Mass Spectrometry based
metabolomics

Metabolomics- A realm of small
molecules (<1000 Da)

Jeevan Prasain, PhD

What is metabolomics?

+ Identification and quantification of the complete set

of metabolites in a biological system

* Quantitative global analysis of metabolites from

cells, tissues and fluids

* Quantitative measurement of the dynamic metabolite
response of living systems to pathophysiological
stimuli or genetic modification
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Metabolomics in the context of other omics

Genome ranscriptom Proteome ——Metabolome
What might be happening in a cell l
Snapshot of the entire
physiology
Lipidomics

Lipids are important- as a membrane bilayer
- provides hydrophobic environment for protein function
- reservoir of energy
- signaling molecules

Lipidomics can perhaps best be defined as a comprehensive analysis of lipids
on the systems-level scale together with their interacting factors

Outlines

Brief introduction to lipidomics

Analytical methodology: MS/MS
structure elucidation of phospholipids

Phospholipid analysis in lean and
ob/ob mice by mass spectrometry

MS/MS analysis of eicosanoids
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How phospholipids are synthesized?

Choline ——, Phosphocholine — Cytidine diphosphocholine
1,2-diacylglycerol
Phosphatidylcholine
Activation of phospholipase A2
Lysophosphatidylcholine (LPC)

+ Free fatty acid

Component of

Pro-inflammatory oxidized LPL

property

Phosphatidylethanolamine Lysophosphatidylethanolamine

Hydrolysis by (LPE)
phospholipase A2

Extraction of lipids by Bligh/Dyer method

To a homogenized sample (1 ml containing internal
standards) add methanol (2.5 ml) and chloroform
(1.25 ml), sonicate by 4-5 bursts and added 1.0 ml
water and 1.25 ml chloroform additionally and
vigorously shaken.

Centrifuge (1,000 x g) for 2 min and separate the
chloroform layer (bottom layer) and repeat the
process twice.

Combine the chloroform soluble phase and
evaporate to dryness and stored at -20 °C untill
analysis.

2/1/2011



Shotgun lipidomics: intrasource separation of lipids for
guantitative lipidomics

Group Electrical Propensity Lipid Classes

. Cardiolipin, acylCoA,
Anionic lipids Carry net negative charge(s) sulfatide, PtdIns (PtdInsP,

at physiological pH Ptd[nst, PldInsl’_‘), PtdGro,
PtdSer, PtdH, etc.

Weak anionic Carry a net negative charge PE, lysoPE, ceramide,
lipids at alkaline pH NEFA, eicosanoids, etc.
Neutral polar Neutral at alkaline pH PC, lysoPC, SM, glycolipid,
lipids TAG, etc.

Special lipids Vary Acylcarnitine, sterols, etc.

The ionization efficiency of an analyte greatly depends on the
electrical propensity of an individual analyte in its own microenvironmentto
lose or gain a charge

Source: Gross and Han,, 2004

Which ionization mode for which phospholipids?

Positiveion mode Negative ion mode

PC PE

LPC PA

PE Pl

LPE Pl PC = phosphatidylcholine

SM PG PA = phosphatic acid

PS PIPs PE = phosphatidylethanolamine

PS = phosphatidylserine
PG = phosphatidylglycerol

CH —OOCK Pl = phosphatidylinositol

HO —CH 0 PIP = Pl monophosphate
I + SM = sphingomyelin
CH. —D—IJ—:'—O—CHZCHZN(CH3]|3 LPE = lysoPE

0
lysophosphatidylcholine
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Increasing metabolite coverage using +ve and —ve ion mode
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Source: Nordstrom et al. Analytical Chemistry, 2007

Application of shotgun lipidomics: intra-source separation of lipids
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Total scan of metabolites (Q1 SCAN +ion mode) for a plasma sample obtained
from lean mouse [A]; ob/ob mouse

Total metabolomics
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Tandem mass spectrometry (MS/MS) of phospholipids
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ESI-MS/MS analyses of various lipids

Lipid Class(s)

Precursor lon

MS/MS Mode & Conditions

F ragment

cardiolipin [M-2H]2- Pl, m/z 153.0, 35 eV glycerol phosphate derivative
PtdGro, PtdH [M-H]" Pl, m/z 153.0, 35 eV, * glycerol phosphate derivative
Pdins [M-H]- Pl, m/z 241.1, 45 eV cyclic Inositol phosphate
Pl, m/z 153.0, 35 eV glycerol phosphate derivative
PtdlnsP [M-H]~ Pl, m/z 321.1, 53 eV phosphoinositol phosphate
PrdinsPy [M-H]~ Pl, m/z 401.1, 62 eV diphosphoinositol phosphate
PtdSer [M-H]~ NL, 87.0 amu, 25 eV, * serine
Pl, m/z 153.0, 35 eV glycerol phosphate derivative
sulfatide [M-H1" Pl, m/z 97.0, 65 eV sulfate
acy|CoA [M-2H]2- Pl, m/z 339.0, 30 eV, * doubly-charged CoA derivative
PE, lysoPE [M-H1- Pl, m/z 196.0, 50 eV glycerol phosphoethanolamine derivative
ceramide [M-H1"- NL, 256.2 amu, 32 eV *

PC, lysoPC, SM

[M~+Li(Na)]+
[M+Li(Na))+

NL, 327.3 amu, 32 eV

NL, 240.2 amu, 32 eV *
NL, 59.1 amu, -28 &V, *
NL, 183.1 amu, -32 eV

2-srans-palmitoy| alcohol
trimethylamine
phosphocholine

[M+Lil+ NL, 189.1 amu, -42 eV’ lithium cholinephosphate
[M+Na]*+ NL, 205.1 amu, -35 eV sodium cholinephosphate
[M+H1* Pl, m/z 184.1, -30 eV, * phosphocholine
[M+Ci)- NL, 50.0 amu, 24 eV, * methylchloride
cerebroside [(M+Li]+ NL, 162.2, -50 eV, *
[M+CI11- NL, 36.0 amu, 30 eV hydrogen chloride
MGDG [M+Li(Na)l+ Pl, m/z 227(243), -45 eV Li(Na)+galactose derivative
DGDG [M+Li(Na))+ Pl, m/z 227(243), -66 eV Li(Na)-+galactose derivative
acylcarnitine [M+H]I*+ Pl m/z 85.1, -20 eV, * carnitine
chol. ester [M+NH 41+ Pl, mm/z 369.3, -50 eV, * cholestane cation
TAG [M+LiT+ NL, X amu, -35 eV a fatty acid

Source: Gross and Han,, 2004

Focused lipidomics

A. Flow injection (ESI-MS/MS)

-Precursorion scanning at m/z 184-choline-containing phospholipids +ve ion modsg

- Neutral scanning of 141, 185, 189, and 277 u used for PE, PS,
phosphatidylglycerol (PG), and phosphatidylinositol (Pl), respectively

- precursor ion scanning at m/z 153 and 241 in —ve ion mode-glycerol-containing
phospholipids and inositol-containing phospholipids, respectively
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+Prec (184.00): Exp 1, 2.764 to 30.604 min from Sample 11 (Lean 53 NK) of ZhangSET1.wiff (Turbo Spray), Centroided
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+Prec (184.00): Exp 1, 2.764 to 30.603 min from Sample 16 (Ob 27 NK) of ZhangSET1.wiff (Turbo Spray), Centroided
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+NL (141.00): Exp 2, 2.278 to 33.485 min from Sample 11 (Lean 53 NK) of ZhangSET1.wiff (Turbo Spray), Centroided
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+NL (141.00): Exp 2, 2.278 to 33.485 min from Sample 15 (Ob 26 NK) of ZhangSET1.wiff (Turbo Spray), Centroided
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TOF MSMS 494.35ES+|

MSMS fragmentation of m/z 496 obtained from plasma of ob/ob mouse
supplemented with kudzu

o
o]
O OJ\/\/\/\/\/\/\/\
OH FOH miz 313
E o "™ g6.H b
Y
Jo—pdosen T i
= O
e OH N& (
miz 496 ® iz 283
@
HO™ Yo 100] 478.348
m/z 125 313.285
184.080
100
%] -59
-18
258.118 419.277 Pilurg
7% 104113 496.357
239.247)  pg5 5820 417. 476.331
125 %20 280 340 400 460 520™/2
86.104 478.348
i Il
75 150 225 300 375 450 525 M/Z

MS/MS of m/z 480 [M-15]- from a ob/ob no kudzu supplemented plasma sample TOF MSMS 480.40ES-

(0]

o T

(0]

c 1]
100 255.267 O\ﬁ’/o\/\,h@)(g o
_ S
o Uy OH
i o
o\P/o\/\N + £
o > OCH,
° m/z 480, [M-15]-
@
OJK/\/\/\/\/\/\/\
% C16:0
256.275
22T.102
242.11p
0‘,,““?“,“‘ ataiasest T e my fz
220 280 340 400 460

2/1/2011

11



Several isomeric compounds exits and unambiguous identificationis a challenge
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Lithiated adducts of phosphocholine provide more structural
information in their MS/MS spectra
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Relative abundances of product ion can be used to distinguish positional isomers
of lithiated phospholipids
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A 2D ESI mass spectrometric finger print for TG molecules
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MS/MS analysis of eicosanoids

Eicosanoids, meaning 20
derived from a 20-carbon acid,

arachidonic acid

-Important lipid mediators and elicit potent effects in

protein receptors

various biological systems mediated through specific

Structural representation PG based on
ring features

PGF
R = aliphatic chain
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ESI-MS/MS of the [M-H]- from PGF2a m/z 353
using a quadrupole mass spectrometer

193.1
1] 3.8e6

309.2

291.1 -44 Da
208.9
247.2
2290 | 263. 3534

sdo ‘Alsuaiu|

99.2

T
]

1

‘\7 ' zsj. 273.2281

219. 'd 335.1
S Cﬂ | |.‘ s | , | 1 1

220 280 340 M/z,amy

O]

What information does deuterium labeling at C-2 and C-3 of
PGF2 provide us for structure elucidation of PG?
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Source: Murphy et al. Analytical Biochemistry, 2005
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Fragmentation scheme of PGF2a [M-H]- m/z 353

m/z 309

lons m/z 309, 291, 273 and 193 are indicative of F2-ring

MS/MS fragmentation of PGE2 and PGD2 m/z 351.00
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Deuterated PG standards are used for quantitative
analysis of PGs in a extract
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Source: Cao et al. Analytical Biochemistry, 2008

Library search for eicosanoid nitp:/mww.lipidmaps.org/

LIPID MAPS — LIFID Metabolites And Pathways Strateqy

Contact | Discussion | News | Publications | Site Map

2820, LIPID Metabolites And
Cogoo® Pathways Strategy

Lipid ClassificationlStandardsjExperimental Data)
Tools[Protocols[Home)

LMSD: Lipid classification search results

Fatty Acyls [FA] (W) --> Eicosanoids [FA03]

Lm_1D Common Mame Systematic Name Formula  Mass

LMFA03000001  8(3)-EpETE (+/-)-8({5)-epoxy-52,112, 142,172~ TaoHaoOs  318.22
sicosatetracnoic acid

LMFAO3000002 11(12}-EpETE (+/-)-11(12)-epoxy-S5Z,.8Z,14Z, 17Z- CT20H3003 318.22
eicosatetraencic acid

MEAO3000003  14(15)}-EpETE (+/-)-14(15}-epoxy-5Z.82, 112, 172 Ca0H3003 s18.22
eicosatetraencic acid

LMFA03000004  17(18)-EpsTE (+/-)-17(18)-cpoxy-52.82,11Z, 142~ CagHzOs  318.22
sicosatetraencic acid

LMER03000005  11(R)-HEDE 11R-hydroxy-12E,14Z-sicosadienaic acid CacHzeOs  324.27

LMFAO3000006 17R,18S-EpETE 17R,185-epoxy-5Z,8Z, 117,142~ C20H3003 318.22
eicosatetraencic acid

LMFAO3000008 1S5(R)-HEDE 1SR-hydresy-11Z-13E-sicesadiencic acid CagH2605 324,27

LMEA03000008  11S-HEDE 115 hydresy-12E,14Z sicesadiansic acid CooHaeOs  324.27

LMEADZ010000 Prostancic acid skelaton - - -

LMEAD3010001  &-keto-P&Fia E-ox0-85,11R, 155 trihydroxy-13E- €340, =270.24
prostencic acid

LMEA02010002 PSF2a 95,11R, 155-tihydroxy-52,136- C20H340s 354.24
prostadiencic ac

LMEAD3010003 PSEZ (W) S-ono-31R. 155 dihydroxy-52Z.138- C20H320s 3s2.22
prestadiencic aci

LMEAD2010004 PSD2 (W) S5, 155-dihydroxy-11-cxo- s5z,12=- CopHa20s =s2.22
prostadiencic acid

LMEAD3010005 PGAL S-oxe-155-hydroxy-102, 135~ C20H3204 338.23
prostadiensic aci

LMEA03010006 PGF2a-d4 55,11/, 155-tihydroxy-5Z, 13- C20H30DaDs  358.27
prostadiencic acid (3,3,4,4-d4}

LMEAD2010007 PSD2-d4 9S,15S-dihydroxy-1
rostadiencic acid (2,

2,135 CagH2sD40s  356.25

LMEAO2010008 PGEZ-d4 11R, 15S-dihydremy-9 2,136~ CaoH2sDa0Os  356.25
ienoic acid (3,3,4,4-d4)

LMFAO3010005 PSGE2 55, L1R-epidioxy-155-hydroperoxy-5Z, 13- CaoH3zOs  368.22

2/1/2011
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« Shotgun lipidomics approaches are high throughput
and applicable to perform profiling as well as
guantitative analysis of various lipids in biological
samples.

« Tandem mass spectrometry analysis of
phospholipids in +ve ion mode characterizes
phospholipid polar head groups, whereas —ve ion
mode provide fatty acid chain structural information

» Identification of phospholipids at a molecular level
present a great challenge due to their structural
diversity and dynamic metabolism.
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