
Reanalysis of Orbitrap Astral DIA data demonstrates the capabilities of MS/MS-free
proteomics to reveal new biological insights in disease-related samples

Mark V. Ivanov1*, Anna S. Kopeykina1, Mikhail V. Gorshkov1

1V. L. Talrose Institute for Energy Problems of Chemical Physics, N. N. Semenov Federal
Research Center of Chemical Physics, Russian Academy of Sciences, 119334 Moscow,
Russia

*E-mail: markmipt@gmail.com

Abstract

Data-independent acquisition (DIA) became a method of choice for quantitative proteomics.
With the advent of the combination of Orbitrap FTMS and asymmetric track lossless analyzer
Astral these DIA capabilities were further extended with the recent demonstration of
quantitative proteomic sample analyses at the speed of up to hundreds of samples per day.
In particular, the dataset containing brain samples related to the multiple system atrophy was
acquired using 7 and 28 min chromatography gradients and the Orbitrap Astral mass
spectrometer (Guzman et al., Nat. Biotech.2024). In this work, we reanalysed the Orbitrap
Astral DIA data using MS1 spectra without applying to fragmentation information using the
recently introduced DirectMS1 approach. The results were compared with previous study of
the same sample cohort by traditional long gradient DDA analysis. While the quantitation
efficiency of DirectMS1 was comparable, we found additional five proteins of biological
significance relevant to the analyzed tissue samples. Among the findings, DirectMS1 was
able to detect decreased caspase activity for Vimentin protein in the multiple system atrophy
samples which was barely observed from MS/MS-based methods. Our study suggests that
DirectMS1 can be an efficient MS1-only addition to the analysis of DIA data in quantitative
proteomic studies.

Introduction

A recent study showed possibilities of a new combination of Orbitrap FTMS and asymmetric
track lossless analyzer (Astral) in data-independent acquisition (DIA) for high-throughput
proteomics with the capability to analyze up to 200 samples per day.1 This capability was
demonstrated using brain tissue samples related to the multiple system atrophy analyzed
previously by standard long-gradient label-free quantitative proteomics based on
data-dependent acquisition method (DDA) using Orbitrap HF-X.2

In our previous study, we compared quantitation performance of our recently
introduced DirectMS1Quant method with DIA-NN-based proteomic data analysis using the
benchmark dataset consisting of a mix of E. coli proteome and UPS proteins at predefined
concentrations.3 The comparison was performed for our own experimental data obtained
using 5 min LC gradient MS1-only acquisition on FAIMS-Orbitrap Lumos mass spectrometer
and publicly available DIA data for the same samples acquired earlier employing 90 min LC
gradient on Orbitrap Lumos without FAIMS interface.4 That comparison demonstrated that
the ultrafast proteomic analysis based on DirectMS1 method provides quantitation
performance to the long-gradient DIA and significantly outperforms the latter for low
concentration differentially expressed proteins present in the sample at the few fmol level.
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Another important point derived from the mentioned comparison was that the efficient
quantitation does not really depend on the number of identified and quantified proteins for a
number of reasons. First, a majority of these proteins do not pass the significance thresholds
when it comes to finding the differentially expressed one's due to their underrepresentation
by the corresponding peptides in MS/MS spectra. The latter is especially true in case of DDA
analyses, where 50% of proteins are typically identified by one or two peptides. Second,
some methods use non standard FDR control which makes comparison of any numbers
between methods dubious. The latter is especially true in case of DIA analyses. For example,
the popular DIA search engine DIA-NN uses a two-species library FDR approach or single
N-terminal amino acid replacement for decoy sequence generation.5 Both approaches are
not well-studied and widely-accepted in target-decoy practices routinely used by DDA search
engines. And finally, there are many situations which could lead to wrong estimation of LFQ
values even for true peptide/protein identifications.6

The Orbitrap Astral provides parallelized acquisition of MS1 and MS/MS spectra at
the MS/MS scanning rate of ~200 Hz and the isolation window down to 2 Th in DIA
implementation, that positions this instrument as a method of choice in quantitative
proteomics.7 However, the MS/MS-based quantitation, typically employed in DIA, has
limitations, especially in the ultrashort LC gradient implementations and may miss, or
underscore the important biological insights of the samples under study due to extremely
high MS/MS signal interferences. At the same time, because of the parallelization, the
proteomic data acquired using this novel instrument contain quite a number of MS1 spectra
even from the short LC gradient analyses compared with the earlier versions of Orbitraps. It
makes these data a valuable source for reanalysis using MS1 spectra which give researchers
additional capabilities for revealing biologically relevant information from the same data
otherwise uncovered in MS/MS spectra. There are several studies which explore the usage
of MS1-based quantitation instead of MS/MS-based in DIA approaches.8–11 However, they all
are about using MS/MS spectra for identification and MS1 signals for quantitation. Here, we
performed the MS1-only spectra reanalysis of the Orbitrap Astral DIA data obtained for brain
samples related to the multiple system atrophy (MSA), which were acquired using 7 and 28
min LC gradients.1 For the validation of the results we compared them with the ones reported
in the recent study of the same sample cohorts by traditional 3h-long LC DDA.

Methods

Datasets. Data for the post-mortem brain tissue samples from the prefrontal cortex of 43
MSA patients and 27 normal controls were reanalysed in this study. The datasets were
consisted of three groups: 180 min LC gradient DDA data obtained using Orbitrap Q-Exactive
HF-X2; and Orbitrap Astral’s narrow-window DIA (nDIA) data obtained using two LC
gradients, 7 and 28 min1. 7 min data were acquired in three technical replicates, while 28 min
and 180 min in one only.

DirectMS1 reanalysis. Raw files were converted into mzML format using
ThermoRawFileParser12 (v. 1.3.4). Peptide features in MS1 spectra were detected using
biosaur213 (v. 0.2.19) which is freely available at https://github.com/markmipt/biosaur2 under
Apache 2.0 license. Biosaur2 utility automatically extracts MS1 spectra from DIA data which
are, then, used for detecting all peptide-like 13C isotopic clusters. For protein identification,
the detected features were analyzed using MS1 search engine ms1searchpy14 (v. 2.7.3), also
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freely available at https://github.com/markmipt/ms1searchpy under Apache 2.0 license.
Parameters for the search were as follows: 5% FDR, minimum 1 scan for detected peptide
isotopic cluster; minimum one visible 13C isotope; charge states from 1+ to 6+, no missed
cleavage sites, carbamidomethylation of cysteine as a fixed modification and 8 ppm initial
mass accuracy, and peptide length range of 7 to 30 amino acid residues. DeepLC15 (v. 1.1.2)
software was employed for predicting retention time of peptides, the information submitted to
the ms1searchpy engine. DirectMS1Quant algorithm3 (distributed along with ms1searchpy)
with default settings was used for detection of differentially expressed proteins which are 5%
quantitative FDR with Benjamini Hochberg correction, two standard deviations of background
proteins for fold change threshold and intensity normalization by 1000 quantified peptides
with maximal intensities. Jupyter notebook with Python code to reproduce MS1-based
analysis, starting from downloading raw files and ending with output tables with differentially
expressed proteins, is available at https://github.com/markmipt/astral_brain_reanalysis/
repository. It can be used as is without any modification on the Linux-based operating
systems. Importantly, the code can be easily adopted by the researchers with minimal Python
experience as it provides clear and straightforward instructions within the DirectMS1
workflow. Searches were performed against the Swiss-Prot human database, containing
20241 protein sequence. Decoy protein sequences for controlling FDR were generated by
the pseudo shuffle method3 built-in ms1searchpy.

Results and discussion

Note that despite the absence of ground truth knowledge of differentially expressed proteins
and their real fold changes, the real-world samples with the known biological essence are the
preferable platform for evaluating different quantitative proteomic methods compared with the
in-lab prepared benchmarks containing pre-defined mixes of different species. The main
reason for this is a simplicity of benchmark datasets due to a lack of high natural variability of
proteins in the real-world samples significantly exceeding both technical and sample
preparation variabilities.

General overview of the available datasets and identification results are shown in
Figure 1. Expectedly, DirectMS1 analysis provided 4 times less identified proteins compared
to DIA (1550 and 2300 for 7 and 28 min DirectMS1 vs 6600 and 8300 for 7 and 28 min DIA,
respectively). Note that currently achievable depth of proteome DirectMS1 analysis using 5
min LC gradient on the FAIMS-Orbitrap Lumos at 120 000 MS1 resolution settings and three
FAIMS CV values is ca. 3000 protein identifications at 5% FDR for 200 ng of commercial
HeLa standard. As for the number of “quantified” proteins, we found across the literature too
large a variety of definitions, mostly depending on the method of proteome analysis
employed. Commonly, it is defined as the number of identified proteins in at least N samples,
with the coefficient of variation less than 20% and percentage of missing values less than
some threshold. In the DirectMS1 method we report the number of proteins which were
identified in at least 1 sample and have at least 3 peptides with at least 50% non-missed
intensities. At the same time, we believe that the popular reporting purely the number of
“identified and quantified” proteins, as well as the coefficients of variation provide no warranty
for better quantitation results in comparable methods, or tell much about the perspectives of
obtaining biologically important information about regulated proteins and/or cellular
processes.3,6
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Figure 1. Overview of datasets and results obtained using different proteomic analysis
methods.The number of differentially expressed proteins for DIA results and all numbers for
DirectMS1 reanalysis were obtained in this study. The rest of the values were extracted from
the original manuscripts. *Note, that the number of quantified proteins is a union for all runs
without additional FDR control. DirectMS1Quant is able to control quantitative FDR despite a
high level of identification FDR, see Supplementary Figure S2 in previous study3.

Differentially expressed proteins.
DirectMS1Quant reported 76 and 43 differentially expressed proteins (DEPs) for 7 and 28
min data, respectively (Figure 2a). These numbers were obtained using a fold change
threshold estimated by DirectMS1Quant as two standard deviations of the background
proteins in the sample, and the p-value threshold which was 0.05 with Benjamini–Hochberg
correction. While the list of DEPs for DIA analysis were not provided in the referenced
manuscript, one can recognize approx. 35 and 20 DEPs in Fig.6d for 7 and 28 min data,
respectively. For comparison with MS1-only results, we applied our own fold change and
p-value calculations using LFQ values presented in the Supplemental tables of the above
manuscript. By applying 0.28 and 0.44 log2(FC) thresholds for 7 and 28 min data, these
calculations resulted in 214 and 47 DEPs for 7 and 28 min data, respectively. Note that both
p-values and fold change thresholds cannot be directly comparable between the methods
and the higher number of DEPs itself does not mean a better quantitation.

Next, we performed validating the results provided by DirectMS1Quant and DIA. First,
we looked at the intersection between our results and DEPs reported earlier for the same
samples using long-gradient deep proteome DDA analysis. As shown in Figure 2b, 10, 8, 29,
and 9 DEPs found in MS1 7 min, MS1 28 min, DIA 7 min, and DIA 28 min data, respectively,
were confirmed by DDA. Surprisingly enough, DIA 7 min analysis outperforms all other
methods, in spite of that 28 min DIA resulted in more identified and quantified proteins. This
observation further supports our viewpoint on the overstated importance of the number of IDs
compared with the number of DEPs when it comes to expression proteomics applications.
The number of replicates is more important for quantitative proteomics, which further
stresses the importance of developing high-throughput acquisition methods. Indeed, as
shown in this and referenced studies the difference between 7 and 28 min results within one
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method, DIA or DirectMS1, can be easily explained by using triple replicates when acquiring
7 min data. Indeed, the number of differentially expressed proteins from a single 7 min
replicate are shown in Fig. 2c which is way below the results from a single 28 min replicate
for both methods. Further comparison of triple 7 min replicate with single 28 min replicate
shows that spending more instrument time for technical replicates is more useful for
quantitation than for longer gradients. In the context of the above discussion, it would be
quite logically to ask, how many of DEPs reported by short gradient DIA and DirectMS1
methods and then confirmed by long gradient DDA analysis of the same samples? This is
shown in Figs. 2b and 2d. Again, shorter gradient allowing performing more technical
replicates results in more confirmed DEPs in spite of smaller number of IDs. Importantly to
note here, that DirectMS1 applied to 28 min data produced a similar number of DEPs as 28
min DIA as shown in Figs.2c and 2d. This is not the case for 7 min data, Figs.2a and 2b,
because the number of extracted MS1-only spectra from these data were only ca. 660.
Speaking of DirectMS1 performance when data are acquired in MS1-only mode this number
of MS1 spectra would correspond to 1-2 min gradient analysis on state-of-the art Orbitrap MS
at 120k resolution (see, more detailed DirectMS1 method description elsewhere.16 Yet, even
in this case, the numbers of DEPs confirmed by DDA analysis were comparable. From this
viewpoint, it would be fairer to compare single 28 min replicate DirectMS1, which
corresponds to 7 min MS1-only acquisition in terms of the number of obtained MS1 spectra,
with single 7 min replicate DIA. As shown in Figs. 2c, DirectMS1 outperforms in the number
of reported DEPs. Two proteins, P02675 (Fibrinogen beta chain) and P02679 (Fibrinogen
gamma chain), were confirmed by all 5 quantitation methods (7 min and 28 min DirectMS1, 7
and 28 min DIA, and 180 min DDA) (see Supplementary Table 1). It was not surprising, as
the previous DDA-based study has shown that fibrinogen accumulation is one of the key
processes associated with MSA. In addition, one more fibrinogen protein, P02671
(Fibrinogen alpha chain) was reported as differential expressed by four quantitation methods
except the 28 min DIA. However, the latter provided fold change estimation close to the other
methods (log2(FC)=0.37; uncorrected p-value of 0.014), and this protein marginally missed
both fold change and p-value thresholds.

To further elaborate on this issue, note that 120k MS1 spectra resolution provides a
better number of identified proteins for the DirectMS1 method compared with the 240k
resolution used in the referenced Astral’s work. Moreover, we expect that the difference in
quantitation results in terms of reported DEPs may be even more dramatic. Indeed, among
660 MS1 extracted from the Orbitrap Astral 7 min data, only approximately 550 contained
peptide signals (Fig. 3a). The distribution of the number of MS1 scans per matched peptide is
shown in Fig. 3b. Most of the detected peptide isotopic clusters are presented only in one,
two, or three scans. Despite that, completeness for peptides belonging to reported DEPs
across the samples is still good (Fig. 3c). The distribution of the number of MS1 scans for
those peptides is shown in Fig. 3d. We can see practically no peptides with 1 or 2 MS1 scans
per profile for the reported DEPs. This means that one needs more than 3 MS1 scans per
profile to extract peptide intensity apex accurately enough for a protein to pass statistical
thresholds in the further quantitation analysis. Thus, one should expect that 7 min data
acquisition with 120k as we usually do for DirectMS1 method would be closer to the results
obtained here for the 28 min LC with 240k due to higher coverage of peptide elution profiles
with MS1 spectra. The above considerations allow expecting, even for the Orbitrap MS of
previous generations, close or even better quantitation results when using DirectMS1 method
in MS1-only acquisition mode with triple 7 min replicates of 120k resolution per MS1 spectra
compared with DIA analysis of the same duration .
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Figure 2. Venn diagrams for reported differentially expressed proteins for: (a,b) - 7 min
DirectMS1 (in triple replicates), 28 min DirectMS1, 7 min DIA (in triple replicates) and 28 min
DIA data; and (c,d) - 7 min data were used in single technical replicate. (a,c) - all reported DE
proteins; (b, d) - reported DE proteins confirmed by work based on 180 min LC DDA data.
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Figure 3. (a, b) Distribution of detected peptide isotopic clusters by (a) experimental retention
time and (b) number of MS1 scans pep peptide elution profile. Blue color shows all detected
MS1 features; orange color shows those which are matched to any peptide in the database
by ms1searchpy; and green color shows those which are matched to peptides belonging to
the list of proteins identified at 5% FDR. The data is shown for a randomly chosen file from
the data set. (c, d) Distribution of quantified peptides in DirectMS1 analysis of 7 min LC data
by (c) non-missing intensity values across all analyzed files; and (d) average number of MS1
scans per peptide elution profile for peptides belonging to reported differentially expressed
proteins.

Analysis of novel DirectMS1-only proteins.We found 5 proteins which were reported as
DEPs only by DirectMS1: P02792 (Ferritin light chain), P06576 (ATP synthase subunit beta,
mitochondrial), P08670 (Vimentin), Q14CZ8 (Hepatic and glial cell adhesion molecule) and
Q6YN16 (Hydroxysteroid dehydrogenase-like protein 2) (Table 1). Note that these proteins
were identified and quantified in DIA analysis although their estimated fold changes were
twice less compared to the ones reported by DirectMS1. Interestingly, the DIA analysis
returned twice more quantified peptides for those proteins compared with DirectMS1, and
probably the variations of their intensities in the MS/MS-based analysis precluded them from
passing statistical significance threshold by p-value. In the following, we performed a
literature search to prove that these findings make sense from the biological viewpoint rather
than just false reports due to our method’s flaws.
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Table 1. List of proteins reported by DirectMS1 analysis as differentially expressed in both 7
and 28 min datasets and missed in MS/MS-based analyses. p-values are provided in
uncorrected form.

dbname description 28 min data 7 min data

# of quantified
peptides

log2(FC)
(MSA/Control) /

p-value

log2(FC)
(MSA/Control) /

p-value

DirectMS1 DIA DirectMS1 DIA DirectMS1 DIA

P02792 Ferritin light chain 6 13 -1.38 /
3.9E-5

-0.8 /
1.8E-1

-1.01 /
1.9E-4

-0.54 /
3.3E-2

P06576 ATP synthase
subunit beta,
mitochondrial

21 41 -0.72 /
2.3E-3

-0.12 /
2.5E-1

-0.28 /
3.9E-20

-0.15 /
7.2E-3

P08670 Vimentin 31 70 0.6 /
6.1E-4

0.22 /
5.5E-2

0.37 /
2.7E-10

0.23 /
2.1E-4

Q14CZ8 Hepatic and glial
cell adhesion
molecule

10 27 -0.64 /
2.3E-4

-0.25 /
6.4E-3

-0.34 /
1.9E-4

-0.16 /
8.0E-4

Q6YN16 Hydroxysteroid
dehydrogenase-like
protein 2

17 40 -0.47 /
1.2E-3

-0.12 /
3.4E-2

-0.38 /
3.2E-4

-0.1 /
5.0E-6

P02792 protein. Anomalous metal distribution is characteristic of both
neurodegenerative diseases in general and alpha-synucleinopathies, such as multiple
system atrophy in particular.17–19 Hence, examining the pathogenesis of this disease
specifically focuses on the increase in iron concentration in subcortical brain structures in
combination with the imbalance of iron metabolism regulator proteins.20 Our analysis of
samples from the prefrontal cortex revealed a decrease in the level of the protein P02792
(light chain of ferritin) relative to controls, as was previously demonstrated
immunohistochemically in human brain samples.21 However, in previous studies, statistically
significant differences in ferritin levels in human brain tissues22 and mouse model lines23 were
not observed, although there was a tendency towards a decrease in protein levels. Given that
iron levels in this brain area are stable21,22, one can indirectly infer an increase in free
bioavailable iron in the prefrontal cortex of MSA patients. This can contribute to increased
oxidative stress due to the production of reactive oxygen species (ROS). ROS, in turn, can
damage DNA and mtDNA, carbonylate proteins, inducing lipid peroxidation with cell
membrane damage.24 Additionally, it has been shown that in vitro aggregation of α-synuclein
is triggered by increased concentrations of trivalent iron.25 These processes collectively form
a 'vicious cycle' that contributes to the death of neural cells and the progression of MSA. A
broader understanding of iron homeostasis in various brain structures in such patients may
shed light on the mechanisms underlying the development of this disease and establish
accurate causal relationships in molecular cascades.
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P08670 and Q14CZ8 proteins. Changes in the expression of other proteins, such as
P08670 (Vimentin) and Q14CZ8 (hepatic and glial cell adhesion molecule), can be linked to
neuroinflammation caused by cytoplasmic cellular inclusions, glial activation, and neural cell
apoptosis.26–28 It has been shown that the astrogliosis developing in MSA affects both cortical
and subcortical structures.29–31 Such activation of the immune system increases the number
of reactive astrocytes, which widely express mesenchymal markers.32 This assertion is
supported by other differentially expressed proteins reported in our study (Supplementary
Table 1), where an increase in several mesenchymal markers (VIM+, FIBG+, FIBB+) and a
decrease in the expression of epithelial markers (GJB6-, MATR3-) can be observed.
Moreover, the increase in Vimentin expression in MSA was also previously demonstrated in
transcriptomic analysis.33 Limited literature exists on the protein Q14CZ8, which is primarily
mentioned in the context of various types of cancer, rather than the neurodegenerative
diseases. For example, it has been shown to inhibit proliferation, migration, and invasion of
cancer cells.34,35 Extrapolating these findings to neural tissue, it can be said that the number
of mesenchymal markers increases due to gliosis activation in MSA.

P06576 protein. Based on the literature, one of the components of MSA pathogenesis
is dysfunction of the electron transport chain, resulting in increased oxidative stress due to
reduced COQ2 expression, leading to the corresponding reductions in CoQ and ATP levels in
the motor cortex, cerebellum, and pons.36–38 According to our findings, the decrease in ATP
levels in the prefrontal cortex may be associated with ATP synthase dysfunction due to
decreased expression of the protein P06576 (ATP synthase subunit beta). Changes in the
expression of ATP synthase subunits can also disrupt cellular energy metabolism and lead to
mitochondrial dysfunction, as seen in other neurodegenerative diseases.39

Q6YN16 protein. The protein Q6YN16 (hydroxysteroid dehydrogenase-like protein 2 -
HSDL2) is involved in fatty acid metabolism and is well associated with the progression of
various types of cancer.40,41 For example, it has been shown that in various types of gliomas,
overexpression of this protein induces proliferation and increases cell survival, while gene
knockdown leads to apoptosis and cell cycle arrest.42 In contrast to the previous study, a
recent report demonstrated that knockdown of HSDL2 led to inhibition of ferroptosis in
cholangiocarcinoma cells, thereby promoting cancer progression.43 This was achieved
through the regulatory factor p53, which is also active in neurodegeneration.44 In this regard,
it can be hypothesized that the reduction of HSDL2 expression in MSA acts as
neuroprotection for brain cells prone to ferroptosis.45

Interestingly, a number of proteins typically associated with MSA (α-Synuclein,
Ubiquitin, α- and β-Tubulins, αB-Crystallin, Tau, MAPs proteins)46 were not found to be
differentially expressed proteins in both our and original DDA/DIA studies, which can be
explained by the region from which the samples were taken. However, based on our results,
we can infer molecular changes affecting the prefrontal cortex, including regulation of iron
metabolism, mitochondrial dysfunction with increased oxidative stress, induction of
ferroptosis, and neuroinflammation. Based on the existing literature, one can conclude that
complex multilevel cascades exist and their functioning levels vary among different patients
with different forms of MSA. Therefore, a more detailed investigation is necessary, including
experimental groups categorized by both clinical criteria and brain regions. A more
comprehensive review of the issue can be found elsewhere.47–51

More on the Vimentin protein in view of caspase activity. During manual inspection of DEPs
reported by DirectMS1 method, we noticed that most valuable information showing

.CC-BY-NC-ND 4.0 International licensemade available under a
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is 

The copyright holder for this preprintthis version posted April 1, 2024. ; https://doi.org/10.1101/2024.04.01.587550doi: bioRxiv preprint 

https://www.zotero.org/google-docs/?hs1DRW
https://www.zotero.org/google-docs/?YdM54n
https://www.zotero.org/google-docs/?dsCj4E
https://www.zotero.org/google-docs/?zdj9dJ
https://www.zotero.org/google-docs/?lFiVCA
https://www.zotero.org/google-docs/?7GvYz2
https://www.zotero.org/google-docs/?2o7mDh
https://www.zotero.org/google-docs/?w2gFNY
https://www.zotero.org/google-docs/?MaOMJK
https://www.zotero.org/google-docs/?hG7fee
https://www.zotero.org/google-docs/?MznJY2
https://www.zotero.org/google-docs/?NXjajt
https://www.zotero.org/google-docs/?nhmwBt
https://www.zotero.org/google-docs/?WQegAx
https://doi.org/10.1101/2024.04.01.587550
http://creativecommons.org/licenses/by-nc-nd/4.0/


differential expression of Vimentin protein comes from peptides from the middle (104-236
amino acid positions) and last part (294-410) of the protein sequence (Supplementary Table
2). Literature search52 showed that multiple caspases cleave Vimentin at Asp sites at the
positions 85 and 259, which can explain our observations. Also, according to the MEROPS53

database with a reference to Julien et al. study54, Vimentin can be also cleaved at Asp at
position 90. We expanded our database with three semi-tryptic peptide pairs, LLQDSVD +
FSLADAINTEFK; LLQDSVDFSLAD + AINTEFK; LHEEEIQELQAQIQEQHVQIDVD + VSK for
the cleavage at positions 85, 90 and 259, respectively, and repeated DirectMS1 analysis.
Semi-tryptic peptide intensities were extracted and normalized by the sum of all fully tryptic
peptides belonging to Vimentin protein. Peptide FSLADAINTEFK (Asp85 cleavage) clearly
shows a decrease in normalized intensity for MSA patients samples which is in contrast with
general increase of Vimentin protein for the MSA group (Figure 4a). This counter move of the
concentration of the protein and one of its peptides is one of the important indications of
ferment activities. Its paired peptide AINTEFK was detected only in 28 min DIA data and
shows the same fold change direction but with no significant difference (Fig. 4b). Also, we
were able to detect difference in expression of peptide AINTEFK (Fig. 4c), but the statistical
significance and changes are much smaller compared to the cleavage at Asp85 observed for
FSLADAINTEFK. The rest of semi-tryptic peptides were detected in some runs, but we
assume that they are mostly false matches. All mentioned results have a low chance of
coincidence despite the fact that DirectMS1 method do not control peptide-level FDR. To
further validate our findings and prove that these are not just MS1 features belonging to any
protein whose level is decreased in case of MSA samples, we made a classic DDA closed
search using the MSFragger55 search engine. The search parameters were standard except
precursor and fragment mass tolerances were set at 10 ppm and 0.02 Da, respectively. Also,
the isotopic error parameter was turned off to decrease search space and to obtain more
conservative results. Peptide FSLADAINTEFK was identified only in 4 of 75 DDA files and all
MS/MS spectra had different retention times. Only one identified MS/MS spectra had RT
(119.54 min) corresponding exactly to the MS1 peptide feature reported by biosaur (starting
from 119.48 min, ending 119.69 min, intensity apex at 119.61 min) and identified as
FSLADAINTEFK peptide in DirectMS1 workflow. Also FSLADAINTEFK was matched by 15
fragment ions of 22 theoretical ones which is considered as an extremely good coverage
(Fig. 4d). More interesting is that 3 hour DDA analysis was not able to detect this peptide in
74 of 75 experimental runs. Peptide AINTEFK was identified in 31 DDA runs with 8 matched
ions of 12 theoretical fragments. Peptide LLQDSVD was not identified in DDA analysis at all.
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Figure 4. (a-c) Boxplots with intensities of different semi-tryptic peptides of Vimentin protein
for 3 data sets: 7 min and 28 min DIA Astral data and 180 min DDA HF-X data. Fold changes
are calculated as an MSA group divided by the Control group. Peptide intensities were
normalized by the sum of all peptide intensities belonging to Vimentin protein. p-values were
calculated using independent t-test with no correction. (d) Matched MS/MS spectrum of
FSLADAINTEFK peptide.

It has long been shown that cleavage of Vimentin at the sites described above signals
on the activity of the mitochondrial-dependent apoptosis pathway through the activation of
initiator and effector caspases and the assembly of the apoptosome.56 Vimentin is one of the
substrates for effector caspases 3, 6, and 7, and its cleavage products serve as a
pro-apoptotic signal leading to cell death.52 Based on our data, it can be concluded that the
activity of effector caspases 3, 7, and 6 towards Vimentin protein is reduced in MSA. The
reasons for such functional changes are speculative. On the one hand, many publications
report an increased activity of both initiator and effector caspases, as well as proteins
involved in apoptosome assembly.57–60 On the other hand, the activity of these proteins has
been associated with intracellular inclusions from subcortical brain structures59 or data
obtained from cellular models57,58. Of course, there is no doubt about the progressive
development of neuroinflammation in subcortical brain structures in MSA. Perhaps the
decrease in the mitochondrial-mediated apoptosis pathway in cells of the prefrontal cortex is
associated with the activity of other forms of cell death, such as ferroptosis or autophagy.45,61

Alternatively, effector caspases may change their substrate specificity and/or activity to
protect cells from death in as yet unaffected parts of the brain. The question also remains
open: are our data related to the specificity of cell material collection and the region from
which it was taken, or do they represent incompletely understood biological processes?
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Conclusions
Over the last few decades, mass-spectrometry based proteomics is focusing on optimization
of fragmentation methods for protein identification and quantitation and there is no exception
for the recently introduced state-of-art Orbitrap Astral. This work validates our earlier
attempts to demonstrate a potential for MS1-only spectra processing methods for proteomics
which are rarely considered as standalone solutions for protein expression analysis. Indeed,
this work shows that 3000 of MS1 spectra is enough to extract quantitative information about
the proteins similar to the one attainable from 400 000 tandem mass spectra, which can be
acquired by the novel Orbitrap Astral MS operated at the maximum acquisition rate of 200 Hz
in a half an hour analysis. Note that ultrafast proteome-wide analysis in a minute time scale is
the primary avenue for DirectMS1 method that make it well-suited for biomedical and clinical
applications, in which quantitative capabilities of a method and, often, its simplicity are the
important issues for consideration. However, we show in this work that the MS1-only spectra
reanalysis of previously acquired MS/MS-based proteomic data, either DIA, or DDA, may
bring new biological insights on the samples under study. Specifically, the method identified
additional five differentially expressed proteins which can be associated with MSA disease,
while these proteins were missed in MS/MS-based DIA quantitation. Note also on the
principal difference between DirectMS1 and MS1 spectra quantitation currently employed in
proteomics. The latter relies on the intensities of peptide ions in MS1 spectra which were
found to match the underlying MS/MS spectra. DirectMS1 takes into account all peptide-like
features detectable in MS1 spectra and uses them all for protein identification and
quantitation that adds quantitation power to the method.
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