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Introduction

Lipids play a variety of important roles in the
maintenance of nutrition and health. Their
main biological functions include the
storage of energy, acting as structural
components of cell membranes and
behaving as important signaling molecules.
Abnormal levels of certain lipids, particularly
cholesterol and trans fatty acids, are known
risk factors for heart disease and other
diseases. Lipids also play a key role in cell,
tissue, and organ physiology for diseases
that involve the disruption of metabolic
enzyme pathways, such as cancer and
diabetes.

Comparative studies of the complex lipid
mixtures found in cells and tissues could
potentially reveal lipid biomarkers since the
presence of lipids in membranes, or as
signaling molecules, is reflective of the
physiological state of an organism at a given
time. Targeted and non-targeted
approaches based on chromatography and
mass spectrometry have been employed for
such studies and they both involve the
identification and measurement of lipids in
the sample.

The challenges with mass spectrometry
based lipidomics lie in the chemical
complexity and the large range of
concentration of thousands of lipid species
present in biological samples. In addition,
the identification of lipids requires
sophisticated software since automated
interpretation of lipid MS/MS spectra is
more challenging when compared to other
biopolymers such as DNA, carbohydrates or
peptides, since lipids show much Iless
standardized fragment mass spectra. Each
lipid class has its own fragmentation
patterns as well as ionization efficiency [1].

In this study, we present a robust workflow
(Figure 1) for the global lipid profiling of a
plasma sample using an LC system coupled
to a Bruker impact 1™, an Ultra-High
Resolution Qg-Time-Of-Flight (UHR-QQTOF)
mass spectrometer (Bruker Daltonik,
Bremen, Germany) with > 50,000 Full-
Sensitivity ~ Resolution and  SimLipid®
informatics software, (PREMIER Biosoft,
USA).
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Figure 1: Schematic representation of workflow for global lipid profiling of plasma samples by employing a LC - /direct infusion-

UHR-QQqTOF-MS system with SimLipid software.

Sample P ti RT Flow %A %B Curve
) P e .repara fon (min) (ml/min)
Mixed lipids were extracted from human
whole blood using Folch’s extraction. 0 0-26 68 32 0
0 0.26 68 32 6
HPLC Instrumentation 1.5 0.26 55 45 6
e Buffer A - 60:40 acetonitrile: water + 10 3 0.26 45 oc p
mM ammonium formate + 0.1% formic .
acid Buffer B - 90:10 isopropanol: 18 0.26 40 60 6
acetonitrile + 10mM ammonium 20 0.26 30 70 6
formate + 0.1% formic acid 35 0.26 5 95 6
e Column-ACQUITY UPLC CSH C18 2.1 x 40 0.26 5 o5 6
100 mm, 1.7.im 45 0.26 68 32 6
e Injection volume - 1 pL g
e Column Temperature - 45 °C 47 0.26 68 32 6

Untargeted and Targeted Lipidomics Using Ultra-High Resolution Qqg-Time-Of-Flight Impact II™ Mass Spec-
trometer with SimLipid® Software
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MS Instrumentation

Impact Il QTOF (Bruker Daltonik,
Bremen, Germany)

Source - ESI positive mode
Calibration - Calibration with sodium
formate (m/z 90-1500 Da) using valve
switching

Capillary voltage - 4500V

Data Analysis Overview

SimLipid v. 5.50 software was used for lipid

identification using the following steps:

1. Import raw data: Directly load data from
multiple LC-MS, or ESI-MS experimental
runs (using supported file formats
namely, .baf, and .yep files) into a Sim-
Lipid project; the program, using its
proprietary peak picking algorithm, as-
signs recalibrated precursor m/z values
to MS/MS scans (see Figure 2).

2. Visualize whole data in single workbench
using data table, chromatogram, and
spectrum views (see Figure 3).

3. Direct Infusion methods: Identify lipids

using MS and MS/MS database search in
batch mode. Go to step 7.

\PREMIER Biosoft

4, LC-MS methods: Perform peak detec-
tion, peak deconvolution, molecular fea-
ture finding, and cluster MS/MS scans to
LC-compounds (see Figure 6: (A), (B)).
Single biological group, go to step 7.

In case of comparative lipidomics analy-
sis across biological groups, model ex-
perimental design by grouping peak lists
into biological groups and their technical
replicates (see Figure 7: (A)); following
this, LC-compounds are aligned based
on retention times. Furthermore, fold
changes as well as p-values based on
ANOVA are calculated for these com-
pounds (see Figure 7: (B)).

Identify lipid using exact mass search
and MS/MS database search. In case of
an untargeted approach, use the Sim-
Lipid database while in case of a target-
ed approach; select only the custom da-
tabase containing curated information
(see Figure 5: (B), (C)).

Export identified lipids along with
related information into MS excel files
for further downstream data analysis.

L
File Edit View Analyze Online Tools Help
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Database S
Lipid Quantitation
[ LC-MS and MS/MS Data

Lookin: [, KJ_sample T rem
12 20150811, SCC6 K24h 2mikrol exo A1 GH Bd
. 20150812_5CC6_8Gy24h_2ul_exo_A1.01.28. B
SimLipid

STEP2: Select the folder wherein
multiple files are stored. 100 .d files
can be imported in batch mode.

Folder name:  |D:\Exchange\SimLipid \Bruker Karol_Poland\K)_sample Open

Files of type: Jbaf(ba') j Cancel

STEP 4: Tick the box to
correct precursor m/z of

STEP 3: Select Line Data MSIMS scans

|V If selected data type is not available for any scan, import available profilefiine data
I [V Select precursor )z from parent M5 datd mfz variation: [0.5 Dalton |
Fill all blank fields
Precursor lon g/ Charge State: Apply
Lipid mix 5 di_AutoMSriTopS_P1-A-2 01_1234.d |
€ Show MS Only € Show MS with MS/MS Only @ show Al
Spectrum No. |Retention Tme (mins.)|  MS Level Precursor m/z Charge State Polarity select Scan
1 0.0168 1 1 [Pasitive I3 ﬁ’
2 0.02522 1 1 [Positive v
3 0.03362 1 1 [Positive v
4 0.04198 1 1 Positive ~
5 0.05033 1 1 [Positive v
3 0.05875 1 1 Positive v
7 0.06712 1 1 [Positive v
8 0.07552 L 1 [Positive v |
Reset Spedfy Range ] select All | Clear Al |
Select All Scans of All Profies l Specify Range L Load Scan Cancel Help

‘ STEP 5: Press the button to select all scans

STEP 6: Filter data STEP 7: Press to import data

[opens Bruker Daltonics baffvep fies

[

Figure 2: Typical SimLipid software graphical user interfaces (GUIs) showing interactive steps of reading raw data from Bruker’s

native files.

Untargeted and Targeted Lipidomics Using Ultra-High Resolution Qqg-Time-Of-Flight Impact II™ Mass Spec-
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Figure 3: Typical SimLipid software GUI facilitating single workbench data- and result- visualization of a loaded data file.

SimLipid Database Overview

The SimLipid database contains 40,234
structures and 1,487,728 structure-specific
in-silico MS/MS characteristic ions. The ions
were generated based on sub-class specific
fragmentation rules reported in the litera-
ture [3, 5-8] and the 529 experimental
MS/MS spectra of standard lipids listed in
LIPID MAPS [4].

This database is recommended for
discovery lipidomics analysis.

Custom Databases (Used in Targeted
Analysis)
For a targeted lipid analysis workflow the
SimLipid software enables to create custom
databases.

The program enables the user to add
curated lipids into either an existing or a
new database by importing lipid structures
in .SDF or .Mol format data from text files.
Figure 4 shows the typical GUIs of the web-
based module of the SimLipid database
software system.

Alternatively, users can create custom
databases by browsing through a list of
target lipids from the main SimLipid
database. The main database can be filtered
by multiple criteria and target lipids copied
to a new or existing custom database.

SimLipid also enables to add/edit retention
time information which is stored along with
a lipid structure in a curated database
(Figure 5: (A)). These retention times, along
with the exact mass of the lipids in the
curated databases, can be used as an LC-MS
lipid template for distinguishing isomeric
lipids structures. The user, simply by ticking
the box and specifying a retention time
tolerance in minutes (Figure 5: (B)), can
instruct the program to use retention time
as one of the database search predicates for
lipid identification in addition to the typical
predicates such as precursor m/z, fragment
ions, and other taxonomy-based filters.
Search of candidate lipids can be limited to
only the selected curated databases (Figure
5:(Q)).

Untargeted and Targeted Lipidomics Using Ultra-High Resolution Qg-Time-Of-Flight Impact II™ Mass Spec-
trometer with SimLipid® Software
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. . . ® - _ » 7~ ; s ThisPC > Downloads > v O Search Downloads »
SimLipid® ;-7 | = .

] Enterprise Edition 5 _ [ Documents # & Name Date modified Type »
- - 5 ® - S Review_Sanjit # | Structure2D_CID_10850.5df 05-04-2016 10:41 ...  SDFFil
SimLipid ® Enterprise Edition 5.50 = v o M Structurean_ Q01321506 orFl
E0NDIE ) Structure2D_CID_24699.5df SDF Fil

S admin ] 7 Structure2D_CID_1323.5df 0 35.. SDFFil

e — Met230RCT =

SimMet230RCIE 7] Structure2D_CID_52931214.5df 05- 33.. SDFFil,
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c
(A) Copyright ©1994-2016 PREMIER Biosoft. All rights reserved.

Add Lipids )
Search Lipids e L H H H ®

Welcome . ad R K SimLipid
Add Target Mass For Lipid Class/Sub Class Enterprise Edition 5

() Existing Database:  Select Database v
® New Database: Welcome admin,
Add Lipids To:
Name: Human_Plasma
Add Lipids Result Summary
Remark: Collected from Region A
File Name : GP6014.mol
Category: [Glycerophospholipids [GP] 'vl -
Fill Missing Information for Lipids: e Lipid ID SR e
e 1 P5(28:0/26:2(52,9)) | Successful |'
) ® spr O Mol i
Input File Type: Add Lipids
To view the general format, please click here
File Location: I Browse...

(B) a0 | Resat ]

(D ) Copyright ©1994-2016 PREMIER Biosoft. All rights reserved.

Figure 4: Typical GUIs of the web-based module of SimLipid software: (A) Login page; (B) Add curated lipids into either an existing
or a new database; (C) Select the text files containing lipid structures in .SDF or .Mol format data; (D) List of lipids that have been
successfully added into the database.
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Figure 5: LC-MS lipid template: Typical GUIs of SimLipid software showing (A) web-based module to add/edit retention time
stored along with the structure in a custom database; (B) Option to specify retention time tolerance; and (C) The list of existing
custom databases in the SimLipid database software system.

Untargeted and Targeted Lipidomics Using Ultra-High Resolution Qqg-Time-Of-Flight Impact II™ Mass Spec-
trometer with SimLipid® Software
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The LC-compounds were then searched in
the SimLipid database using the parameters
shown in Figure 6: (C). First a search was
performed with H as the primary adduct i.e.,
+H is assigned as the adduct of the LC-
compounds with unknown ion species.
Subsequently a second search with NH4+ as
the primary adduct was conducted.

Results

LC-MS data containing MS and data
dependent MS2 spectra were processed for
LC-peak detection, molecular feature finding
and association of MS/MS scans to LC-
compounds (see Table 1 for a summary of
the results).

1 | #LC-Peaks 7743
2 | #LC-Compounds after molecular | 5239
feature finding algorithm clusters

In our example the searches were restricted
to four main classes; Acidic glycosphingo-

LC-peaks based on retention time lipids, Neutral glycosphingolipids, Sphingoid
and delta masses of adducts bases, Sterols, and TAG. Table 2 shows a

3 | #LC-compounds with identified | 990 class-wise frequency distribution of lipids
ion species i.e., Adduct, and identified by the SimLipid software in an
charge states untargeted approach.

4 | Total # MS/MS scans associated | 272

— ‘;‘”E_h LC'CO”}F’I?U”dSI AT Table 3 summarizes the number of lipids
aole 1. summary o, teresutgenerate y - ata . .. . . .
processing module of SimLipid software from different Lipid classes identified by (i)

our method, in comparison to published
results from (ii) Sales et al (2016), and (iii)
Quehenberger et al (2010).

Mass Spectrometric Data Profie
Selected Profies:
Prfie Name [ Poarty [ Adduct [ o | rofie.. Son.. | M. Precu... o, | sty | rewn.. [ chang.. []
"J_L_I
Lipid mix 5x di_AutoMSnTopS_P1-A... IPuah\'e j‘ [ Select Adduct... e i ot DOt OBt . =
5 [ipdmixSxd... CID3Est 0.2 |1 1 v
& Jopd mix 5xd... [cD4@st.0.2..[1 f v
N e e g hd|
Profes/Scans Checked: 6962/6962 Specy Range =
v s Tolerances [0.05 Mirimum Time Spen (rins.): [0.0732 . @ s arspE
Setings.., E ] Help Search Parameters
—— B — Template Name: [Select any L Precurser Ton Error Tolerance (+/-): “Da " mba ( ppm [0.05
x
(B) Polarity: Poste = MEJMS Ervor Tolerance (+/: @0a Cmds Coppm [p0S
Mass Detection Parameters.
Theeshold Intensity > i % For continuous (profic) data generate masslist:  [ExactMass  ~ =S A e LRe=
[ oo G ™ Glycerophaspholins (7] [~ Other Sphingolpids =
Peak Detection Parameters - Sphingolipids [SP]  sphingoid baces
I ML f“ F; Acyls [FA] ‘Ceramid
vinimum Peak Height: [5.0 % w.rt, base peakof the XIC  Minimum Peak Height: o00] S s [ o e [ Coramides —
¥ Max fold iff, between highest &lowest peaks [§ Maximun Peak Duration: o7 : gm"l ; "‘9
¥ Smooth the chromatogram using fiter width:  [9 ~ ¥ Deconvolute co-ekuting Tsomers: Local Minma I Camitre 8] % e oL =
S S 3 R oT R T B 0.0 w5 ¥ Match Fragment lons Lpta Precureor Ionm/z only  Threshald Intansity: @ Relatve C vaue |1 %
Feature Detection Parameters
[~ Search based i g al presentin the "Adduct” column of the peaklst (@)
I DesowpePeaks  Maximum Charge: 2 RT Ervor Tolerance: ~ Relatve (& Value 2033 %
m/z Tolerance FD  Copom 001 ™ €-CFragn ey d Glycerol pids
o Cancel Help Cancel Help

Figure 6: Typical SimLipid software GUIs depicting the parameter settings for LC-MS data pre-processing (Figures (6, A-B)), and
MS and MS/MS database search of the LC-compounds (Figure 6, C).

Untargeted and Targeted Lipidomics Using Ultra-High Resolution Qqg-Time-Of-Flight Impact II™ Mass Spec-
trometer with SimLipid® Software
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Class (Sub class) Frequency
TAG 477 (249%)
Neutral glycosphingolipids (Simple Glc series) 66

Sterols (Cholesterol and derivatives) 57
Sterols (Steryl esters) 44
Sterols (Ergosterols and C24-methyl derivatives) 31
Sterols (Stigmasterols and C24-ethyl derivatives) 20

Sphingoid bases (Sphingoid base analogs) 16
Acidic glycosphingolipids (Sulfoglycosphingolipids (sulfatides)) 7
Sphingoid bases (Sphingoid base 1-phosphates) 3
Neutral glycosphingolipids (Galbeta1-4GIcNAcbeta1-3Galbeta1-4Glc- (Neolacto series)) 2
Other Sterols 24

Total 747 (519%)
Table 2: Class-wise frequency distribution of lipids identified by SimLipid software in an untargeted approach. * denotes the
number of lipids after ignoring isomeric structures.
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Figure 7: Typical SimLipid software GUIs (A) allowing users to model experimental design by grouping peaklists into different
samples and their technical replicates, and (B) visualizing aligned samples based on LC-compounds; and corresponding fold
change and p-values based on ANOVA for the assigned sample groups.
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Identified by method Cholesteryl TAG | LacCer | HexCer
Ester

(i) LC- Impact I™ + SimLipid software 28 249 21 6

(ii) Sales et al (2016) [9] 14 47 9 8

(iii) Quehenberger et al (2010) [10] 24 18 25 0

Table 3: Numbers of lipids identified from several selected lipid classes in our study compared to results from literature.

The SimLipid software provides a single
workbench view of the LC-MS peaklist; a list
of identified lipids in the experimental LC-
MS runs; the structure of the identified lipid
at a retention time, associated information
of the identified lipid in the database, and
the total ion chromatogram with a vertical

bar at the retention time of the identified
lipid (see Figure 8: (A), (C), and (E)). Figure 8:
(E) shows the same as in (A), and (C), except
that the middle table shows the MS/MS

spectrum list annotated with matched
fragment ions of the identified lipid
structure.

Mass Spectrum: miz versus Intensity
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Figure 8: Typical GUIs of SimLipid software showing a single workbench view of LC-MS peaklist, results, structure, lipid
information, annotated MS/MS spectrum list, and total ion chromatogram: (A) The lipid TG 54:6 and (B) the MS/MS spectrum
with peaks annotated with fragment ions of TG 54:6. Similarly, the identified lipids TG 60:12, and TG 56:3 are shown in (C) -(D)

and (E) -(F) respectively.
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The TG 54:6 lipid species (Figure 8: (A) and
(B)) was identified by our methods, as well
as in [9, 10]. The TG 60:12 lipid species
(Figure 8: (C), and (D)) was identified in this
study but not reported in [9, 10]; and the TG
56:3 lipid species was identified here as well
as in [9] but not reported in [10].

Conclusion

Improvements in  analytical methods,
especially liquid chromatography and mass
spectrometry, have driven the recent
advances in the development of lipid
profiling methods. We have presented a
robust workflow for the global lipid profiling
of a plasma sample using an LC system
coupled to an Impact ™ Ultra-High

APREMIER Biosoft

automated data analysis for all the above-
mentioned methods. The program allows its
users to view the raw data; review the
results; automatically annotate thousands of
MS and MS/MS spectra; and export the
results into MS excel files.

Acknowledgements
We thank Juan Aristizabal Henao from
University of Waterloo, ON, Canada for
preparing the mixed lipid extract.

References

1.

Hsu, F. F. et al., ). Chromatogr. B Anal.
Technol. Biomed. Life Sci. (2009)
877:2673-2695.

Resolution Qq-Time-Of-Flight (UHR-QQTOF) 2 ;g%gf;;'”'\'“de'”c'ds Res. (2007)
Bruk Daltonik ' o

mass  spectrometer .( ruker altonik, 3. Murphy, R.C. (2002). llluminati Press.
Bremen, Germany) with > 50,000 Full-

e . L e 4. Byrnes, R. etal., ). Assoc. Lab Auto.
Sensitivity ~ Resolution and  SimLipid
. ) . (2007) 12:230-238.
informatics software (PREMIER Biosoft, .
USA) 5. Ayumi, K. et al., J. Am. Soc. Mass.

' Spectrom. (2013) 24(5):684-689.
It should be noted that in addition to global 6. Gross, M. L. Int.]. Mass Spectrom. on
. . o Processes. (1992) 118-119:137-165.
lipidomics profiling presented here, targeted L
methods  can rovide  complementar 7. Trimpin, S. et al., J. Am. Soc. Mass.
me . P mp y Spectrom. (2007) 18:1967-1972.
insights. This use of e.g., multiple shotgun-, 8. Cheng, C. et al., Anal. Chem. (1998)
LC-, MALDI- MS and MS/MS lipidomics ' &~ N ' ’

70:4417-4426.
methods for targeted and non-targeted -
approaches necessitates the multiple 9. Quehenberger, O. etal. J. Lipid Res.
scr))friware workflows to automate dsta (2010) 51(11): 3299-3305.
. o 10. Sales, S. et al., Sci. Rep. 2016; 6: 27710.

analysis.  SimLipid software supports

For research use only. Not for use in diagnostic procedures.

Legal Notices: ©2016 PREMIER Biosoft. All rights reserved. SimLipid® is a registered trademark of PREMIER Biosoft. This information is
presented as an example of the capabilities of PREMIER Biosoft products. It is not intended to encourage use of these products in any
manners that might infringe the intellectual property rights.

PREMIER Biosoft
3786 Corina Way

E-mail: support@premierbiosoft.com
Phone: +1-650-856-2703

Palo Alto CA 94303-4504 Toll Free: +1-888-847-7494 (US Only)
USA Website: www.premierbiosoft.com




