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Given these challenges, one area of innovation in MS-based proteomics methods 
has focused on combining accurate, sensitive, high-throughput protein identifi cation 
and quantifi cation, using bottom-up MS with orthogonal approaches. Ion mobility 
spectrometry (IMS) is a powerful analytical technique that has been widely applied over the 
last fi ve decades, primarily in chemical physics and analytical chemistry applications. Only 
relatively recently has the potential of IMS coupled to MS (IMS-MS) been explored for the 
separation, identifi cation and quantifi cation of peptides and proteins. IMS is a gas phase 
ion separation technique utilising differences in the mobilities of ions through a gas under 
the infl uence of an electric fi eld, with signifi cant potential in proteomics applications to 
increase peak capacity, dynamic range, and improve signal-to-noise (S/N) ratio. 

There are several types of IMS that extend the capabilities of MS alone, such as trapped 
ion mobility spectrometry (TIMS), which separates ions trapped in a fl owing gas stream 
based on a non-uniform electric fi eld that increases towards the exit of the device. TIMS 
are relatively small devices that can be easily integrated into a mass spectrometer without 
a noticeable loss in ion transmission and even an increase in sensitivity [1], increasing 
confi dence in compound characterisation. 

Expanding the possibilities of proteomics
In contrast with top-down proteomics, which analyses intact proteins by fragmentation 
of the intact protein, shotgun (or ‘bottom-up’) proteomics analyses peptides created 
by proteolytic digestion of a protein mixture. Shotgun proteomics approaches rapidly 
generate a profi le of many proteins within a complex mixture. Protein mixtures are fi rst 
digested by protease, and the resulting peptides are separated in high performance liquid 
chromatography (HPLC), followed by tandem MS/MS analysis to generate fragmentation 
information (Figure 1A) that is related to the sequence of the peptide. The fragmentation 
information for each peptide is compared with a protein database, to search for the 
proteolytic peptides that would match the fragmentation and thus identify the protein 
from which they were released by proteolysis. Although recent advances in proteomic 
technologies have made MS-based proteomics a central research tool, comprehensive 
proteomes coverage remains elusive, mainly due to the high complexity and dynamic 
range of biological samples with their array of PTMs. More than 10,000 proteins are 
typically present in each biological sample at one specifi c condition and after digestion, the 
complexity of analytes increases by at least two orders of magnitude because each protein 
generates tens to hundreds of peptides [2].

The last ten years of MS-based proteomics developments have endeavoured to increase the 
depth and breadth of proteome coverage, improve data quality and identifi cation confi dence, 
and increase sample throughput necessary to enable population-scale proteome measurements. 
Despite a variety of innovations that bring this goal closer, throughput and detection sensitivity 
still limit large sample cohort studies. Recent MS technology developments have therefore 
focused on increasing fragmentation speed without losing sensitivity.

By incorporating a TIMS device at the front of a quadrupole time-of-fl ight (Q-TOF) mass 
spectrometer, ions can be accumulated for a specifi c amount of time before being released 
for MS analysis (Figures 1B and 1C). Additionally, the ability to separate ions by mobility 
boosts sensitivity and provides additional selectivity, because the ions are separated by a 
fourth parameter - their collisional cross section (CCS). Compact ions with a small CCS 
drift faster than extended ions with a large CCS, effectively allowing ions to be separated 
by shape [3], as well as retention time, mass-to-charge (m/z) ratio, and intensity.

TIMS, also enables the parallel accumulation – serial fragmentation (PASEF) method, 
adding an additional dimension of separation, superior speed, and improved sensitivity 
to proteomics workfl ows. The PASEF acquisition method - based on using the position 
of the quadrupole for selecting peptides by their m/z, and moving it in sync with the 
mobility elution profi le - exploits trapped ion mobility to achieve up to a 10-fold increase 
in sequencing speed. This increase in sequencing speed is crucial for delving deeper into 
complex proteomes to obtain quantitative data in a short amount of time. The combined 
power of TIMS and PASEF allows for greater proteome or sub-proteome coverage from 
small sample volumes taken from complex mixtures. 

Figure 1. Overview dia-PASEF workfl ow. (A) Peptides eluting from the chromatographic column 
are ionised and enter the mass spectrometer through a glass capillary. (B) In the dual TIMS 
analyser, the fi rst TIMS section traps and stores ion packets, and the second resolves them by ion 
mobility. (C) Ion mobility separated ions are released sequentially from the second TIMS analyser 
as function of decreasing electrical fi eld strength. (D), (E) For dia-PASEF, DIA isolation windows 
are coupled to the precise ion mobility elution of the corresponding ions. Within a single TIMS 
separation multiple precursor windows are set. Figure reproduced from [6]. 

Increasing throughput with dia-PASEF
CCS, as a fourth dimension of separation, signifi cantly increases selectivity, regardless of the 
acquisition strategy. Data independent acquisition (DIA) workfl ows have gained in popularity 
in recent years as they overcome the issue of stochastic selection of peptide precursors 
encountered in typical data dependent acquisition (DDA) approaches, and thereby promise 
reproducible and accurate protein identifi cation and quantifi cation across large sample cohorts. 

Mass spectrometry (MS) has long been the technology of choice for a range of proteomics applications, and is a powerful tool for protein scientists, biologists, and clinical researchers. 
Ongoing developments have improved the capabilities of MS instruments over the years to uncover previously unexplored parts of the proteome, ultimately aiding in the discovery of 
new drugs, and pushing the boundaries of personalised medicine approaches. Despite such developments, coverage of the proteome remains challenging. Detection and quantitation 
of proteins direct from tissue or biofl uids is diffi cult due to the large expected range of concentrations, and protein expression varies depending on both genetic and environmental 
factors. Moreover, because of the combined effects of alternative splicing, point mutation, post-translational modifi cations (PTMs) and endogenous proteolysis, a given protein (gene 
expression product) can be expressed as many different proteoforms, with each potentially having a dedicated biological activity.
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achieves unprecedented peptide identification rates with reproducible quantification. 
This DIA approach using PASEF takes advantage of the correlation between ion 
mobility and m/z, and uses windows that start at high m/z as larger species elute at 
the beginning of the TIMS scan, moving down to lower m/z windows (Figure 1D and 
1E). dia-PASEF window schemes are at least 4x more efficient for ion utilisation than 
DIA with other acquisition methods and, depending on the sample and window 
scheme, can achieve up to 100% efficiency with unparalleled sensitivity.  

Previous experiments have shown the identification of more than 7000 proteins in 
single 2-hour runs from human cell lysates [4], and the reproducible and accurate 
quantification of more than 8000 proteins from a complex mixture of three proteomes 
[5]. To further investigate the benefits of applying dia-PASEF to different proteomics 
samples of varying complexity, the method was applied to the analysis of a human 
cancer cell line (HeLa) and yeast digest, using different gradient lengths (30, 60, and 
90 min gradients). By coupling DIA isolation windows to the precise ion mobility 
elution of the corresponding ions, the combination of windowed DIA with the PASEF 
principle allows multiplexing of DIA windows in a single 100 ms ion mobility 
separation of precursor ions. 
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DIA produces a quantitative answer for a specifi c analyte in every sample, whereas DDA 
workfl ows suffer from the need to select individual precursors. Due to variations from sample 
to sample, the same precursors may not be selected in each DDA run, meaning not all the 
identifi ed peptides in one run will be comparable to other runs. This is known as the ‘data 
completeness problem’, and DIA methods were developed to solve this.

In DIA methods, all ions in a given m/z window are fragmented in every run, in principle 
allowing full identifi cation and comparison from run-to-run. The PASEF principle has now 
been combined with DIA in a new acquisition method known as dia-PASEF, which sets new 
selectivity and sensitivity standards for DIA and achieves unprecedented peptide identifi cation 
rates with reproducible quantifi cation [7]. This DIA approach using PASEF takes advantage 
of the correlation between ion mobility and m/z, and uses windows that start at high 
m/z as larger species elute at the beginning of the TIMS scan, moving down to lower m/z 
windows (Figure 1D and 1E). dia-PASEF window schemes are at least 4x more effi cient for 
ion utilisation than DIA with other acquisition methods and, depending on the sample and 
window scheme, can achieve up to 100% effi ciency with unparalleled sensitivity. 

Previous experiments have shown the identifi cation of more than 7000 proteins in single 
2-hour runs from human cell lysates [4], and the reproducible and accurate quantifi cation 
of more than 8000 proteins from a complex mixture of three proteomes [5]. To further 
investigate the benefi ts of applying dia-PASEF to different proteomics samples of varying 
complexity, the method was applied to the analysis of a human cancer cell line (HeLa) and 
yeast digest, using different gradient lengths (30, 60, and 90 min gradients). By coupling 
DIA isolation windows to the precise ion mobility elution of the corresponding ions, 
the combination of windowed DIA with the PASEF principle allows multiplexing of DIA 
windows in a single 100 ms ion mobility separation of precursor ions.

A dia-PASEF method with 2 windows in each 100 ms dia-PASEF scan was used. Sixteen 
of these scans (resulting in 32 windows) covered the diagonal scan line in the m/z - ion 
mobility pane to ensure coverage of doubly and triply charged species with narrow 25 
m/z isolation windows (Figure 2). Each dia-PASEF cycle was started with one MS1 survey 
scan. This setup results in a total cycle time of 1.7 s (1x 100 ms MS1 survey scan, 16x 
100 ms dia-PASEF scan), which enabled suffi cient data points to be obtained over the 
chromatographic peak while maintaining the best combination of specifi city and sensitivity.

Figure 2. Method scheme for dia-PASEF. The applied method consists of two windows in each 
100 ms dia-PASEF scans. Sixteen of these scans cover the diagonal scan line for doubly and triply 
charged peptides in the m/z - ion mobility plane with narrow 25 m/z precursor windows.

The four-dimensional (4D) data was processed using a developmental version of 
Spectronaut (Biognosys AG, Switzerland). The Spectronaut workfl ows generate spectral 
libraries using the integrated Pulsar database search engine directly from fractionated 
DDA PASEF runs, which are used for targeted data extraction. A project-specifi c 
library was created from high-pH fractionated samples. The library was comprised of 
220,628 unique target peptide sequences and 11,578 target protein groups for HeLa 
samples, and 80,874 unique target peptides and 5127 target protein groups for yeast. 
These libraries were used for targeted data extraction in Spectronaut, which includes 
fully automated in-run calibration (retention time, mass, and mobility), automatic 
interference correction, targeted analysis, and automatic quality control. 

Figure 3 shows the number of peptide sequence and protein group identifi cations for 90, 
60, and 30 minute gradients, which highlights the advantage of dia-PASEF for deeper 
proteome coverage and precise quantifi cation even for shorter gradients down to 30 
minutes. In total, 66% and 86% coverage were achieved for HeLa (Figure 3A) and yeast 
(Figure 3B), respectively, of all protein groups in the comprehensive library in the 90 min 
gradient single runs without fractionation. Using 30 min gradients still achieved 55% and 
79% coverage for HeLa (Figure 4A) and yeast (Figure 4B), respectively.

The results of this study show that excellent identifi cation rates can be reproducibly 
achieved for complex HeLa digest, with 7600 protein groups identifi ed at 90 min gradient 
time and almost 6400 using a 30 min gradient. These identifi cation rates, combined 
with the robust and reproducible quantifi cation provided by dia-PASEF, brings the fi eld 
of proteomics even closer to achieving good coverage of the proteome with reasonable 
throughput. 

Monitoring drivers of disease
A key challenge in moving proteomics into the clinical space is the analysis and 
interpretation of data resulting from high-throughput shotgun proteomics workfl ows. 
Primary data analysis (protein identifi cation and quantitation) can be solved with powerful 
computing technology, but automatic interpretation of proteomics data to establish 
‘disease vs. healthy’ is challenging. Such capabilities require advanced artifi cial intelligence 
(AI) and deep learning algorithms, which is the focus of current research efforts to achieve 
true diagnostic proteomics.

For example, researchers at the Röst Lab at The University of Toronto are using dia-PASEF 
to monitor the human proteome throughout a person’s lifetime, and looking at how 
machine learning could be used to analyse the data. 
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Figure 3: 

Number of identified peptides and proteins at a false discovery rate (FDR) of 1% for 
the different gradient lengths for (A) HeLa and (B) Yeast samples. Shown are the 
average values from the three runs together with the standard deviation. 
 
 
Figure 4: 
Library 
coverage 
for (A) 
HeLa and 
(B) Yeast 
samples on 
protein 
group level. 
Shown are the results for three different gradient lengths (30, 60, 90 min). 
The results of this study show that excellent identification rates can be reproducibly 
achieved for complex HeLa digest, with 7600 protein groups identified at 90 min 
gradient time and almost 6400 using a 30 min gradient. These identification rates, 
combined with the robust and reproducible quantification provided by dia-PASEF, 
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the results for three different gradient lengths (30, 60, 90 min).
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By analysing large patient cohorts in this way, deviations from a healthy state can be 
monitored and the analyses associated with that deviation can be quantifi ed. This 
approach aims to improve understanding of how biological systems work, how they react 
to these deviations, and how signals are processed. By applying this process to individual 
patients and patient cohorts, the molecular profi le of a single patient can be traced over 
long periods of time. This can be used to understand how their molecular profi le changes 
over time, in response to environmental and lifestyle changes, ultimately enabling the 
observation of transitioning from a healthy profi le to a disease profi le, and making a 
diagnosis in the early stages of disease. 

Studying patient cohorts longitudinally is important for comparing an individual’s 
molecular profi le over time, rather than a population average, to progress towards a 
precision medicine approach. Machine learning has been introduced to proteomics and 
metabolomics studies relatively recently, to alleviate the more time-consuming steps 
involved in DIA, such as the generation of the spectral library. 

Early experiments from the Röst Lab show that it could be possible to predict these 
spectral libraries, which would allow the group to mine DIA data more effi ciently and 
directly, without relying on prior experimental evidence and measurements that are 
usually completed using DDA. 

Continuing the 4D proteomics revolution
Due to the ‘missing value problem’ facing traditional DDA approaches, proteomics 
researchers have turned to DIA as an alternative approach that promises reproducible and 
accurate protein quantifi cation across large sample cohorts by eliminating the selection 
of individual peptide ions for identifi cation. Combining this with the inherent effi ciency 
of PASEF, to create the new acquisition mode dia-PASEF, moves the concept of identifying 
thousands of proteins from minimal sample volumes into reality. Knowing that observed 
differences are due to biological variation, rather than variation between peptides analysed 
in one sample versus another, will allow clinical researchers to accurately monitor the 
progression of disease. The recent application of deep learning to proteomics is now allowing 

researchers to mine dia-PASEF data more effi ciently, making the most of the method’s 
boosted throughput, effi cient ion utilisation, rapid peptide identifi cation and quantifi cation, 
and unparalleled sensitivity. These advanced technologies are set to continue the evolution of 
MS-based proteomics.

For more information on dia-PASEF, please visit: 
https://www.bruker.com/products/mass-spectrometry-and-separations/lc-ms/o-tof/timstof-
pro.html.
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New Raman Spectrometer Speeds up Analytical Workfl ows
Anton Paar, the specialist for high-precision analytical instruments, announces the new Cora 5001 series of Raman spectrometers. Innovative 
features such as an autofocus provide excellent usability, speed, and quality of results. The areas of use range from quality control applications to 
industrial and academic research.

“The development of the second generation of our Raman spectrometers incorporated a lot of user feedback which has resulted in an autofocus 
and specialised accessories for this compact benchtop instrument,” reported Lars Wallbaum, Product Manager for Raman spectrometers at Anton 
Paar. “Users will benefi t from the unmatched speed of Raman spectroscopy and very easy workfl ows and it is possible to work with the spectrometer 
practically right out of the box.”

Different applications require different solutions. Cora 5001 is available either with a fi xed measuring compartment or with a fl exible fi bre probe for 
measurements outside the instrument. A comprehensive range of sample holders completes the product portfolio.

Finding the right focus is crucial for spectrometry results especially when opaque liquids, powders, or solids need to be measured. The Cora 5001 
autofocus replaces time-consuming manual optimisation by an automatic and precise adjustment of the motorised sample stage.

To cover the widest range of samples the ‘Dual-core’ Raman option offers the choice of two different wavelengths (from 532 nm, 785 nm, and 1064 
nm) in one instrument. Each Raman core is a fully equipped independent optical spectrometer system. This yields maximum signal while working around the possible fl uorescence of samples by allowing users 
to change the excitation wavelength with the push of a button.

The certifi ed laser safety allows operation without the need for costly safety measures.

The small footprint, low weight of less than 10 kg, and a battery option make these benchtop Raman instruments versatile tools for analytical tasks in-house or in the fi eld.

More information online: ilmt.co/PL/LZZ5
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A Practical Guide to Implementing Clinical Mass Spectrometry Systems
Mass spectrometry is popular as an analytical tool in clinical laboratories and ‘A Practical Guide to Implementing Clinical Mass Spectrometry Systems’ 
would be a valuable reference book for clinical labs. 

The aim of this publication is to provide practical guidance for laboratories on the implementation of mass spectrometry into a clinical service where 
there might be limited expertise in the technique. This guidance is the author’s personal recommendation based on over ten years’ experience 
of clinical mass spectrometry. Throughout the text, examples are given to illustrate issues that a clinical laboratory might encounter. While some 
examples relate to the fi eld of immunosuppressive drug monitoring, the issues are common and relevant to any clinical application. The guidance 
provided is also applicable to instrumentation made by any manufacturer.

This practical guide covers topics that range from instrument selection and business planning to installation, risk management and validation, and 
also includes suggestions for future prospects in this developing fi eld.

More information online: ilmt.co/TL/QPLJ
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