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MS2 Data acquisition strategy (bottom-up approach)

1. Data Dependent Acquisition (DDA)
2. Data Independent Acquisition (DIA)

MSMSALL- No stone unturned

Data-independent workflow with a capability of acquiring
high resolution MS/MS data for all detectable ions (m/z
200-1200) in a single run (6 min)

SWATH-MS

(Sequential Window Acquisition of all Theoretical-Mass Spectra
(in Triple-TOF system)

Simons et al. Metabolites, 2012
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Strength of MS/MSALL

Comprehensive, no requirement of a
priori assumptions

Combination of top-down and bottom-up methods

Digital records of MS and MS/MS (high mass
resolution)

Data can be searched retrospectively

Comparison (statistical) lipid changes
between/among groups

Prasain et al. Metabolites, 2015

High speed, high resolution, sensitive detection and
accuracy are crucial for lipid analysis

Sciex 5600 Triple-TOF

Over 30,000 mass resolution
— <5 ppm mass accuracy

— Very fast acquisition of
MSMS spectra (10 ms)

— Precursor and neutral loss
analyses are possible
performed post hoc

. AB Sciex Triple TOF 5600
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Extraction of lipids and analysis

Frozen worm sample (0.5 g)

l 1 ml MeOH + 0.5 ml CHCl;

Homogenized
l 0.5mlI CHCI; + 0.4 mI H,O + 75 uL HCOOH

Chloroform layer separated
l Kept overnight at -20°C

aqueous Clear Chloroform layer

discarded l MeOH/CHClI; (2:1 v/v, 5 mM NH,OAc)

Lipidomics- SWATH MS/MS
Triple-TOF 5600 SCIEX

Snapshot of lipidome composition of
C. elegans by Triple-TOF MS(+ve ion mode)
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Reproducibility of two replicates of wild type

intensity

9.0e4

worm extracts in terms of TIC
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Prasain et al. Metabolites, 2015
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PCA score plots from wild-type and

mutant extracts
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Total TAGs in mutants were higher than in
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PCA score plot of LPCs from wild-type and mutant extracts;
Daf-1 mutants are significantly different

Scores for D1 (58.0 %) versus D2 (42.0 %), Pareto (DA)
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MS/MSALL |limitations

* Poor selectivity

 MS/MS fragment ions may contain fragment ions
from other precursor ions such as isobaric species to

precursor ion of interest
» Limited to infusion or flow injection acquisition

12
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The problem of analyzing lipids

* Despite the sheer
number of lipids, the
units comprising them
are closely related and
therefore they have
similar masses

* Sphingolipids may only
be different in mass by 1
Da from their PC analog

— 13C-Isotope profiles
overlap

— Head groups are the

same Sphingolipid Phosphocholine

Overlap may exist between 2C and 3C monoisotopic peaks of PC and SM

13
Regioisomeric LPEs m/z 464, separated by LC-MS/MS
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MRM chromatograms showing simultaneous

suaghy

determination of ceramides (C,-C,,)

C4, m/z 370/264
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A linear response for Cer C24:0 was observed over a range of
0.1-100 ng/ml with correlation coefficient greater than 0.99
Sample Name Analyte Peak Name Calculated Concentration (ng/mL)  Accuracy (%)
Ceramide Standard 100 ng/ml  C24 650.5/ 264.0 100 100
Ceramide Standard 50 ng/ml  C24 650.5/ 264.0 49.8 99.6
Ceramide Standard 10 ng/ml ~ C24 650.5/ 264.0 10.5 105
Ceramide Standard 1 ng/ml C24650.5/264.0 0.634 63.4
Ceramide Standard 0.1 ng/ml  C24 650.5/264.0 0.132 132
(C24 650.5/ 264.0): "Quadratic" Regression ("1 / x" weighting):
y = -7.9e-006 xA2 + 0.0349 x + 0.035 (r = 0.9995)
1.0e07
H
1.0e-17
1.0e-1 1.060 1.0¢1 1.0e2
Analyte Conc. ng/ml/ IS Conc.
16
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Differential mobility mass spectrometry

 When a fragment ion may have multiple precursor ions,
the precursor ions may be separable by DMS
before they enter the mass spectrometer

* By scanning with the compensating voltage

(CoV), the precursor ions enter the mass spectrometer
at different CoVs

— (Note: Further separation is possible using resolving
agents, e.g., isopropanol)

17

Differential mobility MS is an answer

Innovative Planar Design; SelexlON™ lon Mobility Cell.

ions in
transport gas

to mass
| > spectrometer
I I COV- restore the trajectory
(8V)

transmit through the DMS

Compensation Device and to the MS device

Voltage (COV)

‘ Of a given ion to allow them

L

Separation waveform (SV
Displaces ions from the one or other electrodes
Depending upon high/low field mobility characters

AB SCIEX

18
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Total ion current of precursors of m/z184.0

2.0e8

Using Selexion
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Precursors of m/z184.0 (CoV from 3.0 to 3.6 V)

1 7585
] Even numbered PCs PC 38:4
1 786.5
] 7604 1g04| PC362
] 810,
1 No LysoPCs o
] / \ 812
; il .uhh. Ll .
500 600 700 800 900 1000
m/z
21
TIC of Precursors of m/z 283.0 (18:0)
Separation of lipids with FA 283 in negative ion mode
" COV, Volts
22
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Precursors of m/z 283.0 CoV from -3.4 to -0.4 Volts

This form of m/z 283 is coming from

diacylphospholipids with m/z 820.6 and

844.7 2PC- e
. 16:0/18:0
H ?PC-16:2/18:0
0'020;0 ‘ " 350 500 = 650 ‘ 770:39?]9:24 fmwm}ﬂﬁ 950
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Conclusions

« Shotgun lipidomics approaches are high throughput
and applicable to perform profiling as well as
quantitative analysis of various lipids in biological
samples.

 Differential ion mobility is useful for reducing or
separating isobaric interferences

 LC-MS/MS method operating in multiple reaction ion
monitoring mode (MRM) can be used for
identification and simultaneous quantification of

25

Applying SWATH to LC-MS

Stephen Barnes, PhD, FASN

26
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DDA versus DIA (SWATH)

« Current Data-Dependent-Acquisition method of collecting data

— 0-6 min linear gradient of acetonitrile (2-98%) in 0.1% formic acid,
followed by 1 min at 99.9% acetonitrile-0.1% formic acid

— For m)ost samples, hi-res TOF-MS data are collected at 4 Hz (every 250
msec

* i.e., 1,680 TOF spectra
* Peaks are ~3 sec wide, so there will be 12 datapoints per peak — good!!

— Collecting MSMS data is different — uses a 500 msec duty cycle
* How many data points per peak?

Hi-res TOF

MS1 spectra Computer selects up

L : — to 8 ions for 50 msec
collected for .
LC‘COI mn hi-res MSMS
u 100 msec
27
9.0ES 8155726
B.0ES
7.0E5 o
£ s Total ion chromatogram
£ 5.065 783.5811
-
%
8 4.065
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@ 3.065
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o ‘V b L #691 @1.07 MS1 ¢ -
6.564 G |1 #692 @1.07 Ms2 (191.0193)
o Mass spectrum at 1.07 min |k #693 @1.07 Ms2 (323.0976)
5.564 |1 #694 @1.07 Ms2 (353.0741)
5.0E4 |L| #695 @1.07 M52 (399.1505)
4.5€4 |1 #696 @1.07 MS2 (445.1571)
%wgq |k #657 @1.07 M52 (497.1177)
1 a e
3 3584 . . L1 #698 @1.07 MS2 (535.1698)
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1.0E4 1910183 e l 3991505 971177 8453212
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Applying SWATH-MS to LC-MS

The SWATH approach uses wide mass filters and fragments
everything in the mass window

For the range m/z 50-1000, let’s use 50 m/z SWATHSs

— How many SWATHSs per cycle?

- 19

Assuming we are using a 500 msec duty cycle with say a 200
msec hi-res MS full scan, how long is an individual SWATH?
— =(500-200)/19 -> ~16 msec

How does this affect the chromatography?

— To have 12 data points per peak, the peak must be 6 sec wide with this
cycle

— So, either slow the gradient of MeCN, or the flow rate

29

Instrument Conditions

« Exion UHPLC + 5600 QToF
— ESI - Positive mode only
— 10, 5, and 2 pl conditions tested
— Variable SWATH windows (see next page for conditions)
« HPLC conditions
— Phenomenex Luna Omega Polar C18 2.6 yM 100 x 2.1 mm @ 50°C
— Mobile phase A) 0.1% FA B) MeCN 0.1% FA
— Gradient 5 — 100%
— 10 min/injection

30

15
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* Generated using
DDA MS1 density
information plus
SCIEX Excel
Calculator

+ 30 targeted
windows

e 50-900 m/z
* 1 Da overlap
» 3 Da window width

* 15 Collision
Energy Spread

SWATH Variable Window Assay Controls
factual # may be less depending on min
window wiothsetting)

-

m {mox 1250 for Triple TOF $6004, max
2250 for Trple TOF 6500)

Target number of windows:

Lower m/z limit:

Upper mfz limit:

Round bin edges toxx figures: I:l {1 igure past decimol recommended)
Window overtap (03) 108 oveop recommended)
Minimurm window width (Da) /=]

<  ——|

Variable Window Calculation e
z -
H a
I H
o 3
H =
H H
: H
H
2
) 200 40 w0 w0 w0 10
miz
Targeted number of windows 0
Actual number of windows 30
Minium window width 3

Variable Windows

49.5 120.3
119.3 158.3
157.3 185.9
184.9 209.6
208.6 230
229 250
249 269.9
268.9 289.9
288.9 308.9
307.9 3274
326.4 343.6
342.6 357.8
356.8 372.6
371.6 386.3
385.3 398.2
397.2 411.5
410.5 426.7
425.7 4424
441.4 460
459 479.4
4784 499.4
498.4 5174
516.4 536
535 555.9
554.9 580.1
579.1 613.4
612.4 656.1
655.1 717.9
716.9 792.9
791.9 899.8
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vSWATH - TMPL Lib - ref matched

% 13826149116 - Remote Desktop Connection

| Pos, TMPL_10ulmtd2

EIC of aligned spot

= Basic peok property | Compound detal| Structure
Pos_100LPLT et [ _ EICs of aligned results; Exact mass: 169.0357; Tolerance: 0.01 Annotation: URATE
Pos_ 1001 PL10 2
e . ] Rl 1337ef=1.18(if1=0157
gyt om0 tm0 | ., e Ief=116k
Pos 10uLPLI2 £ Adduct type M=H)-
Pos_10ul PL2 Display filter 3 mz 169.03574]ref=169.0356/diff(mDa)=0.14.
Pos_100.PL3 1 Ret. motched [TSigesicd | § % Pesk heiahtiares; 184457 (height average in samples)
Pos. 007U CCSmatched (] Unknown | 305 FormullOntology:  CSHANAOINA
acquired [ Moleculrion | < 0.0 Inchi NA
- DI Ms2 acuired ] Mok 0.800 1.000 1.200 140 1600 1800 r
Pos_10PL7 [ Blank fiter (] Unique fons Retention tme [min] Comment
Pos_10PL8
-0 v o table | Exp.ve.Refi| M52 Chrom. | Rawiva Puified | Rep.va Ref
Sy =] show ion table | Exp.vs. Ref Raw vs. Purified | Rep. vs. Ref.
Pos_10ulExtractionBlank No_scoring h A /
MIS2 chromatograms Precursor: 672.3373
Deconvoluted chrom. Raw chrom.
1007, 353.1833 ->353.1833
1> 101.0689 >101.0689
| s ->201.0858 >201.0858
o S| 8 ->371.1803 >371.1893
g 2251230 >677.334
41 a0 > 6723351 >215.1371
& > 107.1205 >157.1295
o L >215.1371 > 442.2278
al L as22078 .
=s| & > 202125 1
g+ I
- g § o
g g: | F 3
i N 2 H
Alignment navigator g g4 H
alignmentResult 2022.1.2 g €
" S .
No_scoring P
2% |
g s 8| &
z8 & s »1
§g
23l S . . . . . . S S . . o e I
© o 3 1 2 3 3 s s 7 5 1800 2000 2200 2400 2500
Relotve abundance Retention tme [mi] Retenton time [min]
Region focus by ID: 1372|[5]  RiGmin: 1337)[5]  m/z (16903574 [5]  Information box: Ctr+D, metabolite name to ‘Unknown'

32
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vSWATH - TMPL Lib — ref matched + suggested

3 MS-DIALver. 430

File navigator
Pos_10ul_PL1
Pos_10ul_PL10
Pos_10uPL1T
Pos_10ul_PL12
Pos_10uLPL2
Pos_10ul_PL3
Pos_10uLPL4
Pos_10ul_PLS
Pos_10ul_PL6.
Pos_10uLPL7

Pos_10ul_PL8
Pos_10ul_PL
Pos_10ulExtractionBlank

Alignment navigator

alignmentResult_2022_1.2|
No_scoring

% 138.26.149.116 - Remote Desktop Connection -
I Taylor Pos2& { Pos TMPL_10ul.mtd2 - o x
| EIC of aligned spot Basic peak property | Compound detail = Structure
Laber [ _ EiCsof aligned results; Exact mass: 169.0357; Tolerance: 0. Annotation:
eak spots: . K] Rllminl:
Peskspots 100%  Num.s7a | &, 0
i F] Adduct type
$150
Display filter H m/z 169.03574jref=169.0356/dif{(mDa)=0.14
2100
uoge: s 184457
seed |
CCS matched [] Unknown 3050 FormulslOntology:  CSHANAO3[NA
MS2 acquired Molecular = InChiKey: NA
o o 3 Moleaiarion 0.800 1.000 1.200 1.400 1.600 1800 er
(O] Blank fiter (] Unique ions Retention time [min] Comment:
— [ES svow o bl | Bup v ] M2 Chvom. |, P | Rep v Rk
No_scoring AATR
MS2 chromatograms Precursor: 672.3373
100 DDeconvoluted chrom. Raw chrom.
>353.1833 ->353.1833
>101.0689 ->101.0689
>201.0858 ->201.0858
H H
~ T2 >371.1893 ->371.1893
E >225.1239
S| . ° >672.3351
2 ° O ° >197.1205
8 L ~as1a7t
a_ . >42.2278
2738 g ° % © >424.2125
34
g tw
3 3T s H
Z §. | ¢ H
= =2 3
=8| § 5
= 2
3 | e
Pk :
R —
22® K
s 8| 8
2 g "
= &— 2
2 a
3
23 o
o 4w o o 1 2 3 H 5 7 s 180 200 2200 2600
‘Relative abundance Retention time [min] Retention time [min]

Region focus by ID: | RT(min): 1337 mvz: [ 16903574

Information box: Ctr+D, metabolite name to ‘Unknown
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