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B 3TOM goknage:

spepenme | © 3avyeM MHcopMaTU3UPOBATbL FMNKOMUKY?
rrnvko- . * YrneBogHble 0a3bl AaHHbIX

uchopma-rmcaI  [lpaBuna rnnkonHdpopmaTku Ha npumepe CSDB

 @opmanusaumsa yrineBoAHbIX CTPYKTYP

crpyK-rypuI
« MoneKkynsipHasa reomeTpusi yrneBoaoB

3  [NuKoTakcoHoMus
HaACTPOMUKM

 [nuko3unnTpaHcdgepasbl
« MopenupoBaHue cnektpos AMP
rnuko-AMP
* [lpeAackasaHue NepBUYHOU CTPYKTYpPbI

ebisopbl [l « Yto cpenaHo, ony6nvMKkoBaHO, BHEAPEHO?

Sf‘) http://toukach.ru/rus/glycoinf.htm

CChIJIKU yYKa3aHhbl 8 Cliydae, ecs/iu cmambu OI'Iy6J'IUK088HbI 8 coasmopcmee C 00Knad4yuKom




I MIMKoOXMus B bMorormm

-n

« CTpyKTYypa, Usomepus, KoHpopmauns yrineBoaoB B KNeTkax
« TakcoHoMUSA U Knaccndukaumnsa MMKpoopraHM3mMoB

e [nunkoanutonsl N UMMYHOCNELMNAOUYHOCTb OPraHN3MoB

* [nunkocogepxallune BakUMHbI N NekapcTea

* Koppenauua MakpocBOMCTB opraHn3ma c ero yrriesogamm

 bBunocuHTE3 N KPYroBOpPOT YrNneBodoB



 Ponun yrneBoaoB: rmMnko3nnnpoBaHue 0enkoB, aHTUTEHbI
MUKPOOPraHM3MOB, MEXKNETOUYHbIE KOHTaKTbl, KNeToYHasi CTeHKa,

OVoaKTMBHbIE TMUKO3NAbI.

* WHTepec poc, 06EM MHOPMaLUM yBENUYMBATCS,

HO UCMONb30BaThb €€ ObINo NpPobnemMaTU4HoO.

 [mobanbHaa 3apava rMMKOMHOPMATUKKN - 0becnednTb
nccrnegosarenen yrneBogoB BCeN MOLLLI MHPOPMALMOHHbIX

TEXHOJ10I'nNMN. ~2000 T




YacTHbIe 3agayvm FMUKOUHMMOPMAaTUKINA

Jlerkui gocTyn K 3HaHMAM M aBTOMaTU3aLMA uccrieaoBaHUmM

Kakne npupoaHble CTPYKTYpPbl NOXOXKM Ha 3adaHHble? Kakue ux goparMeHTbl cneuuuyHbl ans
3aJaHHbIX buonornyeckux BuaoB? oe oHM onybriMKoBaHbl, B NPUBA3KE K KAKMM TaKCoHaM,
bonesHam, u 1.4.7 Kakne dpepMeHTbl UX CUHTE3UPYIOT N C KAKOW JOCTOBEPHOCTLIO 3TO NOKa3aHo?

Ha kakue rmmkoanntonbl pearnpyroT aHtutena?

MoaenupoBaHue CBOMCTB MOJIEKYn

MonekynsipHasi reoMeTpusl, CNekTpbl, OMOAKTUBHOCTD, ...
[MpeackasaHue CTPYKTYpPbI NO HabrnwaaeMmbiM CBOUCTBaM

[lpeacka3zaHmne CBONCTB TaKCOHOB

KJ'IaCTepI/I3aLI,I/IFI Ha OCHOBaAHUW IMMUKOMOB, NMOUCK CXOXXECTU U pa3n|/|L||/||7| TaKCOHOB,

XeMOTaKCOHOMUN4eCcKad KJ'IaCCI/ICpI/IKaLI,I/ISv'-l

UpeHTdpukauma n Busyanusaums MONEKYs (s 7. u. B nybnukaumsx)

MeTtoponorna o6paboTky HakoONJIeHHbIX 3HAaHUN

AHHOTMPOBaHWe nNybnukawummn, MHTerpaLms NPOEKTOB, CTaHAApPTMU3aLUS 3HaHWI



MMKOMMUKA VS. FeHOMMKA, NPOTEeOMMKA

no cpasnenuto ¢ opyeumu —Omics:

e CcXoaHbI 00beM nHdpopmauum (>100 000 n3BECTHbLIX CTPYKTYP)
e OOnblWasg XMMUYeckasi BapmaTMBHOCTb
* MeHbluee ucronb3oBaHue IT (basbl 4aHHbIX, CEPBUCHI)

* MeHblUad CTaHOapTn3auund

Glytoucan GenBank
.MsonupOBaHHble@ [ CTaHAApPThbI ]

oCcTpoBa \ .-
: | nyervkaumu aHH

|
)
\

C Prot \
AV
t:)/—ﬁu GTCTCA... JJ
Val-Ser-...
J-

"\

Egorova K, Toukach Ph Bridging isolated islands in the sea of data Angewandte Chemie Intl Ed 2018



[ipobnemMbl B rMMKOUH(OPMATUKE

« BapuatmBHOCTbL 1 reTeporeHHOCTb OOBHLEKTOB
 HeogHO3Ha4YyHOE onucaHune CTPYKTYpb!

« CoOXHOCTM C BBOAOM W Budyanusaumnen 0onbLlUnx CTPYKTYpP
 OrTcyTCcTBME CTAHOAPTOB

* KV3onnpoBaHHOCTbL MNPOEKTOB

* HenonHoTa n HN3Koe Ka4eCcTBO AaHHbLIX B 6basax

 PecypcoeMKkne anroputmbl

« HexBaTka cnctemMHoro BnaeHunst y paspaboTymkoB 1 norib3oBaTenemn

(HeT obLLenpPU3HaHHbIX CEPBUCOB, MHULMATUBBLI HECOBMECTUMbI APYr C APYroM)

Aoki-Kinoshita K, et al. Introducing glycomics data into Semantic Web J Biomed Semantics 2013
Egorova K, Toukach Ph Bridging isolated islands in the sea of data Angewandte Chemie Intl Ed 2018
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npeancKka3aHunA
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Carbohydrate Structure Database

—

-

yul

* perynsipHoe nonosiHeHune

* paclumpsemMas apxuTektypa

]

Komnnekc 6a3 AaHHbIX +
NMnatdopma ona cepBmucos

Ga

* MHOXXECTBO UHCTPYMEHTOB 00paboTKM AaHHbIX

* MPOBEPKa KOHTEHTA (15% = CarbBank, 85% = nutepatypa)

* TMOJIHOE MNMOKPbITNE (6aktepun, rpnbsi)

MHTEerpauuns c apyrummn 6asamm

Egorova K, Toukach Ph  CSDB_GT: a new curated database on glycosyltransferases Glycobiology 2017

Toukach Ph, Egorova K Carbohydrate structure database merged from bacterial, archaeal, plant and fungal parts Nucl Acid Res Database Issue 2016
Egorova K, Toukach Ph Expansion of coverage of Carbohydrate Structure Database (CSDB) Carbohydr Res 2014

Toukach Ph Bacterial Carbohydrate Structure Database 3: principles and realization J Chem Inf Model 2011




TnnyHbie 3anpochl

e ~N SeDPBa?Kdid’ reHbl, DOI, PubMed 1D
E : | niProt | cpereHTbl . N\e---- TEePMMHbI
HasBaHue, CBOIICTBA, J ESH
E B Knacc npoyee .
dparMeHT, MOTUB, 4 ’x / nyonukauumn N rona,
\  cocTas ; 1 KypHarbl,
aBTOoOpHl, ...
MS DB id, ... ICD-11 N P
< OonesHu, LM
opraHbl
CCPN id, ... | CTPYKTYpbI |
> 4
4 ) 4
~N MeToAbl,
npoyee
\_ CMeKTpbl ¢,\|;\ﬂ \_OpraHu3mb! .
@)
NCBI Tax ID
\_reomeTtpusi )
——> O[lHO3Ha4Hble Nepexoabl ----3> HeYeTKue nepexoasbl komouHauun: U, UIN, HE

Toukach Ph Bacterial Carbohydrate Structure Database 3: principles and realization J Chem Inf Model 2011



CSDB: coctaBHOM 3anpoc

dparmeHT dparmeHT [aHHbIe crpynnMpoBaHbl MO coeauHe-
HUAM, NyBNUKauusam, opraHMamam u T.4.

Lys / Ala

There are 2 chemically distinct structures. Please, select:

2 -4)[60%Me(1-3)aDRhap(1-3)aL Fucp(1-4)?DXyip{1-
6 -4)[60%Me(1-3)aDRhap(1-3)JaLFucp(1-4)xDXyla(1-
Found 5 structures. Displayed structures fro

OH OH OH
Expand all compounds  Show all as text (Swee| = = =

0, (s} W0 OH
HyC
1. Compound ID: 10502
o [

cOCTaB Il ) o
4 . (_}1 3 CHjy e
-] SVGfile Show SMILES

2 X KDO 3“(50")"‘(
X Showlel pease select one of 2 sterically distinct structures

Show a:

1 X H eX N Structure type: polymer chemical repeating un|

M Compound class: O-polysaccharide, O-antigel

+ T Structural formula & atomic coordinates
Sweet-ll 3D model

M Kn aCC / H a3 Ba H M e The structure is contained in the foll

® Article ID: 4266
Boyko AS, Dmitrenok AS, Fedonenko
o ide of the lipopoly

poly
| D S acofriose)" - Carbohydrate Researc|

Two types of neutral O-polysac
phenol-water extraction from the asy|
of the major O-polysaccharide was 4
1D and 2D (1)H and (13)C NMR s
D-rhamnose is indicated by italics

Lipopolysaccharide, structural, O-

AMP (bVI nbTp physiology, Azosprilum brasiense,
D-Acofriose

TaKCOHOMMUA

NCBI PubMed ID: 22575749

Proteus O1 . Pocionso 1455 e 012005
6 C . Publisher. Elsevier

Correspondence: room308@ibppm.sgu.ru
Institutions: Institute of Biochemistry and Physiology of Plants and Microorganisms, Russian

1 8 . 3 + 0 . 8 Methods: 1H NMR, 13C NMR, NMR-2D, methylation, chemical analysis, GLC, Smith degrada

Azospirillum brasilense Jm6B82

-enosex > 2005 =

Fedonenko YH
the genus Az}

The revie

K.rl I'OL'I e Boe polysaccharid
110 100 an an T 1] S0 40 0 29
CJ—I o BO - L P S The spectrum aiso has 2 signals at unknown positions (not plotted).

Toukach Ph, Egorova K Bacterial, Plant, and Fungal Carbohydrate Structure Database (CSDB) "Glycoscience: biology and medicine” 2014 (erasa)



OpraHunsauuss pa3padooTku

 basa gaHHbIX 1 nnatdopma AOMKHbI ObITb MOCTPOEHLI NO rMpaBusiam
NHJOpMaTUKN.

« [lpaBuna GbiNy KOHKPETU3NPOBAHbI N aAanTUPOBaHbI ANA YrNeBoaoB.

1 $, Bpema

CCarbBank)
1989-1995

OCHOBa - buoopraHuka,
aganTauns ans KoMnbto-
TEPHOro NCMNosSb30BaHUS

o '@ dkfz.

OCHOBa - MHopMaTHKa, ~2008
aganTtauua ang ncnosb-
30BaHuA B BuoopraHuke

| -

~10 000 n =’

Egorova K, Toukach Ph Bridging isolated islands in the sea of data Angewandte Chemie Intl Ed 2018



p CDyH KUNOHAJIbHOCTD (tunbl AaHHbIX 1 nHaekcos, obpaboTka 3anpocoBs)
* TlonHOTAa NOKPLITUSA (+ BuiGpaHHbIi knacc)

« KauectBO AAdHHDbIX (% ownbok, npo3payHocTb)

° MHTeI'paLIMFI (nogaepxka bopmaToB, MNopT-akcrnopT, APIl, RDF)

° MHTepCbeﬁC (NnpocToTa, CTabunbHOCTb, MPOM3BOANTENBHOCTD)

BHYTPEHHSS yrnpasnstoLime HanonHeHne
apxuTeKkTypa nporpaMmmbl OaHHbIMU

N
Cd

ncnpaBndaAemMocCTb



ApXUTEKTYypa

& UniCarbkB GlyCOIIl(ZDB,T;;;= @ e

LI

+ PensuunoHHas 6a3a gaHHbIX E L e n
° MHﬂ,eKCaLI,I/IFI + cTaHAapTHble nHaekcol (DOI, TaxID, ICD-11, PMID, ...)

* CTpyKTYpbl, TAaKCOHOMUSA, BUBNMOrpaUs - pasmbie TvnbI 3anucei
 YenoBekoynTaembliu OAaMI1 (opraHusaums npouecca HanonMHeHUs)

S KOHTpOﬂMpyeMble crioBapun TeEpMNHOB (moHomepos; MSDB)

. Fpegit)

e Tabnuua cBA3HOCTU e

i 3
1
! bonesHu !

1
P N : opraHbl, TKaHu :
| TpuBWasbHbIE HA3BaHUs, reHoTun, cragnst |
i cnekTpbl AMP, MC :
CTPYKTYpa, | YCTIOBUSI CbEMKM CTIEKTPOB, KrOYeBblE CnoBa |
TaKCOHOMMS, | GMOaKTUBHOCTB, pedeparbl :
bubnuorpadums, i reHbl, PepMeHTbI, NHCTUTYTbI i
| Coblnkn Ha Apyve bl ) I KOHbopMaLus MeToabl i
e e e e e e e e e i ——— — ————— T — — — T T I I 1 T T . T . . T T T . . . B . 2




MCTOUYHUKN OaHHbIX

CarbBank v gpyrve b/

CSDB 2021.:

25 000 cmpykmyp,
9 800 nybnukayud,
13 000 opeaHu3mos,

14 200 cnekmpoes,

2 500 KoHe. kapm,

2 100 akmueHocmeu I'T
+B3aNMOCBS3N

NMNOJIHOE NOKPbITUE MO NPOKapnuoTam.

oTpuLaTENbHbIN pe3ynbTaT noucka =
3Ha4YMMas Hay4yHasa MHdopmaLms

KOHBEepCus,
npoBepka

nuteparypa

CBOW U Yyxue
pe3ynbTaThl

~800 / rog,

* BbisiIBNeHUe nyonukaummn
* PeTPOCNEeKTUBHbLIN aHanu3
* aHHOTUpPOBAaHME U NpoBepKa

&UniCarbkB

GlycomeDB,, .

=y




KayecTBO AaHHbIX
HangeHo & 350 m Py
_ ncnpasneHo

ornepartopckune B ba3ax B CTATbsAX B nporpammax

r N N )
2dGlc — araHex, Glc(1-2)GIcN, E. coli O127:
a-Rib-ol — Rib-ol, anhydro-Kdo, aDGalpN(1-4)bDFucp(1-4)bDGlcp
D-Kdo — Kdo, D-manHep, Glc C1103.2 ppm
1-methyl — 1-Me, Galp5N, o QM E. coli 0128)
n.m.r. - NMR, Ac(1-2)[Glc(1-2)]Gal, M, o
taxid 583 — Proteus, Escherichia sapiens, HO ) e o

L y Dev Food Sci 2012, o

#AcC : 23 m.4., 65 m.4. °"104.2) T

\ D-Gcl, ... J  \a-D-GalpNAc B-D-Fucp a-D-Glcp /

CCarbBank)@ >50% (HenpaBUIbHbIE, OTCYTCTBYIOLLIME, FTIOXKHO MPUCYTCTBYIOLLNE
|_> npyrve 5[ CTPYKTYPbl, LUTAMMbI, aHHOTaLNK)

Egorova K, Toukach Ph Critical analysis of CCSD data quality J Chem Inf Model 2012



WpeanbHas MHTerpauus

GlycoCT,
PubmedXML,
glycoRDF, ...

cTaHAapThl /71‘1:0
Q
Apyrve Bl /7 MMRopT
SKCnopr
Apyrue

/E—H\ cepBuChl

\— MHTepcbeV,C \/ .
nonb3oBaTenu :
0 </ m cabmuceus
% aOf
N ny6nukaumm
(@ BFS
s
XpaHunuue 5 9
Tpunnetos ’97 < cepBUCHI
-. WSDL
u Q
Apyrve bl

Aoki-Kinoshita K, et al. Towards an international glycan structure repository Glycobiology 2013
Toukach Ph, Joshi H, Ranzinger R, Knirel Y, von der Lieth C-W Sharing of worldwide distributed carbohydrate resources Nucl Acid Res DB Issue 2007



Resource Description Framework

RDF — mopenb AaHHbIX B Buae TpunneTtoB o6bekm-npedukam-cyb6bekm.

© ponyckaeT pacnpegeneHHble 3anpochl ¢ MUHUMANbHBIM 3HaHWEM (opMaToB 6a3
@ Tpebyer peno3uTopust TPUMMETOB U COMMIACOBAHHON OHTOMNOMMM

3apava: HanuTtn 6enok-HocuTenb Ans NPoun3BosbHOro rmukaHa n3 JCGGDB.
Npobnema: JCGGDB He cBA3aHa ccbinkamu ¢ 6enkoBbiMm baszamu.

NMpeambyna:

3anucn B JCGGDB nmetoT cebinikn Ha ngeHtndukatopbl B GlycomeDB.

Kak GlycomeDB, Tak n UniCarbKB moryT akcrnoptupoaTb CTPYKTYpbl B popmarte GlycoCT.
3anucu B UniCarbKB nmeltoT ccbinku B 6enkoByto 6asy UniProt.

PeweHue (9-cmpounviii ckpunm na SPARQL):
Conoctasutb nageHtudpumnkatopbl JICGGDB 1 UniCarbKB, ncnonesyss GlycomeDB, n nonyyuTtb
noeHtTndgukatopol UniProt ns UniCarbKB ansa kaxgoro ngeHtudgpukartopa JCGGDB.

TpebyeTcs:
cTaHgapTHas OHTONOrMs — 3KCnopT AaHHbIX B RDF — penosutopun TpunnetoB — nHrepgenc SPARQL

GlycoRDF — nepBas ¢popmanbHasa yrnesogHas oHtonorusa (OWL)

Ranzinger R, et al. GlycoRDF: An ontology to standardize glycomics data in RDF Bioinformatics 2015
Aoki-Kinoshita K, et al. Introducing glycomics data into the Semantic Web J Biomed Semantics 2013



SNFG,
g 7., KoHBepcusi AaHHbIX <>|apyrvie copmarti| =
=] SMILES,,
"l ABTOMaTU4eckue web-cepsucbkl (WSDL) o
=] Glyde I,
g "l IMnopT, akcnopT LInUCS.
S -DB
g HokymeHTauusa, HELP GLYCAM.
g y GlycoRDF,
Lpy>xecTBEHHOCTb, ObICTPOAENCTBUE PubMed XML,
DCI XML
g CcbIfIKM Ha 3anucu B[,El,pyFI/IX npoeKTa@ (3anpochbl, MHAEKCHI, AaHHbIE)
NCBI PubMed, DOI,
g [BBO'D']BHBO-D- CprKTyp NCBI Taxonomy,

¥ 5 classe 8o o/a Wmalan  SNFG editor Uniprot, Genbank,
o s | Superdasees Glycosciences.DE,

MonosaccharideDB,

Glytoucan

® | (c)

®0O) 00

GGGGGG P p— rp—— Be0O-NOMOLLHMK,

=D - —_ —_ —_ _D_ —_
HE,*OH B-D-GalpNAc ) - cp( hl rpadh. pesakTop,
o) Sweet-DB B-D-Manp- (1-3) -L-Fucp 6M611M0'_re|<a CTPYKTYPp,

CSDB Linear,
bDManp(1-3)[Ac(1-2)bDGalpN(1-3)aDGlep(1-4)]?LFucp GIyCOCT

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




BbiBOA CTPYKTYP

g Busyanusauusa B YenoBekounTaembix chopmaTax:

CH3

O -LAa oo
SNFG MOL (3D) .

D-Rib-0l-(1-P-5)
|
-4) -a-Abep- (1-3) -p-L-gro-D-manHepp- (1-4) —a-Kdop- (2-

CAla_ (9-1)
Sweet-DB L-Ala-(2-1) MOL

E|<—> AKCNopT B MalUMHOYNTaeMbIX chopmaTax:

[IO[C@]1(C(=O)N[C@@H](C)C(=0)0)C[C@@H](C[C@@H]20[C@H]([C@@H](O)CO)[C@@H](0)[C@H](O[C@H]30[C@H] SMILES
(C)[C@H](*)C[C@H]30)[C@@H]20)[C@@H](OP(=0)(0)OC[C@H](O)[C@H](O)[C@H](O)CO)[C@@H]([C@H](0)CO)O1

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" _ad—c1_a5-b1*OPO*/30/3=0_c3-d1 WURCS

-4) aXAbep (1-3) bXLDmanHepp (1-4) [xDRib-01l (1-P-5) ,xLAla? (2-1) ] aXKdop (2- CSDB Linear

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

Varki A, et al. Symbol nomenclature for graphical representations of glycans Glycobiology 2015
Alocci D, Suchankova P, Costa R, Hory N, Mariethoz J, Toukach Ph, Lisacek F SugarSketcher: quick intuitive online glycan drawing Molecules 2018



CTpyKTypa yrneBoaoB

OH

HO OH
NH,
npumep asnboo-nnpaHosbl (3-D-GalpN)

HO

0 OH

OH OH
npumep anb0o-pypaHosbl (3-D-Ribf)

[NlonHasa cTpyKkTypa

MOHOMEPHBbIN COCTaB, B T.4. HEYrNEBOAHbIN
TOMNONOrNA N NocneaoBaTeNnbHOCTb
No3nLUUK 3aMeLLeHuUs]

cTexnomeTpmst 6oKoBbIX Lienew

YMUCIO, rpaHuLbl U TUMbl MOBTOPOB

CTpyKkTypa ocTaTKa

pa3mep ckeneta (4-10)

CTEPEOXUMUSA BCEX LEHTPOB (=MOHOMEP)
cnocob umknusauum (p/f/a, aldo/keto)
aHomepHaa doopma (a/p)

abcontoTHaga koHdurypauma (D/L)
moandukauum (-NH,,-COOH, deoxy)



HeoAHO3HAYHOCTb HOMEHKNaTyphbl

bDFucpN (1-1) AC (CSDB) «——— OAHO3Ha4HO COOTHECEeHO
CO CTPYKTYPOW, HO npwu

D-FucpN-B10Ac 3TOM MOHSATHO SIOAAM
A . beta-fucosamine acetate
HO oAc l-acetoxy-beta-D-fucopyranosamine
NH 2-deoxy-2-amino-B-D-fucopyranosyl acetate (IUPAC)
B-D-fucosamine acetic ester
A [ 3-6-deoxy-D-galactosamine acetate
1ac (CFG)

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

B-D-pyko3amMunH-1-O-aueTaT (Ha ectecTBeHHbIX A3bIKax)
(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)01)0)0)[C@@H]10C(C)=0 (SMILES)

1S/C8H15N05/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 (INChl)

Varki A, et al. Symbol nomenclature for graphical representations of glycans Glycobiology 2015



[louemy He aHanor MOL?

OyeHb CIoXHbIV NepeBo NOaTOMHOIo ONMcaHnsa B ceMaHTU4Yeckoe

(B cTpykTypy TUna a-D-Galf-(1-3)-B-D-Glcp)

CRnoXHbI NepeBO, CEMaHTUYECKOro ONMMcaHns B NOaToOMHOE

=> TPyAOEMKOCTb aHHOTUPOBAHUA cTaTtemn

Henb3a onucartb CTPYKTYpbI C HEONnpeaerneHHoCTAMHA

[1aHHblE B3yalibHO HE CONMOCTaBJ1EHbI CO 3HAHNAMU

4

HeyenoBekoynTaembii — TPyOAHO KypupoBaTb — OLUMOKK B AaHHbIX

KOOp,EI,I/IHaTbI dTOMOB HE ABNAKTCA NnepBnyYHbIMN aHHbIMUA

HO HenosHbIn MOL (6e3 3D) moxeT ObITb BOoCcnpUHAT Kak 3D MOL

rpOMO3,EI,KO Anga XpaHeHnd U nepenadm B CeT
(1 He nepepaeTcd kak napameTp B URL)

52.0606
51.8591
52.9844
53.8550
52.9684
52.2705
1117
1118
1119

O O O O oo
O O O O oo

ON O OO




OCo6eHHOCTHU CTPYKTYP U A3bIK

C D ~ abCoMITHAs  pa3smep LMKNa amuHorpynnbl  NPO4ME MOANUMKATOPSI,
KOHCbMpraLI.IAFl i i BMecCTe uin no ogHomy
g- l, Um v
]
0 a D NMA P 4en N A -4-ulo -0l
2 bl |L f etc. 3N A -ulosonic T
g || IR a N3N -ulosaric
o X1 1S ? T etc. -onic nonvon
7
Aamn > : i( [IBONHbIE CBA3U 4F
1‘ ' OCTaToK U3 3§:Me
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YpOoBHM abCcTpaKLun
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OT cCeMaHTUKMN K aTOMaM

cbopKka + HOBbIE CTEPEOLIEHTPbI
R-Pyr-(2-4:6)-[L-Ala-(1-2)]-B-D-GlcpN

aHanu3 CSDB Linear nnu gpyrov Hotaumu
XRPyr(2-4:2-6)[xLAla?(1-2)]bDGlcpN
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O
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H,C
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@)
, CH
',,I )K/ 3
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5 — SMILES npotoTtunos
0
a-D-GlcpN oH =
6 2
1 WOH
HO g SMILES: C[C@H](N)C(=O)N[C@H]1[C@@H](O)O
2 [C@@H]2CO[C@@](C)(C(=0)O)O[C@H]2[C@@H]10
HN 4 NS i,
OH
l\/l SMARTS cBsa3en mexay octatkamm

CTepeoKoHUrypauum + MeTku y ITrobble

0 B-D-GlcpN O+l 1+2 Pyr-(2-4:6)-[L-Ala-(1-2)]-B-D-GlcpN onepauuu Ha

006 (l)OO 0 06 OH aToMapHOM
HO o 0 Q YPOBHE
005 101
CH +
. 02 Ho~ 202 7 3
HO™ 0ONYB03 “NH, L H BHeLuHue
oH ’ NH, XMMUYeCKue

[006CH2](0)[005C@@H](O1) [202*:1]=[0:2].[0;IHO:3][006%:4]>>[*:2][*: 1][*:3][*:4] nporpamMmmbl

[004C@@H](O)[003C@H](O) [202*:1][0;!H0:2].[O;!H0:3][004*:4]>>[*: 1][*:2][*:4]

[002C@@H](0)[001C@H](O)1 [002%: 1][N;!H0:2].[0;!HO: 3][101*:4]>>[*: 1][*:2][*:4]

Chernyshov |, Toukach Ph  Automated translation of glycans from residue-based notation to SMILES and atomic coordinates Bioinformatics 2018



MoneKkynsapHasa reoMeTpua

anropuTm
RESILESS

Residues as SMILES,
Linkages as SMARTS

-

KOHOOPMEpPbI
OCTaTKOB

P-Y KapThl

7

Ha4yanbHble
reomeTpum

l

NCXOOHble AaHHblE
ana aokuHra, QSAR um
Op. pacyeToB
CTPYKTYpa-akTUBHOCTb

Chernyshov |, Toukach Ph  Automated translation of glycans from residue-based notation to SMILES and atomic coordinates Bioinformatics 2018



MopaenupoBaHue KOH(WOPMEPOB

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

HO,,, OH

ApYyrue BapuaHThbl

/ (a-GalA, D-Ala, n T. .) a-L-Rhap e L-Ala
CTPYKTYpHI, o 4 . N )\(
B T.4. HEMOJSIHbIE SMILES B-D- Lt "
GalpAre*
> /) «Kpecnuurkauunsa»
/Bbll’Oﬂ,Hble /| TA/.
KOH(bopMepsbI . :
~1000 ocTaTkoB EOEC ., .. %,
N BbI6GOP MUHMMYMOB
S MM-penakcauus
ﬂaCeﬂeHHble
o0 | * 4
COCTOAHNA
MOCTUKOB
e |
MOS. AMHaMuKa o-e ¥
KOHOOOPMepPbI
300K, 100HCc, H,0 hopit ' .
+ NX SHEPrnn , =

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



8 — Eﬁ] 5 BbIBOAbI HA OCHOBAHWY obpabotkn BCEX
AaHHbIX, B TOM 4YNClie CKPUHUHT U CTAaTUCTUKA
3HaHUA  HaAOCTPOUKMK
* AHanma nyten buocuHTtesa (basa rnmkosnnTpaHcdepas)
 KoHMopmMaLMOHHbIE KapThbl onmMrocaxapuaos
« [lpenckasaHue n otHeceHue cnektpoB AMP 13C, 1H, 2D
* [lpenckasaHue CTPYKTYpbl MO CNEKTpamM U OpyrumM OAaHHbIM
« Knactepusauuns TakcCOHOB Ha OCHOBaHUWU UX MMUKOMOB
 PacnpegeneHne oparMeHTOB MO TaKCOHAM U MOSIOXKEHUIO B CTPYKTYpax

« Knaccupunkaumss MOHOMEPOB



Knactepusaluusa TakCOHOB
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rnopoau u m.o.)

cpasHeHue
l no XaMmuHay

pacmeHmMbI
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1
1
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Egorova K, Kondakova A, Toukach Ph Carbohydrate Structure Database: statistical analysis of bacterial, plant, and fungal glycomes Database 2015



I nuKo3unTpaHcgepasbl

Kputepuu: 71B1
(B ntobom coyetaHum) Uniprot
# Q9LSY9.1
Genbank OObeKT:
g # 821729 )
naoeHTndurkaTopbl B 6asax S thaliana oo

*  HasBaHue depMeHTa / rpynna naeHTucmnkaTopsbl
* HasBaHue reHa / knacrep >-I-
* cemenictBo CAZy opraHu3sm, nonHas

opraH, TKaHb CTPYKTYypa
* OpraHusm (Bug, Wramm) C > / " PYERL
* CUHTe3unpyemas CB4A3b E AKTUBHOCTb:

* [OHOp (Unu ero doparmeHT)

«  aKUenTop (Wnn ero parmeHT) 15 4

‘—> UDP
* porib 0O0ObEKTa B KNeTKe
*  YPOBEHb JOCTOBEPHOCTU DOI, PMID) CMHTe3upyembii LLOHOP W

jl cdparmeHT akuenTtop
H H
HO
H o} OH
nyénukauum iy -

Egorova K, Toukach Ph  CSDB_GT: a new curated database on glycosyltransferases Glycobiology 2017
Egorova K, Toukach Ph Expanding CSDB_GT glycosyltransferase database with Escherichia coli Glycobiology 2019
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




AMP-MopoenvpoBaHue

AMP — ocHOBHOM MeTOA aHanu3a NepBUYHOW CTPYKTYPbI B IMUKOOMONOrnm

H
é- = -
wo AMP-mogenvpoBaHue < of

'V& y
C<:>o<:>

« [lomoLlb 3KCNepTy B YCTAHOBNEHUN CTPYKTYPbI

« OTHeceHMe cuUrHanoB 1 NpoBepKa rmnoTes
« [lepebop CTPYKTYp U CpaBHEHNE CUMYIIALIMK C SKCNEPUMEHTOM

* Bepudumkaumna pacyetHoM reoMmeTpuUn MOMEKYI

anropntm GODDESS Glycan-Optimized Database-Driven Empirical Spectrum Simulation



Kak npeackasatb cnekrp AMP?

CtatTuctnyeckm
xumuyeckue cosuau 13C u H

© CywectByeTt 6a3a (CSDB)
© OTcnexuBaeTcs 40 UCTOYHUKOB
® MeaneHHo (~MUHYTbI)

agantauma ong yrneeBoaos:
GODDESS

AMMNNPUYECKHN
xumuyeckue cosueu u KCCB

© OuyeHb ObICTPO (~MUNNTNCEKYHAbI)
® Tpebyetcsa moaernb
® HyxHbl cneunansHble 0asbl

aganTauma ons yrneBoaoB.:
GODDESS, BIOPSEL, CASPER

KBaHTOBO-MexaHU4eCckKu
2eomempus + ece napamempsi SIMP

© He 3aBucuT oT Oasbl
® Hwnskas TouHoCTb (>3 Mm.4.)
® O4yeHb MeasieHHOo (~MecsLbl)

aganTauums ong yrneBogoB: He HYXKHa

UHaue
(HelipoHHasi cemsb, pezgpeccusi, MM-QM)

® WHTerpanbHO ManonpurogHo

agantauma ons yrneBoaoB: HET

Toukach F, AnanikovV Computational predictions of NMR parameters for structure elucidation of carbohydrates Chem Soc Rev 2013



CtaTucrmnyeckoe moaernivposaHue

* Wcnonbayet perynapHo obHoBnsemyto 6azy CSDB (>9000 cnektpos)
« O600LaeT XMMNYECKOE OKPYXXEHNE NpeacKka3biBaeMOro atoma,

Noka He byadeT HangeHo OOCTaTOYHO NOXOXMX pparMeHTOB B base
« PaboTaeT Ha ypOBHe rpynn atToMoB U cneuuanbHbIX 4ECKPUNTOPOB
 QOueHnBaeT JOCTOBEPHOCTb N NO3BOMSET OTCNEANTb UCTOYHMKN

 CwmelumBaet IMIMNpmn4HeckKne n CTatuCTtn4eCKne pe3yribrartbl

3¢ NMR data: Solvent: Water (H or D) ~ | Recalc |
Linkage | Residue c1 C2 | C3 | C4 | Co | CB |Accuracy
NMPUMEHMMO K npeackasaHunio nobbix aTo- 5 \0Grolo73 726 [66.0 17
. frustworthiness-= n
MapHbIX CBOWCTB, NpeacTaBneHHbIX B 6ase iR reterenceo» |19 |17 |19
3 WP -
3.0 aDFucp (972 |72.5 (79.5 |70.6 |BEO (17.2 2.98
frusiworthiness-> m m 1.61 m
NMR referencesz-= | 3 3 3 18 13 4
3.0.3 bDGIcpN |103.7|551 |81.2 (719 |76.2 |B1.5 3
frustworthiness-> B E B B B B
MNMA references-= | 1 1 1 1 1 1
150 170 110 100 an 1 L =1 =0 40 30 20 - - - - - -
3,0,3.2 Ac|173.4(23.3 3.68
trustworthiness-» 3.65 EI
B-D-G|CpNAC-(1-3)-G-D-FUCp-(l'P'B)'D'GrO NMR references-= [ 19 21

Kapaev R, Toukach Ph Improved carbohydrate structure generalization scheme for 'H and 3C NMR simulations Analyt Chem 2015



O0o0OLIeHne CTPYKTYphI

doparMeHT CTPYKTYpbl 06006LEHHbIE (bparMeHThI
YKTY p
o OH By a-Tal or a-Man
OH . OH
-0 it npumep obobLieHns o OH
HO )
! i S » KoHdpurypauusa C4 noHopa p . 0
(@) (0]
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B- < TUMNbl 3aMecTuTeneun B_Glc
o (X =0H, NH,, H, ...)
LEHTPOB UUKITN3auynaA

(p.f,a)

H

obobLaemblie
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(R,) v nx nonoxeHus

HO

Marblii BeC O—gr

ansa @ (naneko)

2
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KaXXgbl onfiMroMepHbIn doparMeHT ob6o0bLLaeTcst OT ManbiX BECOB K DOMNbLUNM,
noka B 6ase He HanageTcsa AocTaTovHO 0600OLEHHBIX (PparMeHTOB,
3aTeM gaHHble 13 6a3sbl YCPeaHsTCA C YY4ETOM BbIOPOCOB

Kapaev R, Egorova K, Toukach Ph Carbohydrate structure generalization scheme for simulation of experimental observables J Chem Inf Model 2014
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Kapaev R, Toukach Ph Improved carbohydrate structure generalization scheme for 'H and 13C NMR simulations Analyt Chem 2015



CpaBHeHUe noaxoaoB
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TOJ1bKO MTTMKO3NAHbIE CBA3N U

pacnpocTpaHeHHble MOHOMEPbI

CpaBHeHMWe «npeackasaHne-sKCcrnepuMeHT» NpoBeaeHO Ha
~32000 XxmMmn4yecknx caBuroB U3 BCEX KaccoB OUOrnmMKkaHoB

Kapaev R, Toukach Ph Improved carbohydrate structure generalization scheme for 'H and 13C NMR simulations Analyt Chem 2015
Toukach F, AnanikovV Computational predictions of NMR parameters for structure elucidation of carbohydrates Chem Soc Rev 2013
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Kapaev R, Toukach Ph Simulation of 2D NMR spectra of carbohydrates using GODESS software J Chem Inf Model 2016
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NTepaTtop CTPYKTYP

gorpaqueva 6asbl
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Kapaev R, Toukach Ph GRASS: semi-automated NMR-based structure elucidation of saccharides Bioinformatics 2017



BbIOOp CTPYKTYPHbIX rMNoOTE3

MOHOMEpPHbLIN COCTaB,
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4yncro B-aHomepos, 4ncro CH,-rpynn, N-aueTtu- (rmaponus n xpomartorpadus) (MeTnnmpoBaHue)

nupoBaHune (paspeweHo, 3arnpeu,eHo, B03MOXHO),
4yumcno gocartos, NpUCyTCTBUE (PypaHO3 n T.4.

(13 1D SIMP)
abcontoTHbIe KoHdUrypauum
(rmaponun3 n mogndukauus)
CTPYKTYpPHble
HeoTHeceHHbIn cnekTp AMP 13C OorpaHnyYeHus
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anroputm GRASS Generation, Ranking and Assignment of Saccharide Structures
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Kapaev R, Toukach Ph GRASS: semi-automated NMR-based structure elucidation of saccharides Bioinformatics 2017



Uto caenaHo?

Llenb: onTumMmnsaums n aBtomaTtmaauus CprKTypHO-beHKLI,I/IOHaJ'IbHbIX ncernegoBaHnn

YrNEeBOOOB; MHpopMaTM3auus rmuKOXMMmnm n rmmkodunonorun,

CpeacTtBa: paspabotka n anpobauusa ngeonorum, Mogeren, ctTaHoapTos,

NHCTPYMEHTOB PabOoThl CO CTPYKTYypaMu, CeKTpamu, TakCOHOMUEN.



Uto caenaHo?

« Llenb: onTummn3aumsa n aBToMmaTusaumsa CTPYKTYPHO-DYHKLMOHANbHbLIX MCCIea0oBaHNN

yrmnesoaos, MchopmaTmsau,vm [MIMKOXUMUN N TIIMKOBMONOrnu.

« CpepcrtBa: paspabotka n anpobaums ngeonorum, moaenen, ctTaHoapTos,

MHCTPYMEHTOB paboThbl CO CTPYKTYpamMu, CNeKTpamu, TaKCOHOMUEN.

« PaspaboTtaHO n 06beauHEHO B CUCTEMY:

npaBuna obpaboTkn nHdopMaLnn B IMUKOXUMUN;
OHTOMOrMS B MMMKOMMUKE;

6a3a gaHHbIX 1 nnatgopma CSDB; | B + codbr
YITEBOAHbIN A3bIK U €ro CBsA3b C aTOMapPHbIMN MOAEMNAMM;

I noaxoabl

. I CTpyKTypbl + 3D
BbICTpOEe NosiydyeHne MONeKynAapHON reoMeTpun yrreBoaos;

AMP-mogenunpoBaHue yrneBonos; I
CNeKTpbI
CpaBHEHUWE 1 npeackasaHue CTPYKTYp Mo CrekTpam;

KnacTepHbIN aHanu3 XMMM4Yeckoro pasHoobpasus rmukoMoB; B rakcomb:
NHTErpauusi C KOHKypeHTaMu;

I B3aMMmogemcTBue
web-nopTtan.



Uto caenaHo?

Llenb: ontumnsauuns n aBtomaTtmsaumsa CTPYKTYPHO-DYHKLMOHANbHbIX MCCIea0BaHNN

yrmnesoaos, MchopmaTmsau,vm [MIMKOXUMUN N TIIMKOBMONOrnu.

CpepnctBa: paspaboTka n anpobaumsa ngeonorumn, moaenen, ctTaHoapTos,

MHCTPYMEHTOB paboThbl CO CTPYKTYpamMu, CNeKTpamu, TaKCOHOMUEN.

UTor:

HoBble rmmkoxmumMmmnyeckue NMHCTPYMEHTbI CO34aHHhbl, BepI/ICbVILI,I/IpOBaHbI Ha MOAEJIbHbIX

cncremMax n ncnosib3oBaHbl AJ1A4 pealJibHbIX nccrneaoBaHuUm.

3anoxeH dyHaaMeHT Ans CTaTUCTUYECKUX U MPSIMbIX PacYEeTOB KOppensLmm

CTPYKTYpa-CBOWUCTBO (socmpeb06aHo 6 HarpasneHHOM CUHME3e).

[Mpeobpasnnacb monogasi obnacTtb 3HaHUA — MMUKOMHAOPMAaTUKA, 3adaH U

obecrneyeH MMPOBOW BEKTOP €€ pas3BUTUS.



Caut B VIHTepHeTe

Database search

2 ||
=l ‘
Structures Composition Organisms Publications NMR signals

NMR spectrum simulation

Please, select how to input a structure:

[7005 publications (1941-2017)
18923 compounds from
8859 organisms

Jlast update: 2017 Jun 2

Search
CSDB IDs

Related record ID(s): 101
INCBI Taxonomy refs (TaxIDs): 64489

There is only one chemically distinct structure:

Useful tools

Additional operations are available from the left menu. If you don't see it click here

* Input using Structure Wizard

* Select from library

e Draw in Glycan Builder
* Convert from GlycoCT

* Use expert form (field below.

R

) | | =F

SVGfile  Show SMILES
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Predict NMR Elucidate

Pl

4

Fragments

<

| Cluster taxa

- | =T

GT activities

B
4
io:r P 2 = OH

Examples 1

Composition
Taxonomy
Bibliography
NMR signals

Help

Extras
NMR simuiation
Elucidation from NMR
Monomer namespace
Fragment abundance
Coverage stats
Taxon clustering
Submit record
Translate structure
Feedback

Maintenance

Matrix-based dendrogram:

e CBOOOOHLIN OOCTYN

Your job name is dsmatrix_2014Nov09_21-34-09.

Use these persistent links to download all job data or the distance matrix alone in R format

Build a new unrooted tree v and colorize 12 v cluster(s) Rebuild dendrogram

and Export Newick free +

Nucleus: 1H/13C (2D) >}

Structure in CSDB encoding:
aXhbep (1-3) bXLDmanHepp (1-4) [xDRib-ol (1-P-5) ,xLAla? (2-1) ]aXKdop

(this field is editable) Help on structure encodin

More parameters... @

Solvent: Water (H or D) @ Coverage @ Simulate NMR

http://csdb.glycoscience. ru

e noapobHas AoKyMeHTaums

e NMpuMepbI peLLeHns 3anad

Toukach Ph, Egorova K Carbohydrate Structure Database (CSDB): examples of usage "A practical guide to using glycomics databases" 2017 (en1aea)



YYacTHUKN

Carbohydrate Structure Database

rposepsieMbIli KOHMEeHM, MosIHOe rMoKpbIMue

= L] G 2os] &

nporpaMmMmupoBaHue mm ™ PomaHn Kanaes, AHgpei boykoB, BaH YepHbILWOB, ...
aHHOTUPOBaHWE M NMPoBepKa OaHHbIX m= KceHus Eropoea, Hagexna Kanunuyk, Kupunn KasaHues, ...
obulas noaaepxka n cbop gaHHbIX m= KOpuni KHupenb
NHTEerpawus, OHTOSOrnNS ™=@  PeHe PaHuuHrep, Kunoko Aokn-KuHowwmnta, Tomac JlioTTEkKe, ...
KOH(OPMaLMOHHbLIV aHann3 == Buktop Ctponnos, Codbs LLlepbuHuHa, ...
naen, sA3blk, apxXnTeKTypa, MHTepdeic, m= Oununn Toykay
nporpaMmmMmnpoBaHue, KoopamHauma
napTHepbl ClycomeDB,, | |jcccpe | |&uniCarbka
I § T C
5 b= 8 dkfz. PHO
0 M HT I
Poccunckun doHg MexxayHapogHbIv Komuccuna no Hemeukun LleHTp ®oHa Cogencramsa Poccunckun
dyHOaMeHTanbHbIX Hay4Ho-TexHnyeckui rpaHTam npwm WcecneposaHus OTeyecTBEeHHOM Hay4HbIn
NccneposaHui LleHTp npesngeHte PP Paka Hayke doHg
KHupenb (1 rpaHT) KHupenb (1 rpaHT) Toykau (1 rpaHT) Toykady (4 rpaHTa) Toykady (1 rpaHT) Toykau (2 rpaHTa)

Toykau (3 rpaHTa)



[lyonukauun

 [lo Tteme goknaga: 34 ctatbn + 3 MOHOrpadUK (cymmapHsIi nMnakT-cdakTop: ~170)
* llcnonb3oBaHue HapaboToK B UCcrieqoBaHusX apyrmx aBTopos: ~600 uMTMpoBaHMn
« Kaxabln rof (kpome pobotos). ~2500 nonckoBbix 3anpocos, ~1000 3anpocoB Ha pacyeT

* 36bpaHHble nybnukaunu:

Toukach PhV, Joshi H, Ranzinger R, Knirel YuA, von der Lieth C-W Sharing of worldwide distributed carbohydrate resources: online connection of the
Bacterial Carbohydrate Structure DataBase and GLYCOSCIENCES.de Nucl Acid Res 2007, 35:D280-D286

Toukach PhV Bacterial Carbohydrate Structure Database 3: Principles and Realization J Chem Inf Model 2011, 51:159-170
Egorova KS, Toukach PhV Critical analysis of CCSD data quality J Chem Inf Model 2012, 52:2812-2814

Toukach FV, Ananikov VP Recent advances in computational predictions of NMR parameters for structure elucidation of carbohydrates: methods and
limitations Chem Soc Rev 2013, 42: 8376-8415

Kapaev RR, Egorova KS, Toukach PhV Carbohydrate structure generalization scheme for database-driven simulation of experimental observables, such
as NMR chemical shifts J Chem Inf Model 2014, 54:2594-2611

Egorova KS, Kondakova AN, Toukach PhV CSDB: tools for statistical analysis of bacterial, plant and fungal glycomes Database 2015, ID bav073
Toukach PhV, Egorova KS Bacterial, Plant, and Fungal CSDB: daily Usage. B Glycoinformatics, pea. Lutteke T, Frank M. Springer, 2015, rn. 5: 55-85
Kapaev RR, Toukach PhV Improved carbohydrate structure generalization scheme for 'H and 3C NMR simulations Anal Chem 2015, 87:7006-7010
Ranzinger R et al. (13 aBTtopos Bkn. Toukach PhV) GlycoRDF: an ontology to standardize Glycomics data in RDF Bioinformatics 2015, 31:919-925
Toukach PhV, Egorova KS Carbohydrate Structure Database merged from multiple taxonomic domains Nucl Acid Res 2016, 44:D1229-D1236
Kapaev RR, Toukach PhV Simulation of 2D NMR spectra of carbohydrates using GODESS Software J Chem Inf Model 2016, 56:1100-1104

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

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

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

Egorova KS, Toukach PhV Glycoinformatics: bridging isolated islands in the sea of data Angewandte Chemie 2018, 57:14986-14990

Toukach PhV, Egorova KS New features of CSDB Linear, as compared to other carbohydrate notations J Chem Inf Model 2020, 60:1276-1289
Stroylov VS, Panova MP, Toukach PhV Comparison of methods for bulk simulation of glycosidic bond conformations Int J Mol Sci 2020, 21: ID 7626
Scherbinina SlI, Toukach PhV Three-dimensional structures of carbohydrates and where to find them Int J Mol Sci 2020, 21: ID 7702



IlononHeHuUs

(OEMOHCTPUPYIOTCHA B paMKax OTBETOB Ha BOMPOCHI)



CokpalleHns Ha cnavpgax

BIOPSEL
CASPER

CFG

COSY
CSDB

CSV

DFT B3LYP

DOI
GODDESS

GRASS

GT
HMBC
HOSE
HSQC
ICD
IUPAC

MESH
MSDB
NCBI
OWL
BIOPolymer Structure ELucidation PDB
Computer Assisted SPectrum Evaluation  pmiD
of Regular polysaccharides RDE
Consortium for Functional Glycomics REStLESS
Correlation SpectroscopY SMARTS
Carbohydrate Structure DataBase SMILES
Comma-Separated Values SNEG
Density Functional Theory: SPARQL
Becke 3-parameter Lee-Yang-Parr TOCSY
Digital object Identifier WSDL
Glyco-Optimized Database-Driven WURCS

Empirical Spectrum Simulation

Generation, Ranking and Assignment
of Saccharide Structures

GlycosylTransferase

Heteronuclear Multiple Bond Correlation
Hierarchial Organization of Spherical Environment
Heteronuclear Single Quantum Coherence
International Classification of Diseases
International Union of Pure and Applied Chemistry

Medical Subject Headings

MonoSaccharide DataBase

National Center for Biotechnology Information
Ontology Web Language

Protein Data Bank

PubMed IDentifier

Resource Description Framework

ResiduEs as SMILES, LinkagEs as SMARTS
SMiles ARDbitrary Target Specification
Simplified Molecular-Input Line-Entry System
Symbolic Notation For Glycans

SPARQL Protocol and RDF Query Language
TOtal Correlation SpectroscopY

Web Service Description Language

Web-3 Unique Representation
of Carbohydrate Structures

® CTaHOapTHbIE
® HOBbIE



BbiBOALI - KpATKO

AHHoTauum ~10 TbIC. nybnukaumn (~20 Teic. cTpykTyp). CBOOOAHO AOCTYNHas 6asa gaHHbIX
Carbohydrate Structure Database (CSDB), ocHallE€HHasgs MHOMOYUCNEHHbLIMW BUOAMW MOUCKA,
npeLCTaBreHns N aHanmsa OaHHbIX.

NHCTPYMEHT aBTOMAaTM4Y€CKOro MOAENMPOBAHUSA CTPYKTYPbl OMOrnmMkaHoB - dyHAAMEHT Ans
PacC4YETOB KOppensaumm «CTPYKTypa — CBOMCTBO» B XMMUW YrNeBOAOB.

AHHOTaumm ~9 Tbic. cnekTpoB AMP buornukaHos. iccnegoBaHne B3anMOCBSA3M «CTPYKTypa —
cnekTp». Metoa 0606LLEHNS aTOMHOIO OKPY>XEHUS B YreBOAHbIX CTPYKTYypax u mogenmpoBaHmna XC
¢ To4qHocTbio 0.06 (*H) 1 0.69 (*3C) m.a.

[Mporpamma reHeprupoBaHUs N PaHXXUPOBaHUS CTPYKTYPHbIX TMNOTE3 ANst YCTAaHOBNEHUSI MEPBUYHOM
CTPYKTYPbI MO 3KCNEPUMEHTanbHbIM AaHHbIM.

YrnesogHbin A3blk CSDB Linear. CemaHTU4YeCcKoe onmcaHue yrneBogoB, UCMOonb3yemMoe B
nyénukaumnsax, cBA3aHO C NOATOMHbIM ONMUCaAHUEM, NCMOSTb3YEMbIM B XMUMUYECKNX pacyETax.

CtaHpapThbl BU3yanumsaunm yrineBoaHbIX CTPYKTYP, UX O4HO- 1 ABYyMepHbIX cnektpoB AMP.
SNFG pekomeHgoBaHa BeayLLMMW YrneBOAHbIMU XXypHanamu.

Basa gaHHbIX akTMBHOCTEN MMUKo3nnTpaHcdepas.

AHanu3 pacnpocTPaHEHHOCTUN CTPYKTYPHbIX OCODEHHOCTEN N XapaKTEPHbIX NPU3HAKOB YrNeBoaoB B
Pa3nNYHbIX TAKCOHOMUYECKMX rpynnax. AnNbTepHaTUBHbIE YINEBOAHbIE «AEPEBbLS XKU3HWY.

[MpaBuna rnmkonHdopmaTukm n yrnesogHasa oHtonorusa GlycoRDF. ABTomatnyeckoe
B3aMMOLENCTBNE MeXay NMpoeKTamMu - nonydeHne s3HaHUn, HeABHO CoAepXKalLUXCa B HECKOMbKMUX
6asax pasHoro Tuna.

BeisiBneHne n ucnpaeneHune ownbok B ~340 onybrMKoBaHHbIX CTPYKTYpax / cnekTpax
N ~2 TbiC. OLLNOOK B Ba3ax AaHHbIX.



Ponu yrneBoaoB

y3HaBaHue, aaresus,
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OMOaKTUBHOCTb
(pacTuTenbHble MUKO3MAabI)
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>

CTPYKTypa

HYKJTENHOBbIE K-Tbl
(caxapdocdaTHbIM OCTOB)

GPI-akops

(bochaTnomnuHoO3NTONbI)

KnetovyHasd CTeHKa
(MYpeuH, XUTWH, Luennonosa,
NeKTUHbI, anbrmHaThl, ...)
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CneuuanbsHbIe ba3bl

jCGGDB GlyTOUcan,
F L1 PEno3nTOpPUin UOEHTUDUKATOPOB
yrNeBOAHbIE reHbl YenoBeka GQCb =
~0.2
L =R 0
MS2:34 N- n O-rmmkaHoB = SugarBindDB
00 afre3ns K natoreHam :
~0.9
o
XVMUYECKME peaKLmy @@ CENTERFO

O-glycBase, caiistau

~3.0 (4.4 str)
= 35} 5 DE“ O- n C-rmnkonpoTeunHsbI E?;ié’é’é‘é
KOHbIOraThl & arnmKoHbI | !j():%e - e
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[pumepbl BonpocoB kK CSDB

Kak BBegeHne aMmuHorpynnsl BNMAeT Ha xumndeckue casurn AMP B nakTto3HoM cdoparmeHTe?

Kakne cTpykTypbl O-aHTUreHOB, cofepXalime ranakTypoHOBYHO KUCIOTY U elle Kak MUHUMYM OOHY
rekcoay, 6binu onybnunkosaHsl nocne 2005-ro roga?

Kakue rnmuko3nabl, BblAeneHHble N3 pacTeEHU poda nacrieHa, cogepxatT arfiMkoH conaHugnH?
Kakune yrneBoabl, KpoMe okTo3ocoaepxawmx, nmetot curHan AMP 13C okono 34 m.4g. ?

Kakne 6akTepunanbHble CTPYKTYpbI, onybnmkoBaHHble A.C. LawkoBbiM unu KO.A. KHupenew,
coaepaTt XMHOBO3-4-aMWH, aMnanpoBaHHbIN Ntobon N-auetnnmpoBaHHOM aMUHOKUCITIOTON?

[omMononMmepbl Kakux HOHanMpaHo3 BCTpeYyatloTcs B bakTepusx?

KakoB oxngaemsbini cnektp AMP 13C 3-O-a-abekBo3nn-6-geokcu-B-D-maHHorentonmpanosun-(D-
punbuton-1)-docdara B BOAE M HA OCHOBAHUM KaKNX NCTOYHUKOB NpeackasaHbl XMMUYeCcKne
CABUIMN, AN KOTOPbIX YKadaHa HaMMeHbLIast JOCTOBEPHOCTL?

KakoBa Hanbornee BeposiTHasi NocneaoBaTeNlbHOCTb OCTAaTKOB BaLunno3amMmHa, rmoKypoOHOBOM
KUCNOTbI N NU3MHA B ONUIOMEPE C YKa3aHHbIM 3KcnepuMeHTanbHbiM cnektpom AMP 13C?

Kakne MmoHocaxapubl CKITOHHbI 3aHMMaTb KOHLIEBbLIE MO3MLIMK B rMUKaHax Acneprunna AbIMsILLEero
n Acneprunna Kkoasm?

Kakne gumepHble pparMeHTbl (BKMoYas gucaxapuibl) rmmKkaHoB BbICLLUMX pacTEHUN crieuMduyHbI
ansi poga nonuHoB?

[na ckonbKnx rmmkaHoB npoteobaktepuin onybnunkoBaHsl cnektpbl AMP?



IMNUpuyecKoe mogenmposaue

* KMHKpemeHTHasa cxema CO CTepMUYECKOnN KoppeKLumen (BIOPSEL)

* YUYUTbIBAET CTPYKTYPHOE OKPY>KXEHWNE (9-13 geckpunTopos)

* lcnonb3yeT cneuunanbHble 6asbl XMM. CABUMOB U 3(PPEKTOB

(440 moHomepoB, 3300 aumepos n Tpumepos, 300 amnupunyecknx adrdeKToB)

* [loppepxuBaeT 60MbLUMHCTBO YrNEeBOAHbIX CTPYKTYP

 OueHMBaEeT CTENeHb AOCTOBEPHOCTU MpeacKka3aHn4A

pesyrnbraTbl CMeLlnBaloTCA
CO CTaTUCTUYECKON CUMYNSALMEN
C Y4eTOM OCTOBEPHOCTU

¢ NMR data (in D20):

statistical [

! ! I o I o empirical !

hybrid

150 170 110 100 an a0 70 =11 S0 40 30 20

B-D-GlcpNAc-(1-3)-a-D-Fucp-(1-P-3)-D-Gro

Linkage | Residue C1 c2 | C3 C3 | Cs | CF | C8B |Accuracy
0 ¥DGro(e4.0 |73.0(68.0 0.5
unzubstiifuied-> | 64.0 7.6 |B4.0
effect-= -0.5 +4.0
3 KAP? 2
unzubsiifuied-»
effect-=
3.0 aDFucp|96.5 |67.9|806 67.8|(16.5 4
unzubstifuied-> | 93.3 B2 |FO.4 E7.4 |187
effect-= | +3.2 1.3 +i02 | -0 +0.4 |-0.2
3,03 bDGlcpMAC | 104.0 [57.0|75.1 T7T2|621|1756|23.5 4

unzuhbstifuied-=
effect-=

362
+7.8

580
-1.0

7E.A

7r.2

g2.1

1756

225

Toukach Ph, Shashkov A Computer-assisted structural analysis of regular glycopolymers on the basis of 13C NMR data Carbohydr Res 2001




LiBeToBOM KOoA B 2D AMP

npumep: *H-1H COSY

—3)-a-D-Galp-(1—3)-p-D-Manp-(1—4)-B-D-Glcp-(1—
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NPUNHaAANEeXHOCTb OCTAaTKy

OoLEeHKa JOCTOBEPHOCTH

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




OLeHKa 0OCTOBEPHOCTH

0% ©® = 100% ©

* BornbLUon obLKn BEC reHepanusauum * Manbl 06LKnIM BEC reHepanusauum
« B Hase marno CTpykTyp « B 6ase MHOro CTPYKTyp
* npoTuBopeYmBble gaHHble AMP * [OaHHble AMP cornacytortcd

* CTaTUCTUYECKUE N SMMUPUYECKME
npeackasaHusa onmskm

+ oXugaemasi NorpeLlHoCTb KaXaoro curHana (m.0.)
npeackasbiBaetTcd 3 XC n cteneHn 4OCTOBEPHOCTH
(perpeccuen)



CchbInku

Abrahams J.L. et al. Recent advances in glycoinformatic
platforms for glycomics and glycoproteomics (2020) Curr
Opin Struct Biol 62, 59-69. doi: 10.1016/j.sbi1.2019.11.009

) K.F. Aoki-Kinoshita A practical guide to using
http : //glytoucan -0Xg glycomic databases (2017) Springer.
doi: 10.1007/978-4-431-56454-6

jCGGﬁQﬁBT http : / / J cggdb ) jP/ index—en -html T. Liitteke The use of glyco-

informatics in glycochemistry
. (2012) Beilstein J Org Chem 8,
gooco=-da3 N/l http://glycosciences.de |915.929. doi: 10.3762/bjoc.8.104

Kpio http://www.genome. jp/kegg/glycan/
B o1vean

Ph. Toukach, K. Egorova Carbohydrate

&UniCarbKB http://www.unicarbkb.org/ | structure Database merged from
bacterial, plant and fungal parts (2016)

Nucl Acid Res 44, D1229-D1236.

doi: 10.1093/nar/gkv840

http://csdb.glycoscience.ru

Aé http://toukach.ru/rus/glycoinf.htm




IHanbHeullee pa3BuTne

® coenaHo B CSDB @ npegcrtont caenatb @ HIM3KQ K 3aBEPLLIEHUIO
« CTaHpapTHbLIN YeNnoBeKOYNTaeMbIN A3bIK (SNFG, CSDB Linear, ...)
> PaCUJMp(-)HVIe OHTONOMNMM (nHTerpauusa Yepes GlycoRDF n GlycoCoO)

« Kpocc-npoeKkTHble cepBUCHI

 Upneonornyeckas sameHa CarbBank X

 TpeboBaHue BKNoYaTb |ID B nybnukaumum (Glytoucan ID?)

(KTO BygeT UmcTnTb Basbl OT HeonyoONMKOBaAHHbLIX/OLWNMOOYHLIX JaHHbLIX?)
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basenames residue types publications keyword link keywords
id N basename id N id N article_id [N
basename | TEXT (e.g. Glc) qualifier id N —>{book id keyword_id <—| keyword |TEXT
cycle size ENUM (hex, hep etc.) —>{journal id
CHEN IR residue type ENUM (ald, ket, pep etc.) title TEXT method link i“;ethOdS -
id N has absolute | BOOL abstract  |TEXT article_id |N method [ENUM (6.3, T3C NVIR)
name | TEXT (N,N3N,A etc.) ) FORMAT (e.g. year N method id IN -g-
atomic pattern | xnnooa-onnoda-onndoa) =
. . = volume N authors
residue instances description TEXT :
. id N sub volume |FORMAT il ik id N
compound_id | N residues EENIRA0es [FORMAT author order |N author | TEXT
residue_id N = id N end page FORMAT article_id N — -
- URL TEXT hor id N insitutions
root BOOL anomeric conf. | ENUM (a,b,?,x,l) e author_I o= N
absolute conf. | ENUM (D,L,R,S,?,X) D“ Ime e e o
nmr solvents basename_id N e - © book editors
ring size ENUM (p,f,a,?) Enal ORI editor order [N — -
solvent |ENUM qualifier_id N LR —|—{book_id |ns.t|tut.|on link
link types atomic pattern | FORMAT (e.g. onnoda) L | editor_id N > ‘art|<.:le_.|d : N
” N connection table stereocode FORMAT (e.g. x11220) fliname  |TEXT Lo |
ENUM id N abbrev TEXT
(glycosidic, ! donor id N - cross links dump file
. amidic, diester, = pubisher TEXT =
link_type amine, carbon) goes_from N or ? nmr spectra alt_aborev_|TEXT dumpidl |N <—| order_num N
description goes_to N or ? id 4= N ST —c dump id2 |N bigfile_id N
—{ acceptor id N article_id N [ = submitter_id |N
: link_type id | N —*compound id [N books submitters last_update |DATE
alternative subsets . nucleus ENUM (C,H,P) - ” N refman_idl|N
_ A varset_id NULL spectrum refman_id2 [N or NULL
N (if a variant in e e I Or 2 ThesUMe  |[FORMAT fullname  |TEXT name |TEXT N
.| another set) y pubisher TEXT
varset_id | or NULL temperature [N -
logic BOOL (OR, XOR) 0 i) R solvent_id symposium _|BOOL organisms e
residue instanceid | N organism remap _Itd II;INUM
- — — R ax_group
trivial name link spectrum_id N [— publication -specific article_id N —— T phylum |[ENUM
- — atom number N o published AACTL L Of
—>|compound_id [N trivial names article_id N organism_id |N genus_id | or NONE
: chemical shift N.N — i ; ; = enera
name_ld < —— N CO.mpC;undt_ld E Orgar"sm_'d gLD SpeCieS i or NONE |_ [¢]
name orig. structure — -
: i strain_id [N or NONE
structure locatiof TEXT relation NEW e genus [ENUM
.compounds enzymes TEXT exact tax |BOOL
—id N E'Otles' I TEXT main link species
iologica ENUM ) : -
Thest tode  |FORMAT class link data Type e O — ies [ENUM
- ; hesis ENUM (enz, ENUM (bacteria, species
e~ > compound_id [N compound classes synt -
SXalanations | TEXT —— chem, ...) tax_gr.oup . fungi, animal etc.) organ, tissue |TEXT
ENUM = has 3D data BOOL organism_id [N or NONE [« -
unit_type (chem, gi)ol, class  |TEXT bio activity TEXT host_id N or NONE — diseases sl
: J : compound refs elucidated BOOL oti_id N or NONE id N id : N
mol. weight |FORMAT > compound_id |N external resources desease id |N or NONE ‘—I_desease TEXT strain | TEXT
formula FORMAT id le| -
resource_i compound_id [N IDC10 code [FORMAT
aglycone TEXT reference TEXT | [resource |TEXT bigfile id N
glycoct FORMAT

//csdb.glycoscience.ru/help/dbdocs.html

http



Apyruve
0a3bl AaHHbIX

NCBI Gene €

Cxema CSDB GT

NCBI Nucleotide <

NCBI Protein <

Uniprot <

DOl <

NCBI Pubmed <

reHbl

name TEXT
genbank_id [TEXT
cluster_id TEXT
¢hepMeHTbI
name TEXT
enz_group |TEXT
cazy_family |TEXT
genbank_id [TEXT
uniprot_id  [TEXT
gene_id

CCbIJIKn

id INT
imprint TEXT
doi TEXT
pubmed INT
url TEXT

rnukosunTpaHcdgepasbl
id INT
enzyme_id
compound_id INT
compound_id_side INT
connection_id INT
donor_compound INT
substrate_compound [INT
organism_id INT
organ_tissue_id INT
confirmed SET
methods TEXT
notes TEXT
OTHOLUeHuA
gtr_id INT
reference_id INT
csdb_id INT
csdb_id_main |BOOL

Bbasza CSDB

compound id
compound id

connection (dimer) id

compound id
compound id
organism id
organ/tissue id

record id




JkcnopTt B RDF

CTpyKTYypa

Ccouiku (pecype, 1D, ccpuika)

3anucu cTpyKTypbl (GlycoCT, Glydell, BCSDB, ..., SweetDB)
CocraB (ccouiku va MSDB, non-glyco residues?)

OKCII. MOJICKYJISIPHBIN BeC (+xommenmapuu, nanp. 1234 [M+])
Tun 3BeHa (monosacharide or derivative, oligomer, chemical repeat,
biological repeat, cyclic repeat, homopolymer repeat)

CreneHb nmoauMepu3aluu

TpuBranbHOE HA3BaHUE

CTpyKTypHBIil KJ1acc

Cnextpsl SIMP, oTHEeceHue, pacTBOpUTEINb, TEMIIEpATYPa
ATOMHBIE IECKPUIITOPBI U KOOPAWHATHI (ccoblika Ha ¢atin)
N3o0paxeHus: CTpyKTYPHI (ccwiixa na ¢haiin)

CtpykTypa — [Nybnnkauums

MeTtopl (ccsuiku Ha MeSH)
ITosioeHne CTPYKTYphI B CTaTbE

AccounnpoBaHHble Nyonmkaummn

Ccouiknm (pecype, 1D, ccplika)

PMID, DOI, ISSN, ISBN, NLM ID, www-link
HazBanue pecypca (ocyprana uiu xnueu),
N3znarenscTBO, 361K
Tun pecypca (orcypnan, cumnosuym, 2naea)

T'on, ToMm, BeiyCK, cTpanulbl, miasa (Dublin Core)
NHcTUTYTHI aBTOPOB
KnroueBbie cioBa

AccoLunmnpoBaHHbIE OPraHn3mbl

Ccoriknm (pecype, ID, cepiika) — (UniProt u op.)
JlomeHn, Tun

TakcoH (pox, Bua, ITaMM/CepOrpyIINa, FeH. JTHHS)
XocTt-opranusM (cewlixa na sanuce RDF)

Opran, TKaHb (+ccovLika na xocm)

CtpykTypa — OpraHn3m

bonesns (IDC code)

Cragus )XU3HU

BoBneuennble OSIIKHU (ccoiikie)
1 UX T'eHbl (ceviiku na GenBank)

http://csdb.glycoscience.ru/integration/rdf.php
? id=<####> emode=<structure, publication,organism,spectrum,relation,record>
&format=<turtle, rdfxml, rdfjson, ntriples> &clean=<0,1>




BBoA U BbIBOA CTPYKT

/SNFG structure ed
© & @ XV x> )

u L C ‘&SVGHB-‘LHO‘MJO% A

Popular Small sugars Hexoses Higher sugars Alditols Aliphatic acids Other acids Superclasses

HEAREHHRRE RS R HEHEEEH
Gl || GlcMNAc || GlcA || QuiNAc || Gal || GalNAc || GalA || Fuc || FucNAc || Man || Rha || LDmanH || Ara || AradN || Xyl P Kdo || NeuSAc || Gro || Ala

M M E B [ A D M A 06 I

earch residues search modifications
Fuc\
1-6
(p] ()
1-7— —————1-3 []
© 0 ®®
Glc GalNAc
i Previews
Hi-res image || rRes -
ir:rl -
Subst Rib-ol REP
Chemical repeating unit; n=10 REP1:60(3+1)2d=-1--1
. RES
2b:b-dgal-HEX-1:4
-3)aLFucp(1-8)[Subst(7-3)xDRib-ol(1-P-4)]?7DGlcp(1-?)[Ac(1-2)]bDGalfN(1- // Subst = chrysin = SMILES O=c2cc( 3b:x-dglc-HEX-1:5 ¥
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)cc(0)c23
There are 3 chemically distinct structures. Please, select: There are 2 sterically distinct structures, Please, select:
1, -3)aLFucp(1-6)[Subst(7-3)xDRib-ol(1-P-4)]?DGlcp(1-3)[Ac(1-2)]bDGalfN(1- // Subst -3)i 1-6 it b-0l(1-] Glcp! Ac(1- bst
2. -3)aLFucp(1-6)[Subst(7-3)xDRib-ol(1-P-4)]?DGlcp(1-5)[Ac(1-2)]bDGalfN(1- // Subst) | 2. - )aLFucpll 6J[Subst(7 JMDRlb -ol(1-P~ ds]bDGlcp (1- m[A((l 2 ]bDGaIlel // Subs
3. -3)aLFucp(1-6)[Subst(7-3)xDRib-ol(1-P-4)1?DGlcp(1-6)[Ac(1-2)]bDGalfN(1- // Subst (B m N

SMILES 0
[*]o[Cc@@H]10[C@@H] ([C@H] (0)COC20[C@H] (CO[CERH]30[CAEH] (C) [CaEH]
(0) [C@@H]([*]) [C@@H]30) [C@@H] (OP(=0) (0)OC[C@H](0) [C@H]
(0c3cc(0)cdc(=0)cc(-c5ccccc5)ocdc3)[CAH](0)CO)[C@AH](0)[C@H]20)
[C@H] (0) [C@H]INC(C)=0

-
Shift+'®y =zoom  Shift+'Hx2 =pan  Alt+'P = rotate Ctri+'®y = menu ¢ q




[Tonck no pparMeHTy CTPYKTYP

Structure wizard

Topology: 3 residues (linear. A->B->C)
Structure: |aLFucpdiic(1-4)xDRib-ol (1-3)a?6dTal? (1-1)Me
E T
- Al L a A o
~{ FARN
Residue (z): |aLE‘ucp4Ac (1-
a L fucose ( pyranose ) add substitution

aLFuc + add substituent Acetylated

subsfitutes C4 of Residue B add substituent

add substituent

at

4

File Edit Structure View Help

B &) 6w % LIE
w AO @@Ll e
Linkage I: I: = Chirality E

{ &3
Ring E

Glycan Builder

e

R

G
T=

‘u 4 N1 3 A o {
NS JARN }

Search for (sub)structure

Please, select how to input structure:

N

¢ |nput using Structure Wizard

* Select from library

« Draw in Glycan Builder
Convert from GlycoCT

is terminal add substituent
Residue (g): IxDR.i.h—ol (1-

D ribose ( alditol } add substituent

DRib-ol add substituent

substitutes C3 of Residue C add substituent

add substituent

L]
* Copy from the previous QUErY [ aDFuce2N )
» Use expert form (field below)

4 Ac

‘mtt..lﬁ, 3&& o

Residue (- Ia?GdTal? (1-1)Me

add substituent
add substituent
add substituent
add substituent

a ?
a?cdTal?

G-deoxytalose (7 )

~ has aglycon : methyl

Structure in CSDE encoding:
Ac(l-4)aLFucp(l-4)xDRib-ol (1-3)a?6edTal? (1-1)Me

Return the structure to the search page and close this window

Home Help

Structural fragment in CSDB encoding:
Ze(l-4)aLFucp(1-4)xDRib-0l (1-3)a?6dTal? (1-1)Me
(this field is editable} Help on structure encoding

Only those containing fext: factor-2a"

Search scope: Treat search term as a fragment (substructure)

= Search the whole database Search for molecule types: All molecule types
Search in the result of the previous query (logical AND) Search for structures with published NMR data only
Combine with the result of the previous query (logical OR) ~ Reslrict compound class: inner core component
MNegate search (find results NOT matching current query)  + Restrict taxonomical domain: All prokaryotes

Previous results: 122 structures: <D lisi=

Go! & display 30 records per page.
Predict NMR Sweet 3D model Home Help HELP!! @

GLYCAM model

in aglycons, aliases or lingar code  ~ in trivial names




[lonck no cocraBy

Search for residue composition

Found 6 structures. Displayed structures from 1 to & Complete structural compositien (3 units) :
Expand all compounds Show all as text (SweetDB notation) 1. phosphoric acid x 1 —>1xP
2. galaciose X 2 —=» 2 X Gal
Requested composition: 2 Gal, 1 HEX, 1 P / 3. any hexose X 1 =1 X HEX
Prokaryotes + Plants + Fungi Add unit (+) Remave unit (-)

1. Compound ID: 6420
T005 pUb”CaﬁOnS (1941-2017): Search scope:
18923 compounds from

8859 Organisms [ = Search the whole database Search for molecule ty'peSZ All molecule typES
last update: 2017 Feb 13 Search in the result of the previous query (logical AND) GO e R SRR e U T
) " Combine with the result of the previous query (logical OR) Restrf-::t compougd class: _'SE'ECt clas;-
s B Negate search (find results NOT matching current query) Restrict taxonomical domain: All domains
(Sub)structure Show legend Previous results: 2 structures: 4104,8508
Composition st
P Go! & display 30 records per page.
Taxonomy Structure type: polymer biological repeating unit ; n=~27
Bibliography Aglycon: core part of the molecule
NMR signals Trivial name: P-saccharide core Home Help
Compound class: lipophosphoglycan
Help
About
Basic usage The structure is contained in the following publication(s):
Statistical tools « Articie ID: 2643
NMR tools McConville MJ, Thomas-Oates JE, Ferguson MAJ, Homans SW
Usage examples "Structure of the lipophosphoglycan from Leishmania major" -
Advanced features Journal of Biological Chemistry 265 (1990) 19611-19623

Structure encoding Leishmania major

Database docs CSDB ID 235965 (all data & tools)
Credits

Extras
NMR simulation
Elucidation from NMR
s LB IS 2 X 2. Compound ID: 6361
Fragment abundance
Coverage stats
Taxon clustering
Submit record
Translate structure
Feedback

Maintenance

Expand this compound

Show legend
Show as text




['TOMCK MO TAKCOHOMMUM

Found 12 organisms. Displayed organisms from 1 to 12

Expand all organisms Show all as text (SweetDB notation)

Search for organism

1. (Organism I0: 1005)

Acetobacter xylinum
(Ancestor NCBI TaxlD 28448 species name lookup)

Later renamed to: Komagataeibacter xylinus
Taxonomic group: bacteria

Phylum: Proteobacteria

The following compound(s) are assigned to this organism:

* Compound ID: 1717

B Ao

A-0—0—4—@'

Display domains: + bacteria v archaea «~ protista ~ algae +~ fungi plants animals
Genus: Absidia Species: Any Strain /
Acetobacter Ll 5p. subspecies:
Acholeplasma diazotrophicus B42

Acidithiobacillus

Acinetobacter
Acremonium

Show legend
Show as text

Carbohydrate Research 2004, "Synergistic interactions between the geneticy

bacterial polysaccharide P2 and carob or konjac mannan"
CSDE ID 9262 (all data & tools)

s Compound ID: 1720

Show legend
Show as text

Carbohydrate Research 2004, "Synergistic interactions between the genetically modified

bacterial polysaccharide P2 and carob or konjac mannan"
CSDE ID 9414 (all data & tools)

Actinobacillus

PR U T | T

methanolicus
tropicalis

Specily:

CHKES
CKEP
CR1/4
IFO 13693

Search scope:

= Search the whole database
Search in the result of the previous query (logical AND)
Combine with the result of the previous query (logical OR)
MNegate search (find resulis NOT matching current query)
Previous results: § structures: <ID list=

.

List of organisms

Search among HOST organisms
Use NCBI taxlD
Include subtaxons

Go! & display 20 records per page.

Help

Process taxonomy in NCBI Taxonomy DB (fields are editable):

Gehnus: hcetobacter Species” xylinum

Process




[lonck no oubnuorpacpmn

Search for bibliography

Found 3 publications. Displayed publications from 1 to 3

Expand all publications Show all as text (SweetDB notation)

Authors: "Rnirel YA" OR Toukach Author index | start with: tou
Help on authorkeyword guery syntax d00aeidoes
1. (Article ID: 1525)
Knirel YA, Lindner B, Vinogradov EV, Shaikhutdinova RZ, Senchenkova SN, Kochd
Cold temperature-induced modifications to the composition and str Title! pestis OR plague*® + | search also in abstract
of Yersinia pestis - .
Carbohydrate Research 340(9) (2005) 1625-1630 (content of title)  Help on fitle/abstract guery syntax
Following a report of variations in the lipopolysaccharide (LPS) structure  KEYWOFHS: structure? OR composition? ~ search also in title
degrees C) and flea (25 degrees C) temperatures, a number of changes to the :
the bacterium was cultivated at a temperature of winter-hibernating rodents (6 (content of keyword section)  Help on author/kevword query syniax
known Y. pestis LPS types, LPS of a new type was isolated from Y. pestis KM21
the latter differs in: (i) replacement of terminal galactose with termin
phosphorylation of terminal oct-2-ulosonic acid with phosphoethanolamine:; (iii) :
the absence of glycine; lipid A differs in the lack of any 4-amino-4-deox]  Journal: Carbohydrate Letters Year: 1993 Vol: ~
(di)oxygenation of a fatty acid(s). The data obtained suggest that cold temy Carbohydrate Polymers 1084
mechanism of control of the synthesis of Y. pestis LPS T e B mlj Page: *
Cell - 1986
Lipopolysaccharide, structure, core, modification, agent, composition, Yersinia i .
pesng_ ,‘,’,a;ue 9 P g Cell Chemical Biology Bl | 1987
Cell and Tissue Research < 1088

EFaTsTal

The publication contains the following compound(s):

® Compound ID: 4209 Search scope:

€ Search the whole database
Search in the result of the previous query (logical AND)

Publications with structure elucidation only

Combine with the result of the previous query (logical OR) Restrict taxonomical domain: All domains
Negate search (find results NOT matching current query)
Previous results: 3 publications 2953,201 1525 Go! 8 display 30 records per page.
PubMed XML Home Help f >
1 = a-Kop Show legend
et 1S Show as text
Yersinia pestis KM218 Author index:
CSDB ID 10076 (all data & tools)
® Compound ID: 4210 Toubetto K Toussaint &
Toukach FY
The listed author names start with 'Tou'.
Click an author name to copy it to the author field in the caller form.
i Close this window




NMouck curHanoB AMP

Found 2 structures. Displayed structures from 1 to 2 Search for NMR 5|g na IS
Expand all compounds Show all as text (SweetDB notation)

Nucleus: & carbon Proton

1. Compound ID: 150 (similarity: 2.5) Threshold: 1.z Threshold explanation
Chemical shifts: 1p5.15 a2
§Ac The 176
8 3 /A 3
1l < D> A\ % fi L3 ol

2 Am

Show legend

U ast:Buckh Show as text

Structure type: polymer biological repeating unit

Search scope:

The average similarity of its 13C NMR spectra with the search term (signals in bold) is 2.5 (help on similarity values) # Search the whole database

YA NI spocia nesioned £ the shucture: Search in the result of the previous query (logical AND)
Combine with the result of the previous query (logical OR) ~ Signals within a single residue
s EA%mn o e Negate search (find results NOT matching current query) ' :
$56 AT o Previous results: 2 structures: 150,11058 Go! & display 30 records per page.
Linkage | Residue | c1 [ c2 [c3|ca|cs5[ce|c7|cs|co
335 |Ac 175.3(23.1 Home Help
337 |Ac 175.3(23.1

3.3 axseLegp|173.7105.0 (42.4[60.2[53.8(736(54.7[732[14.9

3.2 Am 167.5(20.4
3 aLFucpN [96.7 |52.3 75s|724|e731171|

2 Ac 175.0 23 3 170 110 100 a0 80 70 60 S50 40 30 20
aDQuipN [94.1 (546 (76.7(74.6/69.6[18.0]

The structure is contained in the following publication(s):

® Article ID: 31

Bystrova OV, Lindner B, Moll H, Kocharova NA, Knirel YA, Zahringer U, Pier GB "Structure of the lipopoly haride of Pseudomonas aeruginosa 0-12 with a
randomly O-acetylated core region" - Carbohydrate Research 338(18) (2003) 1895-1905

Pseudomonas aeruginosa 012
CSDB ID 1824 (all data & tools)

® Article ID: 3480

King JD, Mulrooney EF, Vinogradov E, Kneidinger B, Mead K, Lam JS "IfnA from Pseudomonas aeruginosa 012 and wbuX from Escherichia coli 0145 encode

membrane-associated proteins and are required for expression of 2,6-dideoxy-2-acetamidino-L-galactose in lipopolysaccharide O antigen" - Journal of
Bacteriology 190(5) (2008) 1671-1679

Pseudomonas aeruginosa 012
CSDB ID 23007 (all data & tools)

Expand this compound

2. Compound ID: 11058 (similarity: 1.364)




[Mouck no ID n nonHasa 3anvuchb

2. (ecsoe o: 50001)

Egorova KS, Toukach FV
This is a test record for BCSDE 3 debug N2

Carbohydrate Research 489 (1944) 9726 (TErRETs 1) Ao

Me-3) -
OR (inclusively)

a-Neup5 (10%) Ac—- (2-6) —+
p5 (10%) Ac- (2-6) ¥

|
S-Pyr- (2-4:2-3) -a—-Fucp- (1--P--4) —-—b-D-GlcpN
|
fVariants 0/-+
Deliriumus trementii 067 PCM2005
(Ancestor NCBI TaxID 374, species name logkup)

Taxonomic group: bacteria / Pseudophylum, Newphylum Phyium: Peeudophyium, Mevwphyium)
Host organizm: Worra worra, Homo sapiens

Organ / tizeue: M, ds55

Associated disesze: go0glomania

NGE! PubMed D: 123456789

Joumal NLM 0: 0043535

Fublisher: Elsevier

institution=: N.D. Zelinsky Institute of Organic Chemistry, Hirzfeld Institute

3.4

1 = 8-Pyr

4

3Me | 2Ac

Search for CSDB IDs

“ Record IDs
Source IDs

Structure IDs
Spectrum IDs

Publication IDs
Relation IDs

Scope:
RDF only:

Organism IDs

1,6,50001,200-400
You can use commas to separate IDs and hyphens to specify the range, e.g. 100-150,160-165,170

CSDB record IDs:

The structure of the O-specific polysaccharide of Deliriumus trementii 066 has been elucidated using 2d-NMR approach, including... The studies of biolo

the effect of this glycopolymer on sexual behaviour of Worra-worras bla-bla-bla...

structure, antigen, polysaccharide, worra, Delinumus trementii

Go! & display 30 records per page.

Make RDFE in Turtle DCI XML Home Help

Structure fype: oligomer ; 2000-3000
Location inside paper: HPLC fraction 8
Trivial name: khrenobiose

Compound ciass: X-antigen, Y-antigen

Methods: 1D-NMR, 2D-NMR., 13C-NMR

EBiclogical activity: causes suppression of Worra-worra's natural instincts

Enzymes that relesze or process the structure: CoQ-ll

Biosynthesiz and genetic dats: Diochemical data

Comments, role: Structure was revised (see RR 1234), absolute configurations are not determined
2D data: conformation data, computer modelling, dynamics

NCBI Taxonomy refs (TaxDs): 6661313, 374
R to other SpecDB:o1.9, CA:123, CA-RN:456, patent:USA#123, ProtDB:ABC456

NMR conditions: in D20 at 308 K

Found 88 records. Displayed records from 31 to 60
Previous 30 record(s) Mext 30 record(s)

\

Expand all records Show all as text (SweetDB notation)

Report data error

< MNOJNHbLIE 3AINMNCUM 30ECH >

20

68

58

an

20

10

Previous 30 record(s) Next 30 record(s)

Resort records by: publication year

New query Home

3¢ NMR data:

Linkage | Residue | C1 | c2 [C3 [c4 |c5|ce|c7|cs | co

65 [10%Ac [175.0(23.0

6 aXNeup |174.1(107.2[41.0]69.0 52,9 73.969.2|72.6|63 6

404 |xSPyr? [1751(80.0 [16.0

40  [a?Fucp (965 [68.6 [71.0]81.9]67.8[15.9]

4 P

0 bDGIcpN [103.0[55.6 [78.9[70.9[75.4[67.1] Beomewe oW
2 Ac 175.0[23.2

3 Me  [163




Touck KoHpopmaLun

Search for disaccharide conformation maps

Use the following criteria alone orin any combination to search for conformation maps.

Conformation ID: Type CSDE conformation ID or range, e.g. 1-5,10,12
Search!

Use selectors orwizard G IR, .
Model: a | L-Rhap (v —d4 = B |7 D-GlcpNAc |~
(only those componentz are lizted for which conformation msps sre stored)

or type dimenc fregment in CS0E encoding

d

¥ exiems M Frames

lap oy B i O W e @ & g 4z dn in ey W iy
L3

alBhap(1-4) [Rc{1-2) 1bDG1lcpl H B
Filter by MD nr!?thpd
Force field: MM3-2000 |
Fr'itarbylM]:? tempersture v §
Temperature: 1000 | ~ | CSDE conformation data
12 conformation maps have been f
Fiiter by scivent model Model structure Conformation map
Solvent model: any
o-m || =®
Home Help '
i
= s
| | |
| I )
[ | |
_|
P ID: 1610
] 9=25, y=1
w =45, =1
g=45, =1
=50, w=1
=25, w=1
=30, w=1
=35, w=1
- =45, =2
ona: *—@") map || 9740, ¥=1
— live ||9=20.w=1
F . U view wzgg-W:1
9=55, y=
=20

0, w=165 AE=0.99 Kcal/mol
5, w=165 AE=0.99 Kcal/mol
95, w=165 AE=0.99 Kcal/mol
1556, w=-60 AE=1.13 Kcal/mol
,W=185, w=165 AE=1.13 Kcal/mol
w=1458 m=-A0 AF=1 13 Kralfmnl

65, w=-75 AE=0.00 Kcal/mol | Force field: MM3-1996
70, w=-60 AE=0.00 Kcal/mol | Solvent model: Mone
95, w=-75 AE=0.38 Kcal/mol | MD temperature: 1000
85, w=-60 AE=072 Kcal/mol | MD duration: 30 ns
65, w=180 AE=0.72 Kcal/mol | Frames: 30K

55, w=-60 AE=0.72 Kcal/mol | MD summary file: download
80, w=180 AE=0.85 Kcal/mol
15, w=-60 AE=0.85 Kcal/mol
7
a

relative energy, kealimol

€

@ retum to full data

2D



[TouCK ravKo3unTpaHcogepas

CSDB glycosyltransferase search

Use the following conditions alone or in any combination fo search for glycosyltransferazes.
Any field may be left blank for no restrictions.

GT names and IDs: Type enzyme name, e.g. "Omf10" Wildcards (* and ?) are supported.
Enzyme name

Select species Tyvpe strainfserogroup
Organism: Escherichia coli
Filter by target structure
CSDB glycosy ItraHSfEﬂ Molecule role: O-antigen
42 glycosyltransferase activiti_es ha Type dimeric fragment in CSDB encoding or use tools
Please note that GTR database covers only fwo species: Al synthesized bond: ENY (1-2) 2DGlopN Use Wizard D |! .
Enzyme Gene Activity

Tipe donor CS0B encoding or use tools

Name: WhbbD 7 Synthesized dimer. bDGalp(1-3)aDGlcp Organism (1D § Donor & acceptor: S Use Wizard

UniProt ID: Q03084
O_uu 3 Full structure (I

Donor (ID 19342y DGalp(1-P-P-5inucl

[

Tipe acceptor CSDB encoding or use tools
BNY Use Wizard

[

Acceptor (ID 19715) Ph{1-11)[Ac(1-2)aDGlcpM(1-
P-1)]Subst /f Subst = undecan-1.11-diol

~ Treat donorfacceptor as fragments

Status: evidence in vitro @ Search!

Confirmation methods: in vifro (crude extract) ID: 2053

Filter resuits to those
Confirmation status: evidenced or predicted

Mame: WhbG Synthesized dimer: aDGlcp(1-3)aDGlcph Crganism (1D 8
UniProt ID: QOHEC8*
.MB o Full structure (If Home Help HELP ! @

[ 3 . a3 3 . A 2.0:. 3.:{. [..]
Status: indirect evidence in vivo @

Confirmation methods: mutation (knockout) CSDB ID(s): 11572, 21578, 23062, 26257, 27289
Motes: Repeating unit ofthe 0148 antigen.

ID: 2151 | Maolecule role: O-antigen

Mame: WbaD Mame: wbaD | Synthesized dimer: bDDManp(1-3)aDGlcph Organism (ID 1863). Escherichia coli OT7 Zhou et al. 2016
UniProt1D: @Q1L&15" | GenBankID: DOl:
7156002* ._P_3|! o Full structure (1D 4600): 10.1016/.carres.2016.02.007

(-1 5.“ 2.”“ 2.ﬁ 3.“ (.1 |Wang et al. 2007

Donor (ID 19855). DManp(1-P-P-5nucG Do 10.1099/mic.0 2007
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CSDB dimer abundance

The table lists 17 dimeric fragments present in 8 saccharides associated with 2 organisms from:
Herpefomonas muscarum, Herpetomonas samueipessoal (species).

Anomeric forms were combined. Dimers containing monovalent constituents were excluded. Residues with undefined configurations or ringsizes are greyed.
Superclasses are in blue. To re-sort the list click the according column name.

Position Donor | Linkage Acceptor Abundance Compound IDs Abundance in selected species
Herpetormonas samusipessosi: 12 [ET%)
terminal DManp| 1-2 DManp 18 (17%) 5555, 5556, 5557, 5550, 5560, 5848

Herpetomonss muscarum: § (23%)

i ) 5345, 5555, 5556, 5557, 5558, 5558, | Merpsfomeonss samuslpessosi: 11 (73%)
di-branched DManp| 1-3 DManp 15 (14%) coa) 5asn .
inline linear Dianp 12 - meTTRE IO CA LM, 3 (423)
- Herpetomonss samuslpessoai 4 (80%)
thdanp 5 (a7%) 5556, 5557, 5559, 5560 Herpetomonas muscarum: 1 (20%)
tri-branched, reducing end|DGlcph 1-4 DGIcN 5 (4.7%) 5345, 5557, 5558, 5559, 5560 Herpetomonas samuelpessoai: 5 (100%)
Hernetomonss samysinesens 3 (F130
di-branched, reducing end|DGlcpN |aglycone|diphasphodolichol| 4 (3.7%) 5555, 5556
Monomer and dimer abundance
tri-branched DGlcph|  1-4 DGlcph 4 (37%) 5555, 5556
This page will generate a pool of monomers or dimers abundant in glycans from the selected taxonomic group(s).
tri-branched DManp 1-3 DGIlcpM 2 (1.8%) /I 3845 First, please select a taxonomic rank of a desired group: species -
penta-branched DGlcpN|  1-4 DGIcpi 2 (1.9%) \ Display groups: bacteria [¥| archaea V| protista | | algae [ | fungi [ | plants [ animals
L
inline I_mear DManp 1-3 DManp 1 (0.9%) \' 5557 :;?Er;usl; } :z;gasopsiilllj?;n - Combine anomeric forms
- (o] ': 555_3 £ only one,
terminal DGlcp 1-2 DManp 1 (0.8%) 5658 Include undefined configs
Total 107 (100%) : ; :
Histophilus "1 Include ONLY saccharides
Hyphomonas Selectall :
-. : = "1 Include monovalent residues
Idiomarina E| =
Export TSV Monomers Home Inguilinus Include aglycons in oligomers
Kaistella Include aliases
Kineosporia Explain 'Subst' aliases
Kingella
Klebsiella
Kacuria Ll ol Distinguish inline / terminal / reducing

Distinguish branching degree
[ _and ignore monovalent substituents

|| Display only those fragments that are unique for this species in_ all biota -

[ Display monomers Display dimers

Monomer namespace Home Help




KnacTtepmusauusa TakCOHOB

Display groups: |¥| bacteria [¥| archaea [¥| protista [ | algae

Scope settings

4

Limit taxonomical scope to: phylum

fungi | plants || animals

species ¥
[l so

vl 15 %

two residues ~

only polymers ¥

R-project A

Phylum: | (unspecified bacteria)

(eatoc mutipl (unspecified protista)

select multiple -

with CTRL key) | ACtiNODACtETIA
Bacteroidetes
Chlamydiae

»

Crenarchaeota
Cyanobacteria N

General settings
Rank of taxons to compare (should be lower than selected scope). Specify exact species (ai)

Taxon population threshold. Minimal number of structures™ assigned to a taxon or its subtaxons, to
include this taxon in calculation (affects selection of taxons). Check to use this filter.

Normalized taxon population threshold. Minimal part of structures” assigned to a taxon or its subtaxons,
to include this taxon in calculation (affects selection of taxons).
Normalized by the total number of structures” in the database. Check to use this filter.

Structure abundance threshold. Minimal number of structures” in which a fragment should be contained
to be qualified as 'present in biota' (affects selection of fragments)

Fragment abundance threshold. Minimal number of instances” in which a fragment should be present to
be qualified as ‘present in biota' (affects selection of fragments)

Fragment presence threshold. Minimal number of instances” in which a fragment should be present in
organisms of a taxon to be qualified as present in this taxon (affects occurence codes and thus, taxon

Distance matrix based on fragment presence

The analysis was performed over all cellular organisms

Prepared 20 monomers
Prepared 32 genera

Generated occurence bit-codes. Show
Generated dissimilarity matrix. Show

Calculation parameters:

Hamming mode: YES

Fragment size: monomer

Fragment abundance filter: instance thresheld: 550
Fragment abundance filter: structures threshold: 500
Fragment presence thresholds

3-3= E;EaI residues): NO
p—merOCCuIes of this type: any

Filter: differentiate monomer pesitions (inline/terminal/reducing) in structures: NO
Matrix data format: R

GDVGI'IQG data on used taxons:
(taxons, number of organisms in a taxon, number of structures assigned to these organisms)

Lcinetobacter (BR) (1] 140
Aercmonas (BA) 64 122
Bacillus (Ba) as 234
Burkbhgld

s EL] 219
Solanum (BF) 45 127

Matrix-b d dendrogram:

dissimilarity)

Type of fragments to analyze (dimeric or monomeric)

Type of structures to analyze. Only structures of this type are considered in fragment analysis and where
marked by (*). 'Optimized' = only polymers from bacteria, archaea and fungi, and only mono/oligomers from
plants.

Format of the dissimilarity matrix
Fragment pool generation settings
Combine anemeric forms. All sugar residues will be treated as 'any anomer’
Exclude underdetermined residues. Residues with unknown anomeric, absolute or ringsize
configuration will be omitted from analysis.

Exclude monovalent residues. Residues like Me, Ac, etc. will be omitted from analysis. Please note, that
Ac in N-acetylated amnosugars is a separate residue.

Exclude superclasses. Fragments with residues represented by aliases and superclasses will be omitted
from analysis.

Differentiate aliases. Residue aliases (used for atypical residues) will be differentiated by actual residue
names, otherwise they are combined under an alias name.

Sugars only. Fragments with non-sugar residues (including monovalent residues, like N-acetyls) will be
omitted from analysis.

Exclude aglycons. Fragments with atypical residues at non-reducing ends will be omitted from analysis.

Differentiate location. The same fragments at different locations (inline, terminal, reducing) will be treated
as different.

Strict comparizon of fragments. Unknown configurations and ringsizes are always unequal to those known
(otherwise a fuzzy comparizon is performed.

yoruiria.BA
Burkhold gy, gA

Laiom.. PP

Vbt

Build a new unrooted tree « and colorize 12 ~« cluster(s):

Your job name is dsmatrix_2014Nov09_21-34-09.
Use these persistent links to download all job data or the distance matrix alone in R format

Rebuild dendrogram and Export Newick tree
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Structure generation constraints:

The structure contains 6 residue(s): Add residue Allowed linkages: Advanced options: Hide
alB D/L Residue Ring form €1 C2 €3 C4 C5 C8 C7+ Minin Maxin Location AcstN Acceptors Remove
i ? D galact-2N-uronic acid pyranose > [@ D-GalpNA V| + None 1 2 any demanded - any ]
2. Ao Ac
3 D - show all residues Y D-Rib-ol v| vl v] [v! || None ? (=l ? =] any any ]
4 phosphoric acid ° P terminal 3,5 X]
5. @ ? any octose pyranose () a-Octp v vl vl lv] vl v None  ? ? reducing
6 L alanine L L-Ala v v None ? ? any forbidden 1
Search depth Scope Advanced scope
Widespread structures only ' oligomers  polymersA  p-anomers: = 1 CHjy carbons: ? no furanoses
Find best matching structures:
Top 15 matches:
#Rank S Experimental *C NMR spectrum in water (24 signals of 24 expected):
Mean deviation | Experimental spectrum 3. i .4 63. A .2 s . ’ : : “
Linear correlation Simulated spectrum
RMS deviation Comments
Trustworthiness
1 4+ 2signals
A~0.94 ppm 8im assignment
Corr = 1.000 o ¥ Find 15 best-fitting structures
E!:.lidf:;:.ﬂﬁ ppm Structure as text  Lf .‘{- GO! E-mal for resila: b
. ¥ Save generated structures user@gmail.com
= b-D-GalpHa
= L-Ala
‘ GetMOL ShowH Spin Copy
I “HI T 1 r H| T w----w--p‘m||Hw I|| T T ‘ T T || T T "' H‘ e}
S‘m 180 170 100 a0 &0 70 60 50 a0
Cremshils. 177 229 352 507 524 642 EW ]
#2. M
-.;;Uf-s-f-g_ﬂl_—_ 61 50 a0 30 20
WP 177 20 352 511 552 642 643 657 630 701 706 706 720 725 725 740 746 784 1007 1011 1748 1782 1785 1758
A~ 1.42 ppm Sim assignment
Corr = 0.998 ;
aﬁé dev = 1.99 ppm Strudure astext X ’{‘
Trust = 49%
B =rotate  Shift+® =zoom Alt+By=move




CooTBeTCTBME cneuuanbLHOCT

MeToaosnornyeckme KomrbloTepHble paboTbl TPAAMLMOHHO 3aLLMLWAOTCA NO CreymanbHOCTH,
ONA KOTOPOU npeaHasHa4vyeHbl co3gaBaemMble MHCTPYMEHTHI.

PopmMynnMpPoOBKK, OXBaTbiBaeMbIe TEMOW paboThkl, B nacrnopte cneunanbHocTn 02.00.10
«BroopraHMyeckas XuMusi» U Nx pacnpoBKn B NporpamMme crieymanbHOCTHU :

«M3yuyeHune cTpykTypbl 1 OyHKUMN Bruomorekyn [...] OU3NKo-XMMNYeCKUMmM MeTogaMu;
CTPYKTYPHO-pYHKUMOHANbHbIE UCCneaoBaHMs nofincaxapugoB U CMeLLaHHbIX
BrononMmepoBy.

«MoHo-, onuro-, nonucaxapuabl: HOMEHKaTypa, CtTepeoxnummsa, KoHgopmauua. Metoasbl
N3y4YeHUA CTPOEHUA.

«CoeanHEHUs N3 MUKPOOPraHM3mMoB, rpuboB, BOAOPOCIIEN, pacTeEHUN, |[...]
nunononucaxapuasl 6akTepuny.

«Cnektpockonusa AMP, [...] cBasb napameTpoB cnektpoB AMP ¢ xummnyeckon u
NPOCTPaHCTBEHHOM CTPYKTYpon buomornekyn, [...] ABymepHas cnektpockonusa AMP».
«KomMmnbloTepHoe MogeNnMpoBaHME MOMEKYIIAPHON MEXaHUKM BMOMONEKYY.
doopMynmMpoBKK, CBA3AHHbIE C KOMMNbLIOTEPHLIM MOAENTMPOBAHNUEM U pacyeETaMN reoMeTpumn
berikos. Ha MOMEHT cocTaBneHus nacnopTa crneunanbHOCTU ModennupoBaHue a/iuKkaHo8
eLe He BbIfIo nonynapHo.

Kpome atoro, pabota paclumpsaeT MeTogosiornio 6noopraHn4eckon XuMmm Ha HOBbIE
obrnacTtu, He yKa3aHHbIE B ONUCaHUN CrieLnarnbHOCTN.



