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Stable-isotope dimethyl labeling is a multiplex mass spectrometry-based quantitative proteomics technique that 

allows determining the relative abundance of proteins or peptides, using isotopomeric tags. Besides being very 

simple and robust, this method is also cost-effective and can be applied in all kinds of biological samples. 

The aim of this project was to down-scale an on-column labeling protocol on to a StageTip, by using isotopomers 

of formaldehyde and cyanoborohydride in order to obtain a light and intermediate dimethyl tags. Firstly this 

technique was applied in a protein standard using MALDI-TOF, where a comparison was made between the in-

solution and StageTip method. It was determined the accuracy for quantification is better with the StageTip 

protocol because more peptide duplets were identified. Then, analysis was carried out on a LC-MS/MS system, 

where more peptides were identified and quantified. After establishing an efficient protocol, a bottom-up proteomic 

analysis was carried out in S. aureus grown in the presence and absence of the supernatant of S. epidermidis. It 

was possible to identify 993 proteins and reliably quantify 650. Amongst these, 41 were found to be upregulated, 

whereas 111 were downregulated. 

In conclusion, it was possible to down-scale the on-column dimethyl labeling method to a StageTip and it was 

shown that it is a reliable method for protein identification and duplex quantification. 
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1. INTRODUCTION 

Proteome is defined as all protein forms 

expressed by a given organism, and contrary to 

the genome, which is relatively static, the 

proteome is in constant change as a response to 

internal and external stimuli [4]. Proteomics is the 

science that is responsible to identify, quantify 

and characterize these products of gene 

expression [16]. 

Due to its rapid and reliable capacity in analyzing 

complex protein samples, sensivity, 

reproducibility and compatibility with high 

throughput strategies, liquid chromatography 

mass spectrometry-based (LC-MS) is one of the 

methods used in proteomic studies [16,17]. 

In quantitative mass spectrometry (MS), protein 

abundance can be obtained either by relative or 

absolute quantitative strategies. Relative 

quantification can be achieved by comparing two 

or more samples using stable isotope-labeling or 

label-free methods [16].  

Stable isotope-labeling methods allow to 

distinguish pairs of chemically identical peptides 

due to their mass difference. Quantification is 

attained by using the ratio of signal intensities of 

the differentially labelled forms of peptides. In 

label free methods, protein quantification does 

not require chemical derivatization steps or 

incorporation of stable isotopes. In absolute 

quantification it is possible to determine the exact 

amount or concentration of a given peptide in a 

sample. As in relative quantification, this can be 

achieved using stable isotope-labeled standards 

or by label free methods. The introduction of 

stable isotopes can be done in vivo, using 

metabolic methods (e.g. SILAC), or in vitro, using 

enzymatic or chemical methods (e.g. iTRAQ, 

ICAT and dimethyl labelling) [11]. 
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Dimethyl labeling is based on the chemical 

reaction of primary amines (present on the N-

terminus and on the side chain of lysines), with 

formaldehyde giving rise to a Schiff base, 

followed by its reduction in the presence of 

cyanoborohydride.  Using different isotopomers 

of formaldehyde and cyanoborohydride, a light or 

heavy dimethyl tag is added on the peptides. 

However if there is a proline on the N-terminus of 

the peptide, the primary amine will only be 

monomethylated [2]. In trypsin digested samples, 

the arginine-cleaved peptides will have a single 

label at their N-terminus, and lysine-cleaved will 

be labeled at the N-terminus and/or on lysine’s 

side chain [10]. 

In Boersema et al. 2009 [2], it is described the 

use three different labels: the light, intermediate 

and heavy labels. The first one results from the 

reaction of primary amines with regular 

formaldehyde (CH2O) and cyanoborohydride, 

leading to a mass increase of 28 Da per primary 

amine. The second one differs from the light 

labeling, as deuterated formaldehyde (CD2O) is 

used, leading to an increase of 32 Da per primary 

amine. The last labeling requires the use of 

deuterated and 
13

C-labeled formaldehyde with 

cyanoborodeuteride, which results in a mass 

increase of 36 Da per primary amine.  

The aim of this project was to develop an efficient 

protocol for stable isotope dimethyl labeling, in a 

StageTip column, to perform relative 

quantification of complex sample of protein 

mixtures by mass spectrometry. 

2. RESULTS and DISCUSSION 

2.1 Dimethyl labelling of a tryptic digest of a 
protein model 

2.1.1 MALDI analysis of dimethyl-labeled 

peptides 

To prove that the dimethyl labeling method allows 

to identify and quantify proteins, the method’s 

reliability was first tested on a model protein, 

bovine serum albumin (BSA). In addition, the 

labeled analytes were also analyzed by MALDI-

TOF. 

Firstly, trypsin digestion was performed in BSA 

samples, using a sodium phosphate buffer pH 

7,5 instead of 8M urea, 50mM Tris-HCl, as the in-

solution dimethyl labeling protocol was to be 

applied afterwards. This alteration was done to 

make sure that the sample would not contain 

primary amines, which are present for example in 

Tris buffer, as they decrease of the in-solution 

dimethyl labeling efficiency [2].  

The in-solution protocol for dimethyl labelling was 

applied using a 1:1 intermediate/light/ (I/L) ratio. It 

was possible to see a clear 4 or 8Da mass 

increase between the arginine or lysine 

containing peptides, respectively, and 11 

peptides were identified, whereas 5 were 

quantified. The average of experimental I/L ratio 

was 1,03±0,34. Using the same trypsin digested 

BSA sample, a StageTip dimethyl labelling was 

performed using a 1:1 I/L ratio. Advantages of 

this adaptation are allowing the use of a small 

amount of sample (i.e. µg), labelling, sample 

clean-up and concentration are performed in one 

step, thus decreasing sample loss and makes 

them ready to be analyzed both in MALDI and 

LC-MS system. Also, as opposite to the in-

solution labeling method, the quenching step is 

avoided and labeling efficiency is not affected by 

primary amine containing compounds. Once 

again, a clear mass shift of 4 or 8Da was 

obtained and 8 peptides where both identified 

and quantified. The average of experimental I/L 

ratio was 0,98±0,11. As the number of duplets 

detected were greater compared to those 

obtained in the in-solution labeling method and 

the importance of their presence for relative 

quantification purposes, the StageTip labeling 
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technique was preferred over the in-solution 

labelling method.  

Proven to be effective, this StageTip dimethyl 

labelling protocol was then applied into a BSA 

digested sample prepared, using 8M Urea, 50 

mM Tris-HCl for protein denaturation and adding 

50mM Tris to dilute the digestion solution. Once 

again, a 1:1 I/L  ratio was used. 8 peptides were 

identified and 6 were quantified and the average 

of experimental I/L ratio was 1,02±0,13. 

Analyzing the experimental I/L ratios obtained in 

the three analysis, it was possible to observe that 

the average ratio of all quantified peptides was 

not 1,00. This could be due to overlapping of 

isotopic clusters, which can occur whenever the 

mass shift is smaller than 4 Da, whenever 

labeled peptide pairs have very different 

expression levels and in the presence of high m/z 

ratio peptides [3]. For these high m/z ratio 

peptides, it is necessary to have a greater 

resolution to resolve the isotopic cluster when the 

mass of the analyte increases. As the resolution 

of analyzers is limited, the various peaks in the 

isotopic cluster combine in a single peak [7], 

resulting in a signal increase of the heavy labeled 

analyte. For this type of labeling, the overlapping 

due to peptide mass increase can occur 

whenever there is a peptide that does not contain 

a lysine or when the peptide has a larger mass. 

This overlapping was confirmed when looking at 

the mass spectra of the tryptic BSA peptides 

RPCFSALTPDETYVPKAFDEK and 

DAFLGSFLYEYSR. 

One way to overcome this problem would be to 

use 
13

C-deuterated formaldehyde instead of the 

CD2O, as this would form a N-(
13

CHD2)2 tag, 

resulting in a mass difference of 6 Da between 

the isotopically labeled peptides [13].  

After analyzing samples with a I/L label mixing 

ratio of 1:1, 1:0,5 and 1:0,25 on MALDI-TOF’s, a 

linear regression of the experimental I/L ratios of 

the identified peptides was plotted. In Figure 1, it 

is possible to see that there is a clear linear 

correlation between the experimental and 

theoretical I/L as the slope close to 1 and the R
2
 

value is 0,99. The obtained standard deviation 

from the three replicates is small, as reported in 

literature [9]. Therefore one can say that using 

small variations of protein abundance, dimethyl 

labeling is an efficient labeling method that allows 

a linear quantification of peptides. 

To finalize it is possible to see in Figure 2 that 

there is no bias towards higher or lower m/z 

ratios, which indicates there was not impact in 

peptide quantification due to m/z increase. 

 

Figure 1 – Linear correlation between the experimental and 
theoretical I/L ratio using a 1:1, 1:0,5 and 1:0,25 light to 
intermediate labeled peptide combinations and performing a 
MALDI-TOF analysis.  The obtained linear regression is 
defined by y = 1,0356x - 0,0095 with R

2
 of 0,9998. Each point 

corresponds to the average of I/L intensity obtained from all 
quantified peptides and the error bars indicate the maximum 
and minimum range of the data obtained from the three 
replicates.  

 
 
Figure 2  - Scatter plots of experimental I/L ratios vs. peptide 
m/z ratio of the quantified peptides mixed in a 1:0,25 (red), 
1:0,5 (blue) and 1:1 (grey) L/I ratios, obtained from MALDI-
TOF. Results were provided from three replicates. 
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2.1.2 LC-MS/MS analysis of dimethyl-labeled 
peptides 

After determining the feasibility of the labeling 

method using MALDI-TOF, the same analysis 

was done using a LC-MS/MS system. Relative 

quantification was carried out at the MS 

level,while protein identification was achieved at 

the MS/MS level. 

In comparison to MALDI’s mass spectrum, these 

are more complex and contain a greater number 

of peaks, which demonstrates that there is a 

detection of a greater number of peptides.  In 

addition, there are the several generated MS/MS 

spectra of the different peptides, which makes 

the LC-MS/MS more complex.  

One of the advantages of doing a LC-MS/MS 

analysis is the possibility to obtain multiply 

charged peptides, as it enables the identification 

of more peptides, especially if their mass is 

higher. In Figure 3 is shown illustrative peptides 

of multiply charged tryptic BSA peptides. In 

Figure 3 a and b corresponds to the mass 

spectrum of the peptide MPCTEDYLSLILNR, 

doubly (m/z 862,920) and triply charged (m/z 

575,616), respectively. As this peptides contains 

an arginine on its C-terminus, only one site was 

available for labeling – the amine group in the N-

terminus of the peptide. The corresponding mass 

increase is therefore of 28,03Da when using a 

light form of labeling, and 32,06 Da. Figure 3 c 

and d shows the extracted mass spectrum of the 

peptide GLVLIAFSQYLQQCPFDEHVK doubly 

and triply charged, correspondingly. As this 

peptide contains a lysine on its C-terminus, there 

were two available sites for the labeling to occur: 

in the amine group present on the N-terminus of 

the peptide and on the lysine. This corresponds 

to a mass increase of 56,06 and 64,11 Da, when 

using the light and intermediate form of labeling, 

respectively.  

Isotope effects on chromatographic 
separation 

Whenever it is used RPLC for the separation of 

analytes containing light and heavy tags, the 

presence of deuterium is known to cause a 

retention time shift between the light and heavy 

labeled corresponding peptides, thus leading to 

inaccurate quantitative measurements. The 

reason for this to happen is that deuterium 

atoms are more hydrophilic than hydrogen. This 

effect has been ascribed to the differences in the 

lengths of the C-D and C-H bonds that lead to a 

weaker van der Waals interaction between the 

hydrophobic stationary phase and the 

deuterium-labeled analytes [5].  

c) 

In
te

n
s
it
y

 

a) b) 

d) 

Figure 3 - Dimethyl labeled duplets of BSA tryptic peptides 
MPCTEDYLSLILNR and GLVLIAFSQYLQQCPFDEHVK. 
Peptide MPCTEDYLSLILNR is only labeled at its N-terminus, 
resulting respectively in a Δm/z of 2,01 and 1,34 for a doubly 
(a) and triply (b) charged peptide ion, correspondingly. 
Peptide GLVLIAFSQYLQQCPFDEHVK is labeled both at the 
N-terminus and lysine, therefore there is a Δm/z  of 4,03 and 
2,69 for a doubly (c) and triply (d) charged peptide ions, 
respectively. Image adaption from mass spectrum collected 
from MaxQuant. 
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This isotopic effect was studied on the BSA 

digested samples. Although it was possible to 

see that there is an isotopic effect, as a retention 

time shift was present. Anyway, this shift was 

considered as being negligible, just like reported 

in literature [8]. Although the accuracy of 

quantification may be compromised due to the 

isotopic effect, instead of using the ratio of peak 

intensities of the differentially labeled peptides to 

determine its relative abundance, quantification 

can be achieve by integrating the corresponding 

extracted ion chromatograms, just like it done 

with the software MaxQuant [4]. 

Peptide identification and quantification 

Besides analyzing BSA samples using a 1:1 I/L 

ratio, a 0,5:1 and 0,25:1 I/L ratio combination 

analysis was also performed with the aim of 

determining how accurate this quantitative 

method is, as well to the data acquired with 

MALDI-TOF and Orbitrap Fusion. However, 

quantification was not achieved with a 0,5:1 I/L 

after analyzing the raw files. Albeit obtaining 

MALDI spectra with polymer contamination, 

Mascot was able to identify and quantify BSA 

tryptic peptides. 

Table 1 summarizes the number of identified and 

quantified in all different I/L ratios using both 

MALDI-TOF and Orbitrap Fusion.  It is possible to 

see that the number of identified and quantified 

peptides is greater when using the  

LC-MS/MS system.  MALDI has the advantages 

of yielding simple spectra and is not so sensitive 

to the presence of contaminants. Opposite to the 

MALDI data, which allows identifying analytes by 

their masses, a benefit of an Orbitrap analysis is 

to use peptide fragments to determine peptide 

sequences. This is because different peptides 

may share the same molecular weight, thus 

affecting MALDI-TOF’s reliability in protein 

identification. Competitive ionization is also a 

problem, because it leads to the suppression of 

some peptides in the presence of others in a 

given sample. So using an LC-MS/MS system 

provides a higher sensivity and resolution. 

Looking at Table 2, it is possible to see that 

MALDI’s results present an average experimental 

I/L ratio closer to the expected one, and its 

corresponding standard deviation is lower.  

Also, there is a significant difference on the 

expected 0,25 ratio from the Orbitrap Fusion 

analysis. This could be due to Orbitrap Fusion’s 

capacity of analyzing peptides with higher mass, 

which could lead to an overlap of isotopic clusters 

and consequently an error of peptide 

quantification. However, looking at Figure 4, it 

possible to see that there is no bias associated 

with the increase of peptide mass. It would be 

pertinent to repeat this experiment to determine 

whether this was caused due to an error during 

sample preparation or if it is associated with the 

instrument itself.  

 
Table 1 – Comparison of the number of identified and quantified BSA tryptic peptides using MALDI-TOF and Orbitrap Fusion. 

Results were obtained from three replicates. 
 

 
 

Expected I/L ratio 1 0,5 0,25 

Mass spectrometer 
MALDI-

TOF 
Orbitrap 
Fusion 

MALDI-
TOF 

Orbitrap 
Fusion 

MALDI-
TOF 

Orbitrap 
Fusion 

Number of identified peptides 8 92 9 - 9 95 

Number of quantified peptides 8 88 8 - 4 85 

Number of non-quantified peptides 0 5 1 - 5 10 
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Table 2 – Comparison between the averages of I/L ratio obtained from all quantified peptides using MALDI-TOF and Orbitrap 

Fusion, using a 1:1, 1:0,5 and 1:0,25 mixing ratio. Results were obtained from three replicates 

 

 

 
 

 

 

2.2 Protein identification and relative 
quantification using a Staphylococcus aureus 
lysate  

To explore the suitability of this technique for 

relative quantification, an analysis of changes in 

protein expression due to the presence of the 

supernatant of a S. epidermidis in a S. aureus 

culture was done. Although there are several 

proteomic studies on S. aureus present in 

literature [0,15], no previous studies have been 

reported regarding the use of dimethyl labeling 

technique to perform a quantitative proteomic 

study of a S. aureus culture.  

S. aureus is a Gram-positive bacteria that is 

known to cause acute nosocomial and biofilm-

associated infections. S. aureus and S. 

epidermidis are commensal bacteria on the 

human skin and mucous surfaces, and for this 

reason staphylococci are the most frequent 

causative agent of biofilm infections in medical 

devices [12]. 

This study was carried out using this strain of S. 

epidermidis because there were evidences from 

previous work that its presence induces biofilm 

formation.  

A bottom-up proteomic analysis was carried out 

and peptide labeling was done using StageTip 

dimethyl labeling technique, using a 1:1 /L ratio. 

The S. aureus grown in the supernatant of S. 

epidermidis were labeled with the intermediate 

label, while the reference sample of S. aureus 

was light labeled.  These samples were analyzed 

by the Orbitrap Fusion LC-MS/MS system.  

Three different analysis were made using four 

sample replicates. All identified and quantified 

proteins were manually checked, thus 

determining that not all proteins were reliably 

quantified (Table 3).  

Table 3 – Number of identified, quantified and non-quantified 
proteins in the three S. aureus sample analysis. Results were 

provided by four replicates. 

As Analysis 2 contained more reliably quantified 

proteins, a detailed analysis of these proteins 

was made. Considering the threshold between 

 
Expected I/L ratio 1 0,5 0,25 

 
Mass spectrometer 

MALDI-
TOF 

Orbitrap 
Fusion 

MALDI-
TOF 

Orbitrap 
Fusion 

MALDI-
TOF 

Orbitrap 
Fusion 

 Average I/L ratio 1,03 1,04 0,51 - 0,25 0,45 

 
Average SD 0,09 0,16 0,05 - 0,02 0,24 

 
Analysis 

1 
Analysis 

2 
Analysis 

3 

Number of identified 
proteins 

870 993 994 

Number of  quantified 
proteins 

661 784 690 

Number of non-
quantified proteins 

209 209 304 

Number of reliably 
quantified proteins 

556 650 588 
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Figure 4 – Scatter plots of experimental I/L ratio vs. peptide mass of the quantified peptides mixed in a 1:0,25  (a) and 1:1 L/I 
ratios, obtained from Orbitrap Fusion. Results were provided by three replicates. 
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under- or overexpression as the standard 

deviation amongst all determined I/L ratios, 111 of 

all the 650 quantified proteins were under-

expressed; whilst 41 were overexpressed (Figure 

5). 

All identified proteins were analyzed and 

classified according to their biological process 

using PANTHER GO-slim classification system. 

The majority of genes expressed are associated 

with metabolic, protein and nucleobase-

containing compound metabolic processes. 

An extended analysis was done on the down and 

upregulated proteins using the Database for 

Annotation, Visualization and Integrated 

Discovery (DAVID) (functional) annotation 

clustering tool to identify over-represented gene 

ontology terms, combined with Panther.  

The downregulated proteins in the culture grown 

with S. epidermidis supernatant were enriched in 

GO terms related also to metabolic and protein 

processes, as well to translation, biosynthetic 

processes and glycolysis. DAVID functional 

annotation revealed clusters associated with 

structural constituents of ribosomes, rRNA and 

tRNA binding proteins, as for riboflavin and 

pyridimidine metabolism.   

As for the upregulated proteins, there were found 

to be associated with oxidative phosphorylation, 

respiratory electron transport and generation of 

precursor metabolites and energy. Functional 

annotation clusters were related with proton 

transport, ATP synthesis associated to different 

metabolic processes, phosphorylation and 

ATPase activity. 

The resulting protein list was also analyzed using 

the Kyoto Encyclopedia of Genes and Genomes 

(KEGG). The downregulated proteins were 

mapped to: metabolic pathways; ribosomes; 

biosynthesis of secondary metabolites, antibiotics 

and of amino acids; carbon metabolism; and 

glycolysis. Over-expressed proteins were found 

to be mainly associated to metabolic pathways 

and oxidative phosphorylation, as to biosynthesis 

of antibiotics and of secondary metabolites.  

Comparison with literature 

When comparing number of identified proteins in 

a qualitative way, Becher et al. [1] were able to 

obtain a greater number when combining both 2D 

PAGE and GeLC-MS approaches (1180 

proteins). However, comparing individually, they 

were able to identify 939 proteins by GeLC-MS 

and 610 by 2-D gel based approach. Surmann et 

al. [15] did a comparative proteome analysis in  

S. aureus after internalization by different types 

of human phagocytic hots cells using LC-MS/MS 

system and they were able to identify and 

quantify around 1450 proteins. Improvements in 

sample preparation could be done in order to 

increase the number of identified and quantified 

proteins.  

There are some factors to have in consideration 

that could justify the difference in the amount of 

identified and quantified proteins. Firstly no 

analysis was carried out in all sub-proteomic 

fractions like in Becher et al [1]. Although having 

identified membrane-associated proteins, this 

number could be increased by doing a 

membrane shaving using proteinase K [1]. One 

Figure 5 – Protein expression plotted in Log2 I/L ratio of 
all reliably quantified proteins with its correspondent 
standard deviation. Threshold for under- or 
overexpression was considered as the standard 
deviation of all I/L ratios.   
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has also to consider protein loss along the 

different downstream steps. In addition due to 

polymer contamination, it is likely that the most 

hydrophobic peptides were lost when doing 

sample clean up, resulting in a lower number of 

identified proteins, but also the number reliably 

quantified proteins. 

3. CONCLUSIONS 

With this project it was possible to establish a 

stable isotope dimethyl labeling method that is 

efficient for relative quantification and protein 

identification. Benefits from this down-scaled 

protocol are that it can be applied into smaller 

amounts of sample and in all types of biological 

samples. In addition, as the labeling and sample 

clean-up are performed combined, sample loss is 

diminished and that the mass increase provided 

by dimethyl tag facilitates peak and protein 

identification.  Besides all advantages previously 

mentioned, it is a cost-effective technique to do a 

relative quantification. 

Comparing the in-solution technique with the one 

established in this project for dimethyl labeling, it 

was possible to conclude that it is preferable to 

use StageTip labeling technique for relative 

quantification purposes, because the presence of 

the duplets is important. 

Using a LC-MS/MS system, not only it was 

possible to obtain multiply charged peptides, but 

also the number of identified and quantified 

proteins was greater.  

With improvements in sample preparation and 

separation, as well in mass spectrometry, this 

technique can further be improved and applied.  

Although there has been great improvements in 

mass spectrometers, separation techniques, as 

well as in bioinformatics tools, identification and 

quantification of all proteins is still a challenge to 

overcome. 

4. MATERIALS AND METHODS 

4.1 Materials 

BSA was obtained from Thermo Scientific. 

Trypsin was obtained from Promega. As for the 

chemicals required for dimethyl labeling, TEAB, 

CH2O, CD2O, sodium dihydrogen phosphate 

(NaH2PO4) and sodium cyanoborohydride 

(NaBH3CN) were provided by Sigma Aldrich, 

while ammonium solution and disodium hydrogen 

phosphate (Na2HPO4) were obtained from Merck. 

All other solvents and reagents used were 

obtained from Sigma-Aldrich. 

Vacuum centrifugation was done using 

Concentrator Plus, Eppendorf.  StageTip and 

StageTip dimethyl labeling were all performed 

using a Heraeus™ microcentrifuge and 3M 

Empore™ Solid Phase Extraction Disks, Thermo 

Fisher Scientific.  

4.2 Staphylococcus aureus samples 
preparation 

Samples of S. aureus 26A were provided by Dr. 

Lars Jelsbak of the System Biology Department 

of DTU. These cells were cultured in two 

planktonic culture systems, one in the presence 

and the other in the absence of the supernatant 

from S. epidermidis 58A. 

S. aureus cell pellet in an eppendorf was 

ressuspended in 500µl of 100mM Tris-HCl pH 

7,5. Prior to its use, 2µl of Benzonase® Nuclease 

was added to digest DNA. After homogenizing, 

cells were sonicated on ice with a Q500 QSonica 

sonicator, during 4 minutes cycles of 10 seconds 

on, 10 seconds off. To clarify the lysate, the 

sample was centrifuged for 5 minutes at 14000g, 

using the microcentrifuge Sigma 1-14.  

Then protein precipitation was carried out by 

mixing one volume of clarified lysate with four 

volumes of 100% (v/v) acetone and incubated 

overnight at -20°C. The solution was then 

centrifuged to pellet precipitated protein, for 10 

minutes at 10000 rpm and 4°C, using a 
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Centrifuge 5417R, Eppendorf. Supernatant was 

discarded and the pellet was left to air-dry for 

5minutes. The pellet was redissolved in 8M Urea, 

50mM Tris-HCl buffer, so that the protein final 

concentration would be 5 µg/µl.  

4.3 Sample preparation for MS-based 
identification and relative quantification of 
proteins 

In-solution trypsin digestion 

Firstly less than 100 µg of proteins were 

dissolved in 20 µl of 8M Urea, 50mM Tris-HCl pH 

8,0 solution and 2 µl of 450mM DTT and left to 

incubate for 45min at room temperature. Then, 4 

µl of 500mM of iodoacetamide freshly prepared 

was added and incubating for one hour at room 

temperature and in the dark. Subsequently, 74 µl 

of 50mM Tris-HCl pH 8,0 were added. Then 

using a protein ratio of 50:1 or 100:1, it was 

added the corresponding volume of 0,1µg/µl 

Trypsin-HCl. The solution was left to incubate 

overnight (ca. eighteen hours) at 37°C. To stop 

the proteolysis, 2 µl of 10% (v/v) trifluoroacetic 

acid (TFA) was added. 

Stable-isotope dimethyl labeling 

In-solution stable isotope dimethyl labeling was 

carried out using the procedure described in 

Boersema et al., 2009 [2]. StageTip dimethyl 

labelling protocol was adapted from the on-

column procedure described in [2] in order to be 

done in a 10 µl StageTip.  

Two different labeling solutions were freshly 

prepared for light and intermediate labeling of the 

samples: 450 µl of 50mM sodium phosphate 

buffer (prepared by mixing 350 µl of 50mM 

Na2HPO4 with100 µl of 50mM NaH2PO4), with 25 

µl of 0,6M of NaBH3CN and 25 µl of 4% (v/v) 

CH2O (light) and CD2O (intermediate). 

Labeling was carried out by using two C18 filters 

per tip. Filter activation was carried out by adding 

20 µl of 60%(v/v) ACN, 0,1%(v/v) formic acid 

solution and 20 µl of 0,1%(v/v) formic acid 

solution and spin for 20-30s at 4000g. Sample 

loading was performed manually by adding less 

than 10 µg of peptides. Column washing was 

carried out by adding 2x20 µl of 0,1%(v/v) formic 

acid and spinning for 20-30s at 4000g. For light 

and intermediate labeling, respectively, 4x20 µl of 

labeling solution were added and spin at 2000g 

for 1-2minutes. This labeling step should take at 

least ten minutes, to allow complete labeling. 

Next, the column was washed twice with 20 µl of 

0,1%(v/v) formic acid and spin for 20-30s at 

4000g. Sample elution was performed manually 

using a syringe and adding 10 µl of 60% (v/v) 

ACN, 0,1% (v/v) formic acid solution and the 

differently labeled samples were eluted and 

collected into the same Eppendorf. After this 

step, samples could be stored at 4°C for a couple 

of days or at -20°C for several weeks.  

To finalize, the samples were dried by vacuum 

centrifugation at room temperature for 10-

15minutes. To reconstitute samples, 2,5 µl of 2% 

(v/v) formic acid and 7,5 µl of water were added. 

4.4 Sample analysis 

Prior to their analysis, all samples were desalted 

and concentrated using a StageTip, except those 

labeled using the StageTip dimethyl label 

method.  

MALDI-TOF analysis 

MALDI-TOF MS measurements were carried out 

using an Ultraflex II TOF/TOF mass spectrometer 

and its associated software (flexControl v. 3.4, 

Bruker Daltonics).  

LC-MS/MS analysis 

The dimethyl labeled samples were also 

analyzed using the LC-MS/MS system composed 

of an Easy nLC 1000 chromatograph (Thermo 

Fischer Scientific) with an EASY-Spray column 

(Pepmap 3um, C1815cmx75um), coupled to an 

Orbitrap Fusion (Thermo Fischer Scientific). 
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Separation was carried out with a flow rate of 250 

nL min-1 and gradient of solvents A (0,1%(v/v) 

Formic acid) and B (80% ACN, 0,1% formic acid) 

and with a gradient length of 65 minutes. 

The samples were analyzed in data-dependent 

mode using the Universal method.  

4.5 Data analysis for protein identification 
and quantification 

Biotools software (version 3.2) provided access 

to Mascot algorithm for Peptide Mass 

Fingerprinting. MaxQuant v.1.5.3.8 from Max 

Planck Institute of Biochemistry (Martinsried, 

Germany) was used to analyze the raw files 

obtained in LC-MS for protein identification and 

quantification. For the Staphylococcus aureus 

samples, the reference proteome of S. aureus 

from Uniprot database was used. For the BSA 

samples, bovine proteome was used. 
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