L)

Check for
updates

Received: 8 June 2019
DOI: 10.1002/jms.4443

Revised: 31 August 2019 Accepted: 10 September 2019

SPECIAL ISSUE - RESEARCH ARTICLE

Journal of

ASs
WILEY (R ROMETRY

Mass spectrometry imaging of triglycerides in biological tissues
by laser desorption ionization from silicon nanopost arrays

Jarod A. Fincher! | Andrew R. Korte! | Jacqueline E. Dyer! | Sridevi Yadavilli? |

Nicholas J. Morris® | Derek R. Jones* | Victoria K. Shanmugam* | Russel K. Pirlo® |

Akos Vertes?

1 Department of Chemistry, The George
Washington University, Washington, DC
20052, USA

2Research Center for Genetic Medicine,
Children's National Medical Center,
Washington, DC 20010, USA

3UES, Inc.,, Beavercreek, OH 45432, USA

“4Division of Rheumatology, School of
Medicine and Health Sciences, The George
Washington University, Washington, DC
20037, USA

5Chemistry Division, U.S. Naval Research
Laboratory, Washington, DC 20375, USA

Correspondence

Akos Vertes, Department of Chemistry, The
George Washington University, Washington,
DC 20052, USA.

Email: vertes@gwu.edu

Funding information
U.S. Army Research Office, Grant/Award

Numbers: W911NF-14-2-0020 and W911NF-

14-2-0020; Defense Advanced Research
Projects Agency

Abstract

Mass spectrometry imaging (MSI) is used increasingly to simultaneously detect a
broad range of biomolecules while mapping their spatial distributions within biolog-
ical tissue sections. Matrix-assisted laser desorption ionization (MALDI) is recog-
nized as the method-of-choice for MSI applications due in part to its broad
molecular coverage. In spite of the remarkable advantages offered by MALDI, imag-
ing of neutral lipids, such as triglycerides (TGs), from tissue has remained a signifi-
cant challenge due to ion suppression of TGs by phospholipids, e.g.
phosphatidylcholines (PCs). To help overcome this limitation, silicon nanopost array
(NAPA) substrates were introduced to selectively ionize TGs from biological tissue
sections. This matrix-free laser desorption ionization (LDI) platform was previously
shown to provide enhanced ionization of certain lipid classes, such as
hexosylceramides (HexCers) and phosphatidylethanolamines (PEs) from mouse brain
tissue. In this work, we present NAPA as an MSI platform offering enhanced ioni-
zation efficiency for TGs from biological tissues relative to MALDI, allowing it to
serve as a complement to MALDI-MSI. Analysis of a standard lipid mixture contain-
ing PC(18:1/18:1) and TG(16:0/16:0/16:0) by LDI from NAPA provided an ~49 and
~227-fold higher signal for TG(16:0/16:0/16:0) relative to MALDI, when analyzed
without and with the addition of a sodium acetate, respectively. In contrast, MALDI
provided an ~757 and ~295-fold higher signal for PC(18:1/18:1) compared with
NAPA, without and with additional Na*. Averaged signal intensities for TGs from
MSI of mouse lung and human skin tissues exhibited an ~105 and ~49-fold
increase, respectively, with LDI from NAPA compared with MALDI. With respect
to PCs, MALDI provided an ~2 and ~19-fold increase in signal intensity for mouse
lung and human skin tissues, respectively, when compared with NAPA. The comple-
mentary coverage obtained by the two platforms demonstrates the utility of using
both techniques to maximize the information obtained from lipid MS or MSI

experiments.
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1 | INTRODUCTION

Triglycerides (TGs) are an essential class of lipids found in most bio-
logical systems, where their primary function is energy storage. With
regard to human health, TGs have been implicated in a host of
potentially life-threatening diseases. For example, dyslipidemia, a
condition characterized by elevated levels of TGs in plasma, has
been linked to several major diseases such as metabolic syndrome,
type-2 diabetes, coronary heart disease, and atherosclerosis.®™
Furthermore, TGs have also been linked to non-alcoholic fatty liver
disease.® The prevalence and seriousness of these ailments has led
to routine clinical testing for elevated levels of TGs. To better
understand and treat these diseases, it is vital to develop analytical
platforms capable of providing in-depth analysis of frequently diffi-
cult to detect neutral lipids in a complex matrix without isolation
or separation.

Mass spectrometry imaging (MSI) is an analytical technique that
allows for detection of a broad range of biomolecules, while simulta-
neously mapping their spatial distributions within a sample. Thus far,
MSI platforms have been used to image biomolecules, including
proteins, peptides, lipids, and small-molecule metabolites with great
success.®° The emergence of MSI can be attributed to the develop-
ment of secondary ion mass spectrometry (SIMS) and matrix-assisted
laser desorption ionization (MALDI), the first two MSI platforms to
be used broadly.**'? Due to the low degree of fragmentation for
organic molecules, and the large array of UV-absorbing matrices avail-
able, many with selectivity for certain biomolecular classes, MALDI is
the current method-of-choice for MSI applications in biomedical
studies.®*° Several matrix-free MSI platforms have been developed
or adapted, including desorption electrospray ionization (DESI),
desorption/ionization on silicon (DIOS), nanostructure-initiator mass
spectrometry (NIMS), and laser ablation electrospray ionization
(LAESI).*620

Although remarkable success has been achieved by MALDI-MSI,
significant challenges remain in the detection and analysis of neutral
lipids, for example, TGs, from biological tissues.?* This challenge arises
due to suppression of TG ions by phosphatidylcholines (PCs), which
constitute a majority of the lipid species present in mammalian cell
membranes.?>?% While the MALDI matrix 2,5-dihydroxybenzoic acid
(DHB) is widely considered the gold standard for MS/MSI analysis of
TGs, it has provided limited utility in ionizing TGs in MSI applica-
tions.2>2 To overcome this limitation, several novel laser desorption
ionization (LDI) methods employing silver or gold nanoparticles have
been developed, resulting in significant enhancement in ion yields
for TGs and a reduction in ion suppression by PCs.?”"2? While these
alternative LDI methods have demonstrated impressive improvements
in the detection of TGs, uniform deposition of the nanoparticles onto
the tissue surface remains a challenge for successful MSI. Great care
must be taken to avoid inhomogeneous matrix or nanoparticle deposi-
tion, which can lead to so-called “hot spots” and inaccurate spatial dis-
tributions for analytes.>%3?

Silicon nanoposts arrays (NAPAs) are a highly uniform matrix-free
LDI platform shown to provide ultra-trace sensitivity and broad

molecular coverage.3?3* Furthermore, MSI of biological tissues on
NAPA indicated that detection of certain lipid classes, e.g.,
hexosylceramides (HexCers) and phosphatidylethanolamines (PEs),
was enhanced compared to MALDI.®>% Here, we present NAPA as
a matrix-free LDI-MSI platform offering enhanced ionization efficiency
of neutral lipids, such as TGs, and demonstrate imaging applications for

mouse lung and human skin tissue sections.

2 | EXPERIMENTAL

2.1 | Chemicals

The MALDI matrix 2,5-dihydroxybenzoic acid (DHB, catalog no. 58707)
was purchased from Sigma-Aldrich (St. Louis, MO). LC-MS grade sol-
vents water (catalog no. W6-212), chloroform (catalog no. C6704-4),
methanol (catalog no. A452-4), acetonitrile (catalog no. A955-4), and
sodium acetate (catalog no. S$209-500) were all purchased
from Fisher Scientific (Hampton, NH). Lipid standards 1,2,3-
trihexadecanoyl-glycerol (TG[16:0/16:0/16:0] or TG[48:0], catalog no.
111000) and 1,2-dielaidoyl-sn-glycero-3-phosphocholine (PC[18:1/
18:1] or PC[36:2], catalog no. 850376) were purchased from Avanti
Polar Lipids, Inc. (Alabaster, AL).

2.2 | Fabrication of NAPA imaging chips

The nanofabrication process for NAPA chips for spot analysis and for
imaging has been previously described.®¢%7 Briefly, silicon nanoposts
with final post dimensions of 1100 nm in height, 150 nm in diameter,
and a periodicity of 337 nm were fabricated from high-conductivity p-
type silicon wafers (Silicon Valley Microelectronics, Inc., Santa Clara,
CA) using deep ultraviolet projection lithography (DUV-PL) followed
by deep reactive ion etching (DRIE).

2.3 | Preparation of lipid standards

Lipid standards for TG(16:0/16:0/16:0) and PC(18:1/18:1) were dis-
solved and mixed to create a solution containing each compound at
1 mg/mL. For NAPA, lipid standards were prepared in chloroform
and pipetted onto NAPA wells in 250 nL volumes. For MALDI, lipid
standards were prepared in 73:18:9 isopropanol:methanol:water with
a final concentration of 10 mg/mL DHB and pipetted in 500 nL vol-
umes onto a stainless steel sample plate.

To assess the influence of salt addition on ionization efficiency of
the lipid standard mixture, 250 nL of 100 uM sodium acetate was
deposited onto NAPA wells and allowed to dry at atmospheric
pressure before subsequent deposition of 250 nL aliquots of the
lipid standard mixture. For MALDI, 100 uM sodium acetate was
added to the sample solution prior to spotting. Analyses of the lipid
standard mixture with and without salt were carried out in
triplicates.

Given the different solvent compositions used for depositing the

lipid standards mixture for MALDI and NAPA analysis, necessitated
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by their different surface properties, microscope and chemical
images were collected to ensure co-localization of the PC and TG
lipid on NAPA substrates (see Figure S1 in the Supporting Informa-
tion). For MALDI, the sample spots were uniform (i.e., they showed
no prominent coffee ring effect), and the survey CPS function, which
randomly samples pixels where matrix is present, was implemented

for analysis.

24 | Tissue preparation for MSI

Human skin tissue samples were harvested from patients undergoing
abdominoplasty and provided by The George Washington University
School of Medicine and Health Sciences (Washington, DC) in accor-
dance with protocols approved by the GW Institutional Review Board
(GWU IRB 101419). Whole mouse lungs were provided by Children's
National Medical Center (Washington, DC) in accordance with the
protocol approved by the Institutional Animal Care and Use
Committee (IACUC). All tissue samples were stored at -80 °C until
analysis. A cryomicrotome (CM1800, Leica Microsystems Inc.,
Nussloch, Germany) operated at -25 °C was used to section 5 pum-
and 10 um-thick tissue sections for NAPA-LDI-MSI and MALDI-MSI
experiments, respectively. Tissue sections were immediately thaw-
mounted onto NAPA imaging chips or Superfrost Plus microscope
slides (cat. no. 12-550-15, Fisher Scientific, Hampton, NH) for NAPA
or MALDI analysis, respectively, and placed in a vacuum desiccator
for 30 minutes before analysis. For MALDI-MSI experiments, matrix
was applied using a Paasche airbrush TS-100D (Chicago, IL), with
10-15 cycles alternating between spraying 100 mg/mL DHB in 60%

methanol for 10 s and a 30 s drying period.

2.5 | Imaging data acquisition and processing

All lipid standard and tissue imaging experiments were performed on
a MALDI-LTQ-Orbitrap XL mass spectrometer (Thermo Scientific,
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San Jose, CA) at a mass resolving power setting of 30,000. The
instrument is equipped with a nitrogen laser emitting radiation at
337 nm with a 60 Hz repetition rate and a focal spot size of ~100
um x 80 pm. Laser fluences ranging from 8 to 160 mJ/cm? were
used for analysis of the lipid standard mixture, whereas fluences of
120 mJ/cm? and 150 mJ/cm? were used for all MALDI- and
NAPA-MSI analyses, respectively. Experiments with standards used
3 laser shots/scan for NAPA and 10 shots/scan for MALDI. All
MSI experiments used 3 shots/scan.

2.6 | Tissue extraction and UPLC-MS/MS

The complete tissue extraction protocol and UPLC-MS/MS condi-
tions have been previously described.>> Briefly, lipid extracts from
intact mouse lung and human skin tissue samples were prepared
and analyzed by data-dependent UPLC-MS/MS to help aid in the
lipid assignments from MSI experiments. Tissue samples were
homogenized using a hand-held homogenizer (TissueRuptor I,
Qiagen, Hilden, Germany) in a 5 mL centrifuge tube containing 2
mL of 70% methanol (chilled to -80 °C). Following homogenization,
an additional 2 mL of chloroform was added to induce phase sepa-
ration and the chloroform layer was extracted and analyzed by
UPLC-MS/MS. A Waters Acquity (Milford, MA) UPLC system, oper-
ated in reverse phase mode using a Waters Acquity UPLC CSH C18
column (2.1 mm x 100 mm x 1.7 um) for chromatographic separa-
tion, was interfaced to an LTQ-Orbitrap XL mass spectrometer
(Thermo Scientific, San Jose, CA).

3 | RESULTS AND DISCUSSION

Analysis of the nearly equimolar mixture of TG(16:0/16:0/16:0) and
PC(18:1/18:1) by NAPA and MALDI demonstrated the ability of
each platform to selectively ionize a particular lipid class (Figure 1).
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FIGURE 1 Mass spectra obtained by NAPA-LDI-MS and MALDI-MS analysis of a standard mixture containing TG(16:0/16:0/16:0) and PC(18:1/
18:1) in positive ion mode a) without and b) with addition of sodium acetate. lonic forms are denoted by superscripts: 1: [M+H]", 2: [M+Nal*, 3: [M
+Na-FA]*, 4: [M+H-FA]*, 5: [PC-Trimethylamine]*, 6: [Phosphocholine+H]*, and FA = fatty acid
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NAPA demonstrated a high degree of selectivity for TG over PC,
illustrated by a 49-fold higher signal intensity for that lipid relative
to MALDI, which produced a marginal TG signal (Figure 1a). These
findings are in agreement with previous MALDI studies demonstrat-
ing that PCs strongly suppress ionization of TGs.?223%8 The [TG
+Na]* adduct was the major TG-derived ion detected by NAPA,
followed by diglyceride (DG)-like ions generated by in-source frag-
mentation. For NAPA substrates, significant in-source fragmentation
of the PC lipid species was observed, as indicated by the strong
peak at m/z 184.07,
phosphocholine (see Figure S2). In contrast, MALDI proved superior

corresponding to the PC head group,

at ionizing the PC species with a 757-fold higher signal intensity for
PC relative to NAPA (Figure 1a). For MALDI, the spectrum was dom-
inated by the [PC+H]" species, with lower detection of the [PC+Na]"
species.

To explore the role of alkali metals in ionization selectivity,
sodium acetate was added to the lipid standard mixture before anal-
ysis by both NAPA and MALDI (Figure 1b). With added sodium ace-
tate, NAPA provided a 227-fold higher signal intensity for TG
relative to MALDI (see Table 1). This observation can be explained
by both the increased availability of sodium ions, leading to a larger
initial ion population, and to the increased stability of TG sodium

adducts compared to protonated TGs, leading to significant

TABLE 1 Relative intensities of TG(16:0/16:0/16:0) and PC(18:1/
18:1) ions detected by NAPA-LDI-MS and MALDI-MS analysis of a
binary mixture. Samples were analyzed without additive and with 100
uM sodium acetate. Values represent intensities summed for H*, Na*,
and K* adduct species and are scaled to the lowest intensity for the
given lipid.

Without sodium acetate With sodium acetate

Lipid standard ~ NAPA MALDI NAPA MALDI
TG(48:0) 49 1 227 4
PC(36:2) 4 757 1 295
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reduction in in-source fragmentation of TG ions into DG-like
jons.3?#! Interestingly, in the case of MALDI, the addition of sodium
acetate led to a modest (4-fold) increase in TG signal (Table 1).
Instead, the excess sodium cations available for potential adduction
to TG shifted the ionization of PC from protonated to sodiated spe-
cies. With sodium acetate, MALDI yielded a 295-fold higher signal
intensity for PC relative to NAPA.

Analysis of the lipid standard mixture containing PC and TG at var-
ied laser fluences showed that in the case of NAPA, increasing fluence
led to increased TG signal and reduced PC signal (Figure 2a). At higher
laser fluences (e.g., 80 mJ/cm? and above), considerable melting of the
nanoposts occurs, freeing up sodium cations for adduction to TG. Fur-
thermore, at elevated laser fluences, PC appears to undergo significant
in-source fragmentation when analyzed by NAPA (see Figure S2),
resulting in the intact PC lipid being barely detected. This observation
is in stark contrast to MALDI results, where the lipid signal composi-
tion remained unchanged across the fluence range examined. For all
fluences, PC dominated the spectrum, indicating that ionization of
TG by MALDI in the presence of PC is not fluence dependent. Similar
experiments performed on lipid standards containing sodium acetate
showed little to no fluence dependence for either NAPA or MALDI,
with PC and TG dominating MALDI and NAPA spectra, respectively,
at all tested fluences (Figure 2b). This finding supports the assumption
that increased fluences in NAPA analysis liberate sodium for
cationization.

To compare the ability of NAPA and MALDI to selectively ionize
and image TGs and PCs from biological tissue, serial mouse lung tissue
sections were analyzed. The PC and TG assignments based on accu-
rate m/z from NAPA-LDI-MSI and MALDI-MSI and fragmentation
data from UPLC-MS/MS analysis of tissue extracts are tabulated in
Table S1. The integrated intensity of PC ions obtained by MALDI-
MSI analysis of lung tissue was 2x higher than that obtained by NAPA
(see Table 2). Conversely, NAPA provided an ~105-fold increase in
integrated signal intensity for TGs relative to MALDI. Likewise, the
number of detected PC species was higher with MALDI-MSI, whereas
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FIGURE 2 Relative lipid signal intensities as a function of laser fluence in NAPA-LDI-MS and MALDI-MS analysis of a standard mixture
containing TG(16:0/16:0/16:0) and PC(18:1/18:1) in positive ion mode a) without and b) with addition of sodium acetate. No signal was
detected at the lowest laser fluence (8 mJ/cm?) for NAPA-LDI-MS with addition of sodium acetate
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TABLE 2 Relative intensities for PC and TG type ions, lpc and ltg,
and total number of assigned species, npc and nrg, from mouse lung
and human skin tissue samples obtained by NAPA-LDI-MSI and
MALDI-MSI. Intensities are scaled to the lowest intensity for the two
techniques for each sample type. Lists of assigned PC and TG ions in
mouse lung and human skin are available as Supplementary Informa-
tion in Tables S1 and S2, respectively.

Mouse lung Human skin
land n NAPA MALDI NAPA MALDI
lpc 1 2 1 19
Npc 12 23 1 9
e 105 1 49 1
Nrg 40 15 44 23

more TGs were present in the NAPA spectra (see Table 2). The effects
of this complementarity on tissue imaging experiments are highlighted
in Figure 3. The distributions of PC(36:4) and TG(52:3) are clearly

NAPA

DHB

FIGURE 3 Optical images (a and d) and
chemical images (b, ¢, e, and f) of serial mouse
lung tissue sections imaged by NAPA-LDI-MSI
and MALDI-MSI platforms, respectively.
Chemical images b) and e) represent the [M
+H]" ionic species of PC(36:4), whereas c) and
f) represent the [M+Na]" adduct of TG(52:3).
Maximum image intensities are scaled equally
between the two platforms to illustrate the
differences in ionization efficiency of the
respective lipids. Individually scaled images 100 4

50 -

% Relative Signal Intensity
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observed in the MALDI and NAPA datasets, respectively, but are
weakly detected by the alternate technique. Individual (per image)
normalization does reveal localized intensities for both lipids in both
datasets (Figure S3) but due to the weak ion intensities, the distribu-
tions of the lower-intensity species (PC by NAPA and TG by MALDI)
are not well defined.

Imaging of a diversity of compound classes was demonstrated on
10 um thick sections of mouse liver tissue. Distributions of additional
TG species (TG(52:2) and TG(52:3), and other compound classes
(DG(32:0), PE(38:4), heme b, and taurocholic acid) were successfully
acquired (see top panel in Figure S4). Comparing the NAPA-LDI and
MALDI mass spectra gathered from these tissue sections, highlights
the complementary nature of these techniques (see bottom panel in
Figure S4).

To further explore the complementary coverage offered by
NAPA-LDI-MSI and MALDI-MSI platforms across various sample
types, serial human skin tissue sections were also imaged (see

Figure 4). When comparing the overall coverage of PCs (Table 2),

PC (36:4) TG (52:3)

m/z 782.5695 m/z 879.7430

2.2E7

| —
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DHB

are available in Figure S2 of Supporting 200
Information. g) Spectral comparison of MS
scans averaged across entire tissue region
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- 100+

= FIGURE 4 Optical images (a and d) and

g NAPA chemical images (b, ¢, e, and f) of serial human

e 30+ skin tissue sections imaged by NAPA-LDI-MSI

r:u and MALDI-MSI platforms, respectively.

u:o 0l Chemical images b) and e) represent the [M

] +H]" ionic species of PC(36:5), whereas c) and

d>) f) represent the [M+Na]" adduct of TG(52:2).

'.g 50 Maximum image intensities are scaled equally

< DHB between the two platforms to illustrate the

f x5 L differences in ionization efficiency of the

X 100+ respective lipids. g) Spectral comparison of MS

260 360 460 560 6(')0 760 860 960 scans averaged across entire tissue region.
Note that MALDI signal is amplified 5x above
m/z m/z 650
MALDI again outperformed NAPA by providing a 19x higher inte- ACKNOWLEDGEMENTS

grated signal intensity for PCs relative to NAPA. Conversely, NAPA
demonstrated the ability to selectively ionize TGs by providing an
~49-fold increase in integrated signal intensity relative to MALDI.
With regards to lipid distributions within the tissue, TG(52:2) was
detected uniformly throughout the tissue by NAPA, whereas
TG(52:2) was weakly detected throughout the tissue by MALDI.
Conversely, MALDI detected PC(36:5) with relatively high sensitivity
throughout the skin tissue as opposed to NAPA, where detection
was sporadic.

4 | CONCLUSIONS

Analysis of a lipid standard mixture and MSI of different biological tis-
sue types demonstrated that NAPA can serve as an MS/MSI platform
providing enhanced ionization efficiency for TGs when compared to
MALDI. In contrast, MALDI provided selectivity for PCs over TGs.
The ability of NAPA-LDI-MSI to selectively ionize TGs while in the
presence of PCs presents the possibility of using these two platforms
in complementary MSI experiments to maximize molecular coverage
for lipids. The use of MALDI to image certain lipid classes (e.g., PCs
and sphingomyelins [SMs]) and NAPA to image other lipid classes
(e.g., TGs, PEs, and HexCers) from serial sections promises to greatly
expand the capabilities of MSI for studying the role of lipids in disease,

infection, metabolism, and a host of other applications.
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m/z 808.6 m/z 829.7
[PC+Na]* [TAG+Na]*

Figure S1 Optical images (a and b) of sodium acetate and sodium acetate plus lipid standards mixture
deposited onto NAPA, respectively. Chemical images (c and d) of sodiated PC(36:2) detected at m/z
808.6 and TG(48:0) detected at m/z 829.7, illustrating the co-localization of the deposited lipid

species.
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Figure S2 Ratio of ion intensities for phosphocholine headgroup fragment, lpcyg, to
summed intact PC lipid adducts, /inwact pc, as a function of laser fluence for a lipid standard
PC(18:1/18:1) analyzed by MALDI-MS and NAPA-LDI-MS.
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Figure S3 Optical images (a and d) and chemical images (b, c, e, and f) of serial
mouse lung tissue sections imaged by NAPA-LDI-MSI and MALDI-MSI platforms,
respectively. Chemical images b) and e) represent the [M+H]" ionic species of
PC(36:4), whereas c) and f) represent the [M+Na]* adduct of TG(52:3). Individual
images were not scaled equally (maximum image intensity in arbitrary units is
found in top right corner of respective image) between the two platforms to
illustrate the differences in ionization efficiency for the respective lipids. g)
Spectral comparison of MS scans averaged across the entire tissue region.
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Figure S4 Top panel shows chemical images for diverse compound classes by NAPA-LDI-MSI from
10 um thick sections of mouse liver tissue. Comparing the NAPA-LDI and MALDI mass spectra
gathered from these tissue sections (see Bottom panel) highlights the complementary nature of these

techniques.



Table S1 PC and TG lipid identifications from NAPA-LDI-MSI, MALDI-MSI, and UPLC-MS/MS analysis of

mouse lung tissue.

o A Qe sy Gl g b
PC(30:0) 14:0, 16:0 CasH76NOsP [M+H]* 706.5381 X 0.7
[M+K]* 7444940 2.0 0.4
[M+Na]*  728.5201 X 0.1
PC(32:1) 14:0,18:1,16:0,16:1  CaoHssNOsP [M+2K-H]*  808.4656 1.1 X
[M+H]* 732.5538 X 0.3
[M+K]* 770.5097 0.8 0.1
[M+Na]*  754.5357 0.5 0.2
[M+Na+K-H]*  792.4916 0.1 X
PC(32:2) 14:0, 18:2, 16:1 CaoH76NOgP [M+K]* 768.4940  -4.0 X
[M+Na]*  752.5201 X 16
PC(32:3) CaoH7aNOgP [M+H]* 728.5225 X 3.2
PC(34:0) 16:0, 18:0 CazHsaNOsP [M+2K-H]*  838.5125 0.1 X
PC(34:1) 16:0, 18:1 Ca2Hg:NOsP [M+2K-H]*  836.4969 -0.9 X
[M+H]* 760.5851 X 0.4
[IM+K]* 798.5410 08 11
[M+Na]*  782.5670 X 0.6
PC(34:2) Ca2HsoNOsP [M+2K-H]*  834.4812 0.2 X
[IM+K]* 796.5253 2.0 0.1
[M-H:0+H]*  740.5589 X 4.0
PC(34:3) 16:0,18:3,16:1,18:2  CaHssNOsP [M+H]* 756.5538 3.5 3.0
[IM+K]* 794.5097 3.2 X
[M+Na]*  778.5357 X 1.7
PC(34:4) 14:0, 20:4 CazH76NOsP [M+H]* 754.5381 3.7 3.0
[IM+K]* 792.4940  -3.1 X
PC(34:5) CazH7aNOsP [M+H]* 752.5225 X 16
PC(36:1) 18:0, 18:1 CaaHssNOsP [M+K]* 826.5723 X 11
PC(36:2) 16:(1)5:22?:;11810’ CaaHgaNOsP [M+H]* 786.6007 X 0.8
[IM+K]* 824.5566 1.0 05
[M+Na]*  808.5827 X 05
PC(36:4) 16:0, 20:4, 18:2 CaaHsoNOsP [M+H]* 782.5694 1.3 2.5
[IM+K]* 820.5253 1.0 0.1
PC(36:5) 16:0,20:5, 16:1,20:4  CasHssNOsP [M+H]* 780.5538 X 3.2
PC(36:7) CuHuNOsP  [M-H:0+4H]*  758.5119 23 17
PC(38:4) 16:0,22:4,18:1,20:3  CagHaaNOsP [M+H]* 810.6007 X 1.9
[IM+K]* 848.5566 X 0.4
[M+Na]*  832.5827 X 0.7




PC(38:5)

PC(38:6)

PC(38:7)
PC(38:8)
PC(40:6)
TG(42:0)
TG(42:1)
TG(42:2)
TG(44:0)

TG(44:1)

TG(44:2)

TG(44:3)
TG(44:4)
TG(46:0)

TG(46:1)

TG(46:2)

TG(46:3)

TG(48:0)

TG(48:1)

16:0, 22:5, 18:0,
20:5, 18:1, 20:4

16:0, 22:6, 18:2, 20:4

18:0, 22:6

14:0, 16:1, 14:1,
18:1, 12:0, 16:0,
10:0, 16:0

12:0, 14:0, 18:2,
10:0, 16:0

14:0, 18:1, 16:0,
16:1, 14:1, 12:0

14:0, 18:2, 12:0,
16:1, 14:1, 16:0,
10:0, 18:1

14:0, 18:3, 14:1,
18:2,12:0, 16:0,
10:0, 18:1, 16:1

16:0, 16:1, 18:0,
14:0, 18:1

Cs6H32NOsP

Cs6HgoNOgP

CasH7sNOsP

Ca6H76NOsP

CagHsaNOsgP
CasHssOs
CasHsaOs
CasHs206
Ca7H900s

C47Hs80s

C47Hg60s

C47Hg40s6
C47H820s6
C49H940s6

Cs9H92056

Cs9H900s6

C49H3g80s

Cs1H980s

Cs1H960s

[M+K]*

[M+Na]*
[M+H]*
[M+K]*

[M+Na]*
[M+H]*

[M-H20+H]*
[M+K]*
[M+Na]*
[M+2Na-H]*
[M+2Na-H]*
[M+Na]*
[M+2Na-H]*

[M+2Na-H]*

[M+K]*

[M+Na]*
[M+Na]*
[M+Na]*
[M+K]*
[M+Na]*

[M+2Na-H]*

[M+K]*
[M+Nal*
[M+Na+K-H]*

[M+K]*

[M+Na]*

[M+K]*

[M+Na]*
[M+K]*
[M+Na]*

[M+K]*

846.5410

830.5670
806.5694
844.5253
828.5514
804.5538
784.5276
872.5566
856.5827
767.6136
765.5980
741.6004
795.6449

793.6293

785.6056

769.6317
767.6160
765.6004
817.6682
801.6943

821.6606

815.6526
799.6786
837.6345

813.6369

797.6630

811.6213

795.6473
845.6995
829.7256

843.6839

w O w w
HI—‘WNXXXXXXXX

w
w

0.9

-0.2
0.1
0.1
0.1
-0.2

3.2

0.8
0.0
3.8

0.8

1.6

0.1
11
-0.3

13

0.8

0.8
-1.8
-0.2
0.1
-2.5
-1.7
-2.3
0.4

x x x x

x x x x x

15
-0.3
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TG(48:2)

TG(48:3)

TG(50:1)

TG(50:2)

TG(50:3)

TG(50:4)

TG(50:5)
TG(52:2)

TG(52:3)

TG(52:4)

TG(52:5)

TG(52:6)

TG(54:3)

TG(54:4)

TG(54:5)

TG(54:6)

TG(54:7)
TG(56:3)

14:0, 16:0, 18:2,
16:1, 18:1, 14:1

14:0, 16:1, 18:2,
14:1, 16:0, 12:0, 18:1

16:0, 18:1

16:0, 16:1, 18:1

16:0, 16:1, 18:2,
14:0, 18:1

14:0, 18:2, 16:1,

14:1, 18:1

16:0, 18:1

16:0, 18:1, 18:2

16:0, 18:2, 16:1, 18:1

16:1, 18:2, 18:1, 18:3

16:1, 18:2,18:3

18:0, 18:1, 18:2,

16:0, 20:1

18:0, 18:2, 18:1

18:1, 18:2, 16:0,
22:5, 20:3, 20:4, 18:3

18:2,18:1, 18:3,
16:1, 20:3

18:2,18:3, 18:1

Cs1H940s6

Cs1H92056

Cs3H10006

Cs3Hg80s

Cs3H960s

Cs3H940s6

Cs3H920s6
CssH10206

CssH1000s

CssHosOs

CssHo60s

CssH940s6

Cs7H10406

Cs7H10206

Cs7H10006

Cs7H980s

Cs7H960s
Cs9H10806

[M+Na]*
[M+K]*

[M+Na]*

[M+K]*

[M+Na]*
[M+K]*
[M+Na]*
[M+K]*
[M+Na]*

[M+K]*
[M+Na]*
[M+K]*

[M+Na]*
[M+K]*
[M+K]*

[M+Na]*
[M+K]*

[M+Na]*
[M+K]*

[M+Na]*
[M+K]*

[M+Na]*
[M+K]*

[M+K]*

[M+Na]*
[M+K]*
[M+Na]*

[M+K]*

[M+Na]*
[M+K]*

[M+Na]*
[M+K]*
[M+K]*

[M+Na]*

827.7099

841.6682

825.6943

839.6526

823.6786
871.7152
855.7412
869.6995
853.7256

867.6839

851.7099

865.6682

849.6943
863.6526
897.7308
881.7569
895.7152
879.7412
893.6995
877.7256
891.6839
875.7099
889.6682

923.7465

907.7725
921.7308
905.7569

919.7152

903.7412

917.6995

901.7256
915.6839
951.7778
935.8038

0.1

0.8

0.5

0.9

0.6
0.7
-0.4
11
0.4

0.9

0.6

0.8

0.6
14
-0.7
-1.2
0.0
0.0
0.3
0.4
0.4
0.6
0.6

-1.2

-1.6
-0.7
-0.9

-0.8
-0.4
-2.7
-2.3

1.0

0.4

1.2
-0.3
11
0.3

0.9

0.5

0.2

0.2

0.6
-0.5
0.8
0.4
0.4
0.4
-0.4
-0.3

0.4

-0.5
0.6
0.0

0.1




TG(56:4) 18:1, 18:1, 20:2

TG(56:5)

TG(56:6)

TG(56:7)
TG(56:8)
TG(58:8)
TG(60:13)

Cs9H10606

Cs9H10406

Cs9H10206

CsoH10006
CsoH9s0s
C61H10206
Ce3H9606

[M+2Na-H]*
[M+K]*
[M+Na]*
[M+Na+K-H]*
[M+K]*
[M+Na]*
[M+K]*
[M+Na]*
[M+K]*
[M+K]*
[M+K]*
[M-H20+H]*

955.7701
949.7621
933.7882
971.7441
947.7465
931.7725
945.7308
929.7569
943.7152
941.6995
969.7308
931.7174

14
-0.7
-1.0

2.8
0.1
-0.8
0.0
-1.3
0.2
-0.2
0.4
0.3

x x x x x x x x x x x x




Table S2 PC and TG lipid identifications from analysis of human skin tissue.

- Fatty Acids from Chemical . . Calc. A ppm A ppm
Lipid 1D LC-MS/MS Formula  'onicSpecies (NAPA)  (MALDI)
PC(38:4) 16:0,22:4,18:1,20:3  CasHzaNOsP [M+H]*  810.6007 X 3.1
PC(36:5)  16:0,20:5, 16:1,20:4  CaaH7sNOsP [M+H]*  780.5538  -2.6 2.9
PC(34:3) 16:0,18:3,16:1,18:2  CaoH7sNOsP [M+H]*  756.5538 X 2.7
PC(36:4) 16:0, 20:4, 18:2 CasHsoNOsP [M+H]*  782.5694 X 25

18:0, 18:2, 16:0
TG(54:2 ) 2818 JO, Cs7H1060 M+Na]*  909.7882  -4.2 2.4
(542} 50.0, 16:0, 18:1, 201 C7H0606 [M+Nal
PC(38:7) CasH7sNOsP [M+H]*  804.5538 X 2.4
PC(38:6) 16:0,22:6,18:2,20:4  CasHsoNOsP [M+H]*  806.5694 X 2.0
PC(34:2) Ca2HsoNOsP [M+K]* 796.5253 3.0 15
TG(52:4) 16:0,18:2,16:1,18:1  CssHosOs [IM+K]* 893.6995  -0.2 1.2
PC(36:2) 16:(1);;.220:?8.118:0, CaaHsaNOgP [M+H]* 786.6007 X 11
TG(56:4) 18:1, 202 CsoH10606 [M+Na]*  933.7882  -2.5 0.9
TG(50:3) 16:(1);‘.10611515:2’ Cs3HosO6 [M+K]* 867.6839 0.8 0.8
PC(34:1) 16:0, 18:1 Ca2HsNOsP [M+H]*  760.5851 X 0.8
TG(46:1) 11212' 11?.11' 112:'%’ CasHo206 [M+Na]*  799.6786 0.4 0.3
PC(34:2) Ca2HsoNOsP [M+H]*  758.5694 X 0.2
TG(52:2) 16:0, 18:1 CssH10206 [M+Na]*  881.7569  -1.1 0.2
TG(56:5) CsoH10406 [M+Na]*  931.7725  -1.3 0.1
TG(54:3) 18:(1)'6_1::;6_118:2' Cs7H10406 [M+Na]*  907.7725 12 0.0
14:0, 16:1, 18:2, .
TG@A83) e g g CsiHe0s [M+Na] 823.6786 0.2 0.1
TG(50:1) 16:0, 18:1 Cs3H10006 [M+Na]* 8557412  -0.4 0.1
TG(56:3) CsoH10806 [M+Na]* 9358038  -1.4 0.2
PC(34:1) 16:0, 18:1 Ca2HsNOsP [M+K]* 798.541 X 0.4
TG(52:3) 16:0, 18:1, 18:2 CssH10006 [M+Na]*  879.7412 0.1 05
TG(54:3) 18:&%8:21('),118:2’ Cs7H10406 [M+K]* 923.7465 0.7 0.6
TG(54:6) 18:5'6,118:;6_138:3’ Cs7HosO6 [M+Na]*  901.7256 12 0.6
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TG(54:4)

TG(48:2)
PC(34:1)
TG(50:2)
TG(52:5)
TG(56:7)
PC(36:2)

PC(38:4)

TG(54:5)

TG(56:6)

TG(48:1)

TG(50:3)

TG(52:4)
TG(52:3)
TG(50:4)

TG(52:2)
TG(50:2)

PC(36:2)
TG(46:0)
TG(48:1)
TG(50:1)
TG(54:2)
TG(42:1)

TG(60:10)
TG(56:4)

18:0, 18:2, 18:1

14:0, 16:0, 18:2,
16:1, 14:0, 18:1, 14:1

16:0, 18:1
16:0, 16:1, 18:1

16:1, 18:2, 18:1, 18:3

16:0, 20:2, 18:0,
18:2,18:1

16:0, 22:4, 18:1, 20:3

18:1, 18:2, 16:0,
22:5,20:3, 20:4, 18:3

16:0, 16:1, 14:0,
18:0, 14:0, 18:1

16:0, 16:1, 18:2,
14:0, 18:1

16:0, 18:2, 16:1, 18:1

16:0, 18:1, 18:2

14:0, 18:2, 16:1,
14:1, 18:1

16:0, 18:1
16:0, 16:1, 18:1

16:0, 20:2, 18:0,
18:2,18:1

16:0, 16:1, 14:0,
18:0, 18:1

16:0, 18:1

18:0, 18:2, 16:0,
20:0, 18:1, 16:0, 20:1

18:1, 20:2

Cs7H10206

Cs1H940s6

Cs2Hs2NOsgP

Cs3Hgs80s

CssHo60s

Cs9H10006

CaaHgaNOsgP

CasHgaNOsgP

Cs7H10006

Cs9H10206

Cs1H960s

Cs3H960s

CssHosOs

CssH1000s

Cs3H940s6

CssH10206
Cs3Hgs80s

CaaHgaNOsP

Ca9H940s6

Cs1H960s

Cs3H1000s

Cs7H1060s6

Css5Hg40s6

Cs3H10206
Cs9H10606

[M+Na]*

[M+Na]*
[M+Na]*
[M+Na]*
[M+Na]*
[M+Na]*
[M+Na]*

[M+Na]*

[M+Na]*

[M+Na]*

[M+Na]*

[M+Na]*

[M+Na]*
[M+K]*
[M+Nal]*

[M+K]*
[M+K]*

[M+K]*
[M+Nal*
[M+K]*
[M+K]*
[M+K]*
[M+Na]*

[M-H20+H]*
[M+K]*

905.7569

825.6943

782.567

853.7256

875.7099

927.7412

808.5827

832.5827

903.7412

929.7569

827.7099

851.7099

877.7256

895.7152

849.6943

897.7308
869.6995

824.5566

801.6943

843.6839

871.7152

925.7621

743.616

937.7644
949.7621

0.1

0.8

-1.6

0.5

-0.4
1.3

1.0

1.2

-3.5

-2.5

-1.8
-1.7

0.6

0.6

0.6

0.7

0.7

0.7

0.7

0.8

0.8

0.8

0.8

0.8

0.9

0.9

1.1

1.2
13

1.3

1.3

1.8

2.0
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TG(46:2)

TG(44:3)
TG(58:6)
TG(42:2)

TG(54:5)

TG(44:2)

TG(54:4)

TG(44:0)
TG(56:8)

TG(54:7)

TG(54:6)

TG(44:4)
TG(52:6)
TG(46:5)

TG(46:3)

TG(52:5)

TG(56:5)
TG(56:7)
TG(50:5)
TG(46:0)
TG(56:6)
TG(58:6)
TG(48:5)
TG(60:11)

TG(48:2)

TG(58:8)

14:0, 18:2, 12:0,
16:0, 16:1, 14:1,
18:1, 10:0

18:1, 18:2, 16:0,
22:5,20:3, 20:4, 18:3

12:0, 14:0, 18:2,
10:0, 16:0

18:0, 18:2, 18:1

18:2, 18:3, 18:1

18:2,18:1, 18:3,
16:1, 20:3

16:1, 18:2, 18:3

14:0, 18:3, 14:1,
18:2, 16:1, 12:0,
16:0, 10:0, 18:1

16:1, 18:2, 18:1, 18:3

14:0, 16:0, 18:2,
16:1, 18:1, 14:1

Cs9H900s6

C47H840s6
Cs1H1060s6
Css5Hs20s6

Cs7H1000s

C47Hg60s

Cs7H10206

C47H900s6
Cs9H980s

Cs7H960s

Cs7H980s

C47Hg20s6
CssH940s6
C49Hg40s6

Cs9Hg80s

CssHo60s

Cs9H10406
Cs9H1000s
Cs3H9206
Ca9H9406
Cs9H10206
Cs1H10606
Cs1HssOs
Cs3H1000s

Cs1H940s6

Cs1H10206

[M+Na]*

[M+Nal*
[M+Na]*
[M+Nal*

[M+K]*

[M+Na]*

[M+K]*

[M+Na]*
[M+K]*

[M+K]*

[M+K]*

[M+Na]*
[M+K]*
[M+Na]*

[M+Na]*

[M+K]*

[M+K]*
[M+K]*
[M+Nal*
[M+K]*
[M+K]*
[M+K]*
[M+Nal*
[M-H20+H]*

[M+K]*

[M+K]*

797.663

767.616
957.7882
741.6004

919.7152

769.6317

921.7308

773.663
941.6995

915.6839

917.6995

765.6004
889.6682
791.616

795.6473

891.6839

947.7465
943.7152
847.6786
817.6682
945.7308
973.7621
819.6473
935.7487

841.6682

969.7308

-0.7
-0.7
-0.7

-0.4
-0.3
-0.3

-0.1
-0.1
0.1
0.1
0.1
0.2
0.5
0.5

0.5

0.6

X X X X X X X X
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TG(46:1)

TG(50:4)

TG(46:2)

TG(48:3)

TG(50:5)
TG(58:8)

TG(46:3)

TG(56:4)
TG(40:1)
TG(42:0)

TG(44:2)

TG(42:1)
TG(44:0)
TG(56:4)

TG(44:1)

TG(46:1)

14:0, 16:0, 16:1,
14:1,12:0, 18:1

14:0, 18:2, 16:1,
14:1, 18:1

14:0, 18:2, 12:0,
16:0, 16:1, 14:1,
18:1, 10:0

14:0, 16:1, 18:2,
14:1, 16:0, 12:0, 18:1

14:0, 18:3, 14:1,

18:2, 18:2, 12:0,

16:0, 10:0, 18:1,,
16:1

18:1, 20:2

12:0, 14:0, 18:2,
10:0, 16:0, 18:2

18:1, 20:2

14:0, 16:1, 14:1,
16:0, 12:0, 18:1,
12:0, 10:0, 18:1

14:0, 18:1, 16:0,
16:1, 14:1, 12:0

Cs9H92056

Cs3H940s6

Ca9H900s6

Cs1H920s6

Cs3H92056
Cs1H10206

Cs9Hsg80s

Cs9H10606
C43Hg00s
CssHseO0s

C47Hg60s

Css5Hg40s6
C47H900s6
Cs9H10606

C47Hg80s

Cs9H92056

[M+K]*

[M+K]*

[M+K]*

[M+K]*

[M+K]*
[M+Na]*

[M+K]*

[M+2Na-H]*
[M+2Na-H]*
[M+2Na-H]*

[M+2Na-H]*

[M+2Na-H]*
[M+2Na-H]*
[M+Na+K-H]*

[M+2Na-H]*

[M+2Na-H]*

815.6526

865.6682

813.6369

839.6526

863.6526
953.7569

811.6213

955.7701
737.5667
767.6136

791.6136

765.598
795.6449
971.7441

793.6293

821.6606

0.8

0.8

1.0

1.0

1.3
14

1.7

2.3
24
2.4

2.8

2.8
2.8
2.8

2.9

31

13





<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends false
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage false
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /PDFX1a:2001
  ]
  /PDFX1aCheck true
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError false
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (Euroscale Coated v2)
  /PDFXOutputConditionIdentifier (FOGRA1)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <>
    /CHT <>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF che devono essere conformi o verificati in base a PDF/X-1a:2001, uno standard ISO per lo scambio di contenuto grafico. Per ulteriori informazioni sulla creazione di documenti PDF compatibili con PDF/X-1a, consultare la Guida dell'utente di Acrobat. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 4.0 e versioni successive.)
    /JPN <>
    /KOR <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die moeten worden gecontroleerd of moeten voldoen aan PDF/X-1a:2001, een ISO-standaard voor het uitwisselen van grafische gegevens. Raadpleeg de gebruikershandleiding van Acrobat voor meer informatie over het maken van PDF-documenten die compatibel zijn met PDF/X-1a. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 4.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENG (Modified PDFX1a settings for Blackwell publications)
    /ENU (Use these settings to create Adobe PDF documents that are to be checked or must conform to PDF/X-1a:2001, an ISO standard for graphic content exchange.  For more information on creating PDF/X-1a compliant PDF documents, please refer to the Acrobat User Guide.  Created PDF documents can be opened with Acrobat and Adobe Reader 4.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /HighResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


