Electron activated dissociation (EAD) for lipidomics

Using the ZenoTOF 7600 system —
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The challenge of structural diversity

STRUCTURAL DETAILS OF GLYCEROPHOSPHOLIPIDS

Acyl Chains
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Complexity as a function of specificity: PE 36:1

TRANSLATION OF SUM COMPOSITION TO SPECIFIC LIPID MOLECULAR SPECIES

Class Comsr:jons]i-tion Fatty Acid Positional Doub]g Bond Cis/Trans
Level Level Level Isomer Level Position(s)
PE PE 36:1 PE(14:0_22:1) PE(14:0/22:1) 1 2
PE(14:1_22:0) PE(22:1/14:0) 1 2
PE(16:0_20:1) PE(14:1/22:0) 3- (A8, A9, Al1) 6
PE(16:1_20:0) PE(22:0/14:1) 3- (A8, A9, A1) 6
PE(18:0_18:1) PE(16:0/20:1) 4 - (A13, A11, A9, A8) 8
PE(20:1/16:0) 4 - (A13, Al11, A9, A8) 8
PE(16:1/20:0) 2 - (A9, A6) 4
PE(20:0/16:1) 2 - (A9, AB) 4
PE(18:0/18:1) 4 - (A12, Al1, A9, A7) 8
PE(18:1/18:0) 4 - (A12, Al1, A9, A7) 8

Possibilities:
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The Challenge of specificity

THE MANY LAYERS OF LIPID STRUCTURAL SPECIFICITY

Increasing specificity

RS . Fatty acid identification: PE
Lipid class: PC, SM, TAG, etc. ST SOPEslil HE ekl (16:0_20:1): (18:0_18:1);

“TLC, NMR, MS *Shotgun, IDA/DDA (via infusion or by (14:0 _22:1): etc.
LC MS/MS)
*LC-MS/MS, MS/MSALL, IDA/DDA

Fatty acid position: » Lty : :
PE()1/6:0/20p:1) Double bond position: PE (16:0/20:1A11) Stereochemistry: PE (16:0/20:1(112))

. 5-Biichi _ *GC-MS/MS, HR-NMR, complex LC-MS/MS
-DMS (SelexION® Technology), 0zID, Paterno-Biichi Rxn, Hv-PD techniques P

PLA,

>
Currently, no single commercial technology can fully characterize a lipid /SC|EX)
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Collision induced dissociation for lipidomics

IDA SPECTRUM OF 788.6185

100

184.0708 * |In positive ion mode using CID,

Head group only lipid class and sum
fragment . . :
PC or SM composition of the lipid species
. can be ascertained
I3 * PC(34:1)
< ® No other diagnostic
fraginents!
! \

Parent mass

!

150 200 250 300 350 400 450 500 550 600 650 700 750 800 850 900 950
Mass/Charge, Da SCIEX

The Power o f Precision



Example of isobaric interference in infusion-based lipidomics

COMPLICATED INTERPRETATION

Spectrum from DMS MSMSall.wiff (sample 21) - BHE 2500 Neg Full Scan - 3. Experiment 2. -TOF MS™2 (CE=-45) (100 - 2000) from 790.640 min

Precursor: 790.6 Da. Gaussian smoothed
100%

%% MS/MS evidence supports
- quantitative identification of multiple
. lipid species:
75% a o
S| [rermons ) [F feres o)
65% PE 18:1/22:5 . . ( )

s - PE 18:2/22:4 | | bs 18:0118:0

R

5% 18:2

= 279.2270

[M-AcO,-CH,J

716.5801

0% 16:1 2]”82:4151 Lyso-PL
25% 253.2142 - =
. species . -Cl.- -
20% P [M-Serlne],'16 5267 !ﬂsgol’ CH,]
1% 16:0 1 | wes] | [M+CI 0
168.0384 255.2201 283.2568 137.2852 [M+CI or HAC

10% 292:5 437. 478.3270 790.5426

| 1027 22:6]329.3434

» 22:4 i

1 11

0% 150 200 250 300 350 400 450 500 550 600 750 800

Mass/Charge. Da

Many lipids share the same
precursor mass

Many of those same
precursors, share the same
fragments

Careful data analysis is needed
to successfully interpret
shotgun data

Quantification strategies must
accommodate shared fragment

ions
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Characterization of lipid
species
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Benefits of EAD technology i ZenoTOF 7600 System

* EAD kinetic energy can be tuned depending on analyte
type

* EAD fragmentation is reproducible at a quantitative
level
* Fast fragmentation and acquisition
—  Electron irradiation times ~ 10-30 msec
- System can do DDA on LC time scale up to 20 Hz
— Maintaining spectral resolution of 30,000

* EAD is optimized to limit secondary fragmentation
(unless desired)

* EAD does not require further activation of charged
reduced species by CID, but workflow is possible

/SEE-X)
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EIEIO (5eV): Alkyl chain dissociation i ZenoTOF 7600 System
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EIEIO (5eV): double bond location i ZenoTOF 7600 System

Campbell and Baba, (2015) Anal. Chem. 87(11), 5837-5845

SCIEX)
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What can EAD do for lipids?

it ZenoTOF 7600 System

FRAGMENTATION PATTERNS

EAD produces diagnostic fragments of:

Head group
PC (SM), PE, PS, PI, PA, PG

Backbone (glycerol/sphingoid)

-1 - .
SM \P/ * Regioisomerism (sn-1, sn-2, etc.)
0 07\
0
0

sn-1 has one more
carbon than sn-2

0 \
Head group variations o N Ho
sn-1 \Pfo
0
sn-2
0

11

Chain structure

* Length and double bond positions
» Double bond stereochemistry

Saturated

2H2H 0 0 mass difference
=

unsaturated

7

/SEEX)
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Lipid species characterization i ZenoTOF 7600 System

WITH ZenoTOF 7600 SYSTEM

* Electron activated dissociation (EAD) can provide:

— Structural elucidation of lipid species within one LC-MS/MS analysis

 Lipid class

« Fatty acid identification

- Fatty acid position

* Double bond position

- Double bond stereochemistry

/SEEX)
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EAD for lipid characterization i ZenoTOF 7600 System

single experiment - de novo analysis - PC 16:0/ 18:1(n-9:cis)

[M+H]*
x5.0 x100.0
(1) head group = PC (5) cisltrans 760540
[*184.0649 |
» 10000
)
- (3) regioisomer diagnostic peak = 16:0
§ 491.3144
g 5000 505.3295 (4) double bond @ n-9
B (2) backbone = glycerol 520.3154
j 5754767 661.4372
448.2970
0 u ‘” \‘ \‘ ‘ Ll 1 h \‘ “L “H\ m n“\ i \' i \‘ \‘ IMI \| w“h mu
200 300 400 500 600 700 o )
Campbell et al. Anal. Chem. 2015 Mass/Charge, Da /SCIEX
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it ZenoTOF 7600 System

Inverted overlay

TIC OF 788.6185

10 Regioisomerism and fatty acid chain
fragments
EAD { A \
>
g 0 bl T - \..” I.‘.\. L I J\“ JJU AT .L“ TSRS PN VN MUY TR NS U N MO N |
S \ J
CID ! . .
No other diagnostic
fragments!
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/SCIEX)

Mass/Charge, Da

© 2021 DH Tech. Dev. Pte. Ltd. The Power of Precision

14



Method setup » SCIEX 0OS Software

SCIEX OS SOFTWARE 2.0

v Experiment | ipa v = me
: * |IDA acquisition
Polarity Positive vV Spray voltage 5500 v V
TOF MS -
TOF start mass 400 + Da Declustering potential 80 v Collision energy 10 Y [ ] EA D frag m e n tatl O n
TOF stop mass 1000 : Da DP spread 0 : vV CE spread 0 : 4
I N with high kinetic
IDA Criteria | Peptide 4 e n e r 1 2 eV
Maximum candidate ions 5 ° +/| Dynamic background subtraction Dynamic CE for MS/M5 g y
Intensity threshold exceeds | 100 : cps +/ Exclude former candidate ions Charge state 1 v
- O  E— * Pulsing with Zeno
After 2 : occurrences Isotope to select Monoisoto.. ¥

Dynamic ETC for M5/MS trap ON

» Advanced Criteria

Tc:fa:nse:qt:tion mode EAD v Precursor ion 830 L Da Q1 resolution Unit v e C u rre nt Of 9000 nA

TOF start mass 80 +| Da Declustering potential 50 v Collision energy 12 v
TOF stop mass 1000 : Da DP spread 0 : vV CE spread 0 : v
Accumulation time 0.25 . s Zene pulsing v

Electron KE 12 Slev ETC 100 % Electron beam current 9000 S nA

J—
~SCIEX
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Experimental design 1 ZenoTOF 7600 System

C2C12 MYOTUBES
* Collaboration with Dr. Katsu Fenai’s group at U. Utah

e Separation achieved using Phenomenex Cyano column (P/N:00D-4254-
YO0)

— Normal phase chromatography for class-based separation

* Cells extracted using modified LLE: 3-phase extraction

* Data collected using LC-based data dependent acquisition

/SEEX)
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Zeno trap EAD IDA of lipids

Mass (m/z)
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&
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718.5695/2.77 b = 7205831/285

9
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704-5”52-55\:\ 7035687/277  703.5667/2.91
7045169/263 = " 7055308266 & 7035687279 4

2.4 2.7
Time (min)

3.0

it ZenoTOF 7600 System

Lipids extracted from C2C12
myotubes

Lipids with different chain lengths
appear as ladders increasing in
mass (blue boxes)

Unsaturated lipids for each chain
length elute over time on normal
phase chromatography

Red circle indicates the lipid
shown on next slide

/SEEX)

© 2021 DH Tech. Dev. Pte. Ltd. The Power of Precision



Double bond position by LC-MS i ZenoTOF 7600 System

EIEIO SPECTRUM OF 788.6185 (PC) — COLLECTED BY DATA DEPENDENT LC-MS

f I e
Loss o 522.3508 /\/\/\/\/\/\/\/\)l\ I
18:0 at sn-1 o/\__<\o—/f‘-~o
& o
H

PC (18:0/18:1A4) N
- S ™
491.335 \/\/\/\/\/\/\/\/Y
1.00% !
603.5297
0.75% 524.3657 4 |5 6 7 8 9 10 11 12 13 14 15 16 17
0.50% 717.5266
565.3667 7455554 773.5769
12
578.3770
647.4476 6754729 | 40 66
0.25% 591.3810
! 550.3835
533.3776 619.4129
0.00%°
500 550 600 650 700 750

. _SaEx
Mass/Charge, Da 7 SCIEX
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EIEIO of sphingomyelins (SMs)

it ZenoTOF 7600 System

SM(d18:1,18:0)

2
] backbone diagnostic (neutral loss) |
head grouﬁ( gnostic ( )

x10

0%

. -> SM(d18:1,18:0) "
T PC \ o v\ OH 491.35849
1 - /N+’\/O\ // \
160 | / nd ~o =
140 HN
? 120 4 \ljl/\i\
E 100 4 . . . . A
] N amide chain diagnostic s chain fragments
0l ! (neutral loss) 5725802 73059383
404 v 545_5215;3'%87 62850308 . 729.24747 72953657
201 mmzmosm 26524249 506.34592 w sT642162 | esasirre 715.57189
0* . ‘ | | [ Gl .| wa Ay u| J .h i \|. JLM |
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Mass/Charge. Da
183.065+H
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o. / K
/N+/\/ \P/ 20%
/ H O 15%
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0:226.083 O
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%Intensity

%lntensity

Ease of distinguishing common isobars

DIAGNOSTIC BACKBONES BY EAD MS/MS

Parent mass - 703.57 Da

it ZenoTOF 7600 System

* Sphingomyelins vs.
phosphatidylcholine
S

* PC head group at
m/z 184

* Fragment ions
containing either
nitrogen (m/z 225)
or carbon and
oxygen (m/z 224
and 226) to

o) i OH
184.0809 \ NN i
N P 1
25% — P~ N
SM / HG 0 f = |
HNJ I
(—-W v
o) 225‘.0975
180 190 200 210 220 230
Parent mass - 704.52 Da OH o 0O
Ox / <-= C ’
14% 184.0811 \/P\o S )k/\ ! ‘;
; PC o - M
226.0817
_\N+_/_ (o} 224.1022
/ “
o]
L. \
180 190 200 210 220 230

20

Mass/Charge, Da
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Differentiation of regioisomers

it ZenoTOF 7600 System

EAD MS/MS - TAG 18:1(N-122)/18:1(N-92)/18:1(N-122)

Y sn-1sn-3 C-O doublet

35
30

25

SN-2 | > Regioisomer diagnostic

Intensity
]

Z [ L‘H w_l o Ll b L L[ ol [l .Ml hdd o hd oyl \U hm_

* sn-2 attachment
point can be
differentiated
from the sn-1
position or sn-3

300 350 400 450 500 SSGMaSS/CI‘?C;Orge, Da 650 700 750 800 850 900 pOSItIOﬂ through
ﬁ ﬁ ﬁ examination of
sn-1 - o sn-1 - o sn . . the dual chain
1y -1 T I loss fragment
\ Sso
sn3 N Vot . sn3 N NoK . SN-3>""0 S, lons
Na -1-- Na Na
O .. 0
sn-2 | sn-2 /\/Y\ sn-2 /Wf‘~~
(@] (6]

Baba et al. (2016) J Lipid Res. 57(11):2015-2027.
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Summary of applicability

22

PE
PS
PA
PG
Pl

Phospholipids
| [class | coubl bond locatons |

B . T T
vvv

v
v

X

X

X

LSS
<KL«

including plasmalogens and ethers

Other adducts can be formed

and detected using EIEIO

:: ZenoTOF 7600 System

Sphingolipids

" cess | doubiebondlocaions
[ oo [ soveei
cr Vv

HexCer  / v vV
LacCer  \/ v v
MoV vV v

including hydroxy

Acylglycerols
| class | double bond locations |

[ [ proonated [ codated
DG X X \/

MGDG  / X v
o
SV X Vv SCIEX)
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Double bond
stereochemistry

CIS/TRANS

/SfIEX)
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Finding cis/trans difference

i1 ZenoTOF 7600 System

EIEIO (~7EV)
\W \ /0
Cis (Z) S~ ﬁoA T n-5 Biological
Y | . oo
- NP significance:
o Nutriti
n-8 double bond utrition
' n-6 .
. . n-7 * Food adulteration
I | « Biomarker
S L - |, Tt , 'Jl et M " i, l Mz research
S e 621, 535. 650.577 860. .
E ' 649,426 J . e 632.567 ee 4l 644.435 J L545-442 658.450 J peoaet Membrane ﬂUIdIty
£ 0 620.434 - . . .
® e Lo . ]Ic_lpld.blologlcal
0.20% - . . n I n
- 604.402 Ratio: H gain unctio
{,:m I’anS E /\/\/\/\/\/\/\/U\ ﬁ/\ 3 /O 659.45803

VWW/Y
\ n7E. o
N ,’
\N_-

Bab4, et al. (2017) Anal. Chem. 89(14), 7307—7315

_\_,L_
|
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Energy dependence it ZenoTOF 7600 System

PC(16:1(-7E),16:1(-7E))

60 normalized intensity difference
ESO 1 trans —  [Hloss] - [radical]
L. 40 -H @ (n-6) ~ [H loss] + [radical]
230 -
[7)]
g% dical @ (n-6
2 0 radical (n-6) 0.4 -
= 0 trans

0 5 10 15 -‘?G 0.2 - W‘/ﬂ
0 5
Ke [eV] TS o . Vecaan
PC(16:1(-72),16:1(-72)) E T 5 10 15

60 o Q02 Ke [eV]
n 50 . N 5 .
S ©S T 500 cis
230 - radical @ (n-6) o %
2 20 c -06
[
10 - H@ 05 0.8 -

0 1 T T

0 5 10 15

D indicates trans/cis difference significantly .——

_SCIEX
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25



Mixed acyls: cis-POPC / trans-POPC  i:i ZenoTOF 7600 System

0.4 - PC(18:1(-9E),18:1(-9E))

PC(18:1(-92),18:1(-92))
g\/\/\/\/:\/\/\/\/io :i\"fo
: T
Ke[eV] ‘

cis-POPC: PC(16:0,18:1(-92))

normalized intensity difference at (n-8)

/SEEX)
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Summary it ZenoTOF 7600 System

NEAR COMPLETE LIPID CHARACTERIZATION IN ONE EXPERIMENT

* EIEIO for lipids is a powerful tool for characterization

— In one LC-MS data dependent acquisition:

 Lipid class

« Fatty acid identification

- Fatty acid position

* Double bond position

* Double bond stereochemistry

/SEEX)
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Trademarks / Licensing

The SCIEX clinical diagnostic portfolio is For In Vitro Diagnostic Use. Rx Only.
Product(s) not available in all countries. For information on availability, please
contact your local sales representative or refer to https://sciex.com/diagnostics.
All other products are For Research Use Only. Not for use in Diagnhostic
Procedures.

Trademarks and/or registered trademarks mentioned herein, including
associated logos, are the property of AB Sciex Pte. Ltd. or their respective
owners in the United States and/or certain other countries.

© 2021 DH Tech. Dev. Pte. Ltd. RUO-MKT-11-13164-A
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