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SCIEX Metabolomics \ Lipidomics Workflows

Discover Quantitative Targeted Profilin
y g g

TripleTOF®Platforms
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IDA MSMS
SWATH™ Global Discovery
(MS/MSALL) for Lipids

The Lipidizer™ Platform

ﬁ wm \ (Full Workflow) /

QTRAP® Platforms

Global Discovery (MPIS)
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Today’s Story — Lipidomics

Lipidomics — A Part of the Omics Spectrum
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Wenk et al. Nature 2005

4 ©2015AB Sciex / Sc I Ex 4



Lipidomics

A Subset of the Metabolome

5

-~ The study of pathways and
networks of cellular lipids in
biological systems.

—The ‘lipidome’ describes the
complete lipid profile within a
cell, tissue or organism and is
a subset of the ‘metabolome’

- The metabolome is the total
number of metabolites present
within an organism, cell, or tissue
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Why’s That Potato Crisp So Tasty?

Nutrition Facts

Serving Size 1 oz (28g/About 15 chips)

Amount Per Serving
Calories 160 Calories from Fat 80

% Daily Valua*

Total Fat 10g S 16%

Saturated Fat 1.5g 8%
Trans Fat Og

Cholesterol Omg
Sodium 170mg
Potassium 350mg 1
Total Carbohydrate 159
Dietary Fiber 1g
Sugars less than 1g
Protein 2g

#1223

Triglyceride

Total Fat 10g 16%
Saturated Fat 1.5g 8%
Trans Fat Og

Saturated Fatty Acid

Trans-Fatty Acid

HM‘G)L/V‘MN\/\/\

Raise the level of LDL (‘bad’ cholesterol) and promote CVD

Clinical studies have shown that the type

| A~~~ =~~~ |and position of the fatty acyl substituents
HC—0

of TAGs play an essential role in lipid
digestion, absorption and metabolism
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Lipidomics

« Comprised of multiple, distinct structural lipid classes Lipids play an
essential role in
| | | | human physiology:

Fatty Acids Steroids Vilt_f:lfr:?ns Terpenes « Metabolic
homeostasis
| | | | - Cell and
Eicosanoids/ Mono-, Di-and Waxes  Sphingolipids organelle
Oxidized FA Triglycerides | structure
. « Cell signaling
Glycerophospholipids | _
| Sphingomyelins And disease:
| Ceramides * Inflammation
Ether Phospholipids Cerebrosides * Cancer
| Ganaliosid « Cardiovascular
angliosides i
| Diacyl-Linked SlELCE
Phospholipids > Dleloeies
Platelet- P P * Inflammatory
Activating Plasmalogens ‘ bowel disease
Factor . . . '
Oxidized Phospholipids N_eurologlcal
diseases

Halogenated Lipids
SCIEX



Short List of Must Know Common Fatty Acids

Common Name

Myristic Acid
Palmitic Acid
Stearic Acid
Oleic Acid
Linoleic Acid
Linolenic Acid
Arachidonic Acid
Eicosapentenoic Acid
Docosapentenoic Acid

Docosahexenoic Acid

Carbons:
Double
Bonds

14:0

16:0

18:0

18:1

18:2

18:3

20:4

20:5

22:5

22:6

227.2

255.2

283.2

281.2

279.2

277.2

303.2

301.2

329.3

327.3

Structural Examples
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Common Phospholipids

Phospholipid (PL) Sub-Classes
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Diversity of Phopholipid Molecular Species

Acyl Chains

.
0‘ e,
K .
K 0
R .
K .
: .
: .
K .

Glycerol Backbone

|
?
OT

C—O'—C‘H | ~ Polar Headgroup
2

~ w
—O 4 \

Chain length,

LH,
Bond-type (alkyl-, alkenyl-) !
Double bonds,

E Methylation, E X:PA, PG, PE, PC,

y
..

Hydroxylation, PS, PI, PIP, PIP,...

Epoxidation
Cyclation
Conjugation

_______________________________
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Complex Lipids are like a Matrix

° Lipid are present in classes that have
concentrations and compositions

(important for level of metabolism)

— Concentration = sum of the FAs for any given
class (column)

— Composition = relative abundances of each FA (or
species) across many classes (rows)

11 © 2015 AB Sciex

FATTY ACIDS

14:0
16:0
18:0
20:0
24:0
14:1
16:1
18:1
20:1
18:2
18:3
20:2
20:3
20:4
20:5
224
22:5
22:6

LIPID CLASSES

CE
TAG
DAG
FFA
PC
PE
LPC
LPE

L J

L J

Sum = concentration

SCIEX

Sum = composition



Complex Lipids are like a Matrix

LIPID CLASSES
° Lipid are present in classes that have 09 s 0w
. _ Ll w O w o
concentrations and compositions ol ol e
. . 14:0
(important for level of metabolism) o [l HEEEREE
— Concentration = sum of the FAs for any given reo [
class (column) ijz
— Composition = relative abundances of each FA (or 14:1
species) across many classes (rows) 16:1
s [ HIHHEEEEE

20:1
18:2
18:3
20:2
20:3
20:4
20:5
22:4
22:5
22:6

* When FA metabolism is altered there
IS the ability to change FA composition
of all classes

FATTY ACIDS
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Complex Lipids are like a Matrix

LIPID CLASSES
° Lipid are present in classes that have w2 EfowlH
concentrations and compositions 14:0 o
(important for level of metabolism) o ==
~ Concentration = sum of the FAs for any given 20:0 I.
class (column) 24:0 o
— Composition = relative abundances of each FA (or 141 __
species) across many classes (rows) :: I=
_ _ g 20 | ]
* When FA metabolism is altered there S a2 H
is the ability to change FA composition S ==
F 2
of all classes £ 203 H
20:4 B
.. . . 20:5 ..
* When lipid class metabolism is altered oot i
there is the ability to change alll 225 ==
22:6
members of the class V
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What is needed from a Quantitative Lipid Platform

LIPID CLASSES
1) Specificity
w@Ifowlt £ :
oot aeaadh — A non-specific method (e.g. PC 36:2)

140 does not allow mapping to the

16:0 - 1 elements of the matrix

18:0

20:0 . .

240 2) Quantitation

14:1 — A non-gquantitative approach does

16:1 not allow accurate summing of the

18:1 | 2 rows and columns
8 20:1
o 18:2
S| 183 3) Comprehensive Coverage
£ 202 : e
E 205 B—_ N — A partially complete matrix is difficult

20:4 i _:f_::__;;- 3 1o Interpret

29:4 ;:

25| & | |

22:6 “
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Putting it All Together
Sample Prep to Answers



Simplifying the Complexity of Lipidomics and Multiple

Steps from Sample Preparation to Knowledge
Powered by METABOLON®

One Streamlined
Workflow for Peak
Performance

SAMPLE PREP KITS
o stndudted
procedires
* Impided operation
* Ensures
reproduc bty

Lipidyzer Platform makes lipid analysis easy and seamless. The simple, integrated
workflow allows you access to comprehensive data, quickly and confidently,
while expert analysis services provide you with the the assurance to gain accurate
biological insight.

ical insight for 100s of samples in days, not Week
S

it ¢

Knowledge

Unravel
Mechanism
of Action

ueE

LIPID SELECTION LOUMSMS SYSTEMWITH CUSTOM SOFTWARE EXPERT ANALYSIS AND
« Automatk method SELEXION TECHNOLOGY o Reports quanTative CONSULTING

sebction based 00 « Performs sepurations results o faciinaes data analysis

Ipd class aacss all clsses and « Provides confident 10 understand biokogical
« Ensares optimum dita s Fpecies Identf i ation sgriticance

* Differentates and * Provides acoess o
ovet 3 * Sl 0u soe i he schntific spedalists
thousand Ipd species,

tapidly and acaxately
* Boures sy
of readts
» Deliver's unpacalieled
wnd iy

SCIEX



Simplifying the Complexity

Samples

Gain bio

Prepare
Samples

An

SAMPLE PREP KITS

* Standardized
pracedures

+ Simpl fied operation

* Ersures
reprodudibility

Log Samples
Be Select

Experiments

LIPID SELECTION

= Autornatic method
salection basad on
lipid class

= Ensures optimum data
acquisition conditions

= Lipidamics
wirkflow-driven
softwrare interface

Differentiate
& Quan titate

LC-MS/MS 5YSTEM WITH

SELEXIOM TECHNOLOGY

* Rerfarmes separations
across all classes and
species

= Differertiates and
ifnﬁﬁes oera

u=and liphd species,
rapidly and accurataly
= [elivers unparalleled
sersitivity

= Ersures accuracy

of results

Jogical insight for 100s of samples in days, not we
= ' E

Interpret
Biological
Data

CUSTOM SOFTWARE

* Raports quantitative
results

* Prowides confident
species identification

* Built on one of the
workd's best selling

LC-M5M 5 mass
spedrometers platforms

ks

ACCESS
Consulting
Services

EXPERT AMALYSIS AND
CONSULTING
# Facilitates data analysis

to understand bialogical
significancs

= Provides access to
scientific specialists

Knowledge

Unravel

Mechanism
of Action

ID Biomarkers

ID Novel Targets




Analytical Challenges in Lipidomic Analysis

The Lipidyzer™ developed to address specificity and quantitative rigor

« Specificity:
* Resolve isobaric interference between different
lipid classes
« Determine lipid class and molecular species
composition in a single run

« Quantitation:
« Ensure spray stability
* Minimize carryover
* Neutralize quantitative bias
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Benefits of the Lipidyzer™ Platform

Powered by METABOLON®

G FFAs LPCs LPEs PEs ° > ° o Voo
100% + A =
o /\/vv\/v\/\/%\ AN
0% ," \r
. 5
80% e ]

I i@
§ i ; n/}{\"f"\/\.‘
= SMs Y PEs
o
£ 8- I i LPCs A j °
R s © - 'L“/\_?(\“’J' ~o, P g \/\T‘i
S 8 o o ~ T PCs
g 3 P o
> > 8 L.
= - .
§ - e °
5 B . i~ N
= J o . 'IX\' N[ R CERs Y
2 - ok FFAs :
«©
.
20% . - .
) TAGs A || | CEs
10% i J Y
k| ° ’I’ T T T T “*“Y MJEG/}{\W ﬁ.
o 2 & & -4 -2 -0 -8 & -4 -2 0 0 2000 4000 5000 8000 'TO ) o TDAGS * .e : @
COV (volts) TrueMass Values (uM)

Specificity Quantitation Coverage
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Why the Lipidyzer™ Platform? — Standards

Standardization of Sample Preparation

?\/\/v\/vv\'%(\/_ﬂt A J\/\é{\ -~ \/\o
- Novel internal standard kits and methods T
designed exclusively for the Lipidizer™. A iees @
o S N S
. LT " : O v 9
+ Built on Metabolon’s “know-how” of vl 1P N Eaasanacy >
. _ . || FFAs
commercial lipid analysis platforms and ° :
standard procedures ..If?;f’ A
o7 |l Yoass | i

+ Provides user with confident, reproducible

Correlation of Lipidyzer Results With True Values

quantitation .|
: s §4 o
« Over 90 internal standards across ten i
lipid classes — a complete unique 8 ;?-,;;;‘
Strate | Cholesteryl Ester (CE) ® 0.97 3 g i ‘j .
gy Triacylglycerol (TAG) ® 0.98 § ,"‘
Free Fatty Acid (FFA) ® 0.96 - _’,’
Phosphatidylcholine (PC) ® 0.82 T T T T T

Sphingomyelin (SM) ® 0.91
Phosphatidylethanclamine (PE) ® 087 TrueMass Values (uM)
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Sample Preparation

Sample Prep: Lipid Extraction Methods

* Primary source of error in lipid analysis
— Internal standards help, but manual process can contributes to a high %CV

* Classic techniques: Methods of Bligh and Dyer and Folch

— Bligh and Dyer: 1 Part aqueous (sample), 2 parts MeOH, 0.9 part
CH,CI,; Vortex (except plasma and brain—gently invert sealed test
tube to avoid emulsion); Add 1 part H,O, 1 part CH,Cl,; Vortex;
Centrifuge (1200 rpm x 10 min); Take lower layer and evaporate
solvent; Re-suspend in appropriate solvent for injection

— Folch: 1 Part aqueous (sample), 19 parts 50:50 MeOH/CH,CI,;
Vortex; Add 4 parts H,O (or 0.9% NaCl); Vortex; Centrifuge (1200
rom x 10 min); Take lower layer and evaporate solvent; Re-
suspend in appropriate solvent for injection

CH,CI, will extract plasticizers; always use glass

SCIEX



Why the Lipidyzer™ Platform? — Software

Lipidomics Workflow Manager

Sample login and metadata entry

Selection of lipid class-specific methods

Fully automated experimental design

~ Internal standard assembler allows automated Lipidomics
Workflow Manager

calculation of volumes to add for your analysis

Version 10

Powered by Metabolon®

— Automated templates of samples batches to
ensure statistical distribution SO0 W@ uemioion

~ Automated SelexlON™ tuning and system
suitability tests.

Controls your entire workflow
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Why the Lipidyzer™ Platform? — Measurement

QTRAP® 5500 & SelexlON™ Technology

A complete package for lipidomics analysis

Robust and trusted quantitative mass spectrometry platform the 5500 QTRAP®

- Ensure the highest level of data reproducibility using the new SCIEX branded
ExionLC System.

- Perform most confident separation of isobaric lipid species using SelexlION™
Differential Mobility Separation Technology

FFAs LPCs LPEs PEs

3y 5 g B8
A

Intensity (%)

s 3 B 8 & 8 8
a8 B O R F R

COQV (volts)
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Lipidyzer™ Hardware Configuration

5500 QTRAP® System with SelexlON™ Technology




Challenges in Lipidomic Analysis: Isobaric Overlap

* There are as many as 180,000 different lipid molecular species that are found
In a narrow mass range of ~700 amu

PE(18:3(BZ,12Z,15Z)120:4{52 B2, 11Z, 1 122 ,15Z-octadecatri Z-{5Z, CugHrzMOF TE1.50 - i i
PE{183( )20:4( 12122157 octadecatienof 2467, Problem. The Q1 |solat|_on
phosphosthanalamine window during MS/MS is
PE[15:4(56Z.92,122Z, 152)/20: M&Z.11Z, 14{6Z.07, 127, 15Z-0ctadecatetrasnoyl)-2- CusHrMNOP 76150 _ i i
AL T e ) 1.2 Da, which increases
phosphoethanotamine the number of potential
PE{20-0i17-0 T-zi l-2-heptadecanoyl-g -3- CazHesMOP  TE1.58 1
: :I pﬁﬁﬂand:rﬁineem yesre ISO b ars
PE(20:3(8Z,11Z,142Z)/15:4{8Z 92,127, 1-{87. 112,142 -gicosatrienayly-2-(6Z, 92, CaHrMOP  TE1.50
162} 12Z_15Z-octadecatetraenoy(-ghycero-3-
phosphasthanclamine LIPIDMAPS Calculator
PE(20:4(52.32, 112, 142)/15: 5282, 122)) 14{5Z 87, 11Z, 14Z-sicosatetraenoyly-2- CusHrMOeP 76150 ica
(62,82, 12Z-octadecatriencyl}-glycero-3- EXErciIse.
Fresphesihnciaming Select mass of 762.4 with a
PE{20-4({5Z.82,11Z,14Z)!18: 122, 14BZ.BZ 112, 14Z-ei 2- CazHrMOP  TE1.50
= e (6L 122152 ociadecatnenoy) Shoeto- tolerance
I-phosphoethanolamine Of 1 0 amu
PE{20:5(52,52,11Z, 14Z. 1721 8:2(0Z. 1452 87,112,142 1TZ-sicosapentaenoyl} CasHrMOP  TE1.50
128)) 2-{8Z.12Z-octadecadienoyl}-ghycero-3-
phosphosthanolamine . . . -
PE{21:0118:0) 1-heneicosanoyl-2-hexadecanoyl-ghcero- CazHesMOP  T751.59 108 L I p I d S I d e n t I fl ed
I-phosphoethanolamine

Showing page 1of 3 Results:

25 © 2015 AB Sciex

12 2 Mext Showing results 1to 50 of 105

The ambiguous data make it very difficult to use
MSMS spectra to positively identify a particular
molecular species and makes it nearly impossible

to accurately guantitate that molecule

SCIEX



Qualitative Analysis of Lipids — Measurement

Negative ion mode MS/MS fragmentation pattern denotes fatty acid composition
of complex lipids

Precursor selected Precursor Product lons

in Q1 fragments in Q2 Scanned in Q3

26 © 2015 AB Sciex sc I Ex



Product lon Analysis of Lipids

Experiment: Product ion spectrum (EPI) of bovine heart extract (m/z 786.5); no DMS

Spectum from BHE_EPI_CV_Ramps_SW=4000W wiff [sample 4] - BHE_8xEPls_Third_Try, Experment 1, -EPl of 7865 (100 - 340] from 14.979 to 37.323 min
COV =-81t09E6Y

6000+ 18:2 = |*279.25
Product ion spectrum of 786.6
>000] (41 common lipid isobars found within
4000 precursor ion selection window tolerance)
g
E 30004
2000- 14:0 18]/180
1001 l 283.29(1) 2014 L6425 *726.42
01 . 1. I I II/I- NN S I o _ . . L l . .
150 200 250 300 350 400 450 500 550 600 650 700 750 8§00

Mass{Charge. Da

Multiple fatty acid peaks are visible in the spectrum; no clearly identified
precursor molecule is apparent from this spectrum

Many lipid isobars share the same fragment ions
SCIEX



How Does SelexON™ Technology Separate lons?

Differential Mobility Spectrometry (DMS) separates molecules using planar
geometry

Gas/Modifier To
flow - > MS

Compensation voltage (COV):
restores the trajectory for a given
ion or range of ions to allow them
to transmit through the DMS device
and enter the mass spectrometer

Separation waveform (SV):
radially displaces ions towards
one or the other electrode,
depending upon high and

low mobility characteristics

28 © 2015 AB Sciex Sc I Ex



Separation of Lipid Classes Using SelexION™ Technology

Negative lon Mode

FFAs LPCs LPEs PEs
100% -
S \ |
20% -
70% -
60% -

B0 1

30% 1

)\

20 18 18 14 12 10 B £ 4 2 0

Intensity (%)

COV (volts)

*subset of lipid classes that can be separated SClEX v
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Isobaric Overlap of Phospholipids

PC * Lipidomic
spectra are

DE incredibly
complex

DA « MS/MS spectra
generated on

/@ precursors in
zones of

PS iIsobaric overlap

D| will contain
product ions
from other

o ‘N S . Isobaric species
550 600 650 700 750 800 850 900 950
Mass/Charge (Da)

30 © 2015 AB Sciex sc I Ex



Separation of Lipid Classes Using SelexION™ Technology

a.
100%-

® 80%-
z

s 60%
£ 40%

E 20%

— PC17:017:0
~— PA17:0117:0
— PE17:0/17:0
~ PG17:0117:0

PS 17:0/17:0

0% +—T—r———— O
42108 € 4 2 0 2 4 6 8 10 12 14

— PC17:017:0
~ PA 17:0117:0
— PE17:0/117:0
— PG 17:0117:0
~ PS17:017:0

100% -
2 80%-
£ soul
£ 40%

E 20%

Al

— PC17:017:0
— PA 17:0117:0
— PE17:0/17:0
~ PG17:017:0

PS 17:0/17:0

0% v
12108 6 4 2 0 2 4 6 8 10 12 14

31 © 2015 AB Sciex

Effects of Modlfler on COV Values

NO MODIFIER

2-PROPANOL

1

Rel. Intensity, %
§.§§§;§.§

— PC17:0117:0
— PA17:0117:0
— PE 17:0/17:0
~ PG17:0117:0

PS 17:0/17:0

42408 6 4 2

0 2 4 68 11214
cv,v

A
d. n-BUTANOL
M — PC17:0M7:0
X 80%- — PA 17:0117:0
z — PE 7:017:0
E 60% — PG 17:0M7:0
£ 40%. PS 17:017:0
. |
& 20%- /
0%
42408 6 4 2 0 2 4 6 8 10 12 14
cv,V
f HEPTANE
1 -
00%1 _ pearonro
® go%{ — PA17:017:0
z — PE17:017:0
4 60%1 . PG17:017:0
g 0% PS 17:0117:0
& 20%]
0%

12408 6 4 2

0 2 4 6 8 1012 14

Differential Mobility
Spectrometry-Driven Shotgun
Lipidomics

Anal. Chem., In Press DOI:
10.1021/ac5021744

SCIEX’



Relationship Between Dipole Moment and CoV

2 2 Ku:-";..lg, Mo -P:.s D J
‘;::: ' ;&} Theoretical dipole moments were calculated
° % o R, A : using isopropanol as a modifying solvent
l‘o::JD H’G 6_ C
. s Qr
J - 4 N
= ~. OPE
i @ ~
" ~ o
OPA'~_
J e ~

“

“
p-value < 0.0142 *O PG
\Q\

Differential Mobility Spectrometry-Driven
Shotgun Lipidomics
Anal. Chem. 2014. 86. 9662-9669
10.1021/ac5021744

e

OPS

w

s’z‘ TE’ &
g 5 :
Head Group Dipole Moment (D)
(¢,

6 4 2 0
cVv,V
Molecules that have different dipole moments can be separated by DMS
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Isobaric Interference Among Different Lipid Molecular Species

Isobaric interference makes ‘unassisted’ MRM analysis by infusion non-specific.
SelexlON™ Technology makes it possible

Experiment: mrm analysis of CSF (PE 40:5; 792.6/283.2)

XIC from 20140822_PC_LCMS_Optimization wiff (sample 29) - Serum_DMS-Off_Comparison, -MRM (4 transitions): PE 40:5-FA18:0 (792642833} ———————————————
100%

1.119

. e SelexlON™ Device Off
w [Interference]
g o Multiple different lipids
P have the same MRM
- Target Peak‘ transition:

e g o Isobaric Interference

01 02 03 04 05 06 07 08 0% 10 11 12 13 14 15 16 17 18 19




Isobaric Interference Among Different Lipid Molecular Species

Isobaric interference makes ‘unassisted” MRM analysis by infusion non-specific.
SelexlON™ Technology makes it possible

Experiment: mrm analysis of CSF (PE 40:5; 792.6/283.2)

% Intensity (of 4.0a4)

0.476 ?ﬂﬁ

Target Peak

0%62

v

XIC from 20140822_PC_LCMS_Oplimization wiff (sample 29) - Serum_DMS-Off_Comparison, ‘MAM (4 transitions): PE 405-FA1B.0 (792672833
00%

1119

1.302
1189

[Interference]

LA 0z 03 04

05

08 0% 10

Time, min

1.1

12 13 14 15 16 1.7 18 19

% Intensity (of 219.1)

XIC from 20140822_PC_LCMS _Optimization wiff (sample 25) - Serum_DMS_Comparison, -MRM (4 tmnsitions): PE 40:5-FA18:0 (7926 | 283.3), Gaussian smoothed
100%

nm

'] 0z

SelexION™ Device Off

Multiple different lipids
have the same MRM
transition:

Isobaric Interference

SelexlON™ Device On
PE specific CoV=-3.8

Isobaric interference
removed making
guantitation possible

SCIEX



Challenge of Lipid Quantitation: Unequal Fragmentation Efficiency

of Lipids within the Same Class

Diversity of fatty acid chain lengths and degrees of unsaturation result in
differential fragmentation efficiency

a) (originel) vesi 3% e
inl, slandard — —
PC.(24)
§275
nt, slandard
[ PC-{28:0)
100 N e
l PC-{34:1)
TED.6
T .
i PC-(35:7)
E Te67 il slandard
& 50
=
[
0
520 &00 62l miz fi1] R40 q20

Murphy et al. Chem Rev 2001, 101, 479-526
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Challenge of Lipid Quantitation: Unequal Fragmentation Efficiency

of Lipids within the Same Class

Corrected Peak Intensities

b) (corrected) +ES) % —
PC-(M 1)
1608 i, standard
Int. standare . standard PC{44)
PC-(240) PC{28:0) nl, standard nz¢
6225 6786 PC.082) PC.(400)
| | 761 uee
100 7 ‘normalized’ calibration curve :
PC-(382)
8147
PC(21)
E . 726
=
=
n .
520 500 60 np o 760 840 920
LB Murphy et al. Chem Rev 2001, 101, 479:526
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The Lipidyzer™ Uses a Broad Array of Internal Standards to

Normalize Quantitative Data

Multiple internal standards that reflect the diversity of lipid molecular species
within a lipid class “unwarps” quantitative data

PHOSPHATIDYLCHOLINE (PC) INTERNAL STANDARD MIX
STRUCTURE FATTY ACID POS %
/W\/\/\)L FA16:1 - Palmitoleic acid sn-2 5
W\/\M FA18:1 - Oleic acid sn-2 20
e~ FA18:2 - Linoleic acid sn2 20
e — | FA18:3 - a-Linoleic acid sn-2
e~ FA20:3 - Dihomo-y-linoleic acid sn-2 5
M” FA20:4 - Arachidonic acid sn-2 20
- ————_~_\_ FA20:5 - Eicosapentaenoic acid sn2 5
—~ o~ | FA22:4 - Eicosatetraenoic acid sn-2
————————— I FA22:5 - Docosapentaenoic acid sn2 5
e~ FA22:6 - Docosoahexaenoic acid sn-2 10
e~ d916:0 - Labeled palmitic acid sn-1 100

Each lipid class has multiple internal standards at concentrations that reflect
those found in biology
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The Lipidyzer™ Eliminates Quantitative Bias

Multiple internal standards per class provide accurate quantitation

Estimated Value (uM)

38

CHOLESTERYL ESTERS (QUANTITATIVE) CE FATTY ACID COMPOSITION (MOLE%)

s - @ Lipidyzer © Lipidyzer o
2 Single IS 8 Single IS

2 CE18:1

8 |
) ..:"' & = - ce204 &J
2 .| Y

Lipidyzer Bias: 8.9 / ‘H\_— CE16:0
Single 1S Bias: 106.7
L= o -

f I I I | I 1 I f I T ] f
0 2000 4000 6000 8000 10000 0 10 20 30 40 50 60

Estimated Value (Mole%:)

True Value (uM) True Value (Mol%s)

*Each dot represents one patient serum sample. We measure 25 serum samples from 25 patients

© 2015 AB Sciex SCIEX



Lipidyzer™ Generates Accurate Lipid Class Quantitation

Quantitative data with < 10% bias and ~ 5% RSD for lipid classes

Correlation of Lipidyzer Results With True Values

8

o ,,

© 7 CORRELATION WITH TRUEMASS DATA

A ]
// ® Cholesteryl Ester (CE) ® 0.97

o //
S 8- 7 Triacylglycerol (TAG) ® 0.98
- //
e Kol Free Fatty Acid (FFA) ® 0.96
E oo’ o
= 8 | Ao Phosphatidyicholine (PC) ® 0.92
o -’
3 %4 o Sphingomyelin (SM) ® 0.91
% o .j’?. Phosphatidylethanolamine (PE) ® (.87

S "

h @

Y 4

| | | | |
0 2000 4000 6000 8000

TrueMass Values (uM)
*TrueMass = GC-FID, gold standard
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Why the Lipidyzer™ Platform? — Data Analysis

Automated Output of Results m
|

Data Visualization including pathway mapping, heat maps, QC charts and
guantitative data tables

Figure resolution allows direct use for publication

Easy publishing to the cloud portal for expert data interpretation

True biological insights

Identifying pathways contributing to effect

Callout plots to display contribution of species to composition

Dashboard : TrueMass ~ Show Configuration

Saturstes n - = e Plasmalogen

seee 22 2 Tereezsss
ssgsann BB RRRR AR SRR R R0
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Why the Lipidyzer™ Platform? — Expertise

Access to Metabolon’s Consulting Services /

& METABOLON

~ Cloud enabled data processing and sharing

— Consulting services and study design for in-depth biological
data interpretation and disease relevance.

— Expert advice on alternative matrices and sample preparation

-~ Expertise at your fingertips

41 © 2015 AB Sciex Sc I Ex



OMICS - Continued Education

analytlél\%?lnistry

pubs.acs.org/ac

Autonomous Metabolomics for Rapid Metabolite Identification in
Global Profiling

H. Paul Benton, Julijana Ivamsewc, Nathaniel G. Mahleu, Michael E. Kurczy, Caroline H. ]ohnson,
Lauren Franco Duane Rmehart Ehzabeth Valentme Harsha Gowda Baljit K. Ubhlf
Ralf Tautenhahn,{’ Andrew Gleschen, Matthew W. Flelds, Gary J. Pattl,"‘“L and Gary Siuzdak*

JfScripps Center for Metabolomics and Mass Spectrometry, The Scripps Research Institute, 10550 North Torrey Pines Road, La Jolla,
California 92037, United States

iDepartments of Chemistry, Genetics and Medicine, Washington University, One Brookings Drive, St. Louis, Missouri 63130, United
States

§Department of Microbiology and Immunology and Center for Biofilm Engineering, Montana State University, 109 Lewis Hall,
Bozeman, Montana 59717, United States

/AB SCIEX, 1201 Radio Road, Redwood City, California 94065, United States
lAgilent Technologies, 11011 North Torrey Pines Road, La Jolla, California 92037, United States

#The Skaggs Institute for Chemical Biology, The Scripps Research Institute, 10550 North Torrey Pines Road, La Jolla, California
92037, United States

42 © 2015 AB Sciex Sc I Ex



OMICS - Continued Education

For Research Use Only. Kot for use In diagnosSc procedures.

Targeted Metabolic Profiling Using a High-Resolution Accurate Mass Database to Identify and Confirm Potential

Biomarkers in Rose and Sunflower Plant Extracts

Jefirey D. Miller!, Cyrus Papan?, Dr. Jens Pfannstiel?, Iris Klaiber?, Baljit K. Ubhi*, Fadi Abdi', Gerard Hopfgariner®, Emmanuel Varesio®, Tobias Bruderer®.
ISCIEX, Framingham, MA 01701, 23CIEX, Darmstadt, Germany, *Universitit Hohenheim, Serviceeinheit des LSC, August von Hartmann Str. 3, 70580 Stuttgart, Germany. *SCIEX, Redwood Shores, CA, SUniversity of Geneva, Switzerand.

RESULTS

INTRODUCTION thep 1: otthe io enzr d integrity injectian b Injectian (Figure 1).
Leaves and patals of plunts such sz rose and mmnw: have long been used for medicinal and aesthesc Step 20 "Did the syperment work™, Le. did mulvariace statisscal analyss of me difierent lofs produce unigus
pumposes around the word. Recenty, lany the groups? Hers one can sasiy see dferences betwesn e three ross iof svracts,
presentin rose petal extracts of desp cokor mmum‘elmw poo and sunflowers. The “pooied” QC sampies are shown at the center of e Srores plot as expected
Inhibitions, and thus jussfying their use i tradBoral medicnes.” in addition, sunfiower lea” tea is medm since they are a composite of all sampies. (Figure 2).

fraditianal fevers and has tie=. Junfiower leaf positice may be used
on snakeblies and Insect bites. The ieave's are direhic and expecioning, as ans the seeds, 50 detenmining what
compounds are contributing to the activity and involvement in metabollc pathways Is of intere st fo many
sclentizts. Here we underiock a study to see If Swee separate rose lea® exracts and suniowers would produce
wariances in Sheir proflies in comparison to one another and ldentfy compounds associated with these changes
permaps ieading for furiher

ABSTRACT

High resoiuson, accy of choice for global metabolomics:
2oplicatons a3 wel a3 trgetsd metbolc profing a3 they employ 3 high degnes of seisctiity over nominal
mas systems. Unbissad targeted profiling 2 3 technique appled on GTOF Instrumenss which siow for the
collection of M3 and M3M:3 data In a single-njection_ This discovery data Can be searched Wit a brgeted list
o trom mary Pathways and soecies. with 3 Fighy
resalution accurate mass M3MS llbrary ensures increased confdence In assignment and pm scores of
wriknowns from Recenty, lbrary has Figure 1. Sampis baich of megative mods dats, Figure 2. buEvariase stabsical analysls of e
process.? Here we present some recent resuls that Slustrate this powerful technique in mnunga study af showing Injection to Injection ang unigue differ=nces, e pocied . the center the: report
plant extracts from diferent lots of rose petal and sunMiowers and empioying an accurate mass Ibrary for TIC stacked proflies. ©C samples end up at the Cender of the Brores Fict the lorary matches of M3 and MSM2 speca.
contmaten. Ttep & NCME used for 10 genenate the non-tarpeted it of R ———
Candidates expressing the lowes: p-vaiues. CIcking on an line eniry, the Seiectd lon Chromasogram
MATERIALS AND METHODS appears on the right hand side. The liz2 was exported ™ Gofwane for long win
Sample Praparation: the tarpeted Accurate Mass Wetabolis Special Library (Figere 3).
Extractions of rose petals fom 3 different kots and an exraction of sunfiower leaves were
Feannztel, Universty of Homenheim, 2sigart, Gemany. All extracts were combined Ini ancter “pccied” iot
2 3 quaiky L The e amerers were tnen injected n triplicate or duplicase for analysis.

5 .
E [y

n o>

GFk+ VELS

T
| KNG ME DA

Figures 4.8, shown above: are screen capbures of the Accurate Mass Mefatolte Spectal Library in LibranyView ™ i

Sotware. Figure 4, atien, Is e Ikt of compounds (ST0 entries) and Ibmres used in LbraryView™ Software. 1 |

Figure 5, center. Is the Individual entry {querceting for ecdlEng, and Figure: € s the spectral information Input window.

Figure 4. Figure 5. Figure €.

-, step 4: Importing the non-tamgeted resuits from the multivariate stabistical analysis and subsequenty
proceszing In Masteryiew™ Scftwars along with Se Accurate Mass Metabolte Spectal Library confirmed the
presence and relafive amounts (In relation to ofher groups) of catechin, quercefin, kaempherol and phioretin as
well &3 several endogenous arganic acids (Figure 7). The 10p pane shows Me XIC of the line chasen (in this
and formulas and the botom two panes show

~ T

-
wi

gt
1

Q

Eekah BE HY SAEEEMT eeesossem. y = Table 1. Summary of so
= CONCLUSIONS
[y— = . + Tre Accurate Mass Mems
SO ey o ——— e ———— and endeganau meal:
these compounds wene e
‘of kaempherol, quercesn, ¢
. o : favonokd knawn fo be pres
S 4 i . e rose leaf exiracts at differe
N not identMed In his sampie
low levels in The rose exira
H IDA methods, which Iz use'

H REFERENCES

LCME Mathod:

Mass Specrometer SCIEX Tripie TOF® 6500 System. Data were acquired In bof posEve and negasve lon
S1 mode using SWATH™ TOF-DA for of the MEMS qually of spectra.
HPLC gradent method used an Agiient 1250 (pump, pler]. Column:

Kinetey® XB-C1E 2.6, 2.1 & 100mm. Fiow rate: 300 uLimin_ injecSon volume: 5 L. Chven temperature: 0°C.
Moblis phase: A: HyQ with SmM NH,OAC. B: Acetonitrie win SmM NH OAC,

i
—

Work flow for metabolomic profiling

3t
o T E

LN
=% Isotope and TOF M2 maich s 1. Cunja, v MEulic-Peten
& Species and Cultvars: an |
™, - o, 2. Metaboilte accurate ma
— WOCMmMs T R TE T T ™ E University of Geneva, sm:
. Soriern e 3. Davel
s . - Fi 7. The A. e Metaboite ciral Library and Masteryies ™ Joftware . TRADEMARKS“
Whalivariate Statistical Analysis (PCA]  Identify andl confirm metabalitelpid ‘ faure 7. The Aecuraie tass . e Far Rezeareh Uze Oty M
~ Find the differential featuras formda o7 structure, Pracess te Figure 8, 3bove right, shows the positive mode SWATH™ acquistion companed 1o the DA data. XIC of the The rademarks menbones
L | LEMIS and MS/MS data data using an accurate mass Figure 3. The Resuss Tabie fram KGME5= softwar: showing e 109 13 candidates with e owest s-valuzs fom W2 spectra was basically the same =% panes), whereas the MEMS XIC of fragment 153 (kagmperl) shows S 201EAS Soex.
9, 4 — Link ta rawe data metabolite spectrad Nbrary J the posEve mode IDA dats. Selecting an entry Ine such as #3 shown Inks the overiaid XIC's fom al sampies for thie SWATH™ acquisition MEMS I= much beter than IDA-acquined providing more data points across e XIC
. visual The ligl ShoWn were the sunfower extracts, dark biue were the “pocied” sampie peak chromatograms.
traces.

43 © 2015 AB Sciex Sc I Ex



OMICS - Continued Education

For Research Use Only. Kot for use In diagnosSc procedures.

Targeted Metabollc Proflllng Usmg a High- Resolutlon Accurate Mass Database to Identify and Confirm Potential

INTRODU
Leaves and patt
Famoses aroun
presentin rse |
Inhikitianz, and!
raditional medi
on snakeniies &
compauncs are
aclentiziz Here

wariances In e
pertap: leading
ABSTRAC

High nesoksian,

of metaboites, T
resolution accur
wnknowns from
process.? Here
piant extracts frc
confirmation.

PO MDD

+
S MATERIA
C ‘Bample Pm:'u‘t
s e e
]: LCME Meathod:
S1 ::1: using 3W.
HPLC gradient!
§ Kinesey® XB-C1
]: Maoblie phase: A
B w

y

1y ’
#

LC-MS aned MS/MS

Biomarkers and Omics /SC'EX)

Quantitative and Qualitative Metabolomics for the
Investigation of Intracellular Metabolism

Targeted Analysis on the QTRAP® 5500 System and Reverse-Phase lon-Pairing Chromatography

Douglas McCloskey' and Baljit K. Ubhi?
’Depan‘ment of Bioengineering, University of California, San Diego, CA, USA, 2SCIEX, USA

Liquid chromatography-mass spectrometry (LC-MS) provides a
powerful analytical tool for understanding and monitoring
intracellular metabolism by measuring the metabolome. The
study of intracellular metabolism of model organisms, such as E.
coli, is vital to further our biochemical knowledge1, to develop
new pharmaceuticals that target harmful pathogensz, and to
improve industrial applications that aim to metabolically engineer
bacteria in order to produce commodity chemicals from
renewable resources®. Paramount to these endeavors is the
ability to reliably and accurately measure the intracellular
metabolome. For microorganisms, the compounds of most

intAraat Aarmnrica intAarmadiatac Af hinh fliiv nathumue aniah Aa
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PC/PE Standard Mixture Resolution

SelexlON™ Technology effectively resolves different lipid classes
DR=7 DR=15 DR=30
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... .Resolution gas (DR) slows down ions in the DMS cell to enhance resolution SCIEX
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Cross lipid Class Contamination

PE Mixture analyzed with both PE and PC MRM transitions

@R - %hhe [« TAOOE®
Spectrum from Selectivity Day 2.wiff (sample 12) - PE Mix (no sids) with PC and PE mrms and DMS DR=10-2, -MRM (358 transitions) from 0.000 to 2 835 min
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Cross over estimation: Base peak intensity (PC
P _ _ y (PC) X 100 = (250/11000)* 100 = 2 . 3%
Base peak intensity (PE)
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Cross lipid Class Contamination

PC Mixture analyzed with both PE and PC MRM transitions

Gt % i he - me A L BOA D E

|Spectrum from Selectivity Day 2.vaff (sample 33) - PC Mix (No Stds) with PC and PE MRMs and DMS DR=10_2, -MRM (358 transitions) from 0.000 to 2.835 min
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Cross over estimation: Base peak intensity (PC
P - _ y (PC) X 100 = (120/7200)* 100 = 1 . 7%
Base peak intensity (PE)
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Challenge in the Analysis of PC and SM

Both Phosphatidylcholine and sphingomyelin share the same fragment mass: +184

50

WELt- %o - |ull - DRAEHEE®E |
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The peak intensity of 787/184, without resolution, is attributable to both SM
40:1;2 and the n+1 isotope of PC 36:2
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SelexlON™ Technology Resolves PC and SM Lipid Classes

Despite sharing a common, identifying fragment, PC and SM can easily be

differentiated
HELEs - heoe- e il - DAEBEE® =
TIC from Selectivity Day 2 wiff (sample 80) - BHE PIS 184 |5 5200 5V 3500 DR10 COV ramp -1, +Precursor lon of 184.0 (600 - 500), Gaussian smoothed +
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Mides - %ihe =20 0AEDE®
Spectrum from Selectivity Day 2.wiff (sample 80) - BHE PIS 184 15 5200 SV 3500 DR10 COV ramp -1, +Precursor lon of 184.0 (600 - 300) from 1.531 to 1.786 min
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MRMs associated with a class-dependent CoV are specific and selective
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Key Concern #2 : Sample Carry-Over Between Injections

The solution is the use of PeakSil tubing

TIC from 2015-01-06_BHE_MPIS wiff (sample 15) - BHE_100X Pos_1PIS, +Precursor lon of 184.1 (500-%00)
e S ol * The Use of PeakSIL
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= 1e8
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0e0
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The Lipidyzer™ Platform Products

* The Lipidyzer™ platform
-~ Components:
~ Exion LC, SelexION, 5500 QTRAP®,
— Lipidomics Workflow Manager software
— Platform Getting Started Kits
~ PN: 504900

* Lipidomics Workflow Manager: Standalone
— Lipidomics Workflow Manager Software
— Getting started kits
— PN:5041390

° The Lipidyzer Internal Standard Kits
— SelexION Tuning Kit the Lipidyzer™ Platform
— Getting Started Kit for the Lipidyzer™ Platform
— System Suitability Kit for the Lipidyzer™ Platform
— Internal Standards Kits for Lipidyzer™ Platform

Lipidomics
Workflow Manager
Software for Next-Generation Lipidomics
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