Commercial and non- commercial software
How do these work together and can benefit form one
another?

Some examples

Aiko Barsch, Market Manager Metabolomics, Bruker Daltonics, Bremen, Germany




Example: Coffee Metabolomics an
(>

M.

L

13 different coffee capsule types:
« QC sample: mix of all analytical samples

« Extracted 2 times each with 35 ml water
« using XN 3005 Nespresso Pixie espresso
machine (Krups)

Samples centrifuged and diluted 1:50 with water

Injecting: 5ul on Dionex RSCL (UHPLC) (3 technical
replicates each)

Column: BEH C18, 2.1x50; 1.7um

8 Minute total run time

MS: compact QTOF

Ionisation: ESI positive




Non- targeted & targeted Metabolomics
BRUKER

Both can be addressed using one ESI-TOF-MS data set

Deeper insights be combining non-targeted and targeted metabolomics workflows

Hypothesis generation

L

Full scan LC-MS data (MS/MS)
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Metabolic profiling

Seamless data evaluation by MetaboScape
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Combining extracted FMF
features resulted in buckets for
further analysis in
MetaboScape software in this
example

Statistics

DD Compound i‘!‘ Pathway
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« Comprehensive feature extraction by
“Find Molecular Features” algorithm

« RT alignment

» Bucketing

« Normalization Scaling
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Characteristics of strong coffee...
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Statistics can be done in Bruker o)
MetaboScape software,... BRUKER
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...or optionally you could also export the bucketed data from MetaboScape to
other open source statistical tools like MetaboAnalyst

#

MetaboAnalyst 3.0 Y
-amwam

Aa

Xia, J., Sinelnikov, I., Han, B., and Wishart, D.S. (2015) Nucl. Acids Res. (DOI: 10.1093/nar/gkv380).

... or commercial software like Simca-P



SmartFormula3D delivers a uniqgue molecular

formula for Compound X: C,H,NO, B%"
Intens. I o +MS, 0.4-0.6min #65-97
x109 ]
] MS HepeT SmartFormula3D combines
13 96.0444 accurate mass and isotopic
AR pattern information in MS and
0 —— T NN
-50 0 50 100 150 200 250z MS/MS SpeCtra for de novo_
x10410. +MS2(124.0393), 20.5-30.7eV, 0.4-0.6min #67-99 molecular formula generatlon.
2_: MS/MS 124.0392
13 £0.0494 Unique molecular formula hit with
1 s3g300 1| || ssoms ‘ -0.4ppm generated by
50 60 70 80 ifo 100 110 120 mz SmartFormula3D
SumFormula m/z calc  err[mDa]  err[ppm] msigma SumFormula  SumFormula Loss myfz Calc.  err[mDa]
CgHgNOz 124,0393 0.1 0.4 3.8 CgHaNO3 Hz 122,0237 0.6
CgHalO Hz0 106.0287 0.5
proposed molecular CsHENO co 96.0444 0.1
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molecular formulae of |0
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formula of precursor ion
after combination of MS £ ti
and MS/MS information ragmentions

MS MS‘MS




Link from SmartFormula3D to MetFrag:

o)
BRUOKER
(>

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

Wolf et al. BMC Bicinformatics 2010, 11:148
http://www.biomedcentral.com/1471-2105/11/148

BMC
Bioinformatics
METHODOLOGY ARTICLE Open Access

In silico fragmentation for computer assisted
identification of metabolite mass spectra

Sebastian Wolf'", Stephan Schmidt', Matthias Mller-Hannemann?, Steffen Neumann'

April 12, 2016



Use KEGG, PubChem, ChemSpider or Upload likely
structure for in silico fragmentation in MetFrag: BRUKER
http://msbi.ipb-halle.de/MetFrag/

o MetFrag MzAnnotate Viewer About [ News N
Database Settings (SI/H
Database: " KEGG ¢ PubChem ChemSpider
Upload SDF: Browse... Upload 0
- b%mzsed 0 0. _

Limit # of structures: |1UEI 5'\

Search upstream DB | 1 hits! | 0 0.+ l|]

—5i .|

MetFrag Settings | 5}. 4
Mode: & [M+H] © [MH] & [M]
Charge:  pos. T neg.
Mzabs (e.g. 0.01): 0.01 |
Mzppm (e.g. 10): " |

0 of 1 compounds processed

Process all 1 compounds! START | Stop |
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In silico fragments are matched against

. C><)
measured fragment ions BRUKER
http://msbi.ipb-halle.de/MetFrag/ (<O

Score « # Explained Peaks Trivial Name Exact Mass Structure Database ID Actions
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§93.2514 7 “5i— Download
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K| %) ) (3] 33 (30 cA Ll
link
Mass: 451.2182 [CraHu0:Si+ Mass: 144.0478 [CsHa0:N:S1+2H]+ Mass: 126 0372 [CeHaN: S+ Structures for
(0.0 ppm) (0.0 ppm} (0.0 ppm)

predicted and
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A direct link from SmartFormula3D to
MetFrag indicates nicotinic acid as likely B?%R
structure for Compound X

MetFrag
e
L ra g In silico fragmentation for computer assisted identification of metabolite mass spectra

SumFormula mfzcalc  err[mDa]  err[ppm] mSigma

CgHgNOz 124.0393 0.1 -0.4 3.8

Copy Formula

Copy Entire Result
CDFI}T to Fragment §martF0rmu|a LISt @ MetFrag MzAnnotate Viewer About / News
B Send Formula to CompoundCrawler Hatahooe Setine Parent ion: Newrsl [] [ Calculate
- Database: @ KEGG (O PubChem (O ChemSpider () Local SDF
|;- Send Matched Peaks To MetFrag Peaks: 7
il ] —— = 53.0386 757
Meutral exact mass: 123.0320 Search PPM: |10 78,0338 4545
B0.0495 5345
Molecular formula: [censnoz | 56,0444 856
106.0287 742
Only biclogical compounds: 122,0237 148

impit # of structures: [100 |

se |D¥s: | |

Nicotinic acid returned as

MetFrag Settings

likely compound by in-silico o

fragmentation in the open o |
source MetFrag tool 2 '

i Log

| €L € X (¥ M Download complete table: Generate output files

M et Fra g : i # Explained Peaks Trivial Name Exact Mass Structure Database ID Actions
http://msbi.ipb-halle.de/MetFrag/ PN

e "\.i\
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Wolf, S. et al.: - Niesinae cno; H
Nicatinic a cid N
<
» 3-Pyridinecarbouxylic acid

BMC Bioinformatics 2010, 11:148 o N “\T/"O SEE s
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Nicotinic acid ID verified by
FragmentExplorer & proven by comparison to B?%R

authentic standard
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Compound ID fits to chemical knowledge: o)
Nicotinic acid is a known degradation product from BRUKER
(>

Trigonelline contibuting to a roasty coffee aroma

SN
Trigonelline

-CO(V
Y
NS "

N-methylpyridinium Nicotinic acid

OH

Adepted from:

Boettler U. et al 2011, The Journal of Nutritional Biochemistry

Vol. 22 (5), p.426-440

“Trigonelline degradation is
proportional to roast degree.
Its byproducts include
pyridines, which are said to
contribute a roasty aroma to
the coffee.”

http://www.coffeeresearch.org/science/bitt
ermain.htm

B

Compound X




Non- targeted & targeted Metabolomics

BRUKER
Both can be addressed using one ESI-TOF-MS data set
Non-targeted Metabolomics: Targeted Metabolomics:
e "“Think” extract all Features e “Think” hrEICs - if you know
first what you are looking for
.
15 3 151.0964 Vel ] ’ o ’ “‘i“’ — @
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MetaboScape PathwayScreener
14
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Metabolic Pathway driven targeted J”
o
o

Metabolomics
using same high resolution full scan QTOF BRUKER
data PathwayScreener
Trigonelline | Workflow:
2 erv formula o  —— 1) Non-targeted QTOF
P n;n?g i;yKE(r;Gi ] Metabolomics -> one
.. Biomarker identified

Acridone alkaloid biosynthesis [path:map01058]

Pathway database

2) Hypothesis: there are
3) Select relevant other biochemically
Metabolic Path?wy(s) related metabolites

condary metabolites [path:map01060]
ry metabolites [path:map01110]
omatic compounds [path:map01220]

e changed in the samples
e as well _
) ->Query known target in
Metabolic Pathway
NICOTINATE AND MICOTINAMIDE METAR OLISM = D a ta b a Se
NADP+
[ = 3) selected Pathway
Mnﬂ‘?z @ — (313 271
o - : ﬂ J 4) retrieve name and
pppit R BT ey 2 formula of all metabolites
%ﬁm i 3223 - 1 a |
. : 5) Targeted screening for
Here e.g. Nicotinate Metabolism these compounds by

hrEICs in QTOF data
6) Optional statistical
* Q Note: restrictions apply to use KEGG for analysis
K c ﬁm commercial purposes for details see:
6 http://www.kegg.jp/kegg/legal.html



Metabolic Pathway driven targeted Metabolomics .,
using same high resolution full scan QTOF data B?%R

4) Target list of analytes derived from Workflow:

Metabolic Pathway automatically created:
1) Non-targeted QTOF

Analytes in Group: Metabolomics -> one
Analyte Formula Mass i Biomarker |dent|f|ed
Deamino-MNAD+ C2AH2INSO15P2 6651010
Fumarate CAHA04 116,010 2) Hypothesis: there are
Glycerone phosphate C3HTO6P 169.9980 other biochemically
Iminoaspartate CAHSNO4 131.0219 related metabolites
L-Aspartate CAHTNO4 133.0375 Changed in the samples
Maleamate C4H5NO3 115.0269 r as well
Maleic acid C4H404 116.0110 E‘ ->Query known target in
Methylitaconate CEHE04 1440423 P Metabollc Pathway
M-fermylmaleamic acid CSHSMNO4 143.0219

"N-Methyinicotinate o I 1T e RrERTAs Database

M1-Methyl-2-pyridone-5-carboxam... C7THEM202 152.0586 .
N1-Methyl-4-pyridone-5-carboxam... CTHEN202 1520586 1. 3) selected Pathway

4) retrieve name and

5) create “hrEIC"” to ] formula of all metabolites

screen for target 7 5) Targeted screening for
compound in full scan ] these compounds by

high resolution data - hrEICs in QTOF data
-> analog to _ ? 6) Optional statistical
TargetScreening A AU DO AN R I analysis



Metabolic Pathway driven targeted Metabolomics o)
using same high resolution full scan QTOF data B

5) Targeted screening for compounds can be applied to entire sample batch

(& QCube - Demo - localhost =] =[S
File Methods Window Help
Data pos + %, 9.1 GB3.01.416 - & N-Methylnicotinate = | T, £ [ Analyte Over... [ Modify QCu... [F Batch Manag... [[5 Review Seree.. | () Quantitation
< Analyte Nevigator 3 = Erflj Batch Summary 5 = ﬁ]l
Row Sample Analyte SampleType Status Found  Man. ART[min]  m/z meas. Err [ppm] Err [mDa] msigma
neochlorogenic acid B
N-formylmaleamic acid 4 91 _GB3 01 416 MN-Methylnicotinate sample initialized 0.01 138.0550 0.001 0.000 1
sl 5 N-Methylnicotinate sample initialized oot [ IEESEIESSEN INGHYE INGS) M
Nicotinate . B
R — 6 Batch of  nwetnyricotinate sample intialized .~ oo 1m0 083 06 1
T 7 N-Methylnicotinate sample intialized o1 (3380549 oA [NNNEo06I e
; samples  enncns oo mmow  om om0
Analytes ; C om wmews i om0
Succinate semialdehyde H 1 \ 8.1_GD3.01_385 N-Methylnicotinate sample initialized o0l [NSEE5s0]NELE] P aGEs] e
it e 4 n 8160301337 N-Methylnicotinate sample initialized . oo 18O 805 0M9 1
Vanillin 5
] m o 13 7.2_GB2.01_415 N-Methylnicotinate sample initialized L woesal| wpamll 1)
I 'y P
Ju Chromatogram Viewer 53 B[ " @ @ = O) i Spectrum V\ewerﬂi Batch Statitics Viewss 1 h, & =0
o B X s Values
x10 =
T s Batch Statistics:
225
1.5 o 220 . d .
21 Tailored views
205 1
=/ | Intensity . i enable
195 °
o
1.90 o 1
- — cee oo straight
= 180 ° . o o ° o
2 104 °175 ° °
TR forward data
= 2165 o oo 5 ° “og
: %160 . ot —eei " 0 g 0 o . . o fais
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145
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Metabolic Pathway driven targeted Metabolomics an
using same high resolution full scan QTOF data (N

il Babl b 6) Exported data from targeted Workflow:
approach can be readily imported
for further statistical evaluation. 1) Non-targeted QTOF

M_etabolomics -> one
[ — Biomarker identified

2) Hypothesis: there are
other biochemically
related metabolites
changed in the samples
as well
->Query known target in
Metabolic Pathway

I F) |8 e ¥ B1B

— Database
Bucket Table === 3) selected Pathway
i i — Bucket Table
= N v Bucket incude. | 2-1-BC201 21 GC20 4) retrieve name and
L= [5___| 6-Hydroxynicotinale 3740267 | 891260 % ww formula of all metabolites
T — \\ s Coniferyl alcohol 31898.05 | 329709
=1 7 2-Ethyl3_5S-dimethylpyrazine 440463 37786 : H
S 8 N-Methylnicotinate 1949632.14 | 1922946 67 wm 5) Ta rgeted screening for
e e 9 Methyltaconate 2096322 | 2086700 these com poun ds by
10| caffeic aldehyde 10421.37 | 1093580 hrEICs in QTOF data
11 6-0x0-1_4_5_8-tetrahydronicotina 252550 ITIT T
12 Gallocatechol 382562 3065 o . . .
13| L-Phenylalanine 2468370 | 224220 6) Optional statistical
14 Hyroxyhydroquinone / pyrogaliol | [7] 49571.06 | 484416 ana |YS | S

All compounds have a tentative ID!




Pathway driven targeted Metabolomics data evaluated

in ProfileAnalysis: PCA reveals similar separation

according to Coffee Intensity like untargeted approach

Scores and Loadings
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ID directly accessible from loading plot.
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