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Abstract: Ultra-high performance liquid chromatography-tandem quadrupole time-of-flight mass spectrometry
(UHPLC/Q-TOF-MS) was applied to rapidly identify the phospholipids in human plasma and explore the mass
spectrometric fragmentation pattern. An acquity UHPLC™ BEH C18 column (50 mm x 2.1 mm, 1.7 um) was
utilized and eluted with a gradient system; the mobile phase consisted of 10 mmol-L"' ammonium formate aqueous
solution-0.1% formic acid aqueous solution (A) and acetonitrile-isopropanol (1: 1) organic solution (B) containing
10 mmol-L"' ammonium formate-0.1% formic acid. The flow rate was 0.3 mL-min" and the column temperature
was set at 50 °C. An electrospray ionization (ESI) source was used to collect mass spectra in positive and negative
ion mode. Based on the precise relative molecular weight and elemental composition calculated by Masslynx 4.1
software, comparison with references, and secondary mass spectrometry fragment ions and lipid databases, a total
of 82 plasma lipids were identified, including 14 lysophosphatidylcholines (LysoPCs), 39 phosphatidylcholines
(PCs), 17 sphingomyelins (SMs), 7 ceramides (Cers), 4 phosphatidylethanolamines (PEs), and 1 phosphatidylinositol
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(PI). A simple, efficient, fast and stable analytical method was established in this study for the qualitative analysis

of phospholipids in human plasma, and the fragmentation regularity of the main phospholipids was determined.

This work provides a good foundation for further metabolomics studies of plasma phospholipids. This study was

approved by the Second Affiliated Hospital of Guangzhou Medical University Clinical Research and Application

Institutional Review Board Approval (No. 2020-hs-07).
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Figure 1 Base peak ion chromatogram of human plasma in both

positive (A) and negative (B) ion modes
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Table 1 Identification of human plasma phospholipids in the ESI positive and negative ion mode

t./ . Measured Calculated Mass L. .
No. * Adduct ion accuracy MS/MS (m/z) Formula Abbreviation Metabolite
min mass (m/z) mass (m/z)
(ppm)
1 135 [M+H] 5183254 518.3247 1.4 500,335,258, 184, 104 C,,H,NO.P PC(18:3) LysoPC(18:3/0:0)
1.27 [M+HCOO] 562.3126 5623145 -3.4 502,277,168
2 1.38 [M+H] 468.3078 468.309 0 -2.6 450, 285,258, 184, 104 C,H,NO.P PC(14:0) LysoPC(14:0/0:0)
1.29 [M+HCOO] 512.2984 512.298 8 -0.8 452,227,168
3 1.48 [M+H]" 4943267 494.3247 4.0 476,311,258, 184, 104 C,H,NO.P PC(16:1) LysoPC(16:1/0:0)
1.39 [M+HCOO] 5383140 538.3145 -0.9 478,253,168
4 149 [M+H] 568.3405 568.3403 0.4 550,385,258, 184, 104 C,,H,NO.P PC(22:6) LysoPC(22:6/0:0)
1.43 [M+HCOO] 612.3297 6123301 -0.7 552,327,283, 168
5 161 [M+H] 5443390 544.3403 -2.4 526,361,258, 184, 104 C,H,NO.P PC(20:4) LyspPC(20:4/0:0)
1.58 [M+HCOO]  588.3289 588.3301 -2.0 528,303,168
6 1.67 [M+H] 5203397 520.3403 -1.2 502,337,258, 184, 104 C,,H,NO,P PC(18:2) LysoPC(18:2/0:0)
1.66 [M+HCOO] 564.3297 564.3301 -0.7 504,279,168
7 1.92 [M+H] 546.3569  546.356 0 1.6 528,363, 258, 184, 104 C,H, ,NO.P PC(20:3) LysoPC(20:3/0:0)
1.86 [M+HCOO] 590.3452 590.3458 -1.0 530,305, 168
8 2.06 [M+H] 496.340 6  496.340 3 0.6 478,313,258, 184, 104 C,H,NO.P PC(16:0) LysoPC(16:0/0:0)
2.05 [M+HCOO] 540.3307 540.330 1 1.1 480,255,168
9 218 [M+HT 5223560 522.3560 0 504, 339, 258, 184, 104 C,H,NO.P PC(18:1) LysoPC(18:1/0:0)
2.18 [M+HCOO] 566.3453 566.345 8 -0.9 500,281, 168
10 234 [M+H] 480.3444  480.3454 -2.1 462,297,240, 184, 104 C,H,NOP PC(P-16:0)  LysoPC(P-16:0/0:0)
2.34 [M+HCOO] 5243364 524.3352 2.3 464,239,224, 168
11 242 [M+H] 482.360 5 482.3611 -1.2 464,299, 240, 184, 104 C,H,NOPP PC(0-16:0) PC(0-16:0/0:0)
241 [M+HCOO] 526.3510 526.3509 0.2 466,224,168
12 249 [M+H] 510.3543 510.356 0 -3.3 492,327,258, 184, 104 C,;H, ,NO.P PC(17:0) LysoPC(17:0/0:0)
249 [M+HCOO] 5543448 554.3458 -1.8 494,269, 168
13 254 [M+H]" 5083757 508.376 7 -2.0 490, 325, 240, 184, 104 C,,H,NOP PC(P-18:0)  LysoPC(P-18:0/0:0)
2.53 [M+HCOO] 5523674 552.3665 1.6 492,281, 168
14 292 [M+H] 5243728 5243716 2.3 506,341,258, 184, 104 C,,H,NO.P PC(18:0) LysoPC(18:0/0:0)
291 [M+HCOO] 568.3637 568.3614 4.0 508,283,168
15 3.84 [M+H]" 5524017 552.4029 -2.2 534,369,258, 184, 104 C,H,NO.P PC(20:0) LysoPC(20:0/0:0)
3.83 [M+HCOO] 596.3914 596.3927 -2.2 536,311, 168
16 571 [M+H] 804.5556 804.554 3 1.6 786,184 C,HNOP PC(38:7) PC(16:1/22:6)
5.69 [M+HCOO] 848.5400 848.5442 -4.9 788,327,168
17 578 [M+H]" 8545695 854.570 0 -0.6 836, 671,568,544, 184 C, H,NOP  PC(42:10) PC(22:6/20:4)
5.80 [M+HCOO] 898.5573 898.559 7 -2.8 838,327,303, 168
18 599 [M+H] 675.5428 675544 1 -1.9 657,474,264, 184 C,,H,N,OP SM(d32:1) SM(d18:1/14:0)
596 [M+HCOO] 719.5349 719.5339 1.4 659, 588,282,227, 168
19  6.01 [M+H]' 830.5729 830.570 0 3.5 544,526, 184 C,H, NO,P PC(40:8) PC(20:4/20:4)
597 [M+HCOO] 874.5591 874.5598 -0.8 814,303,168
20 6.09 [M+H]" 701.5605  701.559 8 1.0 683,500,262, 184 C,,H,,N,O.P SM(d34:2) SM(d18:2/16:0)
6.07 [M+HCOO] 745.5482 745.549 6 -1.9 685,614,279, 255,168
21 630 [M+H] 730.5364  730.538 7 -3.1 547,520, 468, 184 C,H,NOP PC(32:2) PC(14:0/18:2)
6.24 [M+HCOO] 774.5297 774.528 5 1.5 714,279,227, 168
22 635 [M+H] 806.5710 806.570 0 1.2 623,544,520, 184 C,H,NOPP PC(38:6) PC(18:2/20:4)
6.25 [M+HCOO] 850.5603 850.559 8 0.6 790,303,279, 168
23 640 [M+H] 756.5540  756.554 3 -0.4 573,502,494, 184 C,H NOPP PC(34:3) PC(16:1/18:2)
6.63 [M+HCOO] 800.5438 800.544 2 -0.5 740, 279,253, 168
24 6.45 [M+H]" 780.5532  780.554 3 -1.4 597,524,496, 478, 184 C,H, ,NOP PC(36:5) PC(16:0/20:5)
6.66 [M+HCOO] 824.5439 824.5442 -0.4 764,301,255, 168
25 6.56 [M+H] 887.5657 887.5650 0.8 627,341, 287,267 C,H,,O0,P PI(38:4) PI(18:0/20:4)
6.70 [M-H] 885.5502 885.5493 1.0 303,283,241
26  6.59 [M+H] 782.5715 782.570 0 1.9 599,520,502, 184 C,H /NOPP PC(36:4) PC(18:2/18:2)
6.75 [M+HCOO]  826.5580 826.559 8 -2.2 766,279,168
27 6.94 [M+H]" 806.5723  806.570 0 2.9 623,568,550,496,478, 184 C,,H /NOP PC(38:6) PC(16:0/22:6)
691 [M+HCOO] 850.5573 850.559 8 -2.9 790, 327,255, 168
28 7.34 [M+H] 703.5750 703.5754 -0.6 685,520,502, 264, 184 C,,H, ,N,OP SM(d34:1) SM(d18:1/16:0)
7.30 [M+HCOO] 747.5641 747.5652 -1.5 687,616,281, 255,168
29 741 [M+H] 782.5710  782.570 0 1.3 599,544,526, 496, 478, 184 C,,H, /NO,P PC(36:4) PC(16:0/20:4)

7.41 [M+HCOO]  826.5572 826.559 8 -3.1 766,303, 255, 168
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Continued
t./ Measured Calculated Mass
No. R Adduct ion accuracy MS/MS (m/z) Formula Abbreviation Metabolite
min mass (m/z) mass (m/z)
(ppm)
30 7.48 [M+H] 808.586 4  808.5856 1.0 625,544,526, 522,504,184 C,,H,NO,P PC(38:5) PC(18:1/20:4)
745 [M+HCOO] 852.5778 852.5755 2.7 792,303,281, 168
31 7.53 [M+H] 729.5919 729.591 1 1.1 711,264,184 C, HN,O,P SM(d36:2) SM(d18:1/18:1)
7.51 [M+HCOO] 773.5807 773.5809 -0.3 281,168
32 7.66 [M+H] 780.553 5  780.554 3 -1.0 597,520,502, 184 C, H,NOP PC(36:5) PC(18:2/18:3)
7.64 [M+HCOO] 824.5405 824.5442 -4.5 764,279,277, 168
33 7.77 [M+H] 758.5735  758.570 0 4.6  575,520,502,496,478,184 C,,H /NOP PC(34:2) PC(16:0/18:2)
7.70 [M+HCOO] 802.5623 802.559 8 3.1 742,279, 255,168
34 7.87 [M+H] 784.5840 784.5856 —2.0 601,522,520, 504, 502, 184 C,H, ,NO,P PC(36:3) PC(18:1/18:2)
7.82 [M+HCOO]  828.578 0 828.5856 0.2 768,281,279, 168
35 8.07 [M+H] 808.584 5 808.5856 -1.4 625,524,506, 184 C,H,NO,P PC(38:5) PC(18:0/20:5)
7.99 [M+HCOO] 852.5759 852.5755 0.5 792,301,283, 168
36 8.09 [M+H] 705.5925 705.591 1 2.0 687,260,184 C,,H, N,O,P SM(d34:0) SM(d18:0/16:0)
8.03 [M+HCOO] 749.5818 749.5809 1.2 255,168
37  8.10 [M+H] 766.5756 766.5751 0.7 526,480, 184 C,,H,NO,P PC(P-36:4) or PC(P-16:0/20:4) or
8.06 [M+HCOO] 810.5638 810.5649 -1.4 750,303, 168 PC(0-36:5) PC(0-16:1/20:4)
38 821 [M+H] 784.5839 784.5856 2.2 601, 546, 528, 496, 478, 184 C,,H NO,P PC(36:3) PC(16:0/20:3)
8.16 [M+HCOO] 8285764 828.5755 1.1 768, 305,255,168
39 8.46 [M+H] 768.5894  768.590 7 -1.7 585,526,482, 464, 184 C,H,NO.P PC(0-36:4) PC(0O-16:0/20:4)
8.44 [M+HCOO] 812.5836 812.5805 3.8 752,464,303, 168
40  8.54 [M+H]" 794.6049  794.606 4 -1.9 611, 526, 508, 490, 184 C,HyNO.,P PC(P-38:4) or PC(P-18:0/20:4) or
8.55 [M+HCOO] 838.5971 838.5962 1.1 778,303,168 PC(0-38:5) PC(O-18:1/20:4)
41 8.67 [M+H] 834.6003 834.601 3 -1.2 651,568,524, 184 C,H, ,NOP PC(40:6) PC(18:0/22:6)
8.64 [M+HCOO] 878.5881 878.5911 -3.4 818,327,283, 168
42 9.00 [M+H]" 744.587 6  744.590 7 -42 561,184 C,H,NO,P PC(0-34:2) PC(0O-16:0/18:2)
891 [M+HCOO] 788.5828 788.5805 2.9  728,464,279,241, 168
43 9.09 [M+H]" 770.606 4  770.606 4 0 184 C,H,NO.P PC(P-36:2) or PC(P-18:0/18:2) or
8.95 [M+HCOO] 814.5576 814.5598 -2.7 279,168 PC(0-36:3) PC(0O-18:1/18:2)
44 929 [M+H] 734.568 8  734.570 0 -1.6 551,496,478, 184 C,,H, NOP  PC(32:0) PC(16:0/16:0)
9.20 [M+HCOO] 778.5600 778.559 8 0.3 718,255,168
45 934 [M+H]" 810.601 5 810.601 3 0.2 627,544,524, 184 C,H, NO,P PC(38:4) PC(18:0/20:4)
9.29 [M+HCOO] 854.5932 8545911 2.5 794,303,283, 168
46  9.38 [M+H]" 731.6092  731.606 7 34 713,548,530,264, 184 C, H,,N,OP SM(d36:1) SM(d18:1/18:0)
9.36 [M+HCOO] 775.5954 775.5965 -1.4 715, 644,283,281, 168
47 942 [M+H] 760.583 9  760.585 6 -2.2 577,522,496, 184 C,H,NOP PC(34:1) PC(16:0/18:1)
9.39 [M+HCOO] 804.5774 804.5755 2.4  744,281,255,168
48  9.86 [M+H]" 786.600 3  786.601 3 -1.3 603,524,520, 184 C,H,NOPP PC(36:2) PC(18:0/18:2)
9.77 [M+HCOO]  830.5909 830.591 1 -0.2 770,283,279, 168
49 10.24 [M+H]" 836.6185 836.6169 1.9 653,524,184 C,H NO,P PC(40:5) PC(18:0/22:5)
10.15 [M+HCOO] 880.608 8 880.606 8 2.3 820,329,283, 168
50 10.37 [M+H] 812.6134 812.6169 -43 629,524,184 C,H, NO,PP PC(38:3) PC(18:0/20:3)
10.34 [M+HCOO] 856.6052 856.606 8 -1.9 796, 305, 283, 168
51 10.65 [M+H] 774.602 3  774.601 3 1.3/ C,H,NOPP PE(38:1) PE(20:0/18:1)
10.57 [M+HCOO] 818.5938 818.591 1 3.3 281,196, 140
52 10.73 [M+H] 822.636 4  822.6377 -1.6 184 C,HNO.P PC(0-40:5) PC(O-18:0/22:5)
10.63 [M+HCOO] 866.6720 866.627 5 -0.6 806, 343, 255, 168
53 10.81 [M+H] 796.621 6  796.622 0 -0.5 613,510,184 C,H,NO.P PC(0-38:4) PC(0O-18:0/20:4)
10.71 [M+HCOO]  840.6128 840.6118 1.2 780,303,269, 168
54 10.84 [M+H] 746.607 1  746.606 4 0.9 563,508,478, 184 C,H,NO.,P PC(0-34:1) PC(O-18:1/16:0)
10.71 [M+HCOO]  790.5971 790.596 2 1.1 730, 281, 255,168
55 10.86 [M+H] 720.589 1  720.590 7 -2.2 537,482,184, 104 C,,H,NO.,P PC(0-32:0) PC(0O-16:0/16:0)
10.77 [M+HCOO]  764.5793 764.580 5 -1.6 704,255,168
56 11.00 [M+H] 752.5613  752.5594 2.5 / C,H, NO.P PE(P-38:4)  PE(P-18:0/20:4)
10.95 [M-H] 750.5449  750.543 8 1.5 464,446,303, 267, 259,
196, 140
57 11.06 [M+H] 838.633 0  838.632 6 0.5 655,552,544, 184 C,H NOLP  PC(40:4) PC(20:0/20:4)
11.06 [M+HCOO] 882.6184 882.6224 -4.5 822,331,303, 168
58 1141 [M+H] 772.6228 772.6220 -2.1 589,510,492, 184 C,HNO.P PC(0-36:2) PC(0O-18:0/18:2)
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t./ Measured Calculated Mass
No. R Adduct ion accuracy MS/MS (m/z) Formula Abbreviation Metabolite
min mass (m/z) mass (m/z)
(ppm)
11.33 [M+HCOO] 816.6096 816.61138 -2.7 756,279,269, 168
59 11.74 [M+H] 728.5604  728.559 4 14 / C,H, NO.,P PE(P-36:2) PE(P-18:0/18:2)
11.60 [M-H] 726.5453  726.543 8 2.1 464,446,279, 267,196, 140
60 11.84 [M+H] 762.6042  762.601 3 3.8 579,524,506,496,478, 184 C_ H,NO[P PC(34:0) PC(18:0/16:0)
11.77 [M+HCOO] 806.588 8  806.591 1 -2.9 746, 283,255,168
61 11.96 [M+H] 788.618 8  788.616 9 24 603,524,184 C,HNOP PC(36:1) PC(18:0/18:1)
11.81 [M+HCOO]  832.6064 832.606 8 -0.5 772,283,281, 168
62 11.96 [M+H] 811.6694  811.669 3 0.1 793, 628, 610, 262, 184 C,,H, N,O.P SM(d42:3) SM(d18:2/24:1)
11.89 [M+HCOO] 855.6598 855.659 1 0.8 795,724,303, 168
63 12.00 [M+H] 759.6383  759.638 0 0.4  741,576,558,264, 184 C,H,N,OP SM(d38:1) SM(d18:1/20:0)
11.96 [M+HCOO] 803.628 8 803.627 8 1.2 743,672,281,279, 168
64 12.18 [M+H] 785.6549  785.653 7 1.5 767,602, 584,262,184 C,H,N,OP SM(d40:2) SM(d18:2/22:0)
12.15 [M+HCOO] 829.6406 829.6435 -3.5 769, 698,303,279, 168
65 12.19 [M+H] 814.6329 814.6326 0.4 631,548, 530, 524, 506, 184 C, H ,NO,P PC(38:2) PC(18:0/20:2)
12.45 [M+HCOO] 858.6208 858.622 4 -1.9 307,283,168
66 13.57 [M+H] 773.6514  773.6537 -3.0 755,590, 572,264, 184 C, H,N,OP SM(d39:1) SM(d18:1/21:0)
13.50 [M+HCOO] 817.6445 817.6435 1.2 757,686,607, 309, 281, 168
67 13.70 [M+H] 799.6712  799.669 3 24  781,616,598,262, 184 C,,H,N,OP SM(d41:2) SM(d18:2/23:0)
13.64 [M+HCOO] 843.6613 843.659 1 2.6 783,712,633,307,279, 168
68 14.02 [M+H] 730.576 8  730.575 1 23/ C, H ,NO.P PE(P-36:1)  PE(P-18:0/18:1)
13.88 [M-H] 728.560 1  728.559 4 1.0 464, 446, 281, 267, 196, 140
69 14.30 [M+H] 813.6858 813.6850 1.0 795, 630, 612,264, 184 C,,H,;N,O.P SM(d42:2) SM(d18:1/24:1)
1420 [M+HCOO] 857.6771 857.6748 2.7 797,726, 647,365, 281, 168
70 14.46 [M+H] 787.6729  787.669 3 4.6 769,604, 586,264, 184 C,;H,N,O.P SM(d40:1) SM(d18:1/22:0)
1436 [M+HCOO] 831.6620 831.6591 3.5 771,700, 621, 339,279, 168
71 14.63 [M+H] 813.6857 813.6850 0.9  795,630,612,262, 184 C,H,,N,OP SM(d42:2) SM(d18:2/24:0)
1446 [M+HCOO] 857.6761 857.67438 1.5 797,726, 647,367, 168
72 14.68 [M+H] 784.6549  784.658 4 -4.5 766,282,264 C,H,NOPP CerP(d44:2) CerP(d18:1/26:1)
14.64 [M+HCOO] 828.6496 828.648 2 1.7 620,263
73 1496 [M+H] 878.6975 878.700 3 -32 184 C,H,NO.P PC(0-44:5) PC(0-22:2/22:3)
14.85 [M+HCOO] 922.6892 922.690 1 -1.0 862,303, 168
74 15.07 [M+H] 789.682 4  789.685 0 -3.3 771,606, 266, 184 C,;H,,N,O.P SM(d40:0) SM(d18:0/22:0)
1491 [M+HCOO] 833.6725 833.67438 -2.8 773,702, 623,279, 168
75 15.15 [M+H] 801.6863 801.6850 1.6 783,618, 600, 264, 184 C,Hy,N,OP SM(d41:1) SM(d18:1/23:0)
15.01 [M+HCOO] 845.6742 845.67438 -0.7 785,714, 635,616, 281, 168
76 15.26 [M+H] 648.628 2 648.629 5 -2.0  630,612,280,262 C,H,NO,  Cer(d42:2) Cer(d18:2/24:0)
1521 [M+HCOO] 692.6201 692.619 3 1.2 367
77 1536 [M+H] 622.6141 622.61338 0.5 604, 586,282,264 C,H, ,NO, Cer(d40:1) Cer(d18:1/22:0)
1531 [M+HCOO] 666.6030 666.603 7 -1.1 364,263
78 15.61 [M+H] 815.7003 815.700 6 -0.4  797,632,614,264, 184 C,H,N,OP SM(d42:1) SM(d18:1/24:0)
1556 [M+HCOO]  859.6903 859.690 4 -0.1 799,728, 649, 367, 168
79 15.62 [M+H] 624.6309  624.629 5 2.2 606, 588,284, 266 C, Hy NO;  Cer(d40:0) Cer(d18:0/22:0)
15.59 [M+HCOO] 668.6194 668.619 3 0.1 364
80 15.72 [M+H] 636.6315  636.629 5 3.1 618, 600,282,264 C,H,NO, Cer(d41:1) Cer(d18:1/23:0)
15.68 [M+HCOO] 680.6202 680.619 3 1.3 352,263
81 16.03 [M+H] 650.6433  650.645 1 -2.8 632,614, 602,282,264 C,H,NO, Cer(d42:1) Cer(d18:1/24:0)
16.03 [M+HCOO] 694.6332 694.6350 -2.6 630, 618,408,392, 367,
263, 237
82 16.23 [M+H] 652.6619  652.660 8 1.7 634,616,284, 266 C,H,NO,  Cer(d42:0) Cer(d18:0/24:0)
16.23 [M+HCOO] 696.6519 696.650 6 1.9 367
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Figure 2 The MS/MS spectra of peak 8 in positive (A) and

negative (B) ion modes and its proposed fragmentation patterns
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Figure 3 The MS/MS spectra of peak 48 in positive (A) and

negative (B) ion modes and its proposed fragmentation patterns
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Figure 4 The proposed fragmentation patterns of peak 28 in

positive (A) and negative (B) ion modes
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Figure 5 The MS/MS spectra of peak 81 in positive ion mode
(A) and its typical fragmentation patterns (B)
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