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B Announcing new forum

June 16, 2016, 11:55:18 AM by Jan Stanstrup
Views: 41 | Comments: 1

Dear members of the Metabolomics Society and users of the metabolomics forums,

The Website and Communications Committee, of the Metabolomics Society is excited to announce that we have now merged and updated
the previous version of the metabolomics-forum.com and the Metabolomics Society's forums (previously interest-

groups.metabolomicssociety.org).

We hope that this new forum will re-ignite vibrant discussions on all things metabolomics. We have packed the new forum with new features
to inspire just that. Please read below in the next post, if you want to know mare about some of new features. Please give us feedback and
comments for improvement, all suggestion are welcomed. Please use the site related forum for suggestions and bug reports.

metabolomics-forum.com and MetSoc
interest-groups are now one!

A new forum is now available with a
new friendly portal with latest posts!

metabolomics-forum.com
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Mass Spectral Libraries for Small Molecules

Dr. Emma Schymanski

Eawag — Environmental Chemistry
Swiss Federal Institute for Aquatic Science and Technology
Switzerland

Please feel free to contact us with any questions or suggestions via info.emn@metabol omicssociety.org
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Plan for this webinar

©O O O O O O

Intensity

500 -
250 A l [ l |
0

Introduction to Mass Spectra o %@' pra— W:@-@‘ ;L‘ l ;e@ »®
o Electron impact mass spectrometry (EI-MS)
o Softer ionization - tandem mass spectrometry (MS/MS)

Overview of (GC-)EI-MS libraries

Overview of (LC-)MS/MS libraries

Why do we need so many different libraries?

Are you really sure? What to look out for ... and ...

What to do if your spectrum isn’t in the library!

Questions — via host (10 min)

EA278005 (massbank.eu) plotted in MetFragBeta
Structure image from ChemSpider, ID 4447447
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Introduction — Mass Spectra

Wacuum

/ @ P . —_— ions deflected by
/ magnetic field

\ maolecular 1on

ionization
molecular ion magnet
plus fragments

ﬁ:z(E+\7>< I§) o O

detector

F = Force
z = charge
E = electrical field

vxB = vector cross product of ion velocity and magnetic field
Image: chemwiki.ucdavis.edu
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Introduction — Mass Spectra
Example with Electron lonization (EI)

Gas phase reaction: M+e~ > M" +2e”

Electron Beam $
o

Dissociative Result .
I + Information about
z +° 42, structural moieties
Precursor g (fragments, neutral loss)

Charged and Neutral Fragments

Non-dissociative Result

Parent Molecule

+
} - 28 T Information about the
parent molecule

lonized Parent Molecule

Source: wikipedia.org
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GC/MS Schematic

Total lon Chromatogram

ik
- | CroHas CaoHgo
Sample 6 End of Run,
injector Cool Down,
i§ 50 sec
T regulated oven b

Mass I JLJJUJLJUUJQM i

End of Cycle, |
Ready for
Next Run,

spectrometer & e T T e T o

Column: detector 10 20 30 40 50 60 sec
Gas:
packed or 100%F .
He, N2, H2 bul Molecular Ion
o;:zg; tiLlllau ?r CyoHg, m/z = 562
p ry 75% L 4
Mass Spectrum
50% L 5
25% - 57 il
Source: (I) wikipedia.org (K. Murray) 0% “]I... seiibaeeslissrs s v
(r) http://www.avivanalytical.com/Fast_GC.aspx oo . i oo o o



Electron lonization Mass Spectrometry (El

Advantages

Very reproducible spectra
(intensity and fragments)

Rich in structural information
=> “molecular fingerprint”

Extensive libraries are available

92
1007

507
65

6974, 1 85 |‘

I| 57 97 |||

119

140

I I

éawag

aquatic research

-MS)

Disadvantages

Signal spread over all fragments
(lack of sensitivity)

Limited compound range
=> Derivatization often required

Parent ion often low or missing

162

174 23

189

198 L

LI T
10 20 30
(mainlib) Sulfamethoxazole

50 60 70 80

90 100 110 120 130 140 150 160 170 180 190 200 210 220 230 240 250 260 270

Image: NIST14 Library, MS Search



Spectral Interpretation: EI -MS
“all In one” spectrum

Systematic fragmentation
=> Structural information
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“M” peak — molecular weight and

isotopic distribution of elements

100 214
OH
H\“‘\-H.
Cl g
50 NH €
O c0f 7
- —
N
-Cl
Cl 'Hzo
179
51 53 77 107 12 277
e A28 LLEE ||||..E:$....|..?':?.§'§' ..... L 1.2.5.'..1.3.2..1..3.5.' ..... .|I ..... 1..'?.‘.‘ ....... |||1E:.5. 196 203 | 230 ||.. 253 11 _JII
40 50 B0 70 80 80 100 110 120 130 140 150 160 170 180 130 200 210 230 230 240 250 260 270 280 290 300 310

(mainlib) Diclofenac

Image: NIST14 Library, MS Search



Images: NIST14 Library, MS Search

GC/EI-MS and Derivatization
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2
1004 129
——OH
50+
144
ot 117 162
115
77
63 65 73 g2 104
gl Nlplre  #h il 1|
mEE il [ | | | , | | L1 i | |
0 T T T T T T T T T T T T T T Y T
60 70 80 90 100 110 120 130 140 150 160 170
(mainlib) Benzocycloheptene, 3-hydroxy-
144
100
129
—0——S——
50+
73
118
a1 109 219
61 g5 75 89 103 ‘ ‘ 205
o .|-'-'---!|H!. I8 T T 1 O 1 | I | 234
60 70 80 90 100 110 120 130 140 150 160 170 180 190

(mainlib) Benzocycloheptene, 3-hydroxy-, TMS derivative

— T
200 210 220 230 240
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Soft lonization MS (e.g. electrospray, ESI)

Advantages Disadvantages
O Broader coverage of compounds O Presence of adducts and in-source
e.g. polar, thermolabile fragments increase complexity
O Soft ionization technique O Poor reproducibility and fewer
=> parent mass is often available fragments => spectra less comparable
O High resolution and accurate mass O lon suppression
100 254.06
156.011
— O
HoN !:o
A
X )
108,044 N\O
92'0422,0553 147.079 188.082
o . A el 172087 || — 7 —

0 T UL L | AL L T 7 S
60 70 80 90 100 110 120 130 140 150 160 170 1;30 1é0 2(|)0 2‘II 0 220 230 240 2é0 2é0

(massbank_eawag_upd) Sulfamethoxazole [M+H]+ 30% P=254.1
Images: NIST14 Library, MS Search
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ESI: Presence of common adducts
[M+HT]*, [M+NHA4]*, [M+Na]*, [M+K]* [M-HT, [M+CI], [M+FA-H]

S 388.2551

3 [M+NH,]*

S

S %0

+ 7 "LQ/ b( X

87 N 12° @8& *

= @ rL’b'\ci\e& rb%?()@x qfi)ngx$\e\b q/'\gb;
E AN\ TR P

s N | P N

=370 375 380 385 390 395

m/z

O Can hinder interpretation, but help calculate correct parent mass
O Presence and intensity depend on substance and conditions

O APCI: also see M* and M-

O Can have multiply charged species



Role of Mass Spectral Libraries
... to put a structure to the spectrum (with a score)
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MName /I\
razing HIY

razine ,fJ‘a
razine N [:::] N
razine HN’L“H/I\CI

# | Lb. | Match | RMatch | Prob. (%)

+ Lyl Ll Ly L

m2 R ! 928 933 383 | A

m3 R ! g5 916 983 I A

m4 R 1 901 923 %83 1A

m5 R | 8m 884 983 1 A
& M | &7 741 098 1 1.35Triazine-2 4ia... ,fJ
7 M | 593 £33 0.11__1 THsoindole, 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: ignores peaks in unknown absent in library spectrum

o
o
o
o

999 = perfect match (e.g. query library spectrum against library)
>900: excellent match;
700-800: fair match;

0 = absolutely no peaks in common

800-900: good match;
<600: very poor match

Images: NIST14 Library, MS Search



Role of Mass Spectral Libraries
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. to put a structure to the spectrum (with a score)

# [ Lb. | Match | RMatch | Prob. (%) | Name /I\
+ Arazine
m2 R | 528 933 383 1 Atrazine HN
m3 R ! g5 916 983 1 Atrazine H”J\“H
md R ! o9m 933 983 | Atrazine (3
m5 R ! 8w g4 383 | Atrazine HH’J‘“‘H/I\CI
& M | &7 741 038 1 135 Tiazine-24ia... ,fJ
7 M | 593 633 0.11__1 THsoindole, 5,6-dichl..

O Probability match

o % “likelihood” that this spectrum is the correct answer
o Very high for e.g. atrazine - ~60-70 % are common “cut-offs”
o BUT: compounds with similar spectra in database can have low values

g Lib. | Match | R.Match | Prob. (%) | Name

1 M 957 360 23.0 2.6-¥ylidine

mZ R 945 548 16.7 Benzenamine, 2. 4-dimeth
m: R 545 947 16.7 Benzenamine, 2 5-dimeth
@Y R 341 942 14.1 Benzenamine, 2,3-dimeth
mr M 5940 943 141 Benzenamine, 2,3-dimeth
ms R 932 932 25.0 2.6-¥ylidine

m: M 5937 540 15 Benzenamine, 3,5-dimeth

i

HaN

O

Images: NIST14 Library, MS Search
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GC-MS Libraries — Overview

1000000

100000

10000

1000

100

§o0000 g 70
— 638000
@ 276248
— 242477
® 26500
® 3500
® 2200
® 1000
® Spectra @ Structures
A s\ A Q 20
NG NZ NG O
‘.? \g\ AN (:>® ‘Q{\
A &
& <

http://www.sisweb.com/software.htm#2
Vinaixa et al., 2016, TrAC, 78:23-35, DOI: 10.1016/j.trac.2015.09.005
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GC-MS Libraries — QOverview

Large commercial collections: NIST14 and Wiley

O NIST14 MS Library (EI-MS; 70 eV)
o 276,248 spectra of 242,477 compounds

o 387,463 retention index values from 82,337 compounds

O Wiley 10th MS Library (EI-MS; 70 eV)
o 719,000 spectra of 638,000 compounds

O Combined NIST14 & Wiley 10t
o >950,000 spectra of >760,000 compounds

o Both compatible with most instrument manufacturers

http://www.sisweb.com/software.htm#2
Vinaixa et al., 2016, TrAC, 78:23-35, DOI: 10.1016/j.trac.2015.09.005



GC-MS Libraries

— Qverview
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Golm Metabolome Database (GMD): http://gmd.mpimp-golm.mpg.de/

ANALYTES

proprietary All v

Details
Details
Details
Details
Details
Details
Details

Details

name

NA241006

Mandelic acid, 4-hydroxy- (3TMS)

Pyroglutamic acid (2TMS)

Pentachlorophenol; GC-EI-TOF; MS; 1 TMS; BP:93
Ethylenediaminetetraacetic acid (4TMS)

NA

[11321] acetylisatin 4 [17.11]

Glycine, 2-13C- (3TMS)

MPIMP ID
A241006
A177033
A153002
A189032
A241009
A165007
A186030

A133001

isotopomer

formula molecular mass

ambient
ambient
ambient
ambient
ambient
ambient
ambient

13C

C11H23NO3Si2 273.477

C22H48N2085i4 580.968

C10(13C)H29NO2Si3

MS and RTI of pure reference substances and frequently observed mass spectral tags
(MST: mass spectrum linked to chromatographic retention) of yet unidentified metabolites
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GC-MS Libraries — Overview*
FiehnLib: http://fiehnlab.ucdavis.edu/projects/FiehnLib/index.html

FiehnLib

Project:
FiehnLib - a mass spectral and retention index library for comprehensive metabolic profiling

The current libraries comprise over 1,000 identified metabolites that are currently screened by the Fiehn laboratory. We are
continually extending the compound list and welcome compound donations or compound names with PubChem CIDs that are yet

missing in our lists.

If you are interested in obtaining the Fiehn mass spectral libraries, you can purchase these for GC-quadrupole mass spectrometers
from Agilent, and for GC-TOF mass spectrometers from Leco. (see links below)

You can also directly compare mass spectra by compound names, by database identifiers or even against your own GC/MS spectra by

querying BinBase.

METFA

= A 1% TMCS i o
T o El = . 4 ————— by i L
I ¢ E - Isomer <;;j:£:i:::; E - lsomer

*HMDB, MassBank will be covered later; other collections are also available
Vinaixa et al., 2016, TrAC, 78:23-35, DOI: 10.1016/}.trac.2015.09.005

Estrone
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GC-MS Libraries — Overview [recap]

1000000 § 950000
719000
760000 . 638000
® 276248
242477
100000
® 26500
10000
® 3500
® 2200
1000 ® 1000
® Spectra @ Structures
100
A ~\ A 20
NG dgﬁg’ ° (§§$) ﬂgéﬁ
N2 &
& <

http://www.sisweb.com/software.htm#2
Vinaixa et al., 2016, TrAC, 78:23-35, DOI: 10.1016/j.trac.2015.09.005
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(LC-)MS/MS Libraries — Overview

10000000
® Spectra @ Structures
1000000 ® 1492776
234284
°
100008 ® 72208 o 1a076
® 28000
10000 ® 9344 © 14034 ® 10000
® 5705 ® 6798 o 1167 : E%g% ® 5912 e %E%
1000 ® 1200 e
100
O A D * * Q “ * S
N 5 N\ NS N Q &
¢ ¥ & & FH & §
N N N @@‘" N NS &

Various sources in addition to:
*excluding GC-MS and in silico spectra Vinaixa et al., 2016, TrAC, 78:23-35, DOI: 10.1016/j.trac.2015.09.005



(LC-)MS/MS Libraries - Overview

What makes a good library?

Quality? Quantity?
Coverage? Structures?

Relevance? Services?

...It depends on your guestion!

éawag
aquatic research 000



METLIN: https ://metlin.scripps.edu/
Smith et al. 2005. DOI: 10.1097/01.ftd.0000179845.53213.39

w=+<J Scripps Center for Metabolomics

r{M{Mr
e10770
nCICsr
{ R'EE

f

"% METLIN
l*‘ b) N

i
."')".

L
C

o ll
A
Whn

N
A
:

0204702074700
n
c

Statistics Functionality
s # Metabolites: 242 032 » Single & Batch
Precursor lon (mvz) searching
» # High Resolution MS/MS Spectra; 72,268
» Single & Multiple
= # Metabolites w/ High Resolution MS/MS: 14,034 Fragment lon (m/2) searching
example | details... * Neutral Loss searching

» De Novo Fragment Characterization

+ One of largest collections
+ Consistent format (Agilent 6510 Q-TOF, ESI+/-, 0, 10, 20, 40 eV)

- Restricted access (“semi-open”); not downloadable

eawa

aquatic research gooo
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https://metlin.scripps.edu/
Interactive fragment fly-over

Caffeine
100 MID 1455 ESIQ-TOF

Mmode (4+)  Collision Energy 40 V
m/z: 83.0609 Intensity: 36 %

25

0 A
0 25 50 75 100 125 150 175 200
Mass (m/z)
= Predicted Fragment Structure [M+H]+, Mass 82.0531
. (5]
]| N —~—|-|
= (+) 40 W [M+H]+ /:/' H
- N
= X
H
[}

d& Please mouse over the spectrum to view the detail information of each peak
Use left mouse button to zoom in (click and drag) and zoom out (double-click)
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GNPS: http://gnps.ucsd. edu/ProteoSAFe/hbrarles |Sp
(Global Natural Produc t’; G fn 1al \leIv: ul.-n Networ |~:|1F1r1“—pw _m o

» & e s F‘“’q-k itz F"*aﬁﬁ-{'w
A4 . -
PN L)

MassIVE Datasets | Documentat + Foram | Eunl:.act

Library Name i Description Releases
. . This contains all available spectra available publically for search at GNPS
M1 SIS Loy Spectr { S excluding third party libraries.
Release 8
Release 7
Release 6
GMPS Library View The GMPS library contains natural product compounds from user contributions. Release 5
Release 3
Release 2
Release 1
FDA Library Pt 1 | View { Approved drug library from Selleckchem Part 1 run by Sirenas MD. Release 1
, i This set of reference compounds generated by the Dorrestein Lab contains 535
FDA Library Pt 2 View FDA natural product compounds complements part 1. R
. ; 140 compounds from the Prestwick Phytochemical Library generated by the
PhytoChemical Library View Borvesialn Lab. Release 1
1 ! . 327 compounds from the NIH Clinical Collection 1 generated by the Dorrestein
NIH Clinical Collection 1 Yiew Lab. Further information about the collection can be found here . Benpane
. ; ; 164 compounds from the NIH Clinical Collection 2 generated by the Dorrestein
NIH Chinicak Collection 2 Ll Lab. Further information about the collection can be found here . Release 1
. 1256 compounds from the NIH Matural Products Library generated by the o
T ol Prockcts Library S Dorrestein Lab. Further information about the collection can be found here . Relcase 1
Pharmacologically Active Compounds View 1460 compounds from the Pharmacologically Active Compounds in the NIH Small B
in the NIH Small Molecule Repository e Molecule Repository generated by the Dorrestein Lab. e
Faulkner LEE;;L';;T;E provided by View 127 compounds from the Faulkner natural product legacy library. Release 1
EMBL Metabolamics Core Facility View Standards run by EMBL Metabolomics Core Facility (EMBL MCF)
(EMBL MCF) | _
. MS/MS spectra identified in GNPS Public data automatically by dereplicator tool.
Derepucamsr Ide::":fle*ﬂ MS/MS View Searching various compound databases, including marinlit, etc. and best
e { | matching M5/MS spectra with significant p-values.
Massbank Spectral Library (3rd Party) |  View | ESI Positive MS/MS spectra from Massbank.
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GNPS: http://gnps.ucsd. edu/ProteoSAFe/hbrarles |Sp

NH, ==~

i_..t
1 T 4 4 v ! oy “ UF‘T m
GNPS:Global Natural Products m] 11 \lr:!t ularsNetworking 7—OH

.‘ SDon't have an ad‘.l.ur'r? Fﬁgﬂﬁ_{l
A

-
3‘

MassIVE Datasets | Documentatioh+ Forum | €ontact

disie labd 4

Library Mame i Description

Al GNPS Library Spectra View This contains all avait:::fuséﬁ_:ﬁ;t:;i :;ﬂ::ﬁig:l:rlii:illy for search at GNPS
. Release 8
Release 7
Release 6
GMNPS Library View The GMPS library contains natural product compounds from user contributions. Release 5
elea
:ﬁ-leaig
Release 1
+ Fully open, downloadable, individual collections
+ Users can contribute / upload their own
+ MS/MS of adducts, unidentified structures
+ Over 8,853 MS/MS spectra and constantly growing
+ Comes with repository, search and live update functions
+ Data exploration: e.g. http://goo.gl/NmO4tx and http://goo.gl/7sY9Pf

Very few negative mode spectra
- Limited/incorrect information about compounds/spectra
- No spectral clean up — gold is not really “gold”

Wang, M. et al. 2016, Nat. Biotech., 34: 828-837. DOI: 10.1038/nbt.3597


http://goo.gl/NmO4tx
http://goo.gl/7sY9Pf

NIST14 MS/MS Library

http://www.sisweb.com/software/nist-msms.htm

EEiIe Search VMiew Tools Options Window Help

Bxy Bl == ?
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= | @] x|

|EﬁFFE|HE | Clear | ﬂ |nist_msms j
Caffeine [M+Hl+ HCD 11V P=195.1 A
Caffeine [M+H}+ HCD 13V P=135.1 100 1380856
Caffeine [M+H]+ HCD 15V P=195.1
Caffeine [M+H}+ HCD 17V P=195.1 0
Caffeine [M+H]+ HCD 13V P=195.1 {
Caffeine [M+H}+ HCD 23V P=195.1 . N
Caffeine [M+H}+ HCD 23V P=195.1 N N\
Caffeine [M+HJ+ HCD 35V P=195.1 504 y
Caffeine [M+H]+ HCD 42V P=195.1 N/ 1950863
Caffeine [M+Hl+ HCD 50V P=195.1 o N
Caffeine [M+H}+ HCD &2V P=1351 110.0708 |
Caffeine [M+HJ+ IT 0.3V P=195.1
Caffeine [M+H]+ IT 35% P=195.1 ol oeosor 690842 830598 grpamy | 1230422
Eﬂg:ﬂg mz:}: H EEV ;'115';’11 50 60 70 80 S0 100 110 120 130 140 150 160 170 180 190 . 200 21D
Caffeine [MeHJ= IT 80V p=-|55:-| {nist_msms) Caffeine [M+H}+ HCD 23V P=135.1
Caffeine [M+H]+=>138.1 IT 35% P=132.1 Name: Caffeine ~
Caffeine [M+HJ+=>150.9 IT 35% P=150.9 Fomnuia: CgH1gN407
e i Ty S Pl P82 M- 184 Exact Mass: 194.080376 CAS#: 58-08-2 NIST#: 1146948 ID#: 25476 DE: rist_msms
Caffeine [M+H+ QQQ 10V P=195.1 Qther DBs. None
Caffeine [M<Hl+ QQQ 15V P='|5'5.1 Comment: NIST Mass Spectrometry Data Center
Caffeine [M+H}+ QQQ 20V P=195.1 Frecusortype: [Fl-Ail+
Caffeine [M+H]+ QOQ 25V P=135 1 e S
Caffeine [M+Hl+ QOQ 30V P=195.1 R
Eﬂg:gg m::}: g$g£ gﬁ Ejg; Instrument: Thermo Finnigan Blite Orbitrap
Caffeine. [M+Hl+ QTOF 7V P=135 1 Samole et direct flow injection
Caffeine [M+H]+ QTOF 10V P=195.1 forizalion. £}
Caffeine [M+H}+ QTOF 15V P=195.1 STy
Caffeine [M+H}+ QTOF 17V P=135.1 o ean sren
E$2:22 m:n}: g¥8; %gﬁ E:.}gg.} MNotes: Consensus spectrum; Acetonitrle\Water/Formic acid; Vial_|D=3354; mz_diff=-0.0012
Caffeine [M-HI- QTOF 25V P-1595.1 hikey: FOAVLVVIMGH-UHFEFAOYSAN Non
Caffeine [M+H}+ QTOF 27V P=195.1 g SRS
i raest peaks:
Caffeine [M+H]+ QTOF 30V P=155.1 hd 110 NERE_GGG AN 1G5 N0GG IR AR 11N NTNR 1RTAEAL EON447 96161 09NRAD 1707 v
Names #,_ Structurzs F PlotText /f Fht /

Lib. Search ] Cither Search Mames Compare ] Librarian ] MSMS

For Heln nrece Fl



http://www.sisweb.com/software/nist-msms.htm

NIST14 MS/MS Library

http://www.sisweb.com/software/nist-msms.htm

MS/MS of many adducts

+ + 4+ + + +

+- Offline functionality

gOOO

aquatic research

Very large collection: 234,284 ESI MS/MS spectra of 9,344 substances
Very well curated (Yang et al. 2014, DOI: 10.1021/ac500711m)

Spectra from multiple instruments (low and high resolution)
Users can include their own libraries quite easily if in NIST format
Integrated into most vendor software/workflows tecal pisk(c) » NisT14 » MSSEARCH

- Commercial license (but great investment!) Name

- Lack of external identifiers
- Difficult to integrate into open workflows

NIST-related reading:
Yang et al. 2014, DOI: 10.1021/ac500711m

|
J
|
|
I
|
|
}
|
|
Stein, 2012, DOI: 10.1021/ac301205z 1

mainlib
massbank_2015_QExFlus
massbank_Eawag
massbank_Eawag_upd
massbank_ai
masshank msms
nist_msms
rist_msms2

rist_ri

praktikum_2sp

replib


http://www.sisweb.com/software/nist-msms.htm

m/z Cloud: https:// www.mzcloud.org/

HighChem, Bratislava

Views

* Standard
» Compare

= Structures
Libraries

I Reference Libsary
Search

Search Results

Tools

Home About Features

Partners Contact

v I Reference Library

Fi[ter'IQLwL"n search - Name or 1D or Mol. M-_i Filtered

Log in

<<

NG: 37

Dioctyl phthalate

Monoiso. Mass: 39027701
© Thermo

No: 38
[ Acetochlor
2 Mass: 269.11826
© Eawag

4 © Thermo

Monoiso

‘ Mo: 39

i Alachlor
Manoiso. Mass: 269.11826
. @ Q Eawag

QO Thermo

&g

No: 40
S Asulam

Monoiso. Mass: 230.03613
© Eawag

@ Thermo

Mo: 41
Atratone
Monoiso. Mass: 211.14331
© Eawag

© Thermo

No: 42

Spectral Tree

Recalibrated

éawag

aquatic research

Standard

Compare Structures

| Structure C,y4HsCIND, w

{
.. L
@/\‘Wf\m

<  7/BFT HCD 90 NCE, 48 eV MS2 270.13 Combined Scans # » 7/8 >

Recalibrated Spectrum | | Precursor Structure: ¥ ¢ H,.CWNC
FTMS + ES| ms2 270,1255@hcd90.00 [50.00-285 00] mst m/z-270.1255
100+
133.08860 [M+H]"
+ i m/fz 270.12553
- HCD 20: IW 1.5
75—
+
i msZT
NH N
50 [ ~ g
% 0
A
25 | =
-~ 105423 [148.11208
o LR Blue Structure: Heuristic Prediction
4] 50 100 150 200 250 Brown Structure: Quantum Chemical Pred
Metadata | | Hide empty fields z
Cite current compaund: lhttps:!fwww.mz:luud.orngataViewer#Creferencﬂa | Copy
Cite current tree: |httns:!fwww,mzclnud.orgf DataViewer#Creference38#T95#c | Copy

Cite current spectrum: |https:jfwww,mz:luud.orngataVrewer# Creference38#T95#c# 14215| Copy
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m/z Cloud: https://www.mzcloud.org/
More stats: https://www.mzcloud.org/Stats

5,748 (+97) 9,210 (+160) 1,500,849 (+17,820) 623,899 (+48,900)

compounds trees spectra QM models

(+ added in the last 14 days)

+ + + + + +

By far largest number of spectra (but fewer compounds than NIST)
Very well curated — raw and processed data both available

Spectral trees and MS/MS of many adducts

High resolution data (Orbitrap)

Annotated spectra — formulas, structures, quantum chemical models
Growing and updated constantly — users can contribute

Semi-open — not downloadable or batchable

Commercial license for extended functionality

Extended functionality (at this stage) limited to Thermo users
Difficult to integrate into open workflows
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http://eu.wiley.com/WileyCDA/WileyTitle/productCd-1118037448.html

Oberacher and Arnhard, 2016, TrAC, DOI: 10.1016/).trac.2015.12.019

SOFTWARE

Wiley Registry of Tandem Mass
Spectral Data, MS for ID

Herbert Oberacher
WILEY REGISTRY
of Tanﬂ::ﬂ 215 Data ISBM: 978-1-118-03744-7

ol

m March 2012
. i

I + High resolution, curated collection
+ Specialist substances: drugs,

pharmaceuticals, pesticides
Description - Relatively small collection
HighMass-Accuracy LoMSMSLIE. - Commercial license

The Wiley Registry of Tandem Mass Spectral Data: M5 for 1D contains 10,000 positive and negative mode spectra of over
1200 compounds of interest for forensics, toxicology, and pathology. Areas covered include:

[=] Readan Excerpt

e lllicit drugs

* Pharmaceutical compounds

* Pesticides

* Other small bioorganic molecules

" Software

Purchase Options

£1,800.00 §F
€243000

Prices are valid for United Kingdom: Change
location to view local pricing and availability.

Permissions

* Request permission to
reuse content from this
fitle

Technical Support

» Get technical support for
this product

Join An E-mail List

Learn about the latest products

events, offers and content,



http://eu.wiley.com/WileyCDA/WileyTitle/productCd-1118037448.html
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Wishart Lab Collections
http://www.wishartlab.com/web_servers

NK

Drug & Drug Target Database

ﬁf’%b

http://www.hmdb.ca/ http://www.drugbank.ca/

http://www.t3db.ca/

the toxin and toxln-target database

= — % oy 0 il
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Wishart Lab Collections

Name Caffeine

Accession Number DB00201 (APRDOOET3)

Type Small Molecule

Spectra

Mass Spec (NIST) Download (8.61 KB)

Spectra Spectrum Type Description Splash Key
GC-MS GOC-MS Spectrum - GC-EI-TOF (Pegasus Il TOF-MS system, Leco; GC 6890, splash10-0536-3900000000-a%e 1127 13ffacGdabdaa  View in MoMA
Agilent Technologies) (0 TMS)
GC-MS GC-MS Spectrum - GC-EI-TOF (Pegasus Il TOF-MS system, Leco; GC 6890, splash10-0536-2900000000-8cdcd005b2e7622a02a3  View in MoMNA
Agilent Technologies) (0 TMS)
fddb240696073  View in MoNA
+ MS or MS/MS data on over 9,500 substances
+ Down Ioad able Col |eCt|O nS 14cee5d9de7Bdd  View in MoNA 2
+ Spectra from multiple instruments (low and high resolution) sararzesszz viewin vona
+ Including predicted spectra as well e B
i le16ad91cTa9fel View in MoNA
+ Cross-linked to other resources /ac36c625a500  View n MoNA [

J441aa2cic3ach8 View in MoNA

+- Mixed collision energies and instrument types
- Fragmented collections — difficult to see what is where

LC-MSIMS

2da%9a%9ad4094715  View in MoNA

Predicted Predicted LC-MS/MS Spectrum - 40V, Positive splash10-01p9-3900000000-141118b1a93b4d48b2d4  View in MoNA
LC-MS/MS
Predicted Predicted LC-MS/MS Spectrum - 10V, Negative splash10-0006-0900000000-c8bdBecch7ddBeBEbbd2  View in MohNA
LC-MS/MS
Predicted Predicted LC-MS/MS Spectrum - 20V, Negative splash10-0006-0900000000-2c8c1760161edd358026  View in MohNA

LC-MS/MS
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WEIZMASS: Plant metabolite HR -MS/MS
Shahaf et al. 2016 Nat. Comm. 7:12423. DOI: 10.1038/ncomms12423

100 - 19.35 o ) T
e 31.43
o oH HO = OH
Hcﬁ HE —
¢ e T . 28.16
J@""L ’
o HO' HO* w
o oH GHD ‘
14.41
% |

2795 29.33

70| ST ¥y 2601 a1 71
1459

“OH
L ' 18.08
1.60 10.21 11.76 L 20.21 26.15 28.70
1.92 L 9.21 U/ 17.79 7 20 7823.78
o LI e .

200 400 6.00 800 10.00 12.00 14.00 16.00 18.00 20.00 22.00 24.00 26.00 28.00 30.00

Time

+ Large reference standard collection of 3,308 plant metabolites
+ Consistent MSE acquisition; spectral annotation
- Available for academic use on request only
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MassBank : The original Japanese server
www.massbank.jp, Horai et al. 2010, DOI: 10.1002/jms.1777

S Database Service B
» Metabolite
Prediction

, Spectrum

"Search

quick ||, Peak
'}
+ Spectral Browser W Batch Service + Record Index

54,349 spectra bt
>4,100 substances
Public repository
User contributions SI-M5? data
Downloadable OpenData @ Sndiioommand
Spectra from multiple *
instruments (El, ESI, low and
high resolution)

- Mixed quality of spectra

- Services out-of-date

Analysis of

+ + 4+ + + +

Results
(quick response)

MassBank

libraries



http://www.massbank.jp/

MassBank Consortium
Exchanging spectra around the world

| ey

(&
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Japan

@ NORMAN MassBank [

o Leibniz Inst Plant Biochem k)

i3 Chem Ecol, Max Flanck Inst

2 Helmholtz Cent Enviren Res (LIFZ) t;.] 1

@ |AB, Keio U |}
o PSC, RIKEN )
a Mikhon Waters KoK,

o Grad Sch Pharm Sci, Kyoto L& Res Inst Prod Dev

=, i o College Life Health $6 Chubuld 1
. 'Li?} - r’rq Kazisa DHARE&- I?st t:_] : .rf_y.{
> o College F&lmamtles_&:l. NihonU. A -
FoL 4 é, @ Inst Nat Med, U Toyama 4
St LAl @ f o Fac Agri, Tottori U ’
u jjﬂw e ad ’ | o Grad Sch Eng, U Tokyo k)
o EAVWAG e .;'i_ﬁ ¥ 54* i @ Fac Life Sci Biotech, Fukuyama U
: ,f - > o Sch Med, UDEH ]
i @ Grad Sch Inform Sci, NAIST
=AY o Osaka Med Center MCH : Q
a Metabolonginc. o Grad Sch Eng, Osaka L ':I_ 1
a U Cﬂnné;cut gy r'l o PFOS research group | |
o Washington State U T e JE@LLW g
@ Boise State U o &L Sciences Inc.

@ Oswaldo Cruz Foundation, State Minas Gerais [}

@ |Inst Materia Med, CAMS & PUMC k]

kel : MassBank data server l
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European MassBank
http://massbank.eu/MassBank

W eawag (... | JIMEGH
w NAIST P.nmsu

O MassBank.EU was founded late 2012, hosted at UFZ, Leipzig, Germany
o 16,017 MS/MS spectra; 1,232 substances from|NORMAN members

o | Tentative/unknown/literature [spectra on massbank.eu (not massbank.jp)

Athens Univ. (1,492) Boise State Univ. (4) Chubu Univ. (2,563)

Eawag (10,668) Eawag Additional Specs (620) |[Env Anal Chem. U Tuebingen (116)
European MassBank Server (NORMAN MassBank) (0) Fac. Eng, Univ. Tokyo (12,379) Fiocruz (800)

Fukuyama Univ. (340) GL Sciences Inc. (174) IPB Halle (528)

JEOL Ltd. (45) __Kazusa (273) Keio Univ. (10,124)

Kyoto Univ. (184) Literature Specs (39) MPI for Chemical Ecology (691)
MSSJ (34) MetaboLights (58) Metabolon (149)

NAIST (671) Nihon Univ. (488) Osaka MCHRI (20)

Osaka Univ. (449) PFOS research group (413) RIKEN (1,718)

Tottori Univ. (16) | UFZ (2,758) | UFZ Additional Specs (107)
UOEH (35) UPAQ (12) Univ. Connecticut (510)

Univ. Toyama (253) Washington State Univ. (2,626) Waters (2,992)



http://massbank.eu/MassBank
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MassBank of North America
http://mona.fiehnlab.ucdavis.edu/

MoNA - MassBank of North America Libl Spectraw &8 Downloads & Upload @ Help~

Welcome to MoNA Beta 2!

MassBank of America (MoNA) 15 a metadata-centric. auto-curating repository designed for efficient storage and querying of mass spectral records. It intends
to serve as a the framework for a centralized. collaborative database of metabolite mass specira, metadata and associated compounds. MoNA currently
contains over 200.000 mass spectral records from experimental and in-silico libranes as well as from user contnibutions.

MoNA has recently been redesigned, with sigmficant improvements to server-side architecture, query structure. and search speed. We are actively mproving
and adding features, so please be patient as functionality is added. If you notice any major issues, feel free to report them using the i1ssue tracker linked below.

4-amino-N-{5-methyl-1,2-oxazol-3-yi)benzenesulfonamide Score: Tk ok ki dy
" 52 - Q accession AU1D1801
\
- Q authors Nikiforos Alygizakis, Ann
E Q ‘base peak 254.0607
] Q collision energy Ramp 19.9-20.9 eV
Q column name Acclaim RSLC C18 2.2um, 2
0 Uir ‘“--F\.I Q compound ciass MN/A; Environmental Standa
Z LJ \ @ copyright Gopyright (G) 2015 Depart
[ ’ J ), data procassing REANALYZE Peaks with addi
o .| \(, = 0, data procassing WHOLE RMassBank 1.8.1
0 200 400 600 800 1000 Q data processing RECALIBRATE identity on a
Q origin ALUTD1807 ct
Q retention time 4.7 min

oo


http://mona.fiehnlab.ucdavis.edu/
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MassBank of North America
Largest collection of (Fully Downloadable) Open Mass Spec Data

[ Libraries

[£) Q. Libraries - MassBank (44,549 spectra) < Download JSON (40.2 MB) & Download MSP (10.4 MB)

B1Q Librarics - Respect (530 + 204,604 spectra — all open data plus more
139,746 in silico spectra
64,858 experimental spectra (44,076 LC-MS)
B1Q Libraries - GNPS 39265 79 089 tot./ 14,736 exp. unique “first block InChlKeys”
B Q Libraries - LipidBlast 13+ DOwnloadable collections
+ Spectra from multiple instruments
(low, high resolution)
B Q Libraries - iTree (4.081 sp+  [NCluding predicted spectra as well
+ Cross-linked to other resources
+ Great to incorporate into workflows
BQ Allspectra 204604 spectr) + Daye|opers open to feature suggestions
+- In development — not static or fully functional
- Format: great for informaticians, less ideal for users
- Automatic curation/annotations still under development

[2 Q Libraries - HMDB (3,799

[2) Q Libraries - FAHFA (4,290

[3) Q Libraries - RTX5 Fiehnlib
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What do the (environmental) users use? e

RWS
N Rijkswaterstaat @' HELMHOLTZ

4 Ministry of Infrastructure and the CENTRE FOR
Environment ' ENVIRONMENTAL

RESEARCH - UFZ

EBERHARD KARLS

UNIVERSITAT
[UBINGEN
= 11UJ

Dweckverband el W

Lanaeswassernversor gLng

Bundesanstalt for
Gewdsserkunde

University
of Antwerp

suee

environnement

1 P

@ veoua_ "

& e —

eawag __ - . Croatian
aquatic rasaarchguua P "‘*.;:.// h\/‘r Water -
lovakia’ Y ]

i S = — —a

gary ™ T

Y " Romania |/ _ A2\ UNIVERSITA
] i _ - # 4= DEGLI STUDI
L *‘ (o ol i SR O\ LSS DI PADOVA
e haly EEENS 3 2
Ay o ! ¥~ “Bulgaria-
Portugal Madrid , Rome S .
5 : Tyrrhenian Saa ¢
T Spain Gi‘e, — National and Kapodistrian
UNIVERSITAT bt UMIVERSITY OF ATHENS
JAUME-I :

T 1



What do the (environmental) users use?

32 million

awag 000
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Schymanski et al 2015. DOI:
10.1007/s00216-015-8681-7

Database/Library Name Total Compounds Compounds with Spectra
ChemSpider [35] illi

DAIOS [49,50] 1,404 >1,000°
PubChem [48] Combound DBs 63,105,228
STOFF-IDENT [38 ' 8,000
MassBank [51,52] 5,000
mzCloud [53] 1,956
NIST MS 2011 [11,54]  Spectral Libraries 212,961
NIST MS/MS 2011 [11,54] - 4,628
\. Wiley Registry of Mass Spectral Data 7" Edition [12 289,000
/ ABSciex Meta Library 2,381
Agilent Broecker, Herre & Pragst toxic/forensics 7,509° ~2,500
Agilent Pesticide Library Vendaor-| 1,664 ~700°
Agilent Synthetic Substance Library C o~~~ | 23,053 n/a
Agilent METLIN database OMPC UV 64 002 8,040
Bruker Pesticide Screener | ibraries 700°
Thermo Environmental Food Safety (EFS) with RT 454%; 447°; 90°"; 278"
Thermo toxicology 618"; 36"
\ Waters database with RT 730
/| In-house Libraries without spectra (two participants) 2,000; 1,600
In-house Libraries with spectra (two participants) 526d; 63°
In-house Libraries with spectra for some substances 2,200GI 835
In-house-lists/libraries 2% 15007 200
3,000 350
\|_Surfactant List [3] 394 )
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Do we need all these MS/MS resources?
...at this stage — YES!

METLIN mzCloud

Substance overlap between major libraries — excluding stereochemistry

670
359 ‘ ’ 263
Compound lists 0

provided by: Vinaixa et al. 2016, TrAC,
S. Stein, R. Mistrik, Agilent DOI: 10.1016/j.trac.2015.09.005




Improving Library Coverage RM
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aﬁqBank

online resources:
CTS, CACTUS

Automatic MS and MS/MS Spectral Annotation with
Recalibration and Clean-up - Experimental Details
Remove interfering peaks - Compound Information

before
recalibration

& ppm

-15-10 -5 0 5 10 15

100 200 300 400

mfz

-15-10 -5 0 5 10 15

after
recalibration

gy

1 100 200 300 400 ; —>
JJ MassBank.eu

https://qgithub.com/MassBank/RMassBank/

http://bioconductor.org/packages/RMassBank/

Stravs et al. 2013, J. Mass Spectrom., 48, 89-99. DOI: 10.1002/jms.3131


https://github.com/MassBank/RMassBank/
http://bioconductor.org/packages/RMassBank/
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SPLASH — Communicate between libraries

splash10 - 0002 - 0900000000 - b112e4e059elecfo8c5f
[version] - [topl0] - [histogram] - [hash of full spectrum]

http://mona.fiehnlab.ucdavis.edu/#/spectra/splash/splash10-0002-0900000000-b112e4e059e1ecf98c5f
https://www.google.ch/search?g=splash10-0002-0900000000-b112e4e059elecf98c5f

Go gle splash10-0002-0900000000-b112e4e059e1ecfo8c5f q
Human Metabolome Database: LC-MS/MS Spectrum - LC-ESI-QTOF ...

www.hmdb.ca/spectra/ms_ms/5464 ~
... Spectrum - LC-ESI-QTOF (UPLC Q-Tof Premier, Waters) 30V, Positive. Splash Key:
splash10-0002-0900000000-b112e4e059e1ecf98c5f View in MoNA __

Human Metabolome Database: Showing metabocard for Caffeine ...
www.hmdb.ca/metabolites/HMDB01847 ~
Feb 16, 2006 - __. splash10-0002-0900000000-f8a0c0dd9f5c4a272eaf, View in MoNA ___ 30V, Positive,

Go gle splash10-0uxr-0973000000-87d07ddd2ed24b9598d7 n
DrugBank: Codeine
www.drugbank.ca/drugs/DB00318 ~
... BOV, Positive, splash10-0uxr-0973000000-87d07ddd2ed24b9598d7, View in MoNA. MS, Mass
Spectrum (Electron lonization), splash10-010t-3950000000- __.

Codeine Mass Spectrum - MassBank
massbank.eu/MassBank/jsp/Dispatcher.jsp ?type=disp&id=EA278005&site=31 ~
WOhlgemUth et al' accepted PK$SPLASH: splash10-0uxr-0973000000-87d07ddd2ed24b9598d7 PKSANNOTATION: m/z

http://splash_fiehnlab_ucdavis_ed U/ tentative formula formula_count mass error(ppm) 58.0651 ...


http://mona.fiehnlab.ucdavis.edu/%23/spectra/splash/splash10-0002-0900000000-b112e4e059e1ecf98c5f
https://www.google.ch/search?q=splash10-0002-0900000000-b112e4e059e1ecf98c5f
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SPLASH — Communicate between libraries
http://splash.fiehnlab.ucdavis.edu/ Wohlgemuth et al. accepted

MassBank Record: EA278005

PKS$SPLASH: splashl10-0uxr-0973000000-87d07ddd2ed24b9598d7
PKSANNOTATION: m/z tentative formula formula count mass error (ppm) @ﬁ;q‘gf.rflgg NIC
58.0651 C3H8N+ 1 58.0651 0.25 el s

69.0335 C4H50+ 1 €9.0335 -0.45 Identification

Name Codeine

Accession Number DB00318 (APRDO00120, DB09471)

splash10-0uxr-0973000000-87d07ddd2ed24b9598d7 View in MoNA

GNPS Library Spectrum CCMSLIBO0000210977

Library Membership MASSBANK
SPLASH Key splash10-0uxr-0973000000-87d07ddd2ed24b9598d7

splash10-0udi-0009000000-ff8a91aa5c5d21264a86
; splash10-0udi-0009000000-89b20537b39389045b43
w splash10-0udi-0009000000-d004653e649f5e6alcda
cLouDn Splash10-0udi-0009000000-173ad69564777472205e
splash10-0udi-0009000000-a52¢1f8d7e070d9019ba


http://splash.fiehnlab.ucdavis.edu/

“Probable Structure by Spectral Match”

Non-target HR-MS(/MS) Acquisition

Peak
picking

I I
| Target list | [ Suspect list |
I I

Peak picking or Xle

Suspect
Screening

aquatlc research gO (eXe]

Schymanski et al, 2014,
ES&T, 48 (4), 2097-2098.
DOI: 10.1021/es5002105

Schymanski et al 2015. DOI:
10.1007/s00216-015-8681-7

4 -, Increasing identification\
confidence
‘k “downgrading” with
>  contradictory evidence

J

Probable Structure
by library/diagnostic evidence

Level 3

Tentative Candidate(s)
suspect, substructure, class
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“Probable Structure by Spectral Match”
...Interpret this with care!

ﬁ h — Non-arget
i \( - - Standard Non-target and standard
- ome! Ay — +— measured with identical
> 8- I~ | _Slmllarlty 0.9998 conditions
- /( '\( Similarity (1°°) = 0.9858
S - Non-target and library
o N | | spectrum acquired on
| | | ' | ' | different set-up
0 a0 100 150 200 250 300 I
miz E i \ -/__/ 1 — Non-target
i j - - NIST
O Be very cautious with g | N Similarity = 0.9998
single-peak spectra! k3 - | 1\ Similarity (1°-°) = 0.9895
o e SRR |
0 a0 100 150 200 230 300

Schollée et al. in prep.; Schymanski et al in prep. iz
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What if my spectrum isn’t in the library?
PANIC?

CFM-ID

Competitive Fragmentation Modeling for Metabolite Identification

G-

MAGMa
MAGMa+

Images from: http://cfmid.wishartlab.com/#; http://msbi.ipb-halle.de/MetFragBeta/;
http://prime.psc.riken.jp/Metabolomics Software/MS-FINDER/index.html; http://www.csi-fingerid.org/;
http://www.emetabolomics.org/magma; https://qgithub.com/savantas/MAGMa-plus



http://cfmid.wishartlab.com/
http://msbi.ipb-halle.de/MetFragBeta/
http://prime.psc.riken.jp/Metabolomics_Software/MS-FINDER/index.html
http://www.csi-fingerid.org/
http://www.emetabolomics.org/magma
https://github.com/savantas/MAGMa-plus

. H WWW.casmi_-contest.org CASM‘
l h‘lu‘ll

CASMI 2016

Important Dates
Contest Rules
Example Data
Challenge Data
Solutions
Results
Proceedings

About the Team

CASMI 2014

CASMI 2013

CASMI 2012

News

May 6th, 2016
The winners and full results
are available.

April 25th, 2016
The solutions are public now.

April 18th, 2016

The contest is closed now,
the results are fantastic and
will be opened soon!

April 9th, 2016

¥ 1 B & 8 . &

Overview | Category 1 (+) | Category 2 (+) | Category 3 (+) | Cat 1 extra (+) | Cat 2 extra (+) | Cat 3 extra (+)

Results in Category 2

Summary of Challenge wins

Vaniya Duehrkop Verdegem Allen Brouard
Gold 70 82 44 63 86
Silver 26 21 53 71 50
Bronze 35 11 65 40 31
Gold (neg) 33 0 24 26 20
Gold (pos) 37 82 20 37 66

Summary statistics per participant

Mean rank Median rank Top Top3 Topl0 Mean RRP Median RRP

Vaniya 19.75 3.0 46 79 101 0.804 0.922
Duehrkop 2517 1.0 70 90 100 0.945 1.000
Verdegem 70.79 9.8 24 59 105 0.880 0.972
Allen 47.98 6.0 39 T 123 0.906 0.987
Brouard 127.34 52 B2 93 118 0.874 0.988

Summary of Rank by Challenge and Participant

For each challenge, the rank of the winner(s) is highlighted in bold. If the submission did
not contain the correct candidate this is denoted as "-". If someone did not participate in a
challenge, nothing is shown. The tables are sortable if you click into the column header.


http://www.casmi-contest.org/
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Mass Spectral Libraries for Small Molecules

O There are many different mass spectral resources out there!

O Find the one(s) best suited to your actual purpose

O Always take care when interpreting your results — is the answer really clear?
O Consider contributing your spectra to open repositories

O The more the merrier — BUT — high quality annotation is really important

10000000
® Spectra @ Structures
1000000 ® 1500849
234284
0
100000 ® 72268 o 44076
® 28000
10000 ® 14034 ® 10000
o ciag ® 934 ® 6748 _ . e S0e1 ® 5912 o 3462
oo ® 1200 578
100
> LA c O SR 3
N N & ?
& ¥ & F S e o
& S @fb"?’ W TE
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...and you all for listening! Slides:
www.eawag.ch/~schymaem



http://www.eawag.ch/%7Eschymaem
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Next EMN webinar will be in November, 2016

Look out for the Advert

Please feel free to contact us with any questions or suggestions via info.emn@metabol omicssociety.org
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