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Introduction to lipidomics:

Part one: Introduction to LC-MS in lipidomics:
1. general approach for lipid LC/MS analysis
2. data acquisition (DDA vs DIA, MSF)

3. lipid extraction

Part two: Sample preparation and advanced analysis
4. challenges in sample preparation. MW
5. advanced LC-MS in lipidomics with
research examples for eicosanoids
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Chromatography or direct infusion?
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Plasma lipids, long run for FA, MSE

[, Modify ACQUITY Binary Salvent Manager Instrument Method x|

ACOUIT}/ Binary Solvent Manager Fun Time: |36.50 min

WP

General l Data | Analog Out | Events |

100

ﬂ
0 min 650 |
Gradient
1 Time Flowy al it
= (min) | (mLimin} B it
- 1 |Initia 0.300 70.0 30.0 nitia i
3 b 0.10 0.300 70.0 30.0 ] ction
5 3 20.00 0.300 46.0 4.0 i} _—
= 4 30.00 0.300 1.0 99.0 G
c _ 5 34.00 0.300 1.0 949.0 G ul
omment:
6 34.50 0.300 70.0 30.0 i}
T 36.50 0.300 70.0 30.0 i}
3 arcel
o
10 A
(1] | Canicel |

Al: H,0 (60%), ACN (40%), AmAc (10
mM), AcAc (0.025%)

B1: 1P (90%), ACN (10%), AmAc
(10mM), AcAc (0.02%); Heat,
Sonicate

Column: ACQUITY UPLC HSS T3
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After each 20-25 samples, wash
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Plasma lipids, long run for FA, MSE
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Liver lipids, short run,MSE.
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Plasma TG targeted analysis

Data acquisition: DDA or DIA (MSF)

DDA MS filter (Q) has low resolution

Journal of
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Comprehensive LC—MSE Lipidomic Analysis using a Shotgun
Approach and Its Application to Biomarker Detection and
Identification in Osteoarthritis Patients

Jose M. Castro-Perez,*"* Jurre Kamphorst,' Jeroen DeGroot,® Floris Lafeber," Jeff Goshawk,*
Kate Yu,* John P. Shockcor,’ Rob J. Vreeken,™ and Thomas Hankemeier'*

Division of Analytical Biosciences, LACDR, Leiden University, P.O. Box 9502, 2300 RA Leiden, The Netherlands,
Netherlands Metabolomics Centre, LACDR, Leiden University, P.O. Box 9502, 2300 RA Leiden, The Netherlands,
Waters Corp, Milford, Massachusetts 01757, Business unit Biosciences, TNO Quality of Life, P.O. Box 2215,
2301 CE Leiden, The Netherlands, Department of Rheumatology & Clinical Immunology, University Medical
Center Utrecht, P.O. Box 85500, 3508 GA Utrecht, The Netherlands, and Waters MS Technology Center,
Manchester, United Kingdom

Received November 27, 2009

A fast and robust method for lipid profiling utilizing liqguid chromatography coupled with mass
spectrometry has been demonstrated and validated for the analysis of human plasma. This method
allowed quantification and identification of lipids in human plasma using parallel alternating low energy
and high energy collision spectral acquisition modes. A total of 284 lipids were identified and quantified
(as relative concentrations) in both positive and negative ion electrospray ionization mode. The method
was validated with five nonendogenous lipids, and the linearity (r? better than 0.994) and the intraday
and interday repeatability (relative standard deviation, 4—6% and 5—8%, respectively) were satisfactory.
The developed lipid profiling method was successfully applied for the analysis of plasma from
osteoarthritis (OA) patients. The multivariate statistical analysis by partial least-squares-discrimination
analysis suggested an altered lipid metabolism associated with osteoarthritis and the release of
arachidonic acid from phospholipids.

Keywords: lipids « mass spectrometry » metabolite profiling « UPLC « MSE « osteoarthritis « biomarker
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Lipidome MS data analysis: targeted vs untargeted
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Lipid extraction

Extraction SPE - purification

Two phase
Folch Bligh and Dyer

mix smple with add 0.2 equivalents
chlorpfarmimathanal of water to induce
2:1(yN) and phase separation
inculbation

biclogical sample: upger phase (34847, vilv,
&.3. blood, tissug chioroformimenanativaten)

{homagenate), polar moleculas (mataboltes),
salls, aming ackts, el

micrecrganismy,
cell pollet

S interphase:
:> {precipitated protelns)

lowar phata (BE014:1; VARG
chtamsfarmyimathanoliston)

VARV V A

Encyclopedia of lipids (2016)

Acetone/hexane

Specific lipid extraction

PIP —low pH
Eicosanoids — acetone
FAMES — ether or hexane
Oxysterols — SPE

Silica columns

Single phase

HIP Methanol (labeled standards)
J Lipid Res (2011) 52:850-859

For omics (MS) should consider a

matrix effect (SPE gave 20 fold higher
background noise compared to acetone/hexane
for PG analysis)

Extraction Method PGEs and PGD. TXBe

Methanol followed by solid-phase 391005 =001) 173 £6.2 (2.0 0.7
extraction

Diethyl ether followed by solid-phase 56 =25 (0.7 £ 0.3) 55 1907 £0.2)
extraction

Hexane/2-propanol followed by solid-phase 5.0 £ 1.7 (0.6 £0.2) 145 £ 3.6 (1.7 £ 0.4)
extraction

Hexane/2-propanol followed by acetone 05201 (0.1 %0.0) 0.7£02(0.1x0.0)

Acetone 060101 =00) 09 =0.2(01%0.0)

J Lipid Res (2008) 49:893-902



Qutlines

Introduction to lipidomics:

Part one: Introduction to LC-MS in lipidomics:

Part two:

1. general approach for lipid LC/MS analysis
2. data acquisition (DDA vs DIA, MSF)
3. lipid extraction

Sample preparation and advanced analysis

4. challenges in sample preparation. MW

5. advanced LC-MS in lipidomics with
research examples for eicosanoids
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Brain metabolome is significantly altered upon 30 sec of brain
Ischemia-injury

Microwaved: Not Microwaved:
— tissue was fixed with — 20 - 30 s was required to
- extract and freeze brain in

head-focused microwave g
irradiation; ]
— protein are heat
denatured by 80 - 90°C in |y
1.2s '-

liquid nitrogen

Scores Comp[1] vs. Comp[2] colored by Sample Group

p(com)[1]P (Correlation)

Brain prostanoid levels at basal conditions and 30 sec after brain ischemia

University of
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Brain prostanoids are significantly increased upon 30 sec of brain
Ischemia-injury

50

40
[ ] microwaved

Il not microwaved
30

ng/g ww

20

*
10
-
0

PGE, PGD, TXB, PGF,, 6-ketoPGF,

Brain prostanoid levels at basal conditions and 30 sec after brain ischemia
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Prostanoids are not destroyed or trapped in denatured proteins upon MW

*
0 [ ] microwaved without ischemia
5 p—
B ot microwaved, after ischemia
[ ] microwaved, after ischemia
B * 1% %
40 l
= 30
(@)
S~~~
(@)}
*
* *x 5
* *
10 T * *
* 'k %
) ' i
O | — | l__l__| — —

PGE, PGD, TXB, PGF,, 6-ketoPGF,_
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A dramatic increase in PG levels in not-MW kidney

ng/gww

1 MW Medulla *
* mE Not MW Medulla 45/
1000
*
30
750+
=
Medulla =
o
500 =191 * *
c
250 0L i , —_ /1 i
PGD, 6-ket0PGF1a PGan TXB,
PGE, PGD,6-ketoPGF, PGF,, TXB,
* 1 MW Whole Kidney
Hl Not MW Whole Kidney
7.51 x
100+
e _ 5.01 *
Whole Kidney 2
2
50- o 2.57 . *
c
254 0.0 ﬁ‘ /1, I__Ll‘i N Ti\
PGD, 6-ketoPGF;, PGF,_ TXB,
*
*
oL, — - : i : —— ND mmm
<
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MW is required to measure PG kidneys levels and PG are not
destroyed or trapped by MW

Non-
aved Micr ed

hole Kidn

‘(idney Slic‘
*

x Whole Kidney = mw bk
T 1 Not MW
[ 1 Not MW Frozen
100— 7 5 % NN Indo
I 0 MW Indo
= 51 50/ * i}
= 2 l I
2 = X
2 50- 225
= *
*
25 0.0-j .éﬂ alll s imrﬁm;_ N/D HN/DN/D
i PGD, 6-ke£oPGF1a PGF,, TXB,
* % *
(| ﬁr%.rﬁ Y il |I|r"| X% NlD;:N/DN/D

PGE,

PLEFA (2013) 313-318

PGD, 6-ketoPGF,  PGF,,

TXB,
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A dramatic postmortem 2AG increase Is prevented by MW but not by
fast freezing of intact head in liquid nitrogen

Postmortem 2AG increase

. | Not Microwaved:

= - 20 - 30 s was required to
extract and freeze brain in
T liguid nitrogen
Hl NotMW
] Not MW, fast frozen Mlcrowaved

6000

— tissue was fixed with
head-focused microwave

. irradiation;

— protein are heat denatured
in 1.2s by 80 - 90°C

ng/gww

2000

Fast Frozen:
— animals was frozen in
liquid nitrogen;
— brain samples kept cold
during extraction

University of
Lipids (2016) 51:487-495 North Ddkota
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MW does not destroy endogenous

1254

% recovery

2AGd8 recovery

Lipids (2016) 51:487-495

or exogenous 2AG

ng/gww

100

754

25+

Endogenous 2AG recovery
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MW is required to measure 2AG alterations under ischemia/injury

4000
3000
r4000
300
=
=
2
2 i * *
o 2000 ; T T r3000 g
(@)]
< // = =)
= 2001 S
- =
/ = -
= pr
10001 A * L2000 °
/ 2 - z
o 7 =
— * / /
100
0 T T f /A / r1000
Control Ischemic Control Ischemic
Microwaved Not microwaved /
0 T T T /A O
Control Ischemic Control Ischemic
Microwaved Not microwaved
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MW is required to measure many other key metabolites

Prostanoids

PGE,, PGD,, PGF,a, 6ketoF,a, TxB,
Lipoxynase products

*HETES
Endocannabinoids

«2-AG and other MG, anandamides
Other lipids

PL, Pls, FFA, Acyl-CoA
Nucleotide phosphates

*ATP, ADP, AMP
Nucleosides

 Adenosine
Carbohydrates

*Glucose, Glycogen
Carboxylic acids

e actate

University of
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Brain prostanoids are significantly increased upon 30 sec of brain
Ischemia-injury

50

40
[ ] microwaved

Il not microwaved
30

ng/g ww

20

*
10
-
0

PGE, PGD, TXB, PGF,, 6-ketoPGF,

Brain prostanoid levels at basal conditions and 30 sec after brain ischemia

University of
J Lipid Res (2008) 49:893-902 North Ddkota
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Prostanoids

* Products of polyunsaturated fatty acid enzymatic COX1/2
oxygenation.

 Short lived.

e Local hormones.

* Regulate many functions:

neurotransmission,

promotion of sleep,

pain, inflammation, resolving inflammation, transplant rejection,
allergic reaction,

PGD, synthase is second most abundant protein in CSF,
platelet aggregation, vasoconstriction,

cell adhesion (cancer).

* Anti-inflammatory and pain relief drugs such as aspirin act by
downregulating eicosanoid synthesis.

 There are three families of prostanoids (20"C" prostanoids):

prostaglandins,
prostacyclins,
thromboxanes.

University of
North Ddkota
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Eicosanoid Biosynthesis

Leukotrienes .
« Two major pathways:
Lipoxygenases — COX mediated
PLA, DG lipase — LOX mediated
Phospholipids === |Arachidonate | €= Diacylglycerols
COX1/2

¢

Prostacyclin Thromboxane

synthase ¢ Prostaglandin Q. gynthases L
Prostanoids

/ synthase \
~ Prostacyclin " Thromboxanes

Other
prostaglandins

HE
g

University of
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Selected Eicosanoids

OH OH

co0~

Z N N\

\ CH3
Levkotriene B,

HO i
Prostaglandin E,

~00C

Prostanoids

CH;

OH OH
Prostacyclin (PGl,)
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Are prostanoids stored in phospholipids are isoprostanes?

RF HPLC method used for the
analysis does not separate PG from all

Isoprostanes
11B-PGF,,
§ 4500 8-isoPGF,,, miz 353. 3—>309A3/ PGF;,
2 m/z 353.3—>309.3
2 3000 m/z 353. 3—>309N
$ 1500
E O 1 T T 1 1
13.0 135 140 145 150 155 160 165 17.0
Time, min
11p-PGE,
: m/z 351.2—-271.
2 | PGE, + 8-isoPGE, 2351252715 PGD,
o 60000 | \ l A/m/z 351.2>2715
2 40000 m/z 351.2—271.5 : :
S 20000
=

0 T T I I T I I 1
13.0 135 14.0 14.5 15.0 155 16.0 16.5 17.0
Time, min

University of
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Are prostanoids stored in phospholipids are isoprostanes?
ISOPGE, formation

fo '

_ °
|

I

Jes fo:

|

H oH H H o, OH
ik oH o
+ + +
OH ., OH
on " om oK
I1 111
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J Biol Chem. (1994) 269:4317-26
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Are prostanoids stored in phospholipids are isoprostanes?
Specificity of MS analysis for isoPGE, formation

B _MiS2(251.22) CF (-22.5): 46 MCA scans from Sawple 16 (Products of 351 PGE2) of PGE 2 Iufusion.wiff {... Max. 6.0¢6 cps.
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£ 2.5e6 \\ L 180.1 -H>0
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. 175.1 233.1
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|| University of
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Are prostanoids stored in phospholipids are isoprostanes?
Specificity of a new MS/MS method

300 pg of 20:4n-6
standard

150000 m/z 351.2-271.4
PGE,

37.5 40.0 425 45.0 475 50.0 52.5 55.0 57.5 60.0 62.5 65.0

Time, min
%) PGE
o | 2
S 45000 11B PGE, PGD, m/z 351.2—189.5
2 300001 giso pae, __~_15(R-PGD;
S 150001 j\ /
E /\J\\‘ Do }L

0
375 400 425 450 475 500 525 550 575 60.0 62.5 650
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Are prostanoids stored in phospholipids are isoprostanes?

Stereochemistry of PGE, formation
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Enzymatic oxidation:
100% PGE, + 0%
ent-PGE,

Non-enzymatic
oxidation: 50%
PGE, + 50% ent-
PGE,
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Are prostanoids stored in phospholipids are isoprostapes?
Chiral separation for PGE, and ent-PGE, g

PGE, and ent-PGE, standards
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Prostanoids stored in phospholipids are NOT COX derived PG
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Summary

LC-MS is invaluable tool for comprehensive lipidomics
analysis

Tissue fixation is required for metabolome analysis under
basal conditions

Tissue fixation is required for measuring metabolome
alterations under different conditions

MW irradiation is an efficient method to tissue fixation
without destroying endogenous bioactive lipid metabolites

351/189 MS/MS transition combined with chiral
chromatography allows for better specificity for PGE,
series quantification
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