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SYNAPT™ XS: Metabolomics, Lipidomics and Proteomics

Robert Plumb, FRSC.
Director Omics Science, Scientific Operations



©2019 Waters Corporation 2COMPANY CONFIDENTIAL

>80K Resolution

Labile compound transmission

SONAR enabled

Increased Sensitivity

Flexibility, DESI, LC/MS, IMS

SYNAPT XS
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 Improved overall sensitivity

 Reproducible and reliable quantification

 Enhanced active ion transmission

 Neutrals and gas load removed

Enhanced Performance:
Stepwave XS
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 Improved mass resolution in all modes of analysis

 Superior quantification and qualitative information

 Four modes of resolution to suit analytical needs

 Improved selectivity and more confident 
identification

Resolution Mode (V)

Enhanced Performance:
Extended Flight Tube

Enhanced Res Mode (W)
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SONARHDMSE

 Transmitting quadrupole

 Separation by size, shape and charge

 Resolution of isobaric species

 Scanning quadrupole

 Separation by RT and m/z

 Clean and clear fragmentation spectra

Complementary Acquisition Strategies
Unravel Sample Complexity
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Triwave IMS

SYNAPT XS is a Highly Flexible Platform
Meeting the Needs of the Modern Research Scientist

Acquisition Modes

 Fast-DDA

 HD-DDA

 Tof-MRM

 HD-MRM

 MSE

 HDMSE

 UDMSE

 SONAR

 TAP

 ETD*

*option

Options

 UPLC

 nano/micro UPLC

 UPC2

 2D-LC

 APGC

 HDX

 DESI

 MALDI

 REIMS

 ASAP

 UniSpray
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SYNAPT XS: Metabolomics 
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Resolution Comparison – Positive Ion
LC-MS QC Mix compounds over different acquisition mode (XS vs. G2-Si)

SYNAPT XS SYNAPT G2-Si
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Example Benefit Of Increased Resolution
Verapamil MS spectra

Resolution is too low in 
sensitivity mode to 
extract verapamil (m/z 
= 455.29) as it coelutes
with a closed m/z = 
455.24

Sensitivity

Resolution

High Resolution

SYNAPT G2-Si SYNAPT G2-XS

Resolution is sufficient on the SYNAPT-XS for all acquisition mode to separate Verapamil (m/z = 455.29) from the additional component (m/z 
= 455.24). On the SYNAPT G2-Si, these two species can only be separated in high resolution mode.
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Increase In Sensitivity
SYNAPT XS vs. SYNAPT G2-Si - Positive
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Mass Accuracy
LC-MS QC Mix compounds – Positive ion

Synapt XS Synapt G2-Si

+ 5 ppm

- 5 ppm

+ 5 ppm

- 5 ppm
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Dynamic Range In MSe Mode

Acetaminophen SDM

r2=0.998r2=1.000
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Transmission of labile species
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Increase of sensitivity for labile compounds on the SYNAPT XS
Sensitivity SYNAPT XS vs. SYNAPT G2-Si
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Decreased fragmentation of labile compounds on the SYNAPT-XS
Ratio area precursor ion to area fragment ion on the SYNAPT XS vs. SYNAPT G2-Si
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Example chromatograms
Precursor ion area vs. fragment ion area on the SYNAPT XS and SYNAPT G2-Si

SYNAPT XS
Ratio= 3

SYNAPT G2-Si
Ratio= 0.7

Fragment (m/z = 91.052)
Precursor (m/z = 136.1121)

Amphetamine Metolachlor
SYNAPT XS

Ratio= 2
SYNAPT G2-Si

Ratio= 1.2

Fragment (m/z = 252.1150)
Precursor (m/z = 284.1412)

Phenylalanine
SYNAPT XS
Ratio= 1.5

SYNAPT G2-Si
Ratio= 0.9

Fragment (m/z = 120.0808)
Precursor (m/z = 166.0863)
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Example labile compounds 
Positive ionisation

Fragment 

Precursor

Fragment 

Precursor

SYNAPT G2-Si
Ratio P/F= 0.07

SYNAPT G2 XS
Ratio P/F=0.3

Tryptophan Kynurenic acid

Fragment 

Precursor

Fragment 

Precursor

SYNAPT G2-Si
Ratio P/F= 12

SYNAPT G2 XS
Ratio P/F=18
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Intelligent Data Capture Phase II

Up to 90% File Size Reduction
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SYNAPT XS & Proteomics
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SYNAPT XS: Proteomics 
K562 Protein Identifications (25, 50, 100 & 150ng loadings; sensitivity & resolution mode)

Average values calculated
on the basis of duplicate 
technical replicates

5ug loading

1ug loading

Bruker Impact HD

Thermo Fusion

150ng loading
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Example of increased sensitivity (100ng Ecoli)

G2-Si
Resolution Mode

Resolution = 31,595 

XS
Sensitivity Mode

Resolution = 49,048

8x increased sensitivity

G2-Si
Resolution Mode

Resolution = 24,117 

XS
Sensitivity Mode

Resolution = 30,615

12x increased sensitivity
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Protein Identifications – 100ng K562; Resolution Mode
(G2-Si vs. XS; duplicate injections)

24% increase in
average protein numbers

Uniprot (reviewed human entries)
1% FDR
Carbamidomethyl (C) – Fixed modification
Oxidation (M) – Variable modification
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Proteome Dynamic Range & Mass Accuracy
(E.coli, sensitivity mode)

4-orders of dynamic range

96% of the data 
within 5 ppm
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SONAR Enabled Proteomics
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SONAR™ - an alternative DIA method
(introduced by Richardson et al. ASMS 2015)

The quadrupole is rapidly scanned across the m/z range of interest

- typically quadrupole m/z window
- Proteomics (28 Da)
- Small molecules (5-10 Da)

- alternating scans of low energy and high energy
- qualitative and quantitative data for all precursors and all products

- rapid scanning electronics – repurposed from Ion Mobility Mass 
Spectrometers (SYNAPT)

- samples 200 quadrupole positions per scan
- typical scan times 0.1 to 0.5 sec (each energy level)
- quadrupole can scan at >10,000 amu/sec; > 2000 spectra/second

- compatible with high speed chromatographic 
and electrophoretic separations



©2019 Waters Corporation 26COMPANY CONFIDENTIAL

m/z

Quadrupole
transmission

window

Quadrupole
transmission

window

Quadrupole
transmission

window

Quadrupole
transmission

window

Quadrupole
transmission

window

Quadrupole
transmission

window

Quadrupole
transmission

window

Quadrupole
transmission

window

Precursor ions

Fragment ions

SWATH
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m/z

Quadrupole
transmission

window

Precursor ions

Fragment ions

SONAR
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SONAR™ workflow/principle



©2019 Waters Corporation 29COMPANY CONFIDENTIAL

SONAR Deliver Improved MS/MS Spectra

Improved Spectral Score

Simplified Spectra
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Selectivity Enhancements with SONAR - Proteomics

Scanning Quadrupole 
Data-Independent 
Acquisition, Part A:
Qualitative and 
Quantitative 
Characterization
MA Moseley et al, 
J Proteome Res. 
2017 Dec 29. doi: 10.1021 

Low Energy Elevated Energy
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 searchable MS1 and MS2 data

 ‘digital’ precursor/product, neutral loss and 
product ion discovery maps

Selectivity Enhancements with SONAR – Small Molecules
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Quantitative precision vs. acquisition speed
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 RAMMP

– Rapid UPLC separation 

– Speed/high throughput

– Quantitative precision accuracy

– Large cohort analysis

SONAR SPEED For Discovery Lipidomics/Metabolomics

Gray et al. Anal Chem 2016; 88(11):5742-51 

1.7 s wide UPLC peak
100 ms SONAR scan
m/z 450 – 850
> 20 scans across peak
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Comparative Results of SONAR and HDMSE

HDMSE MSE SONAR

Mass Range m/z 50-1000 50-1200 50-1200

Gradient length min 7 7 7

Loading per inj µL 3 (1:4) 3 (1:20) 3(1:4)

QI features 2890 3435 1184

Total identified features 
HMDB 3.0 5/10 ppm

1006 592 1097

Frag score Ellagic acid
53.2

-2.57ppm
38.1

-3.85ppm
92.8

-1.85ppm

Frag score chlorogenic acid
98.1

-1.79ppm
52.8

-2.25ppm
98.1

-0.04ppm

Frag score quercetin
84.1

-1.30ppm
20.7

-1.10ppm
92.1

-0.32ppm



©2019 Waters Corporation 35COMPANY CONFIDENTIAL

• Quantification• Quantification
• Peak capacity 
• Analyte co-elution 

resolution

• Peak capacity 
• Analyte co-elution 

resolution

• Spectral Quality• Spectral Quality• Sensitivity• Sensitivity

MSe SONAR 
HDMSe

SONARHDMSe

MSe – SONAR - HDMSe
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 COPD is 3rd leading cause of death in US

 Qualitative/Quantitative analysis of the 
proteome and lipidome

COPD and Asthma Case Study
Multi-Omic, single platform strategy
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SONAR Proteomic Workflow with Spectronaut & Spectral 
library building

Search Results & Spectral 
Library output .mzIdentML

RAW Data

Differential Analysis
Sequence db & 
Spectral Library Search

Samples + Biognosys
iRT peptides or PQ500 
Ref Peptides

HRM-MS™ & Spectral 
Library Searching

Spectronaut™ Pulsar X
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High throughput – 1mm chromatography

Highly reproducible 15 min gradient
(3 technical replicates overlaid)

3x increase in throughput
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SONAR Delivers Increased Specificity For Co-eluting Peptides

Time
10.00 20.00 30.00 40.00 50.00 60.00 70.00 80.00

%

0

100
1: TOF MS ES+ 

BPI
4.16e5

Time
10.00 20.00 30.00 40.00 50.00 60.00 70.00 80.00

%

0

100
2: TOF MS ES+ 

BPI
3.44e5

Control Plasma

Low Energy

High Energy
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High Quantitative Accuracy Combined With High 
Specificity

SONAR provides both 
high specificity

and high quantitative 
accuracy for the 
most complex of 

samples

>10 points across
the chromatographic

peak



©2019 Waters Corporation 41COMPANY CONFIDENTIAL

COPD

Asthma

Control

QC

Statistical Analysis/Qualitative Assessment
…15 min gradient proteomics

50
13

53

47

146

24 16

Control Asthma

COPD

Unsupervised PCA

Protein Identifications

%CV’s <10% over all conditions
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What Next!!

Libraries and Predictive MS



©2019 Waters Corporation 43COMPANY CONFIDENTIAL

Predicting CCS From Structure
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Predictive CCS and Metabolomics

TWCCSN2 machine-learning prediction (blue) 
and MetCCS (Green)

Library Predicted CCSLibrary Predicted CCS

LC
/M

S 
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Identification of Metabolites From Predicted CCS Library 
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CCS Prediction Tool
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Summary

Synapt XS Features
• Enhanced Resolution
• Approx 10X sensitivity
• Improved Labile Ion Transmission
• SONAR Enabled

Omics Science
• Quantification
• High Throughput analysis
• Improved Peak detection
• CCS Measurement

Outcome
• More competitive proteomics 

position
• Biomarker ID via CCS prediction
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