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Technical Advancements in Proteomics Streamline 
High-throughput Workflows

Over the last two decades, significant 
advances in technology and new 
methodologies have made proteomics 
an extremely powerful tool for protein 
scientists, biologists and clinical 
researchers. Scientific discoveries in 
proteomics largely depend on data 
analysis and data generation. Mass 
spectrometry (MS)-based proteomics 
has expanded significantly with 
improvements in software, data 
acquisition, and algorithms to provide 
more accessible and accurate data.  

Direct protein analysis from tissue 
or biofluids, however, raises a variety of 
analytical challenges. Protein expression 
varies depending on the genetic background 
of an individual, and also on time, localisation, 
and as a physiological response to external 
stimuli. Moreover, because of the combined 
effects of alternative splicing, point mutation, 
post-translational modifications (PTMs) and 
endogenous proteolysis, a given protein can 
be expressed as many different proteoforms, 
each having a dedicated biological activity. 

These analytical challenges create 
workflow bottlenecks and extend the time 
required for accurate results. This article will 
examine how these issues can be overcome 
to add efficiencies and expand capabilities 
for library-based approaches in quantitative 
proteomics.

Challenges in Proteomics
The core challenges in proteomics include 
converting complex liquid chromatography 
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(LC) coupled with MS and the resulting datasets 
into tangible peptide spectrum matches 
(PSMs) and peptide identifications that can 
be used for protein inference, quantification, 
posttranslational modification (PTM) analysis, 
as well as proteome sequence coverage within 
complex samples. Database search algorithms 
have extensively transformed biological and 
medical research, yet as analytical instru- 
mentation continues to become more sensitive, 
software developers must continuously 
expand these search algorithms to meet 
the demands of sample limitations in high-
throughput protein quantitation. 

In the simplest scenario, database search 
algorithms rely on precursor and fragment ion 
spectra to be matched in silico, suggesting a 
best fit and assigning a probability score. In 
many instances the best fit of a particular 
PSM is of an equal probability score or just 
marginally better than the next best fit, yet 
a single assignment is delivered. Inferring 
only one PSM, which may be incorrect given 
the reliance purely on the information 
contained in a fragment ion spectra, can lead 
to a greater chance of false identifications. As 
such, the field of proteomics benefits from 
stricter acceptance criteria such as lower 
false discovery rates, increases in unique 
peptide counts, protein sequence coverage 
and biological or technical replicates. 

Advances in Database Search Platforms
To break the data analysis bottleneck, 
proteomics software developers are 
integrating real-time database search and 
smart acquisition in software algorithms. 
Parallel search engine in real-time (PaSER) is 
a GPU-powered real-time database search 

platform providing parallel computing power 
and real-time database search results for 
bottom-up proteomics. Researchers can 
view intricate details of data from the 
high-level experimental information to a 
specific fragment ion spectrum of interest. 
Additionally, a user-defined qualification of 
proteins or peptides at the end of a sample 
acquisition determines the progression of 
the sample queue, which checks suitability 
while also making the most of samples, 
consumables and instrument time.

Trapped ion mobility spectrometry (TIMS) 
provides new levels of sensitivity, selectivity 
and speed to proteomics research. With each 
analyte measured, TIMS also determines a 
collisional cross section (CCS) value. This CCS 
value is an intrinsic property unique to each 
analyte that is highly reproducible across 
different instruments and laboratories. It 
can be used for the database search, thereby 
boosting the number of PSMs, peptides and 
proteins identified in bottom-up proteomics 
measurements. The PaSER search algorithm 
can compare the predicted and measured 
CCS values, to identify the top five peptide 
candidates for each spectra. 

This peptide-validation minimises false 
discovery rate (FDR) estimation steps. In 
a non-CCS-enabled algorithms, only two 
dimensions are utilised to estimate the 
FDR rate, and so a discriminate line is fit to 
a 1% error (Figure 1, Panel B) to distinguish 
forward and reverse peptide candidates. 
With specialist software and the extra CCS 
dimension, the peptide-candidates can be 
vectorised in 3 dimensions (Figure 1, Panel B),  
thereby allowing a discriminate contoured 

Figure 1: Comparison of non CCS-enabled algorithm vs. the additional CCS dimension
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Figure 2: A CCS-enabled database search

plane to be applied to achieve the same 1% 
error. Applying a discriminate plane provides 
increased accuracy and precision, helping to 
validate formerly poorly scoring PSMs in the 
standard two dimensions.

The algorithm was trained on >1 million 
tryptic peptides that scientists fed into 
the model including other PTMs, like 
phosphorylation. Thus, the model can predict 
unphosphorylated and phosphorylated 
peptide CCSs with high accuracy and 
reproducibility. Those predicted CCSs are used 
to evaluate how good the measured value is 
and, based on that, they can better address 
ambiguity in the identifications. Incorporating 
CCS information enables scientists to assign 
more PSMs, peptides and proteins and 
increases the confidence in the assignments. 
Additionally, it can be performed in real-time 
with PaSER to provide the most complete 
real-time feedback in proteomics applications 
(Figure 2).

Improved Sensitivity
For the processing of data-independent 
acquisition (DIA) proteomics experiments, 
data-independent acquisition neutral 
networks (DIA-NN) software exploits deep 
neural networks and new quantification and 
signal correction strategies.1 TIMS DIA-NN 
software also primarily focuses on the CCS 
measurement. It is integrated into the PaSER 
platform so that the researchers can use a 
quantitative workflow that can be triggered 
at the end of the acquisition. DIA-NN has 
shown improvements in the identification and 
quantification performance in conventional 
DIA proteomic applications, and is particularly 
beneficial for high-throughput applications, 

as it is fast and enables deep and confident 
proteome coverage when used in combination 
with fast chromatographic methods.1 

Both conventional and ultra-fast pro- 
teomics can further gain depth and quantitative 
accuracy with additional separation of the 
convoluted precursor or fragment ion space. 
In dia-PASEF, the ion mobility dimension 
allows scientists to distinguish peptides 
from deleterious ionss that would otherwise 
be co-fragmented, thus producing cleaner 
spectra. Most importantly, dia-PASEF yields 
2- to 5-times improvement in sensitivity, 
depending on the acquisition scheme, by 
stacking precursor ion isolation windows in 
the ion mobility dimension and thus increasing 
the effective duty cycle. 

Research indicates that DIA-NN analysis of 
dia-PASEF raw data increases the proteomic 
depth by up to 69% compared to the originally 
published dia-PASEF workflow.2 For example, 
one study quantified over 5200 proteins 
from 10ng of HeLa peptides separated with 
a 95-minute nanoflow gradient, and over 
5000 proteins from 200ng using a 4.8-minute 
separation with a standardised proteomics 
platform. In complex samples, featuring a 
mix of human and yeast lysates, the workflow 
detected over 11700 proteins in single runs 
acquired with a 100-minute nanoflow 
gradient, while demonstrating quantitative 
precision.2

Different experiments showed the 
prediction accuracy of 95% for tryptic peptides 
and 92% for phosphorylated tryptic peptides, 
the most prevalent PTM with biological 
significance. One research group found that 

it could double the number of peptides found 
from 42,930 to 98,949, nearly 3 times more 
than the initially published peptides.3

Conclusion
The use of these new technologies shows 
great potential for boosting the number of 
proteins, peptides and PSMs in complex 
datasets. Research suggests these advances 
can increase protein sequence coverage 
substantially, as well as provide an additional 
dimension for more precise and accurate 
peptide assignments.2,3 This offers new 
opportunities to reduce workflow bottlenecks 
and provide more efficient results, thereby 
expanding the capabilities for library-based 
approaches in quantitative proteomics.
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