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YrneBogHble 6a3bl OAHHbIX
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YrneBoaHblIe 6a3bl AaHHbLIX

* Y10 Takoe yrneBoabl U YTO Takoe 6a3bl AAaHHbIX?

* YTO MbI OT HUX OXXUgaem?

* [loyemy MbI 3TOro He nony4yaem?

« Kakou pomkHa ObiTb ngearnibHas 6asa AaHHbIX?

 KT0 1 ytO yXe caenan?



YrneBoAbl B KJieTKax

J 124l \ PHK cambili XUMUYECKU-

OHK _u/m\".. pasHoobpa3sHbIl Kracc
l buomaKkpoMorieKkys
y3HaBaHue, aaresus, e b
KINEeTOYHble KOHTaKTbI UMMYHUTET U MUMNKDASA
1 (KOHTaKT «CBOW-YY>KOWN» )
cTabunusaums Kox- @
y 3alymTta oT npoTeonmsa

doopmaLun 6enkos 8 ) P

(KOHTaKT «CBON-CBOWY)

BapbepHas yHKLMS, *

nokanbHbIn pH (6 mmkanb) @ BMOaKTUBHOCTb
aHTUKOArYASILIAS g \ o.o.o / MexaHu4Jeckas 3almTa
l 3awmTa

v
MNKOKOHBHOINaThbl

/4 / .-O \ HYKINEVHOBbIE K-Thbl
bvocuHTes ATO . \ i,
L l | GPI-akops

9HepreTnyeckumn
NPOTEUHDI,

pe3epB Heprus o) nMnuas!, CprKTypa KIleTO4HadA CTEeHKa
; Ap. arnMKOHbI

perynauus




CTpyKTypa yrineBoaoB

OH ~OH

HO OH
NH,

npumep asnboo-nnpaHosbl (3-D-GalpN)

HO

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

[NlonHasa cTpyKkTypa

MOHOMEPHbIW COCTaB, B T.4Y. HEYrneBoHbIN
TOMNONOrnsa U NOcNeaoBaTenbHOCTb
No3numn 3amMeLleHns

CTEXMOMETPUA DOKOBLIX LIEMEN

YMCNO U rpaHnLbl 3BEHLEB

CTpyKTypa ocTaTKa

pa3mep ckeneta (4-10)

CTEepPeoXmMMmns BCeX LLEHTPOB (=MOHOMEP)
pa3mep uukna (p/f/a, aldo/keto)
aHomMmepHas copma (a/B)

abcontoTHaga koHdurypauus (D/L)
moandukauunu (-NH,,-COOH, deoxy)



AKTyanbHbIe TeMbI FINKOMUKIN

CTpyKTypa, nsomepusi, KOHgoopmMauns yrreBogoB B KIeTKax
TakcoHoMKA U Knaccugukauma MMKPOopraHM3mMoB

[ NIMKoanuUTONbl U UMMYHOCNEUNPUNYHOCTb OpraHN3MoB
ObbscHeHNEe B3aUMOOAENCTBUS aHTUTEH-AaHTUTENO

[ NTMKocoaepXxallme BakUMHbI U NiekapcTea

Koppensaumns cBoOUCTB opraHnu3ama c ero yrresogamu

BrnocnHTe3 1 KpyroBopoT yrneBoaoB



[ MIMKOMMKA VS. FreHOMMUKA, MPOTEOMMUKA

no cpasnenuto ¢ opyeumu —Omics:

e CXOOHbIN 06beM nHdopmaumm (>100 000 N3BECTHLIX CTPYKTYP)

e OOnbLasg XMMuyeckasi BapmaTMBHOCTb
* MeHbllee ucronib3oBaHue IT (basbl AaHHbIX, CEPBUCHI)

* MeHblUad CTaHOapTn3auund

Glytoucan GenBank

.Lusonupoaal-mble@ [ CTaH.D.aprI ]

ocTpoBa

’\

| ny6nw<au,vw| aHH

-' Prot : v .
\Eb./—ﬁ GTCTCA... JJ
Val-Ser-...

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



3ayemM Hy)xXHa ba3a AaHHbIX?

Ba3a gaHHbIX: Terkun AocTyn K 3HaHUAM

» Kakue npupoaHbie CTPYKTYPbl MOXOXM Ha 3afaHHble? Kakme ux doparmeHTbl cneumdmnyHbl Ans
3aaHHbIX Bronornyecknx BUAOB? B kakmx Mectax rMMKaHOB CKNMOHHbI HAXOAUTLCH T€ UMK UHbIe
CTPYKTYPHbI€ eanHULbI?

« [ne oHW onybnukoBaHbl, B NPUBSA3KE K KakuM TakcoHaM 1 bonesHsm? Kakne depMeHTbl X CUHTE3NPYHOT
1 C KakoW AOCTOBEPHOCTbLIO 3TO NMokasaHo? Ha kakue rmmkoanuTonbl pearmpyroT aHTutena?

Nnarcgopma: MmogenupoBaHMe U npeacKasaHue

» Kakme kOHdopMaLumn xapakTepHbl OS5 IMMKO3UAHOW CBA3W B 3aaHHOM Tpucaxapuae? Kakne curHanbl
AMP xapakTepHbl a5si ero HeObbI4YHbIX KOMNOHEHTOB? C Kakon AOCTOBEPHOCTbIO MOXXHO 06 3TOM
cyauTb? Kakne elle CTpyKTypbl AatOT NOXOXNN HAabop curHanos?

« Kakne 6aktepuanbHble Buabl 6nmn3km B KOHTEKCTE CTPYKTYpbl O-aHTUreHoB? Kak COOTHOCATCS NX
KflacTepbl C KnacCUYeCKUM OepeBOM XU3HU U ceporpynnamm?

MeTogonorma n aBTomatusauma oopadboTkm HaKonNNeHHbIX 3HaHUN

* WpeHTndukaums n kognposaHne Mosiekyr B 6asax JaHHbIX U nporpammax
« Bwuayanusauusa monekyn B nybnuvkaumax n nporpammax
« PacnosHaBaHue KOHTEKCTa 1 aHHOTUpOBaHWe nybrvkaumm

* BsanmogencTtesume NpoekToB, YHUPUKaLUNS nHTepdencos



[IpobnemMbl B rMMKOUH(OPMATUKE

« BapuatnBHOCTb 1 reTeporeHHOCTbL OOBHLEKTOB
 HeogHO3Ha4YyHOE onucaHune CTPYKTYpb!

« CIOXHOCTM C BBOAOM W BMdyanusaumnen 0onbLlUnx CTPYKTYpP
 OrTcyTCcTBME CTAHOAPTOB

* W3onnpoBaHHOCTbL MPOEKTOB

* HenonHoTa n HN3Koe Ka4eCcTBO AaHHbLIX B 6ba3ax

 PecypcoeMKkne anroputmbl

« HexBaTka cucrtemMHoro BnaeHuns y paspaboTymkoB 1 Nnorb3oBaTenemn

(HeT obuienpmn3HaHHbIX CEPBMCOB, MHMLMATUBLI HECOBMECTUMbI APYr C APYroMm)

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



UTo Takoe 6a3a AaHHbLIX?

= L

) 8 vg ‘/g
— J %j \HD:E;I\_A‘MH

2 ]
3t A
O \ TOYHblE

VHOEKCHI U AP

MeTadaHHbIe B OTECAS
S

npeancKka3aHus
(HesIBHO 3aaHHble 3HAHWUS)

BOMPOCHI

é C ydacCTnem 4erioBeka Iil<—> dBTOMaTNYECKH



OpraHunsauusi pa3padooTkn

 Bbasa gaHHbIX 1 Nnatdopma AO0MKHbI ObITb NOCTPOEHLI NO NMpaBunam
NHJOpMaTUKN.

« [lpaBuna GbinNn KOHKPETU3MPOBAHbI 1 adanTUPOBaHbI ASS YINeBOJOB.

1 $, Bpema

CCarbBank)
1989-1995

OCHOBa - buoopraHuka,
aganTtauns ansa KoMnbto-
TEPHOro NCMNOSb30BaHUS

'@ dkfz.

OCHOBa - MHopMaTHKa, ~2008
aganTtauua anga ncnosb-
30BaHuA B bBuoopraHuke

| >
~10 000 n =

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




TnnyHbie 3anpochl

4 N\ (5 Genbank
Uniprot (=== meT , AOHOP, aKLenTop, reH, 4
- N m aKTVBHOCTb, NOATBEPXAEHME, ...
D—E _>'|' \_hepMeHTbI / A
A 1 JJ +—= () Pubmed
Q , opyrue —
HR2NEN Ha3BaHWe CBOWCTBa N

cdparmeHr, / nyonvkaumm BbIXOAHbIE
\ MOTHB, cOCTaB P () NaHHble,

i Y Il pedepar,
arfvKoHbI, i GOre3H, zj;*g:aeBb'e
MOHOMEPB . roucan B = = opraHbl, XocT y

1l CTPYKTYpbI !
(ImMsDB 4 IMESH
e I
Rad r N TEPMUHBbI,
MEeTOAbI, ...
o,y \ OpPraHu3Mbl
o) N
\ CNMEeKTPbl / ¥ (INCBI Taxonomy
\J€OMEeTPpUA / TaKCOHOMMUS, Knaccudmkaums

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



CSDB: coctaBHOM 3anpoc

cdparmeHT ¢dparmeHT [aHHble crpynnupoBaHbl NO CoeanHe-
HUAM, NyGNMKaLuMsaM, opraHusMam u T.4.

Lys / Ala

There are 2 chemically distinct structures. Please, select:

2 -4){50%Me(1-3)aDRhap(1-3)|aL Fucp(1-4)2DXylp(1-
6 -4)[60%Me(1-3)aDRhap(1-3)]aLFucp(1-4)xDXyla(1-

Found 5 structures. Displayed structures frq

Expand all compounds Show all as text (Swee] 9“ gﬁ ™

-0, 0 W0 OH
HaC
1. Compound ID: 10502
o (o]
un 07 0" o

COCTaB

4 . CHg CHj rep
L1 SVGfile  Show SMILES

2 X KDO 3(60%)Me
L3
showld  pjegse 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-antige!

+ ) 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 lipopolys{

poly
| D S acofriose)" - Carbohydrate Researc

Two types of neutral O-polysac

phenol-water extraction from the asyl
of the major O-polysaccharide was
1D and 2D (1)H and (13)C NMR s
D-rhamnose is indicated by italics

Lipopolysaccharide, structural, O-
9I9MP CbVI nbTp physilogy, Azosprilum brasiense,

‘P =rotate Shift+ Y = zoom Alt+P = move

D-Acofriose

TaKCOHOMMUSA
Proteus O1

NCBI PubMed ID: 22575749
Publication DOI- 10.1016/].carres.2012.04.006
6 13 C . Journal NLM ID: 0043535
. Publisher: Elsevier
Correspondence: room308@ibppm.sgu.ru
Institutions: Institute of Biochemistry and Physiology of Plants and Microorganisms, Russian
1 8 . 3 i 0 . 8 Methods: TH NMR, 13C NMR, NMR-2D, methylation, chemical analysis, GLC, Smith degradal

HOCUTEnNb: 6ubnuorpacus
YyernoBek > 2005

Azospirillum brasilense Jm6B2
CSDB ID 283

Atticle ID: 4833
Fedonenko YH
the genus AZ

The revie

K.rl I'O L’I e BO e polysaccharig
110 100 a0 a0 70 &0 50 40 30 20
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 in “Glycoscience: biology and medicine” 2014, ch. 29: 241-250



Carbohydrate Structure Database

ba3sa AaHHbLIX NPUPOAHLIX YrNeBoaoB

[MnaTtdopma ona cepBUCOB rMUKONH(pOpPMaTUKKN

oo v U ] (G 2os] =

CTpykTypHas 6a3sa » KoHdopMauMOHHbIE pacyeThbl caxapuaos
- NpoKapuoThl, rPUbbl, pacTeHus, NpocTenLlne

y HpOBepﬂeMblﬁ KOHTEHT, MNMOoJyIHOE NOKPbITUE ’ yrﬂeBO,D,Hble ACDCERIEEE

- eXXerogHble 0bHOBMNEeHNs * YrneBogHaga HoTtaumst CSDB Linear
« basa rnukosunTtpaHcdepas « Symbol Nomenclature for Glycans
« To4yHaa AMP-cumynsaumna c otHeceHuem « OwnTtonorus GlycoRDF u apyrue ctangapThl
 [lpeackasaHne CTPYKTYpbl MO cCnekTpam » PepakTtopbl, KOHBEPTEPLI, CTAT. aHanNu3aTops.l, ...

http://csdb.glycoscience.ru ?

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



CTpyKTYypHbIEe 6a3bl See 2

QCarbBanKD © nonHas no 1996 [——];ﬁ; q}lycomeDB b 216 © wmera-penosutopuin
{} 23 ® apxutektypa, % oLumMbokK FUARTTY, & \ @ HenorHble aHHOTaLWK
@LW@U@A[N] @® wer arnukoros L

>0 PFCSDB 15/ 6 (Gaktepun, apxen)

BCSDB
T

SweetDB, SugaBase 27 /21 ~ 16/ 6 (rpnbsl, pacteHus)
S — @ % © nonnas
n
Q" No npokapuotam 1 rpmbam
ORIG

(G4 © kypupyemas

GTR

SLYSAN 57 7 1

p I L] @ apxXuTeKTypa ] /& l:\l-llge/K:I'IMTa}OIJJ,I/Ie+ N
SR @ Tonbko mMogenb = © .
ORIG nonHas ao
i vl 4/1 0.7 0- &N- [_] [+

jCGGﬂDB © konnekums 6as3 $ &UmCarbKB ] Q’Q D'clgb[;t | = =

ais7_| ) crna6o aHHOTMPOBaHbI © «ypupyemas

44 ' 34 (4yenoBekK, MblLLib,
SLLIE N Dy JSIeORM GlyGen ~ = $ GlycoBase +LI=
schericlia cot O A = LD @1 ORIG

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



CneuuanbHbIe ba3bl

JCGGDB

e AIST

yrneBodHble TEeHbl YEJTOBEKa Ggw

~0.2

™
MS234N- n O-rmmkaHoB = G..DB

~0.2

XMMUYecKne peakumm IV@'@NA

~3.0 (4.4 str)

KOHbBbIOraThbl & arnmKkoHbl |~ U

= NP 5

yegskieDB
>70

=
N-rmmkonpoTenHbl
C. elegans + moiwo | GIJCOKT0 ill);

~2.5

METOOUKN CUHTES3Aa G#
N aHalin3a

vcoPOD

GlycoScience Protocol Online Database

MMUKO-3MNMNTOMMbI =
N aHTUTEJSa

~0.2 (0.5 sub

~0.2 (0.6 ABS)

GlyTOUcan,

penosnTopun naeHTUuuKkaTopos

=Vl

= = ﬂSugarBindDB

Pathogen Sugar-Binding Database
aare3nd K natoreHam

~0.9
CENTERFO
O-glycBase, ciitiay
ENCEANA
O- n C-mMnKONpPOTEUHLI | vss cBS
= (1
GlycoMaps,

pacyeTHble KOHPOPMAaLIMOHHbIE KapThl

MSDB

MOHOCaxapwuabl 1 HOMEHKIIaTypa




° CDyHKLI,I/IOHaH bHOCTDb (Tunbl JaHHbIX U MHOEKCOB, 06paboTKa 3anpocoB)
 [lonHOTAa NOKPLITUSA (+ BuiGpaHHbI knacc)

« KauectBO AAdHHbIX (% ownbok, npo3payHocTb)

* MHTeI'paLIMFI (nopaepxka bopmaToB, MnopT-akcrnopT, APIl, RDF)

° MHTepCbeﬁC (NpocToTa, CTabunbHOCTb, MPOM3BOANTENBHOCTD)

BHYTPEHHSS yrnpasnstoLime HanonHeHne
apxuTeKkTypa nporpamMmbi OaHHbIMU

N
7

ncnpaBndaAemMocCTb




ApXUTEKTYypa

duniCarbki | GljomeDB,, . @

J\.AJ\ Eurocarb DB

 PenaunoHHaa 6a3a gaHHbIX E
> MHﬂ,eKCaLI,I/IFI + cTaHAapTHble nHaekcol (DOI, TaxID, ICD-11, PMID, ...)

* CTpyKTYpbl, TAaKCOHOMUSA, OUBNMOrpadUst - pasmbie TvnbI 3anucei
 YenoBeko4ynTaembliu OaMI1 (opraHusaums npouecca HanoNHEeHUs)

« KoHTponupyembie cnoBapy TEPMUHOB (voHomepos; MSDB)

. Rna)

e Tabnuua cBA3HOCTU e RN N
E bonesHu |

- N i opraHbl, TKaHu :

| TPuBMAmIbHbIE Ha3BaHUS, reHoTUM, cTagus |

1 cnektpel AMP, MC :

CTPYKTYpa, ! YCrNOBMSA CbEMKU CMEKTPOB, KIoYeBble crioBa |
TakCoHOMMUS, | BUYOAKTUBHOCTb, pedepaThbl :
6ubnnorpadus, | TeHbl, PepMeHTHl, NHCTUTYTI i
CCbINKu Ha apyrve B[l |  KoHcbopmauns MeToapbl i




YpPOBHU AaHHbLIX

[IOCTOBEPHOCTb,
NMPOBEPSAEMOCTb

O KypvlpOBaHm:e>O

onyoriukoBaHHbIe

npeackKasaHHble

N
7

0600LLEHHOCTD,
YHUBEPCAnbHOCTb



MCTOUYHUKN OaHHbIX

CBOU N YyxXune
CarbBank v apyrmne b nnTeparypa pe3yJ'|bTZTbl

KOHBEpCUS, ~800 / roq
npoBepka

CSDB 2021:

32 300 cmpykmyp, \\/
12 500 nybnukauud,

o) * BbisiIBNeHUe nyonukaummn
16 100 opeaHu3mos, . o
15 900 criexmpos, m pPeTpoCneKTUBHbIN aHanNus3

2 600 KoH. kapm, ‘\/ * aHHOTUpPOBAHUE U NpoOoBepKa
2 500 akmusHocmeu I'T
+B3aMMOCBSA3M

NOoJIHOE NOKPbITUE NO NMPOKapnuoTam n I'pVI6aM:
OTpMLlaTeﬂbeIVI pe3yribraTt NoncCKa = 3Ha4nMMad Hay4Hasd l/IHCbOpMaLI,I/IFl



KayecTBO AaHHbIX
HangeHo & 350 m Py
\__ ncnpasneHo

orneparopckune B ba3ax B CTATbsAX B nporpammax
4 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'methy| — 1'Me, Ga|p5N, oH PH E. coli 012:8>
n.m.r. - NMR, Ac(1-2)[Glc(1-2)]Gal, M, o
taxid 583 — Proteus, Escherichia sapiens, HO B e o
- y Dev Food Sci 2012, o
#Ac : 23 m.4., 65 m.4. 104.2) o

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

CCarbBank)@ >50% (HenpaBUIbHbIE, OTCYTCTBYIOLLUME, FTOXKHO MPUCYTCTBYIOLLNE
|_> npyrve B[ CTPYKTYPbl, LUTAMMbI, aHHOTaLNK)

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



NWaeanbHasA MHTerpauus

GlycoCT,
PubmedXML,
glycoRDF, ...

CTaHAapThl /71‘1:0
@
Apyrve bl /7 UMnopr

/En\

apyrue cepBUChI

! MHTepCbeMc N
nonb3oBaTenu
</ cabmuccusa U
& oF
=\
N nyGnukauum
(@IS
s
XpaHunuuie 5§
Tpunnetos ,97'53 < cepBUCHI
< -. WSDL
=
Apyrve bl

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



J
J

Be0O-NOMOLLHMK,
rpacp. pepakrop,
ounbnuorteka
CTPYKTYP,

CSDB Linear,
GlycoCT

K )| SNFG,
.. KoHBepcus gaHHbIx <—>[gpyrv|e dopmartsl | e
GlycoCT,
- ABTOMaTnyeckue web-cepsucol (WSDL) SMILES,
MOL,
“|l» VIMnopT, akcnopT DOI. PDB,
NCBI Pubmed, Glyde lI,
HokymeHTauua, HELP NCBI Taxonomy. LinUCS,
Uniprot, Sweet-DB
CcbINnKM Ha 3aI'II/ICI/I[B Apyrmnx I'IpOGKTaX]— NCBI Genbank, GLYCAM,
g PubChem, GlycoRDF,
[pyXeCcTBEHHOCTb, OLICTPOAENCTBME immuneEpitopepB, | DCI XML, ...
Glytoucan,
| Beog ||/| BbIBO CTPYKTYP ICD-11
Topology: 4 residues (branched: ([A->B->],[C->]D) V| 3 R EDZE; 5: r:ah;ugzrs 3!;{ Sﬁemmllé
o bDGaleAC(1_3”%1:8:;: :Zji:::_““p 5 Ncwice Expert Ir'lsert Replace Dligo Poly [ ac] am ] em] cro R ] i
\Elzmalactosamine v |22 ( pyranose v |) :gg :Ezz::::z;tmcewated V|3t|E| @®@ —1-3 EG@
bDGalpN substifutes| C3 v | of Residue B [] add substituent GalNac Gle 1.4
['] add substituent
[]is terminal 3 OH
Residue ®: |aDelcp (1= .3 Fuc
DR : p}
'%'D—“L' g_'”‘mfd_l m”‘i' "i“a”"s‘”" 5233 232:313:2; wizard | | cugssccrarice editor
bDManp (1-3) [Ac(1-2)bDGalpN(1-?)aDGlcp(1-4) ] ?LFUCpP Horauus CSDB Linear




BbIBOA CTPYKTYP

g Busyanusauusa B YenoBekounTaembix cpopmaTax:

CHg

® - LAa A
SNFG MOL (3D) HO)_§__

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

CATae (9-1)J
Sweet-DB L-Ala-(2-1) MOL

E|<—> AKCMopT B MalUMHOYUTaeMbIX chopmaTax:

[IO[C@]1(C(=0)N[C@@H](C)C(=0)0)C[C@@H](C[C@@H]20[C@H]([C@@H](O)CO)[C@@H](O)[C@H](O[C@H]30[C@H] SMILES
(C)[C@H](*DC[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~_a4-c1_a5-b1*OP0O*/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 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



CSDB/SNFG editor

CSDB/SNFG structure editor x

* peEXUMblI KHOBUYKaA» N «3KCrepta»

@] 9] C [&VG| B[ 8]0 100% 0] @@ [V | <xiv>] o
Popular Small sugars l— He@ses 7 Higher sugars 7 Alditols 7 Aliphatic acids Other acids Superclasses O Bce ﬂOﬂVl- Vl OHMFOMepH ble Tononorl/“/l
O N |4 A | | ©Al| A |@|A| ® K e L 4 | 250+ 350+
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y pa OTa C reo M eTp M e M B pay3e pe There are 3 chemically distinct structures. Please, select: There are 2 sterically distinct structures. Please, select:
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SMILES code: 0

[*]0[C@@H]10[ C@@H] ([C@H](0)COC20[C@H] (CO[CaaH]30[ Ca@H] (C) [CaeH]
(0) [C@@H] ([*]) [C@@H]30) [C@EH] (OP(=0) (0)OC[C@H] (0) [CaH]
(0c3cc(0)cdc(=0)cc(-cScccccS)ocdc3) [C@H] (0)CO)[CeH] (0)[CeH]20)
[C@H] (0) [CRH]INC(C)=0

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



PepakrTopbl CTPYKTYP

peanakTop MOHOMeEpbI HeonpeaeneHHOCTU MOBTOPbl  MMMOPT,  XUM. YFHEBO.D,HbIe,
<IN R Vi SNFG
GlycanBuilder™ | 70+30 KOHd., CBA3KM, KNacchl, | - ++ -
Tononorus
Sugar Sketcher | 70+20 KOH., CBA3N, Knaccbl | + + -
Polys builder 100+0 KOH., Knacchbl - + -
GlycoGlyph 80+10+user KOH., CBSA3K, KNnaccbl | ++ + -
DrawRings 70+0 KOH., Knacchbl - + -
CSDB editor 300+300+user | KOH®., cBA3W, Knacchbl, | ++ ++ +
anbTepHaTUBLI
Xyumnueckume RuoelyeElvE! nnaruvH MOHOMEpPbLI  pesynbraT onTuMmsaums
Hyperchem Sugar 30+26+user | 3D, MM+, Amber, OPLS:
Builder MOXHO 3agaTtb ¢,y,w | MM, MD, ...
PCModel Template: | 24+28 3D MM3, MMFF, OPLS:
sugars MM, MD, ...
ACDLabs Template: | 36+35+... 2D: stereo, chair, MM2:
Chemsketch sugars Haworth, Fisher MM
ChemDraw / Template: | 16+24+... 2D: chair, Fisher MM2, MMFF:
Chem3D hexoses MM, MD

Bochkov A, Toukach Ph  An online glycan builder with 2D and 3D structure visualization J Chem Inf Model 2021, in press
Alocci D, Suchankova P, Costa R, Hory N, Mariethoz J, Toukach Ph, Lisacek F SugarSketcher: quick online glycan drawing Molecules 2018, 23: id 3206



HeoAHO3HAYHOCTb HOMEHKNaTyphbl
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bDFucpN(1-1)Ac (CSDB) <«—— 03321:3::;‘)2%?THH06$:0
D-FucpN-B1OAc 3TOM MOHSITHO JIIOAAM
beta-fucosamine acetate
1-acetoxy-beta-D-fucopyranosamine
2-deoxy-2-amino-B-D-fucopyranosyl acetate (IUPAC)
B-D-fucosamine acetic ester
B-6-deoxy-D-galactosamine acetate
b-dgal-HEX]|1:5|2-amino|l-acetate (GlycoCT)

B-D-pyko3zamMunH-1-O-auUeTaT (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)O1)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 (INnChl)

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



[louemy He aHanor MOL?

OyeHb CIOoXHbIN NepeBod NOAaTOMHOIo ONMCcCaHNsA B CEMaHTUYecKoe

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

CnoXHbI NepeBo CEMaHTUYECKOro OnMcaHus B noaToMHoe

=> TPyAOEMKOCTb aHHOTUPOBAHUA cTaTten

Henb3a onucaTtb CTPYKTYpbl C HeonpeaeneHHOCTAMN

[1aHHbIe B13yalibHO HE CONMoCTaBJ1EHbI CO 3HAHNAMU

4

HeyenoBeko4nTaembliii — TPYAHO KypupoBaTb — OLUMOKM B AaHHbIX

KOOp,EI,VIHaTbI dTOMOB He ABNAKTCA nepBnN4iHbIMN AaHHbIMA

HO HenosHbIn MOL (6e3 3D) MmoxeT ObITb BOoCApUHAT Kak 3D MOL

[ [pOMO34KO AN XpaHeHUAa 1 nepenayn B CETU
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abconoTHasdg  pasmep UMKNa  amMUHOTPynMbl npoyne MoaudmkaTopsl,

KOH(pUrypaums l, ‘l, BMECTE Unm no ogHomy
‘1, nnun J‘
]

N

=8
Q.
Q al [D| Luma] |p| l4en] [N Al |-4-ulo -0l
> b L f etc. 3N A -ulosonic T
© Il IR a N3N -ulosaric
g x| Is 2 T etc. _onic Monuor
I)
AaMn E . i( ABOWHbIE CBSA3N 4F
1‘ : OCTaToK uU3 3? Me
aHoMepHas KOHTPOJIMPYEMOro YpOHOBas elc.
KOHurypaums cnoBaps Kucrnorta

YyrneBOAHbIN A3bIK <
CSDB Linear

>
aHHOTaTopbl, § [= @OR@]
onepaTtopdl, (= 8
Apyrne A3biku g A5 !
(IUPAC, GlycoCT, WURCS, ...) 3 1 3
2 0
0o 0 \ 1nn oba )
. T
Sub =
o SMILES ...{17}..

Toukach Ph, Egorova K Bacterial, plant, and fungal Carbohydrate Structure Databases: daily usage in “Glycoinformatics" 2015, ch. 5: 55-85
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Toukach Ph, Egorova K New features of CSDB Linear, as compared to other carbohydrate notations J Chem Inf Model 2020, 60:1276-1289
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CSDB: HaacTponkn

8 — Eﬁ] 5 BbIBOAbI HA OCHOBAHNY obpaboTkn BCEX
AaHHbIX, B TOM 4YNClie CKPUHUHT U CTAaTUCTUKA
3HaHUA  HaOCTPOUKMK
 AHanua nyten bmocmHTtesa (basa rnmkosnnTpaHcdepas)
 KoH(opmaLMOHHbIE KapTbl OfiMrocaxapuaos
« [lpenckasaHue n otHeceHue crnektpos AMP 13C, 1H, 2D
* [lpenckasaHue CTPYKTYpbl NO CNEKTpamM U OpYyrumM OAaHHbIM
« Knactepusaumsa TakcCOHOB Ha OCHOBaHUWN UX MMUMKOMOB
 PacnpegeneHne oparMeHTOB N0 TaKCOHaAM U MOSIOXKEHUIO B CTPYKTYpPax

« Knaccupunkaymss MOHOMEPOB



[ nuKo3unTpaHcgepasbl
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- Structure
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CUHTE3NPYEMbIN oparMeHT YpPOBEHb OOCTOBEPHOCTU

I—aKTMBHOCTb—I - obbeKT

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 2021, 31:524-529



[ nMnkothepMeHTHbIe 6a3bl

300K+ doepmeHTOoB CAZY, noaTeepxaeHo ~4%,

ece opecaHu3Mbl
(I'IOHHOL(GHHOG Ucriosib3og8aHue — 4epeas CO&GI’TIO,DCI’TIGO)

rMMKosunTpaHcdepasbl, noarsepxaeHo 7%
E. coli (nonHas)

rmmkosunTpaHcdepassl n gp. CAZy
O. sativa

rMMKo3unTpaHcdepasbl, noareepxaeHo 80%
E. coli, A. thaliana, S. cerevisiae, A. baumannii
(nonHas no noATBEPKAEHHbIM)

%&? BRENDA L”QI BrocnHTeTMYeCcKas nHdopmauma cpeamn npoyen
The Comprehensive Enzyme Information System ace OpeaHu3Mbl

BuocmHTEeTUYECKas MHpopMaLMS cpeaun NPoYen

? A. thaliana

7 tair
S W  GvocuHTeTUYecKas MHAOPMaLWS, HET NoucKa
yben -~ H. sapiens, M. musculus, R. norvegicus, ...

gg@ yrnesoaHbl€ reHbl,

H. sapiens, C. elegans




HJocTtyn K 3D-CTpyKTYypam

~ » BbonbwmnHcTBO 6a3 = 3D-CTPYKTYpbI MMNMKAHOB MJIEKONMUTAOLWMNX
(kaKk Yyacmb 271UKOrnpPomMeuHo8)

 <59% cTaTteun cogepxaTt 3D-OaHHbIEe

« CTpPYKTYpbl CUMYNMPOBaHbI B pa3HbIX YCIOBUSX

Lo O rnVIKOI'IOﬂVIMepr NOJIHOCTbKO OTCYTCTBYHOT

>« Kaxnoas CUMYNAUMA NpeBpaLlaeTcsa B OTAeNbHOE UccrnegoBaHme

* HaMm HyXeH MHCTPYMEHT «M3 KOPOOKMY, AN He-MHOPMAaTUKOB

e — CTaHOapTU30BaHHbIE MOOENN CTPYKTYP B pacTBOpe
¢ — aBTOMaTUyeckasi reHepauusi, obLUMpPHbIE NMpea-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



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



KoHdopmaunoHHbIn moaynbs CSDB

~2700 on- n Tpucaxapuaos:
100-Hc MD B aBHoun H,0O, 300K

* nMowuck ID, CTpPYKTYyp, NnapamMeTpoB pacyeTa

\/ CSDB conformation data search
73 conformation maps have been found.

Model structure C ion map Energy minima 3 Details
@=40, y=0 AE=0.00 Kcal/mol Force field: MM3-2000
..L“."L b4 ©=20, y=-40 AE=0.53 Kcal/mol Solver Tip3P
5
MD summary file: download
]
@
1] Wl ©=40, y=175, w=-60 AE=0.00 Kcal/mol | Force field: MM3-1996
@= 3[) Y= 165 w=-60 AE=0.00 Kcal/mol |Solvent model: None
o ' @= 3[) Y= 165 w=180 AE=0.10 Kcal/mol | MD temperature: 1000
N @= 4[) Y= 185 w=-60 AE=0.32 Kcal/mol |MD duration: 30 ns
= = = 25 Y= 150 w=180 AE=0.44 Kcal/mol | Frames: 30K
4 @= 4[) Y= 185 w=165 AE=0.71 Kcal/mol | MD summary file: download
(] @= 40 y= 195 w=180 AE=0.71 Kcal/mol
@= 55 Y= 195 w=-60 AE=0.86 Kcal/mol
@= 4[) Y= 185 w=45 AE=0.86 Kcal/mol
@= 4[) Y= 15[] w=180 AE=0.86 Kcal/mol
. @= 3[) Y= 18[] w=45 AE=0.86 Kcal/mol
(ora: I—@") =15, =170, w=165 AE=0.86 Kcal/mol
® @= 5[) Y= 175 w=165 AE=0.86 Kcal/mol
1D 1857 | ©=25. u= 155 w=50 AE=101 Kealimol N
=N = A0 _AE—101 Kralimal

9 ) I
Tl -

paboTa c kapTaMun SHepPrnin N 3acerneHHOCTU
NPOEKUNN, IKCTPEMYMbI, IKCNOPT
0o 4 yrnos / cB4A3b

MHTEPaKTUBHOCTb (npokpyTka, MacLutab, '
BpaLLieHne, KOHTPOIb NMIOTHOCTH, LIBET, CIION) . |

fu= e | o= | Eacm| 4D

Scherbinina S, Frank M, Toukach Ph Carbohydrate Structure Database oligosaccharide conformation tool Glycobiology 2022, 32:460-468
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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CSDB Linear
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Scherbinina S, Frank M, Toukach Ph Carbohydrate Structure Database oligosaccharide conformation tool Glycobiology 2022, 32:460-468
Stroylov V, Panova M, Toukach Ph Comparison of methods for bulk simulation of glycosidic bond conformations Int J Mol Science 2020, 21:1d7626



Knactepusaluusa TakCOHOB

Cpm‘anpbl / bDGalp (1-3)aKdop, ... [
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(mun gppacmeHmMos, i
makcoHomMuYeckul !
oxeam, ypo8eHb !
Oemanusayuu, T
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cpagHeHue
l no XaMmuHzay

pacmeHmMbI
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MaKCOHbI

MaKCOHbI
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MaKCOHDbI :
1
1
1

A\ —_—
1 Hopmanu3sauyusi 4

2 Kriacmepu3sauus

accoyuuposartbie cmpykmypsi () u opearusmer ()

6akmepyu: B3 [pamt+ 3 [pam=

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



AMP-MopgenvpoBaHue

AMP — ocHOBHOIM METOA aHanus3a nepBUYHON CTPYKTYPbI B rMMKOBMoNornm

] H
Q p— L
—=\_o anroputMm GODDESS = |
lt :o > i
(- (-
. ) C o

Glycan-Optimized Database-Driven o

Empirical Spectrum Simulation

* MogenunpoaHnue cnektpoB (1:3C ~ 0.7 ppm, tH ~ 0.06 ppm)

« [lomoLllb 3KCNepTy B YCTAHOBNEHUN CTPYKTYPbI

« (OTHeceHne cUrHanoB 1 NpoBepKa rmrnoTes

« [lepebop CTPYKTYp 1 CpaBHEHME CUMYNALUN C SKCNEPUMEHTOM

* Bepudukaumna pacyeTtHoM reoMmeTpuUn MOMEKYI

Toukach F, AnanikovV 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 'H and 3C 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



NTepaTtop CTPYKTYP

gorpaqueva 6asbl

l /’(npeD,CKa3aHv|e CBOIZCTB} \

[ ) 2
nTepauns CTPYKTyp s

O
903“‘\) \{s\p‘o\
ct 9KCNepuUMeHT

paHXupoBaHue } | n

\4
CTPYKTYPbI N AdHHbIE€ C HaUNy4YlWuMMm CcooTBeTCTBUEM

€« é-cpmn bTPbl OTOOpa
OaHHble NMPOCNEXNBAKOTCA A0 UCXOAHLIX Ba3 n nutepatypsl

13C

HEOTHECEHHbIN O NonHasa CTPYKTypa
cnektp AMP (ocTaBLumecs
Hen3BeCTHbIe
anroput™ GRASS s-D-Glcp 4 P )

> @)
2 x Generation, Ranking O 2 MOHOMEPpbI, KOHUrypaumu,
nN3BeCTHbIE O and Assignment Of Moaudomkaumm, Nosuumnmn
L Saccharide Structures a-L-Rha oAy,
O CTPYKTYpe p nocrefoBaTernibHOCTb

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



HanbHeullee pa3BuTne

® coenaHo B CSDB @ npegcrtount caenatb @ HIK3KQ K 3aBEPLIEHUIO

e CTaHpapTHbLIN YenoBeKOYNTaeMbIN A3bIK (SNFG, CSDB Linear, ...)
& PacmupeHMe OHTOJIOMUU (nHTerpauma Yepes GlycoRDF n GlycoCoO)

« Kpocc-npoeKkTHble cepBUCHI

 CTaHpapTHbIe NPOTOKONbI (APl WSDL, SPARQL, REST, ..))

 Upneonornyeckas sameHa CarbBank X

 TpeboBaHue BKNro4YaTb |D B nydornukaumum (Glytoucan ID?)

(KTO BygeT UMcTnTb Basbl OT HeonyoNMMKOBaHHbLIX/OLWNOOYHLIX JaHHbLIX?)



Kak BoCnosnbL30BaTbLCA ?

S. Scherbinina, Ph. Toukach 3D structures of carbo- Abrahams J. et al. Recent advances in glycoinformatic
hydrates and where to find them (2020) Int J Mol platforms for glycomics and glycoproteomics (2020) Curr
Sci 21, 1D 7702. doi: 10.3390/ijms21207702 Opin Struct Biol 62, 59-69. doi: 10.1016/j.sbi.2019.11.009

K.F. Aoki-Kinoshita A practical guide to Ph. Toukach, K. Egorova Carbohydrate Structure
using glycomic databases (2017) Database merged from bacterial, plant and fungal parts
Springer. doi: 10.1007/978-4-431-56454-6 (2016) Nucl Acid Res 44, D1229-36. doi: 10.1093/nar/gkv840

http://glytoucan.or T. Liitteke The use of glyco-
P e & informatics in glycochemistry

o (2012) Beilstein J Org Chem 8,
JCGGDB | http://jcggdb. jp/index en.html 915-929. doi: 10.3762/bjoc.8.104

goocao-da=t/l http://glycosciences.de

[=] e [m]

&UniCarbKB http://www.unicarbkb.org/

http://csdb.glycoscience.ru E .

Ny http:/itoukach.rulrus/glyco-db.htm




Caut B VIHTepHeTe

Database search

Structures] [Composmon]

NMR spectrum simulation
Organisms Publications NMR 5|gna|s Please, select how to input a structure:

17005 publications (1941-2017)
18923 compounds from
[ge59 organisms

last update: 2017 Jun 2

Search
CSDB IDs

|Related record 10(s): 101
NCB! 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

* Draw in Glycan Builder
* Convert from GlycoCT
* Use expert form (field below

SVGfile Show SMILES

HO
o oH
HO HO o -
° !
)
Ho ©° o
: \ rep
rep

z—:][u@

Predict NMR Elucidate

G

| Cluster taxa

A
Y

GT activities

L Exam ples 1

Composition
Taxonomy
Bibliography
NMR signals

Help

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

Maintenance

Matrix-based dendrogram:

e CBOOOOHLIN OOCTYN

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

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

Structure in CSDB encoding:
aXhbep (1-3)bXLDmanHepp (1-4) [xDRib-0l (1-P-5) ,xLAla? (2-1) ] aXKdop

(this field is editable) Help on structure encoding

Nucleus: 1H/13C (2D) -] More parameters... @

Solvent: ater (H or D) © Coverage @ Simulate NMR

http://csdb.glycoscience. ru

e noapobHas AoOKyMeHTaums

e NpUMepbI pelleHns 3aaad

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



YYaCcTHUKA U CRIOHCOPLI

ba3a AaHHbLIX NPUPOAHLIX YrNeBonoB
[MnaTdopma ana cepBUCOB NMUKOUH(POPMATUKU

o (v L[] [Gal 208] =2] &3

nporpamMmmMmupoBaHue == ™ PomaH Kanaes, AHapen boukos, ViBaH YepHbILWLOB, ...
aHHOTUPOBaHME N NpoBepKa AaHHbIX m= KceHus Eropoea, Hagexna KanuHuyk, Kupunn KasaHues, ...
obLlas nogaepxka n cbop gaHHbIX == lOpunn KHnpenb
NHTErpaums, OHTONorns = [® | PeHe PaHuuHrep, Kumnoko Aoku-KnHowmnta, Tomac JlioTTeke, ...
KOH(POPMAaLMOHHbIN aHanms mm Buktop Ctpownnos, Codbsa LLlepbuHuHa, ...
naewn, A3blk, apxuTekTypa, nHTepdenc, mm Punmvnn Toykad
nporpamMmmMmupoBaHne, KoopanHauus
napTHepbi OhoomeDB, | |jccepp | | &unicaro<e
1 S T C "
5 dkfz. PHO
olf M HT I
Poccuiickuin ®oHg MexxayHapoaHbIv Komuccusa no Hemeukuin LleHTp ®onpg Cogencramsa Poccunckunn
dyHOameHTanbHbIX Hay4Ho-TexHnyeckui rpaHTam npwm WcecneposaHus OTeyecTBeHHOM Hay4HbIn
WcecneposaHni LleHTp npesngeHte PP Paka Hayke doHp,

2005-2020 (x4) 2004-2005 2005-2007 2007-2011 (x4) 2008-2009 2018-2022 (x2)



IlononHeHuUs

(OEMOHCTPUPYIOTCHA B paMKax OTBETOB Ha BOMPOCHI)



pmepbl BonpocoB kK CSDB

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

Kakne cTpykTypbl O-aHTUreHOB, cofepXallme rafiakTypoHOBYH KUCMOTY U elle Kak MUHUMYM OLHY
rekcoay, obinu onybnunkosaHsl nocne 2005-ro roga?

Kakue rnmuko3nabl, BblAeneHHble N3 pacTEHU poda nacrieHa, cogepXxatT arfiMkoH conaHugnH?
Kakune yrneBoabl, KpoMe okTo3ocoaepxalwmx, nmetot curHan AMP 13C okono 34 m.4g. ?

Kakne GakTepunanbHblie CTPYKTYpbI, onybnmkoaHHble A.C. LawkoBbiM unu KO.A. KHupenewm,
coaepXaTt XMHOBO3-4-aMWH, aMmnanpoBaHHbIn Ntobon N-auetTnnmpoBaHHON aMUHOKUCITIOTON?

[omMononMmepbl Kaknx HOHanMpaHo3 BCTpeYvaloTcs B bakTepusix?

KakoB oxngaembini cnektp AMP 13C 3-O-a-abekBo3nn-6-geokcu-B-D-maHHorenTonMpaHo3un-(D-
punbuton-1)-docdara B BoAE M HA OCHOBAHUM KaKNX NCTOYHUKOB NpeackasaHbl XMMUYeCcKne
CABUIMN, ANSA KOTOPbIX YKadaHa HauMeHbLlast JOCTOBEPHOCTL?

KakoBa Hanbornee BeposiTHasi nocneaoBaTeribHOCTb OCTATKOB BaLnno3amMmHa, rmoKypPOHOBOM
KUCNOTbI 1 NU3MHA B ONUIOMEPE C YKa3aHHbIM aKcnepuMeHTanbHbiM cnektpom AMP 13C?

Kakne MmoHocaxapubl CKITOHHbI 3aHMMaTb KOHLIEBbIE MO3MLIUK B rMMUKaHax Acneprunna AbIMsILLEero
n Acneprunna Kkoasm?

Kakne gnmepHble doparmeHTbl (BKNOYaa gucaxapuasl) rmMkaHoB BbICLLUUMX pacTeEHUI cneunduyHb!
ansi poga nonuHoB?

[na ckonbKnx rmmkaHoB npoteobaktepuin onybnnkoBaHsl cnektpbl AMP?



Resource Description Framework

RDF — mogenb AaHHbIX B Buae TpunneTtoB o6bekm-npedukam-cybbekm.

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

3apava: HauTtu 6enok-HocuTernb Anst NPon3BonbHOro rmukaHa s JCGGDB.
lNpobnema: JCGGDB He cBA3aHa ccbinkamun ¢ 6enkoBbiMm bazamu.

Npeambyna:

3anucu B JCGGDB nmetoT cebinikn Ha ngeHtndukatopol B GlycomeDB.

Kak GlycomeDB, tak n UniCarbKB moryT akcrnopTupoBaTb CTPYKTYpbl B popmate GlycoCT.
3anucu B UniCarbKB nmeltoT ccbinku B 6enkoByto 6asy UniProt.

PeweHue (9-cmpounviii ckpunm na SPARQL):
Conoctasutb ngeHtndgmkatopbl JCGGDB 1 UniCarbKB, ncnonesyss GlycomeDB, n nonyyuTtb
noeHtndukaropol UniProt na UniCarbKB ana kaxgoro ngeHtudpukatopa JCGGDB.

TpebOyeTcs:
cTaHgapTHasa OHTONOrns — aKCnopT AaHHbIX B RDF — penosutopun TpunnetoB — nHtepgenc SPARQL

GlycoRDF — nepBas ¢popmanbHasa yrnesogHas oHtonorusa (OWL)

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



MeToAa pacuyeTta

A - 8bI60OpKa:
(é) | 11 gucaxapuaoB pasHbIX KNaccoB
0.4 . X
[E . EE—, .1 - ; * Bce H-H NOEs, 300K
|_|j 024 - ° H [ gk E b .4 <& TpaHcrnuko3ngHble NOEs, 300K
or | iﬂi Jf g& E% ﬁ[}% E % }‘% ®  x Bce H-H NOEs, 1000K
Z .0 °° - . . . . <& TpaHcrnuko3dngHele NOEs, 1000K
S o 3 E E o FIQINAR
s = 5 S E Ll
= 9 =22 © ||l & <
O 2|8 g o
O O |=|o =
> g E
s
B3LYP // 6-311++(2d,2p)

N

~200 mogenen: MM3, 100+ ns, 300K, asHaga H,O

~2400 mopenen: MM3, 10-30 ns, 1000K, sakyym SDCamEEEE

KoHUenums

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



BBoA U BbIBOO CTPYKTYPHI

u L C ‘&SVGHB-‘LHO‘MJO%

© & @ XV x>

Popular Hexoses

Small sugars Alditols

Higher sugars Aliphatic acids

o N |4 A Al A [|[@| Al ® (| 7| K
Gl || GlcMNAc || GlcA || QuiNAc || Gal || GalNAc || GalA || Fuc || FucNAc || Man || Rha || LDmanH || Ara || AradN || Xyl

Other acids

Superclasses

JG s

earch residues search m

odifications

(Ac]am) cm]chol FoMe e el envfanie:] o] s Loy f k2]

Fuc
1-6
o Y G
©0 B Cle)
Glc GalNAc

——1

Subst Rib-ol
Chemical repeating unit; n=10

P

13 [+]

Previews

Hi-res image

-3)aLFucp(1-8)[Subst(7-3)xDRib-ol(1-P-4)]?7DGlcp(1-?)[Ac(1-2)]bDGalfN(1- // Subst = chrysin = SMILES O=c2cc(

RES

ir:rl

REP
REP1:60(3+1)2d=-1--1
RES
2b:b-dgal-HEX-1:4
3b:x-dglc-HEX-1:5

Subst-(7-3)-D-Rib-0l-(1--P--4)--+
I

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

OM

SMILES °
[*]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@EH] (OP(=0) (0)OC[C@H] (0) [C@H]
(0c3cc(0)cdc(=0)cc(-cS5ccccc5)ocdc3) [CAH] (0)CO)[CAH](0)[C@AH]20)

[C@H] (0) [CRH]INC(C)=0

There are 2 sterically distinct structures, Please, select:

2. - _.JaLFucptl 6)[Subsl(7 .;JKDRIb ol(l p- dl]bDGIcp (1 OI[A((I 2 ]bDGallel // Subs|

< 1 »

Decolor Sticks Copy Oligomer Recalc

.
Shift+'?y =200m  Shit+'Bx2=pan Alt+'Hy=rotate Ctri+'By=menu ¢ q




[Touck no pparMeHTy CTPYKTYpbI

Structure Wizard File Edit Structure WView Help G|ycan Builder
B & 9w v LF e
Topology: 3 residues (linear: A-»B->C) slalclelelaimlelo (log

Structure: |aLFucpdlc(1-4)xDRib-o0l(1-3)a?6dTal? (1-1)Me

Linkage |: |: = Chirality |: Ring E

‘u4JL13/\a1’
v ZX )

4 Ac

Residue (- |aLEucp4Ac (1-

a L fucose ( pyranose ) add substitution
al Fuc +~| add substituent Acetylated - at 4 Search for (sub)structure
substitutes C4 of Residue B add substituent
add substituent Please, select how to input structure: -\ /-
LERYIE add substituent * Input using Structure Wizard
» Select from library

* Draw in Glycan Builder

Residue B IxDR.i.b—ol (1- * Convert from GlycoCT
* Copy from the previous query | abFuceaN )

» Use expert form (field below)

D ribose ( alditol )] add substituent v
DRib-ol add substituent A= s A, 3 A o
substitutes C3 of Residue C add substituent N -~

add substituent

Structural fragment in CSDB enceoding:
Residue ©: Ia?GdTal? (1-1)Me Ac(l-4)aLFucp(l-4)xDRik-o0l (1-3)a?6dTal? (1-1)Me

(this field is editable) Help on structure encoding

— 6-deorytalose (7 ) add substituent Only those containing text: factor-24' in aglycons, aliases or linear code ~ in trivial names
a76dTal? add substituent
add substituent
¥ has aglycon - methyl add substituent Search scope: Treat search termas 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

Structure in CSDB encoding: Combine with the result of the previous query (logical OR) ~ Restrict compound class: inner core component

Zc(l-4)aLFucp(l-4}xDRib-o0l (1-3)a?6dTal? (1-1}Me Negate search (find results NOT matching current query)  ~ Restrict taxonomical domain: All prokaryotes

Previous results: 122 structures: <ID list=
Return the structure to the search page and close this window

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

GLYCAM model




[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. (Crgamism ID: 1005)

Acetobacter xylinum
(Ancestor NCBI TaxlD 28448 species name lookup)

Later renamed to: Komagataeibacier xylinus
Taxonomic group: bacteria

Phyium: 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 v algae v fungi  plants  animals
Genus: Absidia Species: Any Strain /
Acetobacter L sp. subspecies:
Acholeplasma diazotrophicus B4z

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)

* Compound ID: 1720

Show legend
Show as text

Carbohydrale Research 2004, "Synergistic interactions between the genetically modified

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

Actinobacillus

Bom Blem o b W

methanolicus
tropicalis

Specity:

CKES
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 results NOT matching current query)
Previous results: & structures: </D list=

.

List of organisms

Search among HOST organisms
Use NCBI taxID
Include subtaxons

Go! & display 30 records per page.

Help

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

Genus. 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: "Enirel YA" OR Toukach Authorindex | start with: tou
Help on authorkeyword guery syntax adlaéiocs
1. (Article 1D: 1525)
Knirel YA, Lindner B, Vinogradov EV, Shaikhutdinova RZ, Senchenkova SN, Kochd
Cold temperature-induced modifications to the composition and str| Title: pestis CR plague+ + search also in abstract
of Yersinia pestis - .
Carbohydrate Research 340(9) (2005) 1625-1630 (content oftilte)  Help on title/abstract guery syntax
Following a report of variations in the lipopolysaccharide (LPS) structure  KE@YWOrdS: structure? CR composition? ~ search also in title
degrees C) and flea (25 degrees C) temperatures, a number of changes fo theg )
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: =
(dijoxygenation of a fatty acid(s). The data obtained suggest that cold temy

; ) X Carbohydrate Polymers 1984
mechanism of control of the synthesis of Y. pestis LPS. Carboh drate Research [ | IEEED Page: *

Cell - 1986
Lipopolysaccharide, structure, core, modification, agent, composition, Yersinig

pestis, Plague Cell Chemical Biology E 1987
Cell and Tissue Research - 1988

ERaYaTal

The publication contains the following compound(s):

* Compound [D: 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! & display 30 records per page.
PubMed XML Home Help { E
1 = a-Kop Show legend
Jecl ) Show as text
Yersinia pestis KM218 Author index:
CSDB ID 10076 (all data & tools)
* Compound [D: 4210 Toubetto k Toussaint A
Toukach FY
The listed author names start with 'Tou'.
Click an author name to copy it to the author field inthe caller form.
o Close this window




lonck KoHpopmMmaLun

Search for disaccharide conformation maps

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

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

Uzse selectors or WiZard
Model: a - L-Rhap (v —d4 = B~ D-GlcpNAC |~
(only those componentz are listed for which conformation maps sre sfored)

alRhap (1-4) [Ac(1-2) ]bDGlepl A —J]’H e W

or fype dimerc fregment in CSOE encoding
Fiiter by MD nr!?thpd
Force field: MM3-2000 |
Fr'itarbylM]:? temperaturs V §
Temperature: 1000 CSDB conformation data] @ i e =
12 conformation maps have been fg E 3 D
Filter by soivent model Model structure Conformation map g
Solvent model: any 2
5 B
o—m |"| =®
Home Help '
i
= s
| | |
| I ) . ’ ’ | 4 \ \ \
1 e g oy ey G W ep O W %0 % & gyl dm g Y Y G
: : D

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=072 Kcal/mol | MD summary file: download
80, w=180 AE=0.85 Kcal/mol
15, w=-60 AE=0.85 Kcal/mol
70, w=165 AE=0.99 Kcal/mol
a
g

bond: L@

5
=]

5, w=165 AE=0.99 Kcal/mol
5, w=165 AE=0.99 Kcal/mol
55, w=-60 AE=1.13 Kcal/mol
=185, w=165 AE=1.13 Kcal/maol
w=148 m=-A0 AE=1 13 Kralfmnl

15
[ae]

=1
=1
=1
=1
=1
=1
=1
=2
=1
=1
=1
=1

'-—..I
g’
3.
3
i
ER

W
v
W
v
v
v
v
W
v
W
v
v
v

ID: 907

el == = R === == =
LR T Y T T I e Tt 1 A 1 I 1
o o CTET P e b G0 G0 PO ON R e P
D Minmno o minomomomnom




[TouCK rAavKo3unTpaHcogepas

GT names and IDs:
Enzyme name

Organism:

CSDB glycosyltransfer

42 glycosyltransferase activities ha

Molecule role:

CSDB glycosyltransferase search
Use the following conditions alone or in any combination to search for glycosyrlransferazes_

Any field may be left blank for no restrictions.

Type enzyme name, e.g. "Orf10" Wildcards (*and 7) are supported.

Select species
Escherichia coli

Tyvpe strainfserogroup

Filter by target structure
O-antigen

Type dimeric fragment in CSDE encoding or use tools

FPlease note that GTR database covers only two BDE'CiESZ A Synthesized bond: INY (1-?) 2DGlcpN Use Wizard D_B_DH
Enzyme Gene Activity
. ] . Type denor CSDB encoding or use tools
Name: WhohD ? Synthesized dimer: bDGalp(1-3)aDGlcpM Organism (1D 8 Donor & acceptor: e Use Wizard D
UniPrat ID: Q03084*
O_P_3B 3 Full structure (I
Type acceptor CSDB encoding or Lse tools
ANY Use Wizard

Donor (ID 19342): DGalp(1-P-P-5)nucy seWgard ()

Acceptor (ID 19715). Ph{1-11)[Ac{1-2)aDGIcpM(1-

P-1)]Subst // Subst = undecan-1.11-diol gilIS= donor R e et

. awi i L 1

Status: ewdence in m.*t_ro 9 . i, e Search!

Confirmation methods: in vifro (crude extract) 1D: 2053 T T ST evidenced or predicted
Name: WbbG Synthesized dimer. aDGIcp(1-3)aDGlcph Organism (1D §
UniProt ID: QOHEC8*

.uu @ Full structure (Il Home Help HELP!!! &
3 o 3 o 2 o 3 T,
A A
Status: indirect evidence in vivo @ .
Motes: Repeating unit of the 0148 antigen.
ID: 2151 | Malecule role: O-antigen
Name: WhaD Name: wbaD | Synthesized dimer. bDManp(1-3)aDGIlcph Organism (ID 1863). Escherichia coli OF 7 Zhou et al. 2016
UniProt1D: @1L&15* | GenBankID: Dol
7156002 Full structure (1D 4600): 10.1016/.cares.2016.02 007

o—X-

Donor (ID 19855): DManp(1-P-P-5inuc G

a z 2 3
—@— @@

. x 1.1

Wang et al. 2007
DOl 10.1099/mic.0.2007




KnacTtepusauusa TakCOHOB

Scope seftings

Limit taxonomical scope to: phylum

Display groups: |¥| bacteria [¥] archaea ¥| protista || algae || fungi [ plants || animais

species ¥
[l so

vl 15 %

two residues ¥

only polymers ¥

R-project A

»

Phylum: | (unspecified bacteria)
(unspecified protista)
Actinobacteria =
Bacteroidetes
Chlamydiae

{select multiple
with CTRL key)

Crenarchaeota
Cyanobacteria N

General settings

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

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
a3 E;EaI residues): NO
p—meraCCUIes of this type: any

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

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

RAcinetobacter (BR) (1] 140

Aeromonas (BA) 64 122

Bacillus (Ba) as 234
Burkhcld
| L Surioc,

T EL] 218

Sclanum (EBF) 48 127

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 seftings
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.
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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 ~ cluster(s): Rebuild dendrogram

and Export Newick tree
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Structure generation constraints:

The structure contains 6 residue(s).  Add residue Allowed finkages: Advanced options:  Hide
a/f  DIL Residue Ring form ©1 c2 c3 c4 C5 c8 CT+ Minin Msxin  Location AcstN Acceptors  Remove
1. ? - D - galact-2N-uronic acid pyranose > [@ D-GalpNA mi ~ None 1 2 any demanded - any X
2. ac Ac
3 D show all residues ﬁﬁ D-Ribzol vV A None ? ? any any
4 phosphoric acid » P terminal 3,5
5 a ? any octose pyranose ()= a-Octp v vl vl ¥l vl v/ Nope  ? ? reducing
6 L alanine L L-Ala v| v None ? ? any forbidden 1}
Sesarch depth Scope Advanced scope
Widespread structures only + oligomers  polymers/A  p-anomers: = 1 CHy 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 . : : .9 64. 68. ; ; ; . 2
Linear correlation Simulated spectrum
RS deviation Comments
Trustworthiness
1 + 2signals
A~0.94 ppm 8im assignment
Corr = 1,000 o ¥ Find 15 best-fitting structures
E!:.liﬂ_ev;’:.ﬂﬁ ppm Structure as text  Lf .‘{- Go! E-mial for resulls: faty?
; ¥ 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
i:fzggm___ 61 50 a0 30 20
WO 177 229 352 511 552 642 643 657 630 701 706 706 720 725 725 760 746 784 1007 11 17AB 1182 1785 1789
A~1.42 ppm Sim assignment
Corr = 0.999 i
RUS dev = 199 ppm Structure astext .1 »{-
B =rotate  Shift+@ =zoom Alt+B=move




