DATA ANALYSIS IN MASS
SPECTROMETRY BASED
METABOLOMICS

Stanford Mass Spectrometry
Users’ Meeting

September 26, 2011




Presented at the 2011 Stanford Mass Spectrometry Users’ Meeting

For personal use only.
Please do not reuse or reproduce
without the author’s permission.

MASY SPicTROMETRY



Types of Experiments in Metabolomics

targeted

non-targeted

guantitative semi-quantitative

e Number of analyzed
metabolites is limited by
the number of available
standards

eNumber of analyzed
metabolites is limited by
the number of available
library spectra

e Absolute quantitation
of metabolites
(M, mg/mL)

e Relative quantitation
of metabolites (fold)
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eNumber of analyzed
metabolites is limited by
capacity of analytical
instrumentation

e Relative quantitation
of metabolites (fold)



Targeted LC/MS metabolomics

* Absolute quantitation of metabolites using triple
guadrupole instruments

SUMS: Quattro Premier (Waters) and TSQ
Vantage (Thermo)

 Chemical standards of metabolites are required,
Internal standards (isotopically labeled metabolites,
13C or ?H) are desired

e Custom methods: amino acid method Is available
(~30 amino acids)

SUMS contact: Karolina Krasinska
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Untargeted GC/MS based metabolomics

Agilent 5795 single quadrupole GC/MS

Metabolomics method based on

|dentification based on Agilent MSRI library (~700
metabolites, mostly primary metabolism)

For general overview:



Untargeted GC/MS based metabolomics

Service began: Summer 2011

Sample requirements: dry or non-agueous
solvent

Samples tested: tissue, bacterial cells, urine,
plasma

Metabolites identified: ~30-120
Metabolites detected: ~200-500

Data output: AMDIS IDs, non-targeted and
pathway analysis is under development
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Untargeted LC/MS based metabolomics

Sample prep

LC

MS

Data Analysis

Identification

mfm data interpretation (Mass Frontier)

Blood Plasma: protein precipitation with 4 v of
Acetonitrile, evaporation, reconst in 5 % ACN

L 2 L 2
Reversed Phase Aqueous Normal Phase
Chromatography Chromatography

L 2 L 2

Thermo Exactive: +ESI and —ESI, R =50,000
m/z 70-800 (+APCI if necessary)

L

MZmine 2.2
accurate mass database search (HMDB)

L

structure elucidation (Orbitrap Velos),




Data Processing Workflow

/ LC/MS Map Peak ID (m/z, t)|  Area
M/Z 4
- 0001 3500
— - 0002 6000
- 0003 9000
- 0004 700
0005 1200
Retention time [
Samplel|Sample2 SampleN
Peak ID| Area Area Area
0001 3500 | 2300 300 I
0002 6000 7800 5600 Peak annOtatIOn
0003 9000 | 5100 9700 1t "
0004 700 1300 1200 and StatIStICa| anaIyS|S
0005 1200 400 900




File Format Conversion

Universal MS data formats:

e netCDF (*.cdf)

All MS manufacturers provide tools for
conversion into netCDF

e XMLs (mzXML, mzML)
Less common In metabolomics
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Data Processing Software

* Proprietary

MarkerLynx (Waters), SIEVE (Thermo),
MarkerView (Sciex), Mass Profiler
Professional (Agilent)

 Open Source

XCMS (http://metlin.scripps.edu/xcms/)

and
MZmine (http://mzmine.sourceforge.net/)
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MZmine: Hardware considerations

e Multi-processor systems

« Server CPU are expensive (Xeon,
Opteron), Desktop processors are ok
(Phenom, Core i7)

e 64-bit OS with Java and CPUSs to address
more than 4 GB memory

o Atleast 8 GB memory (high resolution
profile data)
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MZmine: main window

MZmine 2.0: New project

is module imports ravw data fi




mine: supported file formats

Raw data import

My Recent
Daocuments

®

Desktop

My
Documents

My
Computer

My
Metwark

All raw data files

I 14 M2Zmine 2.0: New proj...




@& start J




pection of raw data

Please set parameter values for TIC/ZIC visualize

lfj.Start J . l.i MZmine 2.0: New proj




MZmine 2.0: New project

Raw data methods  Peak list methods

Project

YWisualization Windows Help

Bw project

Raw data files

MeyerT_100422_sample0051 raw

MeyerT_100422_sample0050 raw

. |MeverT 100422 samule0045 raw
MeyerT_100422_sample00d47 ravw
MeyerT_100422_sample00d4 raw
‘WeyerT_100422_sampledns2 ravw

Peak lists

MeryerT_100422_sample00S0.ravw pesk izt5000
‘MeyerT_100422_sample00s2 ravw pesk [5t5000
MeyerT_100422_sample00d7 ravw peak izt5000
MeryerT_100422_sample0048 rav peak izt5000
MeyerT_100422_sample0051 ravw pesk ist5000
MeyerT_100422_sample00d4S ravw peak izt5000

MeyerT_100422 _sample0052. raw pesk list3000 resolved
MeyerT_100422_sample0050 raw peak izt5000 resolved
MeyerT_100422_sample00d7 ravw peak istS000 resolved
heyrrT_10N477 _samplenas raw prak [=H5000 resnbed
MeyerT_100422_sample0051 raw pesak ist5000 resolved
MeyerT_100422_sample00d4 rav peak istS000 resolved
‘MeyerT_100422_sampled052 ravw peak ist3000 resolved deisotoped
‘MeyerT_100422_zample00S0 ravy peak ist5000 resolved deizotoped
MeyerT_100422_sample0047 rave peak ist5000 resolved deisotoped
‘WeyerT_100422_sample0ns1 ravw pesk 55000 resolved deisotoped
‘MeyerT_100422_zample00d4a ravy peak izt5000 resolved deizotoped
MeryerT_100422_sample0049 rave peak istS000 resolved deizotoped

4 [+

Total ion intensity

1400000.0
1350000.0

1300000.0
1250000.0
1200000.0
1150000.0
1100000.0
1050000.0
1000000.0
950000.0
QANOnn0.0
850000.0
B800000.0
750000.0
7000000
6500000
5000000
5500000
500000.0
450000.0
400000.0
350000.0
300000.0
250000.0
200000.0
150000.0
100000.0
50000.0
0.0

XIC, MS1, miz: 212.000 - 213.000

=1=x|

=)

e

1339618 4
Haa.7
3905138
928081
~ 18436.2
85078
o by I
4:10 220 1220 15:40 20:50 2500 29:10 3320 37:30 41:40 5150

Retention time

— MeyerT_100422_sample0048.raw

| [6:39:04 PW]: Finished isotopic peak grouper on MeyerT_100422_sample0049.raw peak listS000 resolved

|| 0 5647ME free

W Startl J B CwWINDOWS|system3z2, ., || L4 M2mine 2.0: New proj... 5| Untitled 1 - Openoffice. ...

| 0|« BRmP edzem



mine: peak picking

eyerT_100422_sample00st ra
eyverT_100422_sample0050 1
eyerT_100422_sample0048 ra
eyerT 100422 _sample0047 ra
everT_100422_sample0049 ra
eyerT 100422 sample0032.ra

Please set parameter values for Chromatogram builder

&/ start J




Zmine: preview of parameters

eyerT_100422_sample00st ra
eyverT_100422_sample0050 1
eyerT_100422_sample0048 ra
eyerT 100422 _sample0047 ra
everT_100422_sample0049 ra
eyerT 100422 sample0032.ra

Please set parameter values fo

uffi Exact mass's parameter seb

o'/ stark J I 1§ MZmine 2.0: New proj




eyerT_100422_sample00s] ra
eyerT_100422_sample00s0 ra
eyerT_100422_sample004s ra
eyerT_100422_samplensr ra
eyverT 100422 sample0049 ra
eyt T_100422_sample00s2 ra

Exact mass's parameter setup dialog

[MeyerT_100422_sample0051.raw] scan #1457

JRT 14 9 )




Zmine: zooming into noise

eyerT_100422_sample00s] ra
eyverT_100422_sample0050.ra
eyerT_100422_ samplz0048 ra
eyverT 100422 sample0047 ra
eyvetT_100422_ sample0049 ra
eyerT_100422_ sample0032.ra

Exact mass's parameter setup dialog

[MeyerT_100422_sample0051.raw] scan #1457
i T14:

& Start J h MZmine 2.0: New proj...




truction

eyerT_100422_sample00s] ra
eyverT_100422_sample0050.ra
eyerT_100422_ samplz0048 ra
eyverT 100422 sample0047 ra
eyvetT_100422_ sample0049 ra
eyerT_100422_ sample0032.ra

Please set parameter values fo

di—.'start J




MZmine: peak picking resu

MZmine 2.0: New project

Raw data methods

Project Peak list methods “isualization Windows Help

m Mew project
=LA Raw data files
Average MeyerT_100422_sample...
erverT_100422_sample0051 raw D - Ident\ty Peak shape = =
everT_100422_sample0050.raw miz Ret.time Area
erverT_100422_sample0048 raw
eyverT_100422_sample00d7 raw 43 31.091 813 T41313.0
eyverT_100422_sample00da ravw
= eyerT._1 00422 _zamplel0s2 ravw m a1 931 2853 se0219.9
Peak lists
MeverT 100422 sample0050.rawe peak listS000 J
eyerT_100422_sample0052 ravw peak list5000 45 265150 1716 28937262
! 4 46 EE.140 755 §53024.0
et T_100422_sample0051 ravw peak lista000
erverT_100422_sample0049 raw peak lista000
47 731605 2828 ))J 216616351
45 [230.936 28:33 n m m.-m m1 084916 .6
49 13143 1718 440565 2
50 27104 32 2541231
51 §2.046 1:56 0234733

52 74956 1019 ﬂ M mz24849928.4
53 7Me B2 Wm 57237357

54 parsss 43 3945347
55 [F34 603 283 1438385
56 225 061 1:09 95036353
57 poagss 1ede 129719298
ss 728 47 7395855 5
59 250916 28:49 202463723
™ M =l
I —
[6:32:08 PR: Finlshed chromatogram Bullder on MeyverT_100422_sarmple0049.raw BB /500G tree

L{'Startl J B CiWINDOWS|system32. .. || L‘ MZmine 2.0: New proj...

[:%| Untitled 1 - OpenOffice. ... | J (71 t‘?y .5} ﬂ@ 6132 PM




EHJL Raw datafiles
erverT_100422_sample00s

Gap filling »

Resslving individual peaks within each chromatogram

eyerT_100422_sampleon:  |sotopes »  Peak extender

Peak shape

MeyerT_100422_sample...

Area

everT_100422_sample00: Filtering »
eyverT_100422_sample00: . 43 31.091 813 T41313.0
eyerT_100422_samplenne  Alignment 4
2yerT_100422_samelells  Nommalization 44 s1931 2153 2602199
=t Peaklists o
Identification
Data analysis 45 PEA1SD 1716 2R93726 2
ExpotiAmpont
45 DEG140 TS B53024.0
47 FAEDS 2829 ))J 216616351
45 0956 2853 4 it [\1 0184916 6
43 W13143 1715 440568 2
50 pari0s 32 5541231
51 G204 156 5023478 3
52 74956 1019 ﬂ M mz24849928.4
53 X4 B2 Wm 57237357
54 47895 436 ﬂ‘h 3045349 7
55 FI4E0E 28 143338 5
56 basoet  1:09 9508685 3
57 paanss 1819 129719295
55 720001 447 7695858 6
53 bseo1E  20:49 20246375 3
™

L{'Startl J B CiWINDOWS|system32. .. || L‘ M2Zmine 2.0: New proj...

Untitled 1 - Opencffice. ... |

]

[6:32:09 PM]: Finlshed chramatogram bullder on MeyerT_100422_sample004. raw

B 550 tree

J|§ « Tps I e33pM



Project Raw data methods Peak list methods  “isualization  Windows Help

Mew project
Raw data files
U,]s. overT 100422 semple005 raw Average Identity Peak shape MeyerT_100422_sample...
eyverT_100422_sample0050 raw miz Ret.time Area
eyverT_100422_sample0048 raw
eyerT_100422_sample0047 raw 331091 13 741330
eyerT_100422_sample00d9 raw
eyer T_100422_sample0052 Favw
=4t Peaklists

.1 260219.9

269.150 2BA3TIE 2

(266 140 758 453024.0

731605 2529 216616331

[230.956 2853 e V\1 0184916 6 |

x| Chramatagraphic threshald IBS%— Yo
Suffix Iresolved Search minimum in BT range ID:2D

2o Peak recognition ILocaI minirmurm search j Set parameters | Minirmum relative height IS%

Minirmum absolute height W

in ratio of peak top/edge |2—

[T Show preview of peak building

27.014 : Wﬁ 5727 7
(0]24 | Cancel |
47995 : h‘h 3045340 7

[f34 608 143838.5

d13.143

52048 Remove original peak list [

oK | Cancel | Help |

225081 ! 95086353

[£28.054 12871929.8

7299 % TEA5855 6

256916 202463753

[6:32:08 PM]: FInished chromatograr bullder on MeyerT_100422_sarmple004a.raw BB 1505 tree

J O« LMY eaem
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Project Raw data methods  Peak list methods “isualization Windows Help

=LA Raw data files

eryerT_100422 _sample00sT Fawe

eyverT_100422_sample0030 rasw

eryerT_100422 _sample004a rawe

eryerT_100422 _sample0047 rawe

eyerT_100422_sample00as ravy

eyverT_100422 _sample0052 rawe
L Peak lists
t-hevverT 100422 sample00S0 rav pesk sts000
th-heyerT_100422_sample0052 ravw peak lizt5000
thpeyerT_100422_sample0047 raw peak ist5000
thpeyerT_100422_sample0048 raw peak ist3000
eh-MeyerT_100422_sample0051 ravw peak list5000
H-peyerT_100422_sample0049 raw peak ist3000
HpeyerT_100422_sample0052 raw pesk 55000 resolved
H-MeyerT_100422_sampleD0S0.ravw peak list5000 resolved
th-heyerT_100422_sampleD047 ravw peak list5000 resolved

[+

th-heyerT_100422_sampleD051 rav peak list5000 resolved
th-MeyerT_100422_sampleD049 ravw peak list5000 resolved

[Em = = = e = = e W = B e =

Average

=12 x|

MeyerT_100422_sample...

D - Identity Peak shape —
miz ¢ | Ret.time Area
| £ ﬂ

595 211 098 17:50 10371008

24 (212002 507 2935359 4

55 212002 6:49 H522647 .9

281 212020 204 394124 2

259 212839 1:12 1TE4625 7

290 212839 1:40 1691559

237 212877 1:44 5455835

19 213.005 6:49 B79269.3

416 2137 111 4139166 J
31 213023 17:50 20364436

595 213077 14:54 2599459

594 213077 1411 A 396467 4

=93 213077 12221 H 213831 6

592 AR U skl 4

555 213113 1802 29345307

a3 213998 5:47 269541 7

412 214 574 1:40 2913528

7RA 215033 1:11 59719154 9 ﬂ

HBE M tree

[6:34:40 PM]: Finlshed peak recognition on MeyerT_100423_sample004s raw peak 1515000

rf_'Startl J B C\WINDOWS)system32. .. || L‘ MZmine 2.0: New proj...

Untitled 1 - Opencffice. ...

J O« LR es7em



MZmine: deiso

Project Raw data methods | Peak list methods  ‘isualization Windows Help

_Gf\v;pmj;ctt , Peak detection » ==l
aw data files
3
MeyerT_100422_samplens Gap filling Awerage Ientity Pesk shape MeyerT_100422_sample. .
MeyerT_100422_sample00: Ret.time Avrea 3
MeyerT_100422_sampl=00<  Eijaing ¥ |[@rouping of isotopic peaks inte one representative peak| I |
MeyerT_100422_sample00: i !
MeverT_100422_sampleln: A“gnmem 4 595 211.095 1750 103710035
MeyerT_100422 _sample002 Mormalization  »
i Peak lists ificati 64 212,002 S07  — 2035850 4
[ MeyerT_100422_sampleon:  (dentification ¥ : : :
[ teyerT_100422_samplel0: Data analysis »
[HheyerT_100422_sample00: 55 212.002 6:49 N 9822647 9
¥ MeyerT 100427 samplenne__ rporimpart
[HMeyerT_100422_sample0051 raw pesk list5000
- = 212,020 204 394124 2
[Hh-MeyerT_100422_sample0043 rav peak listS000 o
[
28 289 212539 1012 17646257
[
g 230 212,839 1:40 1691589
[
237 12877 1:44 545883 5
18 13005 ey D 6792693
Mg 213017 1:11 413916 6 J
31 213.023 17:50 2036443 6
ses 13077 14:54 H 260948 9
s94 213077 14:11 A BIB4ET 4
593 213.077 121 H 213881 6
soz 13077 @02 ‘ 285060 4
555 213013 18:02 29345307
a3 bizggs gy D h 289841 7
412 214574 1:40 291352.8
PRR 215.033 1:11 | 59719184 .9 LI
[6:34:40 PM]: Finished peak recognition on MeyerT_100422_sample0049.raw peak list5000 HBE22ME free

d’_-start| J B C\WINDOWS\system3z, .. || 14 M2Zmine 2.0: New proj... | 5 Untitled 1 - OpenOffice....




MZmine: deisotoping parameters

MZmine 2.0: New project

Project Raw data methods Peak list methods  ‘isualization Windows Help

5 Mew project

=& %]

|, Raw data files
MeyerT 100422_sample00s1 raw D Average ldentity Peak shape MeyerT_100422_sample...
MeyerT_100422_sample0050 raw miz ¢ | Rettime Avrea
MeyerT_100422_sample0043 ravw ﬂ
MeyerT_100422_sample0047 raw
MeyerT_100422_sampled04s raw 595 211.098 17:50 10371005
MeyerT_100422 _sample0052 ravw
1 Peaklists
i 3
[hheyver T_100422_samplel050 raw peak list5000 4 12002 sor 3569 4
[HMeyerT_100422_samplel052 raw peak list5000
[H-MeyerT_100422_sample0047 raw pesk liztS000 55 212.002 6:49 N 9822647 9
[HheyerT_100422_samplel04s rawe peak list5000
[HMeyerT_100422_sample0051 raw pesk list5000
- - 212020 204 394124 2
[F-heyerT_100422_sample0049 ravw peak list5000 281
[ |
- 289 (12839 T2 Please set parameter values fo x| 17646257
[+
[+ -
e 290 212839 1:40 MName suffix |d9|sotoped 169158.9
[

méz tolerance ID.DSD méz
548853 5
RT tolerance ID:WD

19 p13005 Gag Manatonic shape - B79269.3

237 212877 1:44

46 p1EMT 1 Maximum charge |3| 13166 []

Remaove ariginal peaklist
31 213.023 17:50 2036443 6
Ok | Cancel | Help |
a5 13077 14:54 2045 9
Il

a4 E13077 14:11 SAEHET 4

593 213.077 1221 H 213881 6

gz 213077 2] ‘ 2BE050.4

55 213013 1802 29345307

53 13 006 £ 47 h 2804 T

412 214574 1:40 2913525

PRR 215.033 1:11 | 59719184 .9 LI
[6:34:40 PM]: Finished peak recognition on MeyerT_100422_sample0049.raw peak list5000 HBE1 9vE free

Y -start| J B C\WINDOWS\system3z, .. || 14 M2Zmine 2.0: New proj... | 5 Untitled 1 - OpenOffice....

| 0|« BB m smsem




MZmine 2.0: New project

Project Raw data methods  Peak list methods “isualization Windows Help

Ew project

Raw data files
MeyerT_100422_sample0051 raw D Average Identity Peak shape MeyerT_100422 sample...
“MeyerT_100422_sample00s0 rame mfz / | Rettime Area
“MeyerT_100422 _sample0043 raw
“MeyerT_100422 _sample0047 raw 55 212,002 E:49 N 9322647 9
“MeyerT_100422_sample004d ravw
MeyerT_100422_samplelDS2raw o1 Pl2oz0 20 394124 2

Peak lists
“MeverT 100422 sample0030 raw peak istS000
MeyerT_100422_sample0052 ravw peak list5000 789 212839 112 17646257
“MeyerT_100422 _sample0047 raw peak list5000
“MeyerT_100422 _sample0043 raw peak list5000 o b1 838 140 1591569

MeyerT_100422_sample00s] raw peak listS000
“MeyerT_100422 _sample0049 raw peak list5000
“MeyerT_100422_sample0052 ravw peak list5000 resolved 23T 212877 1:44 5488835

MeyerT_100422_sample0030 raw peak list3000 resolved
“MeyerT 100422 _sample0047 raw peak listS000 resolved
Moot T_100422_zamplc0048 rave poalt listS000 reealeod
“MeyerT_100422_sampled03! raw peak list3000 resolved
“MeyerT_100422_sample0049 raw peak listS000 resolved a1 213.023 1750 20364436
“MeyerT_100422_sample0052 raw peak listS000 resolved deisctoped
“MeyerT_100422_sample00s0 raw peak istS000 resolved deisotopedd
MleyerT_100422_sample0047 ravw peak listS000 resolved deisotoped

416 213017 1M HINEE

595 @13.077 14:54 H 2899459

“MeyerT_100422_sample0051 raw peak listS000 resolved deisctoped

- [MewerT 100422 =amulz0048 raw peak st000 resolved deisctope: | |534 @13.077 14:11 A 396467 4

MeyerT_100422_sample0049 raw peak list5000 resolved deisotoped J
=] 213.077 12 H 213881.6
592 13077 a0z 1 2350604
555 213113 1802 29345307
412 214.874 1:40 291352.8
266 215.033 111 897191649
189 215.092 1435 ’l 4375040
183 215.092 1018 1643537
=l 215.092 16:23 G649105.6

. | B E

[6:39:04 FM]: FInished |S010plc peak grauper on MeyerT_100422_sarnple0049.raw peak 1115000 resolved HBE2 M5 tree

& 'Startl J BN C:\WINDOWS  systemaz. . || 14 M2mine 2.0: New proj... T5| Untitled 1 - OpenOffice. .. J 0|« L me ez




Zmine: alignment

MZmine 2.0: New project

r
@ileyverT_100422_sample0052 ravw peak listS000 resolved deisotoped
leyverT_100422_sample00S0.ravw peak listS000 resokved deisotopedd
gieyerT_100422_sample0047 raw peak list3000 resolved deisotoped
@ileyverT_100422_sample005] ravw peak listS000 resolved deisctoped
leyerT_100422_sample0043 ravw peak listS000 resolved deisotopedd

gieyerT_100422_samplel049.raw peak list3000 resolved deisotoped




Data Processing Workflow

/ LC/MS Map Peak ID (m/z, t)|  Area
M/Z 4
- 0001 3500
— - 0002 6000
- 0003 9000
- 0004 700
0005 1200
Retention time [
Samplel|Sample2 SampleN
Peak ID| Area Area Area
0001 3500 | 2300 300 I
0002 6000 7800 5600 Peak annOtatIOn
0003 9000 | 5100 9700 1t "
0004 700 1300 1200 and StatIStICa| anaIyS|S
0005 1200 400 900




FdcyerT_100422_sample0052 ravy peak liztS000 resolved deisotoped
gieyerT 100422 sample0050.raw peak listS000 resolved deisotoped
SleyverT 100422 sample0047 raw peak lizt5000 resolved deizotoped

eyerT_100422_sample003 ravy peak lista000 resolved deisotoped
SleyverT 100422 sample0048 raw peak liztS000 resolved deizotoped
FdeyverT 100422 sample0049 ravy pesk listS000 resolved deizotoped

Please set parameter values for Join aligne




MZmine;

alignment is computational

MZmine 2.0: New project

Project

Raw data methods Peak list methods  “isualization Windows Help

Intense

=&

B project

Raw data files

eyt T_1 00422 _sample00s1 raw

~MeyerT_100422 _sample00S0 Favw

MeyerT_100422 _sample0048 Favw

-MeyerT_1 00422 _sample0047 raw

~MeyverT_100422 _sample0049 Favw
MeyerT_100422_sample0032 ravw

Feaklists

hleyerT_100422 _satple0050 Favw peak listS000
hieyerT_100422_sample0052 ravw peak list3000
MeyerT_100422_sample0047 ravwe peak listS000

-MeyerT_100422 _sample0048 Favw peak lists000

eyt T_1 00422 _sample00s1 rav peak listS000

CMeyverT_ 100422 _sample0049 ravy peak listS000
MeryerT_100422_sample0052 ravw peak liztS000 resolved
-MeyerT_100422 _sample00S0 raw pesk listS000 resolved

MeyverT_100422 _sample0047 Favy peak listS000 resolved
MeyerT_100422_sample0048 ravw peak ist5000 resolved
MeyerT_100422_sample0051 ravy pesk list5000 resalved
-MeyverT_100422 _sample0049 ravw peak listS000 resolved

eyt T_1 00422 _sample0052 raw pesk istS000 resolved deisotoped
Meyver T 100422 _sample00S0 ravy peak listS000 resolved deizotoped
MeyerT_100422 _sample0047 Favw peak listS000 resolved deisotoped
-MeyerT_100422_sample00s ravw peak listS000 resolved deizotoped
MeyverT_100422 _sample0043 ravy peak listS000 resolved deizotoped
armpled049 rawe peak listS000 resolved deisotoped

I

lterm

=121

Priority

Status

% done

Gap filing te=t] 0000-30zec

INORMAL

PROCESZING

5%

[6:46:15 PM]: Running gap filler on test1 0000-30sec

a start| J B C\WINDOWS\system3z, . || 14 MZmine 2.0: New proj... | G| Unitited 1 - OpenOffice....

J O« LMY carem



MZmine: alignment results

MZmine 2.0: New project

Project

Raw data methods Peak list methods  “isualization Windows Help

by project

Raw data files

“hieyerT_100422 _sample00S1 raw
MeyerT_100422_sample00S0 ravw

~MeyerT_100422 _sample0048 Favw

eyt T_1 00422 _sample00d7 raw
MeyerT_100422_sample0049 raw

MeyerT_100422 _sample0052 Favw

Feaklists

MeyverT_100422 _sample00S0 Fravy peak listS000
MeyerT_100422_sampled0352 ravw peak list5000
MeyerT_100422_sample0047 ravwe peak listS000

heyverT_100422 _saple0048 rave peak liztS000
ChieyerT_100422_sample0051 ravw peak list3000
MeyerT_100422_sample0049 ravw peak listS000

hleyerT_100422 _sample0052 Frave peak listS000 resalved

eyt T_1 00422 _sample00S0 raw pesk I2tS000 resolved

MeyerT_100422 _sample0047 Fravy peak listS000 resolved

-MeyerT_100422 _sample0048 Fravw peak listS000 resalved
-MeyerT_100422 _sample00S1 raw pesk listS000 resolved

MeyverT_100422 _sample0049 ravy peak listS000 resolved
MeryerT_100422_sample0052 ravy peak liztS000 resolved deisotoped
MeyerT_100422_sample0050.raw peak list5000 resolved deisotoped
-heyverT_100422 _saple0047 ravw peak listS000 resolved deisotopedd
MeyerT_100422_sampleQ03] ravw peak lista000 resolved deisotoped
CMeyverT 100422 _sample0043 ravy peak listS000 resolved deizotoped
-heyer T 100422 _sample0049 ravw peak listS000 resolved deisotoped
-test10000-30sec gap-filled

-test10000-30sec gap-filled Duplicate peaks fitered

4 [

==
Average MeyerT_100422_sample... | MeyerT_100422_sample... | MeyerT_100422_sample..
D - Identity Peak shape
miz / | Rettime Area Area Area i
=
413 209,067 112 3576208
1086 210511 6:18
227 210842 1:39 | TE13325 5200601 479039.3
76 210542 1.09 { 56294381 4B87256.3 4705571 9
675 211 081 1619
576 211.098 16:59
475 211.098 1752 2083537 387628.7
439 212.002 625 k 133535483 4 ]
i
253 212,002 654 1 11033528 3909034 5
731 [212.002 507
sl
744 212.002 538 |
8

13 212.020 250 315786.5

|
556 212.020 207 | 5702115
36 212539 1:39 * 330264 4 2096480 189293.2

il
111 212839 1:10 | 25994609 2158614.0 21602939

]
250 212877 1:43 | B92756.4 SB464 5 545998 4

i
144 213017 1:11 936734 3 738830 6

)
74 | [213.023 17:45 22963857 | ~|
4 »

| [6:49:34 Ph]: Finished duplicate peak filter on test1 0000-30sec gap-filled

" IRERvE free |
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: gap filling

MZmine 2.0: New project

Project Raw data methods | Peak list methods  Visualization Windows Help

by project Peak detection »

Raw data files

WeyerT 100422 sampleD0St raw Peak finder Identity Peak shape MeyerT_100422_sarmple... | MeyerT_100422_sample...

“MeyerT_100422_sample0050 rawe |SOtOpES ¥ Same RT and méz range filler Area Area Area .
MeyerT_100422 _sample0048 ravw Filtering » .I :I ==
“MeyerT_100422_sample0047 raw 7E 210,542 1:09 5629433.1 4B57256.3 4705571 8
MeverT_100427_sample004g rany  AIINMENT 4

MeEYErT_IDD4ZZ_sampleDDS2rav  Nomalization > 675 pUOBT 1642 91418:3 244881 & 5219143

Feak lists X X

MeyerT_100422_sampledDs0raw  (EMifiCatiOn b

“MeyerT_100422_sampleD0S2raw  Data analysis » 478 11.095 17:53 1579535 208353.7 IETEZE.T
~MeyerT_100422_sample00d7 raw

MeyerT 100422 samplennag rawy__ CiPOM/MADH ¥

~MeyerT_100422_sample00s raw peak 5000
“MeyerT_100422_zample0049 raw peak liztS000 k
i

543842 9592149 52691949

MeyerT_100422 _sample0052 Favw peak listS000 resolved 744 212.002 782
MeyerT_100422_sample0050.ravw peak lista000 resolved
“MeyerT_100422_sample0047 raw peak I?s‘tSDDD resolved 53 b12.002 539 1033528 8909034 6 905832232
MeyerT_100422 _sample0048 ravy peak lista000 resolvedd |lL

“MeyerT_100422 _sample0051 raw peak list5000 resolved
“MeyerT_100422_sample0049. raw peak list5000 resolved 499 212002 B:39 k 1007087 .4 87409763 133535483 4
“MeyerT_100422_sampled032 raw peak listS000 resolved deisotoped

“MeyerT_100422_sample0050 raw peak liztS000 resolved deizotopedd
“MeyerT_100422_sample0047 raw peak listS000 resolved deisotopedd
“MeyerT_100422_sample0051 ravw peak ist5000 resolved deisotoped T

“MeyerT_100422 _sample0043 raw peak lizt5000 resolved deizotoped | (556 212020 205 215940 100795 570211 5
“MeyerT_100422_sample0049 raw peak listS000 resolved deisotoped

gl @212.002 507 5952 137703 1239124 .3 |

613 212.020 215 117849 10079.5 3187865
est10000-30sec gap-filled | 'I
test10000-30sec gap-filled Duplicate peaks filtered |
111 212.839 1:10 | 2599460.9 2156614.0 216029349
I|
- 212839 1:34 330264 4 2095490 189293 2
i
250 212.877 1:43 | G82756 .4 566464 5 545995 .4
il
h4g 213017 1111 9BET34.3 7388306 3715729
74 213.023 17:44 22963857 4511497 1536328
b0y 213077 7:40 251 4 390326 206937
1
SO6 213.077 14:54 E324.0 E8865.7 5043026
31 i 213.077 14:45 5259.7 G3563.7 519639.5 -
1 [ ]2 | 4
[6:49:34 PM]: Finished duplicate peak filter on test! 0000-30sec gap-filled BEREE free

c{lstartl J BN C\WINDOWS!system32. .. || 14 MZmine 2.0: New proj... 5| Untitled 1 - Opencffice....
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MZmine: removal of duplicates

MZmine 2.0: New project

Project Raw data methods | Peak list methods  Wisualization Windows Help

Peak detection »

i (]
MeyerT_100422_sample0031 ravwy Gap ﬁllmg
~MeyerT_100422 _sample00S0 Favwy ISDtDpes 3

MeryerT_100422_sample0043 ravw Filt »
-heyerT_100422_sampls0047 raw

- MeyerT_100422_sample004d raw  Aligniment 4

by project
Raw data files

Peak

Duplicate peak filter

list rowes filter

Awverage

MeyerT_100422_sample

MeyerT_100422_sample

MeyerT_100422_sample

MeyerT_100422_sample0032 ravw
Feaklists

~MeyverT_100422 _sample00S0 Favw
heyerT_100422_sample0052 ravw Data analysis »
-hdeyverT_100422_sample0047 raw
--Me:erT]00422:samsleDD48.raw Export/import ¥
eyt T_1 00422 _sample00s1 rav peak listS000

CMeyverT_ 100422 _sample0049 ravy peak listS000

-MeyerT_100422 _sample0052 Fravw peak listS000 resalved
-MeyerT_100422 _sample00S0 raw pesk listS000 resolved
MeyverT_100422 _sample0047 Favy peak listS000 resolved
MeyerT_100422 _sample0048 ravw peak listS000 resoleed
MeyerT_100422_sample0051 raw peak list3000 resolved
-MeyverT_100422 _sample0049 ravw peak listS000 resolved
MeyerT_100422_sample0052 ravw peak ist5000 resolved deizotopecd
MeyerT_100422_sample00S0 ravy pesk listS000 resolved deisotoped
heyerT_100422 _sample0047 Favw peak listS000 resolved deizotoped
hieyerT_100422_sample0051 ravwy peak listS000 resalved deisotoped
CMeyverT 100422 _sample0043 ravy peak listS000 resolved deizotoped
MeyerT_100422 _sample0049 Fravw peak listS000 resolved deisotoped
“test10000-30sec
-test10000-30sec gal

Marmalization »
Identification  »

e peaks fitered

4 [

- Identity Peak shape
4 | Rettime Area Area Area
16:42 14183 244551 5 521914.3
1753 1579535 205353.7 3876287

744 p12002 TS2 k 54542 9592149 8269194 9
&,

499 p12002 G639 k 1007087 4 67409763 133535483 4

731 p1zooz 507 695 .2 137703 1259124 .3
|

556 12020 208 | 215940 100795 5702115
.

111 p12638 110 | 25994609 2156614.0 2160283 9
]
]

250 R12ETT 1043 | B92756.4 585464 5 5459954
I
i

144 R13DIT 1M 985734.3 738830 6 3715729
A

74 213023 1744 22963857 4511437 153632.8

Q07 R1307T T40 2514 3303256 206937

Ld
@17 RI13OTT 1446 B259.7 688657 519633.5
i
Q45 R130TT 1207 11258 30266.0 390736
i
212 R13413 1802 503510.6 1162807 & 19187103
i

G20 P14005  G38 k 401.1 10621.0 £93328.5
|

sgs 1483 1010 | 327047 0 02366 4 430162 6
|'.I

30f 214674 141 I} 410872.2 [ 3472422 2802931

4

ol

[6:49:34 Ph]: Finished duplicate peak filter on test1 0000-30sec gap-filled
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MZmine: normalization options

MZmine 2.0: New project

Project Raw data methods | Peak list methods  ‘isualization Windows Help

by project
Raw datafiles
“hieyerT_100422 _sample00S1 raw

Peak detection »

Gap filling » Average

MeyerT_100422_sample00S0 raw Isotopes 4 miz ¢

Ret.time

Identity

Peak shape

MeyerT_100422_sample...

MeyerT_100422_sample...

MeyerT_100422_sample..

Area

Area

Area

i\

~MeyerT_100422 _sample0048 Favw
eyt T_1 00422 _sample00d7 raw
MeyerT_100422_sample0049 raw

Filtering »
675 211 061 16:42

Alignment 4

91483

244581 8

= e

5219143

MeyerT_100422 _sample0052 Favw
Feaklists

~MeyerT_100422 _sample00S0 Favwy
MeyerT_100422_sample0052rawe  Data analysis »  Standard compound normalizer

Retention time normalizer

Identification  »  Linear normalizer

MeyerT_100422_sample0047 ravw
MeyerT 100422 _samplennds raw__ CipOImpart ’l as

1579535

2083537

3ETE28.T

test10000-30sec

212,002 752 24542 939214 9 5269194 .9
ChieyerT_100422_sample0051 ravw peak list3000 ki\
MeyerT_100422_sample0049 ravw peak listS000
hleyerT_100422_sample0052 ravy pesk list5000 resalved 499 212002 B:39 k 1007087 4 87409763 133535483 4
eyt T_1 00422 _sample00S0 raw pesk I2tS000 resolved i
MeyerT_100422 _sample0047 Fravy peak listS000 resolved 731 b2 002 so7 595 2 137703 1259124 3
-MeyerT_100422 _sample0048 Fravw peak listS000 resalved
-MeyerT_100422 _sample00S1 raw pesk listS000 resolved T
hleyerT_100422_sample0043 ravy peak list5000 resolved 556 212020 205 ! 215940 10079.5 5702115
MeryerT_100422_sample0052 ravy peak liztS000 resolved deisotoped -
MeyerT_100422_sample0050 ravw peak I!sﬁDDD resolved de!sotoped 111 b2 gag 1110 1 5004600 21536140 ME0283.4 ]
-heyverT_100422 _saple0047 ravw peak listS000 resolved deisotopedd 1
MeyerT_100422_sampleQ03] ravw peak lista000 resolved deisotoped ]
hleyerT_100422_sample004E ravy peak list5000 resolved deizotoped  ||250 212877 1:43 | B92756.4 536464 .8 545993 4
MeyerT_100422 _sample0049 Fravw peak listS000 resolved deisotoped i

144 213017 111 9867343 7388306 357249
-test10000-30sec ga) X
- e peaks fitered

74 213023 1744 22963837 4311497 1536328

an7 213.077 740 2514 3890326 206937

Ld
917 213077 14:48 §238.7 GO065.7 S19639.5
i
945 213.077 1207 11258 30266.0 390736
I
212 213113 1802 2035106 1162807 & 19187103
It
G20 2140035 6:35 k 4011 10621.0 6933285
|
595 214 837 1:10 il 3270470 202366 .4 430ME2 6
|'.I

30? 214 674 1:41 " H 08722 347242 2 2802991 hd

[l ] 12 | 4

[6:49:34 Ph]: Finished duplicate peak filter on test1 0000-30sec gap-filled

c{'Startl J B C\WINDOWS!system3z. .. || 14 MZmine 2.0: New proj... 5| Untitled 1 - Opencifice....
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MZmine: id

MZmine 2.0: New project

b project Peak detection ¥
Raw data files

i »
“MeyerT_100422_sample0051 ravw Gep g

Project Raw data methads | Peak methods  Wisualization Windows Help

MeyerT_100422_sample0050 Faw ISDtDpES 3

entification options

MeyerT_100422_sample0048 raw
“MeyerT_100422_sample00a7 raw
MeyerT_100422_sample0049 raw

Filtering 3
Alignment ]

MeyerT_100422_sample0052 raw
Feak lists
MeyerT_100422_sample0050 raw
“MeyerT_100422_sampled032 raw
“MeyerT_100422 _sample0047 raw
MleyerT_100422_sample004s raw
“WeyerT_100422_samplel0s] ravw peak 5000
MeyerT 100422 _sample0049 raw peak listS000
MeyerT_100422_sample00s2 raw peak listS000 resolved
“MeyerT_100422_sample00S0 ravw peak 5000 resolved
“MeyerT_100422_sample0047 raw peak listS000 resolved

Mormalization

Data analysis »

Export/lmport »  Adduct search

Complex search

MeyerT_100422_sample0048 raw peak listS000 resolved

“MeyerT_100422 _sampled051 raw peak listS000 resolved
“MeyerT_100422_sample0049 raw peak listS000 resolved 556
MeyerT_100422_sample0052 raw peak ist3000 resolved deisotoped

“MeyerT_100422 _sample0050 raw peak listS000 resolved deisctoped
MleyerT_100422_sample0047 ravw peak listS000 resolved deisotoped

“MeyerT_100422_sampled03] raw peak list3000 resolved deisotoped
“MeyerT_100422_sample0048 raw peak istS000 resolved deisotoped | |250
MeyerT_100422_sample0049 ravw peak list5000 resolved deisotoped

“test10000-30sec
-test10000-30sec gap-filled

e peaks filtered

4 I

Average ) MeyerT_100422 sample.. | MeyerT_100422_sample... | MeyerT_100422_sample
D - Identity Peak shape
mfz 7 | Rettime Area Area Area
675 (211,061 16:42 914183 244581 8 5219143
478 211.095 1753 157953.5 208353.7 3876257
Custom database search :
Fragment search
k 54542 9592149 52691949
Iy
Oiliee eiklbase eoaEl: k 1007087 4 B740976.3 133535483.4
Mascot MSMS lon Search (experimental) 3
Glycerophaspholipid prediction 5962 137703 12591243
T
212,020 208 | 215940 10079.5 ST0211.5
-
111 212839 1:10 | 2593460.9 21586140 2160293.9 |
]
1
212877 1:43 | G92756.4 566464 .5 545995 4
Iy
|
144 213017 11 B86734.3 7388306 3715729
A
74 (13,023 17:44 2206385.7 4511487 1536328
907 213077 740 251.4 390326 206937
Li
917 213.077 14:46 62597 686657 5196395
i
945 213077 1207 11258 30266.0 390736
I,
212 213413 18:02 5035106 1162807 6 191587103
i
520 214,005 6:38 k 4011 10621.0 6933285
|
595 214837 1:10 | 3270470 202366 4 4301626
|'.l
30? 214874 1:41 A 4108722 | 3472422 2902991 _ILI
[l »

[6:49:34 PM]: Finished duplicate peak filter on test10000-30sec gap-filled

;{lstartl J BN C:\WINDOWS!system3Z. .. || 14 MZmine 2.0: New proj... [G|Untided 1 - Operoffics. ...

IRREWE free



MZmine: accurate mass online search

MZmine 2.0: New project

Project

Raw data methods Peak list methods  “isualization Windows Help

by project

Raw data files

“hieyerT_100422 _sample00S1 raw
MeyerT_100422_sample00S0 ravw

~MeyerT_100422 _sample0048 Favw

eyt T_1 00422 _sample00d7 raw
MeyerT_100422_sample0049 raw

MeyerT_100422 _sample0052 Favw

Feaklists

MeyverT_100422 _sample00S0 Fravy peak listS000
MeyerT_100422_sampled0352 ravw peak list5000
MeyerT_100422_sample0047 ravwe peak listS000
heyverT_100422 _saple0048 rave peak liztS000
ChieyerT_100422_sample0051 ravw peak list3000
MeyerT_100422_sample0049 ravw peak listS000
hleyerT_100422 _sample0052 Frave peak listS000 resalved
eyt T_1 00422 _sample00S0 raw pesk I2tS000 resolved
MeyerT_100422 _sample0047 Fravy peak listS000 resolved
-MeyerT_100422 _sample0048 Fravw peak listS000 resalved
-MeyerT_100422 _sample00S1 raw pesk listS000 resolved
MeyverT_100422 _sample0049 ravy peak listS000 resolved

“test10000-30sec
-test10000-30sec gal
- e peaks fitered

4

MeryerT_100422_sample0052 ravy peak liztS000 resolved deisotoped
MeyerT_100422_sample0050.raw peak list5000 resolved deisotoped
-heyverT_100422 _saple0047 ravw peak listS000 resolved deisotopedd
MeyerT_100422_sampleQ03] ravw peak lista000 resolved deisotoped
CMeyverT 100422 _sample0043 ravy peak listS000 resolved deizotoped
MeyerT_100422 _sample0049 Fravw peak listS000 resolved deisotoped

3]

=12 %]

i\

= e

Average MeyerT_100422_sample... | MeyerT_100422_sample... | MeyerT_100422_sample..
D - Identity Peak shape
mfz 4 | Rettime Area Area Area
675 211081 16:42 MBS 244581 5 5219143
475 211098 1753 1579535 2083537 387628.7
744 212.002 7:52 l 5484.2 959214 9 5269194 .9
Online database search setup dialog x|
499 212 002 B30 4 8740976 3 133535483 4
Database |Human Metabolome Database Vl
731 [212.002 507 Peak miz |E!32.052 miz 137703 1259124 3
Charge |1
556 212,020 208 10079.5 5702115
lonization method I-H Vl
212839 1:1E 9 2158614.0 2160293.9
i Meutral mass |1 ooz
250 212877 1:47 Mumber of results |5| 586464 8 543993 .4
Mass tolerance ID 003 amu
144 21307 1:11 7388306 3715729
Isotope pattern filter v
74 213.023 174 |sotope pattern score threshold IES% Yo 7 431148.7 153632.8
ao7 13077 TeC oK | Cancel | Help | 390325 20693 7
97 213.077 14:48 B259.7 686657 519639.5
i
345 213.077 12:07 11259 302660 39073 6
I
212 213113 18:02 5035106 1162807 & 1918710.3
i
620 [214.005 6:35 k 4011 10621.0 £93328.5
|
598 214 837 1110 | 327047 0 202366 4 4301626
|'.I
30? 214574 1:41 I} 410872.2 | 3472422 2902991
4

ol

[6:49:34 Ph]: Finished duplicate peak filter on test1 0000-30sec gap-filled
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Metabolomics Databases

e Human Metabolome Database:

e BioCyc:
e Metlin:
e KEGG:

 PubChem (not biology specific):

MASY SPicTROMETRY



MS/MS databases

e Metlin

 MassBank (not only metabolites)

MASY SPicTROMETRY



MZmine: identification results

MZmine 2.0: New project

Project Raw data methods

Peak list methods  ¥isualization Windows Help

by project

Raw data files

“hieyerT_100422_sampled0s] raw
-MeyerT_100422_sample0050 raw

heyerT 100422 _sample0048 raw
-MeyerT_100422_sample0ndT raw
MeyerT_100422_sample004 ravw
heyerT_100422_sample0052 raw

Peak lists

heyverT 100422 _sample0050 raw peak listS000
MeyerT_100422_sample0052 ravwe peak lists000
-MeyerT_100422_sample0047 raw peak list5000
hleyerT 100422 _sample0048 rave peak listS000
hieyerT_100422_sampled0s] raw peak list5000
-MeyerT_100422_sample0049 raw peak list5000
hleyerT 100422 _sample0052 ravw peak listS000 resolved
-MeyerT_100422_sample00s0 ravw pesk iStS000 resolved
heyerT 100422 _sample0047 raw peak listS000 resolved
heyerT _100422_sample0048 ravw peak list5000 resolved
-MeyerT_100422_sample00s1 ravw pesk iStS000 resolved
-heyverT 100422 _sample0043 raw peak listS000 resolved

“test10000-30sec
-test10000-30sec gap-filled

gtest10000-30sec ga) led Duplicate peaks filtered

4

MeryerT_100422_sample0052 rav peak list5000 resolved deizotoped
‘MeyerT_100422_sample00S50 ravw pesk listS000 resolved deizotoped
hleyerT 100422 _sample0047 raw peak listS000 resolved deizotoped
MeyerT_100422_sample0031 raw peak listS000 resolved deisotoped
MeyerT_100422_sample0048 raw peak list5000 resolved deisotoped
hleyerT 100422 _sample0049 raw peak listS000 resolved deizotoped

[

=&1x]

Average ) MeyerT_100422_sample... | MeyerT_100422_sample... | MeyerT_100422_sample...
o s - ldentity Peak shape
méz Ret.time Area Area Area
492 52995 28552 45654 5 192833.9 221099.4
i
493 26.030 3 |‘ 321261 S07721.4 4924308
l |
434 36.072 12:40 2,8-Dihydroxyquinaline-be... | 371447 147997 & B3TE36.T
i

495 71066 12:35 Glycerol 3-phosphate 591865 180012.2 1354886.5

ik
496 £5.019 720 Phthalic scid | BE001 4 1406320 326728 8
497 &7.007 .47 | 63285 4 2742339 4346504580
495 B2T.214 811 72856 a7a4.4 30724061 .5
499 12,002 6:39 Indosyl sulfate L‘ 1007087 4 B740976.3 133535483 4
500 259028 1725 51049.5 1666901 20445459 6
501 94.045 334 Salicyluric acid S2701 6 598894 .2 17642187 4
502 86.077 443 arz.4 219.2 12932004 5
503 §1.992 4:04 63131 .2 1296175 11669523.9
504 70052 224 156.7 5409 103173428
505 279.099 3N L-#spartyl-L-phenylalanine 4447527 457438.0 51401301
506 83082 1317 p-Cresal glucuronide 5425 73388 1 94013095 &

)
508 32.030 11 L-#spartic acid 3370527 §51580.0 23087755
509 241119 8:03 GEE472.7 TEI137.0 4108520.3
51T 02115 11:26 Indoleasetyl glutamine 260674.5 | 203886 4 4619000.5
4

=

| [6:49:34 PM]: Finished duplicate peak filter on te=t1 0000-30sec gap-filled

" H55EME free
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Monoisotopic vs Average Mass

Fall 0022 DS | DS
it

Two stable isotopes important in biochemistry
Carbon-12 (100 %) and Carbon-13 (~1.1 %)
Sulfur-32 (100 %) and Sulfur-34 (4.4 %)

Tryptophan statistically can contain:
no carbon-13 (M): 204.09 Da (100 %)
one carbon-13 (M+1): 205.09 Da (11.9 %)
two carbons-13 (M+2): 206.09 Da (1.4 %)
These are monoisotopic masses

Average mass = (204.09 *100 + 205.09*11.9 +
206.09*1.4)/113.2 = 204.22 (molecular weight,
g/mol)



Elemental composition from
accurate mass

14 1.0078 u
12C 12.0000 u
14N 14.0031 u
160 15.9949 u

What is 28 u?

N, (2x 14 u),CO (12u+16u)orC,H, (2x12u+4x1u)?

What is 28.0313 u? [high accuracy]
C,H, (2 x 12.0000 u + 4 x 1.0078 u)

MASY SPcTROMETRY



High Resolution

High Resolution: R = 561/0.06 ~
0.06 amu 9’000

555555

TOF: 7,000-50,000
Orbitrap: 104-10°
FT ICR: 10°-106

Nominal Mass Resolution
(<1000)
R =561/0.8 ~ 700

Accurate mass measurement is
. possible without high resolution.

— 1 1 m/z
560 561 562 563 564

PR IEigh resolution improves precision
m e Nf MAacs Mmea<iirement - °




Mass of an electron becomes important at high
accuracies

Even Electron (EE) lons
Typically generated by chemical ionization
techniques and electrospray

C11H12N202 - > C11H13|g|202 205. 09715 Da
(true mass)

C11H13N>0, 205. 09770 Da
(2.6 ppm error)

Orbitrap can achieve < 1 ppm accuracy



Identification based on accurate mass

212.00217 NL:
CgHgO4NS 6.95E6
-0.63646 ppm MeyerT_100422_sampl
e0062#636 RT:6.29
AV:1T:FTMS {1,1} -p
ESIFull ms
[70.00-800.00]

Acquired spectrum

212.00230 :
CgHgO4NS /
0.00000 ppm

0S0;
©

Do
© =
c 0
O X
o
3 &
| —
S o
O O
S o
o S
c O
= .9
e
T C
ECCS

Theoretical spectrum

Error =-0.00013 Da/212.0023 Da * 1000,000 = 0.6 parts per million (ppm)

MASE'SPfcTROMEBRRY . . . . . . . .




MZmine: data export options

Project Raw data methods | Peak list methods  “isualization Windows Help

v;proj;ctt . Peak detection ¥ =& x|
aw data files

(]
MeyerT_100422_samplenns! raw Gap filling o Ayerage ldentity Seak shape MWeyerT_100422_sample. .| MeyerT_100422_sample. . | MeyerT_100422_sample...
MeyerT_100422_sample0050 ravw lsotopes ] miz Ret time Area Area Area
MeyerT_100422_sample004S raw Fillering » !
“heyerT_100422_sampled0d? raw . 49z 52.985 2852 43634 .5 1928369 2210994
‘MeverT_100422_sample0D4g raw  Alignment 4 i |
¥ " . n

MeyerT_100422_samplelDS2ran — Narmalization > 4g3 (126080 131 i 321254 507721 4 4924308

Peak lists o | |
“MeyerT_100422_samplenns0rawy  1ENtification ¥ T

MeyerT_100422_sample0052raw  Data analysis » 494 36.072 12:40 2,8-Ditydroxyquinoline-be... | aT144.7 147997 § B37E36.7
“MeyerT_100422_sample0047 raw |
--MeyerT_1 DD422_sampleDD48 e Expil o TS Wl Gk |

verl —SEmp - 5 Glycerol 3-phosphate 591865 1800122 1354886.5
“MevyerT_100422_sample0051 raw peak list5000 Export to XML file  Ctrl+x M
“MeyerT_100422 _sample0049 raw peak list5000 | T

- = mpart frorn XML file  Ctel+

MeyerT_100422_sample00Ss2 raw peak listS000 resolved P Phthalic acid | aa001 .4 1408320 3267288
“WeyerT_100422_sample00sn ravw pesak IStS000 resolved D
“MeyerT 100422 _sample0047 raw peak listS000 resolved l4a7 a7.007 47 k o 2743389 484650450 0
MeyerT_100422_sample0048 raw peak listS000 resolved | LY
“MeyerT_100422_sample00s1 ravw peak itS000 resolved
heyerT_100422 _sampled049 raw peak list5000 resolved 4595 B27.214 AR 72856 9794 4 30724061 3
MeyerT_100422_sample0052 rav peak list5000 resolved deisotoped |
MeyerT_100422_sample0050raw peak list3000 resalved deisstoped 1|, o0 biapgy  gag Indusyl sulfate 1007087 4 87409763 133535483 4
MeyerT_100422_sample0047 raw peak listS000 resolved deisotoped '\

MeyerT_100422_sample0031 ravw peak listS000 resolved deisotoped ]
heyerT_100422_sample0043 raw peak list5000 rezolved deisctoped | 500 [259.028 1725 610495 1666901 20445459 6
MeyerT_100422_sample0049 ravw peak list5000 resolved deisotoped
‘Lest10000-30sec Sy s10d8 33 Salioyluric acid 521701 6 Baa894 2 17642187 4
-test10000-30sec gap-filled

e peaks filtered
02 86.077 445 arz.4 2192 12932004 5
:
503 &1.992 404 651312 129617 .5 116695239
i
504 0082 o224 1367 5408 103173428
L
505 279099 ouh| L-Aspartyl-L-phenylalanine l 4447527 457439.0 51401301
S06 [283.082 1317 p-Cresol glucuronide 5425 733981 94030958
]
505 32030 11 L-Aspartic acid 30527 6313300 2308773.8
S09 241119 903 BB6472.7 JE9137.0 41085203
51? 02.1135 11:26 Indeleacetyl glutamine 260674.5 2030864 4619000.5 d
[l (I A | 4
[6:49:34 PM]: Finished duplicate peak filter on test10000-30sec gap-filled BMz031E free

[ 2] Startl J B C\WINDOWS!system3z... "li MZmine 2.0: New proj.. o) Untitled 1 - OpenGffice. ...

| @« 7zapm




Manual Revision of Metabolomics Data

Many software tools can’t remove some artifacts:
unusual adducts, fragments

A majority of detected features may
be isotopes, adducts, fragments
and/or impurities
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MeyerT_100422_sample0088 4/27/2010 7:23:42 PM
C18 pos R5

RT: 14.99 - 16.15
1559 1561 NL:

100+ - 1.53E6
IM+HT
] 398.95-399.26 MS

MeyerT_100422_sa
mple0088

a1

o\\\\?\\\\cofo\\\\?\

15.34 15.83 15.86 15.97 16.01 16.06

NL:

B 1.37E6
_M + N H4] + T{é.:nfzue,zs MS

MeyerT_100422_sa
mple0088

15.09 15.12 15.18

Relative Abundance
(42

NL:
6.43E5

[I\/I + Na ]+ o5 126 v

MeyerT_100422_sa
mple0088

3

_ 15.78 15.84 15.97
T L L L
15.6 . 15.8 15.9

Time (min)

50-
o]
15.

MeyerT_100422_sample0088 #1581-1600 RT: 15.51-15.69 AV: 20 NL: 7.32E5
T: FTMS {1,1} + p ESI Full ms [70.00-800.00]

Tomenp et MeNHD

Relative Abundance -
OHH?HHCEHH?H\\?HHL?HHH?HH?‘HH%HH#HHCOE

D

/[M+Na]

421.1673

B

w

N

400.1888 417.2153
!
415.2011 420.3664 | 4221704
397.1851 4011905 403,0866 407.1887  409.9785 413.2656 418.2171 423.1722
T T T T T T T T T T T T T T T T T T T T T T
40 402 404 412 a4 416 420 42 a4

=

T
418




Unusual LC-ESI-MS Adducts

583.1480 NL:

6.05E4
MeyerT_100422_sampleQ0
84#818-861 RT: 8.03-8.40
AV 44 T: FTMS {11} +p
ESI Full ms [70.00-800.00]

—
o

0

)]

S

582.1398 584.1514

Relative Abundance
]

582.6444 583.5533A 585';506 586.1487

583.1486 NL:
6.68E5

ng H31 Dg N4 Fe:
CosH31 OgNyFeq

[2M_H+Fe]+ pa Chrg 1

584.1519

581 .;525

o0

[0}

i =8

[

581.1533
582.1566 585.1953 555 1562

581 582 583 584 585 586

0
o]
o]
o]
]
G:
100
o]
o]
o]
]
.




Fragments in LC-M5

MeyerT_100422_sample0088 4/27/2010 7:23:42 PM
C18 pos R5

RT: 6.69 - 8.06

7.31 NL:
2.23E5

“=  Hyppuric acid e

MeyerT_10042
7.39 2_sample0088

Relative Abundance

~6.73 6.78 6.87 691 7.00 7.08 7.17 7.51 7.55 7.60 7.66 7.74 7.80 7.86 7.94 7.99
7.31 NL:

7 miz118.0651 -

MeyerT_10042
\ 7.39 2_sample0088

\\7.41

-6.73 6.78 6.85 692 6.98 7.06 7.12 7.17 751 755 7.60 7.66 7.76 7.80 7.93  8.00
LG L e e e B e e e e e e e s B B B By e B B B B S I LA A B B B B R e B R
6.8 6.9 7.0 71 7.2 7.3 7.4 75 7.6 7.7 7.8 7.9 8.0

Time (min)

MeyerT_100422_sample0088 #740-782 RT: 7.16-7.52 AV: 43 NL: 3.04E6
T: FTMS {1,1} + p ESI Full ms [70.00-800.00]
180.0651

=
o

Relative Abundance
o\\\\?HH?HH‘?\\\\?HH$HH?HH?\\H?HH?HH?

Hyppuric ac\lq

©O

@

~

[o2]

CgHgN —indole?
No, fragment of hyppuric acid

176.9715

Not confirmed by GC-MS either

181.0684
22,5471 162.0547 ‘
118.0651 | 125.9862 134.0599  141.9584 149.0231 154.9899 g 167.0125 173.0298 | }182.9847 195.0873

\\\\H‘H\\H\\HH\HH\\H\\HH\\\H\\H\\HH\\H\\\‘H\\HH\HH\HH\HH\HH\
115 120 125 130 135 140 145 150 155 160 165 170 175 180 185 190 195

m/z

IS

w

N

=




Conclusions

« Open source MZmine software Is
capable to perform automated peak
extraction, alignment and annotation
from high resolution LC/MS
metabolomics and proteomics data

 Manual curation of the results Is
requires to rule out fragments, some
adducts and isotopes
MASY SPicTROMETRY
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