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Introduction 
Human blood is a highly interesting sample that can be readily collected and carries information 
from virtually all parts of the human body. Mass spectrometry-based proteomics is the ideal tool 
to explore the plasma proteome in an unbiased fashion. Despite the high interest, until recently, 
just a few hundred proteins could be measured without pre fractionation. The main reason is the 
huge dynamic range of protein abundances in plasma, reported to span more than ten orders of 
magnitude. However, recent advancements in sample preparation, chromatography, and ion 
mobility separation lead to a quantum leap in proteome coverage and throughput achievable. We 
estimate that up to 4,500 proteins can now be profiled in a study with significant room for further 
improvements. 
 

Methods 
Human plasma was depleted using a MARS-14 depletion system (Agilent) automated with a 
UHPLC and downstream sample prep was performed in 96-well format. One UHPLC reaches a 
throughput of 40 samples per day. Samples were analyzed on a Thermo Scientific EASY-nLC 
1200 coupled to a Thermo Scientific Orbitrap Exploris 480. Optionally, a FAIMS Pro was 
connected to the Exploris 480. LC-MS DIA methods were optimized for gradient lengths ranging 
from 1h to 5h. Columns (60cm) were packed in house and delivered a peak capacity of 400-500 
depending on gradient length. DIA data was either directly searched using 
SpectroMine/Spectronaut (Biognosys) or analyzed with a library using Spectronaut (Biognosys). 
 
Preliminary Data  
First, we looked at the influence of an additional ion mobility separation dimension (FAIMS) on 
the measurement of depleted plasma. For a 2h gradient we could see a significant increase of 
35% in proteome coverage going from 865 to 1,162 proteins when using ion mobility separation 
(FAIMS). 

Next, we monitored the proteome coverage in dependence of gradient length by optimizing ion 
mobility methods from 1h to 5h. With a 1h gradient we could identify 1,050 proteins in a single 
run increasing to 1,750 proteins for a 5h run using direct searching of the DIA data.  

Finally, we wanted to extrapolate those numbers to a library workflow and to cumulative study 
numbers. For that purpose, we analyzed a human plasma cancer study with 180 samples with 
directDIA and using an optimized library. Based on this experiment we determined that in 
depleted plasma a library workflow typically yields 155% of proteome coverage and cumulative 
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study numbers amount to 245% compared to direct searching of single DIA plasma runs. Based 
on these percentages we extrapolate that the platform presented here could provide up to 2,900 
proteins quantified on average per sample and 4,500 proteins profiled cumulatively in a study 
using a pure single shot per sample workflow. 

We hypothesize that these massive gains in proteome coverage are caused by the inherent 
protein abundance distribution of plasma. It seems that current methods reached the point of 
highest protein density in plasma and hence any improvements in dynamic range lead to 
significant increases in proteome coverage. 

Going forward we see possibilities for improvements on every step in the workflow cumulatively 
pushing the boundaries of unbiased, ultra-deep plasma profiling in the coming years. Proteomics 
in plasma will become an indispensable tool for precision medicine and will deliver biomarkers 
used as surrogate endpoints in clinical trials. 
 
Novelty aspect 
A high throughput sample preparation and LC-MS setup is estimated to profile up to 4,500 
proteins in human plasma studies. 
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