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Lipidomics- A comprehensive analysis of
lipid molecules in response to cellular
stress and challenges




Lipids are very important!!

Nutrition
-Energy source

-Energy storage

Nutrition related diseases-
Atherosclerosis, diabetes

Phospholipids are essential- membrane composition/
functional state of cells




Structures of different lipids classes
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Structures of main phospholipids
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Extraction of lipids by Bligh/Dyer method

« To ahomogenized 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 mi
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.




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 PtdInsP,, PtdInsP,), 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 microenvironment to

lose or gain a charge

Source: Gross and Han,, 2004




Increasing metabolite coverage using +ve and —ve ion mode
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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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Total scan of metabolites (Q1 SCAN -ve ion mode) for a plasma sample obtained
from lean mouse [A]; ob/ob mouse
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Profiling phospholipids and sphingosines
In a complex mixture using MS/MS
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Phosphatidylcholine loses a methyl group to form
a negatively charged, pseudomolecular ion

Phospholipids may undergo demethylation and then the
loss of the fatty acyl groups from glycerophosphocholine
backbone.




ESI-MS/MS analyses of various lipids

Lipid Class(s)

Precursor lon

MS/MS Mode & Conditions

F ragmenit

cardiolipin
PtdGro, PtdH
Ptdins

PtdlnsP
PtdlinsP,
PtdSer

sulfatide

acylCoA
PE, lysoPE
ceramide

PC, lysoPC, SM

cerebroside

MGDG
DGDG
acylcarnitine
chol. ester
TAG

[M-2H]2-
[M-H]~
[M-H]"

[M-H]1~
[M-HI1-
[M-H]-

[M-HI-
[M-2H]2-

[M-H]-
[M-H]"

[M+Li(Na)]+
[M+Li(Na))+
[M+Lil+
[M+Nalt
[M+H]+
[M+CI]-
[M+Lil+
[M+CIT-
[M+Li(Na)]+
[M+Li(Na)]l+
[M+H]T
[MA4+NH 4]+
[M+Li]l*

Pl, m/z 153.0, 35 eV
Pl, m/z 153.0, 35 eV, *
Pl, m/z 241.1, 45 eV
Pl, m/z 153.0, 35 eV
Pl, m/z 321.1, 53 eV
Pl, mi/z 401.1, 62 eV
NL, 87.0 amu, 25 eV, *
Pl, m/z 153.0, 35 eV
Pl, m/z 97.0, 65 eV
Pl, m/z 339.0, 30 eV, *
Pl, m/z 196.0, 50 eV
NL, 256.2 amu, 32 eV *
NL, 327.3 amu, 32 eV
NL, 240.2 amu, 32 eV *
MNL, 59.1 amu, -28 eV, *
ML, 183.1 amu, -32 eV
NL, 189.71 amu, -42 eV
NL, 205.7 amu, -35 eV
Pl, m/z 184.1, -30 &V, *
NL, 50.0 amu, 24 eV, *
NL, 162.2, -50 eV, *
NL, 36.0 amu, 30 eV
Pl, m/z 227(243), -45 eV
Pl, miz 227(243), -66 eV
Pl, m/z 85.1, -20 eV, *
Pl, m/z 369.3, -50 eV, *
NL, X amu, -35 eV

glycerol phosphate derivative
glycerol phosphate derivative
cyclic Inositol phosphate
glycerol phosphate derivative
phosphoinositol phosphate
diphosphoinositol phosphate
serine
glycerol phosphate derivative
sulfate
doubly-charged CoA derivative

glycerol phosphoethanolamine derivative

2-rrans-palmitoyl alcohol
trimethylamine
phosphocholine

lithium cholinephosphate

sodium cholinephosphate
phosphocholine
methylchloride

hydrogen chloride
Li{Na)+galactose derivative
L i{Na)+galactose derivative
carnitine
cholestane cation

a fatty acid

Source: Gross and Han,, 2004




Profiling of phospholipids using precursor ion m/z
184 and neutral loss scan 141 for PC, SM and PE
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Precursor ion scan m/z 264 in +ve ion mode is
specific to identify ceramides in a sample
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MSMS fragmentation of m/z 496 obtained from
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MS/MS of m/z 480 [I\/I-lg]- from a plasma sample
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Several isomeric compounds exits and unambiguous identification is 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

100 S23.3
14:00186:0-GPC-Li*
E 3 -lzﬁ:l._z -
? ; o “sng, prad
g T aed TR mos
E
‘E ] £ 1 La] =1 IST_ 1 o = L= 71'2_5
1 530 il I il
100 =00 300 24O SO0 - FTOO
1O SE3.
— l-c: 0/ 1 4:0-GPC-L" B
=
-E\. — -‘.:'52
5 N -
E - N 9_‘
E
=]
—_— 39‘]" =2
= ss._r Z211.1 ==, 555 - ss53.6 7 1E-S
129.9 = N o3z 303.2 *4 - T"
10O Z00 300 OO0
1 OO il
] 16:0/18:1-SPC-Li* c
-E"'_: . P - =83
g1 2 el N
= ]
E as1
'E 7 BS =
e § ToT
B S 1O 4 1
L fuagn = o oo ET el e i SRS A
100 SO0 FOO
1 OO STTAS
. 18:1/16:0-GPC-Li* |
= -
__‘%\- I-l - -
= ; - ?5‘1“'-’ }
_E - A R
e L =p ,J f f [
=
s e
(=" Bae. L 329 1 2= 2‘8&55‘ . -
1302 Ze5-1 s 'El | 1 _
100 300 500 T TOO !

Source: Hsu et al. J. Am Soc. Mass Spectrom, 1998




Neutral loss scans can be used
to profile triacylglycerides (TAG)
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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
various biological systems mediated through specific
protein receptors




Structural representation PG based on
ring features
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ESI-MS/MS of the [M-H]- from PGF2a m/z 353
using a quadrupole mass spectrometer
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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




Fragmentation scheme of PGF2a [M-H]- m/z 353

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




sdo ‘Alisuayu|

sdo ‘Alsualu|

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

LIPIC MAPS — LIPID Metabolites And Pathways Strategy

Contact | Discussion | News | Publications | Site Map

a%?i&o LIPID Metabolites And
05’588‘3‘ Pathways Strategy

AboutjLipid ClassificationStandards]Experimental Data
Fathways] T colsJProtocols|[Home

LMSD: Lipid classification search results

Fatty Acyls [FA] (W) --=> Eicosanoids [FAD3]

LrM_TID Comnmon Mamne Sy ic Foer 1

LMFADZ000001 2(9)-EpETE [(+/-)-B(9l-epoxy-5Z,11F,14Z, L 7=~ CogHagTy 218.22
sicosatetrasnoic acid

LMFEAOZ000002 11(12)}-EpETE [(+/-)-11( 12 }-epoxy-5Z,8Z,14F, 1 7=- CaoHagDs =18.23
eicosatetrasnoic acid

=00 3 14({15)}EpETE [(+/-)-14{ 15 }-epoxy-5Z,87, 117, 1 7Z- CagHz00s 318.22

sicosatetrasnoic acid

LMEAODZ000004 17(18)}-EpETE [(+/-)-17(18 }-epoxy-5Z,8Z,11F, 147- CogHzgOy 218.22
sicosatetrasnoic acid

LMFEFAQZOOOOMODS 11(R)I-HEDE 11R-hydromy-12E. 14Z-sicosadienoic acid CzaHzs03 24,27

LMEADZ00000E 17R,18S-EpETE 17R, 185 -apoxy-5Z,87,117, 147 CagHzoO3 3I18.22
eicosatetrasnocic aci

LMEAQ IS OOO0E 15(R)-HEDE 15R-hydrowy-117-1ZE-=sicosadiencic acid CapHzsOy 24,27

LMEADZOOOODS 11S-HEDE 11S-hydroxy-12E, 14Z-eicosadiencic acid CopHzs05 22427

LMEAOZ0 1000 Prostancic acid skeleton - - -

LMEAOS O OO0 S-keto-PSFia S-oxo-95,11R, 1 55-trihydroxy-13E- CogHz40s 370.24
prostancic acid

LMEADZ010002 PGF2a 95,1 1R, 15S-trihydrosxy-52, 13E- CogHzaOs 54,24
prostadiencic acid

LMEADZO10002  PGE2 (W) S-oxo-11R,15S-dihydroxy-5Z, 13— CagHzz0Os as2.22
prostadiencic acid

LMEFAOZ01 OO0 PED2 W) 25,155 -dilhvydroxy-11-cwo-SZ,13E- CogHz205 352.22
prostadiencic acid

LMEADZO1000S PGAl S-oxo-15S-hydroxy-10Z, 13- CazgHzzOy 236.23
prostadiencic acid

LMEADZIOLO00E PGF2a-da 25,118, 15S-trihydrosxy-5Z, 13- CagHzoDsOs 3I58.27
prostadiencic acid {3,3.4,94-d4}

LMEADS 01 QT PrED2-d49 25,155 -dihydroxy-11-oxo-S5Z,13E- CogHzgDyOs 355.25
prostadiencic acid {3,234, 4-d4)

LMEAOQIZO L O0E PFEEZ-d= 11R,155-dihydrowy-S-oxec—-S5Z,1 3E- CagHzgDyOg ZF56.25
prostadiencic acid {33, 4.4-d4]

LMEADZO10009  PGG2 25,1 1R-epidioxy-15S-hydroperoxy-SZ, 13E- CzgHz20s 368.22




LPID MAPS
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Conclusions

« 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.




Which ionization mode for which phospholipids?

Positive ion 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

QHE_DDCHI Pl = phosphatidylinositol
HZ —CH C PIP = Pl monophosphate

| + _ : :

CH;—D—#’—D—CHECHEN(EHEJE SM = sphingomyelin

LPE = lysoPE

o
lysaphosphatidylchaline




How phospholipids are synthesized?

Choline —— Phosphocholine ———— Cytidine diphosphocholine
l 1,2-diacylglycerol
Phosphatidylcholine
Activation of phospholipase A2

Lysophosphatidylcholine (LPC)

/\ + Free fatty acid

Component of
oxidized LPL

Pro-inflammatory
property

y

Phosphatidylethanolamine » Lysophosphatidylethanolamine
Hydrolysis by (LPE)
phospholipase A2







