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Carbohydrate Structure Database

fpokapuomal, 2pubsbl, npocmeliwue, pacmeHus
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basa gaHHbIX npupénglx yrneesoaoB

MnaTtdopma ona cepBUCOB rMUKONH(POpPMaTUKHN
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® exerogHole 0bHOBMNEHNS ® NHCTPYMEHTbI aHann3a gaHHbIX
® Kypupyemble gaHHble e aHanun3 AMP / npeackasaHue
® MOMHOE NOKpbITHE ® VHTEerpaumsa ¢ gpyrumm 6asamm

(MukpoopeaHu3mbl — 0o 2021, pacteHunsa — go 2001)

http://csdb.glycoscience. ru

e CBOOOAHbLIN AOCTYN e AeTanbHbIN «Xenn» e NpPUMepsbI peLleHns 3agad

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



Hoctyn K 3D-CTpyKTypam

e BbonblWKNHCTBO 6a3 = 3D-CTPYKTypbl MUKAaHOB MMEKONUTaKLWUX
(kaKk Yyacmeb 2/1UKOIMpPoMmMeuUHo8)

 <5% cTaTteun cogepxat 3D-OaHHblE

« CTpPYKTYpbl CUMYNMPOBaHbI B pa3HbIX YCIOBUSX

L C rnVIKOI'IOﬂVIMepr NOJIHOCTbKO OTCYTCTBYIHOT

>« Kaxnoas CUMYNALUMA NpeBpaLlaeTcsa B OTAeNbHOE UccrneaoBaHme

* HaMm HyX€eH MHCTPYMEHT «M3 KOPOOKMY, AN HE-MHOPMATUKOB

e — CTaHOapTU30BaHHblE MOOENN CTPYKTYP B pacTBOpe
* — aBTOMaTU4Yyeckasi reHepauusi, o6LUMpPHbIE Npea-pacyeThl

* — JKCMOPT B aTOMapHbIe popmarhl

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



eHepaTop HaYanbHbLIX FeEOMETPUN

CSDB/SNFG structure editor
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Popular Small sugars Hexoses Higher sugars Alditols Aliphatic acids Other acids Superclas
O W |4 A | | ©Al| A |@|A| ® K e 4 *
Gle || GleNAc || GleA || QuiNAc || Gal || GalNAc || GalA || Fuc || FucNAc || Man || Rha || LDmanH || Ara || AradN || Xyl || Fru || P || Kdo || NeuSAc|| Gro || Ala
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PEXNMbI «KHOBUYKa» U «3KCnepTa»
BCE MOJSIN- N ONUTOMEepPHbIe TOMONOrnu
600+ MoHOCaxapnaoB 1 OpYrux OCTaTKoB

search residues

search modifications

enlin®
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SMILES ans atmnnyHbiX KOMNOHEHTOB
BCe TuMbl cBA3en (BkItoYas xenatHole n C-C)

BD D@ﬁ‘@[@ nogaepkka HeonpeaeneHHOCTEN, MOBTOPOB,
o Yo e BapunaTUBHOCTN, CynepKrnaccoB
00 ®0©)
Glc GalNAc
7 Previews
H image | RES "
7-3 D 1- a ir:rl &
_ A B OVIDY
Chemical repeating unit; n=10 Subst Rib-ol P ] REP1:50(3+1)2d=-1--1
RES
~3)alFucp(1-6) [Subst(7-3)xDRib-01(1-P-4)]?DG1lcp(1-?) [Ac(1-2)]bDGalfN(1- // Subst = chrysin = SMILES ibfb:"gai"l‘sx'l"‘ @I}@@‘E@@D
0O=c2cc(clcccccl)oc3c{7}c(0)c{5}c(0)c23 e :
Subst-(7-3)-D-Rib-0l-(1--P--4)--+
|
- -3)-a-L-Fucp-(1-6)-D-Glcp-(1-?)-b-D-GalfNAc-(1- Subst = chrysin = SMILES O=c2cc(clcccccl)oc3c{7}c(0)c{5}c(0)c23
» online-mopenep — e
There are 3 chemically distinct structures. Please, select: There are 2 sterically distinct structures. Please, select

IKCMNOPT Ha YyrneBoOAHbIX N XUMNYECKUX A3bIKaX

SKCIopT aTOMHbIX KOOpANHAT

Bu13yalsindauund

=i B 3. -3)aLFucp(1-6)[Subst(7-3)xDRib-ol(1-P-4)?DGlcp(1-6)[Ac(1-2)]bDGalfN(1// §

BB -3)aLFucp(1-6)[Subst(7-3)xDRib-ol(1-P-4)]?DGlcp(1-3)[Ac(1-2)]bDGalfN(1- //
2. -3)aLFucp(1-6)[Subst(7-3)xDRib-ol(1-P-4)]?DGlcp(1-5)[Ac(1-2)]bDGalfN(1- //

WA,

\

SMILES code:

[*10[C@@H]10[ C@@H] ( [CEH] (0)COC20[C@H] (CO[C@EH]30[ C@@H] (C) [C@gH]
(0) [C@@H] ([*1) [C@@H]30) [C@@H] (OP(=0) (0)OC[C@H] (0) [CeH)
(0c3cc(0)cdc(=0)cc(-cS5ccceccS)ocdc3) [C@H] (0)CO) [CaH] (0)[C@H]20)
[C@H] (0) [CBH]INC(C)=0

o

/. - a = = -
S/ B =30 shift+'H=z00m shift+Px2=pan Alt+D) = rotate Ctri+ P = menu

Bochkov A, Toukach Ph  An online glycan builder with 2D and 3D structure visualization J Chem Inf Model 2021, 61:4940-4948



AHanus Koucbopmauuﬁ

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

Apyrne BapuaHThbl "o,
/ (a-GalA, D-Ala, etc.) a-L-Rhap . L-Ala
CTPyKTypa o . N JY
(BO3MOXHO, HemnorHas) SMILES pD- | ! " 1
GalpA~"

s (DB D

«Kpecnudukaumsa»
3acelJieHHble MMpaHo3
COCTOAHUA .
LIMKMOB EOWC,. ..

~1000 ocTaTKoB

BbIOOP MUHMMYMOB
MM-onTummnsauyms

( > (DB
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CeneHHble
TOPCUOHHbIE
YIIibl CA3eU

MOJ1. AUHaAMUKaA i
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:

Chernyshov |, Toukach Ph  REStLESS: automated translation of glycan sequences from residue-based notation to SMILES and atomic coordinates
Bioinformatics 2018, 34: 2679-2681



[Touck KoHchbopMaLn

eX I 0 re r 0 Color scheme~  Plottype v W Extrema gz Frames
Search for conformation maps P :
Use the following criteria alone or in any combination to search for conformation maps. adHalIn3 N SKCMNOPT KapT
QHEPIrnn n 3acesieHHOCTNn,
Conformation ID: Type CSDB conformation ID or range, e.g. 1-5,10,12 SIS ! 100
| | Search! MOUCK 3KCTPEMYMOB o]
604
Use selectors [ a0
Model bond: |B v| |D-GIcpNAc v | |—=? v| |a v || D-Manp v N
(only those components are listed for which conformation maps are stored)
= o
or type dimeric fragment in CSDB encoding N
‘Ac(LZ)bDGlcpH(L?)aDManp ..9_‘“ a0
—60
[} Strict modification search 9
-100
Filter by target structure size e e e
Model size: | any v s
CSDB confo_rmatlon data search anm ¢
73 conformation maps have been found.
Filter by MD method
Force field: | any v | Model structure Conformation map Energy minima < Details
p=40, w=0 AF=0 00 Kcal/mol Force field: MM3-2000
y
) H a ©=20, w=-40 AE=0.53 Kcal/mol Solvent model: Tip3P
Filter by MD temperature MD temperature: 300
Temperature: lany v | MD duration: 100 ns
e Frames: 50K
MD summary file- download
Filter by solvent model
Solvent model: | any v =
map
live
Home Help view
P ID: 953
' [] @=40, w=175, w=-60 AE=0.00 Kcal/mol | Force field: MM3-1996
MOUCK NO. Yy w =30 =165 w=60 AE=000 Kcal/mol | Solvent model: None
l' @=30, w=165, w=180 AE=010 Kcal/mol | MD temperature: 1000
ID =40, y=185 w=60 AE=0.32 Kcal/imol |MD duration: 30 ns
2 @=25 w=150, w=180 AFE=0 44 Kcal/mol | Frames: 30K
@=40, w=185, w=165 AE=0.71 Kcal/mol | MD summary file: download
CTPYKTYpam 0=40, y=195 w=180 AE=071 Kcal/mol
|| @=55, w=195, w=-60 AE=0.86 Kcal/mol
=40, w=185, w=45 AE=0.86 Kcal/mol
I/I MX q)pa rM e HTa M y map @=40, y=150, w=180 AE=0.86 Kcal/mol
I_Ia a MeT a M acq eTa s.m . Tive || 9=30, =180, w=45 AE=0.86 Kcal/mol
(bond: . ) o @=15, =170, w=165 AE=0.86 Kcal/mol
P P p © LB || =50, y=175. w=165 AE=0.86 Kcal/mol pesyrbrarthl
' |D- 1857 | =25, w=135, w=-60 AE=1.01 Kcal/mol
m—AN =210 m— AN AF—1 N1 Kreallmal KpaTKO




PaboTta ¢ KoH(poOpMaLMOHHBIMU KapTaMn

D, 3aceneHocTb + ppenmbl

2D, 3Heprus + SKCTpeMyMbI 3D, aHepruna + npoekumu

Frames

1D-npodounsb

[ el

0o 4 yrnos / cBA3b

* WHTEPaKTUBHOCTb
(NpokpyTKka, MacLuTab, BpalleHue,
£ KOHTPOJSIb NIIOTHOCTM, LIBET, CIoN)
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3anosriHeHue ba3bl

aHanms
BCTPe4YaemMocCTu
doparmMeHTOB

!

aBTOMaTU4YEeCKUNn

KoHBeunep | (pipeline) <

aona MI-pac4yetoB

!

cBa3un ¢ 1..4 yrnamum
BpaLlEeHUs B ON-, TPU- U
TeTpaMepHbIX doparMeHTax
(3arnonHeHue 6a3sbli)

1

nmnopt GlycoMapsDB

(‘

.

nepBuYHas

CTPYKTYpa
CSDB Linear

MOTT.
OvHaMuKa

B ABHOWN H,O

Packmol/Tinker

TOPCUOHHbIE

yrnbl,

9KCTPEMYMb

own scripts

Ha4valibHaA

reoMeTpus
REStLESS

aHalln3

TpaeKkTopun
CAT

NMMOpPT

KapT B basy
CSDB
importer

Scherbinina S, Frank M, Toukach Ph Carbohydrate Structure Database oligosaccharide conformation tool Glycobiology 2022, 32:460-468



MeTon pacuyerta

o . - . 8bIbopKa:.
g | 11 npucaxapugoB pasHbIX KNaccoB
0.4 : o
[BES . L * Bce H-H NOEs, 300K
L o2 .- H l 5 ﬁk < TpaHcrnukoanaHble NOEs, 300K
O ..{iift ﬁ ?& E}f . %ﬁ[}% E i }‘% "« Bce H-H NOEs, 1000K
Z S S o | el © TpaHcrnukoanaHble NOEs, 1000K
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B3LYP // 6-311++(2d,2p) ©

N/

GlycomapsDB

~2400 mopgenen: MM3, 10-30 ns, 1000K, sakyym <

KoHUenuuA

Stroylov V, Panova M, Toukach Ph  Comparison of methods for bulk automated simulation of glycosidic bond conformations
Int J Mol Science 2020, 21:id7626



[lepcneKkTuBa

« [HobaeneHne NOESY B cumynatop 2D-AMP

(pacyeT u3 MexXaToMHbIX PacCTOSHUI)

« 3anonHeHne 6a3sbl KOHPoOpPMaLWUN:
- B nopsigke pacnpoctpaHeHHocTn (200-300 pacyeTtoB / roa)
- OfIUrOMEepPbI C HEYrNeBOAHbLIMW OCTaTKaMu
- 3aMeHa ycTapeBlwux gaHHbiXx GlycomapsDB

e ABTOMAaTM3aALNA BCTaBKu yrnoB B MO EJIN

(B reHepaTope HayarnbHbIX FEOMETPUI)

* AHcambnu koHdopmaumn: web-explorer / cpaBHeHME [ 3KCNOPT



OCHOBHbIE YYaCTHUKN

nporpamMmmMmmpoBaHue
aHHOTMpPOBAHUE N KypupoBaHue
cbop AaHHbIX, NoaaepxKa
NHTEerpauns, OHTonorng
KOHJOOpMaLMOHHbLIW aHanus

R&D (pa3pabotka),
NHTEepgenc, MEHEKMEHT

KomaHOa u napmHepsl CSDB
ydyacmHuku 3D-membi

= ™ PomaH Kanaes, AHgpen bouykos, IBaH YepHbILWOB, ...
m= KceHusa EropoBa, Hapgexaa Kanunuyk, Kupmunn KasaHues, ...
mm HOpuii KHupenb

™= @ PeHe PaHuuHrep, Kunoko Aokun-KuHowwuta, Tomac JlioTTekKe, ...

mm Buktop Ctpounnos, Codbsi LlepbuHuHa, ...

= Oununn Toykay

XocTep @ MHCTUTYT opraHundeckomn xummm um H.[l. 3enmHckoro PAH
E . E napTHepb! GlycomeDB,,. | jccpp | |&Unicaroks | RIO RO e ==Tol= g)
F GLYTOUGAN
OEeHbI'n RSF 5 dicfz. Q

K'Y  http:itoukach.ru/rus/CSDB_3D.htm



