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Atomic Mass

Correct unit is [u] — unified atomic mass unit or [Da] Dalton see SI units

1u=1Da=1/12% of mass of carbon 2C = 1.66053886 x 102" kg

C6Cl6: C6 CI6 p(gss, s/p:40) Chrg OR: 1000 Res.Pwr...

100+ 283.81

90% - Hexachlorobenzene (C6Cl0)

A Cl Cl
70 average mass - 284.7804 u

805 285.81

503 Cl Cl

1 281.81

s0- Cl integer mass - 282.0u

40
] 287.80

30

monoisotopic mass - 281.81312 u

20

282.82
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Always (always) check molecular masses obtained from databases or publications.
For mass spectrometry the monoisotopic mass is used.

InChIKey: CKAPSXZOOQJIBF-UHFFFAOYAV



http://www1.bipm.org/en/si/si_brochure/chapter4/table7.html
http://www.google.com/search?q=CKAPSXZOOQJIBF
http://www.google.com/search?q=CKAPSXZOOQJIBF-UHFFFAOYAV

MWTWIN

Fle Edit View Tocls Options Help

Calculate
Formula1: | |C45H5NO 5
MNew F I
MWV = 867.49799 (0] —evrenmE

H: 8.48085% (+0)
C: 62.24798% (=0)
M: 1.61419% (+0) Cluick Switch Element
0: 27.65698% (+0) Maode

" Average

© leotopic

" Integer

I‘Fﬁeady [using isotopic elemental weights)

Example: Molecular Weight Calculator (Matthew Monroe / PNNL)


http://ncrr.pnl.gov/software/
http://www.alchemistmatt.com/

Mass Accuracy

Instruments must be calibrated to obtain high mass accuracy.

In case of FT-ICR-MS mass calibration can be stable over weeks.

Post- mass calibration can be performed if calibrant was run with samples.
Mass of electron becomes important at around 500 Da.

Type Mass Accuracy
FT-ICR-MS 0.1-1ppm
Orbitrap 0.5-1 ppm
Magnetic Sector 1-2ppm ppm= (mexp - mcalc) *]1 E+6
TOF-MS 3- 5 ppm e
Q-TOF 1-5ppm me) = 0.00054857990924 u = mass of electron
Triple Quad 35 porn e
Linear lonTrap 50-200 ppm

(10 ppm in Ultra-Zoom) 4




Resolving Power
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http://pubchem.ncbi.nlm.nih.gov/summary/summary.cgi?cid=30185
http://pubchem.ncbi.nlm.nih.gov/summary/summary.cgi?cid=30185

Isotopic Pattern Generators

Elements can be  a) monoisotopic (I, Na, P, I)

b) polyisotopic (H, C, N, O, §, Cl, Br)
Isotopic pattern generators generate the isotopic abundances for a given mass value.
Calculation is very time-consuming and based on Fast Fourier algorithms.

Isotopic Distribution

Options
Eormula; ‘p45H73NO15
[v Plot Results [ Auto-Label Peaks
Plot Data Colar -
Compute Copy | Close Charge state: 1
Flot Type |Gaussian Fealks ﬂ
Results:
Effectrve Resolution 5000
Isotopic Abundances for C45H73W015
Mass Charge  Fractiaon Intensity Effective Resolution b2 1000
865.50527 0.5855358 100,00
869.50527 0.2969055 50.71 . .
870.50527  0.0917784 15.67 SRR eeter 50
871.50527 0.0210954 3.e0
872.50527% 0.0039505 0.6e7 100.0-
873.50527 0.0006313 0.11 '
g874.50527 0.0000963 0.0z
875.50527 0.0000108 0.o0 80.0-
876.50527 0.0000015 0o.oo ’
60.0-
40.0+
20.0-

0.0 I I [ [ [ [ [
Example: Molecular Weight Calculator (Matthew Monroe / PNNL) 866.00 868.00 870.00 872.00 874.00 876.00 878.(


http://ncrr.pnl.gov/software/
http://www.alchemistmatt.com/

Isotopic pattern generatots

|sotope simulation

Mew Ingert ‘ Beplace ‘
Chemical formula. @ |CEC|E ﬂ C6CI6: C6 CI6 p(gss, s/p:40) Chrg OR: 1000 Res.Pwr...
Peptide/Pratein | ~] 100 283.81
ra 2818131162 amu ]
Change mixture. . ‘ 90+
™ Adduct .
=] 50 285.81
=l 70
Charge distribution 7
ost abundant ;|0 El 60
4 281.81
Half width: |0 3: 50
Ot style N
[ 40
" Pattern ] 287.80
(o Profile |Gau55ian j 304
Samples/peak |40 E
20
(" Centroid ‘ 7 282.82
| 284.81
107 28?.81 289.80
Fiesolution Valley 7 i I3 288.81 I
o Py b PSRRI 20180 29280 204.80 295.80
' T T T T T 1 T T T T T T 7 T T T [ T T T [ T T T 7 T T T 7 T T
@ el 282 284 286 288 290 292 294 296
C [ C 10% m/z
® oo (" 5%

Fesolving pwr

Help

Example form Thermo Xcalibur with a very versatile isotopic pattern generator



Charge states
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CID: 3081765

MW = 1125.50082
C50H72N13015P


http://pubchem.ncbi.nlm.nih.gov/summary/summary.cgi?cid=3081765

Different charge states and peak resolutions
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Example of Phosphorvlated Angiotensin isotopic pattern without adduct [M+H]* simulated by Thermo XCalibur


http://fiehnlab.ucdavis.edu/projects/Seven_Golden_Rules/Examples/Angiotensin/
Phosphorylated Angiotensin

Charge state deconvolution
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Example from Decon2Ls Tutorial (PNNL)
A Software Tool for Deconvolution of
High Resolution Mass Spectra

Peaks are detected and charge states are

automatically calculated for whole datasets

Download Decon2l.S

10

Picture sources: PNNL/ Decon2Ls Tutorial


http://ncrr.pnl.gov/software/Decon2LS.stm

Adduct formation

Adduct formation is observed in ESI, CI and APCI ionization modes (and others).
Adduct detection is problematic for small molecules, can be influenced by solvent selection.
Adduct detection can be automated if two or more adducts are detected in mass spectrum.

http:

Switching polarity (+/-) can be used for confirmation of adduct.

lon name lon mass Charge Mult Mass Result:

1. Positive ion mode

M+H M+ 1.007276 1+ 1 1.007276 2.007276
M+NH4 M + 18.033823 1+ 1 18.033823 19.033823
M+Na M +22.989218 1+ 1 22.989218 23.989218
M+CH30OH+H M + 33.033489 1+ 1 33.033489 34.033489
1. Negative ion mode

M-H M - 1.007276 1- 1 -1.007276 -0.007276
M+Na-2H M + 20.974666 1- 1 20.974666 21.974666
M+ClI M + 34.969402 1- 1 34.969402 35.969402

Download the Mass Spectral Adduct Calculator
Check: MZedDB Tools for the annotation of High Resolution MS metabolomics data

fichnlab.ucdavis.edu/staff/kind/Metabolomics /MS-Adduct-Calculator
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http://fiehnlab.ucdavis.edu/staff/kind/Metabolomics/MS-Adduct-Calculator/
http://fiehnlab.ucdavis.edu/staff/kind/Metabolomics/MS-Adduct-Calculator/
http://fiehnlab.ucdavis.edu/staff/kind/Metabolomics/MS-Adduct-Calculator/
http://fiehnlab.ucdavis.edu/staff/kind/Metabolomics/MS-Adduct-Calculator/
http://fiehnlab.ucdavis.edu/staff/kind/Metabolomics/MS-Adduct-Calculator/
http://fiehnlab.ucdavis.edu/staff/kind/Metabolomics/MS-Adduct-Calculator/
http://fiehnlab.ucdavis.edu/staff/kind/Metabolomics/MS-Adduct-Calculator/
http://maltese.dbs.aber.ac.uk:8888/hrmet/index.html

Adduct formation — expect the unexpected

Adduction
[M+H]+
[M+2H]2+
[M+H-H20]+
[M-H]-
[M+Na]+
[M+H-NH3]+
[M+NH4]+
[M-H-H20]-
[M-H+2Na]+
[M-H+H20]-
[M+NH4-H20]+
[M+H+H20]+
[M+H+Na]2+
[M+H+K]2+
[M-2H]2-
[M+2Na]2+
[M+2H-NH3]2+
[M+K]+
[M+H-2H20]+
[M+3H]3+
[M+2H-H20]2+
[M]+.
[M+2Na-H]+
[M-H+2K]+
[M+H-COJ+
[M+H-CO2]+
[M+H-CH202]+
[M-H-NH3]-
[M.CI-
[M+Li]+

Percent [%] Adduction

62.55381

11.44459
8.77598
6.25214
5.51055
1.19494
0.73715
0.34604
0.32953
0.24508
0.22984
0.19429
0.18286
0.17524
0.13968
0.13778
0.13714
0.13651
0.11810
0.06667
0.06476
0.05905
0.05143
0.05079
0.04635
0.04318
0.03810
0.03746
0.03556
0.03111

[M+H-C3H8O]+
[M-H-H20-CO2]-
[M-H-H20-HCO2H]-
[M+H-3H20]+
[M+H-CHN]+
[M+K-3H]2-
[M+H-(CH3)2NH]+
[M+H-CHNO]+
[M+H-C2H60]+
[M+H-CH4O0]+
[M+H-C7H13NO3]+
[M+Na-2H]-
[M-H-CH20]-
[M+H-C11H12N203]+
[M+H-C13H16N304]+
[M+H-C17H25N304]+
[M+CH3CO2]-
[M-H20+Na]+
[M-H+NH3]-
[M+H-C9HINO]+
[M+H-C15H21N203]+
[M-2H+3Na]+
[M+HCO2]-
[M+H-NO2]+
[M+H-C6H13NO2]+
[M-H-C3H5NO2]-
[M(81Br)-H]-
[M+H-HCO2H]+
[M-2H+Li]-
[M+H-CH4]+

Percent [%] Adduction

0.02667
0.02667
0.02667
0.02540
0.02540
0.01905
0.01524
0.01333
0.01333
0.01270
0.01143
0.00952
0.00952
0.00952
0.00952
0.00952
0.00889
0.00825
0.00762
0.00762
0.00762
0.00698
0.00635
0.00571
0.00571
0.00508
0.00508
0.00508
0.00444
0.00444

Statistics: Adducts in NIST12 MS/MS DB (80,000 spectra)
Most common adducts for LC-MS ([M+H]+ [M+Na]+ [M+NH4]+ [M+acetate]+)

[M-CCI3]+
[M-H-CO2]-
[M+H-C5H7PO6]+
[M+H-HCI]+
[M+H-C12H12N203]+
[M+H-CH3CO2H]+
[M+H-CH3]+.
[M+H-H2]+
[M+H-C3H8NOBP]+
[M+H-C5H14NO4P]+
[M+Li-(CH3)3N]+
[M+Li-C5H14NO4P]+
[M+CIJ-

[M(35CI)-H]-
[M(37Cl)-H]-
[M-H-C5H706P]-
[M+H-C3H705P]+
[M-H-CBHBNSO]-
[M(81Br)+H]+
[M-C4H9]+
[M-2H+3Li]+
[M-H-HCI]-
[M+2Li-H]+
[M+H-C8H1002]+
[M+H-C2CI4]+
[M-H-C7H5NO]-
[M+H-C5H11N]+
[M+Ba-H]+
[M+H-C14H25NO3]+
[M+H-C6H5NO2S]+

Percent [%] Adduction

0.00381
0.00381
0.00381
0.00381
0.00381
0.00381
0.00381
0.00381
0.00317
0.00317
0.00317
0.00317
0.00317
0.00317
0.00317
0.00317
0.00317
0.00317
0.00317
0.00317
0.00254
0.00254
0.00254
0.00254
0.00254
0.00254
0.00254
0.00254
0.00254
0.00254

IM(37CI)]+.

[M-CH3]+
[M+H-C4H11N]+
[M+H-NO2-CHOJ+
[M-H-HF]-

[MB7CI)+H]+
[M-H-C6H1005]-
[M+H-H20-C6H13N]+
[M+H-H20-H3PO4] +
[M+H-C5H7PO6-NH3]+
[M-H-C5H7PO6]-
[M+H-H2S]+
[M+H-H20-C8H8]+
[M+H-H20-NH3-C8H8]+
[M+H-H20-NH3-C8H8-CO]+
[M+H-H20-NH3]+
[M+H-C3H6]+
[M+HCO02-320]-
[M+H-C3H7N]+
[M-H-H2]-
[M-H-C16H300-H20]-
[M-H-CH40]-
[M+H-C10H8FN3]+
[M+Li-C3H5NO2]+
[M+Li-H3PO4]+
[M-2H+3Li-C15H31CO2H]+
[M-2H+3Na-C3H5NO2]+
[M-2H+Na+Co]+
[M-2H+Li-C3H5NO2]-
[M-2H+Li-C16H300]-

Percent [%] Adduction

0.00190
0.00190
0.00190
0.00190
0.00190
0.00190
0.00190
0.00190
0.00190
0.00190
0.00190
0.00190
0.00190
0.00190
0.00190
0.00190
0.00190
0.00190
0.00190
0.00190
0.00190
0.00190
0.00127
0.00127
0.00127
0.00127
0.00127
0.00127
0.00127
0.00127

[M-2H+Na]-
[M-H+Co]+

[M+H-(CH3)2NH-C3H6]+

[M+H-C10HB(OH)N]+
[M-H+Ni]+

[M-H-H20-C4H7CO2H]-

[M+H-OH]+
[M(81Br)+H]+...
[M-H-CH20-CH2NH]-
[M+H-CO-CONH]+
[M-H-CONH]-
[M+H-C3H402]+
[M+H-C3H604]+
[M+Na-H2S]+
[M-H+2Na-H2S]+
[M-C5H5CI)+
[M+H-N2]+
[M+H-H20-CO]+
[M-H-H3PO4]-
[M+H+CH3CN]+
[M+H-C4H6]+
[M+H-CH3OH]+
[M+H-HCCI3]+
[M+H-C2H3N3]+
[M+H-C3H602]+
[M+H-CH2CI20]+
[M(356)+H-HCI]+
[M-C4H404S]+
[M+H-C8H1403]+
[M+H-C2H4]+

Percent [%]
0.00127
0.00127
0.00127
0.00127
0.00127
0.00127
0.00127
0.00127
0.00127
0.00127
0.00127
0.00127
0.00127
0.00127
0.00127
0.00127
0.00127
0.00127
0.00127
0.00127
0.00127
0.00127
0.00127
0.00127
0.00127
0.00127
0.00127
0.00127
0.00127
0.00127

...around 290 different adducts

12



Molecular Formula Generators

Formula generators are used to create molecular formulae from accurate masses.

Input requires 1) accurate 1sotopic mass (with or without adduct) and

2) error 1n ppm or mDa (milli Dalton)

Accurate mass

\

Select appropriste elements or add your own, enter & molecular weight or percent compositions, then

select calculate to find compounds that match the specifications.

Mass error +

Formula Finder
Optiohs

(using isotopic elemental weights) Element Max Hits
Compounds found: 8 v Carbon 15000
CoHigNs2O3  MW=620.208306600001  dm=-0.4 ppm = Hyerogen Dane
CigHznN2s05  MW=620.208311200002  dm=-0.4 ppm
CizH34N11045 MW=620.208320400002 dm=-0.4 ppm v Hitragen
CopHxNi7O5  MW=620.209144200001 dm=0.9 ppm o e
Ci1Hz:Nis043 MW=620.208315800002 dm=-0.4 ppm
CorHzNipOs  MW=620.209148800001 dm=0.9 ppm [ Custom_

CosHasN3O13  MW=620.209153400002  dm=0.9 ppm  Customz.
CiyHxNsO2 MW=620.208639600001 dm=0.1 ppm
[ Custom3_
B [ Customd_
[ Custom5_
\
[ Custamb_
Maolecular Weight of Target: ’W
Weight Tolerance: 1 [v Ppm Mode Copy as RTE ‘ Elijsplsylso
W [v' Show Delta Mass Hneance
® hatch Elght
/ " Match Percent Compositions Exlmuifti PR ‘ s ‘
Example MWTWIN

(ppm or mD2)

13



The molecular formula space of small molecules
calculated by the Seven Golden Rules

The molecular formula space
8,000,000,000
possible elemental compositions
< 2000 Da, CHNSOP, Lewis+Senior

600,000,000
highly probable formulas
using Seven Golden Rules

700,000 formulae in
PubChem covering
10,000,000 isomers

50,000 elemental compositions
Naturals, Drugs, Toxicants

Each molecular formula can expand to billions of structural isomers.
Molecular Formula # Molecular Isomer

Source http://fiehnlab.ucdavis.edu/projects/Seven Golden Rules/Molecular-Formula-Space



http://fiehnlab.ucdavis.edu/projects/Seven_Golden_Rules/Molecular-Formula-Space/
http://fiehnlab.ucdavis.edu/projects/Seven_Golden_Rules/Molecular-Formula-Space/
http://fiehnlab.ucdavis.edu/projects/Seven_Golden_Rules/Molecular-Formula-Space/
http://fiehnlab.ucdavis.edu/projects/Seven_Golden_Rules/Molecular-Formula-Space/
http://fiehnlab.ucdavis.edu/projects/Seven_Golden_Rules/Molecular-Formula-Space/

Pl i b i e

Seven Golden Rules workflow for structure proposals

Zeven Golden Rules
Accurate |lsotopic Abundance Aﬂﬁﬂ""“"'““ %*%M“I:’:‘“# o
[
Accurate Mass s o %‘%4_

\ Bement number restricions /
- - \ Lewiz and Sanior check /
|satopic patem fiter /
Molecular Formula
\ Hyrogendcarbon ratio check / CMHTBNOH

I ] \ MOP 5 ratio check /

Bement prc-hd:-i'rrg,r
check

l Molecular Formula

! KEGE Search
!
i ONF ::___H___-“‘__
H__,*-"""",_...-—- —
Fub Chem

CELS service (open access)
30 million compound database Isomer Structure

Seven Golden Rules for heuristic filtering of molecular formulas obtained by accurate mass spectrometry
BMC Bioinformatics 2007, 8:105 doi:10.1186/1471-2105-8-105
Tobias Kind and Oliver Fiehn
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http://www.biomedcentral.com/1471-2105/8/105/
http://www.biomedcentral.com/1471-2105/8/105/
http://www.biomedcentral.com/1471-2105/8/105/
http://www.biomedcentral.com/1471-2105/8/105/
http://www.biomedcentral.com/1471-2105/8/105/
http://www.biomedcentral.com/1471-2105/8/105/
http://www.biomedcentral.com/1471-2105/8/105/

Frequency distribution of molecular formulas
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mass range (u)

Source: Metabolomic database annotations via query of elemental compositions: Mass accuracy is insufficient even at less than 1 ppm
Kind and Fiehn BMC Bioinformaties 2006 7:234  doi:10.1186/1471-2105-7-234
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Impact of mass accuracy on number of formulas

=) http:/Iwww.biomedcentral.com - Table 3 - Mozilla Firefox

Table 3

without isotope abundance information

Mumber of possible molecular formulas at different levels of mass accuracy and the impact of isotopic abundance
accuracy. A mass spectrometer capable of 3 ppm but with 2%o correct isotopic pattern outperforms even a

( non-existing) mass spectrometer with 0.1 ppm mass accuracy! The results are computed for randomly selected
targets, so single results vary but the trend remains. LEWIS and SENIOR check was applied. Candidates with
unrelated high element counts were already excluded

2% izotopic abundance So% isotopic abundance

ACCLIFaCy ACCLIracy

momcE‘éaar]maSS 10ppm  Sppm  2ppm  1ppm 0.1 ppm 2 ppm 5 ppm

150 1 1 1 1

200 2 1 1 1

300 24 11 2 1 1

400 75 37 23 7 1 2 13

500 266 115 64 21 2 3 33

500 505 257 155 50 5 4 36

700 1046 538 321 108 10 10 97

300 1964 973 599 200 20 13 111

300 3447 1712 1045 345 32 18 196

kind and Fiehn BMC Bioinformatics 2006 7:234  doii10,1186/1471-2105-7-2324

Daone
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Mass accuracy and isotopic pattern

a0 lan LT opo-100Y LAZ0m 615 2T PR
S0 e LT O pos-100Y

25-FsolaninLT2-pos- 1000 #202 RT: 088 At 1 NL: 209E4
T ITMS + pHS1=id=100.00 Full ms [ 120.00-2000.00]

262 54542 [N[-l—H]*

g 2 8 8 2

R elative Abundance
2
v b b b bvens el e by by e i

a
a0
- 308.36354
10 B50.45956 722 54547

2NIZTE a7 congz | 440965966 | 5203635 l 21 595493
D|||||||||||||||||||||||||||||||||||||||||||

200 200 400 00 &00 70 200 900

miz

25-ZsolanineLTO-pos-1000W #2022 RT 0682 AWvV: 1 WL 2Z09E4
T IS + p NSI=id=100.00 Full ms [ 120.00-2000.00]
258545495

=
[
(=]

g

2]

=]

3

260 54542

&

=

Relative Abundance
2
vl b b b by b b v vl

el
10 271.549542
85300911 265 595492 = 87354642 27618184
0 T T T T I RAAAS AR | T T T T T T T T T T T T
2654 = ula] f=la 5] =70 a7z =274 276

Example from: http://fiehnlab.ucdavis.edu/projects/Seven Golden Rules/FExamples/Solanine

C45H73NO15
MW = 867.49799

Example:
ESI-MS (+) of Solanine on a LTQ

Resolving Power: 1700

Mass Accuracy: 46 ppm
Isotopic Abundance Error: £1.46%
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http://fiehnlab.ucdavis.edu/projects/Seven_Golden_Rules/Examples/Solanine/
http://cactus.nci.nih.gov/cgi-bin/lookup/results?query=C45H73NO15&type=formula&context_all=all

Isotopic abundances as orthogonal filter

Isotopic pattern for Solanin (C45H73N0135)
elements C,HN.5,0,P - 7692 solutions
with 100 ppm @ m/z =867.5

p—

o
f=i
i.';l
=T
ud
=
=
=
=
]
T
(L)
-3
=]
'
:

. .
Solanine
A+1=80.71 A+2=15.67

S0.00 G000 Tooo

Isotopic Abundance A+1 [*:]
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Source: Kind and Fiehn BMC Bivinformatics 2006 7:234  doi:10.1186/1471-2105-7-234
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Molecular Isomer Generators

Isomer generators are used to create all possible structural isomers from a

given molecular formula. Deterministic and stochastic (random) generators are in use.

\J MOLGEN / Project 1 EHE”Z\
Fle Opfions Help

Molecular formula

|C10H10 ‘
C1oH10

Generatar
Macroatorms: Edit |
GoodList:
BadList | Start |
Restr: Trees & cycles of size [3,20]
bax. bond degree: 3 Result |
Sawe all

Info |
Expander
hMacroatoms: Edit

GoodList:

BadList _ Set |
Restr. Trees & cycles of size [3.20] Result

Max. bond degree: 3; don'ttest on isomorphism
Info |

Sawve [0,100] of all
3/3/08  12:23:40 AM

Example: MOLGEN DEMO (Bayreuth)
See also: OMG Open Molecule Generator

MOLGEN [ Project 1 - Generation Informationen

Final result of the generatar:

constructed isomers: 369067
stored isomers: B
cputime in seconds: 0.94

oK | Undo |

NJ MOLGEN / Project 1 - Generator result 2D

1 2
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http://www.mathe2.uni-bayreuth.de/molgen4/index.html
http://sourceforge.net/projects/openmg/

Source: http:

Accurate mass

77.99531
78.04293
78.03169
78.02180
78.01056
78.04695
150.04293
150.09054
150.03169
150.07931
150.06808
150.11569
150.02180
150.10446
150.01056
150.14084
150.04695

Formula
CH204
CH6N202
C2H603
C4H2N2
C5H20
C6H6
C7HBN202
C7H10N4
C8H603
C8H10N20
C9H1002
C9H14N2
C10H2N2
C10H140
C11H20
C11H18
C12H6

Number Isomers

6
28
10
465
151
217
100,082,479
66,583,863
6,717,404
76,307,072
6,843,602
9,459,132
65,563,828
1,548,361
9,414,509
84,051
34,030,905

fiehnlab.ucdavis.edu/projects/Seven Golden Rules/Molecular-Isomer-Generator

Meringer M: Mathematische Modelle fiir die kombinatorische Chemie und die molekulare Strukturaufklirung.

The molecular isomer space is unknown

in Beilstein DB

153
105
90
542
667
568

1938

762
12
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http://fiehnlab.ucdavis.edu/projects/Seven_Golden_Rules/Molecular-Isomer-Generator/
http://fiehnlab.ucdavis.edu/projects/Seven_Golden_Rules/Molecular-Isomer-Generator/
http://fiehnlab.ucdavis.edu/projects/Seven_Golden_Rules/Molecular-Isomer-Generator/
http://fiehnlab.ucdavis.edu/projects/Seven_Golden_Rules/Molecular-Isomer-Generator/
http://fiehnlab.ucdavis.edu/projects/Seven_Golden_Rules/Molecular-Isomer-Generator/

MOLGEN-MS

ReNeGe

lonisation Mechanisms: Structure Composition | Mass hatchvalue Fragments
win-lonisation 3 ChEH1202 116 B0.585 15293143«
ipionisation 51 C5HB03 116 80573 293031 43-
Hsigmea-lonisation 153 CaHBMNEZDZ 116 56543 31434557
131 CaHEMNEDEZ 116 56457 29314345¢
114 CAHRMZ0Z 102 B3.25R 2831 43 447
132 CAHaME02 116 52806 3143 4557 E E t Mod
- 53 CEHEO3 116 52,006 314345571 Xpert Mode
34 CEHZO3 116 52806 173143 45¢ ]
. . g CEH1202 116 52,803 1531 43451 MSclass/Malin
Fragmentation Mechanisms: 64 CEHEBO3 116 2775 1531 4357 o »
alpha—CIeavage D 45 CEHBO3 116 52 775 1731 43578 Precision YES: 95 Classifiers YES: b
52 CEHEBO3 116 h2. 762 314357597 .
iH-Rearrangement N 4 127 CaHBN2O2 116 52,757 16 31 4357 Precision NO: % Classifiers MO: B3
MH-Rearrangement N 5 138 C4HBM2O2 116 52744 1631 43571 i _ _
MH-Rearangerment N DTB 6 72 CAHPNIOZ 100 52.344 283142 43 - FieeisiolA L Bl YES. Z
WH-Fearrangement N 3B & 76 CAHFMN102 101 52.300 28 3142 43¢ . .
Wisigma-Cleavage N 128 CAHENZOZ 116 B1.433 282831 44 - Number ADD: Substr. NO: 10
1 CEHI0DZ 102 50071 162831 43 -
115 CIHBMNEZ0Z 102 50006 2931 43697 ElCoCo
151 CAHNE02 116 43334 283144 45¢
109 79 TRA-DEMO. TRA - MOLGEN-MS EEg- 44451, Prec. Masses: 98.0 hMasses: 3
120 Fle Edt Vew Toos Progams Specas Optons Hep I EEER
< D[su] 4[2[2] 52| «|=| tlE B[] (e[ o) > Prec. EICoCao: 95 Frec. Result: 95
Cand. EICoCo Cand. Result 14
MOLGEM
% Molecules: 167 Time: 15s Wi
L L _penk |
llly M | n
Compound name: N-PE NTANOIC ACID, METHYLESTER Analyzed: 187 Best hiatch: b0.585 Exit
Nolecular weight o nry
Molecular formula: C6 H12 02
Structural formula:
ii
C, C, C, C
NN\ N
Ready Spectra:s Murm:1 1 22




Substructure predictions

Use computer algorithms (machine learning) for automated interpretation of fragments

and corresponding substructures. Algorithms creates present/absent list of substructures.

Substructure Information

Mame of Linknown
Coranene

Chlorine/Bromine information

Cl=0, Bir=0 Probahility=99% Mt | Prob.

Frobahility of presence of Cl=0%, of Br=0% 288 44
300 40
298 3
a0 1

Substructural information Set of Substructures in use

Frob. | Present -~ Frob. | Absent -~ # Substructure &

98 RDBS_FLU 99 sat 1 OH

93 AR 99 NOAF_Cy 2 Co2H

40 cond 99 C17-ring 3 ArOH

L] ROBET0_FL. 99 PhOCH3 4 ROH

ati] M-C 99 FhCO 5 SH

55 & 99 Ar-C 5 T0OH

53 T, 99 Mo 7 SiH3

51 hetoyc 99 FhCsat g8 CH3

51 cC » | |99 Si - 5 MH2 v

£ > < > < >

Customize

X/

100+

504

0-

oK | Bt | EER |

Example from NIST-MS search

40

300

o

PRl

100
130

168 222
220

(mainlib) Coronene

23



Simulation of mass spectra

Why 1s simulation or prediction of mass spectra important?

—> Molecular isomers (structures) can be generated very fast from molecular formulas

—> Only certain mass spectra can be simulated (MS/MS of peptides, oligosaccharides, lipids)
—> Problematic is abundance determination

—> Problematic are all complex rearrangement reactions (gas phase ion chemistry)
—> Simulation of mass spectra from small molecules is new and important research

Experimental

spectra

Simulated
spectra

Perform comparison or matching

24



HighChem MassFrontier contains organic reaction
and related mass spectral fragmentation database

Paper publications

Figures: Robert Mistrik (HighChem)

mnam‘:mw Managear: 1 [=

= | B
[ = B TR Kool WS- e M|« | im- &P 2B B ER
Fasdion | Inip 5'
"
T T S1ES
oH = £
_,_,-o- - ——
B, = P R k
[ T } (x E/ N ] Y :
s ] | =
—_— —_— —_—
@1 H T HH s
{|
+Hy = I'f_J JL":'.‘D.II 137
:rn.l" |5+,n"ce T nﬂ + iz 160G
\= e 1640706 e _
ﬂ-.__\_\_\_ T
... OH
- ‘-_H'- ) "
\ — L?,_ 0 o, OH
- JL":-!-E‘.EHS ' - .
f . HH . _
Ilu' iE, - " i
s 2., mﬁ S 'z 121,028
m__m% iz ma.trm:.__f_,-""
r | _
-
] fragrr'erls&h'lecrarlirri.l o [ B2
" S =@ Byp@E| - E M X « ¢  Fogmens |Mechansrs| | & =H]"
g | | 1200z | 510229 | 530022 | sa038s | /2539974 |sq0212 | 55,0053 550178 | s502e | saoedz | seann [sa0zea] ¢ | =:gg§g3 -
_ | l ! l :
| [lkad M 46.0257 =
s [ 45,0030
. i W 47mzs
I HHa Kz o Il 510220
[ [ i - MH M 500z
T 0 ]\j = i Wl 51000
— || B H A HH A _Lib r O & ||
) 2, jp | w1 e, Sl | | msanez
- ‘r 1 4\ oH |0
= Su % Xf 1] Ve SRI0T | g6 i va
] I 55.0291
- . miz Z15 3 [ 55.0542
iz 366,118 3 iz 2661118 AR
‘ 560350
56,0071 :
M F7 nenn
El 1} k
Results for myz 53,9974 Fragment No; 1 Salected stuciure: none

30,936 fragmentations
100,000 individual reaction mechanisms
Can be used to predict fragmentations of unknown molecules

25




Barcode spectrum from Mass Frontier

100
70
[Experimental Mass Spectrum| NH 4
-
757 -
G H
0 5 216
160
ol 92 119 187
&4 132
| 145
- I|.|||‘||IF":5|| G | || . .. il
40 50 &0 70 &0 90 100 110 120 1% 140 150 10 1M 180 190 200 210 220
100 Bz 145 1=
[Bar Code Spectrum (1ppm)]
75
5%
.
124 15 26
) ‘
0 . .. . .. .. . .. LS L. . .. i .. . I11. I.
40 50 &0 70 &0 90 100 110 120 1% 140 150 10 1M 180 190 200 210 220
IS = & 7T ol I0H[ 105 115|[ [ 12# |18 14z NS X IR T
75
.
25 .
[Bar Code Spectrum {unit mass)|
A T 1 1 e e |_
40 50 &0 70 &0 90 100 110 120 1% 140 150 10 1M 180 190 200 210 220

Example: MassFrontier Helpfile
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Metfrag — computer based fragmentation of structures from compound DBs

MetFrag

e
(3
ra
. In silico fragmentation for computer assisted identification of metabolite mass spectra

@ MetFrag lMzAnnotate Viewer About | News

Database Settings Parention: | | meuwal [=] |Calculate

Database: @ KEGG ) PubChem ) ChemSpider ) Local SDF
Peaks:  115051467.618

Meutral exact mass: |272_05847 Search PPM: 123.044 370,662
147.044 6073, 145

| | 153,019 10000.0
179.036 141.192

. . 189.058 175,358

Only biological compounds: 273.076 10000.000

274.083 318.003

Molecular formula:

Limit # of structures: |1UU |

Database ID's: | |

[ Search upstream DB | 15 hits!

Mode: @ [M+H] @ [M-H] & [M]
Charge: @ pos. ) neg.
Mzabs (e.g. 0.01): [0.01 |
Mzppm (e.g. 10): |1[] |
“
B efdScompaunds processed

View spectrum

Process all 15 compounds! START
27



Peptide Sequence Fragmentation Modelling

' Peptide Sequence Fragmentation Modelling

= OX

[ Loss of PO4

Charge Options
[ 2+ charged ions

lon Match Options

[v Remove Frecursorlon
lon Mass

Mass Window
lon Matching Window

Alignment Dffset

EZIE

File Edit View Tooks Help
Sequence:
Match lons
tdass Information
1 letter notation ﬂ WY = 1438.804443 (M1 ’W . Element Mode
" Average
MreHzr v | 720409498  Da @ jsotopic
M and C Terminus # | Immon a | b | bHeo | bNH3 | Seq | v | wHeo | whH3 Mass Intensity]  Symbol .
N T Ep— — 112911 = 1439.81 | 142180 | 142279 136.08 100,00
= 2 11007 | 26617 29417 277.14 H 1283.71 | 1265.70 | 1266.68 139.11 28.81
3 7007 | 36323 39122 37419 P 114665 | 1128.64 | 112962 16912 E753
c OH {hydroxy) hd 4 10206 @ 492.27 520.26 502.25 503.24 E 1049.60 | 103153 | 103257 175.13 62.71 Y1
5 13608  BR5.33 £83.33 665,32 66630 e 92056 902,55 90353 187.11 £2.71
lon Types E 4405  726.37 75436 736.35 737.34 A 757.49 739.48 740.47 22710 13.42
@l 7 7208 | 826544 853.43 835.42 836.41 W BEE.46 BEE.44 669.43 235.12 8.23
= 8 6004 | 91247 940,45 922.45 923.44 5 F87.39 F69.38 570.36 246 65 29.44
v Blons § 7208 101154 | 103353 | 102152 102251 Y 500.35 483.33 260,65 450
v ¥ lons 10 BBI0 | 112462 | 115262 113461 | 113559 L 401.29 384.26 261.14 16.88
11 BEI0 | 123771 | 126570 | 124769 | 124857 L 288.20 27118 271.20 736 yZ-MH3
Meutral Losses 12 12911 R 17512 158.09 288.21 27.27 Y2
& ¥ LossofHzO 289.21 736
E v Loss of NH3 294,19 100,00 b2
PAR 1R 1A1R

[B0E3  Da
5  Da
b5 Da
’UiDa

T HO HO
|1l Wl

b2 H,N-C-C-NH-C-C*
H+ R R,
lon Statistics E [
C+C-=NH—C-C—-0OH
Loaded: 763 : |
Within tolerance: 100 (13.1%)

Lo . HO H O
X ¥ Z X Y g [l | 1]
\_///, ¥o +H3'““([7“3'7*‘""(|3‘C‘c"'|
Matches: 23 R R,
T

Score: 2357 e -I_J

Precursor removed: 48105

=1 1

Example: Taken from Molecular Weight Calculator
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http://ncrr.pnl.gov/software/
http://www.alchemistmatt.com/

Matching experimental vs. theoretical sequence

W Spectrum

Fle Edt Help

b2
100.0-

80.0-

yl
60.0-

40.0-

20.0-

0.0+ |
1—N}-’I 2-

-20.0

0.00

kMouse Action

Temparary Mode =4 C F. 2

Zoom Out (C+&) |

|ZDDm>< j

Wo b6 Wa
s
Y3
w7
b&

4 af
b a 8-H20

ﬁ i i

d
| } I I | Il Il | |
H-MHE 8- 10- 11-MH312-MH3
y11 Y12
1 I 1
500.00 1000.00 1500.00
Faosition Legend
B66.32,103.8 1: Theoretical
Delta from
T hE6E.32, 108.8
Series 2
Center Cursor Options

Original Max Intensity: 1387

Example: RHPEYAVSVLLR
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LipidBlast in-silico MS/MS spectra

. 673.3751991201706
1001 | Experimental MS/MS
precursor m/z = 732.55
2 0
/\/\/\/‘\/\/\/\)L lPl
HyC o 3 o*'o'_': “"O\/\W/CHS
50+ o H | >cn,
Hac/\/\/\/\=/\/\/\n/ CH
0
496.3987288063696 713.4246597050723
549.406572225188  613.2630013581689
0 293498.4;?1?96114895.7 N il A il u Al .L Ll 2 I|I;l. JI. " .I.lj (9 [ PO I T T 1) .Ju, . ]ll. “I u Lo
[M+H]-snl
[M+H]-sn2
[M+H]-sn1-H20
504 [M+H]-H20 (-18)
[M+H]-sn2-H20 [M+H]-C5H14NO4P (-183)
in-silico MS/MS match
M-+H]-C3HIN (-59
precursor m/z = 732.55 L ] 59
100-
673.48083
r r r T r r r T T r r r T r r T T r 7T
360 380 400 420 440 460 480 500 520 540 560 580 600 620 640 660 680 700 720 740
la 732.555 [Da].dta I Head to Tail MF=437 RMF=666 R4 PC 32:1; [M+H]+; GPCho(16:0/ 16:1(72))

Nature Methods. 2013 Aug;10(8):755-8. doi: 10.1038/nmeth.2551.
LipidBlast in silico tandem mass spectrometry database for lipid identification.
Kind T, Liu KH, Lee do Y, Defelice B, Meissen JK, Fiehn O.

Free download: LipidBlast
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http://fiehnlab.ucdavis.edu/projects/LipidBlast

The Last Page - What is important to remember:

Important performance parameters are accurate mass, resolving power, scan speed
and accurate 1sotopic abundances

Even high resolving power MS can not distinguish between structural isomers
Accurate Mass = Molecular Formula = Structural Isomers =2 MS/MS
Mass spectra of only some substance classes can be simulated

Only NMR can perform de-novo structure elucidation in an consistent manner

Of general importance for this course:
http://fichnlab.ucdavis.edu/staff/kind /Metabolomics/Structure Flucidation
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Advances in structure elucidation of small molecules using mass spectrometry (Kind & Fiehn 2010)



http://fiehnlab.ucdavis.edu/staff/kind/Metabolomics/Structure_Elucidation/
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3015162/

