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Introduction

Lipids are dysregulated in the onset and progression of many
diseases, and are functionally involved in mechanisms of disease
etiologies. This requires the development of high throughput
analyses capable of dealing with large numbers of samples which
are necessary to reach statistical significance in clinical studies.
While a large variety of methods exist, the majority of which employ
direct infusion MS or reverse phase LC-MS, there iIs need for
Improvement in order to efficiently identify and quantify large arrays
of lipids in the context of high throughput studies.

Lipid Extraction

The extraction protocol was slightly modified from one found in the literature
[1]. Different plasma extraction volumes were studied. A 20 pL aliquot plasma
was selected in terms of an optimum ratio between the number of extracted
features and the number of saturated peaks Also three resuspension solvents
were analyzed for a wide lipid class coverage.

Number of detected molecular features vs number of saturated peaks for different
plasma extraction volumes.

Sample Molecular features Saturated peaks
Blank 442 0
5 uL plasma 661 )
10 pL plasma 941 15
20 pL plasma 993 17
30 pL plasma 1166 27
60 pL plasma 1840 48
Isopropanol

zgf MeOH:Toluene 90:10
‘1 Acetonitrile:Water 60:40
;

TIC of three plasma samples resuspended in isopropanol (red), methanol:toluene 90:10
(blue) and acetonitrile:water 60:40 (black). Methanol:toluene 90:10 was selected because
it provided a good coverage for the most abundant lipid classes in plasma studied
(phospholipids, lysophospholipids, triglycerides and cholesterol esters).

Final Lipid Extraction Protocol

_ Vortexing (20s) + Centrifugation
20pL Plasma + 225pL ice-cold/N - (2min, 14000g)
purged MeOH +ISTD mix '
{

Vortexing 10s

=

Transferthe upperphase totwo separate
tubes (300 pL /each tube)

S

Add 750pLice-cold/N,-purged MTBE
with 22:1CE (ISTD)
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Drying (Labconco Centrivap): one tube only

Vortexing (10s) andthen shaking t
(6min 4°C)

Reconstitution: 65 UL MeOH:Tol (9:1) + CUDA
(50ng/mL) . Transfer 30 pL to two separate glass
amber vials with microsert. Use one for + ion
mode and other for— ion mode

-
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Add MilliQ water 188 L

\'/ Plasma lipid profiling using Agilent 1290 UPLC-
— QTOF 6530 (+mode) and 6550 (- mode)
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LC-MS Lipid Method

Column: Waters Acquity UPLC CSH C18 1.7 pm 2.1x100mm

Temperature: 65°C Injection volume: 3 pL

Flow rate: 0.6 mL/min

Solvent A: Acetonitrile:Water 60:40 + 10mM Ammonium Formiate + 0.1% Formic Acid

Solvent B: Isopropanol:ACN 90:10 + 10mM Ammonium Formiate + 0.1% Formic Acid
MS: Agilent Q-TOF 6530 and 6550 operating at full scan range m/z 65-1700

Positive ion mode
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Mode ID ISTD Formula RT m/z
1 C17 Sphingosine C,-H;:NO, 1.102 286.2740
2 LPE(17:1/0:0) C,,H,,NO,P 1.438  466.2928
3 LPC(17:0/0:0) C,.H.,NO,P 1.981  510.3554
4 MG(17:0/0:0/0:0) C,oH.,0, 3.137  345.2999
)
E 5 DG(18:1/2:0/0:0) C,,H,,0. 3.257  416.3370
= 6 PC(12:0/13:0) C,iH  NO,P 3.621  636.4599
ﬁ 7 DG(12:0/12:0/0:0) C,,H.,0. 4371  474.4153
= 8 Cholesterol-d7 C,,H,,D,0 4968  376.3953
S 9 SM(d18:1/17:0) C,H N.OP 5250  717.5905
10 Cer(d18:1/17:0) C,.H NO, 6.137  552.5350
11 PE(17:0/17:0) C,5H,gNOP 6.476  720.5538
12 TG(17:0/17:1/17:0)-d5  C.,H,,D.0, 11.155  869.8323
13  22:1 Cholesteryl ester C,oHgcO, 11.834  724.6966
. A LPE(17:1/0:0) C,,H,,NO,P 1.438  464.2783
3 B LPC(17:0/0:0) C,.H.,NO.P 1.981  554.3463
= C Palmitic Acid-d3 C,H,,D,0, 3.197  258.2515
O
é D SM(d18:1/17:0) C,oHg;N,O,P 5.250  761.5814
= E PG(17:0/17:0) CuoH7404,P 5.615  749.5338
o] F Cer(d18:1/17:0) C,cH ,NO, 6.137  596.5259
Z
G PE(17:0/17:0) C,5H,gNO,P 6.476  718.5392

Odd chain and deuterated lipid ISTD used in the method were spiked in the
methanol used for extraction. These ISTD lipids cover the main lipid classes and
are used for both QC of the injections and for quantification of the identified lipids.
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Log10 Peak Height Name MZ RT ID RT_MZ Calc. Conc. Calc. Conc.
1_CE (22:1) [M+NH4]+ IS’ 7246%6 119 11.71_724.70 817770,9 818007,3
1_Ceramide C17 [M+H]+ 5525350 611 5.95_552.54 5962,4 5962,4
The carryover was analyzed by running a blank sample after 10 injected samples. One LGSR0 LR AD) A @ B0 4 sTBel 6760,5 6760,5
. . . . 1_CUDAISTD [M+H]+ 3412799 078 0.78_341.28 150,0 150,0
of the most abundant triglycerides in plasma (TG52:3) was used for the evaluation. The 1 DG (12:0/12:0/0:0) [M+] 4793707 436 426 47937 237282 238496
ratio of the peak area was as low as 0.08%. 1_DG (18:1/2:0/0:0) [M+N 421225 323 317 42129 1430977 143097,7
1_LPC 17:0 [M+H]+ ISTD 5103551 184 1.82_510.36 119248 11936,8
1 EIC874.7877 (TG 52:3) 1_LPE 17:1 [M+H]+ ISTD 4662925 {35 1.34_ 46629 59624 59624
(\ 1_MG 17:0/0:0/0:0 ISTD 3452099 309  3.03_345.30 47699,2 47699,2
1_PC 12:0/13:0 ISTD 636459 356 3.49 636.46 10918,9 10918,9
_ 1_PE 17:0/17:0 ISTD 7205561 641 6.23_720.56 17874,3 17872,6
-] Sample /f\ )\ 1_SM 17:0 ISTD 7175914 519  506_717.59 4769,9 4765,6
: ol Area Ratio: 0.08% F—— 1_Sphingosine d17:1 IST| 2862752 105 1.04_286.28 2650,0 2650,0
1_TG d5 (17:0/17:1/17:0) | 8698329 112 10.98_869.83 29812 2886,7
b 2 CE (18:1) [M+NH4]+ 6686340 11 10.85_668.63 40579,7 38675,5
3 CE (18:2) [M+Na]+ no MS 6715738 106 10.37_671.57 261812,6 208105,3
CE (18:3) [M+NH4]+ 6646027 10,2 9.96_664.60 16117,5 20405,2
1 Blank1 B CE (20:4) [M+NH4]+ 6906184 10,3 10.13_690.62 790288 205594,9
’5%:.n,.m.mmmmummmuumw.mammmw.mm&mdnmﬂm MMWMMMMMMMMLW_L CE 22:6 M+Na 7195738 10,1 9.88_719.57 10521,9 39623,4
Ceramide (d18:1/23:0) [V 6586109 816 7.94 658.61 130,3 235, 1
Ceramide (d40:1) [M+Na] 6445937 783  7.62_644.59 183,8 299,3
Ceramide (d42:1) [M+Na] 6726258 847 826 672.63 634,3 949, 1
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