose 

• Find all papers by Knirel or Shashkov AS on bacterial structures containing quinovose-4-amine amidated by 

any N-acetylated amino acid 

• Find all bacterial nonose monosaccharide structures (monomers or homopolymers) 

• Predict 13C NMR spectrum of 3-O-α-abequosyl-6-deoxy-β-D-mannoheptopyranosyl-(D-ribitol-1)-phosphate in 

water solution and explore the credibility of chemical shifts simulated with lowest reported trustworthiness 

• Rank structural hypotheses for an unelucidated oligomer conforming to an experimental 13C NMR spectrum 

and containing bacillosamine, galacturonic acid and lysine residues 

• Study monomeric composition of two fungal species, Aspergillus oryzae and Aspergillus fumigatus, and reveal 

which monomers occupy termini of side chains 

• Find which dimeric fragments (including sugars, aglycons and other residues) of higher plant carbohydrates are 

specific to lupins 

• Study coverage statistics of Proteobacteria 
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RDF is a model to store data as object-predicate-subject triples.   

  allows federated queries with minimal knowledge of source DB formats 

  needs a triplestore and agreed ontology 

  GlycoRDF is a first formal carbohydrate ontology (OWL), 

  GlycoCoO is its extension for glycoconjugates.  

Ranzinger R, et al.   GlycoRDF: An ontology to standardize glycomics data in RDF   Bioinformatics 2015, 31:919-925 

Aoki-Kinoshita K, et al.   Introducing glycomics data into the Semantic Web   J Biomed Semantics 2013, 4:id39 
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Question: find carrier protein data for any given glycan in JCGGDB. 

 

Problem: JCGGDB does not have links to protein databases. 

 

Preamble: 

JCGGDB entries have links to GlycomeDB IDs. 

Both GlycomeDB and UniCarbKB have structures in GlycoCT format. 

UniCarbKB entries have links to UniProt IDs. 

 

Solution  (9-line SPARQL script):  

Map JCGGDB IDs to UniCarbKB IDs using GlycomeDB and retrieve the UniProt IDs from 

UniCarbKB for each JCGGDB ID. 

 

Need: 

ontology standard → data exported to RDF → a triplestore → SPARQL endpoint 
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