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RESEARCH PAPER ~———
In house —_—
database Export of compound Data formatted using [ I I ]
entries for analysis excel application
. . . . > 3
Aggressive dereplication using UHPLC-DAD-QTOL ——— ’ ’
screening extracts for up to 3000 fungal secondary m
Antibase
Use formatted data
Andreas Klitgaard - Anita Iversen - Mikael R. Andersen - N— ot Targetnalysis
Thomas O. Larsen + Jens Christian Frisvad -
Kristian Fog Nielsen Table containing screening results
Found Compound Name Reg.No. Mol.Formula PMI dRT[.. Er[.. Ev[.. mSi... Area  Intens. RT,e.. RTm... mfzcak. mjzme...
i+ Chioramphenicol IS 0 ClHI2A2N2.. [M#)+ | 0068 09 0.3 33 519133 125123 | 4120 4051 323019 323.0193
44+ Pestailamde 0 CI8HISN20S M+ 0136 00 0.0 128 133063 29033 4455 4319 343.1288 343.1288
+ Carbonarone B 0 C13H1IN103 MeH]+ 442 03 01 10 419988 100203 0.000 4.422 230.0812 230.0812
) ) + Carbonarone A 0 CI13HI1IN1O3 M+H]+ 4.422 03 0.1 10 419988 100203 0.000 4.422 230.0812 230.0812
Received: 11 September 2013 /Revised: 3 December 2013 /Accepted: 14 December 2013 S Tensdol A 0 CI13H1IN103 MeHl+ | 0438 03 01 L0 419983 100203 | 4560 4422 2300812 230.0812
© The Author(s) 2014. This article is published with open access at Springerlink.com + Mydroxy4methoxy Smetylooumarin 0 C11H1004 Mo+ 4469 BROZES 0L 2407 6182 0.000 4.469 [207.0652 5 207.0650
i Unknown in A. niger 22 MW 136 0 C12H1002 M)+ 0146 00 00 35 2710 66933 4.616 447 187.0754 187.0754
44 Orlandin 0 C22H1808 MH]+ 0101 0.1 5.7 286078 67839 4850 4749 4111074 4111075
Abstract In natural-product drug discovery, finding new was investigated on reference staj ;.,, st A z Eﬁ:ii‘;‘; ﬁﬁ: :,7: 3 :_': :; m ;Z::j ::: :,7: ;um m
compounds is the main tasll(, and .thl-.lS fast dereplication of od Was used on extfac.:ts of Asper AR SISO 5450 DTN Graphical representation of results
known compounds is essential. This is usually performed by  icillium melanoconidium, reveali Unknown A carbonarious no ew\ i o
. . - . . -Allenusin Asperxanthone
manual liquid chromatography-ultraviolet (LC-UV) or visible ~ biomarkers for both species. Seiahymnooal A el Rubrofusarin B
. . . . Fi
light-mass spectroscopy (Vis-MS) interpretation of detected Tspemne
. Sy . . . $793-TMC-256A1 115-Ochratoxin A
peaks, often assisted by automated identification of previously  Keywords Metabolomics - Myc Unidentified peak for TMC-256G1
identified compounds. We used a 15 min high-performance =~ UPLC - Polyketide - Nonriboson| S i S —. Chloramphenicol ’:\_“’asl’emne BB e ——
. . . . = g i igerasperone
liquid chromatography—diode array detection (UHPLC— HCOONa inflsed Tensyuic acid F gl Spnn il _—_—
. . . . . for mass calibfgtion urasperone C
DADl—hlgh-reﬁolutlon MS method (electrospray ionization . o | o L -
(ESI)" or ESI'), followed by 10-60 s of automated data  Introduction ?“A”:‘ac'd L . L’» A_M A |
analysmt for up to 3900 relevant elemental corppomﬂons. By . . 1 > 3 i 5 6 7 8 9 10 Time [min]
overlaying automatically generated extracted-ion chromato-  Fungi are an immense source of Grverse marurar proaucTs omar |




Intensity

llllllllllllllllllllllllllllll

Retention Time




288 388 488 ) 688 7l




UNIVERSITE DE NANTES

Quelleest la structure du composé ?

Utilisation des données de mass haute résolution
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1-recherche des isotopes

M+HCQJL .
| x 2-recherche des adduits
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MzH
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Table 2. Common Mass “Jumps” (A) Observed in Electrospray MS and the Frequency of Adducts in 719 Reference Standards

relative to most most
[M+H]" A intense observed relative to in-
positive electrospray (amu)“ (%) (%) M + H]* tense  observed
M- H] 602 v positive electrospray A (amu)® (%) (%)
[M + Nal*, very stable adduct? 21.9820 0.8 21.0 Neutral losses
[M + NH,]" 17.0265 8.6 20.0 HCOOH 46.0055 1.0 53
[M + H + MeCN ", neutral adduct”  41.0265 7.8 26.7 CH;COOH 60.0211 4.0 6.8
<
[M + Na + MeCNY", very stable 63.0085 0.4 202 NH; 17.0265  ND L5
adduct”™ relative to most
M o+ N2+ HCOOL £ [M - H]” intense  observed
negative electros A (amu)” % %
I [M + K], very stable adduct” 379559  ND 1.0 | g_ o (amu) &) &)
[M + K + MeCNJ, very stable 780824 ND ND (M - H] 567 694
adduct™” [M + HCOO] 46.0055 17.2 36.4
[M — H + 2Na]" (acids, phenols,and 439640  ND 02 M T CH;CO0] BUOIIT D Y
enoles) [M — 2H + Na]~ (acids, phenols, 21.9820 ND 45
[M — H + Fe]*, isotope m/z 2 lower 53.9193 ND 0.2 and enoles)
ca. 4% [M + CI]™ (A + 2 isotope) 35.9767 ND 13.6
Exchanging adducts [M — H + H,0], e.g, opening 18.0106 ND 2.6
[M + Na]" to [M + NH,]" 4.9555 8.9" of lactones
IM + Na)' to [M + K[* 159739  ND [M — H + HCOONa]~ 67.9874 0.10 9.9
[M = H,0 + H]" to [M + NaJ* 19.9926 6.4 [M - H + CH;COONa]™ 82.0031 ND" ND"
[M — H,O +H]' to [M + MeCN + 81.0191 7.14 Exchanging adducts
Nal™ [M + HCOO]  to [M + CI]™® 10,0288 12.28
[M — H,0 + H]" to [M + NH,]* 35.0371 7.57 H,0 18.0106 ND 26
[M = 2H,0 + H]" to [M + Na]* 58,0032 1.4 co, 43.9898 03 13.6
M+ NH,]" to [M+H — 77.0476 297 CH, 15.0235 ND 26
+
CH,COOH] ) HCOOH 46,0055 ND 0.6
.
[M + Na+MeCN]* to [M + H— 123.0296 2.6 CH,COOH 60.0211 ND 22

CH,COOH]™

a o b i . N
Nentral losses ‘Mass shift. “Increased by high in-source fragmentation settings. “Loss

or addition of NH; can usually be determined looking for [M + Na]". “If

H,0 18.0106 49 330 MeCN is used as solvent. MeCN forms NH; upon acidic hydrolysis.
H,0 36.0212 0.1 8.3 “Siderophores and artifact from Fe** liberation in ESI*, /Often seen in
co, 439898  ND 49 peptides >1000 Da. €If HCOOH is added as buffer. "Not observed NielsenK.F. et al. Journal of NaturaProducts20117423382348.

i <" worer 10 ' since acetate was not added. dans les bases de données #11 ZEOI AGET T AA
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1 .
: Meta b0|OmICS Fiehn Laboratory -Z ucDavis. Genome Center Source
4 Tobias Kind Huang N_; Siegel M.M.1; Kruppa G.H.; Laukien F.H.
5 J Am Soc Mass Spectmm 1999, 10 1166—1173
& |Table 1. Monoisotopic exact masses of molecular ion adducts Automation of a Fourier on mass
7 oflen obsenved in ESI mass spectra YourMhere: spectrometer for acquisition, anarws and e-mailing of high-
7] 661,966177 - resolution exact-mass electrospray ionization mass spectral data |:|
9 [lon name lon mass Charge Mult Mass Result: Reverse: T
10 1. Positive ion mode hittp://dx. doi.org/10.1016/51044-0205(29100089-6
11 WM+3H W3 +1.007276 I+ 033 1007276 221,662668 267,113941
12 M+2H+Na i3 +8.334590 I+ 0,33 8334590 22B,989982 259,786627 Use Malecular Weight Calculator
13 [M+H+2Na M3 + 157661904 I+ 0,33 15766190 236,421583 252,355026 hittp-iwww . alchemistmatt com/mwiwin.html
14 [M+3Na M/3 + 22989218 I+ 0,33 22989218 243 644610 245131999 hitp:#nerr.pnl. govis oftware/
15 [M+2H M2 +1.007276 2+ 05 1,007276 331,990365 401,174549
16 [M+H+NH4 M2 +9.520550 2+ 05 9520550 340,503639 392,661275
A7 M+H+Na W2 + 11998247 2+ 05 11998247 342981338 390,183578 (actually this task should be done by every good
18 M+H+K W2 + 19985217 2+ 05 19985217 350,968308 3821966808 LC-MS3 software automatically, directly integrated,
19 |M+ACN+2H Wi2 + 21.520550 2+ 05 21520550 352,503639 380,661275 no questions asked)
20 |M+2Na W2 +22.989218 2+ 05 22989218 353,972307 379,192607
21 | M+2ACN+2H W2 +42.033823 2+ 05 42033823 373,016812 360,148002
22 [M+3ACN+2H W2 + 62.547097 2+ 05 62547097 383,530186 330,634728
23 M+H I +1.007276 1+ 1 1,007276 662,973453 803,356374 Example:
24 |M+MNH4 I +18.033823 1+ 1 18033823 620,000000 786,329827 1} Find Adduct
25 M+Na M+ 22989218 1+ 122989218 684,055305 781,374432 Taxol, CATHE1NG 14, M=853 33089
26 |M+CH3I0H+H I +33.033489 1+ 1 33033489 G94,999666 771,330161 Enter 853.33030 in green box read M+22.9, m/z=876.320108
27 [M+K I +38.963158 1+ 1 38963158 700,929335 765,400492
28 [M+ACN+H M+ 42033823 1+ 1 42033823 704,000000 762,329827 2) Reverse take 12 Tesla-FT-MS result out of MS m/z=876.330
29 M+2Ma-H I + 44971160 1+ 1 44971160 706,937337 759,392490 suspect M+Na adduct, read M=5853.340782, enter this value into
30 [M+Ac M +58.0133 1+ 1 58013300 720979477 745350350 formula finder with 2 ppm mass accuracy (CHNSOP enabled)
31 M+lsoProp+H W +B1 06534 1+ 1 61,065340 723,031517 743298310 et some thousand results, compare isotopic pattern
32 |M+ACN+Ma I + 54.015765 1+ 1 64015765 725981942 740,347385
33 M+2K+H M+ 76.919040 1+ 1 76919040 738,885217 T27,444510
34 [M+DMSO+H M +79.02122 1+ 1 79021220 740,987397 725342430
35 |M+2ACN+H I +83.060370 1+ 1 83060370 745,026547 721,303280
36 M+lsoProp+ia+H I +84.05511 1+ 1 84055110 746,021287 720,308540
a7 [2M+H 2M +1.007276 1+ 2 1,007276 1324,939630 1607,720024
38 | 2ZM+NH4 2M+18.033823 1+ 2 18033823 1341,966177 1590,693477
30 [ 2M+Na 2M+22.939218 1+ 2 22989218 1346,921572 1585,738082
40 | 2M+3H20+2H 2M +28.02312 2+ 2 28023120 1351,955474 1580,704180 ppm Calculator
41 20K 2M+38963158 1+ 2 38963158 1362895512 1560764142 563461170 et i peaBte (Copypaste value)
42 2M+ACN+H 21 + 42033823 1+ 2 42033823 1365966177 1568,693477 Calculated M here 767 42443
43 | 2M+ACN+Na 2M + 64.015765 1+ 2 64,015765 1387,948119 1544711535 Result [ppm] 0.74827760
44
45
46 Copy the values by Copy/Paste Special +
47 | 2. Negative ion mode
43 |M-3H M3 -1.007276 3- 0,33 -1,007276 219,648118 269,128493 — 21|
49 M-2H Wiz -1.007276 2- 05 -1007276 320,075813 403,189101 & cu
50 |W-H20-H - 19.01839 1- 1 -19,01838 £42,047787 §23,382040 23 Copy P‘:E‘ - )
51 |W-H W -1.007276 1- 1 -1,007276 660,058901 805,370926 @ paste al Valkdadon
52 |M+Na-2H I +20.974666 1- 1 20074666 682,940843 783,388984 € Eormulas " Allexcept borders
53 [M+Cl I+ 34969402 1- 1 34969402 696,935579 T69,394248 P@em ‘ % yalues " Coumn yidths
54 M+K-2H W + 36.948606 1- 1 36948606 £98,914783 767,415044 Insert Copied Celk,.. © Formats € Formulas and number formats
55 |M+FA-H I+ 44998201 1- 1 44998201 706,964378 759,365449 " Comments 7 Yales and number Formats
56 M+Hac-H I +59.013851 1- 1 59013851 720,980028 745,349799 Daitel Operation
57 M+Br I +78.918885 1- 1 78918885 740,6885062 725444765 Clear Contents & Ngne  pukiply
58 W+TFAH W+ 112.985586 - 1 112985586 774951763 591,378064 | roert Comgrors o i
Controller new | Batch | Adduct Calculatur Installation HELP-HowTao HELP-Batch Formula-Exist | ToDO | @ HEED
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KindT.et al. BMC Bioinformatics, 20078 105;
http ://fiehnlab.ucdavis.edu/projects/Seven_Golden_Rule
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WOH
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250 1 300

Pas de [M+H]!

Interprétation du spectre Détermination de la formule brute Recherche dans les bases de données #1 1 £ZEOI AOET 1T AA 1 ¢



UNIVERSITE DE NANTES

Combinaison ionisation négative et positive

100 4 7223389 TOF MS ES+
[M+H]+ 7.45ed

*‘ 723.4018 ) s oM de ‘_M-\

l] r' L ™
722 3845
£ 721.3857
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Interpretation de spectres MS
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CAMERA: An Integrated Strategy for Compound Spectra Extraction
and Annotation of Liquid Chromatography/Mass Spectrometry Data
Sets

Carsten Kuhl,*" Ralf Tautenhahn,” Christoph Béttcher,” Tony R. Larson," and Steffen Neumann*"’

"LDepartment of Stress and Developmental Biology, Leibniz Institute of Plant Biochemistry, Weinberg 3, 06120 Halle (Saale),
Germany

“Department of Chemistry and Molecular Biology, Center for Metabolomics, The Scripps Research Institute, 10550 North Torrey
Pines Road, La Jolla, California 92037, United States

SCentre for Novel Agricultural Products, Department of Biology, University of York, United Kingdom
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ABSTRACT: Liquid chromatography coupled to mass spectrometry is routinely used for metabolomics experiments. In contrast
to the fairly routine and automated data acquisition steps, subsequent compound annotation and identification require extensive
manual analysis and thus form a major bottleneck in data interpretation. Here we present CAMERA, a Bioconductor package
integrating algorithms to extract compound spectra, annotate isotope and adduct peaks, and propose the accurate compound
mass even in highly complex data. To evaluate the algorithms, we compared the annotation of CAMERA against a manually
defined annotation for a mixture of known compounds spiked into a complex matrix at different concentrations. CAMERA

MZmine 2.14.2: New project

Project Raw data methods |ﬁeak list methods| Visualization Windows Help

mms
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Raw data files Order peak lists
Peak detection
Gap filling
Isotopes
Filtering
Alignment
Mormalization
Identification
Data analysis
Export/Import

3
»
3
3
3
»

Custom database search
Fragment search
Adduct search

Complex search

Online database search

Glycerophospholipid ggediction
CANERA sem h
MNIST MS Search

Formula prediction

it Peak lists

Tasks in progress...

ltem
Opening project C:\lser: iC\Cours Derepli

Priority

ien\cour derep.mzmine (MMS5417-181_2013-09-25.. |NORMAL

Status

|PrOCESSING

Iﬂ [11:25:06 AM]: Loading peak list MM3417-181_2013-08-25_Seg1Ev1.mzXML chromatograms
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mer molécules santé

Quel logiciel utiliser :

File Edit View Help
DR 8 ?
L] - - Event#: LMS(E+) Ret.Time: 11,000 Scans: 3301 Measuredmfz:  280.2636  Charge: Active Mn Max -
I I c 1 1m0
5.00026]
20. N 0 15
40006 o o 50
300026 F 0 0
20006 2912685 e . —
. 1.000e69 4 Adduct ke~
Tk ann T T T T T T T T T T T T T + e x
— 100.0 2000 3000 4000 500.0 600.0 700.0 800.0 9000 1000.0 1100.0 12000 1300.0 14000 R—— %
Measured region for 290.2636 m/z + H v
+ N %
290.2636
100.04 + ha ¥
+ K W T
an [ Error Margin:
w001 E
DBE Range:
29}2&&5 [VIFxed 10 - s0.0
T T ; 7 ; T T T T T T T T T T T T T T T Eectron Ions:
2898 2900 2902 2904 2906 2908 2910 2912 2914 2916 2918 2920 2922 2924 2926 2928 2930 2932 2934 2936
CISIS NS [Mat] - Fredctedregion for 2302623
wu = 2902624 HC Ratio:
l | m I n e 10007 @umt 00 - 50
[] Apply Nitrogen Ruie
50.04 [/]use Fragment Info (MSn)
p— 200 Manimum Resuits.
292.2609 Advanced Settings...
" - - T T ; 7 7 T T T T T T T ey T T T T T T
2898 2900 2902 2904 2906 2908 2910 2912 2914 2916 2918 2920 2922 2924 2926 2928 2930 2932 2934 2936 Caloulate
Rank Score  Formula (M) Ton Meas.mfz  Pred.m/z  Diff (mDa) Diff (ppm) Iso Score DBE
i 59,27 CISAISNES [H] 0.3 290.%24 iz 415 430 @i
H 45,51 CIZAITNT § e 250,263 250, 2663 ENg 530 .8 T
3 9.13 CL7HIBNC M4+ 290,263 290,260 27 9.30 B2 00
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Comment ca fonctionne ?

N

AT OAT A1 A Al ar0io DOED EO®G

I
T>o
Qu

EOEI 1

AT FEI]
#(/ .038(

(

Table I: Restrictions for number of elements during formula generation for small molecules based on examination of the DNP and
Wiley mass spectral databases. For each element, the higher count was taken for denominating the element restriction rule #1

Mass Range [Da] Library Cmax Hmax Nmax Omax Pmax Smax Fmax Clmax Brmax Simax
< 500 DNP 29 72 10 18 4 7 I5 8 5

Wiley 39 72 20 20 9 10 16 10 4 8
< 1000 DNP 66 126 25 27 6 8 16 I 8

Wiley 78 126 20 27 9 |4 34 12 8 |4
<2000 DNP 115 236 32 63 6 8 6 Il 8

Wiley 156 180 20 40 9 14 48 12 10 I5
< 3000 DNP 162 208 48 78 6 9 16 Il 8

KindT.et al. BMC Bioinformatics, 2008 105
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Détermination de la formule brute

——

Comment ca fonctionne ?

A7 AET EOEIT T AA 1 6A1T OAl AT A Al QbhrOIB DOED EOC
N ,((\:HNOIEIF‘)S q . . R L. . _ | Type Mass Accuracy
2-AAT AOI A A An/ziled pp@OAOO OOO| FHCRMS 0.1-1 ppm

Orbit 0.5-1

3-sélection des formules avec une erreur inferieur r ';ZEC Soctor 1. pp‘:ﬁm
U ITA 1T EIl EOA AA | ADDAQ%& 3-5 ppm
Q-TOF 3-5 ppm

Triple Quad 3-5 ppm
Linear lonTrap 50200 ppm

http://fiehnlab.ucdavis.edu/projects/Seven_Golden_Rules/Accurate_Me
Interprétation du spectre Détermination de la formule brute Recherche dans les bases de données #1 1 £ZEOI AOET 1T AA 1 ¢
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Détermination de la formule brute
-’

Comment ca fonctionne ?

A7 AET EOEIT T AA 1 6A1T OAl AT A Al QbhrOIB DOED EOC
(CHONPS
2-AAl AOI A A An/zied pp@OA OO OO0

Table. Number of possible molecular formula
3-selection des formules avec une erreur mferleu om0 Sem mm lwn Ol
U T A T EIl EOA AA |1 AP . 2 . . . .
200 3 2 2 1 I
300 24 I 7 2 |
400 78 37 23 7 |
500 266 115 64 21 2
600 505 257 155 50 5
700 | 046 538 321 108 10
800 1964 973 599 200 20
900 3447 1712 1045 345 32

KindT.et al.BMC Bioinformatic20067(1)234.
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Comment ca fonctionne ?

AET EOET 1
la limite définie par |

LA AA I

Pal 4
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~

0

2-AAl AOI A A An/zi(ed pp@)O
3-sélection des formules avec une erre

U T A 1T EIEOA AA

4- utilisation de la ressemblance des ratio

Isotopiques
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Abstract

Background: Metabolomic studies are targeted at identifying and quantifying all metabolites in a
given biological context. Among the tools used for metabolomic research, mass spectrometry is
one of the most powerful tools. However, metabolomics by mass spectrometry always reveals a
high number of unknown compounds which complicate in depth mechanistic or biochemical
understanding. In principle, mass spectrometry can be utilized within strategies of de novo structure
elucidation of small molecules, starting with the computation of the elemental composition of an
unknown metabolite using accurate masses with errors <5 ppm (parts per million). However even
with very high mass accuracy (<| ppm) many chemically possible formulae are obtained in higher

mass regions. In automatic routines an addmonal orthogonal filter therefore needs to be applied in b
(e al s e |
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DEd & ?

Event#: 1MS{E+) Ret. Time : 11.000 Scan#: 3301 Measured m/fz: 290.2636 Charge: Active Min Max =
H 1 250
c 1 150
5.000e6
290 M o 15
4.000e6 fs) 0 50
3.000e6 F ] ]
i
2.000e6 291 2685 M 0 0
1.000e6 +/-  Adduct Use =~
0t (an T T T T T T T T T T T T T + e x
100.0 200.0 300.0 400.0 500.0 600.0 700.0 800.0 500.0 1000.0 1100.0 1200.0 1300.0 1400.0 +  CHIOH x®
Measured region for 280,2636 mfz + H v
+  NH4 X
2502636
100.0q + Na s
, , + K o T
Donnée réelle s
50.0 =
291.2685 Fxed 10 - 50,
0 T T T T T T T T T T T T T T T T T T T T Electron Ions:
2898 2500 2502 2504 2506 2508 2910 2912 2914 2916 2918 2920 2922 2924 2926 2928 2930 2932 2934 2936
CISR3SN3S [M#H] 4+ Precicted regn for 290.2624 /2
290.2624 HC Ratio:
100.0 Limit 0.0 -
Donnee predite
50.0 p /|Use Fragment Info (MSn)
291 200 Maximum Results
292.2609 Advanced Settings...
04— T 1 \ 7 \ T \ T \ T \ e T \ T \ T \
2898 2500 2302 2504 2306 2508 2910 2912 2914 2916 2918 2920 2922 2924 2926 2928 2930 2932 2934 2936 I Calculate I
Rank Score  Formula (M) Ton Meas. mjz Pred. mfz Diff {mDa) Diff {ppm}) Iso Score DBE
1 59.27 C15H35N3S M+H]+ 290.2635 290.2624 1.2 4.13 6430 0.0
2 45.51 C12H31N70 M+H]+ 290.2636 290.2663 -2.7 -9.30 96.82 10
3 9,13 CI17H3&6NC [M+H] + 290.2636 2902609 2.7 9.30 19.42 0.0

Détermination de la formule brute

echerche dans les

Similitude des
ratios isotopiques

données

molécules santé



UNIVERSITE DE NANTES

Détermination de la formule brute ===
-‘

Comment ca fonctionne ?

LAT EET EOET T AA 18AT OAl A1 Kengemblerdes logigiels, o
la limite définieparl 6 OOE I A —
2-AAl AOI A A An/Zeh gp@OA OO O e e

molecular mass 10 ppm 5 ppm 3 ppm 3 ppm 5 ppm

3- sélection des formules avec une erreur inferieul ™
U TA TEIEOA AA |1 6APE = i : ;

I
I
I
400 78 37 23 2 13
3

300 24 I 7 6
4- utilisation de la ressemblance des ratios 0 2 s : 5
sotopidues s B & |z il

KindT.et al.BMC Bioinformatic20067(1)234.
Interprétation du spectre Détermination de la formule brute Recherche dans les bases de données #1 1 £ZEOI AOET 1T AA 1 ¢




e Deétermination de la formule brute mEmy

‘

Que faire quand il y a plusieurs formules possibles ?
U Utiliser les donnees de fragmentation

Anal. Chem. 2007, 79, 1187—1197

Molecular Formula Analysis by an MS/MS/MS
Technique To Expedite Dereplication of
Natural Products

Yasuo Konishi,*t Taira Kiyota,!* Cristina Draghici,! Jin-Ming Gao,!'§ Faustinus Yeboah,!'
Stephane Acoca,!' Suwatchai Jarussophon,!:* and Enrico Purisimat

B
C
Y4

OO T

€

Sge

fo
fr4
o
us
io
je

mj
o

]

Raj
. % Co?v?nuniaﬁonsln
Research Article 7 Mass Spectrometry
Received: 14 September 2011 Revised: 29 June 2012 Accepted: 2 July 2012 Published online in Wiley Online Library
Rapid Commun. Mass Spectrom. 2012, 26, 2275-2286

(wileyonlinelibrary.com) DOI: 10.1002/rcm.6340

Fragmentation trees for the structural characterisation of metabolites

Piotr T. Kasper'2, Miguel Rojas-Chert6'?, Robert Mistrik®, Theo Reijmers’~?,
Thomas Hankemeier' and Rob J. Vreeken'?*

"Netherlands Metabolomics Centre, Einsteinweg 55, Leiden, The Netherlands
2L eiden/Amsterdam Centre for Drug Research (LACDR), Leiden University, Einsteinweg 55, Leiden, The Netherlands
3HighChem. Ltd., Bratislava, Slovakia

Metabolite identification plays a crucial role in the interpretation of metabolomics research results. Due to its sensitivity
and widespread implementation, a favourite analytical method used in metabolomics is electrospray mass spectrometry.
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Que faire quand il y a plusieurs formules possibles ?
U Utiliser la «logique » de la chimiquemmssmm) SevenGoldenRules»

- = - )
BMC Bioinformatics “ | Les 7 regles pour filtrer les formules brutes dans le cas des

Research article Z .
Seven Golden Rules for heuristic filtering of molecular formulas mo I ecu I es neu t res:

obtained by accurate mass spectrometry 1 ) L I ml t e r | e n O m b r e d 6 ®| ® m e n t
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Background: Structure elucidation of unknown small molecules by mass spectrometry is a

challenge despite advances in instrumentation. The first crucial step is to obtain correct elemental ’ - - A 7

compositions. In order to automatically constrain the thousands of possible candidate structures, 6 Ve r I fl er I a ro b ab I | I te d u ra O rt H/C N/C O/C P/C S/C
rules need to be developed to select the most likely and chemically correct molecular formulas. ) p p p y y y y

Results: An algorithm for filtering molecular formulas is derived from seven heuristic rules: (1) ’ . . ’
restrictions for the number of elements, (2) LEWIS and SENIOR chemical rules, (3) isotopic 7 V f | d T I\/l S G C Ivl S
patterns, (4) hydrogen/carbon ratios, (5) element ratio of nitrogen, oxygen, phosphor, and sulphur ) e r I I e r a p r e S e n C e e - -

versus carbon, (6) element ratio probabilities and (7) presence of trimethylsilylated compounds.
Formulas are ranked according to their isotopic patterns and subsequently constrained by presence
in public chemical databases. The seven rules were developed on 68,237 existing molecular
formulas and were validated in four experiments. First, 432,968 formulas covering five million
PubChem database entries were checked for consistency. Only 0.6% of these compounds did not
pass all rules. Next, the rules were shown to effectively reducing the complement all eight billion
theoretically possible C, H, N, §, O, P-formulas up to 2000 Da to only 623 million most probable
elemental compositions. Thirdly 6,000 pharmaceutical, toxic and natural compounds were selected
from DrugBank, TSCA and DNP databases. The correct formulas were retrieved as top hit at 80—

99% probability when assuming data acquisition with complete resolution of unique compounds a fOl'mU|e brute e d S Ies bases

and 5% absolute isotope ratio deviation and 3 ppm mass accuracy. Last, some exemplary
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Figure 2
Hydrogen/Carbon ratio (H/C) for 42,000 diverse molecules (containing C, H, N, S, O, P, F, Cl, Br, |, Si) taken from the Wiley
mass spectral library.
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