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Omics - Insights into Biology
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Genetic code carried in DNA - instructions copied into RNA-> translated into the proteins = alter metabolites and lipids

Adapted from: Amer & Baidoo, 2021
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Hypothesis Driven Metabolomics & Lipidomics
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Simultaneous Quantitation and Discovery (SQUAD)

Analysis — Tribrid
:x Confident identification Accurate quantitation
Single injection!! o j\\ |}/.//

- + Retention Time

Targeted analysis (lon Trap)
+

Untargeted analysis (Orbitrap)

- -

)'I'
)
siobloloollslclololclolols)

Differential analysis Unknowns' annotation

[¢]
Calibration ac\———J Qc ;‘(—J Qc HO ”
Blik Group 1 Group 2 ‘ | WOH
o] | NH;
Sample preparation Data acquisition | | | | |
Utilizing authentic standards and *  Robust and high-throughput LC
isotopically labeled internal analysis “a
standards for confident . High-resolution accurate mass CLOUD
identification and absolute spectrometry
quantitation . Sensitive and fast ion-trap mass A
Incorporation of QC samples to spectrometry Data anaIyS|S

hiah lity dat i . Sophisticated and comprehensive software solutions that enable fast data processing,
ensure hign-quaiity data ° Intelllgent data vaUISItlon for accurate quantification of metabolites, advanced differential analysis, confident metabolite

deeper metabolome coverage annotation utilizing spectral libraries and databases, and biological interpretation



ThermoFisher

Simultaneous Quantitation and Discovery (SQUAD)
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SQUAD workflow in milk
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SQUAD workflow in milk
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SQUAD workflow in milk
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Hardware & Software Innovations

 Intelligent data acquisition (i.e., Acquire-X™) for deep and meaningful coverage
* Multiple fragmentation methods (i.e., HCD, CID, and UVPD) for confident structural characterization

* Real-Time Library Search for improved flavonoid structure elucidation



AcquireX Deep Scan Mode for Intelligent Data Acquisition
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Intelligent data acquisition — Acquire-X

Efficient cycle time yields information on lower abundant compounds

Traditional DDA AcquireX Deep Scan
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Comparison of traditional DDA and AcquireX Deep Scan for SRM3673 Non-smoker’s urine (4951 detected compounds) shows increased depth of
MS/MS fragmentation coverage with the AcquireX acquisitions, as illustrated after four injections.



15

Intelligent data acquisition — Acquire-X

AcquireX deep scan translates to spectral library matches
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Percentage of compounds with Thermo Scientific™ mzCloud™ mass spectral library Exact+Similarity matches for [M+H]*

by sample type after three cumulative injections



Hardware innovations

|Q-X™ Tribrid MS - Instrument schematic Mass Analyzer

Advanced Active
lon Beam Guide
Prevents neutrals and
high velocity clusters
from entering mass
resolving quadrupole

EASY-IC

Based on Townsend
discharge; reliable and
easy to use

Electrodynamic
lon Funnel

Efficient ion transfer
Broad tuning curves

Orbitrap

Offers resolution >500K
FWHM @ m/z 200 and scan
rates up to 40Hz at 7.5K

Segmented 1M Option |
Quadrupole Offers resolution 1M
] FWHM @ m/z 200
Segmented design
improves

transmission at higher
resolution; symmetric
transmission
across the window

/ Auto-Ready

ion source

M Automated calibration

Round Bore

lon Transfer Tube
Optimized for labile
compounds

Real-Time
Library
Search

Spectral library

Extended
Mass Range

Increased MS"
fragmentation
coverage with
MS" low mass
range m/z 40

directed MS"
acquisition

lon Routing
Multipole

Enables parallel
analysis; performs HCD
at any MS" stage

UVPD Option

Unique fragmentation mode for
structure elucidation

Linear lon Trap Mass
Analyzer

MS™ and sensitive mass analysis
of multiple fragmentation types:
CID, HCD

Blue: New on this platform

OPTIONS UVPD ‘ 1M
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Sugar Phosphates Analysis

Structure elucidation with multiple fragmentation methods in the absence of chromatographic

separation

Six protonated sugar-phosphate standards

1. Galactose-1-phosphate

2. Glucose-1-phosphate

3. Fructose-6-phosphate
4. Mannose-6-phosphate
5. Galactose-6-phosphate

6. Glucose-6-phosphate

15 16 17 18 19 20 21

Time (min)

"8 9 10 11 12 13 14

» Sugar phosphates are involved in
metabolic regulation and signaling,
but also involved in the synthesis of
other phosphate compounds

» They are often difficult to separate
in standard untargeted methods



1. Galactose-1-phosphate

Sugar Phosphates Analysis

3. Fructose-6-phosphate

4. Mannose-6-phosphate

5. Galactose-6-phosphate

Structure elucidation with multiple fragmentation methods

6. Glucose-6-phosphate
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1. Galactose-1-phosphate
2. Glucose-1-phosphate

3. Fructose-6-phosphate

Sugar Phosphates Analysis

4. Mannose-6-phosphate

6. Glucose-6-phosphate

Structure elucidation with multiple fragmentation methods

8 9 10_‘lr1 12 13 14 15 16 17 18 19 20 21
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Molecular Diagnostic fragment ion Diagnostic

RT (min) (m/z) fragment Fragmentation method
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HO' oH HO. o
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Lipids Annotation

Food
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Cell Membranes

Cell membranes are made from a
double layer of phospholipids
Infectious
Diseases ) ; / Energy Storage
BIOlog ical _ /@7 Lipid play an important rule in storing energy
functions
Biomarker AIaF
Discovery of |IpIdS Insulation

Cardiovascular Fats are important for heat insulation

Cell-cell communication
Steroids are a group of lipids involved in
cellular communication

Inflammation/ Personalized
Immunology Medicine



Hierarchal Scheme of Lipid Classification
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Lipid Subclass PC 342
[ Chemical Derivatization \
and UHRAMS Sum Composition PCp.as1)
\
[ Product ion scan without sn-position | | PCp.16:1 18:0)
MS/MS Molecular Lipid <
with sn-position PCp.16:1118:0)

with reference

Structurally Defined
Molecular Lipid compound PCp.16:1(92)18:0)
/
O
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OH

n7 A9

7

n-nomenclature A (Z)-nomenclature

» This diagram indicates the type of MS
information leading to different levels of
lipid annotation
- Nominal mass is not sufficient to identify
lipids without for example specific
MS/MS precursor or neutral loss scans

- Accurate mass & derivatization give
elemental composition or “sum
composition”

- Accurate mass & MS/MS give molecular
lipids without sn-position

- Specialized methods may allow the
assignment of double bonds and
stereochemistry

21 Adapted from: Ekroos, K. In Lipidomics, Ch 1. 2012 Wiley-VCH Verlag GmbH & Co



UVPD Information in a Biological Matrix

* Bovine liver lipid extract
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Identification of PC 36:4
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Structural Characterization of PC 16:0_20:4
HCD MS? of M+H m/z 782.57 — Fatty acids composition
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Structural Characterization of PC 16:0/20:4
CID of Na adduct MS2 m/z 804.55 followed by UVPD MS3m/z 621.48 — SN position
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UVPD Analysis on LC Timescale with Acquire-X
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Acquire-X for UVPD of Low Abundant PC

m/z 822.6010
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Acquire-X for UVPD of Low Abundant PC
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Real-Time Library Search for Improved Structure Elucidation

Challenge: Identification of unknown metabolites, degradants, or transformation products
Solution: Intelligent MS3 data acquisition enables annotation and characterization of unknown compounds

. m/z 506

Characterize unknown
compounds using
MS2 & MS3

Known Unknown related Compare MS? spectra

compound

If similarity match,

compounds to library in real-time trigger MS3

Experimental MS2 of an unknown

Build an MS? spectral library Library MS? of the known compound
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STEP 1

Create a spectral library

for the compounds of interest.

Orbitrap 1Q-X Tribrid MS

Library builder method

Intensity

Precursor fit

Targeted mass

ddMS? OT HCD... ddMS? OT CID ddMS? OT HCD




STEP 1

Create a spectral library
for the compound of interest.

Spectral libraries are created
in using the library builder
method template in the IQ-X
instrument control software.
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MS2 Spectra
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STEP 1

Create a spectral library
for the compound of interest.

Spectral libraries are curated in
mzVault software.

Library Builder

ThermoFisher
SCIENTIFIC
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STEP 2

Build a new acquisition method
using RTLS method template to
interrogate your samples of
interest

Intensity

Dynamic Exclusion

ddMS2 OT HCD

Real-Time
Library Search

ddMS:3 OT HCD
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STEP 3

LC-MS analysis of my sample

Experimental

s

AL;A

Experimental
MS?

m/z
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STEP 4

Real-Time Library Search of the MS? spectra

Experimental
MS?

Library MS?
of the standard compound

HCD 45
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STEP 4

Real-time Library Search
of the MS? spectra

This suggests a flavonoid
compound based on spectral
similarity.

similarity match!

Experimental
MS?

Library MS2
of the standard compound

HCD 45
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STEP 5

Gain additional
information with MS3
fragmentation of the
unmatched peaks

Every MS3 trigger would only
occur if there is a good
similarity match to compound
of interest.

MS3 triggers pinpoint the
precursor ions of likely
similar compounds, greatly
simplifying data analysis
compared to the traditional
workflow.

Experimental
MS?2

MS3

Unique MS3 fragment ions
distinguishes similar compounds
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Real-Time Library Search for Improved Structure Elucidation

Flavonoids chemical structures usually have spectral similarities

H Luteolin 7-O-beta
Ho " _D-glucuronide

o OH
iy O
o o
O OH

40 ““Ilﬂ&;i

Providing high quality metabolite library
molecules

included

OH O

. Polyphenols Star_]dardsMix
Flavonoids Standard Mixture

For HPLC and Mass Spectrometry
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Case Study: Tea Samples

RTLS with DDA triggered MS3 for 33% more scans than the traditional DDA experiment

600

500

# of compounds
W H
(=] (=]
o o

N
o
o

100

Putative flavonoids with MS3

416

no RTLS

561

RTLS

Data obtained for pooled tea samples (Green,
Black and Herbal)

LC-MS data acquired with 1) RTLS with DDA MS3
top 3 product ions; 2) Traditional DDA MS3 top 3
product ions

Results were filtered using CD 3.3 for putative
flavonoids using mass list.

MS? was triggered for 561 flavonoid related peaks
in the RTLS with DDA experiment vs. 416
metabolites in the traditional DDA experiment




RTLS: High confidence metabolite structure annotation on the fly

Annotation of MS?
and MS3 fragment
ions for structure
elucidation
using parent
structural similarity
in RTLS where
traditional DDA did
not trigger for MS3
fragmentation
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Case Study: Tea Samples

Intelligent MS3 fragmentation with RTLS

# of scans
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Case Study: Tea Samples

Intelligent MS3 fragmentation with RTLS

PCA plot showing differentiation between tea types Adenosine found in tea: non-flavonoid compound
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