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Metabolomics platform A—

GC-MS LC-MS




sample pathway

from biological material to interpretable data
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Chemical derivatisation
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chromatography

Chromatography

o LC - High-Performance Liquid Chromatography
(HPLC)
mobile phase: liquid (solvents), stationary phase: I
hydrophobic (RP) or hydrophilic (NP) columns

o GC - Gas Chromatography (Helium mobile phase,
hydrophobic-coated capillary column)

o CE - Capilllary electrophoresis (ions migrate in an
electrical field)

o IC - lon Chromatography
(ions are seperated according the affinity to the ion
exchanger)




chromatography

Chromatography - GC

[ CHg ] _ C;H; 7
o Optional uncoated precolumn | _
10 —Si 0— Si—
o Analytical column ‘
HP-5ms (siloxanes substituted with " CH, es%
5% phenyl and 95% methyl groups)

o Seperation according to boiling point
(adsorption and desorption)

o And interaction with active groups of column
o Apolar substances: Van-der-Waals-forces
o Polar: hydrogen bonds

o Transferline
- connection fo MS




chromatography

Chromatography - LC

HPLC

Normal phase column

-- stationary phase: high polar rigid silica, or silica-
based compositions

-- mobile phases: relatively nonpolar solvent,
hexane, methylene chloride, or mixtures of these

-- more polar solvent has higher eluent strength

-- the least polar component is eluted first




chromatography

HPLC

Reverse phase column

-- stationary phases: nonpolar hydrocarbons, waxy liquids,
or bonded hydrocarbons (such as C18, C8, etc.)

-- mobile phase: polar solvents or mixtures such as
methanol-water or acetonitrile-water

-- the most polar component is eluted first

-- less polar solvent has higher eluent strength

-- less sensitive to polar impurities

V Avoid to measure a sample that pH value is greater than 7.5
in a reversed —phase column, because of hydrolysis of the
siloxane.
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lonisation

o lonisation essential (,,hard" and ,,soft")

o El = electron ionisation (electron impact)

o Cl = chemical ionization

o API (atmospheric pressure ionization): ESI, APCI

o MALDI = Matrix-assisted Laser Desorption lonisation




Heated tungsten

cathode / Anode
3 _:+. B e = _— + o . .
:Im = - lonisation is caused by electron

El - Electron Impact

Gaseous sample
inler

[onization chamber
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Stream of elecrrons travelling
towards anode

ejection from analyte or by analyte
_ decomposition, not by direct
rF’_’_f,,E:-urm:rm;;- lens CO"iSion

! &\K\“_“*‘mm““g bt - energy transfer from electron

\ ey v

v Focusing lens beam to analyte

- Binding energy of organic molecules
-2 2-8eV/mol

- Excitation energy of 70eV gefts
converted into Oscillation energy
- leading to fragmentation

Analyser

M+e — M™ 42,




El spectrum

Glycine (3TMS)
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ES| — Electrospray lonisation
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ESI — spectrurr

HO NH;

Exact mass of molecular ion -->
MAss ACcuracy <sSppm
- sum formular calculation

2> MSM fragmentation pattern
- Comparison with standards

Monoisotopic mass CT0H12N20: 176.094955 Da

Monoisotopic mass H: 1.007276 Da

[M+H]* 177.102231 Da
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MALDI — Matrix-assisted Laser
Desorption lonisation

laser & | University of
analyte/matrix spot ~ P€am BRISTOL

analyte © Paul J. Gates 2014
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Mass analyzer




Quadrupole

Detector

| de and ac voltages

Quadropol ()

m/z = 5.7U/®2r2

o: Frequenzanteil, r: ¥4 Stababstand
U: Beschleunigungsspannung (10-20 V)

oszillating electric fields are used
to select or scan specific ions




TOF — Time-of-flight

Figure 2.
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_ Diagram of GCxGC-TOFMS Instrument
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lon Trap

e.g. Quadrupole lon Trap (Paul frap)

Ring Spacer
electrode Fings
N 7
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Inlet 1&ns l
focussing
lons =~ TRAPPED lons
’ in—> %j IONS ot
Entrance i
endcap —1—— Exit endcap
electrode electrode
© 1937 PAUL GATES

Trapping of ions by
static direct current and (DC)
radio frequency oscillating electric fields (AC)




Tandem masss spectrometry (MS/MS)

Collision
El Photon
ESI Surface
MALDI
Bk
T
sep:araztinn *m iﬁm m
MS2
Precursor Product
ion ion

By K. Murray (Kkmurray) - Own work, CC BY-SA 3.0,
https://commons.wikimedia.org/w/index.php2curid=1943319




Tandem mass spectrometry

LTQ Orbitrap

Electrospray lon Source LTQ Linear lon Trap C-Trap  HCD Collision Cell

l
LJ[_W_:»I_I

,J

Mass Analyzer

http://planetorbitrap.com/Itg-orbitrap-xI#.VrYYEfnhDg4




Q1

Selected Reaction Monitoring

“Monitor a Transition”
from Precursor in Q1 to Productlon in Q3

Q2 Q3

'"¢
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L J

Q1 on precursor ion
m/z 272

Q1

mass filter
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LU

Argon
Collision Zas .
Q3 on product ion

SRM on m/z 237

Q2 Q3

collision cell scanning of selected
product ion

2nd fragmentation




data processing
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biological knowledge
literature

Stat graphics,
Matlab, Excel,
KEGG

data processing

*.raw (Thermo)
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*.cdf platform independent -

N
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ChromaTOF, ....

AMDIS, MS Search,
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Spektrum and

Chromatogramm
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chromatographic
and mass spectral separation
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deconvolution

M/z 174, 247, 248, 147,172




mixed spectrum before
deconvolution
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chromatography
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identification — spectral match

ldenftification
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ldenftification

identification — spectral match
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ldenftification
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Ntification — retention index
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ldenftification

1dentification' — exact mass
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data processing - workflow

alignment & peak infegration
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AT stress KH Unknown Hiethod Seitings 28657884 i HA i HiA WA 1A | Aesponse Low, NA Glycin_[3TMS)

1
2
3
2
3
7
8
9

File Name Sample Type Sample Name Integration Type Arca

ATSK_Kon_KK Unknown Method Settings 113758552 N NA NA. NA. NA NA : Response Low: NA g“‘a":?n"ﬂiﬁ‘dg—][n"”sl
AT stress_KH Unknown Hiethod Scttings 104880588 A HiA i HiA WA 1A ¢ Aesponse Low! NA Serin_[3TMS)

blankAra_S10 Unknown Method Settings. 891483 NA NA NA NA NA NA : Response Low: NA Threoni

-Lactone

a

AT2_Kon_KH Unknown Method Seftings 90313510 NA NA N& NA NA NA : Response Lowi NA ‘ 0 [3TS]
10 | AT14_siress_KiK Unknown liethod Seftings 108178057 NA NA HA NA NA NA | Response Low NA & Aminacarbon-4.&-dinudiokypprimidine
11 AT4_Kon_Kh Unknown Method Settings 131827465 NA NA NA NA NA NA | Response Low: NA Malic_acid_[3TMS]

12 | AT12 stress KK Unknown Method Settings. 71729575 N NA NA NA NA NA | Response Low NA Pyroglutamic_acid_2TMS)

13 ATT_stress_KK Unknown Method Settings. 153883034 NA NA NA NA NA NA { Response Low! NA Threoric_acid_(1TMS)

Glutamine_(-H20]
14 ATS_Kon_KH Unknown Method Settings. 88642021 NA NA NA NA NA NA { Response Low! NA H&_Asparagin_[4TMS)
15 | AT11_Kon KH Unknown Hethod Settings. 30755858 WA HA HiA HiA HA NA 't Response Low: NA Glutamic_acid_(3Th5]
16 AT13_stress_KK Unknown Method Seftings. 100147762 NA NA NA NA NA NA : Response Low: NA EﬁT;;i;ﬁ[ﬂMS]
Glutamine_[3TMS]
Citic_acid_[4TMS]
Dehydioascorbic_acid_dimer_[2ME 0]
Ma,_Detwdroascorbic_acid_dimer_L-Ascorbic_ai
Fructose
Glucose_MP
—! | Glucose_BP
~| || Sorbitol -_U-13C_[{ETMS)
4 All £ Standards £QCs £ Blanks £ Unknowns “ » Hexcse_(5TMS)
L f Aqcsf A 7 L ol Hexadecanoid_acid_(1TMS)
AT10K_Kon_KK (Method Settin 05/02/2014 03:46:20 trans-Sinapinic_acid_(2TMS]
Kon_KK (¢ 9s) Threonine_(3TMS) trans Ferulc_aod_[ZTHS)
No curve could be fitted MyoInositol_[5THE)
RT:9.92-1068 SM:1G 1005 EITTMS_N12C_NTAL
RT:10.30 MNL: | Ma,_Octadecanaic_acid_[1TMS]
1.60ES cis-Sinapinic_acid_[2TMS]
_ H&_ 2117

miz= EITTMS_MN12C_STUF

118.50- M _2200

117.50 Sucrose_(BTMS)

MS 1CIS Trehalose_(8TMS)

AT10K Ko Galactina_(9TMS)

nKK " Hé,_Melibinse_26. 36

- Hé,_Digalactosylglyceral_[3TMS)

Herose

“ @ e =
2 8.8 =8
~ @ @
2 2.2

@

=1
[=7]
L=}

Area
[,
(=]

Y

&
IS
=)

Relative Abundance
o
=

w

(=1

w
&

L+

(=]

=]
=}

=
o

ags 1003 1010 21T 1018
e

10 10.29 1036 1042 1045 1053 1062 1065
; T e

B A B s LR B it sl T T
100 10.1 10.2 103
Time (min)

o
(=]

™ T T
104 105 10.6

(=]
™
(=]
s
(=]
@
S
[s=]
(=]
—
=
(=]




data processing - workflow

raw data maitrix

M1 D2 2218715500 1177147637 114881670

[RLHEEEN L

M2 12090493 1674566 2551986

LI IR IR

M3 38668521 16650636 4641401

HHBNHIEN




data processing - workflow

curated data matrix cH, O

3C OH

H
NI CI O "

Valine (1+2TMS) 56856630 3066789 2316542 0
B N
Malic acid 1010149883 232986113 999818170 T
l Glucose (MP) 3230720402 2316640517 1818410005 s I
O
’ \\ fNHK,/JL\O/}S iﬂ
e A

summed derivatives

normalised to sample amount (weight, volume, protein content)
checked for 0-values, contaminants, ....

Absolute quantification using calibration curves of standard mix




processing - workf
rkflow

statistics - PCA
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data processing

e

\
N

/

biological knowledge, Decon\(olt{ﬁon
literature Peak finding

l

Identification AMDIS, MS Search

Spectral databas
N /

*.raw (Thermo)
*.smp (Leco)
*.cdf platform independent

\\ AMDIS, Xcalibur,

ChromaTOF, ....

Stat graphics,
Matlab, Excel,
KEGG

Rls
Peak

integration for
quantification

LC Quan/Xcalibur,
ChromaTOF



Questions?
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ESI — spectrurr

HO NH-

tonin - S-Hydroxytryptamine (CoHuN20)
roweid, & 2003 ErowidLorg L

Exact mass of molecular ion -->
MASss Accuracy <sppm
- sum formular calculation

2> MSM fragmentation pattern
- Comparison with standards

’ Monoisotopic mass C10H12N20: 176.094955 Da

Monoisotopic mass H: 1.007276 Da

[M+H]*=177.102231 Da

Mass error calculation [ppm]:
(theoretical mass-experimental m/z)/
Theoretical mass * 10¢

/




checks

calibration gas
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