Diversity of intact polar lipids in the oxygen minimum zone of the Eastern Tropical North Pacific:
Biogeochemical implications of non-phosphorus lipids
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Suppl. Table 1. Absolute concentrations of pigments detected in surface waters of the Eastern Tropical North Pacific at stations 1, 5

and 8.
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1 3 2.64 7.55 0.00 0.00 4.77 4.74 0.00 0.00 0.00 14.60  3.24 0.00 0.00 0.00 109.7 1.53 0.00 18.46 0.00 69.51 12576 0.00 10.94 4.02 791 30.08 0.00 0.00 0.00 0.00 535

1 9 4.07 3.91 0.00 0.00 5.69 4.95 0.00 0.00 0.00 1594 379 0.00 0.00 0.00 136.6 1.05 397 1521  0.00 7443 12391 0.00 1397 6.14 4.08 2825 0.00 0.00 0.00 0.00 6.61

1 16 484  15.00 0.00 2.49 8.66 6.83 0.75 0.00 0.00 2391 3.31 0.00 0.00 0.00  90.62  0.00 9.54 1495 0.00 8795 14873 224 1479 419 12.87 3640 091 0.38 0.00 0.38 9.29

1 29 8.08 3227  0.00 1.75 1659 38.92 1.17 1.58 0.53  42.64 418 0.00 1.47 0.00  60.07  0.00 1.59  17.28 323 91.55 293.10 2.80 4724 323 43.08 1368 0.00 5553 10.81 4472 23.40
1 51 2523  20.58 11.20  0.00 6.46 8.73 0.85 3.49 0.00 1557 1.14 0.00 1.41 0.00  37.65 0.00 0.00 1722 4.03 1329 14847 6.44 1059 0.00 1495 2383 270 6871 1421 5450 35.86
1 71 17.78 102.6  0.00 0.00 15.65 246.1 0.00 0.00  63.51 63.10 14.01 1036  0.00 0.00 19.87  0.00 0.00 18.67 429 21.58 931.31 1629 103.0 17.00 276.1 79.45 15.18 3332 7938 253.8 101.6
5 0 0.00  192.1 0.00 1299 187.8 270.1 6.43 0.00 0.00  240.8 51.14  0.00 5.60 352 6241  0.00 8.06 1556  0.00 8.76 13522 1566 556 14.05 1527 100.1 14.63 5293 10.79 42.14 33.16
5 25 6.79 181.5 0.00 2355 1563 279.2  0.00 9.86 0.00 2245 33.02 0.00 525 0.00  38.49 0.00 7.04 1596  0.00 0.00 1319.5 9.27 0.00 12.44 1843 8I.11 17.59 73.68 0.00 73.68 54.97
5 30 513 1488 0.00 2079 97.17 2306 241 2146 0.00 2534 21.60 0.00 7.45 0.00 1637  0.00 7.06 1574 1557 0.00 12344 725 825 9.26 2065 95.88 2630 1285 3516 9340 5844
5 50 482 39.66  0.00 0.00 4.68 1993 0.00 0.00 0.00 48.81  0.00 0.00 0.00 0.00 6.07 0.00 0.00 1628 0.00 17.57 22927 0.00 0.00 16.58 59.42 8563 791 0.00 0.00 0.00 5.26
8 3 3.66 10.30  0.00 392 1461 13.04 197 0.00 0.00 48.72 10.54  0.00 0.00 036  78.80 1.56 1.97 1295 0.03 39.71 229.12 3.8 10.15 6.56 8.44 4299 1.70 1139 10.84 0.55 8.17
8 8 3.63  16.05 0.00 4.67 1755 1494 250 0.00 0.00 59.27 12,54 0.00 0.00 0.00 8338 1.92 2.35 1436  0.00 43.07 256.61 3.82 10.76 5.78 1257 50.16  0.00 1453 1425 029 14.02
8 15 440 18.75  0.00 443 1817 1502 245 0.00 0.00  59.63 11.33  0.00 0.00 0.05  82.00 191 2.28 1511 0.00 4550 249.58 3.88 10.53 498 16.99  51.01 2.54 1466 1249 217 10.26
8 22 3.55  21.55 0.00 487 2604 1262 3.5 0.00 0.00 6291 831 0.00 0.00 0.00 5530 1.80 2.31 1478 0.00 4034 23920 3.83 12.16 3.06 24.03 6293 3.13 16.03 1340 2.63 10.65
8 28 8.16  34.03 1.20 6.15  39.75 1538 455 1.98 0.00 81.30 7.41 0.00 8.13 0.00 132.0 321 2.78 15.05 323 1043 32587 3.53 40.16 3.58 3693 1357 495 2300 16.64 636 20.17
8 36 9.75  46.13  0.00 9.39  46.60 19.96  5.58 3.74 0.00 8555 743 0.00 6.35 0.00 1794 251 3.07 1639 507 171.8 41098 3.59 7391 526 5245 213.1 6.05 29.87 18.78 11.09 34.61
8 51 1521 27.88  0.00 11.44 2412 3407 541 5.15 0.00 5541 6.82 0.00 3.44 0.00 9229 0.00 1.98 16.50 572 1573 31646 9.21 114.1 678 3450 2504 553 56.84 30.00 26.84 44.70
8 70 4.90 9.97 0.00 2.89 6.10 7.30 0.80 0.37 0.00  26.00 1.61 0.00 1.69 0.00 7.67 0.00 096 1545 148 1844 11773 0.00 1898 0.00 13.62 61.13 3.72 7.39 3.96 3.43 6.78
8 0 10.84 37.93  0.00 834 19.02 1052 297 0.00 0.00  70.72  9.44 0.00 0.00 0.00 1154 321 2.95 1447  0.00 6820 280.17 431 1980 723 6274 6698 275 1396 3.60 1035 6.93
8 8 8.71  26.02  0.00 9.92 2658 11.05 433 0.00 0.00 91.62 12.79  0.00 0.00 0.00 1451 3.84 3.63 1533 17.41 8510 337.85 544 1981 696 29.75 8222 3.53 1636 1098 538 13.84
8 15 3.91 16.41 0.00 6.50  23.06 9.86 3.50 0.00 0.00  77.40 10.31  0.00 1.00 0.00 9279  1.66 3.03 1580 036 59.86 277.69 432 1546 537 17.11 7049 277 18.44 18.44 0.00 13.64
8 22 494 3727  0.00 7.67 4725 1227 476 0.00 0.00 94.68 7.68 0.00 4.44 0.00 4999 2.10 349 1542 000 1944 35989 532 821 348 4518 1002 554 4.38 3.93 0.45 12.13
8 36 9.30  31.81 0.00 637 6045 32.80 485 2.32 0.00 6293 648 0.00 2.79 0.00 47.77  0.00 2.61 1482 0.14 59.68 36547 3.08 27.08 272 4356 131.7 5.68 7.47 5.87 1.60  16.81
8 51 11.20  28.60  0.00 2.88 2359 3855 425 4.48 0.00 37.61 476 0.00 2.40 0.00 71.85 0.00 1.53 1744 484 1474 278.60 848 1381 0.00 3434 2708 4.81 4538 16.85 28.53 4595




Suppl. Table 2. Relative abundance of detected intact polar lipids at all four stations (1, 2, 5 and 8) in the Easter Tropical North Pacific.

Relative Abundance (%)
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388225 1742 976 5122 134 141 28 351 903 000 018 127 028 001 093 000 000 000 053 007 023 000 000 000 0.00

1 25 1357.81 18.44 9.58 3431 526 489 319 5.04 1352 001 0.17 1.68 056 0.07 190 0.00 000 000 034 026 078 000 000 0.00 0.00
1 35 36155 15.03 13.55 16.68 243 29.83 299 853 397 0.07 047 031 080 034 216 0.00 0.00 000 181 037 0.66 0.00 0.00 000 0.00
1 75 303.98 28.54 871 39.77 092 424 153 366 7.70 023 022 000 044 0.16 191 000 0.00 0.00 035 034 050 0.00 024 0.12 040
1 120 22.26 22.94 447 8.65 551 11.84 420 1066 1438 1.10 0.08 0.00 139 023 290 0.00 0.12 041 027 0.00 053 000 328 255 450
1 200 8.38 23.18 098 0.68 14.04 1189 3.81 1088 569 0.79 0.00 0.00 1.15 043 287 0.00 1.07 234 000 0.00 034 000 1641 322 025
1 300 2.88 21.42 287 4.02 779 446 410 495 1854 479 0.00 0.00 1.18 124 321 0.00 285 000 000 0.00 1.16 000 1485 258 0.00
1 400 56.4 3.10 293 1130 273 0.00 878 8.08 50.56 3.14 0.00 037 036 148 227 0.00 198 061 0.07 0.00 000 000 145 0.78 0.00
1 600 1142 5.58 088 2.83 354 394 1505 798 33.89 3.11 0.00 0.00 0.00 130 022 0.00 433 0.14 000 0.10 000 000 1332 3.81 0.00

1 725 9.67 9.79 1.01 189 958 873 6.10 1325 1622 146 0.00 0.00 031 032 211 0.00 000 000 0.18 0.00 053 000 1495 1041 3.16
1 820 3.25 12.34 198 1.06 836 1140 731 1511 16.81 1.76 0.00 0.00 034 021 297 0.00 000 000 007 000 046 000 931 938 115
1 1250  0.82 32.36 1.28 191 1491 195 085 1.64 1296 139 0.00 0.00 0.60 031 159 0.00 000 000 000 020 047 000 2097 631 031
2 3 266.21 9.31 18.86 3571 682 485 143 863 6.16 0.11 023 143 085 0.15 250 003 0.00 026 039 0.04 050 173 0.00 0.00 0.00

2 6 349.59 30.10 1490 2028 7.18 591 0.85 352 896 0.08 0.03 502 012 0.04 1.00 0.00 0.12 000 037 0.11 140 0.01 0.00 0.00 0.00
2 55 21.85 18.14 17.51 1245 3.74 2653 278 886 3.63 0.05 020 036 026 026 335 002 005 000 044 0.10 1.02 0.00 025 000 0.00
2 85  160.03 24.27 749 3348 345 725 272 705 470 09 002 036 076 008 415 005 0.62 059 033 054 029 0.00 064 020 0.04
2 115 50.04 7.00 6.60 1820 497 741 581 9.06 218 201 161 091 180 028 616 0.13 151 032 026 000 1.07 0.00 205 098 0.00
2 200 5.96 79.95 0.00 040 1083 023 0.19 033 073 0.00 0.00 0.00 0.00 0.00 0.00 0.00 000 000 000 051 000 000 682 0.00 0.00
2 400  12.59 4.18 2778 4.82 537 407 13.00 17.18 31.18 4.67 049 0.00 088 0.00 155 054 391 185 0.13 0.00 000 000 1.71 071 095
2 600  11.76 2.37 0.00 12.47 2.11 1.94 005 194 34.06 1126 0.00 0.00 0.00 0.00 0.00 0.00 000 606 000 0.00 000 000 648 1381 7.50
2 830 7.24 6.24 345 681 7.74 1255 8.69 1148 1499 156 099 051 122 018 507 001 294 174 065 000 1.14 0.00 510 1.81 510
5 3 244.4 23.11 16.14 18.40 2459 377 0.79 412 464 0.14 0.00 121 1.08 0.02 042 0.00 0.00 000 0.12 085 0.53 0.07 0.00 000 0.00
5 25 1187.57  66.08 1.03 414 2293 0.00 021 044 447 000 0.00 0.00 0.00 0.17 0.19 0.00 000 000 006 029 000 000 000 0.00 0.00
5 35 38.14 67.72 0.74 4.03 1454 278 042 1.66 330 003 0.00 0.00 059 0.00 0.19 0.00 005 000 003 076 000 1.00 216 0.00 0.00
5 75 17478 20.48 11.04 4935 291 021 033 087 861 181 0.01 025 018 0.02 033 001 009 018 0.18 042 0.00 0.02 106 085 0.80
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0.07
0.00
0.00
0.00
0.00
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0.00
0.12

0.00
0.00
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0.67
1.20
0.25
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0.99
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0.73
0.00
0.00
0.00
0.00

7.06
58.29
4.01
0.00
4.13
0.03
0.00
0.00

9.07
22.28

22.79
4.02
19.45
61.21
40.69
36.26

0.42
1.01

1.44

0.79
0.00
1.12
0.00
5.07
0.03
0.00
0.00
0.74
11.05
15.04
3.65
12.67

10.53
23.85
19.77
14.85




Suppl. Table 3. Fatty acyl combinations (chain lengths and double bonds) of the major groups of intact

polar lipids and their relative abundance at different depths within the water column of the Eastern Tropical

North Pacific.
Rel. Abundance (%)

Oxic Upper OMZ Core OMZ Deep Oxycline

m/z (pos Chain Double FA
IPL Mean SD Mean SD Mean SD Mean SD

mode) length bonds combination

1G-DAG  788.531 36 8 1.86 1.03 3.55 4.15 0.74 0.50 1.10 0.24
786.515 36 9 18:4/18:4 6.05 7.89 1.72 1.67 0.84 0.87 1.52 0.31
774.609 34 1 2.69 1.99 1.48 1.36 2.59 1.93 2.96 1.06
766.546 34 5 1.17 0.82 1.74 1.31 1.11 0.47 3.43 3.63
762.515 34 7 18:3/16:4 5.07 3.61 1.59 1.00 2.20 1.52 2.70 0.61
746.578 32 1 3.82 5.24 3.59 2.09 4.53 1.78 4.54 0.71
732.562 31 1 2.09 2.55 2.02 1.51 2.96 1.93 2.43 1.72
720.562 30 0 16:0/14:0 6.98 10.09 5.76 2.92 7.15 3.49 6.99 0.86
718.546 30 1 16:1/14:0 2791 10.70 40.79 11.46 49.59 5.41 39.07 3.42
716.531 30 2 16:2/14:0 10.59 7.40 11.90 5.88 7.93 2.21 7.74 2.53
692.531 28 0 4.79 2.82 2.97 1.30 4.48 1.18 3.71 1.20
690.515 28 1 3.83 2.61 4.54 2.48 3.18 1.18 2.45 1.35
2G-DAG  948.568 36 9 2.11 1.62 1.18 1.35 0.41 0.50 4.10 6.60
936.662 34 1 18:1/16:0 5.27 2.43 4.50 4.54 13.94 1.86 11.00 5.92
934.646 34 2 18:2/16:0 6.68 2.86 2.87 2.77 7.43 3.02 9.11 4.42
932.631 34 3 18:3/16:0 4.94 1.71 2.45 1.91 2.95 1.75 4.93 1.89
930.615 34 4 3.15 1.65 1.66 1.62 1.54 0.89 3.37 1.14
928.599 34 5 18:3/16:2 4.11 1.86 1.64 1.22 1.43 0.93 6.93 9.29
926.584 34 6 3.12 1.66 1.61 1.56 1.36 0.91 2.28 1.57
924.568 34 7 18:3/16:4 4.90 2.40 1.73 1.78 1.20 0.80 2.75 0.39
908.631 32 1 18:1/14:0 ; 5.03 2.49 13.67 12.27 23.54 5.07 15.29 4.20
906.615 32 2 2.20 0.92 3.52 4.42 2.89 1.71 3.42 0.84
902.584 32 4 18:4/14:0 5.45 291 1.14 2.07 0.78 0.68 0.76 0.94
900.568 32 5 18:5/14:0 4.76 2.10 4.25 13.38 0.17 0.49 0.63 1.27
898.552 32 6 4.19 7.62 0.27 0.42 0.00 0.00 0.00 0.00
882.615 30 0 16:0/14:0 13.49 6.98 17.20 7.58 15.68 1.76 9.10 7.37
880.599 30 1 16:1/14:0 9.95 3.90 24.46 11.88 16.88 2.52 9.50 6.58
878.584 30 2 16:2/14:0 2.71 2.54 5.21 4.96 0.09 0.26 0.00 0.00
854.584 28 0 3.82 291 3.17 3.47 2.73 4.45 1.72 3.44
SQ-DAG  838.571 34 1 18:1/16:0 1.97 1.08 2.83 3.36 4.98 4.57 8.52 7.97
836.555 34 2 4.02 2.38 1.70 1.63 1.02 1.23 1.64 1.90
834.540 34 3 3.22 1.71 0.56 0.72 0.44 0.87 1.24 1.43
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16:0/16:0 ;
16:1/16:0
16:1/16:1
16:0/14:0
16:1/14:0
16:2/14:0
14:0/14:0

18:1/18:1
18:1/17:1;
18:1/16:0
18:2/16:0
18:3/16:0
17:1/15:0
16:1/16:0
16:1/16:1
18:1/17:1
18:1/16:0
18:1/16:1 ;
17:1/16:0

16:1/16:0

16:0/15:0

16:0/14:0

15:0/14:0

22:6/22:6

22:6/20:5

22:6/16:0

20:5/16:0

18:1/16:0

9.15
7.29
5.23
26.72
15.90
4.95
16.24
1.59
9.81
1.55
3.26
12.32
21.87
15.03
7.52
11.41
13.19
231
12.02
7.28
3.78
22.14
1.32
6.93
2.26
33.48
3.82
0.09
1.54
1.57
2.61
0.08
1.08
3.87
1.87
1.59
20.28
1.74
12.14
0.49
1.69
6.68
2.73

3.10
2.63
3.07
5.24
6.46
347
6.46
2.88
5.61
2.32
246
2.78
10.62
9.19
4.63
4.41
3.79
1.41
9.37
6.14
3.64
14.88
133
10.80
4.02
20.83
3.31
0.30
2.69
1.44
2.09
0.19
1.54
3.27
1.60
112
7.02
1.20
7.79
0.66
0.98
439

4.46
11.61
11.49
24.93
31.16
2.81
6.84
1.88
7.12
3.48
10.69
8.63
18.84
2.67
13.03
11.43
19.08
3.09
19.53
6.44
2.91
16.16
1.79
5.53
3.14
23.89
2.83
0.02
8.02
274
6.66
0.14
0.21
6.12
2.90
1.50
19.69
1.76
9.03
1.09
1.68
527
1.86

3.78
6.09
7.09
16.07
11.93
428
5.26
2.51
3.44
2.67
6.95
8.75
8.87
3.22
5.80
5.08
12.58
1.76
13.16
772
2.90
8.54
2.25
7.05
10.46
15.41
243
0.07
8.30
5.83
5.43
0.34
0.49
11.60
3.11
1.49
16.84
1.63
6.74
1.23
1.58
3.65
2.02

9.29
12.53
6.69
30.45
13.75
7.29
13.57
3.07
9.78
422
13.26
7.21
19.50
3.78
16.60
10.84
9.77
1.76
23.32
11.29
9.97
13.55
2.05
7.11
3.16
10.07
3.07
0.04
6.76
1.92
6.50
0.04
1.17
3.83
3.55
0.67
13.97
2.28
4.58
0.59
1.53
8.01
0.76

4.07
2.50
3.79
333
421
11.51
11.15
1.23
3.67
1.57
2.11
2.63
4.17
1.34
227
3.29
2.20
1.22
7.97
5.49
8.36
2.63
135
4.76
3.63
424
1.10
0.11
2.37
1.77
3.55
0.11
0.88
7.70
6.04
0.93
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Suppl. Table 4. Goodness of fit statistics for the NMDS analyses of normalized intact polar lipid (IPL) composition and quantitative

microbial data (FISH), number of double bonds in the IPL and chain length of IPL.

IPL (relative abundance) Number of double bonds Chain length (carbon atoms)
FISH Probe NMDS1 NMDS2 12 p Environmental NMDS1 NMDS2 12 p Environmental NMDS1 NMDS2 12 p
parameter parameter
Alphaproteobacteria -0.56 -0.83  0.02 0.613 Depth -0.80 0.59 0.12 0.081 Depth 0.48 0.88  0.00 0.944
Betaproteobacteria -0.60 -0.80  0.10 0.133 POC 0.93 -0.35  0.19 0.019 POC -0.14 0.99 0.05 0.340
Gammaproteobacteria -0.66 -0.76  0.24 0.004 TN 0.95 -0.30  0.20 0.012 TN -0.10 1.00  0.56 0.324
SRB -0.42 -0.91  0.33 0.002 Phosphate -0.90 0.44 0.12 0.740 Phosphate 0.06 -1.00 0.03 0.531
Epsilonproteobacteria -0.88 -0.47  0.18 0.022 Nitrate -0.51 0.86 0.07 0.250 Nitrate 0.65 -0.76  0.34 0.472
Nso -0.94 -0.33  0.18 0.023 Nitrite -0.57 -0.82  0.14 0.043 Nitrite -0.54 -0.84 0.15 0.052
Anammox -0.04 -1.00  0.25 0.006 Ammonium 0.67 -0.75 0.06 0.311 Ammonium -0.15 0.99 0.05 0.339
Planctomycetes -0.87 -0.50  0.13 0.730 Salinity 0.96 0.29  0.00 0.909 Salinity 0.94 1.00  0.01 0.713
Temperature 0.66 -0.76  0.02 0.686 Temperature -0.23 -0.97 0.01 0.882
Fluorescence 0.97 -0.26  0.27 0.003 Fluorescence 0.04 1.00 0.05 0374
Oxygen 0.83 -0.55 0.26 0.002 Oxygen -0.12 0.99 0.09 0.138
Chl-a 0.96 -0.27  0.28 0.002 Chl-a -0.01 1.00  0.16 0.042



Suppl. Figure 1. Structures of (a) bacterial/eukaryotic and (b) archaeal IPLs observed in the ETNP. The
position of the double bonds and the OH-, epoxy- and keto-groups of the R’ and R” side chains were not

determined.

Suppl. Fig 2. Section plots of (a) total particulate nitrogen and (b) phaeophytin concentrations, absolute
abundance of (c) archaeal and (d) unclassified cells and (e) absolute and (f) relative abundance of archaeal
intact polar lipids (IPL) along a northwest-southeast transect of the study area in the ETNP. Numbers

across the top panels denote station, black dots are individual samples.

Suppl. Fig 3. Identification of hydroxylated aminolipids and sphingolipids in water column samples of
the ETNP. (a) HPLC-MS density map, full scan (MS'), in the mass range from m/z 600 to 900 and
retention time range from 7 to 9 minutes. Representative high-resolution accurate mass MS” mass
spectrum showing fragmentation patterns of (b) DGTS, (c) IOH-DGTS, (d) 30H-DGTS and (e) 1G-20H-
CER in positive ionization mode. Typical fragments for DGTS include monoacylglycerol side chains
with the head group still attached. Similar fragmentation patters are observed between DGTS, 10H-
DGTS and 30H-DGTS with exact masses pointing to additional hydroxyl-groups attached to the fatty
acyl side chains. Note, that it’s possible that the dihydroxylated fatty acid, could also be an epoxy-
hydroxy or keto-hydroxy acid as only one loss of water was observed in the MS2 (from fragment m/z
466.281 to m/z 448.270). Multiple fatty acid side chain combinations are possible. Fragments of 1G-
20H-CER include the glycosidic head group loss of 180 Da and two hydroxyl-group losses as well as the

long chain base (LCB), m/z 294.279.



Suppl. Fig 4. Identification of aminolipids AL-I and AL-II and ester/ether-sulfoquinovosyl (SQ-AEG) in
water column samples of the ETNP. (a) HPLC-MS density map, full scan (MS'), in the mass range from
m/z 600 to 900 and retention time range from 6.5 to 11.5 minutes. Representative high-resolution
accurate mass MS” mass spectrum showing fragmentation patterns of (b) AL-I and (c) AL-II in positive
ionization mode. Fragmentation patterns of AL-I and AL-II are very similar to DGTS (Suppl. Fig. 3)
showing monoacylglycerol fragments with the amino-head group still attached. The sum formula of the
AL-I headgroup matches the head group of DGCC with an extra methyl group. However, since no head
group fragments were observed no further structural inference could be made. The sum formula of AL-
IT matches exactly the head group of DGCC, however, the DGCC-characteristic head group ion fragment
m/z 252.144 was not observed and no structural inference from the detected head group fragments m/z
132.102 and 104.107 could be made. Representative high-resolution accurate mass MS? mass spectrum
showing fragmentation patterns of (d) SQ-DAG and (e) SQ-AEG in positive and negative ionization mode.
Both compound classes exhibit the sulfoquinovosyl-diagnostic head group loss of 261.05 Da. However,
SQ-AEG only has one fatty acyl side chain fragment, whereas SQ-DAG has two fatty acyl fragments in
positive and negative ion mode. Furthermore, the exact mass of the parent ion and the fragments indicate
that SQ-AEG has one oxygen less than SQ-DAG, indicating the replacement of one of the ester bonds

with an ether bond.
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