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Abstract 

Background and aims. Proteome-based biomarker studies are targeting 
proteins that could serve as diagnostic, prognosis, and prediction molecules. In the 
clinical routine, immunoassays are currently used for the absolute quantification of 
such biomarkers, with the major limitation that only one molecule can be targeted 
per assay. The aim of our study was to test a mass spectrometry based absolute 
quantification method for the verification of plasma protein sets which might serve as 
reliable biomarker panels for the clinical practice.

Methods. Six EDTA plasma samples were analyzed after tryptic digestion using 
a high throughput data independent acquisition nano-LC Q-TOF UDMSE proteomics 
approach. Synthetic Escherichia coli standard peptides were spiked in each sample 
for the absolute quantification. Data analysis was performed using ProgenesisQI v2.0 
software (Waters Corporation).

Results. Our method ensured absolute quantification of 242 non redundant 
plasma proteins in a single run analysis. The dynamic range covered was 105. 86% 
were represented by classical plasma proteins. The overall median coefficient of 
variation was 0.36, while a set of 63 proteins was found to be highly stable. Absolute 
protein concentrations strongly correlated with values reviewed in the literature.

Conclusions. Nano-LC Q-TOF UDMSE proteomic analysis can be used for a 
simple and rapid determination of absolute amounts of plasma proteins. A large number 
of plasma proteins could be analyzed, while a wide dynamic range was covered with 
low coefficient of variation at protein level. The method proved to be a reliable tool for 
the quantification of protein panel for biomarker verification in the clinical practice.
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Background and aims
Proteomic based biomarker studies are targeting 

proteins that could serve as screening, diagnostic, staging, 
prognosis, prediction and monitoring molecules in the 
clinical practice. Several factors have contributed to the 
expansion of biomarker studies worldwide. First of all, 
there is an ever increasing number of biobanks offering 
high quality biospecimens for investigations [1]. The 
sample type most commonly used for protein biomarker 
research is blood. Blood samples, such as plasma, which 
are collected in a non-invasive manner by using well 
established and low cost techniques, are considered 
“ideal fluids” for research. Moreover, plasma encloses 
proteins from the whole body and a single sample offers 
a wide range of information, which has also recently been 
reviewed with regard to cancer biomarkers [2]. Secondly, 
mass spectrometry (MS) has emerged as a high resolution 
technique offering a wide range of applications in proteomic 
research. A single run analysis allows for protein profiling, 
targeted analysis, as well as quantitative measurement of 
a high number of proteins. Recently, Sabbagh et al. [3] 
reviewed MS based protein quantification methods and 
showed that multiple reaction monitoring (MRM) and 
data-independent acquisition (DIA) appear to be the most 
suitable techniques for the clinical practice. Nevertheless, 
determining the absolute concentration of plasma proteins 
and implementing such a method for the clinical practice 
remain a challenge.

Currently, immunoassays are employed for 
biomarker verification as well as quantitative measurements 
of proteins in the clinical practice. Although the enzyme-
linked immunosorbent assay (ELISA) is currently 
considered the “gold standard” in the clinical laboratory 
practice, there are several limitations of the ELISA over 
MS-based approaches and their broader applicability in 
the clinical practice. ELISA based absolute quantification 
of biomarkers is affected by the method of blood sample 
collection [4]. Using MS based methods, proteins can 
be detected based on their unique mass to charge ratio 
precursor peptides, whereas no antibody interference or 
cross reactivity can occur. ELISA methods offer accurate 
quantitative determination for a single protein, whereas MS 
based methods offer quantification of hundreds of proteins 
in a single run [5]. Moreover, the syntheses of antibodies 
for every protein, as well as the entire assay production 
itself, are time consuming, laborious, and expensive. The 
introduction of ELISA based assays in the laboratory 
practice has therefore been delayed.

Hence, the aim of our study was to test a simple and 
rapid absolute quantification method for the verification 
of plasma protein sets which might be used as reliable 
biomarker panels in the clinical practice. The method uses 
synthetic Escherichia coli (E. coli) standard peptides for 
the absolute quantification as described earlier by Silva et 
al. [6] and was adapted for the analyses of blood plasma 

using a high throughput data independent acquisition nano-
LC Q-TOF UDMSE proteomics approach.

Methods
Study design
Six healthy young volunteers (three males, three 

females, aged 24 to 29) were enrolled in this study. At 
the blood donation facility of the University Medicine 
of Greifswald, Germany, one venous blood sample 
was drawn from each subject in BD Vacutainer® tubes 
(Becton Dickenson, Heidelberg, Germany) containing 
ethylenediaminetetraacetic acid (EDTA) using standard 
venipuncture technique. EDTA tube characteristics and 
plasma preparation recommendations can be found in 
Ref. [7]. The plasma was obtained following the tube 
manufacturer’s protocol, and aliquots were stored at -80 
°C until processing. The study was conducted with respect 
to the WMA Declaration of Helsinki. Prior to the sample 
collection, all study participants signed a document of 
informed consent. The study was approved by the Ethics 
Committee of the University Medicine Greifswald, 
Germany.

Protein tryptic digestion
Protein digestion was done according to Ilies et al. [8]. 

Bradford Assay (BioRad Laboratories, Munich, Germany) 
was used for the protein concentration determination [9]. 
Reduction (2.5 mM dithiothreitol, 1 h, 60 °C) and alkylation 
(10 mM iodoacetamide, 15 min at 37 °C) was employed 
for each of four µg of sample. Trypsin (Promega, Madison, 
WI, USA) was used for the enzymatic digestion (1: 25 
protease: protein ratio, 16 h, 37 °C). The digestion reaction 
was quenched with 1% acetic acid, samples were desalted 
using ZipTip µC18 (Millipore Cooperation, Billerica, MA, 
USA), and the eluted peptides were lyophilized. Hi3 E. coli 
standard peptides (protein disaggregation chaperone ClpB, 
186006012, Waters Corporation, Milford, MA, USA) were 
spiked in each sample (1.65 fmol/100 ng) for the absolute 
quantification. Samples of 0.1 µg/µL final concentration in 
0.1% acetic acid: acetonitrile (98:2 v/v) were subjected to 
LC-MS/MS analysis.

Nano-LC Q-TOF UDMSE protein identification 
and absolute quantification

Proteins were identified according to Ilies et al. 
[8]. 200 ng peptides were analyzed by reversed phase 
chromatography using an ACQUITY UPLC® M-Class HSS 
T3 column. A non-linear gradient of 7% to 60% acetonitrile 
in 0.1% acetic acid within 105 min at a flow rate of 400 nL/
min was employed. For the detection of the eluted peptides, 
an on-line coupled travelling wave ion-mobility-enabled 
hybrid quadrupole orthogonal acceleration time-of-flight 
mass spectrometer (SYNAPT G2-Si HDMS, Waters 
Corporation) was used. Data acquisition mode was set to 
independent acquisition, whereas collision voltage ramping 
was set according to our previous study [8]. MassLynx™ 
Software Version 1.53.1398 (Waters Corporation) was used 
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for data acquisition.
LC–UDMSE raw data was processed with the 

Progenesis QI v2.0 (Waters Corporation) software, with 
automated peak picking and alignment of the ions. The built-
in search engine of Progenesis was employed for the spectra 
search against a Uniprot/ Swissprot database (06/2016) 
limited to human entries (20151) and extended by the amino 
acid sequence of the three peptides with highest signal 
intensities of the spike-in standard (LPQVEGTGGDV 
QPSQDLVRNNPVLIGEPGVGKVTDAEIAEVLAR). 
Enzyme specificity was trypsin and a maximum of 1 
missed cleavage was allowed. Carbamidomethylation of 
cysteine was set as fixed modification and oxidation of 
methionine as a variable modification. A false discovery 
rate of less than 4% was set as search tolerance parameters. 
Proteins were considered as significantly identified when 
the following ion matching requirements were fulfilled: 
fragments/peptide ≥2, fragments/protein ≥5 and peptides/
protein ≥1, confidence score of ≥5. Absolute protein 
quantification was performed on the spiked in amount of 
the E. coli standard peptide using the absolute quantitation 
feature of the Progenesis QI software, which is based on the 
method described by Silva et al. [6].

Bioinformatics analysis
Exported data were filtered for valid values per 

protein and all proteins for which the signal to noise ratio 
did not allow absolute quantification were excluded. The 
absolute amount was further calculated in µmol/L of plasma 
analyzed. Results on protein variation were presented as 
coefficient of variation (CV).

Results
Characterization of the blood proteins
Using UDMSE a total number of 242 non-redundant 

plasma proteins were absolutely quantified in every one of the 
six individual samples analyzed. Each of these proteins was 
characterized by 18 unique peptides (median). The absolute 
concentration of every protein was calculated based on the 
3 peptides with the highest signal intensities in comparison 
to the TOP3 intensities of a spike-in standard with known 
absolute amount. To ensure that the same 3 peptides of the 
6 E. coli standard peptides were used throughout the runs, 
the runs were previously screened for the highest and most 
robust standard peptide intensities. Only the sequences of 
those 3 peptides instead of the whole E. coli ClpB protein 
sequence were added to the human database. Subsequently, 
absolute amounts per loaded sample as well as plasma 
concentrations were calculated for each plasma protein.

Based on the average concentration, 86% were 
represented by classical proteins, known also as secreted 
proteins, whereas a 7% fraction was represented by leakage 
proteins (Figure 1). The plasma protein concentration 
dynamic range covered was 105 with a maximum average 
concentration of 839.79 µmol/L (serum albumin) and a 
minimum of 0.01 µmol/L (serum paraoxonase/lactonase 3).

We further investigated protein variation among the 
quantified protein set. The median coefficient of variation 
was CV= 0.36. Among these, 63 proteins showed a CV≤ 
0.25 and were subsequently considered as the most stable 
protein set. The plasma concentration distribution of the 
most stable protein set in comparison to the complete set is 
illustrated in Figure 2.

Figure 1. Classical and leakage protein distribution.

Figure 2. Plasma concentration distribution of the most stable 
protein set.

Correlation with reviewed absolute values
We compared the absolute concentration correlation 

for the proteins quantified with the absolute amount of 
proteins reported in the literature. A set of highly and 
medium abundant proteins were reviewed by Hortin et 
al. [10], with 94 proteins being common to our protein 
set. Figure 3 A shows a scatter plot for the corresponding 
Pearson’s correlation with r=0.7664. We also compared our 
results to the protein panel quantified by Percy et al. [11] 
in a multiple reaction monitoring approach (MRM). 88 
proteins of this panel were also identified in our profiling 
study. Figure 3 B shows the corresponding Pearson’s 
correlation with r=0.6710.
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Figure 3. Correlation of plasma concentration with reviewed absolute values.

Figure 4. Sex specific plasma protein concentration as a proof of concept.

As a further proof of concept, plasma concentrations 
of hemoglobin subunits alpha (HBA) and beta (HBB) 
were analyzed in relation to their sex specific plasma 
concentration. HBA and HBB were found in a higher 
concentration among the male (m) plasma samples, 
whereas the pregnancy zone protein (PZP) median plasma 
concentration was higher in the female (f) samples (Figure 
4). Our findings were thus in accordance with published 
results.

Discussion 
While protein profiling using mass spectrometry 

high throughput methods, such as data dependent or data 
independent acquisition, are well established techniques in 

biomarker discovery studies, the determination of absolute 
concentrations in large protein sets remains a challenge in 
the proteomics field [3]. To our knowledge, quantitation 
methods of up to 200 high and medium abundant plasma 
proteins in a single run are only established on MRM 
basis, and currently limited to few specialized laboratories 
[11,12]. Instead, ELISA based methods are routinely used, 
though offering only single protein quantification per assay. 
The aim of the present study was to test the applicability of 
a MSE method for the absolute quantification of proteins 
in plasma previously described by Silva et al. [6], whereas 
some improvements were made. Through a state-of-the-art 
nano-LC Q-TOF UDMSE proteomics approach, we first 
quantified a total number of 242 non-redundant plasma 
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proteins in a single run analysis. Later, we explored the 
protein set in more detail and showed a high correlation 
with absolute values reviewed in the literature.

Silva et al. [6] have established an absolute 
quantification method for proteins by using a single 
standard spike in for a single point calibration and 
demonstrated to be suitable for LC-MSE applications on 
complex protein samples [6]. However, there are some 
differences worth noting when comparing the method 
of Silva et al. [6] and ours. First of all, the spike in we 
employed is a synthetic standard peptide mixture from 
E.coli, whereas Silva et al. [6] used a purified yeast enolase 
digest. Secondly, to overcome a limitation highlighted by 
Silva et al. [6] regarding the accurate selection of the same 
top 3 peptides in every sample, we determined the three 
most stable E.coli peptides among several runs. Thus, only 
these three peptides were included in the peptide database. 
This ensured a non-varying selection of peptides for an 
accurate absolute quantification across all runs.

First, we evaluated the peptides identified on the 
whole as well as the corresponding protein set. As recently 
shown in our previous research, the UDMSE method enables 
the identification of a high number of unique peptides 
ensuring the quantification of a large set of non-redundant 
proteins with good instrument and technical variation [8]. 
The analysis of the plasma samples of this study identified 
242 quantifiable plasma proteins. It was carried out without 
any steps susceptible to variability, such as pre-fractionation 
or depletion of highly abundant proteins. The total number 
of proteins was found to be lower in comparison to the 311 
EDTA plasma proteins quantified relatively after depletion 
of six highly abundant plasma proteins within our previous 
study [8]. This difference is caused by the ion suppression 
effect of the high abundant proteins corresponding peptides 
in the mass spectrometry detector. Thus, the total peptide 
and protein coverage is slightly smaller. This effect is 
also reflected in the overall variation of the proteins. In 
this study, protein variation was found to be higher (CV 
= 0.36) than the variation identified for the depleted 
plasma samples (CV = 0.28) in our previous study [8]. 
Nevertheless, the wide dynamic range of plasma proteins 
itself is also covered by the wide dynamic quantification 
range of 105 of our method, being also in agreement with 
Percy et al. [11] and Domanski et al. [12]. However, the 
overall findings seem to be in accordance with the current 
research status on plasma proteins.

Next, we examined the overall characteristics of the 
large set of the 242 quantified plasma proteins. Our first 
attempt was to determine the general protein coverage. 
Hence, the majority of the proteins were represented by 
classical proteins, predominantly secreted from the liver. 
The set mostly included proteins which are frequently 
tested in clinical laboratories and which are involved in 
important biological processes, such as immune response 
or the coagulation cascade. Among those proteins, we 

disclosed a very stable set of 63 proteins, which included 
medium to highly abundant proteins. Looking into more 
detail, important protein families, such as apolipoproteins, 
complement components, coagulation factors, and carrier 
molecules were among the set. These proteins are involved 
in the metabolic syndrome, coagulation disorders, the 
immune system, and the acute phase response. Therefore, 
their quantification could support screening, diagnosis and 
monitoring of the health status as well as disease related 
alterations. Thus, our method proved to be applicable for 
diverse protein panels.

It is tempting to verify the methodical concept of 
our study. We chose to compare the plasma concentration 
of our quantified proteins with reported values. First, we 
compared our results to the absolute amount of 153 high 
and medium abundant plasma proteins reviewed by Hortin 
et al. [10]. Among these, we found 93 proteins in common 
with our protein set and the absolute concentrations showed 
high correlation. One possible explanation for the fact that 
the correlation was not stronger is the source diversity 
of the reviewed proteins by Hortin et al. [10]. Protein 
concentrations were reported after being obtained by 
different proteomic methods, namely 2D electrophoresis 
and different mass spectrometry approaches. Also, 
concentrations were reported from diverse blood 
specimens, such as plasma and serum. Moreover, some of 
the concentrations could only be reported as an estimated 
value. Therefore, we consider the results of our comparison 
to the data reviewed by Hortin et al. [10] as well-founded.

Furthermore, Percy et al. [11] quantified 142 
proteins implicated in non-communicable diseases using a 
multiplexed MRM approach. Among this set, we found 88 
proteins in common with our protein set and the absolute 
plasma concentrations were found to highly correlate. The 
study of Percy et al. was based on 18 samples taken from 
subjects of very different ages and with different ethnicities, 
as well as an unequal male to female ratio. Moreover, the 
subjects were afflicted with cardiovascular diseases. By 
contrast, biological variance was kept at the lowest level 
possible within our study by ensuring low age difference, 
equal sex ratio and healthy status. It is well known that 
biological variance is an important factor that leads to 
differences in the plasma concentrations of proteins. This 
bias could therefore explain why the comparison of the 
common proteins did not exhibit strong correlation.

Moreover, hemoglobin subunits and pregnancy 
zone protein concentrations were evaluated. HBA and 
HBB plasma levels in the male samples were higher than 
in the female samples, as also reviewed by Murphy et al. 
[13]. Pregnancy zone plasma levels were also in agreement 
with the reviewed values [14], being higher among females 
than males. Altogether, our method is in accordance with 
the current research status on plasma proteins which are 
known to be a reliable matrix of potential biomarkers for 
the clinical use [15].
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Nevertheless, our results need to be verified in larger 
plasma sample sets. Furthermore, technical variations in 
mass spectrometric analyses are substantially higher than 
those of ELISAs developed for clinical diagnosis, and 
have therefore to be considered in the interpretation of the 
results. Plasma protein concentration databases could be 
developed further and could be used for the screening and 
monitoring of the health status.

Conclusions
Our study describes an absolute plasma protein 

quantification method using a state-of-the-art data 
independent acquisition nano-LC Q-TOF UDMSE 
proteomics approach. A high number of proteins in blood 
plasma could be analyzed in a single run, covering a 
wide dynamic range and showing high stability at protein 
level. The method has proven to be a reliable tool for 
the proteomics community, offering a simple and fast 
method for the absolute quantification of blood proteins 
in a single run analysis. Without requiring additional pre-
fractionation steps, which are time consuming and costly, 
and being entirely in accordance with other methods 
currently employed for biomarker research, this method is 
worth further validation over a larger number of samples 
and application for biomarker verification in the clinical 
practice.
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