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* Introduction — Lipidomics the fastest growing omics

» Challenges — Lipid complexity and solutions

» LC/MS workflow — Q Exactive HF-X and LipidSearch software
« Example — Analysis of human plasma lipid profiling
» Advanced Challenges — Orbitrap Fusion Lumos
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Omics - Insights to Biology
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Genomics — 22,000 genes
Biological potential

|

Transcriptomics — 100,000 transcripts
Response to conditions

|

Proteomics — 1,000,000 proteoforms
Biological Function

|

Metabolomics >5,000 compounds
Lipidomics >30,000 species
Physiological state/phenotype




Lipids Play Important Roles in Development of Obesity and Life-Threatening Disease

Obesity is associated with a cluster of lipid
abnormalities, such as high fasting triglyceride
levels and low HDL cholesteral,

Obesity can increase the risk of several types of medical issues including diabetes, heart
disease, stroke, cancer and other diseases.

2014 ADULT OBESITY RATES BY STATE
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Obesity is an epidemic, not only in the US,
but is a growing health concern worldwide

Non-alcoholic fatty liver disease (NAFLD)
IS the leading cause of chronic liver
disease in children and adolescents

NAFLD often progresses to non-alcoholic
steatohepatitis (NASH)

NASH may lead to fibrosis and liver
cirrhosis, ultimately leading to liver failure
or carcinoma



Lipid Biology—Plays an Important Role in Disease and Nutrition
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Challenges of Lipid Identification and Quantification

Lipidomics Challenges

Requirements of LC-MS" Platform

Diversity in structures and physical chemical properties

Higher resolving power for both the HPLC separation
and for the MS analysis

Thousands of isomeric and isobaric species

Faster effective MS/MS scan speed, excellent mass
accuracy and multiple dissociation techniques

Very low to very high concentrations

High sensitivity and wide dynamic range for both MS
and MS" spectra and for quantitation

Time consuming lipid ID

Dedicated software for automated lipid molecular
identification and quantification




LipidMaps — Lipid Classification

Category Abbrev. Example
Fatty acyls FA oleic acid (1-octadecenoic acid)
Glycerolipids GL 1-hexadecanoyl-2-(9Z-octadecenoyl)-sn-glycerol
Glycero-phospholipids GP 1-hexadecanoyl-2-(9Z-octadecenoyl)-sn-glycero-3-phosphocholine
Sphingolipids SP N-(tetradecanoyl)-sphing-4-enine
Sterol lipids ST cholest-5-en-33-ol
Prenol lipids PR 2E ,6E-farnesol
Saccharolipids SL UDP-3-0-(3R-hydroxy-tetradecanoyl)-ad-N-acetylglucosamine
Polyketides PK aflatoxin B,

References:

Fahy E, et al., A comprehensive classification system for lipids. J. Lipid Res. (2005) 46: 839-861.
Fahy E, et al., Update of the LIPID MAPS comprehensive classification system for lipids. J. Lipid Res. (2009) 50:5S9-S14




Lipid Nomenclature: Glycerophospholipids

Phosphate
Head
_p.
O/Y\o IO~
| ™~
_ Hydrogen (PA)
Molecular species sum Choline (PC)
composition: composition: Ester bond Ethanolamine (PE)
PC 18:0/18:3 PC 36:3 Serine (PS)
Glycerol (PG)
Inositol (PI)
Ether bond
e Q
N N W e P P P .-P-..
O/\Q(\O /. O\/""‘*N""
/\/\/\/E/\/\/\/\[ro H O |
O
Molecular species Sum
compaosition: composition:
PC 18:1p/18:1e PC 36:2e
ThermoFisher
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Challenges of Lipid Identification and Quantification

Lipidomics Challenges

Requirements of LC-MS" Platform

Diversity in structures and physical chemical properties

Higher resolving power for both the HPLC separation
and for the MS analysis

Thousands of isomeric and isobaric species

Faster effective MS/MS scan speed, excellent mass
accuracy and multiple dissociation techniques

Very low to very high concentrations

High sensitivity and wide dynamic range for both MS
and MS" spectra and for quantitation

Time consuming lipid ID

Dedicated software for automated lipid molecular
identification and quantification
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Resolving Isobaric Species Improves ID and Quan

480.34658

Bovine Heart Extract R¢=2.2min

500ng/uL x 2uL injected
30min LC-MS run
Q Exactive HF

480.34361

480.30710

LPC 16:1e

LPE 18:1

480.30946

60K R = 86K

R = 83K 1

120K
L O R )T T T T T T T T T T T
480.25 48330/ 480.35 480.40 480.45

I
LySO PE 18:1 W\A/\)LO/\(\O/>’\
.§ HO/ o\/\NHJ
I
LPC 16:1e/16:0p — o/\_(\o/«;\
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Higher Specificity with 1-amu Isolation Width MS?

IW: 4.0 amu [T I
. Interference ions from chemical noise
o 80
o i
c _
_‘g _
S 60 7 l
f: N
® ] 223.0637 ° 339.2895
2 407 299.0619
% i ) 478.3292
® 20 - 104.1074 355.0697
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50 100 150 200 250 m/z 300 350 400 450 500

13

ThermoFisher
SCIENTIFIC



LC/MS and MS/MS are Required to Identify Lipid Molecular Species

PC 16:0/18:1(11E)

PC 14:0/20:1(112)

14

/\/\/\/\/\/\/\)I\D/K\D,;\ o /\/\/\/\/\/\)}\ i
i ~ S ~ D G NN
25 PC Isomers sharing same formula NN | N A <
PC 16:0/18:1(92) PC 24:1(152)/10:0
Lipidion mfz Formula /\/\/\/\/\/\/\)k ° \ANWWW ;
PC(10:0/24:1}+H  760.5851 C42 H83 08 N1 P1 TR B TN
PC{11:0/23:1)+H  760.5851 42 H83 08 N1P1 i ¢ | WY '
PC{12:0/22:1)+H  760.5851 (42 HS3 08 N1P1
PC{13:0/21:1)}+H  760.5851 (42 H83 08 N1P1
PC(14:0/20:1)+H 760.5851 C42 HEZ 08 N1 P1 PC 16 1/18 0(92)/18 0 PC 22 1(112)/12 O
PC{14:1/20:0}+H  760.5851 A2 H83 08 N1P1 L : e :
PC(15:0/19:1)+H  760.5851 C42 H83 08 N1P1 WWVM;X\ e - /\(\’\/\‘(
PC{16:0/18:1)+H  760.5851 (42 HS3 08 N1P1 : b
PC{16:1/18:0)+H  760.5851 (42 H83 08 N1P1 160732
PC{17:0/17:1}+H  760.5851 C42 H83 08 N1P1
PC{17:1/17:0}+H  760.5851 A2 H83 08 N1P1 MS/MS of m/z 760.585
PC{18:0/16:1)+H  760.5851 42 H83 08 N1P1
PC(18:1/16:0)+H  760.5851  CA2HS3 O8 N1P1 The fragment ions confirmed the 16:0 and
PC(19:1/15:0)+H  760.5851 (42 HS3 08 N1P1 . . . i
PC(20:0/14:1}+H  760.5851 C42 H83 08 N1 P1 18:1 fatty acid chains of this 34:1 PC isomer
PC{20:1/14:0}+H  760.5851 A2 H83 08 N1P1
PC{21:1/13:0)+H  760.5851 42 H83 08 N1P1
PC{22:0/12:1)+H  760.5851 (42 HS3 08 N1P1
PC(22:1/12:0)}+H  760.5851 (42 HS3 08 N1P1
PC{23:0/11:1)}+H  760.5851 CA2 H83 08 N1P1
PC{23:1/11:0}+H  760.5851 A2 H83 08 N1P1 —
PC{24:0/10:1)}+H  760.5851 42 H83 08 N1P1
PC{24:1/10:0)+H  760.5851 (42 H83 08 N1P1 LPC16:0 +H
PC(25:1/9:0)+H  760.5851 €42 HS3 08 N1P1 LPC16:0-OH 4963420 LPC18:1 +H
PC(26:1/8:0)+H  760.5851 CA2 H83 08 N1 P1 4783297 | 00 sare
124_?;;8&4?69 264.1|233 304-i‘950 332.9819
100 150 200 250 300 aso 400 450 500 550 G600 B850 Joo 750
miz
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Hierarchal Scheme of Lipid Classification

Ryan and Reid. Acc. Chem. Res. 2016, 49, 1596-1604
DOI: 10.1021/acs.accounts.6b00030 /\

.. Nomenclature: Liebisch, et al.
Lipid 'aSS P\C J. Lipid Res. 2013, 54, 1302-1309.

Lipid Subclass PC 342

[ Chemical Derivatization

and UHRAMS Sum Composition PCp.as1)
N\
[ Product ion scan without sn-position PCp.16:1 18:0)
MS/MS Molecular Lipid \
with sn-position PCp.16:1/18:0)
Structurally Defined PC
Molecular Lipid (P-16:1(92)/18:0)
/
4 5 D
\/\/\’@\/\/\/E/O 2 O_I.D_O/\/ h
n7 A9 sn-1 “sn-3 OH
\n-nomenclature A (Z)-nomenclature /

Adapted from: Ekroos, K. In Lipidomics, Ch 1. 2012 Wiley-VCH Verlag GmbH & Co
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Challenges of Lipid Identification and Quantification

Lipidomics Challenges

Requirements of LC-MS" Platform

Diversity in structures and physical chemical properties

Higher resolving power for both the HPLC separation
and for the MS analysis

Thousands of isomeric and isobaric species

Faster effective MS/MS scan speed, excellent mass
accuracy and multiple dissociation techniques

Very low to very high concentrations

High sensitivity and wide dynamic range for both MS
and MS" spectra and for quantitation

Time consuming lipid ID

Dedicated software for automated lipid molecular
identification and quantification

16




Orbitrap Based Mass Spectrometers Offer High Sensitivity and Wide Dynamic Range

QE HF MS ron 1 EIa .

o] Isotopic labeled
17:0-14:1 PC E Leucine splked In
spiked in ¥ =] Plasma
bovine liver s
lipid extract o

9.000 - | i i
PR Orbitrap Fusion
8.000 - on column Lumos MS

7.000 A

6.000 -

5.000 A

4.000 A

3.000

0.02 0.2 2 20 200 2000

Amount, pg
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Challenges of Lipid Identification and Quantification

Lipidomics Challenges

Requirements of LC-MS" Platform

Diversity in structures and physical chemical properties

Higher resolving power for both the HPLC separation
and for the MS analysis

Thousands of isomeric and isobaric species

Faster effective MS/MS scan speed, excellent mass
accuracy and multiple dissociation techniques

Very low to very high concentrations

High sensitivity and wide dynamic range for both MS
and MS" spectra and for quantitation

Time consuming lipid ID

Dedicated software for automated lipid molecular
identification and quantification

18




High Throughput Lipid Identification and Quantitation

LipidSearch software addresses the time-consuming ID bottleneck in lipidomics

y e o = m’ :
< LipidSearch z

SEEEERRERERE

L

Lipid ID & Quan
 HRAM (all file types)
LC/dd MS-MS/MS?® data
ID based on MS? & MS3
Integrate multiple groups and rel. quan

NRTH ]

Calculate estimated concentration

2.50E7

2.00E7

Est. Est. Fold A
cal Rt Main MainArea CV CV R I
Lipid Molec alc Formula . ain ain Area ng/mL ng/mL Change! P e e at|Ve Or
Mass min Area[c*] [s1**] [c] [s1] il [s1]  (s1/c) g
PE(d7-18:1/15:0) 710.5591 C38 H67 08 N1P1D7 10.3 2.52E+07 2.70E+07 4.6 3.9 830 830  1.00 ESt] n ated Conc .
PE(18:1/20:4)  765.5309 C43H76 08N1P1 9.8 2.62E+07 7.44E+07 5.4 6.0 863 2,284  2.65 1007
PE(16:0/18:1)  717.5309 C39H76 08N1P1 11.52.37E+07 6.65E+07 4.3 3.7 780 2,042 262

PE(18:0/20:3)  769.5622 CA3HS80O8N1P1 9.9 239E+07 6.20E+07 6.4 3.6 789 1,904 241 ST
PE(18:0/18:2)  743.5465 CA1H7808N1P1 12.1 2.91E+07 7.256+07 2.2 2.2 961 2,227  2.32
PE(16:0/20:4)  739.5152 CA1H7408N1P1 9.6 8.64E+07 2.06E+08 4.6 8.6 2,850 6325 222

PE(18:0/18:1) 7455622 C41HS80O8N1P1 10.9 8.63E+07 1.69E+08 0.2 1.1 2,847 5176  1.82 0L00E0 o ¢ t

PE(18:1/18:1) 743.5465 C41H78 08 N1P1 9.3 1.11E+08 1.95E+08 4.4 4.6 3,648 5,992 1.64
PE(16:0/22:6) 763.5152 C43 H74 O8 N1 P1 9.2 1.85E+08 2.90E+08 12.6 5.7 6,100 8,903 1.46

19 ThermoFisher
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Robust and reproducible
lipidome profiling

Automatic data processing
using Lipid Search 4.1
software

Orbitrap high resolving power
differenciates overlap isobaric

species and backgrounds

Confident lipid identification
and precise quantitation

Highly efficient analysis with
scan-to-scan polarity
switching

Untargeted Lipidomics using Orbitrap Analyzer and Lipid Search 4.1 Software

-0 B &

. Crude Lipid
Cells, Tissue, Extract Total lipid extracts are Lipid molecular species are
Plasma analyzed by LC-dd-MS/MS identified, quantified and
samples biological insights derived

from powerful software

‘ Thermo Scientific™ Accucore™ C30 LC column
0-‘2 Thermo Scientific™ Vanquish™ UHPLC System

Thermo Scientific™ Quadrupole-Orbitrap™ MS

‘ Thermo Scientific™ LipidSearch™ Software
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 Human Plasma Samples

« Control: healthy patient

oM &

» Diabetic: diabetic patient
» Lipid Extraction

60 uL Plasma

Cells, Tissue Crude Lipid Lipid molecul -

: ) ipi ipid molecular species are

e 10 pL of SPLASH Plasma Extract Total lipid extracts are z e tpf' o
analyzed by LC-dd-MS/MS ldentified, quantitied an

 Final volume 100 pL samples biological insights derived

from powerful software

 LC/MS Analysis
« Triplicate inj., 2 pL

« Pos. & Neg ion separate Inclusion List — One of 4089 lipid species?

* Inclusion list >4000 lipids

Yes

MS-MS acquisition of
detected lipid precursor

MS-MS acquisition of

other unknown detected

ions from the inclusion list precursor ions

22



The SPLASH™ Lipidomix® Mass Spec Standard

O Avanti

POLAR LIFIDS, INC.

Mixture Components:
15:0-18:1(d7) PC
15:0-18:1(d7) PE
15:0-18:1(d7) PS
15:0-18:1(d7) PG
15:0-18:1(d7) PI
15:0-18:1(d7) PA
18:1{cd7) LPC

18:1(d7) LPE V.
18:1(d7) Cholesterol =
18:1(d7) MG

15:0-18:1(d7) DG
15:0-18:1(d7)-15:0 TG
18:1(d?) SM
Cholesterol (d7)

m splash in your lab and dive right into Lipidomics with
our easy to use mixture of deuterium labeled lipids. The

andard includes all of the major lipid
’ concentrati lative to human plasma,
~ allowlﬁ‘ one easy int andard solution to be included

R
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Number of Lipid Species Covered by the Inclusion List

Lipid # Lipid FA Sum
Components Class SpeC|es Comp.

« The precursor ions of targeted lipid

15:0-18:1(d7) PC 17:0 - 51:1 species are generated in-silico using the

15:0-18:1(d7) PE PE 511 16:0 - 48:2 lipid database included in the Lipid Search

15:0-18:1(d7) PS PS 398 27:1 - 48:6 software.

15:0-18:1(d7) PG PG 332 32:1 - 49:6

15:0-18:1(d7) PI PI 188 32:1-42:6

15:0-18:1(d7) PA PA 302 33:1 - 498 The lipid class selection corresponds to

18:1(d7) LPC LPC 129 14:0 - 33:3 the isotopic Iabeleo! lipid counterparts of

18:1(d7) LPE LPE 54 14:0 - 22:0 Splastistandalcimixitiie:

18:1(d7) Chol Ester Chol Ester 57 16:2 - 26:5

18:1(d7) MG MG 164 15:2 - 38:0 "

15:0-18:1(d7) DG DG E09 S The range of fatty acyl sum composition
per lipid class was selected based on

L0 Tek eIl e TG 759 30:0 - 72:5 previous discovery experimental data.

18:1(d9) SM SM 178 30:2 - 53:6

Cholesterol (d7) Cholesterol 1

Total 4074

24 SCIENTIFIC



Total lon Chromatograms: Positive and Negative lon

Relative Abundance

100
95
920
85
80
75
70
65
60
55
50
45
40
35
30
25
20
15
10

Positive ion

Lyso PL

MG, SPH

1.08 3.78

415.2108

637.3041 5.25
381.

AN ALY

2
5.93
2967 gp1.5510

NN AN

8.21
698.4977

VAWV,

703.5737

PL (PA, PC, PE,

Cer, DG, SM

9.29
758.5685

10.84
760.5839

9.10

782.5685
1 10.57

8.66 663.4527

PG, PI, PS)

11.45

786.6002

15.16
13.18 813.6829

12.07 788.6155

812.6154 13.61
/\\ 785.6519
— N AN /\ . "

UAN

MS Scans

21.89
369.3508

ChE, TG
CoQ

369.3

21.19

18.13 874.7844

607.5647

16.54
508.5443

20.87
872.7687

17.94
536.5758

20.06
504.5129

18.61
699.5947

L

22.25

510

22.62
69.3510

\

100

Lyso PL

3.45

540.3314 5.02

596.3353

580.3401

5.90
564.3453

5.66

7.57
491.3421

11.42
649.4554

PL (PA, PC, PE

9.33
802.5621

8.64
747.5676

10.86
804.5781

828.5780

PG, PI, PS) SM

15.18
857.6771

15.40
13.35
12.08 855.6617

856.6096 14.85

A\ sddeen

831.6619

Negative ion

18.16

17.03 669.5688

859.6926

18.97
801.8092
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Confident Identification of Low Abundant PS Species
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LipidSearch Batch Data Processing and Quantitation

8.00E5

7.00E5

6.00E5

5.00E5

‘€ 4.00E5

3.00E5

2.00E5

1.00E5

0.00E0-

d--18:1/15:0 PE, 830 ng/mL

6.00E6

5.00E6

4.00E6

3.00E6

2.00E6

1.00E6

0.00E0

Control vs. Diabetic

]
C

S1

S1

Lipid Malec key Ion key Grade Polarity BaseRt Cbs Mz Delta(m/z) Delta(ppm) Ion Formula Area Area RSD
PE(18:1D7/15:0) -H A M 10,3064 /09,5532 0.0013 1.8211[CI8HEG OB M1P1D7 5.629E06 5. 753E0
PE(18:1D7/15:0) -H A M 10,3064 /09,5537 0.0018 2.5224[C38 HEE O3 M1P1D7 5.894E068 21770
PE(18:1D7/15:0) |+H B p 10,3064, 711.5661( -0.0003 -0.4384(/C38 H&E 08 N1 P1 D7 2.599E07) 3.960ED
PE(18:1D7/15:0) |+H C p 10.3064| 711.5655 -0.0010 -1.3456(/C38 H&8 08 N1 P1 D7 2.429E07) 4.48B2ED

27

Processing Steps:

1. Search each data file

2. Merge the search results
Pos. and Neg. ion

Report includes ID’s
a) Estimated Quan (IS) or
b) Rel. Amounts (no IS)

ThermoFisher
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|dentification and Quantification for Partial List of PE Lipids in Human Plasma

Lipid Molec

Calc Mass

Formula

RT
min

Area
control

Area

CV

CV

diabetic control diabetic

Conc.
ng/ml,
control

Conc.
ng/ml,
diabetic

Fold
Change

PE(18:1/20:4) 765.5309 C43 H76 O8 N1 P1 9.8 2.62E+07 7.44E+07 54 6.0 863 2284 2.65
PE(18:0/18:2) 743.5465 C41 H78 O8 N1 P1 12.1 2.91E+07 7.25E+07 2.2 2.2 961 2227 2.32
PE(16:0/20:4) 739.5152 C41 H74 O8 N1 P1 9.6 8.64E+07 2.06E+08 4.6 8.6 2850 6325 2.22
PE(18:0/18:1) 745.5622 C41 H80 O8 N1 P1 10.9 8.63E+07 1.69E+08 0.2 1.1 2847 5176 1.82
PE(18:1/18:1) 743.5465 C41 H78 O8 N1 P1 9.3 1.11E+08 1.95E+08 4.4 4.6 3648 5992 1.64
PE(16:0/22:6) 763.5152 C43 H74 O8 N1 P1 9.2 1.85E+08 2.90E+08 12.6 5.7 6100 8903 1.46
PE(20:0/18:2) 7715778 C43 H82 O8 N1 P1 11.5 7.71E+07 1.18E+08 4.9 3.8 2542 3613 1.42
PE(18:0/20:4) 767.5465 C43 H78 O8 N1 P1 9.1 5.29E+07 7.66E+07 3.2 2.3 1746 2354 1.35
PE(18:0/20:4) 767.5465 C43 H78 O8 N1 P1 11.8 1.62E+08 2.23E+08 2.5 3.0 5347 6846 1.28
PE(18:0/22:6) 791.5465 C45H78 O8 N1 P1 11.3 9.61E+07 1.23E+08 0.5 2.1 3169 3783 1.19
PE(18:0p/18:2) 727.5516 C41H78 O7 N1P1 13.3 5.28E+07 6.68E+07 8.0 6.8 1741 2053 1.18
PE(18:1p/20:4) 7495359 C43 H76 O7 N1 P1 10.8 4.03E+07 5.09E+07 55 13.7 1328 1564 1.18
PE(16:0p/22:6) 747.5203 C43 H74 07 N1P1 10.1 5.56E+07 6.68E+07 3.0 4.4 1832 2052 1.12
PE(18:0/22:6) 791.5465 C45H78 O8 N1 P1 8.7 3.40E+07 4.06E+07 1.4 7.2 1122 1246 1.11
PE(20:0/20:4) 7955778 C45 H82 O8 N1 P1 11.2 2.63E+07 2.84E+07 4.2 3.8 867 872 1.01
PE(18:1D7/15:0), IS 710.5591 C38 H67 O8 N1 P1 D7 10.3 2.52E+07 2.70E+07 4.6 3.9 830 830 1.00
PE(18:0p/20:4) 7515516 C43 H78 O7 N1 P1 13.0 9.90E+07 1.05E+08 1.5 2.6 3265 3220 0.99
PE(18:0p/22:6) 775.5516 C45H78 O7 N1 P1 12.4 4. 68E+07 4.02E+07 1.4 4.0 1544 1233 0.80
ThermoFisher
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|dentification and Quantitation Summary for Control and Diabetic Human Plasma

Lipid # Filtered Estimated
Sub-class Species Concentration

AcCa

Cer
CerG1-G3
ChE

DG

LPC

LPE

MG

PA

PC

PE

PG

Pl

PS

SM

TG

Total Species

3
26
5
17
25
36
2

8

2
427
41
1
14
9
124
340
1078

Criteria for Data Filtering:

1. Specified main adduct ion

E’ 2. Quality of Identification
& 3. Peak Height
M

A 4. CV < 30%
M

M

M

M

M

M

M

M

1044
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Advanced Challenges of Lipid Structure Characterization and Isotopic Analysis

Advanced Lipidomics Challenges

Requirements of LC-MS" Platform

Separate and perform accurate quantification of
iIsotopomers to elucidate biological mechanisms

Ultra-high resolution up to 1M to resolve isotopomers
and perform quantitation

Isomeric lipid species with differences in
carbon-carbon double bond position(s)

Fragmentation that provides unique structural
information for carbon-carbon double bond location

31




Unique Features of Orbitrap Fusion Lumos MS — A Tribrid Orbitrap Mass Spectrc <

Dual-
Pressure
Linear lon

@ LIPID IDENTIFICATION REQUIRES MORE THAN
Trap

Ultra-High ONE TYPE OF DISSOCIATION TECHNIQUE

Field
Orbitrap
Advanced Analyzer
Quadrupole
Technology

@ ION TRAP MSN EXPERIMENTS PROVIDE MORE
DEFINITIVE STRUCTURAL INFORMATION

ULTRA-HIGH RESOLUTION

@ FOR FINE ISOTOPE
STRUCTURE

UNIQUE FRAGMENTATION

@ FOR LIPIDOMICS
CHARACTERIZATION

@ o Biere sve (D) B verems
AND EXISTING SYSTEMS

Sy,

ter
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Low-Resolution Measurements for Lipid Flux Analysis

Isotope Dilution Quantitation

13C and D are unresolved in M+1, QQQ MS Using a Low Resolution
Instrument

« 13C background worsens detection limits

translating into lack of accuracy of D
incorporation rate measurements
0.8 —
» General lack of accuracy and precision
-
o 0.6
8 « Removing background noise requires
o Ps separating 13C and D, 2.8 mDa apart
£ 04
3 Rate measurement
= <& = =Dpelow 0.4 is highly * Only ultra-high resolution instruments can
0.2 - _ perform this
unreliable
v | | | |
0 10 20 30 40

~ Hours After Labeling
ASMS 2017 MOB am 10:10, M. Mitsche
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New 1M Ultra-High Resolution For Lipid Flux Analysis

Resolving Natural 3C From

—> Labeled Deuterium Isotope
) 4 130 D
» .| e - M  The Triacylglyceride precursor ion
' 0 was fragmented using high energy
12 & 13¢ 2 D e sbeb et collisional activation
o NN AT e
T 4 4 o /N oA e
o 576.504 576.508 578.512 e
O m/z .,.-'.‘" . . .
=08 [\ T » Deuterium incorporation levels
£ 0 S were plotted for the fragment ion at
% 0.6 576504 576508 576_51.?__,.-.... /7 576.5
3 o e 1 MILLION RESOLUTION! '
a 0.
8.
0 &8
0 10 20 30 40 50

Time Since Adding Label [hrs]

Rate of deuterium incorporation for TAG 52:3 in human
hepatoma cells (HuH7) labeled with 5% D,O

ASMS 2017 MOB am 10:10, M. Mitsche

34




New 1M Ultra-High Resolution for Lipid Flux Analysis

1 MILLION RESOLUTION! Resolving Natural 3C From
0.25 - Labeled Deuterium Isotope

= WT
== ACC1/2 LSKO

* ACC1 and ACC2 are rate limiting
enzymes in fatty acid biosynthesis

0.20 —

0.15

« Removing enzymes from liver
reduces fatty acid biosynthesis
based on radio-labeling studies

D/3C in TAG

0.10

0.05

» Deuterium uptake levels were
l ' measured for the TAG52:3 fragment
jon at m/z 576.5

Hours After Labeling

Rate of deuterium incorporation for TAG 52:3 in ACC1/2 liver-
specific knockout and wild type mouse derived primary hepatocyte
cells labeled with 5% D,O

ASMS 2017, MOB am 10:10, M. Mitsche
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Advanced Challenges of Lipid Structure Characterization and Isotopic Analysis

Advanced Lipidomics Challenges

Requirements of LC-MS" Platform

Separate and perform accurate quantification of
Isotopomers to elucidate biological mechanisms

Ultra-high resolution up to 1M to resolve isotopomers
and perform quantitation

Isomeric lipid species with differences in
carbon-carbon double bond position(s)

Fragmentation that provides unique structural
information for carbon-carbon double bond location
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UVPD Implementation (Class 1 Laser System)

UVPD Source

The UVPD MS" fragments are
generated in the linear ion trap
and can be detected by either the
ion trap or Orbitrap

37

()
Compact Footprint ‘1’

UVPD source is embedded
Inside the instrument, directly
connected to the dual-pressure
linear ion trap

UVPD source employs a 213 nm
laser with 2.5 kHz repetition rate
delivering >1.2 uJ/pulse

UVPD is a field upgradable
option




UVPD For Comprehensive Lipid Characterization

100 e 830 767
1
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1 575117 OLI
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= ] P o
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= - -0
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m —
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E .
Lih]
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] 303286 450 400 607631 | 725627 (-CgHy)

280 271 541 516 - v
i \ - 643.548 |
il |J|i|]| | ||. | ] ||
LI Y Y O I Y I I Y O IO
100 200 300 400 500 600 700 800 900
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_ASMS 2017, WOD 03:10 pm : Reid G.et al.
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Locating Double Bonds

- HRAM UVPD MS? spectrum of

[M+Li]* precursor ions of TG
16:0/16:0/18:1

- Fragments identify acyl chains

- UVPD unique fragments identify

location of double bonds within
the acyl chains




= Developed an accessible untargeted lipidomics workflow

= Thousands of major lipid species were identified and quantified in a single run

= This LC MS-MS workflow can be applied to any complex biological samples
Including plasma, serum, tissues, cells and food

= The Fusion Lumos 1M option enables lipid fluxomics LC/MS experiments that are
not possible using lower resolution instruments

= UVPD enables location of lipid double bonds and is only available on Orbitrap
Fusion Lumos MS
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