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The Omics 
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 Biomedical Sciences 
o Biomarker discovery 
o Drug Discovery and Development 
o Microbiology 
o Personalized medicine 

 Environmental Sciences 
o Strain fingerprinting and ID 
o Genetic modifications to improve 

phenotypes 
o Pesticide Residue 

 Food Sciences 
o Nutrients composition 
o Purity 

 Metabolic engineering 
o Improvement of metabolic pathways for the 

production of fuels and chemicals  

 Natural Products 
o Traditional medicines 

 

 
 
 

Metabolomics Applications 

Presenter
Presentation Notes
Uses…Just about anything really….
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Reasons for failure in biomarker 
translation 

 Small number of samples that are analysed 
 Lack of information on the history of the samples 
 Case and control specimens which are not matched with age and sex 
 Limited metabolic and proteomic coverage 
 The need to follow clear standard operating procedures for sample 

selection, collection, storage, handling, analysis and data interpretation 

Pitfalls and limitations in translation from biomarker discovery  
to clinical utility in predictive and personalised medicine 
Druker and Krapfenbauer The EPMA Journal 2013, 4:7 

Experimental Design   Sample Handling   Analytical Approach 
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Biological Variance 

Controlling Variance 

Experimental Design 
Sample Prep 

LC-MS/MS 

Data Processing 
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Non-Targeted 
Metabolomics/Lipidomics 

Data Processing 
(Progenesis QI) 

Detect & Measure  
(Xevo G2-XS; Vion; Synapt G2-Si) 

Separate  
(UPLC/UPC2/Ion Mobility) 

Presenter
Presentation Notes
The Untargeted Workflow

1) The key word is “separate”. The ability of separating the mixtures of natural metabolites before MS is essential to increase sensitivity, specificity and reliability. How can you separate? There are mainly two tools :UPLC (liquid separation) and ion mobility (gas-phase separation). 
2) Next step is the detection, which is accomplished scanning a range of mass with an accurate instruments (Xevo qTOF; Synapt)
3) Finally, the analysis of the data acquired is accomplished using novel informatics solutions and statistical tools (MarkerLynx; TransOmics)
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Why Chromatographic Separation? 

 Reduces ion suppression 
 Separates many isobaric interferences 
Often separates isomers 
 Better detection limits 

–Concentration effects 
–Reduced background noise 

 Records a physiochemical property 
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Untargeted Metabolomics: Separate 
Polar Metabolites - HILIC 

Presenter
Presentation Notes
Because of the different chemistries of metabolites there are different UPLC methodologies for their analysis. Generally speaking, metabolites can be divided in polar (water soluble) and non-polar (not soluble in water like lipids).

We developed methodologies for both classes of metabolites. In this slide is showed a representative UPLC/MS chromatogram of a mixture of polar metabolites extracted from cells. For the analysis of these molecules we used an HILIC amide technology, modifying the pH to be able to separate phosphorilated compounds.
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Retention Mechanisms for  
Lipids 

 Bare silica or silica bonded to polar 
group such as cyano, amino, PVA  
 

 Non polar MP Hex, chloroform 
 

 Separation based on adsorption of 
the head group to the NP 
material for lipid class separation. 

 Silica bonded to nonpolar group such 
as C18, C8, C4 
 

 Polar MP water, MeOH, ACN 
 

 Separation based on hydrophobic 
interaction of the FA chain and 
RP material for lipid molecular 
species separation. 
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Online-separation MS:  
LC/MS 

Reversed phase separation by  
acyl chain and number of double bonds  

HILIC separation by polar head groups 
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ACQUITY UPLC with CSH C18  
liver extract 

ChoE & TG PC, SM, PG, PE  

lysophospolipids SM, DG, ChoE 

PC, PG,PI, PS, PE 

Free Fatty Acids 

Presenter
Presentation Notes
This slide show the chromatographic separation gained from CSH C18 Technology for lipid analysis from bovine liver total lipid extract. CSH stands for Charged Surface Hybrid with fully end caped CSH C18 chemistry.
Lipids can exist as acidic, basic and neutral molecules and it is very important to have a column chemistry that accommodates this range of verity. For the first time CSH C18 chemistry is applied to lipids and provided superior separation, peak shape and excellent chromatographic reproducibility over existing methods.
Complementary information  is gained by performing the analysis in both positive and negative ion, most of the major lipid classes are identified and annotated on the chromatogram. Prior to UPLC this type of separation was just not possible.
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Isomers Separation: CSH C18  

18:1(9Z)/18:1(9Z)Cis PG 18:1(9E)/18:1(9E)Tr PG 

18:0/18:2(9Z,12Z)Cis PG 

6.70min 

7.38min 

6.98min 

Presenter
Presentation Notes
 Cis vs Trans
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Convergence Chromatography 
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What is a Supercritical Fluid? 

High diffusivity, and low viscosity 
result in fast, efficient 

chromatography 

Liquid/gas Critical point Supercritical 
fluid 

Increase temp 
and pressure 

Increase temp 
and pressure 

Presenter
Presentation Notes
The underlying technology of convergence chromatography is SFC. So what is a supercritical fluid? A supercritical fluid is any substance that is at a temperature and pressure above its critical point, where distinct liquid and gas phases do not exist. Essentially, the substance takes on properties that are intermediate to both a gas and a liquid which result in fast and efficient chromatography.
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What is UPC2? 

 Same as SFC but uses sub-2µm particle to increase 
chromatographic performance such as  
– Speed of separation 
– Peak capacity 
– Complements to MS due to its low solvent load 

 Uses CO2 as a major solvent and  
 Uses co-solvents such as methanol to vary the mobile phase 

strength 
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Convergence Chromatography: 
Applied to Neutral and Polar Lipids 

Neutral and Polar Lipids 
 

 Unlike RPLC and GC which can only analyze lipids within a 
single class, UPC2 provides a single methodology to 
separate complex lipids by class 
 

 Exceptional separation of inter and intra class moieties 
 

 Selective for a number of biological extracts 

PC 

SM 
LPC 

PE 

TAG 

TAG: Triacylglycerides  PE: Phosphotidylethanolamine  PC: Phosphotidylcholine 
SM: Sphynogomyelin  LPC: Lysophosphotidylcholine 

Presenter
Presentation Notes
One such area is the area of pharmaceutical analysis.  Analyzing the lipid profiles of control, diseased, and dosed subjects during discovery and development facilitates understanding of drug efficacy.  In this example, the lipid profile of a mouse heart extract was explored by UPC2 coupled to Synapt G2 to examine the efficacy of dosing diabetic mice with new drug entity.  Here, a UPC2 BEH column separated the different lipid classes, providing a comprehensive profile.  This column gives similar separation to NPLC and HILIC, but in shorter time with less solvent usage.  From the comprehensive profile on the BEH column, more focused analyses using a more non-polar stationary phase (HSS C18 SB) are performed to separate the different lipids within a class, something that this typically done by RPLC.  The use of UPC2 for inter- and intra-class separation of lipids is a true example of combining the best of all of the different LC modes of separation (NP, RP, HILIC).  
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Fatty Acid Standard Mixture 

The separation of complex standard mixture that contain saturated, unsaturated, short and long chain FFA 
(32 different species).  

Time
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UPC2 Conditions: 
A= CO2 
B=MeOH in 0.1% FA 
Column= UPC2 HSS C18 SB 1.8µm      
(2.1 x 150 mm) 
Flow rate= 0.6 mL/min 
Column temp= 50 ºC 
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Improving Workflow with 
Convergence Chromatography 

SPE Extraction 
(Florisil) 

Gas Chromatography 

STEP 1 

Elution in 
hexane/ethyl acetate 

STEP 2 

Evaporate to dryness STEP 3 

Reconstitute in 
cyclohexane 

STEP 4 

Derivatize sample 

Ready for analysis 

STEP 5 

STEP 6 

SPE Extraction 
(Oasis HLB) 

Reversed-phase LC 

Elution in methanol 

Evaporate to dryness 

Reconstitute in  
water 

Ready for analysis 

Convergence 
Chromatography 

Direct Analysis 
on UPC2 

Convergence 
Chromatography 

 
Eliminate lengthy 
evaporation and 

reconstitution steps 
 

No need for 
derivatization 

Presenter
Presentation Notes
Here is one example of how the convergence chromatography can provide a significant impact to the overall workflow of the laboratory. First let’s look at a typical workflow for gas chromatography.

Build…

In this example, an SPE extraction is performed. The compounds are then eluted in an organic mixture. It is then necessary evaporate that mixture to dryness then reconstitute in a single organic solvent. Then prior to analysis, derivatization is required.

Build..

For reversed-phase LC, a similar process is followed. With the exception that the reconstitution solvent is water.

Build…

With convergence chromatography, the organic solvent from the sample clean-up approach can be directly injected, eliminating the lengthy evaporation and reconstitution steps necessary for gas chromatography or reversed-phase LC. 
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Mass Spectrometry 
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Synpat G2-Si 

Presenter
Presentation Notes
[Click]
And finally, the unique shape-selective separating power of SYNAPT, afforded by the Triwave device and T-Wave ion mobility separations, which is capable of rapidly and sensitively differentiating molecules with the same exact mass in just a matter of milliseconds!
� 
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Presenter
Presentation Notes
This schematic shows the layout of the instrument, with stepwave for robust, high sensitivity, an ion mobility separation device based on T-Wave technology upstream of the quadrupole, the XS ion optics device that delivers simultaneous high resolution and high sensitivity Tof spectra, and brand new QuanTof 2 that incorporats ADC ion detection electronics.  It’s clear that the geometry of this instrument is different to Synapt.  
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What is Ion Mobility? 

 Measuring the ion mobility of an ion; 
– Can yield information about its structure as small, compact, 

ions drift quicker than large extended ions 
– Introduce an additional dimension of sample separation to 

complex mixtures 
 

 Similar to the effect that causes an extended paper towel to 
drift to the ground much more slowly under the influence of 
gravity and air resistance than a crushed towel of the same 
mass  
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Different types of Ion Mobility 
(integrated with MS) 

 Filtering devices 
– Differential Ion Mobility 
– SelexIon (SCIEX) 
– FAIMS (Thermo) 
– Front end 
 

 Sorting devices 
– Drift Tube Ion Mobility (Agilent, Bruker) 
– Traveling Wave Ion Mobility (Waters) 
– Integrated 
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Different types of Ion Mobility 

 Filtering devices 
– Good for target analysis where a method (CV & modifier) can be 

selected. 
– Good separation but only for specific compounds 
– Not suitable for untargeted analysis of unknowns 
– Sensitivity increases only through selectivity 
– Duty cycle suited to low numbers of target compounds 
– No CCS values 

 
 Sorting devices 

– Good for untargeted analysis of unknowns 
– Increases overall system peak capacity 
– Duty cycle suited to full scan analysis 
– Measures CCS 
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Pot

x y, z,( )

An RF-Only Stacked Ring Device 

 Bahr, Gerlich and Teloy in 19691 and onward2 
– ion trapping device for studying ion-molecule reactions 

Ion 
Entry 

Ion 
Exit 

RF (-) 

RF (+) 

1. Bahr R, Gerlich D, Teloy E. Verhandl. DPG (VI) 1969; 5: 131 
2. Gerlich D. in State-Selected and State-to-State Ion-Molecule 

Reaction Dynamics, Part 1:  Experiment, Wiley: 1992 

Stacked Ring 
∝ e-r 

T-WAVE 
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RF (-) 

RF (+) 

Exit of 
the ions 

Entrance 
of the 
ions 

T-wave technology in SYNAPT  
mass spectrometer 

Presenter
Presentation Notes
And here we have a cartoon of what happens.  We have a packet of ions here which are separated as the T-waves pass down the ion guide. The ions tend to ‘roll over’ the waves by different amounts causing them to be separated. 



©2016 Waters Corporation  28 

Ion Mobility approaches  
in Metabolomics 

Astarita and Paglia 2013 

Presenter
Presentation Notes
IM-MS has only recently been applied to metabolomics — defined as the large scale measurements of small molecules (mass <1,500 Da) present in biological samples[2, 3, 7, 8, 12, 13]. After being ionized in the source, metabolites enter into the low-vacuum (mbar) region of the MS system, where they pass through the ion mobility cell (Figure 1). For a given buffer gas, metabolites migrate with characteristic mobility times that relate to their charge, size, and shape. Ion mobility can serve as an additional tool to improve separation and the specificity of metabolite identification in complex biological samples. As described in the following paragraphs, IM-MS can be combined with many sorts of traditional metabolomics approaches, including sample introduction by direct infusion  or online separation, and different ionization techniques including electrospray ionization (ESI) or desorption/ionization techniques (Figure 1).
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System Peak Capacity 

Retention CCS Mass 
Peak 

capacity 

QuanTof UPLC/MS UPLC/HDMS 
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Separation Power 

Detected 
Features 

Gradient Time Gets Faster 

Peak Capacity 
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Separation Power 

Detected 
Features 

Gradient Time Gets Faster 

Peak Capacity 

Ion Mobility On 
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Ion Mobility Enhanced DIA Increases 
Information Content  
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>50K resolution FWHM in resolution mode on 
Vion system PE (18:1/20:5) 

PC (16:1p/20:4) 

QE set up at 70K resolution @ m/z 200 
and 17.5K resolution for DDA PE (18:1/20:5) 

PC (16:1p/20:4) 

Spectra for closely co-eluting lipids 
from Liver Extract 

Presenter
Presentation Notes
This slide shows the mass spectrum of the 2 lipid species zoomed in. The top trace is from the Q-Exactive and the bottom is the Vion data. As before, we can see that the Vion is out performing the Q-Exactive, where it matters most in terms of resolution. It’s probably worth mentioning again that the Q-Exactive typicaly has to run at lower mass resolution in ms/ms mode in order to improve it’s duty cycle. The Vion of course doesn’t change it’s resolution settings between ms and ms/ms.
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Separation Power 
 - HDMSE Maximizing MS/MS content 

Co-eluting 
Isobaric 
Lipids 
764.52 m/z 
Co-selected 
by DDA 

Q-Exactive DDA Data – One MS/MS Spectrum 

Presenter
Presentation Notes
Complex samples will ultimately test even the highest peak capacity system. Even if species are separated by mass, unless then can be individually selected for fragmentation the resulting MS/MS spectrum will be impossible to interpret. Ion mobility is important but a compatible data independent acquisition mode such as HDMSE allows separation power with extraction of high quality data from all species. In this slide we can see that two lipid species co-elute and have nominally the same mass. On a traditional mass spec, even a Q-Exactive, both lipids would be selected together for ms/ms resulting in a complicated, uninterpretable fragment ion spectrum. With HDMSe we separate by ion mobility before fragmentation and deliver clean interpretable ms/ms spectra.

This slide is an excerpt from a much more in depth look at the Vion vs the Q-Exactive and I encourage you to watch the 15 min video posted on the Health Sciences Community Blog.
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Retention and drift time separation 
   … LC-DIA-IM-MS (HDMSE) 

Presenter
Presentation Notes
Of course this is even more powerful when we consider that an ion-mobility enabled data independent acquisition strategy such as HDMSE makes full use of the system peak capacity of a UPLC-Vion solution. HDMSE is often overlooked but it’s ability to separate co-eluting species without the dependence of quadrupole precursor ion selection windows is unique in the market place.
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Separation Power 
 - HDMSE Maximizing MS/MS content 

Co-eluting 
Isobaric 
Lipids 
764.52 m/z 
Separated 
by ion 
mobility 

Combination of Ion Mobility and HDMSE 
extracts more discrete spectra than 

traditional MS/MS 

More interpretable data helps 
identification and quantitation 

PC Head Group  
Fragment Ion 

M-PE Head Group  
Fragment Ion 

HDMSE 

Presenter
Presentation Notes
Complex samples will ultimately test even the highest peak capacity system. Even if species are separated by mass, unless then can be individually selected for fragmentation the resulting MS/MS spectrum will be impossible to interpret. Ion mobility is important but a compatible data independent acquisition mode such as HDMSE allows separation power with extraction of high quality data from all species. In this slide we can see that two lipid species co-elute and have nominally the same mass. On a traditional mass spec, even a Q-Exactive, both lipids would be selected together for ms/ms resulting in a complicated, uninterpretable fragment ion spectrum. With HDMSe we separate by ion mobility before fragmentation and deliver clean interpretable ms/ms spectra.

This slide is an excerpt from a much more in depth look at the Vion vs the Q-Exactive and I encourage you to watch the 15 min video posted on the Health Sciences Community Blog.
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Collision Cross Section 



©2016 Waters Corporation  38 

Increasing analytical perspective 

Representative analytical 
measurement 

rt 

m/z 

dt 

Property of molecule 

KD 

mass 

CCS 
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What is CCS? 

• Chemical 
Structure 

(mass, size) 

• 3-dimensional 
Conformation 

(shape) 

Precise 
Physicochemical 

Property of an ion 

Important 
differentiating 

characteristic of 
an ion 

Presenter
Presentation Notes
Ion mobility is a process which differentiates molecules as they tumble through a gas, and their progress is related to heir average rotational collision cross section, or CCS. And this is what makes IMS so powerful, because CCS is determined by very unique molecular properties

CCS itself is an important distinguishing characteristic of an ion which is related to its...

... chemical structure (mass, size) 
...3-dimensional conformation (shape), where conformation can be influenced by a number of factors, including the number and location of charges

CCS is a robust and precise physicochemical property of an ion which can provide many powerful analytical advantages....
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What are the Benefits of  
Ion Mobility in Metabolomics?  

Presenter
Presentation Notes
To start addressing the recurring question ‘what are the benefits of ion mobility in metabolomics?’, a new paper was just published on Analytical Chemistry. This paper reports the use of ion mobility in routine UPLC-MS-based metabolomics workflows, the generation of a database for collision cross sections (CCS) of common metabolites and the use of ion mobility information with the new Progenesis QI software. The paper illustrates (and highlights) the use of Progenesis QI to perform database searches using CCS. Metabolomics results can be mined and filtered based on CCS results, which will contribute to the overall score for metabolite identifications. In a typical metabolomics workflow, metabolite identification remains the most challenging step. This paper shows that ion mobility will increase the confidence in metabolite identification, facilitating the interpretation of metabolomics results. The paper also encourages further studies to extend and populate existing metabolite databases with CCS values for metabolomics and other small molecules applications. 

This study highlights the benefit of using ion mobility in metabolomics.

This study was the result of a multi-laboratory effort involving University of Iceland (Giuseppe Paglia), University of Connecticut (David Grant), Duke University (Arthur Moseley) and Waters. 


http://www.ncbi.nlm.nih.gov/pubmed/24640936
Anal Chem. 2014 Mar 28. [Epub ahead of print]
Ion Mobility Derived Collision Cross Sections to Support Metabolomics Applications.
Paglia G, Williams JP, Menikarachchi L, Thompson JW, Tyldesley-Worster R, Halldórsson S, Rolfsson O, Moseley A, Grant D, Langridge J, Palsson BO, Astarita G.
Abstract
Metabolomics is a rapidly evolving analytical approach in life and health sciences. The structural elucidation of the metabolites of interest remains a major analytical challenge in the metabolomics workflow. Here, we investigate the use of ion mobility as a tool to aid metabolite identification. Ion mobility allows for the measurement of the rotationally averaged collision cross-section (CCS), which gives information about the ionic shape of a molecule in the gas phase. We measured the CCSs of 125 common metabolites using traveling-wave ion mobility-mass spectrometry (TW-IM-MS). CCS measurements were highly reproducible on instruments located in three independent laboratories (RSD < 5% for 99%). We also determined the reproducibility of CCS measurements in various biological matrixes including urine, plasma, platelets, and red blood cells using ultra performance liquid chromatography (UPLC) coupled with TW-IM-MS. The mean RSD was < 2% for 97% of the CCS values, compared to 80% of retention times. Finally, as proof of concept, we used UPLC-TW-IM-MS to compare the cellular metabolome of epithelial and mesenchymal cells, an in vitro model used to study cancer development.
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CCS Measurements for  
Common Metabolites  

Presenter
Presentation Notes
CCS measurements for 125 common metabolites. a) Visual representation of the metabolites analyzed in this study (red dots) according to their metabolic position in a KEGG metabolic map. b) Classes of cellular metabolites included in this study. c) Correlation between CCS and mass values. Both CCS value in negative and positive modes were used, and sodium adducts were excluded except for sugars: amino acids and derivatives (n=55, R=0.91); carboxylic acids (n=9, R=0.90); nucleobases (n=16, R=0.88); phosphorylated compounds (n=15, R=0.84); sugar (n=13, R=0.99); sugar sodium adducts (n=12, R=0.99); nucleosides (n=19, R=0.94); nucleotides (n=23, R=0.81). d) Correlation between experimentally-derived and computationally-predicted CCS values.

Investigating the use of ion mobility to support UPLC/MS metabolomic applications, we conducted a multi-laboratory study to obtain the CCS values of 125 standard metabolites, using both experimentally-derived and computationally-calculated approaches. In order to represent the chemical complexity of the cellular metabolome, we selected as unknowns 125 metabolites representing key metabolic pathways. these metabolites included sugars, phosphorylated compounds, purines and pyrimidines, nucleotides, nucleosides, acylcarnitines, carboxylic acids, hydrophilic vitamins and amino acids. 

These results support the proposition that a CCS value derived from calibration is an absolute measurement, representing a physicochemical property that is independent of the particular experimental and instrumental conditions. Experimentally-derived CCS values highlighted trend lines characteristic of different chemical classes (Figure 2c). Furthermore, experimentally-derived CCS values correlated closely with theoretical CCS calculated using Mobcal  (Figure 2d). 
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Glutathione Reduced  

CCS 
165.1 

Å2  

CCS 
164.7 

Å2  

Wave Velocity:650m/s 
Wave Height:40V 

Wave Velocity:600m/s 
Wave Height:36V 

b Inter-Lab Reproducibility 

a 

Inter-Lab Reproducibility  
of CCS Measurements  

Presenter
Presentation Notes
RIGHT- Workflow of the experimental procedure utilized to measure CCS. Schematic workflow for generating an UPLC-TW-IM-MS three-coordinate database: mass-to-charge ratio (m/z), retention time (RT), and collision cross section. CCS. 

LEFT -Reproducibility of CCS measurements across different instruments. a) Different drift time values for reduced glutathione were obtained using different TW-IM parameter settings. The use of polyalanine as calibrators corrected the final CCSs measurements. b) Relative standard deviation (RSD%) for CCS measurements across three independent laboratories. 


Workflow of the experimental procedure to measure CCS. Schematic workflow for generating an UPLC-TW-IM-MS three-coordinate database: mass-to-charge ratio (m/z), retention time (RT), and collision cross section. CCS. 

We measured drift times in nitrogen for these metabolites using TW-IM-MS instruments located in three independent laboratories (Table S2).  We then derived CCS values using polyalanine oligomers as mobility calibrants in both positive and negative ES mode of operation. The polyalanine standards allowed us to correct for variation in drift times between instruments located in different laboratories and having different ion mobility parameter settings. We derived 209 CCS values (96 in positive and 113 in negative ion mode) with an inter-laboratory RSD% lower than 5% for 99% of the measurements. For each of the 125 compounds included in this study, we annotated values for accurate mass, CCS and retention time, creating a database that was then used to analyze biological samples. 
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Matrix effect:  
Retention Times vs. CCS 

Presenter
Presentation Notes
Matrix effect on retention times compared to CCSs. a) Extracted-ion chromatograms and b) extracted-ion mobility chromatograms of arginine analyzed in four different biological matrices (plasma, red blood cells, platelets and urine). c) Retention times reproducibility and d) CCSs reproducibility in the various biological matrices.


To evaluate the applicability of this approach to metabolomic applications, we analyzed plasma, urine, red blood cells (RBCs) and platelets (PLTs) using UPLC/TW-IM-MS. In these experiments, we calculated the CCS (the difference between the database CCS and the experimental CCS) and used this as a contribution to the identification score in addition to retention time and accurate mass. This enabled us to search for metabolites whose identifications have a CCS error less than a given threshold. Thus, we were able to filter and score identifications when querying our database with CCS information. Using CCS, retention time, and accurate mass as orthogonal coordinates, a total of 94 different metabolites were determined to be present in the various biological matrices (48 in plasma, 46 in urine, 74 in RBCs and 71 in PLTs). 

The retention time of a given metabolite can change from one run to the next due to experimental drift (e.g., room/column temperature and degradation of the column). Moreover, different sample matrices can influence the reproducibility of retention times, largely due to different salt and lipid contents. Figure 4a shows the extracted-ion chromatogram of arginine in different matrices, highlighting the effect of the matrix on retention time. In Figure 4b, we present the extracted-ion chromatogram resulting from the ion mobility separation showing the absence of the matrix effect on drift time. Our results showed a RSD%<2 for 97% of the CCS measurements, compared with 80% for the retention time values, suggesting that CCS measurements are more stable and reliable than retention time and thus may add more confidence in the identification process during metabolomics experiments (Figure 4c and 4d). 
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CCS correlation between gradients 

Standard gradient 
(12 min) 

R2=0.999 

Shorter gradient 
(7 min) 

R2=0.999 
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Paglia G.et al. Submitted 
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Phosphatidylethanolamine (PE, green dots) 
Plasmalogen PE (PEp, blue squares)  

Paglia G.et al. Submitted 

 
 
Mobility-Mass Correlations 
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Search Criteria for Maximum 
Confidence 

Vion delivers 
routinely <1ppm 

TOFs measure <2% 
isotope accuracy (no 
AGC effects) 

ACQUITY offers 
retention time 
precision 

HDMSE generates 
fragments for  

all ions 

Vion measures CCS 
Routine, Reproducible, Matrix Independent 
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cholic acid 

experimental 

library 

MS/MS Library Search  
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Expected CCS 
Difference  
in CCS (1.2%) 

CCS Measured on all 
components 

1. 

2. 

3. Cer(d18:1/26:0) 

Automatic CCS measurement and 
search integration 

Presenter
Presentation Notes
Implementing additional compound properties such as collision cross section (CCS) provides additional parameters other than mass accuracy and isotopic fit to search against. Implementing CCS as part of the Progenesis QI database search provides additional confidence in the identifications returned. In this particular example the compound ‘11.36_660.6633m/z’ has three candidates assigned to it as potential identifications. The compound has a measured CCS of 298.70 Å (step 1) and when measured against the database expected CCS of 295.00 Å (step 2) a difference of 1.2% confidently validates m/z 660.6633 as Cer(d18:1/26:0) (Step 3).
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302 

97 

501 

Paglia et al. 

30 

Griffiths et al. 

7 

New 
Measurements 

Metabolic Profiling CCS & MS/MS 
Library 

>900 CCS Measurements 
>600 MS/MS Spectra 
 

Presenter
Presentation Notes
The library comprises 943 structures (lipid standards included). 36% are lipids and 64% metabolites.

For 903 compounds CCS information is available, either pos (636) or neg ESI (752), and for 613 compounds MS/MS, also either pos (342) or neg (443).
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CCS ESI (+) 

CCS ESI (-) 

MS/MS ESI (+) 

MS/MS ESI (-) 

CCS MS/MS 

433 76 
ESI (+) 

59 
ESI (-) 133 52 

ESI (+) 119 ESI (-) 

m/z 

CCS & MS/MS Coverage by 
ionisation mode 

Presenter
Presentation Notes
CCS and MS/MS coverage

CCS combined 568 (90%)
MS/MS combined 304 (48%)
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Data Processing 



©2016 Waters Corporation  54 

Metabolomics  

Align like variables

Normalize

Extract variables

Exact Mass
Chromatographic Peaks

Control 1

1.00 2.00 3.00 4.00 5.00 6.00 7.00 8.00 9.00 10.00 11.00 12.00 13.00 14.00 15.00 16.00
Time8

100

%

H030918JGa047 1: TOF MS ES+ 
TIC

3.68e4

Zucker PM M1

1.00 2.00 3.00 4.00 5.00 6.00 7.00 8.00 9.00 10.00 11.00 12.00 13.00 14.00 15.00 16.00
Time9

100

%

H030918JGa019 1: TOF MS ES+ 
TIC

3.95e4

Urine From Group 1 Urine From Group 2

Populate Markers Table

Presenter
Presentation Notes
The data reduction step of metabonomics seeks to convert spectroscopic data into a format that can be handled by pattern recognition algorithms. This is the process that we use to handle our LC/MS data.



©2016 Waters Corporation  55 

Multivariate Data Array 
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RAT 6 0 1.03318 0 1.83726 
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Presenter
Presentation Notes
Data alignment and reduction results in a data array that is now ready to be analyzed by principal components analysis. This is a “mock” example of a typical multivariate data array from MarkerLynx.
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Understanding PCA Results 
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Presenter
Presentation Notes
The final step in the Metabonomics approach is the application of a chemometric algorithm, such as PCA, to facilitate data viewing and marker determination.  This is a schematic of the results one obtains after PCA.  The plot on the left is called a Scores plot. Each symbol represents a single injection of a sample (urine, plasma, CSF) from the mammalian system under study (rats, humans, etc.). PCA seeks to determine similarities and differences between samples. Here we see that there are three clusters of similar samples (groups 1-3). Information that tells us the reason for the clustering is given in the plot on the right, the Loadings plot.  Here, each point, in the case of LC/MS data will be a mass/charge:retention time pair or a “marker”.  Those markers that are furthest away from the origin are most significant as determined by the nature of the algorithm.  Additionally, we have a positional relationship between the scores and loadings plot.  For example, those markers shown in purple in the loadings plot are in a similar location to group 3 in the scores plot.  This indicates that Markers 1 and 2 are more abundant in group 3 than groups 1 and 2.  We will be using this format in further slides in our “real world” examples.
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Progenesis QI 

Quantify 
Identify 

 
 

 For ‘small molecules’ 
 Wide applicability 
 Metabolomics 
 Biomarkers 
 Food 
 Wine 
 Toxicology 
 Environmental 
 Pesticides 
 Etc 

Presenter
Presentation Notes
The second piece of software is Progenesis QI, this time for small molecules, and with a very wide possible sphere of application from more traditional metabolomics experiments, through biomarker research, food, wine, toxicology, fine chemicals, and environmental screening approaches. 

The platform can be applied to a great many areas so long as a suitable compound identification database is available for the particular field of study. 
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Data Import 
Multi-vendor support 

Presenter
Presentation Notes
Now onto the first step in the analysis - Data Import. 

The software supports data import from most major LC-MS vendors illustrated here, along with some generic file formats such as mzML and mzXML.

All plugins are available via download from NLD website and a link is provided to this site within software. 

There is a new noise reduction feature in the import process – see New Features document for more details on this but in summary, this allows the user more flexible control over the levels of background noise detected and more reliable quantification of smaller but still real features. 





BACKGROUND: Noise-reduction filter 
As MS instrument performance continues to improve, we have introduced a new feature to allow user-control of the peak-modelling applied during import of raw data from high-resolution instruments. The new import filter strength tool provides more flexible control on the levels of background noise detected in your samples, which delivers faster analysis times per run and provides more reliable quantification of smaller but real features within each experiment.
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Progenesis QI  guided workflow  
and data import / adduct selection 

Details of data file format and a list of ‘expected’ adducts are entered 
to facilitate the handling of data import 

Presenter
Presentation Notes
Just like in the proteomics software, there is a workflow bar at the top of the page which guides you through the analysis. Here we are at the beginning at Data Import stage. 

Before Data Import, you do need to tell the software what kind of data is being imported, profile or centroid for example, and you will receive an error message if you try to bring in wrong type of data. 

Expected adducts are important to specify and you cannot change your mind once they have been specified with a given data import set. If you do change your mind, you have to re-import but it doesn’t take as long as the initial import as the peaks will have already been detected in the first import. 

Shown here in red is the new functionality in this version of the software as now it is possible to specify dimer and trimer adducts. 

As with the proteomics software, there is a new noise reduction feature in the import process – see New Features document for more details on this but in summary, this allows the user more flexible control over the levels of background noise detected and more reliable quantification of smaller but still real features. 
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Data Import 
Low and High energy views 

Presenter
Presentation Notes
After data import of MSE and HDMSE data, it is now possible to review both the low energy parent ion MS data (here above), and the high energy fragment ion MS/MS data (here below). 
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Review alignment (zoom) 
Un-aligned 

Presenter
Presentation Notes
After data import, it is necessary to align the LC-MS runs together. This is shown here (unaligned) and aligned in the next slide. The unaligned/aligned toggle button is highlighted in red here….

In response to customer feedback we have made the Review Alignment screen more responsive, informative and interactive. 

Increased speed of screen view update allows faster, more responsive alignment review.

Ion intensity maps now include RT and m/z scales allowing you to focus in on areas of interest, guided by results at the review peak picking step, to manually correct areas where alignment could be improved.

In addition, a new zooming feature allows you to precisely zoom into any area of interest within the ion intensity map, even down to the feature level.
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Review alignment (zoom) 
Aligned 

Presenter
Presentation Notes
This is the same view but now the data is fully aligned. 

The alpha-blend pane top right is now barely pulsing showing good alignment and the quick review QC screen bottom left is all green showing good alignment scores throughout the aligned LC-MS data pair. 
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Peak picking and co-detection 

Aggregate co-detection 

Mapping the detection to all runs avoiding missing data  

Presenter
Presentation Notes
Now we should briefly mention how peak detection occurs in Progenesis QI. 

Following alignment, co-detection of peaks is a fundamental benefit and feature for Progenesis QI software. 

In doing this, data from all of the samples is considered, the ‘aggregate’, to give robust and sensitive peak detections. 

Once made, these detection boundaries are passed back to individual samples to make individual measurements in a highly reproducible fashion. 

If no peak exists in any given sample, a zero value will be recorded rather than a missing value. 

In this way, each sample has the same number of peaks detected (even if some of them are ‘zero’). 

This gives a complete data matrix and better multivariate statistics. 
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Review adduct deconvolution 

Example of the deconvoluted detection for a compound’s adducts.  
Deconvolution is performed during Peak Detection 

Presenter
Presentation Notes
After peak detection, there is a step called Review Deconvolution by which data from all adducts that contribute to an identification and quantification can be viewed, checked, and corrected if necessary. 

If adducts are present for a given compound, their neutral masses and XIC’s would expect to coincide – as is shown here for compound 4.24_458.2754n. 

The line chart on the very right hand side shows the true abundance of any particular adduct, the MS and XIC data are intensity scaled to aid visualisation. 



©2016 Waters Corporation  65 

Tagging – simple filtering tool 
Eg. Use to limit number of compounds searched 

Tagging groups of Compounds based on Statistical attributes is available 
from Review Deconvolution onwards in the workflow  

Presenter
Presentation Notes
Both pieces of Progenesis QI software have the facility to ‘Tag’ subgroups of compounds from the full compound list for further consideration or analysis. 

Here the ‘Quick Tag’ feature is shown where filters such as ANOVA p-value or fold change can be used to focus an analysis from this point on to only consider those compounds which are changing between groups. 

This might be useful for example to only proceed to trying to identify compounds that are different between groups. 

This might be a useful time saving step in an analysis. 
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Compound Statistics  
PCA and Export to EZinfo 

Presenter
Presentation Notes
Like the proteomics product, the last step in our pathway is Compound Statistics. 

There are some multivariate stats tools built into the software such as those shown here, with a PCA plot of replicate data from four experimental groups. Six analytes are highlighted in the ID table on the left, and these are then also shown highlighted in red on the loadings plot, and in the abundance plot below. Clearly these are markers for the High Dose condition, and they do localise towards this cluster on the PCA plot. 

The ‘Ask another question’ tab activates other plots such as correlation analysis and power analysis. As was demonstrated with the proteomics software, Correlation Analysis is very useful for finding groups of analytes with similar regulation patterns across groups. 

In addition to these included tools, here is also the option to export all, or any subset of data, to the more sophisticated external EZInfo Statistics Package (see highlight in file menu). If this route is selected, EZInfo starts automatically to allow seamless data transfer between the two packages.
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Compound Statistics 
EZinfo 

Multivariate Statistical Models: PCA, PLS, OPLS, OPLS-DA 

Presenter
Presentation Notes
There are far too many possible statistical analyses in EZInfo than we have time to go through here, but here is just an example where an entire list of analytes has been exported, and a Loadings Plot drawn. 

Both unsupervised and supervised analyses can be carried out in EZInfo, a common supervised method we use produces an S-plot which is helpful in finding significant higher magnitude changes. 

From any of these types of plots, subsets of compounds can be highlighted, and then transferred back to Progenesis QI for further interrogation (transfer button highlighted red). 
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Compound Statistics 
Tag-set Back from EZInfo 

Presenter
Presentation Notes
Here we have brought that subset of interest back to Progenesis QI, and saved them as a Tag Set for further investigation. 

Using these methods, it is very quick and easy for you to find the significantly changing analytes in your samples. 
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Compound identification   
MetaScope search, new features 
Compounds are identified using the integral MetaScope search engine and a compound 
database in Structure Data File (SDF) 

NE 

 More search parameters for increased specificity for ID 
– Dt/CCS, fragment ion data 

Presenter
Presentation Notes
So moving on now to compound identification. 

When trying to determine what a compound is, the more orthogonal pieces of information we have the better chance we have to get the correct ID, i.e multiple pieces of data increase the specificity of our search.

In the last version of software, we only had precursor mass information, isotope distribution, and retention time (if the database contained retention time data). In this new version, we can add fragment ion data, and drift time/CCS data (if the DB contains drift time/CCS). If you check the CCS box, (point) drift time will be used if instrument has not been calibrated for CCS (Synapt G2-Si only). 

The ‘additional compound properties’ checkbox allows the use of databases containing fixed and variable data. If multiple chromatography systems were being used, Rt information may not be fixed and my vary between datasets. In this situation, it would be best to establish a database with mass information (as this is not changing) and then a supplementary file with the multiple sets of Rt information which could be selected for each run as appropriate. This saves having to have multiple DBs, or databases becoming useless if chromatography method is modified. It is possible to have retention time and CCS as supplementary files. 

So onto the options for fragment ion search methods. Options are:

Don’t use fragment ion data in search.

If you provide the software with a database with SDF-formatted information, it will calculate theoretical fragments from the structure of the molecule. Thus, a comparison can be made between experimentally-derived and predicted data. 

Perform fragment ion search. This matches the fragment ion data with a measured fragment ion database and is different from above since it contains reliable ion intenstity values. But of course you need a fragment ion database to use this feature. 
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Theoretical fragmentation  
search result 

Presenter
Presentation Notes
This is what the result of theoretical fragmentation search looks like, with nice annotation of peaks with predicted fragment structures
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Fragment database search result 
Mirror plot 

Presenter
Presentation Notes
This is what the result from searching a fragment ion database looks like. Shown is a Mirror plot comparing your experimentally-derived fragment ion data with that in the fragment ion database. 
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Conclusion 

 The “best” analytical system is worth nothing if the experiment 
is flawed. 

 Good chromatography benefits mass analysis and gives you 
information as well. 

 Find the right balance between coverage and method 
robustness. 

 Ion mobility coupled with TOF gives more depth of coverage 
and an important useful measurement. 

 DIA strategies such as HDMSE allow more information content 
to be extracted from each injection. 

 Solutions are available today to routinely apply LC-IMS-MS 
approaches to Metabolomics. 

Presenter
Presentation Notes
So to conclude, Progenesis QI and Progenesis QI for proteomics are the next generation of OMICS data analysis software that enable you to rapidly, objectively, and reliably discover he significantly changing compounds in your samples. 

The software is highly intuitive, with easy to follow guided workflows, and is easy to learn. 

Throughout, your data is displayed using powerful visualisation methods to make data analysis as effective as possible. 

We continue to support data formats from the majority of major LC-MS vendors, allowing you to make full use of all the instruments you have in your laboratory, 

And very importantly, we back all this up with full user documentation and a professional support group of highly experienced scientists. 
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