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e The Power of Accurate
Mass

e Current API-TOF systems can measure mass with <3 ppm
mass error with a resolving power of 4000 to 15,000
depending on m/z value

e Since observed m/z values are indicative of molecular weight

— This is sufficient to propose a manageable number of empirical
formulas

— Can be used to confirm presence of a suspected compound

— Can perform compound database searching to identify target
compounds



Identification

e Forward Search
- Integrate a chromatographic signal
— Obtain spectrum from each peak
— Use major m/z values to propose formulas or search
database
e Reverse Search

— Input formula, calculate MW, consider adducts,
charge state

— Extract appropriate ion chromatograms
— Obtain spectrum from top of peak
— Determine mass error



Forward Search - Empirical
Formula Generation

Sample#: adctest Sample Location: Sample Id: Operator:
Data File Hame: CAPE Sciex Data\Projects'\adotest\Datatadotest 3owdff Acq Time: March 30 2005 03:10:08 P
Method: CAProgram FilesiAgilent'TOF Softwareidamethods'\demo efg. anmimass listxml
W Smme Famh Chrmm mf T OF b X frmre w3 w1 Timr B Xmd mp-]
R 41878
i 1.5002
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H FECN
4 qam i.1028
::: 1. 46835
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an
Period#:1 Experiment#: 1
Peak# | Experiment® | Time Ares Most Abundant Massesiscan
1 1 1.10 | 8.32861 ES 271.03183
z 1 1.20 | 217636 EG 279.09187
3 1 1.46 | 402119 ES 28502045
4 1 1.89 | 1.96131 EG 311,081
Maz=s Yalue = 271.03183
W T oF FAEs [ OXX %m 1.1 20 rmin frm e m e i et 3 o 117 ool e
T 2730835 Lid Formula [+1) | Calculated mdz | Error [mDa) | * Error [ppm] [ DEE lzotope Match | Intensity Match
e 1| CAH1IN4OZ 52 27102120 0.0z oA 5.5 oo 2254900
Tam 2 | CHTH10055 271.03161 0.2z os 2.5 gog 254009
A = 3| C10OHITOZ25C12 271.03208 025 -0 1.5 714 235409
§ Py 4 | CAHZNSOZ 2703225 0.3 -1 12.5 0o5 2a6409
::: r Lol By by o E W ey Ty o o Lo oy '} o B = Ly ] Ly By | . I~ [T Nl Ly Lo 1= P o ]
‘I:: 158 _ 0104 588 O08T7TA
e 28 _0I1=ZF
an l_,_,-so o438 l l
FPeal# ;1 Experiment® : 1 Retention Time : 1.10 min
Mass Yalue = 27103183
# Formula [+1] | Calculated méz | Error [mDa) | * Error [ppm) | OBE Isctope Match | Irtensity Match
1 | CAH1AH40252 271.03180 0.03 0.1 5.5 2494 236409
2 | CHTN10055S 271.03161 022 0.g 345 2499 236409
2 | CA0HATOZECIZ 271.02208 -0.28 -0.9 15 Ti4 236409
4 | CAH3N303 27103226 -0.42 -1.6 12.5 2495 236409




Forward Search - Database
Search

Sampled: adctest Sample Location: Sample [d: Operator
[rata File Name: CAPE Sciex Dats\Projects\adoctest\Datatadotest 3owiff Acq Time: March 30 2006 03:10:09 P
Method: CAProgram Fileswgilert\TOF Scftwarewdamethodsidemo db.anmimass list.xml
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Period#:1 Experiment#:1

Peak# | Experiment® [ Time Area Most Abundant Massesiscan
1 1 1.10 | §.32861 ES 27103183
2 1 1.20 | 2.17636 EG 27909187
3 1 1.46 | 402118 ES
4 1 189 | 196131 EG
Maszs Walue = 271.023183
——— # Forrmul= Cormpound Adduct Maz=s Error [rmD=) | * Error [ppm] | Ret. Time Error | Description
oo ZTI.081F 1 | COH10H40252 | Sulfamethizole | [M+H]+ | 2710234978 0.05 0.z 0.00 | Sulfa mix#d
==
=
+ -
i FETA
[ am
PN
aam
e
jam | 158 0304 583 0376
1o lf Zelz. 0923 I
- dofF . odEE
T V.
Feala : 1 Experimentd : 1 Retention Time : 1.10 min /
Mass Value = 271.03153
# Forrml= Compound Adduct Mass Error [rmb=] | * Error [ppm) | Ret. Time Error | Description
1 | COH10H40252 | Sulfamethizale | [W+H]+ | 271.03178 0.05 0.z 0.00 | Sulfa mix#d




Reverse Search — Formula
Confirmation

Sample Hame: 4-Acetamidophenol Sample Location: P1-C4 Sample I1d: Operator:

Data File Name: di'pe sciex dataiProjectsvwarp 2'sample 18 wiff Acg Time: July 31 2005, 04:22:23 Ph

Method: DATOF Datsids methodsWk efc anmbefe soml

r omaa

E .

L

Merged XIC, Period#:1 Experiment#®:1
Species | Abundance [court=) | lon Mass | Measured Mass | Error [(mb=) | Error [pprn]
[hi+H]+ 127645 .40 | 152.07050 152.07037 026200 1.76

TTEE i e Sere e TR T i (LTI T ey

== =% =T= =5 =5 = m__ eua I I ] L] /...- T a
| Formul= | Compound nams | Mass | Pezk RT [rin] | Peak area | Description |
[ cenanoz |- | 15100333 | 1.01 | 323550 E6 | -
| Species | Abundance [courts ) | lon Mass | Measured Mass | Error (mD=] | Error [ppm) | Ret. Tirme Error [min) |

[+ | 127649540 | 152.07060 | 15207087 | 026800 | 176 |




Database Search

e Same approach as formula confirmation but
use a database containing formulas and
optionally retention times

e For each compound in database, extract
appropriate ion chromatograms from data file

e Filter results by mass error, abundance and
retention time difference



e Forward Search relies on compound being
present as a distinct peak in a
chromatographic signal

e Reverse search times become significant with
large databases

e (~25 minutes for 100 compound database)

e In complex samples, usually only care about a
few components
- How to find the critical few?



Metabolites in Rat Urine
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csMs  Pesticides in Plant Extract
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onference on Small Molecule Science

CSM'S xample - Diuron

[ M Base Peak Chrom. of +TOF MS: from WorklistData26 .wiff Max. 4.7e5 cps.
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g Finding the ;ritical
Information

e A TOF spectrum contains 40 — 100,000 data
points

e At two spectra/second, a 20 minute analysis
has 2400 spectra

e Dealing with 100 million mass abundance
pairs
e Most have no value to the chemist

e Solution:

— Reduce data to ion sets indicative of compounds
(molecular features)



— i Mass Hunter Algorithm

o Detect spectral peaks for each spectrum

e Pool peaks, divide into m/z bins and strip out baseline
data

e Remove small peaks to optimize computational
performance

e C(Cluster peaks into time-m/z 2D space to form 3D peaks.
Each peak represents an ion

e Group ions at same time into isotope clusters

e For each isotope cluster, determine charge carrier (H+,
Na+, etc), multimer number (monomer, dimer, etc) and
charge state

e Group all isotope clusters at same time attributable to
one neutral mass to form a molecular feature

o All features eluting at same time are a group



=1

File Batch Settings Process Help

Expot_| features: 1100/ groups:566 CCIRIN Y

Group | RT |mass [l [ ms= |defect [ #ion | mirZ | maZ| sz width | #tsl = | o
a1 a0 6762 4201554 267 4zl.1e27 006 3 1 1 1 0053
Az T 037 1360412 1 0l 0 1 nn4s __"_’/J\A/k
503 90| B.7E1 3171384 4.2z 3161457 044 3 1| 1 1 0.047 AD0E:
90 E761 3001125 4713 301.1132 011 8 1 1 1 0033 ——
a0s a0 6760 084 168.0663 1 ol 0 1 0055
G0E| 17 GFRE a1ZZIE 071 A1AZa43 nzm o3 1 11 nos o
a07| 296 6723 2381572 135 2300645 006 5 1 11 0044
a08| 296 BT 0,34 221.1537 1 a0 1 047 J e s . A o . s An
a08| 106 G700 2641741 452 017 &6 1 2 2 0044 Al |
a0 &7 GEGRZ  3EAORSS 451 3EA0FF2 007 B 1 11 nn4z — - —
911| 424 G644 1681152 042 1631224 01z oz 1 11 0.053
S1z| 266 AEIZ A0R1899 137 anAE0RT n=n 40 1 1 1 nis4 e
913 289 G663 2ze0913 076 Zeaoses 003 3 1 1 1 0058 ——
14| 283 GE2T 025 1480233 1 ol 0 1 n0es S—
915| 283 G667 GESEEE0 043 BE9ZEEZ Oza oz 1 1 1 o082 — -
16| 283 GE2T 03z 177.0565 1 ol 0 1 noe -
97| 415 6532 2960891 045 2970784 00F 2 1 11 0.047 —
915 444 GE43  3ERO0S1S 041 IA0EA0 008 2 1 11 005
99| 170 G538 059 294.2286 1 o 0 1 ooez
920| 170 G537 2761954 223 2772021 ozo 4 1 11 ooz |
921| 506 G532 027 1711382 1 [
922| 467 G506 2061309 040 2071333 013 3 1 1 1 0056
923| 277 EB497 2821853 0.74) 2831926 019 3 1 1 1 0.067 S
924| 277 G495 2241415 101 22E14E0 o143 1 11 0054 I
5 Q7R TR F ARF R DRNR nes2 AP PRTR n=s ? 1 1 1 nin= = >
Expart | Group #90
charge state [AT [mez [m0 [wal width -
i B 7B A7 1aed 422 0047 :I
F+H 6753 T18.1457 371384 353 0052 -
F-rH+1 B 7Rz 3191433 0E3 005
F+H+2 6753 320153 0.05 0033
2 6,751 3001125 413 0.033 —_—
k-+H E7EZ A 1182 a001113 172 0043 —
FA+H+1 6762 3021225 030 0052
F+Ma 6762 Z2II006 3000131 1.65 0045
1| Mo B 7R 3741052 023 0050
12| M+Masz 6752 326.1059 0.0z 0015
13
14| Mk, 6765 239.0768 3001136 0.05 0.037
15
15 ZM+Ma E753 E232137 3001127 011 0.032
17| ZM+Masl B7ET G24.21E1 0.05 003
[E]
19| M 6762 4201554 267 0.053 ]
20| M+H B.7E2 4211627 420.1954 203 0.056 L
21| M+t 6764 422 1664 0,47 0043 i | | | | |
22| MH+2 B.7ET 4231744 011 0054
= LI ;I 200 200 400 | 00 &00 nﬁ
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Group | AT | mass | vl | m/z | defect | Hion [ mirZ | ma| Hz | width | #sl « |
901 90 E7E2 4201554 267 4211627, 016 3 1 1 1 0053
502 90 E.7E2 037 1360412 1 0 0 1 0043
903| 90 EFE1 2171384 422 2181457 014 3 1 1 1 0.047
[P 50 6761 2001125 413 3011192 an & 1 1 1 0039
905 90 E.7ED 0.84 168.0663 1 0 0 1 005
906| 317 BFS8 322315 071 33243 023 3 1 1 1 0081
907| 296 6723 2381572 136 2391645 016 5 1 1 1 0.044
908 296 E.727 0.34 2211537 1 0 0 1 0047
503 106 EFO0 2641741 4E2 017 B 1 2 2 0044
910| 87 G652 3BE0693 451 3890772 007 B 1 1 1 0042
911| 424 EE44) 1681152 042 1E91224) 0120 20 1 1 1] 0.053
912| 266 BE32 2081933 132 3092067, 020 4 1 1 1 0054
913| 289 6623 2220913 076 2230988 009 3 1 1 1] 0058
914| 289 EE27 0.28) 149.0239 1 0 0 1 0066
915| 289 6627 5682860 043 5692932 029 2 1 1 1 0082
916 289  E.E27 0.32 177.0565 1 0 0 1 008l
917| 415 6582 2960691 046 2970764) 007 2 1 1 1 0047
918 444 E543 3280618 041 3290690 005 2 1 1 1 0051
919 170  E.538 D53 2942286 1 0 0 1 0082

920| 170 B537 2761954 229 2772071 020 4 1 1 1 oog2 ||
921| 506 G532 027 1711382 1 0 0 1 0080
922| 457 G505 2061303 040 2071383 013 2 1 1 1 005
923| 277 6497 2821853 074 2831926 019 3 1 1 1 0087
924 277 B49 2241415 111 2251481 014 3 1 1 1 0054

‘Cl‘?":. 47R F ARF A ARNR Ne2 AR IRTFH 25 2 1 1.1 H1HHL|;|




charge state |HT |m.n’z |mEI |w:u| |width -

1| M E. 761 317.1384) 4.22| 0.047
2| M+H 6.763 3181457 317.1384 353 0.052
3| M+H+1 762 3191433 063 0.051
4| M+H+2 £.753 3201531 0.0 0.033
5

(I £.7E1 3001125 419 0039
7| M+H 6.762 301.1192) 300.1119] 1.72] 0.049
8| M+H+1 E762 3021225 0.30 0052
3
10] M+Ma 6.762 3231016/ 300.1131] 1.65 0.048
11| M+Ha+1 E.764 3241052 0.29 0050
12| M+Ha+2 £.752 3251053 0.02 0015
13
14| M+K E.765 339.0768 3001136 006 0037
15
16 2M+Ma 6759 6232137 3001127 011 0032
17| 2M+Na+1 E7B1 6242161 0.05 0.031
18
19| M 6.762 4201554 267 0.053
20| M+H B.762 421.1627| 420.1554 2.03) 0.056
21| M+H+1 E.764 4221664 0.47 0043
22| M+H+2 G 4231744 0.11 0054
23 [




Conference on Small Malecule Science
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Spectral Data
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Original Spectrum
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Molecule Science

™ Extraction Parameters | ﬂgDisplay Filters X|
— Feature Paozition
[ Datafianges — Special Mazzes
Fedin tax R

[ Use all the avaivable data

AT Jooo [20000.00 min (o e
0

RT
Mz

i,
|1 000000 Da ID Imu

Mass o |100000 Da

& Ewclude ¢ Limit to these Accuray ID.DDED Da

—Spectral Peak Detection

5/M threzhold |5 —lzatope Patters

Farmula | Custom |
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Min  [.050 Max  [n50
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[~ Single charge anly
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I Add | || Add | V¥ features wio izotopes

7 features with unknown mass
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e Use the calculated molecular weight of a
feature to:
— Propose empirical formulas
— Match against target compound database
e Metabolites
e Forensics

e Compare the features found to other samples
— Look for similarities
— Look for differences



miz

Molecular Features

Approximately 1500 Molecular Features
|dentified in a single Sample A Analysis
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Molecule Features Common
to All Sample A Analyses

836 Molecular Features were common to all Sample A analyses
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Molecular Features Common
to all A & B Samples

441 Molecular Feature were found to be present in all Aand B
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Molecule Science

CSM'S Comparison Details

EgMass Profiler i =]
File Setktings Wiew Help
2 =
— Gradient Setting Compare
— ID.E4395 Ima:-: vol RSD LI ISampIes 3 ;I ve, |Samples 10 ;I

Masz ve AT I Log2 Ratio ws. RT  LogdLog Flot |

Samples 9 vs. Samples 10

FENEE IR SN W AR B
1
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E xpart | 47 Features

| Feature Summary | Samples 10[3] | Samples 9[3] | Comparison |i|

1D [RT [SD RT[mass [SD mass [val  [RSD val [ N [mark [RT [mass [vol  [RSDwal [N _[RT [ mass [wol _[PSD wol [N _|DERT [Ditmass [la2i1a2  [lg2pisy |
27 7196/ DODG| 1730585 00003 1434 084 & 7195 179.0587) 2505 018 3] 7197 1790534 362 003 3] 0002 00004 271
2|19 10711 0030 2460201 00002 B1E 083 & 10,737 246.0200 122 020 3 10685 2460203 110.3 o1z 3 0052 0.0003 313
3|30 889 0005 1660632 00003 413 08l & 8893 1EE.0B35  11.0 018 3 8894 1BED0E29 F1E 0.07 3 -0D004] 00006 -2.70
4|25 7195 0006 3801000 0000 176 086 6 7195 33010000 3.3 013 3] 7196 3800933 40 015 3 0001 -0.0001 297
5|16 10933 0026 2440050 00004 17E 050 & 10.954) 2440054 33 018 3 10912] 2440047 320 012 3| -0042] 00007 -3.29
E|47 7195 000G 1350882 00002 147 0EE & 7195 1350885 235 014 3] 7195 1350881 53 002 3 o0ooof 00003 201
7|3 0745 0001 1820732 00002 57 078 & 0743 1820792  a7F 041 3 0748 18207920 1.7 0.07 3 0000 0.0001 251
Bl 40 9EB05 0002 4181272 00004 B3 082 & 9505 4181278 89 035 3 9504) 4181271 17 003 3| -0Do0z[ 00005 240

. 3/41 10710 0030 2680025 00002 4.4 073 & 10735 2B8.0026 15 016 3 10634 2E30024 7.4 005 3 -00520 00007 2.3 ; x

XN A
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Identifying Biomarker

E xport | Chemistry | Calculate I Compositions

chemical form | dmfamu) | dm[ppm) | DBE| SCOME

Bt N N

CIH1003 0.0000
C2HTOMEOS 0.00a7
CSHEMB0 -0.0026
CEH14035 0.0034

0.
4.
&l
20,

3 an
410
3 60
6 00

a7
73
43
78

Export | All Samples

ID | Mame

[RT

| mass

[wal

cnr_n-::-!‘m—t

1| UnneMegl027_10_1
2| UnneMegl027_10_z
3| UnneMegl027_10_:
4 UnneMegl027_9 14
5 UnneMegl027_9 2¢
6 UnneMegl027_9 3¢

8.893
8.893
8.902
8.833
8.853
8.834

1ER.OE35
1ER.0E35
166.0535
166.0523
166.0523
166.0530

8.82
12,69
11.61
7415
B5.55
75.07

Export | UrineNeg1027_10_3A 0 0 0

a0

™ Information for Feature # 30
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7
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e Create database of commonly found “features”
e Focus on similarities
e Focus on differences

e Create time/precursor ion inclusion lists for
MS/MS experiments

e Use to calculate MW of multiply charged
molecules when charge cluster isotopes are
resolved



e Jt is possible to reduce the data in very large
files containing accurate mass information and
produce a list of “features” indicative of
compounds even when not observable as
peaks in a chromatogram.

e By statistically comparing batches of these
reduced data sets, information on the key
compounds in complex samples can be
extracted and used for further experiments



