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Candidate Selection via in silico fragmentation
O Use MS/MS to search ChemSpider (or PubChem) ChemSpjder

with MetFrag
o How does MetFrag work?

The free chemical database

m frag

n' MassBank

O Expand this to search ChemSpider (or PubChem)
and a Mass Spectral Database with MetFusion
o What does MetFusion do extra to MetFrag?

O “Bond Disconnection” versus
“Rule-Based Fragmentation
o MetFrag
o Mass Frontier

Targets, Suspects and Non-targets

[ Sampling Q extraction (SPE) ' HPLC separation

SUSPECT

SCREENING

Molecular formula

v

Candidate search
(Databases, structure generation)
I T

L EiFusion
Plus many others who | have worked with...
Sawag | Sawag |

Basics of Candidate Selection

Molecules split into fragments in the mass spectrometer
0O Use these as “clues” to identify unknowns
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O Many “rules” for fragmentation in standard mass spectrometry text books
o Manual interpretation is long, many rules and rearrangements

o Most rule-based programs need candidates prior to fragmenting, e.g.
Mass Frontier, ACD MS Fragmenter, FiD

ode ® [MeH] O ] (M) ‘:
ichage ® 0.0 i
I hzabs (o.g.0.01) o1 !
| Mappm (e.9_10) 10 i

S. Wolf, S. Schmidt, M. Miiller-Hannemann, S. Neumann, BMC Bioinformatics 2010, 11:148

! - - : I 4 - 1 O Need a “CASE” system
i[ ca"d'df“e selection (retention tme, MS/MS, calculated p“"l’e"'es) ]E o MetFrag: compound database and “bond disconnection” fragmentation
v v v o MOLGEN-MS: structure generation and “rule-based” fragmentation — but
[ Confirmation and quantification with reference standards } only for GC-MS so far...
Lawag.. Lawag..
MetFrag: http://msbi.ipb-halle.de/MetFrag/ MetFrag Unknown Example 1
EDA of River Elbe with Blue Rayon; c/o Christine Gallampois
MetFrag
::ra Signal: [M+H]* = 293.1092 at 20.01 min
i g In silico fragmentation for computer assisted identification of metabolite mass spectra
MS
e P TTSPINA P T Calculate formula (MOLGEN-MS/MS?) igi'ﬁ)gé ié‘éééi'i
0 Match formulas based on . .
Databage Settings
Databaze. I @ KEGG © PubChem ) ChemSpioy O ppm difference +
Mkl v s A0 e T ; O Isotope pattern deviation gf'ﬁﬁg 63505.5
— 0 201.0465 64053.3
'i Ed’géimu.? _ O Fragment assignment ———> 515 0620 8374.6
| Limit  of structures 100 H b - gég.g%g %gj. Z
Dataase (03 0 CygH,,PO is best fit 237.1126 8704.7
S 265.1808 5939.7
| Search upstream DB
MebopSarions

Perform candidate search with C,4H,,PO
0 MetFrag? with PubChem — 23 hits

M. Meringer, S. Reinker, J. Zhang, A. Muller: MATCH (2011) 65:259. 2S. Wolf et al. BMC Bioinformatics (2010) 11:148.
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MetFrag Unknown Example 1
MetFrag

¥rag .

for computer mass spectra

eawag

MetFrag Unknown Example 1

L 18541825 tam s nattypeat P [
20532585 tom s nottyped P

21564329: latom s nattyped P Exact Mass Structure Duiabase  actons
© MetFrag MzAnnotate Viewer About / News
?6‘ = Seltings. T ChomSpicer O Loca SOF Parent ion: [23.1052 i+ x) [ Calculate | @\
abase wmSpider ) Lacai — .
2 P + 1 et Ciahi:0+P1
outral exact mass: ‘Search PPU.: [§ il 1 w3 . :S‘;’mfiﬂiimﬁg minﬁ':.“f;;’. =0
XTI T T 2180820 83744 o 14 i -2-Mathy!-ber
Molecutar formula: EENE s exe 2 ‘u;:::lg:gmmaxmnb‘:m: 2921017
Only biological compaunds H e imdy
Limit # of structures: I
Database ID's =
| Search upstieam D8 | 23 hits! = ]
MetFrag Settings E + 1-diphenyiphosphonyt-3-methylbenzene. g
Mode: @ [MeH] © MH]© M) = CisHyz0Py : ]
3 10 3 f=o T T
Charge  pos. O neg @ oo e o
Mzabs (2.9 0.01) 0005 « CD300120 e
Mzppm (e.g. 10) 5
0 of 23 compaunds processed Q
[ Process all 23 compounds! START || Stop. | ——
Lawag.. et
MetFrag Unknown Example 1 MetFrag Unknown Example 1
Individual Fragments... Fragments compared with original spectrum
o= Q. Q.
0
55 =
w| @ on)
~ P
" h 0’ \©
399
THET! i 91.0539
= = 7 O PR T TR TR T [C,H,I* 201.0465 215.0620 293.1092
o (RN AR [CiaHiOsP ) [CasHiaOuP1*
Mass: 2021017 [C1aH1701P4] Mass: 215,062 [Cy3H 1201Pyle Mass: 215,062 [C1aH1201P}> @
(Original Compouna) ©0ppm) @.0ppm) 795,
599
& L
O pF 399
Fg
P 199
i [ J
— 1
27 53 80 107 133 160 187 21 240 26
R i g R || o gt bt s Fragments of co-eluting peak at 293.2105
/\\' A i = \(C‘,’bl effed‘s S. Wolf et al. (2010) BMC Bioinf. 11:148 http://msbi.ipb-halle.de/MetFrag/
et
MetFrag Unknown Example 1 MetFrag Score
Generate and download files...as xIs or sdf Downiaa comoteave: [ 7] Considers peak count and bond disconnection energy
5 {Compe = @
[ A ] c ] E F G AT 3 K i@ W i Equation to calculate MetFrag score is:
1 DatabaseBiologica Mode : (MeH]s
2 Exact ma:Limit # of Mzabs: 0.005 —/
3 Formula: Database Mzppm: 5
i 1 1
Sirank _Lsowe gol " X Peaks Exjimage  Mame  Smiles e e
6" 1.0 F19H1701252 1017 1255085 1580000 2 3570000 p1 0539 530.0 20104 y1-diphemy CC1=CC:-
Fiir} KEI] 1961707292 1017 300120 1’2 3690000 2 3570000 b1 0639 990.0 201,04 -iphen, CC max(w) 2max(e)
873 1.0 3 F 191707262 1017 "12550549] 2 3590000 2 3570000 p1.0539 9900 201 04
ENCY .0 3 C19H1707292 1017 76293 1723910000 2 2463999 b1.0539 990.0 201.04
0% D054 73 161701202 1017 298154 12 5790000 2 8785000 p1.0539 90,0 201 04
1'% 954 3 E19H1707292 1017 "12938764 3 1260000 3 16210001.0539 590 0 201.04 06 3 1
27 0954 3 C19H 170292 1017 2143374613 1260000 31621000 B1 0539 990.0 201 04 het — - —
13 954 3 E 1292 1017 214337503 "2.9150000 3 1621000 P1.0539 990.0 201.04 “’hele w; = Zlf mf nnd e = Z ZBDEb
147 0878 " 1017 "16050578 2 0465 999.0 feF, ‘ “[EFEJEB
15710 005 %2 1017 5237721 | 2.9230000 34236000 p1.0539 990.0 215.06 ‘ ! R
16711 005 % 1911707292 1017 5242049 11 9670000 2 8960000 p1.0539 990.0 215 06 . X .
772 005 %2 1017 2754311 ’émuawsmsuuo 1.0539 990.0 215.06 i.e. this considers:
18713 0017 1017 4407809 | 6520000 3 0416999 p15.062 131.0 R X
19713 o017 7 1017 603401 12 6520000 30416993 15,062 131.0 O Intensity and the mass (m/z) of peaks in the spectrum
20715 0017 1 19K1707292 1017 2775957 |2 8520000 3 0416999 p15.062 131.0 '
2115 ::w ’71 1017 ’vmma:gm 35438000 p15 062 131.0 O Energy to break the bonds in the fragments
2" 0040 1017 1111987934 217800001 0539 9900 215 06 L . .
278 :gmun 2 1017 7463393 gwsamzwsuauu P1.0538 990.0 215.06 0O More details in Wolf et al 2010, BMC Bioinformatics 11:148
249 o 1 19H1TOT292 1017 1174834 009 19273999 R15.062 1310 . . . " . .
z 9 0 1 1017 2328121973009 1927399815 062 1310 O MetFrag is still “research in progress” — scoring & features dynamic
N
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fawag, fawag,
MetFrag Unknown Example 1 MetFrag Unknown Example 1
Candidate Selection Confirmation Efforts
CHsy
Benzyl(diphenyl)phosphine oxide //‘

3 ‘ﬂethylphenyl)(dlphenyl)phosphlne oxide S
L :ng_ )‘g j E[ . = T~0)

All fragments predicted using MetFrag
BDPPO Co-eluting fragments easy to spot

MS/MS and RT of BDPPO match

= identity confirmed analytically

Additional evidence:

Triphenylphosphine oxide found at RT = 19.80
Log Ko, too high Lower MetFrag Score (fragments, BDE) = reaction products of phosphines (org. synthesis)

'bi effects Images: http://msbi.ipb-halle de/MetFrag/

Sawag Sawag
MetFrag Unknown Example 2 MetFrag Unknown Example 2
EDA of River Elbe with Blue Rayon c/o Christine Gallampois Less Informative Spectrum: all losses very general
233.0963
Signal: [M+H]* = 233.0963 at 18.51 min [C17H1,0,+H]
208.0857 205.1016 2150860  218.0730
Fraction N2-8 [Caetul [CiHul  [CHuOJ"  [CaghigOul*
) o -CHO -co -H,0 -CH,
0 Expected log K,,, for this fraction: [1.2 - 3.2]
Calculate formula (MOLGEN-MS/MS?)
0 C,;H,,0, clearly best match 395 it
Q
Candidate Search: 79 @
O MetFrag? with ChemSpider and PubChem 599
0 113 hits -
199 I
)
21 42 64 85 106 127 148 170 191 212
pt 2 . keybi-effects Images: http://msbi.ipb-halle.de/MetFrag/
M. Meringer, S. Reinker, J. Zhang, A. Muller: MATCH (2011) 65:259. 'S. Wolf et al. BMC Bioinformatics (2010) 11:148. ¥ Y g p: pl g

Real World Examples MetFrag Unknown Example 2
EDA of River Elbe with Blue Rayon — Unknown Example 2 EDA of River Elbe with Blue Rayon
Candidate selection:

andidate se e? on We have our prime candidate from the database:

0 7,9-dimethyl-8H-cyclopenta[aJacenaphthylen-8-one
O MetFrag, database search and predicted properties help .

o
with structure selection

0 BUT OQ
o Relies on molecules in database

o e.g. many isomers of this compound not present

The other problem:
0O Purchasing of standards for confirmation — this compound is
not “available”, although it is in the database
0O Purchase is difficult enough for database entries, almost
impossible for generated structures...

Lower MetFrag Score (fragments, BDE)

Images: http://msbi.ipb-halle.de/MetFrag/
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In silico fragmentation
Some words of caution

MetFrag has a “bond disconnection” approach
0 Very quick, often very good — but can't do e.g. rearrangements
0 Don't fall into the trap of thinking Rank 1 = correct structure
0O Use “common sense” when looking at the fragments: some are strange

Mass Frontier (commercial) — “rule-based” approach
O Given a structure, fragments according to rules (irrespective of spectrum)
O Can view mechanisms for proposed fragments

12010 |42010| 43018] 126046 | 127.054 | 143049 ™z 144057 | 145065 | 171.044 | 186068 |

eawag

In silico fragmentation
Some words of caution

MetFrag has a “bond disconnection” approach
0 Very quick, often very good — but can't do e.g. rearrangements
0 Don't fall into the trap of thinking Rank 1 = correct structure
0O Use “common sense” when looking at the fragments: some are strange

Mass Frontier (commercial) — “rule-based” approach
O Given a structure, fragments according to rules (irrespective of spectrum)

O Can view mechanisms for proposed fragments

A general rule to be careful:

12| 1] 1] 2] 3] 4 5] Cuselect possbis hagments wihmiz 144,057
0 The more fragmentation steps, the more you explain
0\( R “,D\r( _Hy 01(' _a P I ] — for the correct structure as well as the incorrect
o De 0 o L/O/ O Ranking of candidates ~top 30-40 % (of all candidates)
iz 186063 06008 dd 0 See (for those who want more details...)
N SN NN miz 144057 Schymanski, Meringer, Brack, 2009, Analytical Chemistry, 81, 3608-3617
miz 136 068 mz 186068
—hwaE . et

MetFusion: http://msbi.ipb-halle.de/MetFusion/

Combining MetFrag with MassBank (or others...)
v o Information

MetFrag v« mme: MassBank —————>
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M. Gerlich & S. Neumann, submitted

MetFusion
Use Structure Similarity to Improve Candidate Ranking

i cisionE A CEEAO AT A i
;i o =

e Mo X

Image source: Steffen Neumann, IPB-Halle
MetFusion: http://msbi.ipb-halle.de/MetFusion/

Chemical similarity color-coded: high ... ... low <

MetFusion Screenshot

€ B [om ribiipbehallede/ticd
© spectrum query Information
MetFusion Parameters
Selected Spectral Database:  Mastor [+] 1 B
1 Fitter
5 '
itp:/fwww.massbank.jp/ ! S == -
MassBank Server: Masgak®  [2] 1 TR H
] 1230443 i
Number of Results: 0 ! 1704 7 i
i 15301595 i
Cutoff threshold of relative intensities: 5 1 179,038 14 1
H 9,058 17 !
lonization Mode: postve [=] vt ing H
1
Instruments: Peaks: 1
i
e ¥ EsTusMs APPLOGOUS i
e1ERED ¥ es00 APPIOQOUSMS
GCEMTOF ¥ ESHOQTMSMS e
| ES-0q0-MSMS (]
) ESLQQTOF-HSMS FsER
¥ LoEsuT FEBED
9 LCESHTFT 08 MetFusion Progress
¥ LeESHTTOR LCAPPIOQ
7 LoEsia WALDATOF
¢ LoEsiam MALDLTGFTOF
¥ Loesian

¥ LoEstaToR

MeiFrag Parameters

squatic

MetFusion Screenshot

Upstream DB: & REGHT Pibliem 7 Champider 1 SOF pfaad

Database IDs;
Molecular Formula:

Parent lon: m.06847 [ =

i
| ExactMass:

Limit# of Structures:

CHNOPSony?
Search PP o
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Sawag.. Sawag..
The Data “bottleneck” for MetFusion
Not many spectra in databases for environmental compounds...
& Originai Similarity Matrix © Reranked Similarty Matric %EI‘EMIR"S‘R:SET Pu '.;Q:I Sil'ml‘: . ra g
-

WACOJSES WADOZSA7 WADOISSS KOUOSS0S WAGDZ9S4 CODDDSIS WAOOIMD WADIOISS WAOOL?S2 WAOOO362 WADDLIDL WADODISS WAOOIO9L WADOLZZ3 WADOZ

Practice Session

Candidate Search with Compound Databases
MetFrag and MetFusion

in databases are too dissimilar to the unknowns...

Don’t benefit from the similarity comparison when the spectra "' MassBank atll MassBank
Fusitm " assoan ﬁw




