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Supplementary Methods

Materials. CL standards, PG standards, and E.coli CL were purchased from Avanti Polar Lipids (Alabaster,
Alabama). Molecular weights and structures for PG and CL standards are shown in Table S1. Sodium acetate,
(trimethylsilyl)diazomethane (TMSD), HPLC grade water, and HPLC grade methanol were obtained from EMD
Millipore (Billerica, MA). Chloroform was obtained from Sigma-Aldrich (St. Louis, MO). Methyl tert-butyl ether
(MTBE) was obtained from Alfa Aesar (Haverhill, MA). A total lipid extract was prepared from a papillary thyroid
carcinoma obtained from the Cooperative Human Tissue Network using a Bligh and Deyer lipid extraction protocol.*
Prior to electrospray ionization, samples were prepared in a 50:50 methanol/chloroform solution doped with 1 mM
sodium acetate at a final concentration of 2-10 pM for CL and PG standards and 10 ng/uL for biological extracts,
unless otherwise indicated.

TMSD Methylation of Phospholipids. Phospholipid derivatization via TMSD is described elsewhere?
and adapted as follows: for lipid standards and the E.coli CL, 1 mg of material was dried out of the stock solution
under a stream of nitrogen and resuspended in 500 pL of upper phase of MTBE/methanol/water (100:30:25, v/v)
mixture. For the papillary thyroid carcinoma, half of the material produced by the Bligh and Deyer extraction
(approximately 1.5 mg) was solvated in 500 pL of the MTBE/methanol/water mixture. To initiate the methylation
reaction, 50 uL of 2 M TMSD hexane solution were added to the lipid solution and incubated at room temperature for
20 minutes. The reaction was quenched with 10 pL of glacial acetic acid, producing a visible color change from yellow
to clear. The solution was subsequently washed 2x with 500 pL of the lower phase of the MTBE/methanol/water
mixture and centrifugation at 1500 g for 3 min. After the final wash, the organic phase was collected in a glass vial,
dried down, and reconstituted at 1 mg/mL in chloroform for storage at -20 °C.

Nomenclature. Lipid shorthand notation was used as described by Liebsich et al.® and modified as previously
described for CL.” Briefly, phospholipid classes are defined by letter abbreviations followed by sum composition or
acyl chain composition as indicated by the number of carbons followed by “:” and the degrees of unsaturation. If sn
regiochemistry is known, fatty acid identities are separated by “/”” or otherwise by “ . If a double bond position is
known, it is indicated in parentheses followed by Z, E, or A, to indicate the geometry as cis, trans, or unknown,
respectively. For CL, PA moiety compositions are indicated in parentheses to inform that the individual identities are
known. PA compositions are separated by “/” or “_” to indicate that the chirality of the central glycerol is known or
unknown, respectively. For example, CL (16:0/18:0)_(16:0/18:1(92)) indicates a CL structure composed of one PA
moiety with a 16:0 fatty acid at sn-1 position and a 18:0 fatty acid at the sn-2 position, coupled to a second PA moiety
with a 16:0 at the sn-1 position and 18:1 at the sn-2 position, where the latter fatty acid incorporates a cis double bond
between carbon 9 and 10 on the acyl chain.
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Table S1. Structure of all standard lipids.

PG IRI(9Z2) 16:0

.. .. Exact Mass
Lipid Name Lipid Structure (Da)
7
1',3"-bis[ 1-palmitoyl-2-oleoyl-sn- &Y O
g]-}rcerﬂ":i -phﬂsp]'ll:lj "gl}"cerﬂl AJ\NEN‘\\/W o .
o © ; 1405.00
CL /W\/\/\/\/\.Jl\u 0—F-
3 s
(10:0/18:1(9Z))/(16:0/18:1{9Z)) Mw H
]
l-palmitoyl-2-oleoyl-sn-glveero- o o
3-phospho-(1"-rac-glycerol) W\/H\g g™ o
W %I-i '3'-._,.-1‘-‘,_,- 748.53
PG 16:0/18:1(97) o
l-oleoyl-2-palmitoyl-sn-glycero- o o o
3-phospho-(1"-rac-glycerol) WMD%, ~o._A_oH 748 .53

S3



Table S2. Product ion m/z values for HCD/UVPD fatty acid allyl ester fragments of common fatty

acids.

Fatty Acid Allyl ester m/z
14:0 291.2295
14:1 289.2138
15:0 3052451
15:1 303.2295
16:0 3192608
16:1 317.2451
16:2 315.2295
17:0 333.2764
17:1 331.2608
18:0 347.2921
18:1 345.2764
18:2 343.2608
18:3 341.2451
19:0 361.3077
19:1 359.2921
20:0 375.3234
201 373.3077
20:2 371.2921
20:3 369.2764
20:4 367.2608
20:5 365.2451
226 391.2608
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Table S3. E. coli CL structures characterized with sn-isomer and double bond resolution.
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Table S4. PTC CL structures characterized with sn-isomer resolution. Isomer percentages are not
reported for PA moieties composed of identical acyl chains (i.e. 18:2/18:2) or moieties for which
the sn-isomer was not identified.

HCD UVPD
Precursor (m/z) PA + Headgroup + Na | PA M0|et¥ _Sum Dioxolane + Na | Fatty Acid Allyl sn-stersochemistry. | PA Isomer % CL Assignments
(m/z) Composition (m/z) Ester (m/z)

343.26 18:2/18:2 - CL(18:2/18:2)_(18:2/18:2),
CL(18:2/18:2)_(16:0/20:4),
. o, CL(18:2/18:2)_(20:4/16:0),
1500.00 901.50 36:4 621.49 319.26 16:0/20:4 89.5 CL(16:0/20:4) (16:0/20:4),
CL(20:4/16:0)_(20:4/16:0),
367.27 20:4/16:0 105 CL(16:0/20:4)_(20:4/16:0)
343.26 18:2/18:2 - CL(18:2/18:2)_(18:2/18:1),
901.50 36:4 621.48 319.26 16:0/20:4 89.7 CL(18:2/18:2)_(18:1/18:2),
. CL(16:0/20:4)_(18:2/18:1),
1502.01 367.28 20:4/16:0 10.3 CL(20:41160)_(18-2/181)
343.26 18:2/18:1 80.6 CL(16:0/20:4)_(18:1/18:2)
903.51 36:3 623.50 - '
345.28 18:1/18:2 19.4 CL(20:4/16:0)_(18:1/18:2)
343.26 18:2/18:1 76.5 CL(18:2/18:1)_(18:2/18:1),
1504.02 903.51 36:3 623.50 CL(18:1/18:2)_(18:1/18:2),
345.27 18:1/18:2 235 CL(18:2/18:1)_(18:1/18:2)
343.26 18:2/18:2 - CL(18:2/18:2)_(18:2/20:3),
CL(18:2/18:2)_(20:3/18:2),
901.50 36:4 621.49 319.26 16:0/20:4 89.6 CL(18:2/18:2)_(18:1/20:4),
CL(18:2/18:2)_(20:4/18:1),
367.28 20:4/16:0 10.4 CL(16:0/20:4)_(18:2/20:3),
. CL(16:0/20:4)_(20:3/18:2),
1526.01 343.26 18:2/20:3 78.1 CL(16:0/20:4) (18:1/20:4),
369.27 20:3/18:2 219 CL(16:0/20:4)_(20:4/18:1),
927.51 385 647.50 CL(20:4/16:0)_(18:2/20:3),
345.27 18:1/20:4 83.0 CL(20:4/16:0)_(20:3/18:2),
CL(20:4/16:0)_(18:1/20:4),
367.26 20:4/18:1 17.0 CL(20:4/16:0)_(20:4/18:1)
343.26 18:2/18:2 - CL(18:2/18:2)_(18:0/20:4),
. . CL(18:2/18:2)_(18:2/20:2),
901.50 36:4 621.48 319.26 16:0/20:4 89.3 CL(182/18:2) (20:2/18:2),
367.28 20:4/16:0 10.7 CL(16:0/20:4)_(18:0/20:4),
1528.03 CL(16:0/20:4)_(18:2/20:2),
347.29 18:0/20:4 - CL(16:0/20:4)_(20:2/18:2),
. o CL(20:4/16:0)_(18:0/20:4),
929.53 38:4 649.52 343.26 18:2/20:2 81.8 CL(20:4116.0)_(18:2/20:7)
371.29 20:2/18:2 18.2 CL(20:4/16:0)_(20:2/18:2)

343.26 18:2/18:1 63.7 /18- -0/20:
903.51 36:3 623.50 CL(18:2/18:1)_(18:0/20:4),
345.27 18:1/18:2 36.3 CL(18:2/18:1)_(18:2/20:2),
— CL(18:2/18:1)_(20:2/18:2),
1530.04 347.29 18:0/20:4 CL(18:1/18:2)_(18:0/20:4),
929.53 38:4 649.52 343.26 18:2/20:2 84.8 CL(18:1/18:2)_(18:2/20:2),
371.29 20:2118:2 152 CL(18:1/18:2)_(20:2/18:2)
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Scheme S1. Fragmentation pathway for dioxolane fragments from metal adducted
glycerophospholipids. Fragment m/z mass labels correspond to HCD fragment masses in Figure
S1. Adapted from Ref. 8 and 9.
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A Overmethylated CL (16:0/18:1(92))/(16:0/18:1(92))
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Figure S1. (A) HCD (25 NCE) spectrum of sodium-cationized overmethylated CL
(16:0/18:1)/(16:0/18:1) and (B) fragment map. Fragment ions of m/z 599.50 and m/z 711.49 are
shown with 50x magnification. Each selected precursor ion is demarcated with a star.
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Figure S2. Fragment map for 18:1(92)/16:0 dioxolane sn-isomer marked with fragments
observed in HCD/UVPD spectrum in Figure 2C.
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Figure S3. Positive mode nESI spectrum of PG 16:0/18:1(9Z) (A) prior to derivatization and (B)
post TMSD methylation. Positive mode nESI spectrum of PG 18:1(92)/16:0 (C) prior to
derivatization and (D) post TMSD methylation. CID spectra for methylated sodium-cationized
ions are shown in Figure S4. CID/UVPD spectra are shown in Figure 3.
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Figure S4. (A) CID (32 NCE) spectrum of sodium-cationized methylated PG 16:0/18:1(9Z) and
(B) fragment map. (C) CID (32 NCE) spectrum of sodium-cationized methylated PG
18:1(92)/16:0 and (D) fragment map. CID/UVPD spectra are shown in Figure 3. Selected
precursor ion is demarcated with a star.
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Methylated E. coli CL Extract
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Figure S5. Positive mode MS! spectrum of methylated E. coli CL extract ionized from solution
doped with sodium acetate.
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Figure S6. Structural characterization of CL at m/z 1425 from E. coli extract after methylation.
(A) HCD (35 NCE) fragments reveal PA moieties PA 32:1 and PA 34:2. Fragments of m/z 571.47
and m/z 597.26 are shown with 50x magnification. (B) HCD fragment map. (C) UVPD (10 pulses
at 3 mJ) of headgroup loss fragment from PA 32:1, m/z 571.47, confirms the major structure as
PA 16:0/16:1(9A). (E) UVPD (10 pulses at 3 mJ) of headgroup loss fragment from PA 34:2, m/z
597.48, confirms the major structure as PA 18:1(11A)/16:1(9A). Each selected precursor ion is
demarcated with a star. Fragment maps constructed from (B) HCD and (D, F) HCD/UVPD
elucidate the E. coli structure as CL (16:0/16:1(9A)) (18:1(11A)/16:1(9A)) at double bond and
acyl chain position level.
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Figure S7. HCD/UVPD analysis of PA moieties from CL 51:2 at m/z 1413.98 produced from the
methylated E. coli CL extract. (A) HCD/UVPD of moiety PA 32:1 (dioxolane m/z of 571.47)
results in fragment ions in agreement with (B) 16:0/16:1 dioxolane structure. (C) HCD/UVPD of
moiety PA 33:1 (dioxolane m/z of 585.48) results in fragment ions in agreement with (D) 16:0/17:1
dioxolane structure. Selected precursor ions are demarcated with a star. MS2 HCD of m/z 1413.98
is shown in Figure S8A.
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Figure S8. (A) HCD (25 NCE) spectrum of m/z 1413.98 from methylated E. coli CL extract.
Selected precursor is designated with a star. Fragment ions of m/z 563.51 and m/z 585.49 are shown
with 50x magnification. Fragment maps for (B) methylated CL (16:0/16:1) (16:0/17:1) and (C)
overmethylated CL (16:0/16:1) (16:0/16:1) are shown.
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Methylated PTC Total Lipid Extract

A

gmﬂ-

c

©

©

E

0 x20

< 50 —

)

I

[

o O . . : . . '
400 800 1200 1600 2000

m/z

B

Q 100+

c

[1*]

o

c

3

2 501

)

=

™

©

o

0 . * .
1000 1200 1400 1600 1800 2000
m/z

Figure S9. Positive mode MS' spectrum of methylated PTC total lipid extract ionized from
solution doped with sodium acetate. (A) Scan from m/z 400-2000, with 20x magnification of CLs
present in 1400-1600 m/z range. (B) Scan of m/z 1000 — 2000, showing predominance of CL
species in this mass range.
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Figure S10. (A) HCD (25 NCE) spectrum and fragment map of m/z 1500.00 from methylated PTC
total lipid extract. Selected precursor is designated with a star. Fragment ion at m/z 621.49 is shown
with 50x magnification. (B) MS* UVPD (10 pulses at 3 mJ) of m/z 621.49 and corresponding
fragment maps for 18:2(9A,12 A)/18:2(9A,12 A), 16:0/20:4, and 20:4/16:0 dioxolane structures.
Ion at m/z 621.25 was co-isolated with precursor of m/z 621.49.
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Figure S11. (A) HCD (25 NCE) spectrum and fragment map of m/z 1502.01 from methylated PTC
total lipid extract. Selected precursor is designated with a star. Fragment ions of m/z 621.48 and
m/z 623.48 are shown with 50x magnification. (B) MS® UVPD (10 pulses at 3 mJ) of m/z 621.48
and corresponding fragment maps for 18:2/18:2, 16:0/20:4, and 20:4/16:0 dioxolane structures.
Ion at m/z 621.25 was co-isolated with precursor of m/z 621.49. (C) MS* UVPD (10 pulses at 3
mlJ) of m/z 623.48 and corresponding fragment maps for 18:1/18:2 and 18:2/18:1 dioxolane

structures. lon at m/z 623.27 was co-isolated with precursor of m/z 623.48.
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Figure S12. HCD (25 NCE) spectrum and fragment map of m/z 1504.02 from methylated PTC
total lipid extract. Selected precursor is designated with a star. Fragment ion at m/z 623.50 is shown
with 50x magnification. (B) MS® UVPD (10 pulses at 3 mJ) of m/z 623.50 and corresponding
fragment maps for 18:2/18:2 and 18:2/18:1 dioxolane structures. lon at m/z 623.27 was co-isolated
with precursor of m/z 623.50.
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Figure S13. (A) HCD (25 NCE) spectrum and fragment map of m/z 1530.04 from methylated PTC
total lipid extract. Selected precursor is designated with a star. Fragment ions of m/z 623.50 and
m/z 649.52 are shown with 50x magnification. (B) MS* UVPD (10 pulses at 3 mJ) of m/z 623.50
and corresponding fragment maps for 18:2/18:1 and 18:1/18:2 dioxolane structures. Ion at m/z
623.27 was co-isolated with precursor of m/z 623.50. (C) MS* UVPD (10 pulses at 3 mJ) of m/z
649.52 and corresponding fragment maps for 18:0/20:4, 18:2/20:2, and 20:2/18:2 dioxolane
structures. lon at m/z 649.28 was co-isolated with precursor of m/z 649.52.
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Figure S14. (A) HCD (30 NCE) spectrum and fragment map of m/z 806.57 from underivatized
PTC total lipid extract, corresponding to sodium adducted PC 36:3. (B) MS* UVPD (10 pulses at
3 mJ) of m/z 623.50 and corresponding fragment maps for 18:2/18:1 and 18:1/18:2 dioxolane
structures. Each selected precursor ion is demarcated with a star.
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