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Candidate Selection via in silico fragmentation

o Use MS/MS to search ChemSpider (or PubChem) 
with MetFrag

o How does MetFrag work?

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                extraction (SPE)                HPLC separation                HR-MS/MS              

TARGET 
SCREENING

SUSPECT 
SCREENING

NON-TARGET
SCREENING

Candidate search
(Databases, structure generation)

Molecular formula

Confirmation and quantification with reference standards

Candidate selection (retention time, MS/MS, calculated properties) 

SUSPECT MASS 
SCREENING

Basics of Candidate Selection

Molecules split into fragments in the mass spectrometer

o Use these as “clues” to identify unknowns

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

o Need a “CASE” system

o MetFrag: compound database and “bond disconnection” fragmentation

o MOLGEN-MS: structure generation and “rule-based” fragmentation – but 
only for GC-MS so far…

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

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

MetFrag Unknown Example 1
EDA of River Elbe with Blue Rayon; c/o Christine Gallampois

Signal: [M+H]+. = 293.1092 at 20.01 min

Calculate formula (MOLGEN-MS/MS1)

o Match formulas based on 

o ppm difference

o Isotope pattern deviation

o Fragment assignment

o C19H17PO is best fit

MS
293.1092 520745.8
294.1125 108585.3

MSMS
91.0539 63505.5
201.0465 64053.3
215.0620 8374.6
219.0576 6768.7
233.0733 7224.4
237.1126 8704.7
265.1808 5939.7

+

Perform candidate search with C19H17PO

o MetFrag2 with PubChem – 23 hits

1M. 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 Unknown Example 1

MetFrag Unknown Example 1
Individual Fragments…

MetFrag Unknown Example 1

Fragments of co-eluting peak at 293.2105

215.0620 
[C13H12O1P1]+

293.1092 
[C19H18O1P1]+

201.0465 
[C12H10O1P1]+

91.0539 
[C7H7]+

S. Wolf et al. (2010) BMC Bioinf. 11:148           http://msbi.ipb-halle.de/MetFrag/

Fragments compared with original spectrum

MetFrag Unknown Example 1
Generate and download files…as xls or sdf

MetFrag Score
Considers peak count and bond disconnection energy

Equation to calculate MetFrag score is:

i.e. this considers:

o Intensity and the mass (m/z) of peaks in the spectrum

o Energy to break the bonds in the fragments 

o More details in Wolf et al 2010, BMC Bioinformatics 11:148 

o MetFrag is still “research in progress” – scoring & features dynamic
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MetFrag Unknown Example 1
Candidate Selection

Log Kow too high Lower MetFrag Score (fragments, BDE)

X X

X X X

X

X X
Images: http://msbi.ipb-halle.de/MetFrag/

MetFrag Unknown Example 1
Confirmation Efforts

All fragments predicted using MetFrag

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

⇨ reaction products of phosphines (org. synthesis)

Benzyl(diphenyl)phosphine oxide

(Methylphenyl)(diphenyl)phosphine oxide

OP PO

CH3

BDPPO

MetFrag Unknown Example 2
EDA of River Elbe with Blue Rayon c/o Christine Gallampois

Signal: [M+H]+. = 233.0963 at 18.51 min

Fraction N2-8

o Expected log Kow for this fraction: [1.2 - 3.2]

Calculate formula (MOLGEN-MS/MS1)

o C17H12O1 clearly best match

Candidate Search: 

o MetFrag2 with ChemSpider and PubChem

o 113 hits

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

MetFrag Unknown Example 2
Less Informative Spectrum: all losses very general

Images: http://msbi.ipb-halle.de/MetFrag/

215.0860 
[C17H11O1]+

-H2O

205.1016 
[C16H13]+

-CO

203.0857 
[C16H11]+

-CH2O

218.0730 
[C16H10O1]+

-CH3

233.0963 
[C17H12O1+H]+

Real World Examples
EDA of River Elbe with Blue Rayon – Unknown Example 2

Log Kow too high Lower MetFrag Score (fragments, BDE)

X

X

X X X

XX X
Images: http://msbi.ipb-halle.de/MetFrag/

X

Candidate selection:

MetFrag Unknown Example 2

We have our prime candidate from the database:

o 7,9-dimethyl-8H-cyclopenta[a]acenaphthylen-8-one 

o MetFrag, database search and predicted properties help 
with structure selection

o BUT

o Relies on molecules in database

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

The other problem:

o Purchasing of standards for confirmation – this compound is 
not “available”, although it is in the database

o Purchase is difficult enough for database entries, almost 
impossible for generated structures…

EDA of River Elbe with Blue Rayon
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In silico fragmentation

MetFrag has a “bond disconnection” approach

o Very quick, often very good – but can’t do e.g. rearrangements

o Don’t fall into the trap of thinking Rank 1 = correct structure

o 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

Some words of caution

In silico fragmentation

MetFrag has a “bond disconnection” approach

o Very quick, often very good – but can’t do e.g. rearrangements

o Don’t fall into the trap of thinking Rank 1 = correct structure

o 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:

o The more fragmentation steps, the more you explain 

– for the correct structure as well as the incorrect

o Ranking of candidates ~top 30-40 % (of all candidates)

o See (for those who want more details…)

Schymanski, Meringer, Brack, 2009, Analytical Chemistry, 81, 3608–3617 

Some words of caution

MetFusion: http://msbi.ipb-halle.de/MetFusion/
Combining MetFrag with MassBank (or others…)

MassBankMetFrag

M. Gerlich & S. Neumann, submitted

MetFusion
Use Structure Similarity to Improve Candidate Ranking
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MetFusion Screenshot MetFusion Screenshot
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The Data “bottleneck” for MetFusion
Not many spectra in databases for environmental compounds…

Don’t benefit from the similarity comparison when the spectra 
in databases are too dissimilar to the unknowns…

Practice Session

Candidate Search with Compound Databases

MetFrag and MetFusion


