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An overview of databases

ChemSpider

The free chemical database

O Compound databases (at least the free ones!)
o ChemSpider
o PubChem Pub@hem

Stutture Search

0O GC-EI-MS Databases
o Demonstration using NIST L’ ququnk

O Online MS and MS/MS databases
o MassBank
o METLIN

o]
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What to do with raw data?

7. 0002548
0

61.9792 41018
68.0244 925018
71.0604 126421
79.0058 866817
96.0557 1626825
104.0011 1661710
110.0461 33192
132.0324 1330285
138.0775 412264
138.1028 229978

a 146.0229 934598

foisoiin] 146.0480 188499

o o o e w1 e 174.0544 26094636
o ] 180.1. 09077
» - 188.0 66563
. 2167 72

20
HyC

52030 \(
o

O NH_N : NH

CHy

T

N

20 Fe NS
© an Y
El b, 2ol L e e s ws s s

Lawag
Database Searching
Some Definitions

0 Compound Database:
o A collection of structures, basic properties and associated information®
o Generally, no spectral data — just structures
o ChemSpider/PubChem have >25,000,000 entries
o But don't assume that everything is in here, it's not!

O Mass Spectral Databases (or Libraries)
o A collection of structures, their mass spectra and associated information

o NIST and Wiley Mass Spectral Libraries are the very widely accepted
resources for GC-EI-MS

o NIST11: >200,000 spectra; Wiley 9t: >660,000 spectra?
o MS/MS databases are growing; none are yet “established”

o MassBank: 31,152 spectra;

o METLIN: 52,904 HR-ESI-MS/MS

O Mass Spectral database
o | have a mass and error or a molecular formula
o Are there any spectra? What do they look like?
o | have an EI-MS spectrum and NIST
o How to interpret NIST results - %, match, reverse match, ...
o | have a MS/MS peak list
o Spectrum search with MassBank, METLIN

i e piy py A Uy Fi oy [e] Lhttp://www.ct asp; 2http://w isweb y.htm
Sawag | Sawag |
Database Searching Compound Database 1: ChemSpider ChemSpider
What do you really want to achieve? http://www.chemspider.com/ e chemicl daabose
0 Compound database: . =
o l'want to find out more about compound X B || B o chemspidescom [ e N
o | have a mass and error — what could it be? Ch Shidl
o | have a molecular formula — what could it be? ,,m,,“?urﬂmfiw e RSC [5andmtte.

Simple search | Stucture searth Advanced searth

ertsements

Systemabc names Smonyms  Trade Registy SuLES Inchi
names.

iy : YOU COULD
ADVERTISE
[ search | = HERE o
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Compound Database 1: ChemSpider ChemSpider Compound Database 1: ChemSpider ChemSpider
S|mp|e SE‘arCh ~ Name The free chemical database S|mp|e SEarCh _ CAS Number The free chemical database
0O “Simple Search” — is already quite complicated! 0O “Simple Search” — is already quite complicated!
Vomematcnames | Smomms  Trade | Ragisty SuILES Inchi Systematcnames  Syomms  Trade Inchi
i nomes | mumoers names
L ot
| Search |
o Names are quite straightforward — type it in and see o Registry numbers — e.g. CAS Number
o Many compounds even have local language names now o CAS = Chemical Abstract Services = all registered chemicals
o Generally the form XXX-YY-ZZ — Xs can be 5 or 6 digits long.
o CAS have their own database
o https://scifinder.cas.org — but not for free!
SAWAE... SAWAE...
Compound Database 1: ChemSpider ChemSpider Compound Database 1: ChemSpider ChemSpider

The free chemical database

Simple Search - SMILES

0O “Simple Search” — is already quite complicated!

Pl

Systematic names Smonyms  Trade Registy
names: numpers

| Search |

o SMILES - not to be confused with smileys ©
o Simplified Molecular Input Line Entry System
o Basically, summarises your molecule into one line of text MG _CH

o Y

OH
/H/CCCCCC ©/ Oclccecel

o http://www.daylight.com/dayhtml/doc/theory/theory.smiles.html

c1(ne(ne(n1)CHNCCINC(C)C NYw

cl

HaC

The free chemical database

Simple Search - InChls

0O “Simple Search” — is already quite complicated!

Pl

Systematic names. Smoayms  Trade Registry SMILES
nam numbers.
| Search |

o InChl = [UPAC International Chemical Identifier
o http://www.iupac.org/inchi/ - the “official” website

NH

InChi=1S gpflAClNS/cl—A—lO—T12—6(9)13—8(14—7)]_1—5(2)3/h5H‘4H2‘1—3H3,(H2,10,11,12,13‘14) HC. CHy
InChl Key: MXWACIHPSRSIRBHIUHEFBADBSANN3-6H2,1-2H3 hd
InChl Key: VLKZOEOYAKHREP-UHFFFAOYSA-N ”zc\/N*‘\(/’“Y
|
HyC OH Ny N
INChI=1S/C6H60/c7-6-4-2-1-3-5-6/h1-5,7H
InChl Key: ISWSIDIOOBJBQZ-UHFFFAOYSA-N a

Compound Database 1: ChemSpider

Advanced Search

The free chemical database

~ Search

Simple Structure | Advanced | ¥ More searches

Search by Structure &
Search by Identifier &
Search by Elements &

Be careful!

Search by Properties &
Search by Calculated Properties &

Search by Data Source, Data Source Type or Focused Library @
Search by LASSO Similarity @

» Options

i Search | | Clear form

Compound Database 1: ChemSpider ChemSpider
Advanced Search - Structure The free chemical database
e = chemspider.com:
siple Sincture [REREERTR v Mo MR Load shucturs. Comwert Keniet b siuchre
Goceeys | [ [ololoiOlAl=[o[alw]-] L

7! Search by Structure &
TN This search can be tricky
i to get working properly

i 4

Click to edit 7 -‘w

f
structure =

/

‘/

u

L BEDE @ [A[a]"

@ Acceirys JDraw - Elemental - ACD/Labs SDA . Ketcher | JME ) JChemPaint

Clean Molecule | | Accept  Cancel
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ChemSpider

The free chemical database

Compound Database 1: ChemSpider
Advanced Search - Elements

7 Search by Elements @

The elements below, if chosen, ©) may @ must be present in compounds being found

CHNOPS FCIBrl LiNaKCazZnFeCuCoN & Select All & Deselect All & Invert Selection

Jements below, f chosen. must not be present in compounds being found

CHNOPS FCIBrl LiNaKCazZnFeCuCoN 2 Select All (# Deselect All & Invert Selection

| o[0T

[Dsn [Ov [Der[OmnDre[TeolOm [Teu
|ShA SIS SEY SETSESESE)|
HrCTa|Cw [CRe|Dlos [T [Cpt DA i
|
La| ce|TIpr pm| ] sm|Eu| " Ga
acl T Jealu [ g ey A o]
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ChemSpider

The free chemical database

Compound Database 1: ChemSpider

Advanced Search - Properties

O Search by molecular formula, weight or masses

7 Search by Properties €

 Molecular Formula: Exact maich only
¥ Molecular Weight: 210 (example: 123 1) min/max @ +i-
7 Nominal Mass: 210 - min/maz @ +/-
7 verage Mass: 201 - - min/max @ +/-
¥ Monoisotopic Mass: £ 0001 - - min/ma o +/-

o Only the exact molecular formula is accepted (not a “fuzzy formula”)
o The drop-down menus have an impressive range of options that are
very useful for mass spectrometry measurements!
(unfortunately they don’t appear on screen shots...)

Lawag
ChemSpider

The free chemical database

Compound Database 1: ChemSpider

Advanced Search — Calculated Properties

O Search by calculated properties — unfortunately only ACD ones...

¥ Search by pe [’
Predicted B,

| ¥/ ACD/LogP: to
1 2/ ACDILogD (pH 8.6} o
L7, ACDILogD (pH 74): K

7 Rule Ot 5: ™

# Number of Hydrogen Bond Acceptors: o Agvances
“ Number of Hydrogen Bond Donors: ™ Chemistry
7 Number of Freely Rotatable Bands: o pevelopment
7 Polar Surface Area: to ACD/Labs

2 Molar Volume: o

7 Refractive Index: o

# Boiling Point: ©

¥ Fiash Point: o

7 Denstty: o

7 Surface Tension: o

o The most relevant ones for EDA are likely to be the top 3
o Martin will tell you more about this...

Lawag
ChemSpider

The free chemical database

Compound Database 1: ChemSpider

An example record

O Records are “compact” by default: if you want to see more, click around
Search term atrazine (Found by approved synonym) @

Atrazine

Want to comment
on this record?

ChemSpider ID: 2169

q | Leave Feedback |
Molecular Formuta: CgHyaCille kooveEeedback.
(1; ‘rﬂ, Average mass 215 683304 Da
Monoisolopic mass: 215083781 Da
HE N ciy
 Sysiemate name

6-Chioro-N-ethyl-N-isopropyi-1,3, 5-Iriazine-
2.4-giamine

@ 2030 Save Zoom » SMILES and InChis
} Gite this record

» Names and [dentifiers
» ChemSpider Searches

» Properties

Lawag
ChemSpider

The free chemical database

Compound Database 1: ChemSpider

An example record

http://www.chemspider.com/Chemical-Structure.2169.html - Atrazine

0O Of most interest for us: typically the properties
@ | Sein |

H ]
1| Experimontal data | Pradicted - ACD/Labs | Predictod - EP1Sute  Prodicted - ChemAxon |

Data supplisd by datasources and users.

+ Experimental Physchem Properties

Meliing Point @
175°C

Specific Gravity: @

119 NIOSH

0.003% NIOSH

Vapor Prossure:
0.0000003 mimHg.
+ Predictad Physchem Properties

Lawag
ChemSpider

The free chemical database

Compound Database 1: ChemSpider
An example retrieval — with symmetry
O Epicatechin — three entries, different stereochemistries

] Structure Molecular Molecular # of Data #of
Formula Weight Sources w References  PubMed  RSC

@5\” CisthaOs 200 2681 52 104 1919 259

" CistheQs 2002681 33 1603 0 250

ng’“ CisHieOg 2902681 14 17 0 (]
s
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Compound Database 2: PubChem PubCihem Compound Database 2: PubChem PubCihem
Happy Birthday PubChem — 8 years, made a huge difference! Suetre Seareh PubChem Compound (not Substance!) Suetre Seareh
http://pubchem.ncbi.nim.nih.gov/ http://pubchem.ncbi.nlm.nih.gov/search/
PubChem can % €[S wrer <] e I
- -
be alittle tricky ~ PubCJ€m "
sometimes — N oS o s : .
[F] BioAssay @ || O Compound @ J Substance @
H i amih B [ Al Motsutar Formusa sawasuaren
\ H Toxt
POy St ) SynonymsiDescriptorsiiesH term ste: Sewicn ] @
Cle =
6. S8 more. PTO
snthughidiearmih This advanced search option was broken when | tried it...
But not the option from the first website:
m =}
et et
Compound Database 2: PubChem PubChem Compound Database 2: PubChem PubChem
PubChem Compound — Advanced Search St Search PubChem Search Example St Search
Similar to ChemSpider without so much clicking...
PubChem PubChem Compound ~ | atrazine
Compound Save search Limits  Advanced
PubChem PubChem Compound = Display Sentings: (%) Summary, 20 par pags, Sonted by Default ordar send to: @
Compound Advanced
Results: 1to 20 of 23 Page 1 of2 Next»  Last
Limits atrazine: Qlsogesaprm. Aklikon
1 MW. 215 683260 p/mol MF: CgHa Ciblg
ﬂj UPAC name:
Field: Al Fields - g - nechdly  MistureiCorng
| i Brozine miture. Atrazine miure win
i Create Date from o i 2 ‘uw As:sagsza o/mol WF: g HyaCiNg04
L i % UIE"G z
’L.!ér\ ? nilst Compounds  MshureICompongnt Compaynds
MolecularWeight from to Gesagram Primagram. Primexia
maien o and many A e
HydrogenBondDanorCount from to t % "[ “"
HydrogenBondécceptorCount from 1o more options
Lawag.. Lawag..
Compound Database 2: PubChem PubChem Compound Database Searching
PubChem Record Example St Search What do you really want to achieve?
+ Q ARG >4 « L |
i Pub©hem rucuncompora - seaieh
GBI+ ke s s onaton

More chances to have a look and ask
questions during the practice session

Related Compounds

Related Substances

Mentiication
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Mass Spectral Database Searching
What do you really want to achieve? Find spectra, or compounds?

O NIST Database
o Search options
o How to interpret NIST results - %, match, reverse match, ...
o Different libraries

0O MassBank, NORMAN MassBank, METLIN, ...
o Brief overview
o Search options

eawag

NIST Database — an overview

NS S 15 e o B e 1133 100 e

({778 3ewcn s oo otom siow o
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NIST Database r lie o Lt v (RO Bl e

939

What do all the numbers mean? gfg gfg
01 e
870 884
670 741
593 €33

O Probability match
o % “likelihood” that this spectrum is the correct answer
o Very high in this case - because it is a clear result
o Most people use ~60-70 % as a “cut-off
o BUT: compounds with similar spectra in database can have low values

|ala)

] Sa|

Match
NIST Database 5
What do all the numbers mean? i gfg i
H
1901 EEEI Airatine
Toem s Arszne
1670 o 135 Trazine 2.4da...
L5 63 1 0n 1H-Iscindole. 5.6-dichl |

O Match and Reverse Match
o Compares the query (unknown) spectrum with a library entry
o Match: a direct match factor for the unknown and library
o Reverse Match: a match between unknown and library but ignoring any
peaks in the unknown that are not in the library spectrum
o 999 = perfect match (e.g. query library spectrum against library)
o >900: excellent match;
o 800-900: good match;
o 700-800: fair match;
o <600: very poor match
o 0 = absolutely no peaks in common
o See http://www.nist.gov/srd/upload/Ver20Man.pdf for more (p. 25)
o Also: Stein & Scott, 1994, J. Am. Soc. Mass Spectrom. 5, 859-866
o Stein, 1995, J. Am. Soc. Mass Spectrom. 6, 644-655 (substructures)

iy e

NIST Database
Substructure Information
FSLEREE -7
Ofas|is| = [T ot | 1] 4[]}

1 M) o Cyancbenzoic s0d 2 (R Prehaimde

™ 3
e U

[l il hehabeariyante_phhaimide_ada; ole-rv-03; 20000t
Bpact

[
) ] % CCHI 1 OH ]
57 a1 {5 ot 2 oom
w7 N % Qe 3 AOH
Il | R Prcb_ (1 % €0 {5 SiCH 4 ROH
b | Match | RMach | %) | Mame > 2 = b 5 o |
@ M W W 85 olwbewead = ez {3 G -
@2 R E 85 115 Freuee il |15 o 5 7 s '
@3 M % 95 13 Preame 2 Ne T s W s o
@ R S 13 Prwede 2 chin {5 < s w2 |- 1
5 gh sz s 5w I r e
@6 R W I BT (Hondiel 304
@ R W 0 N3 Preeme e |
B om sz s 26 3n
3 M98 803 1% NitAcandoshth. — L

NIST Database

Retention Index Information

Tame, Prahaimide
Formula: CgHsNO2

MW 147 Exact Mass: 147032028 CAS#: 85415 NIST#: 286375 ID&: 21460 DE: repkb
Other DBs: Fne, TSCA, RTECS. HODOC, NIH, EINECS

2u Befin,

.

83| 506601 103364
331 381291 148 54

E

1.TH-lsoindole-1.3(2H) dione: T Vae: 105030
2 Benzoimide Cﬂlmgy.n‘:ﬂs::.‘f vooler
e S
51 3-soinddinedone S o 03
62Diazoindan-1 3done P Tekness: 0 B um
7oPhthaic mds ua e o s
iscindoledione. e
g;‘;ﬂnﬂe Descrpaon: 100C(1min) => 30Cmin => 150C(2mn) => ICsmine> 205C => 100/mn =>260CR%
10 Priainid S Sea B s loodstuts
11 Phenyimide
12 Phthalic dcarborimide
13.1.3 Dirydro-2Hisoindole 1 3done
14.NSC 3109

Exlrmsted o polarretertion rdex valkne scale]
jaboe: 13310
Confidence interval (Diverse functional groups). 89(50%) 382(95%) |

Stein et al., 2007, J. Chem. Inf. Model. 47, 975-980 (KRI estimation)




28/09/2012

awag
NIST Database

Additional Features

O Searches
o Define the library you want to search (main, MS/MS, rep, ...)
o Names, formula, CAS, exact mass, peaks, ...
o MS/MS listing for those users — but not as many entries

0O Plenty of additional features, but will not go into this today...

awag
sl MassBank

MassBank
Mixed spectra, web-based database
www.massbank.jp

£ News
5 Database Service o

Sap 25,2012
sap 21,2012

al statistics

Documents Aug 24,2012 Becors
*
& vounioss
y Manuals 55 Database Service .

@ About Masssank

Quick Peak etabolite
Identification
. R

22 consortium Members

Site Map

" Horai et al. 2010: DOI 10.1002/jms.1777

Use Restritions

Lawag
NORMAN MassBank

European MassBank — for environmental purposes
http://masshank.normandata.eu/MassBank/

sl MassBank | Y IREED

NORMAN MassBank

% Spectrum Search % Quick Search * Search

% Record Index

-

Lawag
NORMAN MassBank

European MassBank — for environmental purposes
http://masshank.normandata.eu/MassBank/

sl MassBank | Y IREED

NORMAN MassBank

% Substructure Search

% Spectrum Search % Quick Search

% Browse Page % Peak Search

‘ % Spectral Browser

" Search your spectrum through here
= 1 " e

i Search many other options here

% Record Index

Browse through the records here

am

Lawag.. Lawag..
MassBank Quick Search MassBank Quick Search
Search compounds or peaks Search compounds or peaks
A | — A E Quick Search
Quick Search MassBarkD Go
i MassBark D e Search by Keyword © Search by Peak
© Search by Keyword Search by Peak Peak Data e £8 5
——— 273,086 22
. ? BLeses !
Compound Name A ‘GC-EL-MS =
El 8 GC-ELTOF
AND - ExactMass Tolerance 03 g&E?fﬂs L
AND ~ Formula GC-EITOF 7ES| ¥ICE-ESITOF
(€. CBHTNS, CSH'NS, C5°) HESHTMSIMS
e ZESI ¥ CE-ESLTOF JIESLOQ
= Eg}};gs’“"s miz and relative intensities(0-999), delimited by a space. ¥ Egg:&ngﬂg
H == VIESL
Saarch | “ESLQQ nEminia] ameize 7IFSLOATOF-MSIMS 2
¥ ESI-QqIT-MSMS

¥ ESHQqQ-MSMS
¥ FSLOnTOF-MS/MS, .

lonization Mode

@ Positive © Negative < Both

lonization Mode

® Positive  © Negative Both

Cutoff threshold of relative intensities 5

Number of Results 20 ~

Search
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MassBank Record Index Searching MassBank
Have a look at what What do you want to achieve?
Convibutor  : HORMANENPOMASS (2061)  GASM (42) Famag 044)
is in MassBank: UEZ (2509) KeipUniv (5529) RIKEN (1.721)
Waters (2,993) (188) Chubu Uniy. (2,628)
Kazsa (273) Nihon Unie. (75) Uni Toyama (253) 0 MassBank is a mixed database
Tatton Unev. (16) PB Halle (528) Fukuyama Uniy (340) . N :
Mtabolon (148) woEH (35 WAST (880) o Be careful to pick and mix your settings
X . kA MGHR (20) Uny Comectit (510)  Osaka Unw (502) o Adjust the thresholds to the data you have el E1B =
Contributor: MM CAMS & PUMC, Chna (192)  PEOS oup (365) @) ) |ELEBEB
o ...but also to the data in MassBank FIGCELMS e
rument Ty . X .
e o Tolerance is in Da (i.e. one mass unit) GC-ELTOF
Instrument Type:
(Oribtra — |TFT) GCELTOF (1,018) LCESLO (2720) ELEBEB (12) " . . . BES! I::CE'ES"TOF
p= FAREBED (173) LCESION (378) BB @1 0O Quality of spectra is quite mixed : E:}ﬂyfws
i e BEm ) o ...as is the information provided in them WESLQQ
o8 (1) FABS (26) IESHQQIT-MSIMS
Compound MALDLTOE (17) ESLOQTOR-MSMS (510} ESLOGTMSMS (140) JIESLQqQ MSMS
. ESLOQQ-MSMS (52) APPLQQOMS (2) APPLOGQMSMS (27} YIFSLQaTOF-MSMS s
Name: watch out £m00 78 LoaPmon o) T —
for numbers... onizationMode  : Posiive (16,187) Negaiwe (7,164) @ Posiive  © Negative  © Both
CompoundName : A (1185, 8 (1122) € (1372) D (1559) E otz E (21) More in the practice session!
G (793) H 429) 1 @50 4@ K (223) L (1.254)
M (996) H (1,005) O (388) B (687 Q (184 R (287
S (941) 1 (1.249) U (es7) v (128) w o X (51)
Y Z 2 18 (3844) Others (181)
Lawag.. Lawag..

Lucky Last Database - METLIN

A very brief introduction

Statistics
« # Metaboites
= # High Resolution MS/MS Spectra

 # Metaboltes w/ High Resolution MSA

Make sure you try this in
the practice session

Functionality

« Single & Bateh
Precursor lon (m/z) searching

« single & Multiple
Fragment lon () searching

= Neutral Loss szarching

= Do o Faomen)

METLIN — Simple Search

http://metlin.scripps.edul...

METLIN: Metabolite and Tandem MS Database
Overview Search XCMSOnline

Soltware/Services Metabolomics Science

METLIN: Metabolite Search

Simple

isimp\e\mlmlmwmmw\mmm\mmmmmmlumm

Mass: Tolerance (+) ] ppm -
Charge: [Neutal
ositive
Negative

“Ta siazm

-l Sesect

[ FindMetaboiites | Reset |

Visual summary of Databases

O Compound databases (at least the free ones!)
o ChemSpider
o PubChem

0O GC-EI-MS Databases
o Demonstration using NIST

O Online MS and MS/MS databases
o MassBank
o METLIN

squatic

ChemSpider

The free chemical database

PubCihem

Srulture Search

sill MassBank

Sawag...

ChemSpider

The free chemical database

Practice Session

Compound Databases

Mass Spectral Databases

sill MassBank NS

Pub©hem

Structure Search

n' MassBank




