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Resumo 
 

Marcação com isótopos estáveis por dimetilação é uma técnica quantitativa de espectrometria de massa 

que permite quantificação relativa de proteínas e de péptidos, com base na incorporação de marcadores 

isotopoméricos. Para além de ser uma técnica simples e robusta, é económica e pode ser aplicada em 

todos os tipos de amostras biológicas. 

O objectivo deste projecto foi fazer o scale down de um protocolo de marcação on-column para um 

StageTip, recorrendo a isotopómeros de formaldeído e de cianoborohidreto de forma a incorporar um 

grupo dimetil leve e intermédio. Primeiramente, esta técnica foi aplicada numa proteína modelo usando o 

MALDI-TOF, onde uma comparação entre a técnica in-solution e StageTip foi realizada. Verificou-se que 

o protocolo com StageTip era mais eficaz, porque mais dupletos de péptidos foram identificados. 

Seguidamente, procedeu-se a uma análise num sistema LC-MS/MS, onde mais péptidos foram 

identificados e quantificados. Depois de se estabelecer um protocolo eficiente, uma análise proteómica 

bottom-up foi realizada numa amostra de S. aureus cultivada na presença ou ausência de sobrenadante 

de S. epidermidis. Foi possível identificar 993 proteínas, das quais 650 foram quantificadas viavelmente. 

Destas proteínas, 41 revelaram-se sobre-expressas, enquanto 111 sub-expressas. 

Em suma, foi possível estabelecer um protocolo para marcar por dimetilação num StageTip, assim como 

se demonstrou que o método é viável para identificação e quantificação de proteínas. 
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Abstract 
 

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. 

 

Keywords: Mass spectrometry, quantitative proteomics, dimethyl labeling, MALDI, Orbitrap Fusion 
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1. Introduction 

Proteome is defined as all protein forms expressed by a given organism, which includes splice isoforms 

and post-translational modifications (PTM). Contrary to the genome, which is relatively static, the 

proteome is in constant change as a response to internal and external stimuli [29]. 

Proteomics is the science that is responsible to identify, quantify and characterize these products of gene 

expression. Advances in this field of research not only has allowed to understand better the regulation of 

cellular function in response to a given stimuli, as it has allowed to understand protein changes when 

comparing a healthy versus a diseased state and also to understand different cellular processes like 

proliferation and apoptosis [15]. For this reason, proteomics can contribute for the development of drugs, 

as almost all drugs are directed against proteins [1]. 

Since the 70’s, two dimensional gel electrophoresis (2DE) is a technique that allowed quantification of 

many protein products [60]. Proteins are firstly separated according to their isoelectric point, followed by a 

separation based on their molecular weights. In order to visualize proteins, the gel is then stained using, 

for example, Comassie dye. Protein abundance is reflected by the shape, size and intensity of the 

corresponding spots [52]. By excising a gel piece and doing an in-gel digestion, it is then possible to 

identify a given protein of interest by MS. Although it is widely applied, this technique presents limitations, 

as it can only be applied to soluble proteins, it presents low resolution, the identity of a given protein 

cannot be determined directly and not to mention that data analysis is a complex task, as there is the 

struggle to reproduce the exact conditions for protein separation [52,55,65,84]. Also, one has to mention 

that spots on protein gels are not uniform in shape, size, or density, as some spots may even overlap with 

others. Despite its drawbacks, technological advances in 2D gel techniques combined with software 

solutions have proven to be helpful in obtaining results which are both reproducible and statistically 

reliable [57]. Other proteomic methods, such as microarrays, large-scale two-hybrid analysis and 

crystallization have also contributed for the understanding of protein activities, interactions and structures 

[14]. 

Due to its rapid and reliable capacity in analyzing complex protein samples, sensivity, reproducibility and 

compatibility with high throughput strategies when combined with the development of new technologies, 

computational tools and analytical strategies, liquid chromatography mass spectrometry-based (LC-MS) is 

one of the methods used in proteomic studies  [91,92].  Nevertheless, due to technical challenges like the 

high degree of complexity of proteomes and the low abundance of many proteins, proteomic studies will 

continue to face several challenges.  

1.1 Mass spectrometric instrumentation for proteomics 

As previously mentioned, the development in experimental methods, instrumentation and data analysis 

approaches, has allowed proteins and peptides to be analyzed by mass spectrometry (MS). 
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A mass spectrometer consists of three components: an ionization source, a mass analyzer and an ion 

detection and data processing system.  

The ion source converts analyte molecules into gas-phase ions, which can be manipulated using electric 

and magnetic fields. Matrix-assisted laser desorption ionization (MALDI) and electrospray ionization (ESI) 

are two techniques, used in MS proteomics to convert proteins and peptides into the gas phase [91].  

The mass analyzer separates the ionized analytes according to their mass-to-charge (m/z) ratios. This 

separation can be achieved based on the m/z resonance frequency (e.g. Orbitrap), m/z trajectory stability 

(e.g. quadrupoles) and time-of-flight (TOF) of the ions [91]. The measurement of intact peptides mass is 

usually done using MALDI coupled with TOF analyzer, while fragment ion spectra of selected ions are 

created by ESI coupled to ion traps and triple quadrupoles [1]. 

The ions are detected and the number of separated ions at each m/z value is registered [29]. The 

obtained data is analyzed with specific softwares, that organize it into graphics - the mass spectrum. In 

these mass spectra, the detected ions are distinguished according to their individual m/z and relative 

abundance. In the y-axis is represented the intensity, which reflects the number of ionized analytes 

detected and in the x-axis is represented the m/z. 

When analyzing a mass spectrum it is possible to observe that in an isotopic cluster there are different 

peaks. This happens due to the existence different isotopes on most elements. In organic chemistry it is 

very commonly found the isotope mixture of carbon 
12

C and 
13

C whose abundance is, correspondingly, 

98,90% and 1,10%, but also other elements such as hydrogen, nitrogen and oxygen. 

1.1.1 MALDI-TOF 

MALDI-MS is usually performed in simple peptide mixtures and it requires the use of a matrix-analyte 

cocrystal spotted on a stainless steel plate. The choice of matrix is important in MALDI analysis in order to 

provide results with higher quality [31, 49].  

Matrix selection is based on the type of analyte, on the laser in use and on its capacity to vaporize. In 

MALDI one can either use IR or UV lasers, although the latter is more commonly used [31]. The selected 

matrix not only minimizes sample damage, as it also provides protonated and free-radical products, that 

ionize the analytes, and its excessive use is advantageous as it prevents the formation of sample 

aggregates. Usually samples are spotted in acidic matrixes and data collected in positive mode, although 

the presence of certain analytes may require the use of a more basic matrix and a negative mode of data 

collection [41]. Matrixes are typically composed by small light absorbing organic compounds such as 

cinnamic or benzoic acid derivatives. The α-cyano-4-hydroxycinnamic acid (4-HCCA) is a matrix which is 

used in peptide or protein samples, for example [31,49]. 

After spotting the sample-matrix mixture in a metal target plate, MALDI is achieved by irradiating samples 

with a short laser pulse, leading usually to the formation of a singly protonated ion [31]. 

Benefits from using MALDI are that it is an ionization process which is more tolerant to salt, buffer and 

detergent contaminations and downstream analysis is simplified because of the +1 charge. However, 
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interference on the desorption and ionization processes of samples due to high concentration of 

contaminants has been found, therefore a purification step prior to MALDI is done to improve the quality of 

the mass spectra. Other disadvantages include its low shot-to-shot reproducibility and the background 

noise in shorter m/z from the matrix presence, which represents a challenge for the analysis of smaller 

molecules [31,17]. 

After ionization in vacuum conditions, the singly charged analyte ions are accelerated by an electric 

potential, entering the time of flight tube, where separation occurs according to their m/z. The m/z ratio is 

determined using the time required for the analyte to travel the length of the flight tube. As the potential 

difference used to accelerate the ions is constant, ions with smaller m/z values or highly charged, will 

move faster and therefore be detected firstly. 

Instrument resolution can be improved if the flight path is increased, without necessarily increasing the 

size of the tube. For this reason, an ion mirror or a reflectron is incorporated, thus not only increasing the 

length of the flight path, but also increasing mass measurement accuracy [75,90].  For instance, TOF has 

a resolution up to 4000 and a mass accuracy around 100 ppm, whilst TOF reflectron’s resolution reaches 

up to 20000 and has an accuracy of 10ppm [32]. 

 

Figure 1 – Schematic of the MALDI-TOF instrument. Adapted from [1] 

1.1.2 LC-MS systems 
 

LC-MS is a system in which liquid chromatography is coupled to a mass spectrometry detector. These 

systems are used to analyze more complex samples and generate multiply charged ions. First, peptides 

analyte separation is achieved using usually a reverse phase chromatography. After separation on the 

chromatography column, the analytes are ionized by ESI.  

ESI is achieved by applying an electric field to a liquid passing through a capillary tube. This leads to the 

dispersion of the sample into an aerosol composed by very small droplets which are highly charged. With 

the assistance of nitrogen flow, solvent evaporation occurs, resulting in the decrease of the droplets 

radiuses and in the increase of surface charge. When the charge density limit is reached, i.e. Rayleigh 

limit, a Coulomb explosion occurs, tearing the droplet apart. This process in repeated until the ion analytes 

are released from the droplets [3,31].  

Besides being easily coupled to liquid chromatograph systems for molecular fractionation, advantages of 

using ESI are the generation multiply charged ions, resulting in lower m/z values. This allows the use all 

common mass analyzers [17,31]. 
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Orbitrap is a mass analyzer that can be coupled to the LC-ESI system. It operates with good sensivity, 

high mass resolving power (up to 150 000), high mass accuracies (2-5 ppm) and a m/z range of at least 

6000 [38].It consists of an inner spindle-shaped electrode and outer electrode with a barrel shape. 

Orbitrap operates by trapping the analyte ions in its electrostatic fields, where they orbit around the inner 

electrode. As these ions oscillate around the inner electrode with a harmonic oscillation frequency, the m/z 

are measured using a Fourier transform of the frequency signal, which is then converted into a mass 

spectrum [31,91].  

1.1.3 Tandem Mass Spectrometry 

After obtaining the MS spectrum, it is possible to select and fragment a specific ion, in order to obtain 

additional information about it. Tandem mass spectrometry (MS/MS) is an operation mode used to 

fragment selected peptide ions so to determine their amino acid sequence.  

After peptide ionization and sorting the ionized peptides by m/z ratio in the first mass analyzer, a MS/MS 

experiment consists of the following steps: selecting precursor ions from a narrow m/z ratio window; 

fragmentation of the selected ions in the collision chamber of the MS instrument; collecting and measuring 

the product ions, by using a second mass analyzer, to obtain a spectrum of the fragment ions produced 

from the selected m/z (Figure 2). 

 

Figure 2 - Diagram of tandem mass spectrometry (MS/MS). After sample analysis by mass spectrometry (MS1), 

peptide ions from the MS1 spectra are selected and  fragmented in the collision chamber of the MS instrument. This is 
followed by a second mass spectrometry analysis(MS2) to generate the spectra for the ion fragments.  

Examples of tandem mass spectrometers include the triple quadrupole, Q-traps and QqTOF. Triple 

quadrupoles consists of three sequential quadrupoles, where the first one is operated in a mass selection 

mode to isolate a single m/z for subsequent analysis, the second is used as a collision chamber and the 

last one to measure the fragments obtained. Q-traps and QqTOF are identical to the triple quadrupole 

instruments, but instead of having a final quadrupole, there is a quadrupole ion trap and a TOF analyzer, 

respectively [10]. Orbitrap Fusion is another example of tandem mass spectrometer which is composed by 

a quadrupole for mass filtering, Orbitrap for MS analysis and linear ion trap for MS/MS analysis (Figure 3). 
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Figure 3 – Schematic of the Orbitrap Fusion mass spectrometer of Thermofisher. Mass filtering is done on the 

quadrupole, followed by MS analysis on Orbitrap and MS/MS analysis on the linear ion trap. Image from [93] 

Different fragmentation methods exist, such as the collision-induce dissociation (CID), electron capture 

dissociation (ECD) and electron transfer dissociation (ETD). In CID, the analyte ions collide with inert gas 

molecules, causing them to fragment in series of b- and y- fragment ions. Whereas in both ECD and ETD, 

unstable radical ions are formed, which then fragment in c- and z- ions.  The difference in these 

techniques is that ECD involves firing a beam of low-energy electrons at the trapped sample ions, while in 

ETD, anthracene anions are used to transfer electrons to the analytes [31].  

The series of fragment ions are the result of the cleavage of the peptide chain in the Cα–C, C–N or N–Cα 

bonds. Using Roepstorff nomenclature, ion-series containing the N-terminal part of the peptide are 

designated as a-, b- and c-, while in the C-terminal part by x-, y- and z-, respectively [30,31](Figure 4).  

 

Figure 4 – Fragmentation pattern according to the Roepstorff notation. For CID, fragmentation gives rise to b- and y- 

ions. Other fragmentation techniques, like ECD and ETD can yield a, c, x, and z ions. From [30] 

Once the ion is fragmented, a unique fragmentation pattern is generated, which is dependent on the 

amino acid sequence of the peptide. Using the molecular weight of amino acids, the spacing between the 

fragment ions in an ion-series allows identification and location of a given amino acid in the peptide 

[29,30]. However, leucine and isoleucine are isomers with the same chemical and monoisotopic mass, 

and are thus very difficult to distinguish. Glutamine and lysine can also be tricky to distinguish, as their 

mass increments only differ 0,036u. 
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1.2 Proteomic strategies for protein identification 

Currently there are two approaches used in mass spectrometry proteomics: the top-down and bottom-up 

approaches. 

Top-down methods consists in using masses of intact protein and their fragments in order to identify them.  

Due to instrumental development recently, MS has been used to analyze intact proteins. However, 

difficulties associated with protein fractionation by RPLC or ion-exchange separation, as well as to ionize 

and fragment proteins in the gas phase, has led to a limited protein detection and identification, thus 

requiring the use of high resolution mass spectrometers [20,92].   

Benefits in using this approach include higher sequence coverage of target proteins, a better 

characterization of post-translational modifications and protein isoform determination. In addition, sample 

complexity is not increased, as proteins are not cleaved into peptide. 

The bottom-up approach consists in characterizing proteins by doing an analysis of the peptides that 

resulted from an enzymatic digestion. This approach is typically used for MS proteomics. When this 

analysis is performed on a mixture of proteins it is called shotgun proteomics.  

Comparing to top-down methods, advantages in using this method includes a higher sensitivity and 

versatility of the proteomics studies carried out. Also, as peptides are more easily fractionated, ionized 

and fragmented, it makes this approach more prone to be used for protein analysis. Potential drawbacks 

include limited protein sequence coverage by identified peptides, loss of small peptide and of PTMs and 

ambiguity of the origin for redundant peptide sequences.   

More recently, a middle-down proteomics has been introduced. The difference between the previously 

mentioned methods is that larger peptides can be analyzed. This results in a decrease of peptide 

redundancy between proteins, overcomes the analytical challenges of analyzing intact proteins, as it 

allows to identify PTM [74,79]. 

Figure 5 – Bottom-up MS-based proteomics workflow. Adapted from [76] 

As previously mentioned, MS-based proteomics usually follows a bottom-up approach. The general 

strategy for protein identification using MS can be divided in several steps: sample preparation, peptide 

separation, peptide ionization and mass-spectrometry analysis (Figure 5).  

In sample preparation, proteins are extracted and then enzymatically cleaved into peptides. Prior to 

proteolysis, proteins need to be denaturated, reduced and alkylated, in order to be efficiently digested. 

Although there are various proteases available, trypsin is the most commonly used enzyme for large scale 

proteomics. Benefits of using trypsin include high cleavage specificity, being stable in various conditions 

and the formation of peptides with a basic charge at their C-terminus [76]. Trypsin cleaves C-terminal 
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lysines and arginine residues, with the exception when either of them is followed by a proline residue. 

Before MS analysis, the digests must be purified to remove contaminants added during the sample 

preparation that can interfere with peptide ionization and add a chemical noise to the mass spectra, 

therefore decreasing the quality of the results. Reversed-phase chromatography in a pipet tip, e.g. 

StageTip, can be used for this purpose [61]. 

Samples are then reconstituted in an aqueous acidic buffer, followed by a chromatographic separation of 

the resulting peptides before being introduced into the mass spectrometer. Reversed-phase liquid 

chromatography (RPLC) is a common separation method used, where peptide are separated according to 

their hydrophobicity, using an increasing gradient of organic solvent, for example acetonitrile [23]. 

Advantages of using this type of columns in comparison to others are the use of buffers lack of salts, as it 

provides relatively high-resolution separation [10]. In case of using MALDI-TOF for sample analysis, it 

requires the preparation of a matrix-analyte mixture. 

In order to be analyzed by the mass spectrometer, the peptides present in the elution solution have to be 

converted into gas-phase ions, where afterwards they are introduced and analyzed in the mass 

spectrometer.  

After obtaining the mass spectra, a database search is done to identify the peptides and/or proteins 

analyzed. Parameters such as taxonomy, the enzyme used for proteolysis, number of miscleavages and 

post-translational modifications are manually set by the user and may affect the final output. Parameters 

involving the instruments used can also be included in some algorithms. 

Protein identification can be carried out using peptide mass fingerprinting or sequence-specific peptide 

fragmentation. 

Peptide mass fingerprinting (PMF) consists in the use of experimentally obtained peptide masses and 

compare them with the theoretical peptide masses of proteins stored in databases, such as NCBI and 

Swiss-Prot. Then, the hits are ranked according a certain scoring method. A protein containing more 

matches of measured masses has a higher score. MALDI-MS is the technique most commonly used to 

perform PMF. Albeit being an effective tool for identification of relatively pure protein samples, the same 

cannot be said when analyzing samples with higher complexity. Nonetheless, 2DE is a well-established 

separation method to identify proteins using PMF [16,80].  

Sequence-specific peptide fragmentation consists in doing an MS/MS analysis on the digested peptides to 

obtain fragment ions for a database search [11]. Using the theoretical MS/MS spectra from an in silico 

digestion of a protein database, a comparison to the experimental MS/MS spectrum allows to perform 

peptide identification. As the amino acid sequence from a given peptide may be common to a number of 

different proteins, a PMF is generally used as an initial step followed by MS/MS analysis, to corroborate 

proteins that are considered ambiguous.  

1.3 Quantitative mass spectrometry 

Before the era of MS-proteomics, quantitative comparison of proteins abundance was carried out by 2DE-

based techniques. The resolved proteins would be stained and comparison of gel images allowed to 
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compare their relative abundance. Given its limitations, 2DE quantification has been practically replaced 

by MS-based quantitative methods. MS-based protein quantification can be obtained either be relative or 

absolute quantitative strategies. In addition, quantification usually relies on the introduction of isotopic 

labels, although it can be done label free.  

1.3.1  Relative quantification 

Relative quantification can be achieved by comparing two or more samples using stable isotope-labeling 

or label-free methods [91].  

Stable isotope-labeling methods allow to distinguish pairs of chemically identical peptides due to their 

mass difference. Using the intensity ratio obtained from these analytes pair, it is possible to indicate their 

abundances. Quantification based on stable isotope labeling can be achieved by signal integration in 

survey MS spectra (e.g. SILAC and dimethyl labeling) or MS/MS spectra (e.g. iTRAQ and TMT). In label 

free methods, protein quantification does not require chemical derivatization steps or incorporation of 

stable isotopes. 

Various relative quantification techniques will be described with more detail along this chapter. 

1.3.1.1 Stable-isotope labeling 

In quantification labeling strategies, stable isotopes, such as 
2
H, 

13
C, 

15
N, and 

18
O, are introduced into 

proteins and peptides. The presence of these isotopes will result in a mass shift, which allows 

differentiating and quantifying identical peptides from various samples [1]. Although the physicochemical 

properties of a peptide do not change when using stable isotope labeling, it has been observed that 

deuterated peptides elute prior to the non-deuterated peptides in RPLC [4,88].  

In order to minimize quantitative errors from isotopic overlap, it is important that there is at least a 3 or 

4Da mass shift introduced by the stable isotope atoms between the light and heavy peptides [55].  

Another parameter that may influence the accuracy of the quantification in MS is the detection system 

itself. When the obtained signal is low, it is difficult to distinguish the signal from the background noise. 

And in the case of a very strong signal, the detector may become saturated [4]. 

In MS/MS, saturation effects usually are not a problem, but low-intensity spectra are frequently obtained, 

which results in a less robust quantification values. In addition, background noise is influenced by the size 

of the m/z window chosen to isolate peptides for sequencing (usually 2-6 m/z), instead of the mass 

resolution of the mass spectrometer [4]. 

Quantification is attained by using the ratio of signal intensities of the differentially labelled forms of 

peptides, as it allows determining their relative abundance in different samples [18].  

The introduction of stable isotopes can be done in vivo, using metabolic methods, or in vitro, using 

enzymatic or chemical methods [55].  
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1.3.1.1.1 In vivo labeling methods 

In metabolic labeling, stable isotopes are introduced in vivo using nutrients in culture media containing 

them.  

Stable-isotope labeling with amino acids in cell culture (SILAC) [54] is a well-established metabolic 

labeling approach [48]. In this technique, stable isotope-labeled amino acids, present in culture medium, 

are incorporated in proteins of a given cell population. For relative quantification, cells are grown in 

separate medium formulations, the light or the heavy mediums. The light medium contains the amino acid 

with the natural isotope abundance, as for the heavy medium, it contains the stable isotope-labeled amino 

acids. For MS analysis, arginine and lysine are predominantly labeled, because trypsin is mostly used for 

protein cleavage, resulting in the labeling of all peptides [55]. After a number of cell divisions, a particular 

amino acid will be replaced by its isotope labeled analog, and therefore it is incorporated into all newly 

synthesized proteins. The obtained cell populations are combined and prepared to be analyzed in the 

mass spectrometer. In the mass spectrum, the resulting peptides are represented by peak pairs, where 

the mass difference is dependent on the number and nature of the labeled amino acids [68]. Just like in 

any other relative quantification technique, the intensity ratio of the peaks allows relative quantification of 

the peptides (Figure 6). 

 

Figure 6 – Schematic of a metabolic labeling technique. Cell populations are grown in different media, which results 

in the incorporation into the proteome. Then these are combined, sample preparation is performed, followed by MS 
analysis. The intensity ratio of the peaks allows relative quantification. Adapted from [94] 

The main advantage of these kinds of techniques lies on the fact that labeling is done in an early step of 

sample processing, thus reducing bias from sample preparation and purification losses, as all protein 

samples will be handled in the same way. However, they cannot be applied in tissue or clinical samples, 

require the use of highly purified labeled amino acids, which is expensive, and that not all cell types can 

be grown using SILAC medium [57]. 

1.3.1.1.2 In vitro labeling methods 

As previously mentioned, enzymatic and chemical methods are classified as in vitro labeling methods. 

Enzymatic labeling involves usually the incorporation of 
18

O atoms into the C-terminus of every peptide 

during or after proteolytic digestion [88]. In this case, the digestion is performed using H2
18

O, leading to 

the exchange of one or both carboxyl oxygens. The disadvantage of applying this technique is when there 

is only the incorporation of one 
18

O. The resulting mass shift is only of 2 Da, which is not sufficient in order 
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to separate the isotopic envelopes, as it leads to sample heterogeneity. For this reason, this method is not 

broadly applied in quantitative proteomics [55].  

Finally, in chemical methods, the label can be applied both in a protein or peptide level and its introduction 

occurs due to a chemical reaction in a reactive group.  

Similar to what happens when using in vivo labeling techniques, the RPLC separation of the peptide 

during MS analysis may lead to inaccurate quantification between two differentially labeled peptides 

because of the isotope effect. Nonetheless, in vitro labeling techniques also present the drawback of 

introducing errors during sample processing. 

In vitro chemical labeling methods include the isobaric and the isotopic labeling approaches. On the first 

approach, it is used tags with the same mass, as in the latter approach, these tags have different masses.  

1.3.1.1.2.1 Isobaric labeling approaches 

Isobaric labeling consists in tagging proteins or peptides with chemical groups that have the same mass. 

In these techniques, isobaric reagents are used to label primary amine groups present in peptides or 

peptides. There are two main isobaric tag methods: Tandem mass tag (TMT) [81] system and the isobaric 

tags for absolute and relative quantification (iTRAQ) [66]. In both methods, the tag is composed by the 

amine reactive group present in the peptide, a reporter group and the neutral balancer group, to ensure a 

constant overall mass. 

In order to quantify peptide abundance, it is necessary to fragment the peptides into reporter ions using 

MS/MS scan, because they remain indistinguishable in the MS scan.The reporter groups will give rise to 

distinct ions, whose relative intensities are directly proportional to the relative abundance of each peptide 

in the samples being compared (Figure 7).  

 

Figure 7 - Quantification based on isobaric labeling. Protein abundance is determined in the MS/MS mode by 

measuring the intensity ratio of the reporter group attached at the N-terminus. Adapted from [18] 

The advantage behind these labeling techniques is that using these isobaric tags reduces the complexity 

of data provided by isotopic labeling strategies. This is because the same peptide from each of the 

different samples being analyzed will appear as a single peak in the mass spectrum. Also, when set 

against other relative labeling techniques, it has the benefit of not being limited to two or three isotopic 

comparisons [89,92].  

Besides the introduction of bias while preparing samples, the main drawback in using these methods it 

that they require the ability to detect low m/z fragment ions, which limits the mass spectrometers to be 

used.  
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1.3.1.1.2.2 Isotopic labeling approaches 

In isotopic labeling methods, the generated isotopic peptides present a mass shift introduced by the label. 

Ion intensities of the isotopic forms of the light and heavy labeled peptides are compared, thus allowing 

the quantification of their relative abundance (Figure 8). Isotope-coded affinity tags (ICAT), dimethyl 

labeling and proteolytic 
18

O labeling are examples of isotopic labeling methods. 

 

Figure 8 - Quantification based on isotopic labeling. In each sample it is incorporated a different stable isotope, 

followed by sample mixing. The presence of the isotopes results in a mass shift detected by MS. Quantification is 
achieved using the intensity ratio between the same analytes peaks. Adapted from [18] 

ICAT is a cysteine-specific method which uses iodoacetamide (IAM) tags, in order to compare two 

different sample states [28]. One sample is labeled with a light isotope and the other with a heavy isotope, 

and then the samples are combined and analyzed by mass spectrometry [73,82]. 

The ICAT reagents are composed by three elements: an affinity tag, used to isolate ICAT-labeled 

peptides; a linker, which contains stable isotope signatures that are differentiated by MS; and a reactive 

group with specificity towards thiol groups. There are two forms of this reagent, the light and heavy, and in 

the first generation of reagents, their difference consisted in the existence of eight deuteriums on the 

heavy form, resulting in an 8 Da mass difference. The use of these reagents presented some technical 

problems, as differential elution in RPLC of ICAT-labeled peptides with deuterium lead to errors in 

quantification. To overcome this problem, a new version of these reagents, which use 
13

C instead of 

deuterium to create a heavy reagent. This results in a 9Da mass difference between the two forms and 

allows a co-elution of both forms of ICAT-labeled peptides [73,82]. 

The specificity of ICAT reagents for cysteine residues can be preferred because it reduces sample 

complexity. However, peptides lacking cysteine residues will not be labeled, so many important peptides, 

including those with PTM, will be discarded. 

Another example of chemical labeling method is the stable-isotope dimethyl labeling. When using this 

technique, samples are primarily digested with proteases, followed by the introduction of isotopomeric 

dimethyl labels.  

Dimethyl labeling is based on the conversion of primary amines, which are present in the N-terminus of all 

peptides and in the side chain of lysine residues, into dimethylamines. However if there is a proline on the 

N-terminus of the peptide, the primary amine will only be monomethylated [7].  

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 [44]. 
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Benefits from using this technique are that the reductive dimethylation reaction is both rapid and specific 

and its costs are significantly lower compared to other multiplexed chemical labeling reagents, such as 

those used in iTRAQ and TMT. In addition, it can be applied to a wide variety of samples, such as cells, 

tissues and body fluids, and can be applied in both large (milligram) and small (submicrogram) amounts of 

protein [44]. The possibility of performing the labeling reaction in solution, in reversed-phase 

chromatography columns or in solid-phase-extraction devices is also advantageous. 

The drawbacks are that when doing peptide separation with chromatography, the presence of deuterium 

leads to a small shift in retention time between the light and heavy labeled peptides. However, this 

problem can be overcome as long as quantification is based on the integration the signal over the whole 

chromatographic peak. Also, in larger peptides, the mass difference of 4Da may result in peak overlapping 

between two peptides [92]. 

1.3.1.2 Label-free quantification methods 

Albeit not being as accurate as isotope labeled strategies, label-free quantification methods can also be 

applied for relative quantification. In this approach, peptides and proteins neither are modified nor are 

labels added. The samples in study are analyzed individually and a protein or a peptide can be quantifying 

by either spectral counting or by MS ion intensity.  

In spectral counting, the acquired number of MS/MS spectra are used to quantify a given analyte. The 

underlying principle behind spectral counting is that the greater the frequency for which a peptide is 

present in a sample, the greater the amount of MS/MS spectra that are collected. Relative quantification is 

determined by comparing the number of these spectra between a set of experiments (Figure 9) [4,88].  

When using peak intensities for peptide identification, LC retention time and m/z values are firstly used to 

identify a given analyte. Then the obtained peak intensities/areas of a given peptide are compared among 

different runs, allowing to calculate relative change in protein abundance.  

 

Figure 9 – Schematic for a label free quantification by ion intensity. Using data from different runs, quantification is 

done by comparing peak intensities or areas of a given peptide. Adapted from [94] 

Label-free quantification can be applied to any kind of sample as it can be used to compare an unlimited 

amount of samples; although each sample has to be analyzed individually, unlike using stable isotope 

labeling techniques. Benefits from using these techniques for quantification include the low cost for 
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labeling reagents, and the fact it is less time consuming, as no labeling steps are required. Despite 

requiring minimal sample manipulation, these methods are more prone to errors, as all the systematic and 

non-systematic variations between runs are reflected in the obtained data [4,40,88]. 

1.3.2  Absolute quantification 

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.  

When using stable-isotope labeling methods, a known amount of isotope-labeled standard is mixed with 

the analyte, and the mixture is then analyzed in the mass spectrometer.  This strategy is designated as 

AQUA (Absolute Quantification) [22].  

The first step when applying the AQUA method is to select a suitable standard peptide. For this peptides 

of a protein of interest are identified and a peptide is chosen according to its amino acid sequence and the 

protease to be used. Afterwards, a chemical synthesis of this peptide is performed. This synthetic peptide 

will contain heavy-isotope labeled amino acids and will be chemically identical to its native correspondent, 

although a defined mass shift will allow the synthetic and native peptides to be distinguished via MS. 

Then, there is a standardization of the sample. This requires adding standard peptides either before or 

after trypsin digestion of the sample. One drawback of this technique is actually present in this step, as the 

operator has to estimate the amount of standard peptides to add, although the amount of proteins present 

in the samples is not accurately known before absolute quantification. Nevertheless, as an absolute 

amount of the synthetic peptide is added, the ratio of intensity peaks/areas under the curve can be used to 

quantify protein abundance (Figure 10) [22,40].  

 

Figure 10 – Schematics of an absolute quantification method. A known amount of isotope-labeled standard is mixed 

with the analyte in study, followed by mass spectrometric analysis. Quantification is done by comparing the 
abundance of the known AQUA internal standard peptide with the native peptide. Adapted from [94] 

Label-free absolute quantification methods also exist, such as the exponentially modified protein 

abundance index and absolute protein expression methods. In both techniques, protein abundance 

determination is based on the number of observed and expected peptides in a protein mixture, i.e. in 

identification frequency [40,70]. 
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1.4 Scope of the present work  

1.4.1 Group overview 

The work presented in this thesis was performed in Technical University of Denmark (DTU), in the Protein 

and Immune System Biology group at the department of System Biology, under the supervision of Dr. Per 

Hägglund.  

1.4.2 Project outline 

The aim of this project is 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. 

This labeling technique is based on the chemical reaction of primary amines with different isotopomers of 

formaldehyde and cyanoborohydride, resulting in a dimethyl light or heavy tag on the peptides.  

To accomplish this, stable-isotope dimethylation was primarily carried out on a standard protein digest, 

and the MS analysis was done in MALDI-TOF.  

The labeling technique was firstly applied according to the in-solution dimethylation protocol described by 

Boersema et al, 2009 [7]. Due to the sensitivity of this latter technique to chemical contaminants, it is 

needed a desalting step and a larger amounts of sample, after that the process will be optimized and 

scaled-down to be performed on a StageTip. Both strategies were compared in terms of labeling 

efficiency. In addition, StageTip dimethyl labeling method was tested using on tryptic digests prepared 

with different buffers.  

After establishing the protocol, it was necessary to study the reliability for relative quantification using 

different mixing ratios. Analysis was done both in a MALDI-TOF and in an Orbitrap Fusion LC-MS/MS 

system. 

Finally, once determined whether this technique is reliable to determine protein abundance of a LC-

MS/MS system, the ultimate goal is to demonstrate that it is possible to perform a quantitative proteomic 

study on a complex lysate digest using this technique. 

1.4.3 Stable-isotope dimethyl labeling  

In this project, relative quantification of proteins was achieved, using stable-isotope dimethyl labeling 

technique for peptide labeling. As previously mentioned, dimethylation is achieved by primarily reacting 

the primary amines with formaldehyde to give rise to a Schiff base, followed by its reduction in the 

presence of cyanoborohydride. Using isotopomers of formaldehyde and cyanoborohydride, it is possible 

to obtain peptide triplets that differ in mass by a minimum of 4Da, thus allowing the analysis of peptides 

from different conditions in a single experiment. 

In Boersema et al. 2009 [7], 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 and 

cyanoborohydride, leading to a mass increase of 28 Da per primary amine. The second one differs from 
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the light labeling, as deuterated formaldehyde is used. This leads 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 (Figure 11).  

 

Figure 11 – Labeling schemes of triplex stable isotope dimethyl labeling. R represents the remainder if the peptide.  
From [7] 

In this project, only the light and intermediate forms of labeling were used for relative quantification of 

proteins. As trypsin was used for protein digestion, the resulting peptides will contain a lysine or an 

arginine on their C-terminus. Therefore, the arginine containing peptides will only be labeled on its  

N-terminus, while peptides containing lysines will be labeled on two sites: on the lysine and in the  

N-terminus. This results in a mass increase of either 28 or 56 for the light labeling, or of 32 or 64 Da for 

the intermediate label, for the singly or doubly labeled peptides, respectively.    
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2. Materials and methods 

2.1 General Conditions 

Bovine serum albumin was used as a standard protein and was obtained from Thermo Scientific (PN: 

23209). Protein proteolysis was done using trypsin (PN: V511A) obtained from Promega. β-lactoglobulin 

was used for external calibration and it was obtained by Sigma Aldrich (PN: L3908). 

As for the chemicals required for dimethyl labeling, tetraethylammonium bromide (TEAB) (PN:T7408), 

formaldehyde (CH2O) (PN:252549), deuterated formaldehyde (CD2O) (PN:492620), sodium dihydrogen 

phosphate (NaH2PO4) (PN:71500) and sodium cyanoborohydride (NaBH3CN) (PN:71435) were obtained 

from Sigma Aldrich, while Ammonium solution (PN: 1054321000) and disodium hydrogen phosphate 

(Na2HPO4) (PN:106580) were obtained from Merck.  

Unless otherwise stated, solvents and reagents used were obtained from Sigma-Aldrich and used without 

further purification.  

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 (PN:66883-U). 

Whenever needed, pH measurements were done with a pH 209 Hanna Instruments pHmeter  

MALDI-TOF equipment used was UltraflexII (Bruker Daltonics) and the LC-MS/MS system used was Easy 

nLC 1000 chromatograph (Thermo Fischer Scientific) with an EASY-Spray column (Pepmap 3um, C18 15 

cm x75um), coupled to an Orbitrap Fusion (Thermo Fischer Scientific). 

Three to four replicates were made for each experiment. 

The software used to treat the spectra obtained from MALDI-TOF was flexAnalysis (version 3.3) from 

Bruker Daltonik. Biotools software (version 3.2) provided access to Mascot algorithm for Peptide Mass 

Fingerprinting in order to identify proteins. 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. 

2.2 Lysate preparation and purification in Staphylococcus aureus 

samples 

2.2.1 Lysate preparation 

To obtain a Staphylococcus aureus cell lysate, a cell pellet collected in an eppendorf was ressuspended in 

500µl of 100mM Tris-HCl pH 7,5. These cells were grown by Nina-Marie Dovmark in the conditions 

presented in [95]. Prior to its use, 2µl of Benzonase® Nuclease (PN: E1014) 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 
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14000g, using the microcentrifuge Sigma 1-14. Supernatant was collected and protein concentration was 

determined as described in section 2.3.1, using 10µl of the clarified lysate.  

2.2.2 Acetone precipitation 

Protein precipitation was performed in order to eliminate other substances that might affect trypsin 

digestion. One volume of clarified lysate was mixed 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 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. Protein concentration was determined as described in 

section 2.3.1, using 10µl of the clarified lysate. 

2.3 Protein quantification 

2.3.1 Amido Black Method 

For protein concentration determination, Amido Black Method [59] was carried out. To initiate, 300 µl of 

staining solution (26% (m/v) Amido Black in 10% (v/v) acetic acid, 90% methanol) was added into each of 

10-50 µl of protein extract samples and mixed with vortex. The samples were left to rest for 5 minutes at 

room temperature. The solutions were then centrifuged to pellet precipitate protein, for 5minutes at 

15000g, using a Centrifuge 5417R, Eppendorf. The supernatant was carefully removed so that the pellet 

was not disturbed and discarded. The second step was to wash the pellet. For this 500 µl of washing 

solution (10% (v/v) acetic acid, 90% (v/v) methanol) was added into each sample, mixed with a vortex and 

centrifuged in the conditions as previously referred. This step was repeated until the supernatant became 

colorless. To finalize, the sample pellets were dissolved in 250 µl of 0,1M sodium hydroxide and the 

solution’s absorbance measured at 615 nm, using an Epoch 2 microplate spectrophotometer, Biotek. 

In order to correlate absorbance to protein concentration it was necessary to obtain a standard curve. For 

this, BSA samples with 0,5, 0,7, 1, 2, 5, 10, 20 and 30 µg were prepared and their absorbance measured. 

2.4 Sample preparation for MS-based identification and relative 

quantification of proteins 

As a bottom-up proteomic approach was used, all samples were trypsin digested. For relative 

quantification of proteins, the peptides were labeled using the dimethyl labeling technique. Prior to their 

analysis, samples were desalted and concentrated using a StageTip, with the exception of samples that 

were labeled using the StageTip dimethyl label method. MALDI-TOF analysis required an extra step, 

which was to prepare a matrix/sample mixture using the dried droplet method. 
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2.4.1 In-solution trypsin digestion 

In order to do sample preparation for MALDI-TOF or LC-MS analysis and/or for stable isotope dimethyl 

labeling, in-solution trypsin digestion was performed.  

Firstly proteins were denaturated and reduced to prevent the formation of disulfide bonds between 

cysteines. For this <100 µg protein were dissolved in 20 µl of 8M Urea, 50mM Tris-HCl pH 8,0 solution 

and 2 µl of 450mM dithiothreitol (DTT) were added.  The sample was left to incubate for 45min at room 

temperature. This step was followed by cysteine alkylation to prevent the formation of disulphide bonds. 4 

µl of 500Mm IAM freshly prepared were added to the solution and left to incubate for one hour at room 

temperature and in the dark.  

For an efficient trypsin digestion to occur, it is necessary to dilute urea present in the sample solution 

below 2M, so 74 µl of 50mM Tris-HCl pH 8,0 are 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, it was added 2 µl of 10% (v/v) trifluoroacetic acid (TFA). 

It is important to mention that gloves and hair protection are crucial in sample preparation, because 

keratin can contaminate easily the samples. 

2.4.2 StageTip purification 

With the objective of removing contaminants and concentrating samples to increase the quality of the 

results, a sample cleanup using StageTip with C18 membranes was performed. as excess salts or trace 

amounts of detergents interfere with peptide ionization and also add to the chemical noise or background 

in the mass spectra. 

For this, two C18 filters were punched and placed at the very end of a 10 µl tip with a sampling tool 

syringe. Activation of the filters was achieved in two steps: firstly 20 µl of 60%(v/v) ACN (acetonitrile), 

0,1%(v/v) TFA solution were added and spin down for 20-30s at 4000g; lastly 20 µl of 0,1%(v/v) TFA 

solution were added and spin down the same way. Then using a syringe, 5ug of peptides were loaded into 

the tip and the flow through collected. Column washing was performed by adding twice 20 µl of 0,1%(v/v) 

TFA and spin down for 20-30s at 4000g. Elution and sample collection was done manually with 10 µl of 

60% (v/v) ACN, 0,1% (v/v) TFA solution, using a syringe. From this point, samples could be stored at 4°C 

for a couple of days or at -20°C for several weeks. After elution, the samples were dried by vacuum 

centrifugation at room temperature for 10-15min. Samples were reconstituted by adding 2,5 µl of 2% (v/v) 

formic acid and 7,5 µl of water.  

In case of polymer contamination of samples, elution was performed by adding 10 µl of 20%, 30%, 40%, 

45%, 50% and 60% (v/v) ACN, 0,1% TFA. For each acetonitrile concentration, the flow through was 

collected and then analyzed. The non-contaminated sample elutions were mixed together, dried by 

vacuum centrifugation and reconstituted as previously described.  
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2.4.3 Stable Isotope Dimethyl labeling 

After determining protein concentration and performing protein digestion, samples were labeled using 

stable isotope dimethyl labeling technique [7]. There were two protocols that were used to carry out the 

labeling process: In-solution and StageTip.  

2.4.3.1 In-solution dimethyl labeling  

In-solution stable isotope dimethyl labeling was carried out using the procedure described in Boersema et 

al., 2009 [7]. Each different isotope labeling of the samples was performed in parallel in different tubes.   

After trypsin digestion of the samples, these were dried by vacuum centrifugation for 30 minutes at room 

temperature. Then, these samples were reconstituted with 100 µl of 100mM TEAB and 4 µl of 4%(v/v) 

formaldehyde (CH2O) or deuterated formaldehyde (CD2O) were added to the sample to be labeled with 

light and intermediate dimethyl tag, respectively. The solutions were mixed briefly and spin down. This 

step was followed by the addition of 4 µl of 0,6M NaBH3CN , for the light and intermediate labeling. The 

solutions were left to incubate in a fume hood for 1hour at room temperature, while using a bench top test 

tube mixer. After that, the labeling reaction was quenched using 16 µl of 1% (v/v) ammonium solution. The 

light and intermediate solutions were briefly mixed with a 1:1 proportion and spin down. To further quench 

the reaction, 8 µl of 5% (v/v) formic acid were added. Finally, the differentially labeled samples were mixed 

and analyzed. Before being analyzed by MALDI-TOF or LC-MS, the mixed labeled samples were purified 

and concentrated using a StageTip as described in section 2.4.2.  

Table 1 summarizes all the solutions required for the light and intermediate dimethyl labeling. 

Table 1 – Components required for the in-solution method to obtain a light and intermediate dimethyl tag 

Solutions for  
Light label 

Solutions for 
Intermediate label 

100 µl of 100mM TEAB in water 100 µl of 100mM TEAB in water 

4 µl of 4% (v/v) CH2O in water 4 µl of 4% (v/v) CD2O in water 

4 µl of 0,6M of NaBH3CN in water 4 µl of 0,6M of NaBH3CN in water 

16 µl of 1%(v/v) ammonia solution 16 µl of 1%(v/v) ammonia solution 

8 µl of 5% (v/v) of formic acid 8 µl of 5% (v/v) of formic acid 

2.4.3.2 StageTip dimethyl labeling 

This labeling protocol for dimethyl labeling was adapted from Boersema et al. (2009) [7] in order to be 

done in a 10 µl StageTip.  

Before starting the labeling process, two different solutions were prepared for light and intermediate 

labeling of the samples (Table 2). 

  



20 

 

Table 2 - Components required for the StageTip method to obtain a light and intermediate dimethyl tag 

Solution A 
Light label 

Solution B 
Intermediate label 

450 µl of 50mM sodium phosphate 

buffer in water 

350 µl of 50mM Na2HPO4 

100 µl of 50mM NaH2PO4 

450 µl of 50mM sodium phosphate 

buffer in water 

350 µl of 50mM Na2HPO4 

100 µl of 50mM NaH2PO4 

25 µl of 4% (v/v) CH2O in water 25 µl of 4% (v/v) CD2O in water 

25 µl of 0,6M of NaBH3CN in water 25 µl of 0,6M of NaBH3CN in water 

For the StageTip dimethyl labeling, two C18 filters were punched firstly and placed at the very end of a 10 

µl tip with a sampling tool syringe, followed by filter activation. For this 20 µl of 60%(v/v) ACN, 0,1%(v/v) 

formic acid solution was added and spin for 20-30s at 4000g, followed by the addition of 20 µl of 0,1%(v/v) 

formic acid solution, which was also spin in the same conditions. Sample loading was performed manually 

by adding <10µg of peptides, using a syringe. The flow through was collected and stored. Column 

washing was carried out by adding twice 20 µl of 0,1% formic acid and spinning for 20-30s at 4000g. 

For light and intermediate labeling, respectively, 80 µl of solution A and B were added on the column. For 

this, 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. 

The differently labeled samples were eluted and collected into the same Eppendorf. Sample elution was 

performed manually using a syringe and adding 10 µl of 60% (v/v) ACN, 0,1% (v/v) formic acid solution. 

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. 

2.4.4 Dried droplet sample preparation 

 

Whenever doing MALDI-TOF analysis it was necessary to prepare not only the samples, but to prepare a 

matrix. For this, 1mg of 4-HCCA (PN: 14,550-5) were dissolved in 100 µl of 70%(v/v)  ACN, 0,1%(v/v) TFA 

for at least twenty minutes before use. It is crucial that the matrix is stored in the dark, because the matrix 

is light sensitive. 

After cleaning the AnchorChip Target 600/384 TF (Bruker Daltonics) with 70% (v/v) ethanol and distilled 

water, 1 µl drop of each sample and BSA standard are spotted on the standard spot place and 0,5 µl  

β-lactoglobulin standard on the standard spot place. The drops are left to dry. Meanwhile it was prepared 

a diluted matrix solution, by adding 10 µl of the matrix stock solution in 190 µl of 90%(v/v) ACN, 0,1%(v/v) 

TFA solution. When dried, 1 µl and 0,5 µl of diluted matrix solution was added on top of the samples and 

BSA standard and of β-lactoglobulin standard, respectively. Once again, the droplets were left to dry. To 

finalize, the samples were washed with 2 µl of 0,5% TFA(v/v), which was then removed carefully after 30 

seconds.  
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2.5  Sample analysis 

2.5.1 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). The spectra were acquired in positive reflector 

mode. Trypsin digested β-lactoglobulin was used for external calibration.  

2.5.2 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 3µm, C18  

15cmx75µm), coupled to an Orbitrap Fusion (Thermo Fischer Scientific). 

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. This method is 

characterized by a full MS scan and data-dependent MS/MS scans, which means it selects the 10 most 

abundant ions to perform a further fragmentation. MS scans were acquired in the ion trap analyzer it was 

used a Orbitrap, with a resolution of 120000, Automatic Gain Control (AGC) target of 4,0E5. The charge 

state considered was set between 2 and 6. The MS/MS scans were acquired in the ion trap analyzer and 

with CID as activation mode (35% of collision energy) and AGC target of 2,0E3.  

2.6 Data analysis for protein identification and quantification 

2.6.1 Peptide Mass Fingerprinting with Mascot 

After obtaining the mass spectrum of a given sample, the experimentally determined peptide masses 

where compared against the Swissprot database, either using all entries or selecting a specific organism. 

The inputs required for this database search were taxonomy, enzyme, taxonomy, fixed and variable 

modifications and the number of missed cleavages. The enzyme used for proteolysis was trypsin, and it 

was allowed up to one miscleavage of the peptides. Cysteine carbamidomethylation was considered as a 

fixed modification as IAM was used to prevent disulfide bridge formation, and methionine oxidation as a 

variable modification, because these residues commonly become oxidized during sample preparation. In 

dimethyl labeled samples, dimethylation of lysine and N-terminal amine, as di-deuterated dimethylation in 

lysine and in N-terminus were also considered as a variable modification. 

2.6.2 Protein identification and quantification with MaxQuant 

The MS raw files obtained from the LC-MS/MS system were processed with MaxQuant for protein 

identification and dimethyl labeling based quantification and it required the input of different parameters.  
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For the Staphylococcus aureus samples, the reference proteome of S. aureus from Uniprot database was 

used. For the BSA samples, bovine proteome was used. Peak lists were searched against these 

proteomes using the Andromeda search engine.  

In group-specific parameters, DimethLys0, DimethNter0, Dimethyl Lys 4 and DimethNter4 were selected, 

as these correspond to light and intermediate dimethyl labeling, respectively. In addition for the digestion 

parameters, trypsin was the selected enzyme and two miscleavages was the maximum allowed. Cysteine 

carbamidomethylation was set as a fixed modification. Variable modifications included methionine 

oxidation and N-terminal acetylation. The first search peptide tolerance was set to 20 ppm, unless stated 

otherwise.  

Further settings in MaxQuant were left with default parameters, such as minimal peptide length of 8 amino 

acids, and a false discovery rate (FDR) of less than 1% for protein and peptide identifications.  
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2 Results and Discussion 

3.1  Dimethyl labeling of a tryptic digest of a protein model 

3.1.1 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, as it was easily available on the laboratory. In 

addition, the labeled analytes were analyzed by MALDI-TOF. 

Primarily, 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 [7].  

After BSA proteolysis and sample clean-up using StageTips, sample analysis was carried out in MALDI-

TOF (Figure 12).  

Mascot is an algorithm that allows protein identification using PMF. Using Mascot and Biotools software, a 

database search was performed to confirm a successful trypsin digestion and to confirm that the detected 

peptides are in fact originating from BSA. Defining a maximum of two missed cleavages, this resulted only 

in a positive match to one of the replicates, so all the detected peaks present in the three replicates were 

analyzed manually. Table 3 summarizes all the peptides that were detected and used to identify BSA. 

  

Figure 12 – MALDI-TOF’s mass spectrum for BSA sample digested with 50 mM NaH2PO4/Na2HPO4 pH 7,5 buffer containing 
singly charged peptides. The mass spectrum was processed using flexAnalysis 
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Table 3 - Identified BSA singly charged peptides using 50 mM NaH2PO4/Na2HPO4 pH 7,5 buffer in protein digestion.  For each 
detected peptide it is presented the respective sequence and experimental m/z. Results were provided from three replicates. 

 

 

 

 

 

 

  

Confirming that the trypsin digestion was successful, the in-solution protocol for dimethyl labeling was 

performed using a 1:1 light/intermediate ratio. Illustrative duplet peaks for a number of BSA peptides are 

shown in Figure 13, where it is possible to see a 4 (Figure 13 b) or 8 Da (Figure 13 c) shift between the 

differentially labeled peptides, and nearly 1:1 ratios.  

  

Peptide sequence Peptide Experimental m/z 

RHPYFYAPELLYYANK 168-183 2045,005; 2045,064; 2045,064 

DAFLGSFLYEYSR 347-359 1567,719; 1567,759; 1567,759 

RHPEYAVSVLLR 360-371 1439,795; 1439,820; 1439,820 

LGEYGFQNALIVR 421-433 1479,781; 1479,798; 1479,798 

KVPQVSTPTLVEVSR 437-451 1639,908; 1639,938; 1639,938 

MPCTEDYLSLILNR 469-482 1724,802; 1724,854; 1724,854 

RPCFSALTPDETYVPK 508-523 1880,896; 1880,951; 1880,951 
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Figure 13 – a) MALDI-TOF mass spectrum for BSA peptides obtained from trypsin digestion using 50 mM NaH2PO4/Na2HPO4 pH 
7,5 buffer and in-solution dimethyl labeling method, using an 1:1 mixing ratio. b) Duplets of the singly charged peptide 
DAFLGSFLYEYSR with m/z 1595,775 and 1599,797. c) Duplets of the singly charged peptide DDPHACYSTVFDKLK with a 
corresponding m/z of 1879,948 and 1888,000. d) Two isotopic clusters identified as the peptides LGEYGFQNALIVR (1507,832 m/z) 
and VPQVSTPTLVEVSR (1511,854 m/z)  The mass spectrum was processed using flexAnalysis. 

Still using the same trypsin digested BSA sample, another dimethyl labeling was performed, but in this 

case using a solid-phase extraction device - StageTip. The rationale behind this was to adapt and scale-

down the on-column dimethyl labeling protocol described in Boersema et al., 2009 [7]. Advantages of this 

adaptation are: allowing the use a small amount of sample, i.e. µg scale; labeling and sample cleaning; 

and concentration in one step. The previous two points allow a decrease in sample loss and makes them 

ready to be analyzed both in MALDI and LC-MS. In comparison to in-solution dimethyl labeling method, 

the quenching step is avoided and it is possible to use Tris buffer and urea in sample preparation as it is 

not affected by primary amine containing compounds. Once again, samples were labeled using a 1:1 

light/intermediate ratio and analyzed in MALDI-TOF. Figure 14 shows the mass spectrum obtained and 

two illustrative duplets (Figure 14 b and c). 

c) b) 

a) 

Δm/z = 8Da 
Δm/z = 4Da 

d) 
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Using PMF, peptide identification carried out using Mascot. Table 4 summarizes all peptides obtained 

using the in-solution and the StageTip dimethyl labeling methods.  

Analyzing the mass spectrum present in Figure 13 d one could think that it corresponds to the two forms 

of labeling of a given peptide. However, when looking at the Mascot results of the identified peptides for 

the in-solution labeling technique present on Table 4, these two peaks correspond to two different 

peptides. Comparing to the peptides detected after using the in-solution labeling technique, the 

experimental m/z of the intermediate labeled peptide of LGEYGFQNALIVR and non-labeled 

VPQVSTPTLVEVSR are in fact very similar. Having that in mind, there is the possibility that due to 

MALDI-TOF’s resolution, the corresponding peptide with an intermediate label of the peptide was not 

detected. Nevertheless, it is most likely that there was a misidentification of the intermediate labeled 

peptide LGEYGFQNALIVR, because of the mass shift that these peaks have and because the intensity of 

signal is practically the same. In order to confirm what peptide does this peak correspond, an MS/MS 

analysis should have been done. 

Regarding the identified peptides labeled using the in-solution technique, one of them stands out: peptide 

RPCFSALTPDETYVPKAFDEK. This peptide presents a mass increase only of 4Da, albeit being expected 

a mass increase of 12Da as this peptide containing three possible sites for labeling: the two lysines plus 

the N-terminus. The latter situation could have occurred due to the contamination of the solution with 

primary amines. However this is unlikely to be true, as sodium phosphate buffer was used during trypsin 

Figure 14 - a) MALDI-TOF mass spectrum for BSA peptides obtained from trypsin digestion using 50 mM NaH2PO4/Na2HPO4 pH 
7,5 buffer and StageTip dimethyl labeling method, using an 1:1 mixing ratio. b) Duplets of the singly charged peptide YLYEIAR 
with a corresponding m/z 955,509 and 959,531. c) Duplets of the singly charged peptide RHPYFYAPELLYYANK with a 
corresponding m/z 2101,089 and 2109,141. The mass spectrum was processed using flexAnalysis. 

a) 

b) c) 
Δm/z = 4Da 

Δm/z = 8Da 
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digestion. Another reason could be the incubation time in the in-solution protocol, was too short. The pH 

not being correct could also explain this incomplete labeling, but it can be excluded, because the pH of the 

phosphate solution was measured during its preparation and it was between 5 and 8,5, the range of pH 

where the reductive dimethylation reaction carries out optimally [7]. 

Comparing the results obtained using both labeling techniques, not only was it proven that the StageTip 

dimethyl labeling protocol was equally efficient at adding the dimethyl tags on the peptides, but it was also 

possible to see a clear mass shift between the peptide duplets. The number of duplets detected were 

greater compared to those obtained in the in-solution dimethyl labeling method, although in the latter 

technique more peptides were identified. However, for relative quantification purposes it is important to 

have both forms of labeling, i.e. the presence of the duplets. Hence, the StageTip labeling technique was 

preferred over the in-solution technique.  

 

 



 

 

Table 4 – Identified BSA singly charged peptides from the in-solution and StageTip dimethyl labeling methods using phosphate buffer for sample preparation and a 1:1 I/L 
ratio and analyzed in MALDI-TOF. For each peptide it is presented the respective sequence, experimental m/z  for the light (L) and intermediate (I) labeled peptide, ion 

intensity (I.I.) I/L ratio for the three replicated and I.I. I/L mean ratio and standard deviation (SD).  Results were provided from three replicates. 
*Peptide identification was done without any label 

In-solution Dimethyl labeling StageTip Dimethyl labeling 

Peptide sequence Peptide 
Experimental m/z I.I. I/L 

Ratio 
Mean and  

SD 
Peptide sequence Peptide 

Experimental m/z I.I. I/L 
Ratio 

Mean and 
SD L I L I 

FKDLGEEHFK 35-44 
1333,718 
1333,713 
1333,721  

1345,794 
1345,776 
1345,790 

1,09 
 1,06 
0,84 

1,00 ± 0,14 YLYEIAR 161-167 
955,509 
955,441 
955,541  

959,531 
959,460 
959,594 

0,97 
1,05 
0,91 

0,98 ± 0,08 

LVNELTEFAK  66-75 - 
1227,760 
1227,758 
1227,768 

- - 
RHPYFYAPELLYYA

NK 
168-183 

2101,089 
2100,906 
2101,084  

2109,141 
2108,997 
2109,137 

1,07 
0,90 
1,02 

1,00 ± 0,09 

HPYFYAPELLYYANK  169-183 
1945,023 
1945,010 
1945,030 

- - - RHPEYAVSVLLR 360-371 
1467,850 
1467,746 
1467,876  

1471,870 
1471,773 
1471,896 

0,96 
1,01 
1,21 

1,06 ± 0,13 

DAFLGSFLYEYSR  347-359 
1595,770 
1595,764 
1595,775  

1599,795 
1599,786 
1599,797 

0,79  
0,94 
0,94 

0,89 ± 0,09 
DDPHACYSTVFDKL

K 
387-401 

1879,957 
1879,838 
1879,972  

1888,013 
1887,876 
1888,028 

0,89 
 0,87 
1,07 

0,95 ± 0,11 

DDPHACYSTVFDKLK 387-401 
1879,948 
1879,938 
1879,955  

1888,000 
1887,988 
1888,005 

0,89 
0,90 
0,78 

0,85 ± 0,07 LGEYGFQNALIVR 421-433 
1507,827 
1507,704 
1507,845  

1511,851 
1511,733 
1511,868 

1,00 
 1,11 
1,07 

1,06 ± 0,06 

LGEYGFQNALIVR 421-433 
1507,827; 
1507,818; 
1507,832 

- - - 
KVPQVSTPTLVEVS

R 
437-451 

1695,918 
1695,834 
1695,972  

1704,054 
1703,936 
1704,071 

0,83 
0,95 
0,75 

0,84± 0,10 

KVPQVSTPTLVEVSR 437-451 
1695,987 
1695,976 
1695,981  

1704,037 
1704,029 
1704,046 

0,86 
0,90 
0,87 

0,88 ± 0,02 MPCTEDYLSLILNR 469-482 
1752,865 
1752,731 
1752,879  

1756,883 
1756,761 
1756,914 

1,10  
0,95 
0,94 

1,00 ± 0,08 
 

VPQVSTPTLVEVSR 438-451 
1511,848; 1511,842; 

1511,851* 
- - 

RPCFSALTPDETYV
PK 

508-523 
1936,975 
1936,814 
1936,996  

1945,025 
1944,870 
1945,028 

0,96  
1,15 
0,90 

1,00 ± 0,13 

RPCFSALTPDETYVPK 508-523 
1936,974 
1936,960 
1936,979 

- - - 

   

RPCFSALTPDETYVPK
AFDEK 

508-528 
2527,217 
2527,168 
2527,189  

2531,276 
2531,242 
2531,262 

1,79  
1,77 
1,50 

1,69 ± 0,16 

TVMENFVAFVDK 569-580 
1463,779; 1463,773; 

1463,778 
- - 

Average 1,03 ± 0,34 Average 0,98 ± 0,11 

2
8
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The next step was to demonstrate labeling effectiveness using urea and Tris buffer. For this another BSA 

sample was prepared, using 8M Urea, 50 mM Tris-HCl for protein denaturation and adding 50mM Tris to 

dilute the digestion solution (Figure 15)(Table 5).  

 

Figure 15 - MALDI-TOF mass spectrum for BSA peptides obtained from trypsin digestion using 8M urea, 50mM Tris buffer for 
sample preparation and StageTip dimethyl labeling method using an 1:1 mixing ratio. The mass spectrum was processed using 
flexAnalysis. 

Table 5 - Identified BSA singly charged peptides from the StageTip dimethyl labeling method using 8M urea, 50mM Tris buffer for 
sample preparation and a 1:1 I/L ratio and analyzed in MALDI-TOF.  For each detected peptide it is presented the respective 
sequence, experimental m/z for the light (L) and intermediate (I) labeled peptide, ion intensity (I.I.) I/L ratio for the three replicates 
and I.I. I/L mean ratio and standard deviation (SD). Results were provided from three replicates. *Peptide identification was done 
without any label 

Peptide sequence Peptide 
Experimental m/z 

I.I. I/L ratio Mean and SD 
L I 

YLYEIAR 161 - 167 
955,497 
955,496 
955,499, 

959,520 
959,521 
959,529 

0,93 
0,95 
1,13 

1,00 ± 0,11 

ALKAWSVAR 233 - 241 
1057,624 
1057,629 
1057,629  

1065,668 
1065,668 
1065,679 

1,08 
0,92  
0,90 

0,97 ± 0,09 

DAFLGSFLYEYSR 347 - 359 
1595,742 
1595,742 
1595,754  

1599,765 
1599,765 
1599,775 

0,86 
1,10 
1,07 

1,01 ± 0,13 

RHPEYAVSVLLR 360 - 371 
1467,821 
1467,823 
1467,829  

1471,845 
1471,845 
1471,854 

1,02  
0,98  
1,13 

1,05 ± 0,08 

LGEYGFQNALIVR 421 - 433 
1507,797 
1507,800 
1507,808 

- - - 

KVPQVSTPTLVEVSR 437 - 451 
1695,963 
1695,964 
1695,973  

1704,017 
1704,015 
1704,029 

0,93 
0,81 
0,94 

0,89 ± 0,07 

VPQVSTPTLVEVSR 438 - 451 
1511,817 1511,823 

1511,825* 
- - 

MPCTEDYLSLILNR 469 - 482 
1752,829 
1752,835 
1752,839  

1756,849 
1756,853 
1756,864 

1,14 
1,20 
1,31 

1,22 ± 0,09 

 Average 1,02 ± 0,13 
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Analyzing the data presented in Table 4 and 5, it is possible to observe that the average ratio of all 

quantified peptides was not 1,00. This could be due to overlapping of isotopic clusters, as it can cause 

incorrect calculations of peptide abundance ratios. 

This problem can occur whenever the mass shift is smaller than 4 Da, when labeled peptide pairs have 

very different expression levels and in the presence of high m/z ratio peptides [9]. 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 [32], this results 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 is confirmed when looking, 

for example, at the mass spectra of the peptides RPCFSALTPDETYVPKAFDEK, DAFLGSFLYEYSR 

(Table 4) and LGEYGFQNALIVR (Table 5). 

As reported in literature [62], 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.  

One last interesting fact is that the majority of peptides detected contained arginine, although BSA 

contains more lysine residues. This phenomenon has been previously reported [45] and related to the 

great basicity of arginine in comparison to lysine, which results in an easier ionization.  

After analyzing samples with a light/intermediate 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 (Table I, II, 

III - Supplementary material section 7.1) (Figure 16). 

 

Figure 16 – Linear correlation between the experimental and theoretical I/L ratio using a 1:1, 1:0,5 and 1:0,25 light to heavy labeled 
peptide combinations and performing a MALDI-TOF analysis.  The obtained linear regression is defined by y = 1,03559x - 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.  
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In Figure 16, there is a clear linear correlation between the experimental and theoretical I/L ratios, 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 [37,72]. 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. 

This indicates that there is a good correlation of the experimental data with the theoretical ratios. 

To finalize it is possible to see in Figure 17 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 17 - 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. 

3.1.2 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. MaxQuant was used to analyze the raw files, as it was designed for the 

analysis large-scale of mass spectrometry data sets and also is able to quantify proteins resulting from a 

dimethyl labeling technique.  

Relative quantification was carried out at the MS level, by comparing the relative abundances of the 

differentially labeled peptides, while protein identification was achieved at the MS/MS level. 

Figure 18 a illustrates the total ion chromatogram obtained from an LC-MS/MS analysis of a dimethyl 

labeled BSA sample prepared with a 1:1 I/L ratio. Selecting a specific retention time range it is possible to 

see the mass spectrum of the peptides that eluted (Figure 18 b).  
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In comparison to MALDI’s mass spectrum, these are more complex. Having a greater number of peaks, it 

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.  

b) 

Figure 18 – Total ion chromatogram  of the BSA sample prepared with 1:1 mixture ratio and analyzed on Orbitrap Fusion(a) (b) 
Mass spectrum of the peptides BSA eluted between the retention time window of 35,64 to 36,71min. Images collected from 
Xcalibur. (c) MS/MS spectrum of the selected peptide ion. Image collected from MaxQuant. 

a) 

b) 

c) 
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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 19 

and 20 are shown illustrative peptides multiply charged are presented of a BSA trypsin digested samples 

and dimethyl labeled in a 1:1 light/intermediate ratio.  

Figure 19 a, b and c shows the extracted mass spectrum of the peptide GLVLIAFSQYLQQCPFDEHVK 

doubly, triply and quadruply 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. Therefore, the doubly charged peptide (1246,681 

m/z) has a m/z shift of 28,03 and 32,06 and the triply (831,426 m/z) and quadruply (623,821 m/z) charged 

peptides of 18,67, 21,37 and 14,02, 16,03, correspondingly.  

 

Charge +2 Charge +3 Charge +4 

Figure 19 - Dimethyl labeled duplets of BSA peptides GLVLIAFSQYLQQCPFDEHVK. The peptide is labeled both at the N-terminus 
and lysine, therefore for a doubly (a), triply (b) and quadruply (c) charged peptide ions, there is a Δm/z of 4,03, 2,69 and 2,01, 
respectively. Image adaption from mass spectrum collected from MaxQuant. 

Figure 20 is another example of an extracted mass spectrum of a trypsin peptide of BSA, doubly (m/z 

862,920) (Figure 20a) and triply charged (m/z 575,616) (Figure 20b), respectively. As the peptide 

MPCTEDYLSLILNR 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, using the intermediate form. This lead to a m/z shift for 

the light and intermediate labeling, correspondingly, of 14,02, 16,03 for the doubly charged peptide and 

9,34, 10,69 for the triply charged peptide. 

b) c) 
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                            Charge +2                Charge +3 

Figure 20 – Dimethyl labeled duplets of BSA tryptic peptide MPCTEDYLSLILNR. The peptide is only labeled at its N-terminus, 
resulting respectively in a Δm/z of 2,01 and 1,34 for a doubly (d) and triply (e) charged peptide ion, correspondingly. Image adaption 
from mass spectrum collected from MaxQuant. 

When analyzing the data obtained, one has to consider that there are two major factors that may influence 

stable-isotope labeling: the retention time shifts in the labeled pairs and the overlap of the isotopic 

clusters.  

There are various cases in the literature that demonstrate a retention time shift on the deuterium-

containing labeled peptides when using reversed-phase chromatography. The presence of deuterium is 

anticipated elution shift of the heavily labeled peptide in comparison to its light correspondent. This topic is 

further discussed in section 3.1.2.2. 

As for the overlapping of the isotopic clusters which was previously discussed, this problem is also 

present. Figure 20 illustrates an example where an overlap of the fifth and following peaks of the light 

labeled peptide occurs on the isotopic distribution of the intermediate labeled peptide, therefore leading to 

an upward bias on its relative abundance.  

3.1.2.1 Interpretation of a MS/MS spectrum 

In addition to the MS spectra, peptide fragmentation was carried out using CID, giving rise to the MS/MS 

spectra. From the data obtained, it is possible to determine the peptide sequence, which will then be used 

to identify the proteins present in a given sample. Figure 21 is an example of the MS/MS spectrum of the 

tryptic BSA peptide ECCHGDLLECADDR. 

  

b) a) 
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Figure 21 – MS/MS spectrum of the tryptic BSA peptide ECCHGDLLECADDR. Spectrum collected from MaxQuant. 

The peptide fragments are identified using MaxQuant software, an example of manual interpretation of the 

MS/MS spectra is shown in Figure 20. In order to obtain the amino acid sequence, it is necessary to 

calculate the mass increments between adjacent product ions of the same series. The residue masses 

used to perform this interpretation are presented in Figure I (Supplementary material section 7.2). 

The first step is to look at immonium ions, which are found in the small-mass region of the spectrum. This 

ion was not found in this MS/MS spectrum; however one has to consider that these ions are rarely 

observed for all the peptide amino acids [34].  

The next step would be to search for the a2 and b2 ions, as this pair is frequently present and very 

prominent in the low mass region. These ions are separated by 28 Da, because b2 ions usually lose a CO 

group to form the a2 ions. Identifying this pair of ions a good starting point to sequence a given peptide, 

using the b-series ions.   

The y1 ion contains the amino acid present on the C-terminus of the peptide. As a tryptic peptide of BSA 

is being analyzed, the y1 can either be found in 147 Da if it is a lysine, or 175 Da for an arginine. In this 

case, the y1 corresponds to an arginine (175,12u).  

Then, the y2 ion found has a mass of 290,15u, corresponding to a mass increment of 115,03u. This 

matches to the mass residue of an aspartate, so the y2 ion contains the RD amino acid residues. As the 

mass increment of the y3, y4 and y5 ions are, respectively, of 115,02, 71,04 and 160,03u, this indicates 

the presence of another aspartate, an alanine, followed by a carbamidomethylated cysteine. Therefore the 

y5 corresponds to RDDAC amino acid residues. Using the same approach for the rest of the detected y- 

ions, the resulting peptide sequence was RDDACELLDG. 
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3.1.2.2 Isotope effects on chromatographic separation 

In quantitative MS, relative quantification is achieved either using the relative peaks intensities between 

the light and heavy labeled peptides or using the areas of the extracted ion chromatograms. However, 

using RPLC, 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 [36,72]. 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 [26].  

Using the extracted ion chromatograms for the corresponding light and intermediate labeled peptides, it 

was studied the isotopic effect on the tryptic BSA peptide DAIPENLPPLTADFAEDKDVCKNYQEAK. 

Figure 22 illustrates that there is an isotopic effect, where it is possible to see that there is a retention time 

shift. Anyway, this shift can be considered as being negligible, just like reported in literature [35,36].  
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Figure 22 – Extracted ion chromatogram and mass spectrum of the quadruply charged tryptic BSA peptide 
DAIPENLPPLTADFAEDKDVCKNYQEAK with an expected I/L ratio of 1:1 (a)(b) and 0,25:1 (c)(d), respectively. The ion 
chromatogram in red corresponds to the intermediate labeled peptide, as the blue one to the light labeled peptide. It is possible to 
see the isotopic effect between the two forms of labeled peptides, although the shift in retention time is very small. 
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This retention time shift could be avoided using labels with 
13

C, 
15

N or 
18

O isotopes, thus resulting in a less 

pronounced retention time shifts, which does not require the additional signal integration step. 

Unfortunately, in order to have a mass shift of at least 4Da using a dimethyl labeling technique, the use of 

13
C isotope is not enough. However, most recently diethyl labeling technique has started to be applied, 

which can use 
13

C isotope to obtain the 4Da mass difference between differently labeled peptides [5,42]. 

Interestingly, a smaller isotopic effect has been observed when using a stationary phase which is less 

hydrophobic than C18 [83].  

Although the accuracy of quantification may be compromised due to the isotopic effect, there are ways of 

overcoming this problem during data analysis. For instance, 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 

[13]. 

Another alternative would be to use a hydrophilic interaction liquid chromatography (HILIC) separation, as 

it does not show any isotope effect [8,26,42].  

3.1.2.3 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. Three replicates of tryptic digests were prepared and 

analyzed in MALDI-TOF, as well as in 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 6 summarizes the number of identified and quantified in all different I/L ratios using both MALDI-

TOF (Table I, II and III – Supplementary material section 7.1) and Orbitrap Fusion (Table IV and V - 

Supplementary material section 7.3).  

Table 6 – 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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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. 

Table 7 – 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. 

 

 

 

Looking at Table 7, 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 23, 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 difference was caused due to an error during sample preparation or 

if it is associated with the instrument itself.  

 

 

 

 

 

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

Mass spectrometer 
MALDI-

TOF 
Orbitrap 
Fusion 

MALDI-
TOF 

Orbitrap 
Fusion 

MALDI-
TOF 

Orbitrap 
Fusion 

Average between all 
detected peptides 

1,03 1,04 0,51 - 0,25 0,45 

Average SD 0,09 0,16 0,05 - 0,02 0,24 
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Figure 23 – 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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Unfortunately there is only data concerning two of the three mixture ratios used, because a new set of 

samples could not be analyzed due to technical problems. Therefore it was not possible to plot a graphic 

to determine if there is correlation between the experimental and theoretical ratios. 

3.2 Protein identification and relative quantification using a Staphylococcus 

aureus lysate  

Dimethyl labeling is a technique that is widely used to perform quantitative proteomic studies [12,47,72]. 

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. 

Staphylococcus aureus is a Gram-positive bacteria that is known to cause acute nosocomial and biofilm-

associated infections. The capacity to withstand host immune system and a higher tolerance to antibiotics 

are two factors that makes these biofilms infections problematic, as it is harder to have an effective 

treatment.  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 [21,58,63]. 

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. This study was carried out using this strain of S. 

epidermidis because there were evidences from previous work that its presence induces biofilm formation.  

For a proteomic analysis, these samples were first sonicated and the lysate extracted. Then, acetone 

precipitation was carried out to purify the lysate. The precipitated proteins were then redissolved in 8M 

urea, 50mM Tris and subsequently trypsin digested. Afterwards, peptide labeling was carried out using a 

StageTip dimethyl labeling technique, using a 1:1 light/intermediate 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.   

Although there are several proteomic studies on S. aureus present in literature [6,21,39,50,64,71], no 

previous studies have been reported regarding the use of dimethyl labeling technique to perform a 

quantitative proteomic study of a S. aureus culture. In addition the majority of these proteomic studies use 

2D PAGE and a GeLC-MS/MS approach. 

Using high-resolution mass spectrometers facilitates the quantification process in complex proteomic 

samples, as there is higher sensivity due to the separation by the LC system. Taking that in consideration, 

these samples were analyzed by the Orbitrap Fusion LC-MS/MS system. As previously mentioned, 

quantification is performed at the MS level, by comparing the relative abundances of the differentially 

labeled peptides, while identification was achieved at the MS/MS level. MaxQuant was used for database 

analysis, allowing protein identification and relative quantification.  

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 8).  
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Table 8 – 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 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 24) (Table VI - Supplementary material section 7.4).  

 
Figure 24 – 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.   

3.2.1 Analysis of the identified proteins 

At a first glance, there are many identified proteins known to be associated with biofilm formation, such as 

the virulence factors. Also, many ribosomal proteins were identified, as there was a great amount of 

proteins that were identified as “putative uncharacterized”. This means that these proteins were predicted 

by means of bioinformatics tools, using Open Reading Frames of the annotated genome, and that its 

function is unknown. However to obtain more information about these proteins, a BLAST analysis was 

carried out using their amino acid sequences. 

A comparison was done between the identified proteins with those founds associated with S. aureus 

studies under planktonic and biofilm culture conditions [50,63,64,71], as well with proteomic studies of this 

bacteria [6]. In addition, the functional interpretation of a proteomic investigation can be very challenging 
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 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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and for this reason different bioinformatics tools were used to help generating a hypothesis regarding the 

response of S. aureus 26A in the presence of the supernatant of S. epidermidis 58A. 

Firstly all identified proteins were analyzed and classified according to their biological process using 

PANTHER GO-slim classification system. 841 of the 994 proteins were compared to the 2885 proteins 

annotated by PANTHER, which were used as the reference background. Over-represented categories 

(p<0.05) are shown in Figure 25. 

 

Figure 25 - Classification of all identified proteins according to their biological process and with p<0,05, using PANTHER GO-slim, 
with indication of the percentage of proteins involved in a given protein. In red it is represented the analysed sample and in blue the 
reference S. aureus.  

As seen in the reference S. aureus, the majority of genes expressed are associated with metabolic, 

protein and nucleobase-containing compound metabolic processes. 

Amongst all the identified proteins, a detailed analysis was done to those that were non-quantified, 

highlighting virulence factors and their gene regulators. 

Looking at Table VI (Supplementary material section 7.4), there was the identification of different virulence 

factors, such as a conserved virulence factor B (Q2FYP3), fibronectin-binding proteins A (P14738, 

Q2G1U1) and B (Q2G1T5), γ-hemolysin component B (Q2FVK1), secretory antigen SsaA (Q2G1W1) and 

response regulator SaeR. The immunoglobulin-binding protein Sbi (Q2FVK5) and Staphopain A 

(Q2G2R8) were identified. Sbi is known to help bacteria to avoid immune defenses [69], as Staphopain A 

is a chemokine receptor blocker. Chemokine receptors are crucial to immune response since their 

activation results in the directed migration of inflammatory cells to the site of infection [46].  
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Proteins associated with peptidoglycan synthesis were also found, like lipoteichoic acid synthase 

(Q2G093) as well as UDP-N-acetylmuramoyl ligases (Q2FWH4, Q2FZ92) and associated enzymes. Wall 

teichoic acids have been reported in literature to be a prerequisite for continued nasal colonization, as its 

deficiency lead to a reduction in the attachment of S. aureus into endothelial cells from animal models 

[87].    

Urease-associated proteins were also found (Q2G2K5 and Q2G2K8). Ureolytic activity is a 

characteristical feature of pathogenic Staphylococcus strains, and it has also been observed in 

Helicobacter sp., as well as in Mycobacterium tuberculosis [43].  

Capsular polysaccharide synthesis proteins Cap8M, Cap8F, Cap5B and Cap5D (Q2G1J6, Q2G1K3 and 

Q2G1K7, correspondingly), were also identified, which correspond to the two serotypes were shown to be 

predominant in human clinical isolates [53]. The encapsulation of S. aureus isolates allows these bacteria 

to evade phagocytic uptake, because it impedes interaction between cell wall proteins and their 

corresponding receptors on the phagocytic cell [53].     

An extended analysis was done on the down and upregulated proteins using the Database for Annotation, 

Visualization and Integrated Discovery (functional) annotation clustering tool to identify over-represented 

gene ontology terms, combined with Panther. Figure 26 contains two circular graphics of with the resulting 

groups the up- and downregulated proteins. 

 

 

 

 

 

 

 

 

 

 

 

 

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.   

Figure 26 – Circular graphic representation of the resulting functional annotation clusters by Panther for the down- and 
upregulated proteins in S. aureus culture grown in the presence of S. epidermidis supernatant 
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Analyzing the under-expressed proteins (Table VI - Supplementary material section 7.4), more than 30 of 

them consist in 30s or 50s ribosomal proteins. Most of them have been reported to be more expressed in 

biofilms conditions in comparison to planktonic conditions during the first hours of growth [63]. 

As for the uncharacterized proteins, after the BLASTp analysis, it was determined that the proteins 

Q2G1I7, Q2G1I8, Q2FV27, Q2G0D6 and Q2G2H1 are still considered as hypothetical proteins. Three 

different proteins presented similarity to other S. aureus oxidoreductases: Q2G2D7 was seen to be a 

NADP dependent oxidoreductase or a quinone oxidoreductase in other S. aureus strains; Q2FVQ0 

demonstrated similarity with quinone oxidoreductase; and Q2FVT8 with a oxidoreductase. In addition 

Q2G1B7 had a positive match with glycosyl transferase family 2, which is involved in cell wall 

biosynthesis.  

Arginine deiminase Q2FUX7, carbamate kinase Q2FZA9, clumping factor A protein Q2G015, fibrinogen-

binding protein Q2FZC2, α-hemolysin (Q2G1X0), and ornithine carbamoytransferase Q2FUX8 are 

examples of a group of proteins that also appear as under-expressed. These have been reported to be 

more expressed under biofilm conditions [63]. In addition, a fibronectin-binding related protein and 

clumping factor A (Q2FZC2 and Q2G015, respectively), which are adherence factors found under-

expressed. A probable IsaA (Q2FV52) was also one of the identified under-expressed proteins. Virulence 

of S. aureus cells has been associated with these isaA surface proteins [64].  

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 (Figure 24). 

It is known that ATP synthase has an important role in bacterial growth and in metabolism, because not 

only due the under-expression of these enzymes lead to a growth suppression, but also because the use 

of the diarylquinoline class of drugs, which target ATP synthases, was proven to inhibit S. aureus growth 

both in planktonic state and in metabolically resting bacteria grown in a biofilm culture [2].  

It was also observed an overexpression of different virulence factor regulators, e.g. agrC, rot and saeS. 

For example, accessory gene regulator protein C (agrC) is a receptor histidine protein kinase, which 

combined with the cytoplasmic response regulator agrA, compose the accessory gene regulator (agr) 

system. Agr is a quorum-sensing system responsible for the transcriptional regulation of virulence-

associated genes in S. aureus [77,86]. This agr system leads to the repression of surface proteins, thus 

explaining the downregulation of the adhesins like the clumping factor. SaeS is another histidine protein 

kinase that is part of the saePQRS system. Rot was also found and it is a regulator known to interfere with 

the establishment of the infection, as it stimulates the expression of needed factors and inhibits those that 

interfere with it [67]. Rot negatively regulates the expression of α-hemolysin [50,67], as the results confirm.  

Although mentioned as probable proteins, both quinol oxidase subunits 1 (qoxB) and 2, qoxB is known to 

contribute to fitness and virulence [24]. Succinate dehydrogenase was also found to be overexpressed. 

The overexpression of these proteins is known to be advantageous under nutrient-limited conditions [21]. 
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Regarding the over-expressed proteins, 12 proteins are described as “putative uncharacterized protein”. 

Interestingly only four of these proteins are remain hypothetical, whilst the others were found to exist on 

other strains of S. aureus. These were found to be ABC transporters ATP binding proteins (e.g. Q2G2E5 

and Q2G1N4), dehydrogenases (e.g. Q2DXG3 and Q2G1C8). In addition there was one positive match 

for a K
+
 transporter Trk (Q2FZH1), which is known to contribute to fitness during a S. aureus infection [25], 

and for a hemolytic protein (Q2FZA3).  

As for the proteins that did not change significantly their expression, were for example the formate 

acetyltransferase Q2G1D8, which is associated with biofilm growth conditions. Lipoproteins (e.g. Q2G0V0 

and Q2FZZ0) are also present among these proteins. Staphylococcal lipoproteins are ABC transporters 

involved in nutrient acquisition that are known to increase bacterial growth and inflammatory response in 

vivo [69]. Secretory antigen ssaA2 (Q2G2J2) is another protein associated with acute infections that is 

present, as well as two SarR transcriptional regulators (Q9F0R1, Q2G1N7). 

Some stress response proteins were also identified, whose expression does not change significantly, like 

the chaperone protein ClpB, involved in the recovery of the cell from heat-induced damage, in cooperation 

with DnaK and GrpE. Therefore it is not surprising that these two proteins were also identified (DnaK 

chaperone Q2FXZ2 and protein GrpE Q2FXZ1). The superoxidase dismutase sodM was found to be one 

of the most upregulated proteins, whereas the staphylococcal accessory regulator SarA was found to be 

underexpressed. This regular is known to be a sodM repressor [21], therefore explaining the higher 

abundance of sodM.  

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. These results 

corroborate with Panther and DAVID’s bioinformatics tools findings. Over-expressed proteins were found 

to be mainly associated to metabolic pathways and oxidative phosphorylation, as to biosynthesis of 

antibiotics and of secondary metabolites.  

Then a protein-protein interaction analysis was done to determine whether these proteins display a large 

interactive network. STRING is a bioinformatics tool which creates protein networks based on co-

expression of genes, physical interactions and co-citations. In Figure 26 and 27 are presented the network 

graphics of the under- and overexpressed proteins with the highest number of elements contained in the 

datasets, correspondingly. 

Looking at Figure 27, it is clear that no interactions have been identified for the uncharacterized putative 

proteins. Nevertheless there is ATP synthase group that demonstrates a great number of interactions, 

which was more than expected as these proteins correspond to different subunits of the F0F1 ATP 

synthase. In addition, there are three other protein interactions: sdhA/sdhB, qoxB/qoxA and fadA/fadD. 

qoxB and qoxA are quinol oxidases, that despite being considered as probable proteins, coexpression of 

orthologs in other organisms has been seen, thus explaining this interaction. The succinate 

dehydrogenase group was an expected interaction because both subunits are part of the succinate 

dehydrogenase enzymatic complex. 
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Figure 27 – Resulting protein interaction network of the highly expressed proteins in the S. aureus culture grown presence of  
S. epidermidis supernatant. Image extracted from STRING 

Regarding the downregulated proteins (Figure 28), a great number of interactions between the ribosomal 

proteins was detected, which was more than expected as the identified proteins are structural constituents 

of ribosomes or rRNA binding.   

The second most prominent group of proteins are related to arginine biosynthesis and arginine and proline 

metabolism. PyrE and pyrA are linked to this group due to carbamoyl phosphate synthase. Carbamyl 

phosphate is a common metabolite in arginine metabolism and pyrimidine, thus explaining this protein 

interaction.  

On the right to the ribosomal group, there is another cluster that comprises proteins associated with 

glycolysis and carbon metabolism.  

Pyruvate metabolism pathway was the common factor between the chaperone HchA and the two lactate 

dehydrogenases ldhD and ldh.  There is one last group of interacting proteins, which are associated to 

riboflavin synthesis.  
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Figure 28 – Resulting protein interaction network of the under-expressed proteins in the S. aureus culture grown presence of  
S. epidermidis supernatant. Image extracted from STRING 

So with this proteomic analysis the results points towards two situations: either the non-existence of 

glucose in the media resulted in the carbon source limitation, thus explaining the upregulation of 

tricarboxylic acid (TCA) cycle proteins, as well some EII components of fructose of the 

phosphotransferase system and downregulation of glycolytic-associated proteins, as well as the decrease 

of the number of ribosomal proteins, as these could be a major nutrient resource for non-growing starved 

cells [6]; or adding the S. epidermidis’ supernatant could diminish most of S. aureus metabolic functions 

due to the presence of some growth inhibitor factor, as seen during phagocytic interaction with human 

leukocytes and when internalized in human epithelial cells [78,85].  

Nonetheless, the decrease of expression of the adhesins is coherent with what was reported by Nina-

Marie Højgaard Dovmark [95], i.e. it explains the non-surface binding of biofilms during cultivation without 

glucose and sodium chloride in the culture media.  
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3.2.2 Comparison with literature 

When comparing number of identified proteins in a qualitative way, Becher et al. [6] 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. [78] 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.  

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 [6]. For instance, although having identified membrane-associated proteins, this number could be 

increased by doing a membrane shaving using proteinase K [6], by doing an on-membrane digestion 

using lysostaphin and trypsin [78], or even by labeling surface proteins with sulfo-NHS-SS-biotin which 

can be purified on NeutrAvidin columns [6,50]. 

Protein solubilization is important to mention, as not all proteins are soluble in the same conditions. Also, 

when handling with cell lysates, it is important add chelating agents, such as EDTA, to prevent protein 

degradation by endogenous proteases and to reduce oxidation damage. However, as benzonaze is 

inhibited by the presence of EDTA, this compound could not be used.  

One has also to consider protein loss along the different downstream steps, for example during acetone 

precipitation and during the desalting step and/or during StageTip dimethyl labeling. In fact, due to 

polymer contamination, another StageTip was carried out using 10%, 20%, 30%, 40%, 50% and 60% (v/v) 

ACN, 0,1%(v/v) formic acid. It was determined through a MALDI-TOF analysis that it was possible to elute 

proteins without this contaminant using a concentration up to 40% (v/v) ACN. Unfortunately, it is likely that 

the most hydrophobic peptides were lost, which could improve not only the number of identified proteins, 

but also the number reliably quantified proteins.  

The type of chromatography used for separation prior to MS analysis can also affect protein identification 

and quantification. The use of HILIC should also be considered in order to separate the highly polar 

peptides, since they are poorly retained on the C18 stationary phase [42]. Combined with the data 

obtained using RPLC separation, this could lead to an increase of identified and quantified proteins.   

Multidimensional protein identification technology, also known as MudPIT, is another option to have in 

consideration. It is a 2D separation system that involves the use of a column packed with a strong cation 

exchange (SCX) stationary phase and a C18 resin. Peptides are eluted onto the C18 resin by increasing 

the salt concentration, followed by the use of the conventional solvent gradient. The main inconvenient of 

this kind of separation is that the salt used for peptide elution from the SCX column is not washed, which 

suppresses peptide ionization [11,51,91]. 
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4. 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. 
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5. Future work 

Despite being able to establish a protocol that is easy to implement and that allows to combine the 

process of labeling and sample clean-up in one step, there are always ways to improve it. For example, 

overlapping of isotopic clusters is a problem that decreases the accuracy of peptide quantification. An 

interesting thing to do would be to use 
13

C-deuterated formaldehyde in order to obtain an N-(
13

CHD2)2 

intermediate label, instead of the CD2O. The mass difference of 6Da between the isotopically labeled 

peptides could result in a better resolution between duplets from peptides with higher mass or containing 

only arginine at their C-terminus.  

Sample preparation is also a crucial step to have in consideration. One could determine if performing 

trypsin digestion using other buffer, e.g. ammonium acetate, would result in a more efficient proteolysis of 

samples. Also, different solvents could be used for protein solubilization. This is especially important when 

handling with S. aureus lysates, because it could result in the identification and quantification of more 

proteins.  

As previously mentioned during results discussion, it would be pertinent to repeat the analysis of BSA 

samples on Orbitrap Fusion to determine if there is the correlation of the experimental results with the 

theoretical mixture ratio. 

Regarding the use of S. aureus lysate for a proteomic analysis, one could obtain more membrane-

associated proteins by doing a membrane shaving using proteinase K, or an on-membrane digestion 

using lysostaphin and trypsin. Another possibility would be to label surface proteins with sulfo-NHS-SS-

biotin, which can then be purified on NeutrAvidin columns. 

Further studies should also be carried out with these biolfilm samples in order to have a better 

understanding on what is happening in the presence of the supernatant of S. epidermidis.  

Firstly, it should also be carried out another proteomic analysis, but this time using S. aureus grown in 

biofilm culture system and with the same culture medium as used to prepare the samples used in this 

project. This would provide a better understanding on what happened on the S. aureus cells for them not 

to adhere and form a biofilm.  

Secondly, the same analysis should be done using both cells grown in a planktonic and biofilm culture 

system, but this time using glucose and sodium chloride in the culture medium. Using proteome changes 

in both situations, it would be possible to conclude something that may explain why was there no the 

adherence of S. aureus in the absence of glucose, as well as to better comprehend what are the 

differences between this strain in terms of formation of biofilms in the presence of this strain of S. 

epidermidis.  

Thirdly, one should also investigate changes in the proteome in a qualitative and quantitative way using a 

strain which is known to inhibit the formation of S. aureus biofilms, such as S. epidermidis 34B and make 

a comparison with the findings in this project. 

Lastly, it should be mentioned that using the heavy dimethyl label would make it possible to compare in 

one experiment the differences between S. aureus grown without the supernatant, as well as to determine 
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the differences when cultured in a planktonic and biofilm culture system in the presence of the S. 

epidermidis supernatant. 

As one of the main advantages of this labeling technique is that it can be applied in all kinds of biological 

samples, one should use it for example in patient samples.  

To finalize, this technique could be used to study post-translationally modified proteins. 
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7. Annexes 

7.1 BSA tryptic peptides detected by MALDI-TOF using 1:1, 1:0,5 and 1:0,25 mixture ratio 

Table I – Identified BSA singly charged peptides from the StageTip dimethyl labeling method using 8M urea, 50mM Tris buffer for 
sample preparation and a 1:0,25 I/L ratio and analyzed in MALDI-TOF.  For each detected peptide it is presented the respective 
sequence, experimental m/z for the light (L) and intermediate (I) labeled peptide, ion intensity (I.I.) I/L ratio for the three replicates 
and I.I. I/L mean ratio and standard deviation (SD). Results were provided from three replicates.  

Peptide 
Start 

position 
End position 

Experimental m/z I.I. I/L 
ratio 

Average 
I/L ratio 

SD 
L I 

YLYEIAR 161 167 
955,659 
955,694 
955,691 

- 
959,717 

- 

- 
0,24 

- 
- - 

RHPYFYAPELLYYANK 168 183 
2101,157 
2101.199 
2101,209 

- 
2109,263 
2109,262 

- 
0,20 
0,24 

0,22 0,03 

DAFLGSFLYEYSR 347 359 
1595,846 
1595,886 
1595,901 

1599,865 
1599,907 
1599,927 

0,21 
0,23 
0,26 

0,23 0,03 

RHPEYAVSVLLR 360 371 
1467,927 
1467,980 
1467,987 

1471,949 
1471,991 
1472,003 

0,27 
0,25 
0,29 

0,27 0,02 

LGEYGFQNALIVR 421 433 
1507,907 
1507,947 
1507,958 

1511,927 
1511,964 
1511,968 

0,25 
0,26 
0,26 

0,26 0,01 

KVPQVSTPTLVEVSR 437 451 
1696,066 
1696,115 
1696,122 

- 
- 
- 

- 
- 
- 

- - 

MPCTEDYLSLILNR 469 482 
1752,934 
1752,975 
1752,988 

1756,951 
1756,997 
1757,007 

0,25 
0,22 
0,25 

0,24 0,02 

RPCFSALTPDETYVPK 508 523 
1937,016 
1937,101 
1937,065 

- 
1945,146 

- 

- 
0,23 

- 
- - 

EACFAVEGPKLVVSTQTALA 588 607 - 
2123,119 
2123,166 
2123,168 

- - - 

  
Average 0,25 0,02 
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Table II – Identified BSA singly charged peptides from the StageTip dimethyl labeling method using 8M urea, 50mM Tris buffer for 

sample preparation and a 1:0,5 I/L ratio and analyzed in MALDI-TOF.  For each detected peptide it is presented the respective 

sequence, experimental m/z for the light (L) and intermediate (I) labeled peptide, ion intensity (I.I.) I/L ratio for the three replicates 

and I.I. I/L mean ratio and standard deviation (SD). Results were provided from three replicates. 

Peptide sequence 
Start 

position 
End 

Position 

Experimental m/z I.I. I/L 
ratio 

Average 
I/L ratio 

SD 
L I 

YLYEIAR 161 167 
955,647 
955,659 
955,668 

959,675 
959,677 
959,694 

0,43 
0,59 
0,53 

0,52 0,08 

RHPYFYAPELLYYANK 168 183 
2101,123 
2101.145 
2101,167 

2109,171 
2109,191 
2109,214 

0,45 
0,47 
0,49 

0,47 0,02 

DAFLGSFLYEYSR 347 359 
1595,825 
1595,838 
1595,862 

1599,849 
1599,861 
1599,885 

0,51 
0,43 
0,53 

0,49 0,05 

RHPEYAVSVLLR 360 371 
1467,913 
1467,939 
1467,950 

1471,934 
1471,947 
1471,961 

0,57 
0,55 
0,64 

0,58 0,05 

LGEYGFQNALIVR 421 433 
1507,887 
1507,902 
1507,918 

1511,909 
1511,921 
1511,939 

0,56 
0,52 
0,54 

0,54 0,02 

KVPQVSTPTLVEVSR 437 451 
1696,048 
1696,064 
1696,083 

1704,082 
1704,102 
1704,111 

0,52 
0,44 
0,48 

0,48 0,04 

MPCTEDYLSLILNR 469 482 
1752,910 
1752,924 
1752,946 

1756,932 
1756,943 
1756,968 

0,53 
0,44 
0,49 

0,50 0,02 

RPCFSALTPDETYVPK 508 523 
1937,016 
1937,040 
1937,065 

- 
1945,094 
1945,109 

- 
0,48 
0,52 

0,50 0,03 

EACFAVEGPKLVVSTQTALA 588 607 - 
2123,090 
2123,110 
2123,134 

- - - 

 Average 0,51 0,05 

Table III – Identified BSA singly charged peptides from the StageTip dimethyl labeling method using 8M urea, 50mM Tris buffer for 

sample preparation and a 1:1 I/L ratio and analyzed in MALDI-TOF.  For each detected peptide it is presented the respective 

sequence, experimental m/z for the light (L) and intermediate (I) labeled peptide, ion intensity (I.I.) I/L ratio for the three replicates 

and I.I. I/L mean ratio and standard deviation (SD). Results were provided from three replicates. 

Peptide sequence 
Start 

position 
End 

Position 

Experimental m/z 
I.I. I/L ratio 

Average 
I/L ratio 

SD 
L I 

YLYEIAR 161 167 
955,624 
955,601 
955,648 

959,655 
959,622 
959,664 

1,13 
1,12 
0,94 

1,06 0,11 

RHPYFYAPELLYYANK 168 183 
2101,093 
2101,071 
2101,116 

2109,144 
2109,127 
2109,163 

1,05 
1,05 
0,99 

1,03 0,03 

DAFLGSFLYEYSR 347 359 
1595,798 
1595,782 
1595,818 

1599,819 
1599,803 
1599,841 

1,08 
1,03 
0,95 

1,02 0,07 

RHPEYAVSVLLR 360 371 
1467,892 
1467,873 
1467,914 

1471,910 
1471,894 
1471,935 

1,03 
1,04 
1,07 

1,05 0,02 

LGEYGFQNALIVR 421 433 
1507,859 
1507,846 
1507,880 

1511,884 
1511,869 
1511,905 

0,97 
1,00 
1,01 

0,99 0,02 

KVPQVSTPTLVEVSR 437 451 
1696,013 
1695,997 
1696,044 

1704,062 
1704,039 
1704,081 

1,03 
1,07 
1,21 

1,10 0,09 

MPCTEDYLSLILNR 469 482 
1752,880 
1752,866 
1752,902 

1756,904 
1756,888 
1756,926 

1,07 
1,01 
1,06 

1,04 0,03 

RPCFSALTPDETYVPK 508 523 
1936,993 
1936,971 
1937,015 

1945,041 
1945,024 
1945,063 

0,94 
0,71 
1,02 

0,89 0,16 

 Average 1,02 0,09 



 

61 

 

7.2 Mass increments of various amino acids 

Figure I – Table with mass increments of various amino acids. From [34]
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7.3 BSA tryptic peptides detected by Orbitrap Fusion using 1:1 and 1:0,25 mixture ratio 

Table IV – Identified BSA singly charged peptides from the StageTip dimethyl labeling method using 8M urea, 50mM Tris buffer for sample preparation and a 1:1 

I/L ratio and analyzed in Orbitrap Fusion.  For each detected peptide it is presented the respective sequence, experimental  m/z for the light (L) and intermediate (I) 
labeled peptide, ion intensity (I.I.) I/L ratio for the three replicates and I.I. I/L mean ratio and standard deviation (SD). Results were provided from three replicates. 

Peptide sequence Length 
Missed 

cleavages 
Mass 

Start 
position 

End 
position 

Ratio I/L 
1 

Ratio I/L 
2 

Ratio I/L 
3 

Average 
I/L 

SD 

FKDLGEEHFK 10 1 1248,614 35 44 1,0055 0,9019 0,9082 0,9385 0,0581 

FKDLGEEHFKGLVLIAFSQYLQQCPFDEHVK 31 2 3721,86 35 65 NaN NaN NaN #DIV/0! #DIV/0! 

DLGEEHFKGLVLIAFSQYLQQCPFDEHVK 29 1 3446,697 37 65 0,8994 0,8914 1,0291 0,9400 0,0773 

DLGEEHFK 8 0 973,4505 37 44 1,0961 0,9522 0,9094 0,9859 0,0978 

GLVLIAFSQYLQQCPFDEHVK 21 0 2491,257 45 65 0,9110 0,9652 0,9907 0,9556 0,0407 

LVNELTEFAK 10 0 1162,623 66 75 0,9262 0,9582 0,9881 0,9575 0,0310 

TCVADESHAGCEK 13 0 1462,582 76 88 1,3306 0,8537 1,2017 1,1287 0,2467 

SLHTLFGDELCK 12 0 1418,686 89 100 0,9965 1,0437 0,8863 0,9755 0,0808 

VASLRETYGDMADCCEK 17 1 2003,839 101 117 0,9714 0,9891 1,0730 1,0111 0,0543 

ETYGDMADCCEKQEPER 17 1 2116,814 106 122 1,0222 0,7454 1,1609 0,9762 0,2115 

ETYGDMADCCEK 12 0 1477,516 106 117 1,1153 0,9554 0,9991 1,0233 0,0827 

QEPERNECFLSHK 13 1 1672,763 118 130 1,1014 0,8203 0,8794 0,9337 0,1482 

QEPERNECFLSHKDDSPDLPK 21 2 2540,16 118 138 1,0069 0,9540 NaN 0,9805 0,0374 

NECFLSHKDDSPDLPK 16 1 1900,863 123 138 1,0140 1,4056 1,0997 1,1731 0,2059 

DDSPDLPK 8 0 885,408 131 138 2,5289 1,5962 2,3608 2,1620 0,4971 

LKPDPNTLCDEFKADEK 17 2 2018,962 139 155 1,0516 0,9717 1,0568 1,0267 0,0477 

LKPDPNTLCDEFK 13 1 1575,76 139 151 0,9810 1,0586 1,0666 1,0354 0,0473 

ADEKKFWGK 9 2 1107,571 152 160 1,4340 0,7750 NaN 1,1045 0,4660 

YLYEIAR 7 0 926,4862 161 167 0,9799 0,9595 0,9441 0,9611 0,0180 

YLYEIARR 8 1 1082,587 161 168 1,0647 1,2113 1,1121 1,1294 0,0748 

RHPYFYAPELLYYANKYNGVFQECCQAEDK 30 2 3772,708 168 197 0,8896 0,9443 1,0510 0,9617 0,0821 

RHPYFYAPELLYYANK 16 1 2044,021 168 183 0,9794 1,0384 0,9904 1,0027 0,0314 

HPYFYAPELLYYANK 15 0 1887,92 169 183 0,9304 0,9680 0,9333 0,9439 0,0209 

HPYFYAPELLYYANKYNGVFQECCQAEDKGACLLPK 36 2 4356,012 169 204 0,9040 0,9554 0,9828 0,9474 0,0400 

HPYFYAPELLYYANKYNGVFQECCQAEDK 29 1 3616,607 169 197 0,8690 1,0492 1,0594 0,9925 0,1071 

YNGVFQECCQAEDKGACLLPK 21 1 2486,103 184 204 1,0128 1,0827 1,0427 1,0461 0,0351 

YNGVFQECCQAEDK 14 0 1746,698 184 197 1,0517 0,9720 1,1645 1,0627 0,0967 

GACLLPK 7 0 757,4157 198 204 1,1494 0,9926 0,9611 1,0344 0,1008 

ALKAWSVAR 9 1 1000,582 233 241 1,0857 1,1804 1,0199 1,0953 0,0807 

AEFVEVTKLVTDLTK 15 1 1691,935 249 263 0,8377 1,0216 1,0156 0,9583 0,1045 

AEFVEVTK 8 0 921,4808 249 256 0,9954 1,0752 1,0186 1,0297 0,0411 

LVTDLTK 7 0 788,4644 257 263 0,9614 1,0350 0,8674 0,9546 0,0840 

VHKECCHGDLLECADDR 17 1 2112,878 264 280 1,0783 0,7500 1,2399 1,0227 0,2496 

VHKECCHGDLLECADDRADLAK 22 2 2611,158 264 285 1,0406 0,9274 1,2096 1,0592 0,1420 

ECCHGDLLECADDR 14 0 1748,655 267 280 1,0472 0,8734 1,1716 1,0307 0,1498 

ECCHGDLLECADDRADLAK 19 1 2246,936 267 285 1,0426 0,9864 1,1544 1,0611 0,0855 

YICDNQDTISSK 12 0 1442,635 286 297 1,0754 0,9096 1,0629 1,0160 0,0923 

YICDNQDTISSKLK 14 1 1683,814 286 299 NaN 1,0516 1,1447 1,0982 0,0658 

LKECCDKPLLEK 12 2 1531,774 298 309 1,0012 0,8878 0,9279 0,9390 0,0575 

ECCDKPLLEK 10 1 1290,595 300 309 1,3412 1,1124 1,2568 1,2368 0,1157 

SHCIAEVEKDAIPENLPPLTADFAEDK 27 1 3008,444 310 336 0,9544 1,0119 1,0323 0,9995 0,0404 

SHCIAEVEKDAIPENLPPLTADFAEDKDVCK 31 2 3510,665 310 340 0,9724 1,0481 1,0964 1,0390 0,0625 

SHCIAEVEK 9 0 1071,502 310 318 NaN 0,9115 1,6948 1,3031 0,5539 

DAIPENLPPLTADFAEDKDVCK 22 1 2457,173 319 340 0,9797 1,0208 0,9349 0,9785 0,0430 

DAIPENLPPLTADFAEDK 18 0 1954,952 319 336 1,0933 1,0173 1,0157 1,0421 0,0443 
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Peptide sequence Length 
Missed 

cleavages 
Mass 

Start 
position 

End 
position 

Ratio I/L 
1 

Ratio I/L 
2 

Ratio I/L 
3 

Average 
I/L 

Standard 
deviation 

DAIPENLPPLTADFAEDKDVCKNYQEAK 28 2 3190,513 319 346 1,1022 1,0026 1,0619 1,0556 0,0501 

DVCKNYQEAK 10 1 1253,571 337 346 1,4077 0,8791 1,3080 1,1983 0,2809 

DAFLGSFLYEYSR 13 0 1566,736 347 359 0,9471 1,0316 1,0463 1,0083 0,0536 

DAFLGSFLYEYSRR 14 1 1722,837 347 360 0,9909 0,9691 1,0973 1,0191 0,0686 

RHPEYAVSVLLR 12 1 1438,805 360 371 0,9689 0,9662 1,0825 1,0059 0,0664 

HPEYAVSVLLR 11 0 1282,703 361 371 NaN NaN NaN #DIV/0! #DIV/0! 

LAKEYEATLEECCAK 15 1 1813,823 372 386 0,7599 0,5986 0,9583 0,7723 0,1802 

EYEATLEECCAKDDPHACYSTVFDK 25 1 3037,242 375 399 0,9407 0,9830 1,1153 1,0130 0,0911 

EYEATLEECCAK 12 0 1501,607 375 386 1,0707 0,9494 1,0327 1,0176 0,0621 

EYEATLEECCAKDDPHACYSTVFDKLK 27 2 3278,421 375 401 0,9741 1,0853 1,1451 1,0682 0,0868 

DDPHACYSTVFDKLK 15 1 1794,825 387 401 0,9312 0,9512 1,0001 0,9608 0,0355 

DDPHACYSTVFDK 13 0 1553,646 387 399 0,9709 1,0437 1,0394 1,0180 0,0409 

LKHLVDEPQNLIKQNCDQFEK 21 2 2595,312 400 420 0,8501 1,0281 1,0109 0,9630 0,0982 

LKHLVDEPQNLIK 13 1 1545,888 400 412 1,0768 1,0459 1,0407 1,0545 0,0195 

HLVDEPQNLIKQNCDQFEK 19 1 2354,133 402 420 1,0274 NaN 0,8361 0,9318 0,1352 

HLVDEPQNLIK 11 0 1304,709 402 412 0,9276 1,5066 NaN 1,2171 0,4094 

QNCDQFEK 8 0 1067,434 413 420 1,9187 1,1904 1,8492 1,6528 0,4019 

LGEYGFQNALIVR 13 0 1478,788 421 433 0,9618 1,0233 1,0151 1,0001 0,0334 

YTRKVPQVSTPTLVEVSR 18 2 2059,143 434 451 0,9956 0,9337 1,2286 1,0526 0,1555 

KVPQVSTPTLVEVSR 15 1 1638,931 437 451 0,9372 1,0103 1,0026 0,9834 0,0402 

VPQVSTPTLVEVSR 14 0 1510,836 438 451 0,9858 1,0563 1,0293 1,0238 0,0356 

CCTKPESERMPCTEDYLSLILNR 23 2 2871,302 460 482 1,0198 0,9533 1,0238 0,9990 0,0396 

MPCTEDYLSLILNRLCVLHEK 21 1 2603,291 469 489 0,7581 NI 0,8935 0,8258 0,0958 

MPCTEDYLSLILNR 14 0 1723,827 469 482 0,9695 0,9829 1,0145 0,9890 0,0231 

LCVLHEK 7 0 897,4742 483 489 1,3194 0,8067 1,0567 1,0609 0,2564 

LCVLHEKTPVSEK 13 1 1538,813 483 495 1,2478 1,2392 1,0375 1,1748 0,1190 

LCVLHEKTPVSEKVTK 16 2 1867,024 483 498 NaN NaN NaN #DIV/0! #DIV/0! 

CCTESLVNRRPCFSALTPDETYVPK 25 2 2999,394 499 523 0,9089 1,0910 0,9896 0,9965 0,0913 

CCTESLVNR 9 0 1137,491 499 507 1,0590 1,0009 1,0264 1,0288 0,0291 

RPCFSALTPDETYVPK 16 1 1879,914 508 523 1,0201 1,0741 1,0398 1,0447 0,0273 

RPCFSALTPDETYVPKAFDEK 21 2 2470,184 508 528 1,0009 NaN 1,1268 1,0639 0,0890 

AFDEKLFTFHADICTLPDTEK 21 1 2497,184 524 544 0,9519 0,9176 1,0538 0,9744 0,0708 

AFDEKLFTFHADICTLPDTEKQIK 24 2 2866,421 524 547 1,1654 1,2543 1,1109 1,1769 0,0724 

LFTFHADICTLPDTEKQIK 19 1 2276,151 529 547 1,0200 0,7849 1,0164 0,9404 0,1347 

LFTFHADICTLPDTEK 16 0 1906,914 529 544 0,9408 0,9498 1,0195 0,9700 0,0431 

LFTFHADICTLPDTEKQIKK 20 2 2404,246 529 548 NaN NaN NaN #DIV/0! #DIV/0! 

KQTALVELLK 10 1 1141,707 548 557 NaN NaN NaN #DIV/0! #DIV/0! 

QTALVELLK 9 0 1013,612 549 557 0,9605 1,0594 1,0088 1,0096 0,0495 

ATEEQLKTVMENFVAFVDKCCAADDK 26 2 3018,377 562 587 0,9312 NI 0,9835 0,9574 0,0370 

ATEEQLKTVMENFVAFVDK 19 1 2198,093 562 580 1,0582 1,0790 0,9785 1,0386 0,0530 

ATEEQLK 7 0 817,4182 562 568 NI 1,6259 1,1062 1,3661 0,3675 

TVMENFVAFVDK 12 0 1398,685 569 580 1,0063 1,0189 1,0534 1,0262 0,0244 

TVMENFVAFVDKCCAADDK 19 1 2218,97 569 587 1,0036 0,9870 1,1160 1,0355 0,0702 

TVMENFVAFVDKCCAADDKEACFAVEGPK 29 2 3307,466 569 597 1,0105 0,9845 1,1323 1,0424 0,0789 

CCAADDKEACFAVEGPK 17 1 1926,791 581 597 0,8837 0,9512 0,9469 0,9273 0,0378 

EACFAVEGPK 10 0 1106,507 588 597 0,9654 1,0248 0,9234 0,9712 0,0510 

LVVSTQTALA 10 0 1001,576 598 607 1,0524 0,9808 1,0090 1,0141 0,0361 

 

 

Table IV - Continued 
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Table V – Identified BSA singly charged peptides from the StageTip dimethyl labeling method using 8M urea, 50mM Tris buffer for sample preparation and a 1:0,25 

I/L ratio and analyzed in Orbitrap Fusion.  For each detected peptide it is presented the respective sequence, experimental m/z for the light (L) and intermediate (I) 

labeled peptide, ion intensity (I.I.) I/L ratio for the three replicates and I.I. I/L mean ratio and standard deviation (SD). Results were provided from three replicates.  

Peptide sequence Length 
Missed 

Cleavages 
Mass 

Start 
position 

End 
position 

Ratio I/L 
1 

Ratio I/L 
2 

Ratio I/L 
3 

Average 
I/L 

SD 

FKDLGEEHFK 9 1 1248,614 35 44 0,2546 0,3568 0,3258 0,3124 0,0524 

FKDLGEEHFKGLVLIAFSQYLQQCPFDEHVK 30 2 3721,86 35 65 NaN NaN NaN #DIV/0! #DIV/0! 

DLGEEHFK 7 0 973,4505 37 44 0,3003 0,2799 0,2763 0,2855 0,0130 

DLGEEHFKGLVLIAFSQYLQQCPFDEHVK 28 1 3446,697 37 65 0,3936 0,2971 0,3251 0,3386 0,0496 

GLVLIAFSQYLQQCPFDEHVK 20 0 2491,257 45 65 0,2597 0,2738 0,3089 0,2808 0,0253 

GLVLIAFSQYLQQCPFDEHVKLVNELTEFAK 30 1 3635,87 45 75 NaN NaN NaN #DIV/0! #DIV/0! 

LVNELTEFAK 9 0 1162,623 66 75 0,2530 0,2657 0,2468 0,2551 0,0096 

TCVADESHAGCEK 12 0 1462,582 76 88 0,8236 0,5546 0,7522 0,7101 0,1393 

SLHTLFGDELCK 11 0 1418,686 89 100 0,2356 0,2531 0,2494 0,2460 0,0093 

VASLRETYGDMADCCEK 16 1 2003,839 101 117 0,2493 0,3182 0,2762 0,2812 0,0347 

ETYGDMADCCEK 11 0 1477,516 106 117 0,3547 0,3514 0,3115 0,3392 0,0240 

ETYGDMADCCEKQEPER 16 1 2116,814 106 122 0,3158 0,3532 0,4361 0,3684 0,0616 

QEPERNECFLSHK 12 1 1672,763 118 130 0,2290 0,3185 0,3264 0,2913 0,0541 

QEPERNECFLSHKDDSPDLPK 20 2 2540,16 118 138 0,2689 0,3355 0,3616 0,3220 0,0478 

NECFLSHKDDSPDLPK 15 1 1900,863 123 138 0,2456 0,3377 0,6820 0,4218 0,2300 

DDSPDLPK 7 0 885,408 131 138 1,5606 1,2092 1,3658 1,3785 0,1760 

LKPDPNTLCDEFK 12 1 1575,76 139 151 0,0285 0,2758 0,2466 0,1837 0,1351 

LKPDPNTLCDEFKADEK 16 2 2018,962 139 155 0,2777 0,3269 0,2888 0,2978 0,0258 

ADEKKFWGK 8 2 1107,571 152 160 NI 0,7591 0,7120 0,7356 0,0333 

YLYEIAR 6 0 926,4862 161 167 0,2485 0,2470 0,2279 0,2411 0,0115 

YLYEIARR 7 1 1082,587 161 168 0,2708 0,2874 0,2855 0,2812 0,0091 

RHPYFYAPELLYYANK 15 1 2044,021 168 183 0,2535 0,2840 0,2462 0,2612 0,0200 

RHPYFYAPELLYYANKYNGVFQECCQAEDK 29 2 3772,708 168 197 0,2294 0,3436 0,2968 0,2899 0,0574 

HPYFYAPELLYYANK 14 0 1887,92 169 183 0,2412 0,2385 0,2420 0,2406 0,0018 

HPYFYAPELLYYANKYNGVFQECCQAEDK 28 1 3616,607 169 197 0,2826 0,3453 0,2783 0,3021 0,0375 

HPYFYAPELLYYANKYNGVFQECCQAEDKGACLLPK 35 2 4356,012 169 204 0,2522 0,3055 0,2622 0,2733 0,0283 

YNGVFQECCQAEDK 13 0 1746,698 184 197 0,2724 0,3216 0,3206 0,3049 0,0281 

YNGVFQECCQAEDKGACLLPK 20 1 2486,103 184 204 0,2372 0,3211 0,2795 0,2793 0,0419 

GACLLPK 6 0 757,4157 198 204 0,3746 0,3489 0,3127 0,3454 0,0311 

ALKAWSVAR 8 1 1000,582 233 241 NI 0,2878 0,2949 0,2913 0,0050 

LSQKFPK 6 1 846,4963 242 248 2,9723 NI 2,4719 2,7221 0,3538 

AEFVEVTKLVTDLTK 14 1 1691,935 249 263 0,3019 0,2804 0,3092 0,2971 0,0150 

LVTDLTK 6 0 788,4644 257 263 0,2761 0,3069 0,2290 0,2706 0,0392 

VHKECCHGDLLECADDR 16 1 2112,878 264 280 0,2210 0,3404 0,3491 0,3035 0,0715 

VHKECCHGDLLECADDRADLAK 21 2 2611,158 264 285 0,1907 0,3125 0,3599 0,2877 0,0873 

ECCHGDLLECADDR 13 0 1748,655 267 280 0,2569 0,3290 0,3678 0,3179 0,0562 

ECCHGDLLECADDRADLAK 18 1 2246,936 267 285 0,2338 0,3430 0,3603 0,3123 0,0686 

YICDNQDTISSK 11 0 1442,635 286 297 0,2752 0,2962 0,2636 0,2783 0,0165 

YICDNQDTISSKLK 13 1 1683,814 286 299 0,2263 NaN 0,3194 0,2728 0,0658 

LKECCDKPLLEK 11 2 1531,774 298 309 0,2357 0,2834 0,2932 0,2708 0,0308 

ECCDKPLLEK 9 1 1290,595 300 309 0,3136 0,3999 0,3333 0,3489 0,0452 

SHCIAEVEK 8 0 1071,502 310 318 2,2434 1,1767 1,7185 1,7129 0,5334 

SHCIAEVEKDAIPENLPPLTADFAEDK 26 1 3008,444 310 336 0,2454 0,3318 0,3099 0,2957 0,0449 

SHCIAEVEKDAIPENLPPLTADFAEDKDVCK 30 2 3510,665 310 340 0,2212 0,3641 0,3083 0,2979 0,0720 

DAIPENLPPLTADFAEDK 17 0 1954,952 319 336 0,2372 0,2840 0,2592 0,2601 0,0234 
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Peptide sequence Length 
Missed 

Cleavages 
Mass 

Start 
position 

End 
position 

Ratio I/L 
1 

Ratio I/L 
2 

Ratio I/L 
3 

Average 
I/L 

SD 

DAIPENLPPLTADFAEDKDVCK 21 1 2457,173 319 340 0,2392 0,2899 0,2760 0,2684 0,0262 

DAIPENLPPLTADFAEDKDVCKNYQEAK 27 2 3190,513 319 346 0,2272 0,3536 0,2909 0,2905 0,0632 

DVCKNYQEAK 9 1 1253,571 337 346 2,3542 1,4607 2,2771 2,0307 0,4951 

NYQEAKDAFLGSFLYEYSR 18 1 2300,075 341 359 NaN NaN NI #DIV/0! #DIV/0! 

DAFLGSFLYEYSR 12 0 1566,736 347 359 0,2735 0,2547 0,2822 0,2702 0,0141 

DAFLGSFLYEYSRR 13 1 1722,837 347 360 0,2801 0,2945 0,2600 0,2782 0,0173 

RHPEYAVSVLLR 11 1 1438,805 360 371 0,2426 0,2797 0,2502 0,2575 0,0196 

HPEYAVSVLLR 10 0 1282,703 361 371 NaN NaN NI #DIV/0! #DIV/0! 

LAKEYEATLEECCAK 14 1 1813,823 372 386 NaN 0,2573 0,2585 0,2579 0,0008 

EYEATLEECCAK 11 0 1501,607 375 386 0,3105 0,3078 0,3151 0,3111 0,0037 

EYEATLEECCAKDDPHACYSTVFDK 24 1 3037,242 375 399 0,2210 0,3184 0,2915 0,2770 0,0503 

EYEATLEECCAKDDPHACYSTVFDKLK 26 2 3278,421 375 401 0,2121 0,3310 0,3268 0,2900 0,0675 

DDPHACYSTVFDK 12 0 1553,646 387 399 NaN 0,2743 0,2635 0,2689 0,0076 

DDPHACYSTVFDKLK 14 1 1794,825 387 401 0,2631 0,3445 0,2878 0,2984 0,0417 

DDPHACYSTVFDKLKHLVDEPQNLIK 25 2 3081,523 387 412 NI 0,2883 0,3024 0,2954 0,0099 

LKHLVDEPQNLIK 12 1 1545,888 400 412 0,2242 0,2935 0,2892 0,2689 0,0388 

LKHLVDEPQNLIKQNCDQFEK 20 2 2595,312 400 420 0,2530 0,3159 0,2964 0,2884 0,0322 

HLVDEPQNLIK 10 0 1304,709 402 412 NaN NaN NaN #DIV/0! #DIV/0! 

HLVDEPQNLIKQNCDQFEK 18 1 2354,133 402 420 NaN NaN NaN #DIV/0! #DIV/0! 

QNCDQFEK 7 0 1067,434 413 420 6,7743 3,6703 7,6118 6,0188 2,0765 

LGEYGFQNALIVR 12 0 1478,788 421 433 0,2416 0,2472 0,2306 0,2398 0,0084 

KVPQVSTPTLVEVSR 14 1 1638,931 437 451 0,2403 0,2861 0,1849 0,2371 0,0507 

VPQVSTPTLVEVSR 13 0 1510,836 438 451 0,2716 NI 0,2511 0,2613 0,0145 

CCTKPESERMPCTEDYLSLILNR 22 2 2871,302 460 482 0,2266 0,2793 0,2815 0,2625 0,0311 

MPCTEDYLSLILNR 13 0 1723,827 469 482 0,2609 0,2836 0,2681 0,2709 0,0116 

MPCTEDYLSLILNRLCVLHEK 20 1 2603,291 469 489 NaN NaN NaN #DIV/0! #DIV/0! 

LCVLHEK 6 0 897,4742 483 489 0,7400 1,0654 0,5375 0,7810 0,2663 

LCVLHEKTPVSEK 12 1 1538,813 483 495 0,2785 0,2915 0,3068 0,2923 0,0142 

LCVLHEKTPVSEKVTK 15 2 1867,024 483 498 NaN NaN NaN #DIV/0! #DIV/0! 

CCTESLVNR 8 0 1137,491 499 507 0,2941 0,2943 0,2593 0,2826 0,0201 

CCTESLVNRRPCFSALTPDETYVPK 24 2 2999,394 499 523 0,2148 0,3323 NaN 0,2736 0,0831 

RPCFSALTPDETYVPK 15 1 1879,914 508 523 0,2454 0,2803 0,2628 0,2628 0,0175 

RPCFSALTPDETYVPKAFDEK 20 2 2470,184 508 528 0,2380 0,3541 0,2960 0,2960 0,0580 

AFDEKLFTFHADICTLPDTEK 20 1 2497,184 524 544 0,2473 0,3172 0,3034 0,2893 0,0371 

AFDEKLFTFHADICTLPDTEKQIK 23 2 2866,421 524 547 NI 0,3958 0,3438 0,3698 0,0368 

LFTFHADICTLPDTEK 15 0 1906,914 529 544 0,2590 0,2860 0,2943 0,2798 0,0184 

LFTFHADICTLPDTEKQIK 18 1 2276,151 529 547 0,2727 0,2749 NaN 0,2738 0,0016 

LFTFHADICTLPDTEKQIKK 19 2 2404,246 529 548 0,2515 0,3362 0,3133 0,3003 0,0438 

KQTALVELLK 9 1 1141,707 548 557 NaN NaN NaN #DIV/0! #DIV/0! 

QTALVELLK 8 0 1013,612 549 557 0,2717 0,2536 0,2667 0,2640 0,0093 

QTALVELLKHKPK 12 2 1503,914 549 561 NaN NI NaN #DIV/0! #DIV/0! 

ATEEQLK 6 0 817,4182 562 568 0,6737 0,5079 0,7315 0,6377 0,1160 

ATEEQLKTVMENFVAFVDK 18 1 2198,093 562 580 0,2760 0,2746 0,3021 0,2842 0,0155 

ATEEQLKTVMENFVAFVDKCCAADDK 25 2 3018,377 562 587 NI 0,3333 0,3096 0,3214 0,0168 

TVMENFVAFVDK 11 0 1398,685 569 580 0,2824 0,2871 0,2542 0,2746 0,0178 

TVMENFVAFVDKCCAADDK 18 1 2218,97 569 587 0,3057 0,3310 0,3191 0,3186 0,0127 

TVMENFVAFVDKCCAADDKEACFAVEGPK 28 2 3307,466 569 597 NaN 0,4314 0,3656 0,3985 0,0465 

CCAADDKEACFAVEGPK 16 1 1926,791 581 597 0,2298 0,3163 0,3093 0,2851 0,0480 

EACFAVEGPK 9 0 1106,507 588 597 0,2438 0,2633 0,2571 0,2547 0,0100 

LVVSTQTALA 9 0 1001,576 598 607 0,2547 0,2627 0,2587 0,2587 0,0040 

 

Table V - Continued 
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7.4 List of identified and quantified proteins of Analysis 2 of S. aureus samples 

Table VI - List of all proteins identified and quantified using dimethyl labeling duplex quantification of S. aureus 26A grown in the presence and absence of S. 

epidermidis’ supernatant. In green are represented the proteins under-expressed and in pink the over-expressed in the presence of S. epidermidis’ supernatant. 

Uniprot ID Protein Blastp results 
Razor + Unique 

Peptides 
Score Ratio I/L SD 

Q2FUX7 Arginine deiminase - 32 311,48 0,0393 0,045 

Q2FW49 Acetolactate synthase, putative - 24 323,31 0,048 0,018 

Q2FV52 Probable transglycosylase IsaA - 4 132,65 0,0688 0,033 

Q2FUX8 Ornithine carbamoyltransferase - 19 202,49 0,0851 0,026 

Q2G170 5-nucleotidase, lipoprotein e(P4) family - 15 292,59 0,0888 0,079 

Q2FW50 Alpha-acetolactate decarboxylase - 9 67,208 0,089 0,103 

Q2FZU1 Argininosuccinate synthase - 30 323,31 0,1756 0,155 

Q2FUU5 Lipase 1 - 17 147,65 0,1837 0,087 

Q2FWW1 MHC class II analog protein - 26 265,26 0,1855 0,106 

Q2G015 Clumping factor A - 7 25,115 0,2081 0,153 

Q2FZK7 Bifunctional autolysin - 50 323,31 0,2081 0,116 

Q2FYU6; 
Q2FY22 

50S ribosomal protein L33 1 - 2 23,162 0,2126 0,159 

Q2FXQ0 50S ribosomal protein L35 - 3 6,54 0,2261 0,092 

Q2FXT0 50S ribosomal protein L27 - 7 19,42 0,2332 0,076 

Q2FW10 30S ribosomal protein S19 - 7 124,58 0,2388 0,105 

Q2FWH5 DEAD-box ATP-dependent RNA helicase CshA - 9 164,89 0,2432 0,090 

Q2G029 
2,3-bisphosphoglycerate-independent 

phosphoglycerate mutase 
- 26 323,31 0,2441 0,069 

Q2FZU2 Argininosuccinate lyase - 11 109,24 0,2676 0,099 

P48940 30S ribosomal protein S7 - 9 140,54 0,2961 0,103 

Q2FW30 30S ribosomal protein S13 - 7 18,635 0,2997 0,107 

Q2G031 Phosphoglycerate kinase - 31 323,31 0,3008 0,119 

Q2FXK6 30S ribosomal protein S4 - 11 23,857 0,3009 0,081 

Q2FXY6 30S ribosomal protein S20 - 4 20,416 0,3012 0,065 
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Uniprot ID Protein Blastp results 
Razor + Unique 

Peptides 
Score Ratio I/L SD 

Q2G2P2 Globin domain protein - 18 323,31 0,3086 0,195 

Q2FZC2 Fibrinogen-binding protein-related - 6 27,371 0,3153 0,083 

Q2G030 Triosephosphate isomerase - 23 323,31 0,3158 0,120 

Q2FW17 50S ribosomal protein L24 - 5 3,9372 0,333 0,099 

Q2FXG2 6,7-dimethyl-8-ribityllumazine synthase - 16 285,18 0,3346 0,271 

Q2G111 30S ribosomal protein S18 - 5 9,3752 0,3372 0,218 

P60430 50S ribosomal protein L2 - 10 165,33 0,3431 0,133 

Q2FXQ1 50S ribosomal protein L20 - 3 21,968 0,3475 0,103 

Q2FVA4 
Putative NAD(P)H nitroreductase 

SAOUHSC_02829 
- 11 106,48 0,3506 0,202 

Q2FZA9 Carbamate kinase 1 - 7 92,652 0,3582 0,082 

Q2FW16 50S ribosomal protein L14 - 6 17,19 0,3642 0,157 

Q2G1I7 Putative uncharacterized protein - 6 70,407 0,3655 0,086 

Q2G0M7 Molecular chaperone Hsp31 and glyoxalase 3 - 17 296,15 0,3662 0,155 

Q2FXG1 Riboflavin biosynthesis protein RibBA - 5 35,245 0,3682 0,298 

P0A0H0 30S ribosomal protein S12 - 5 12,891 0,3698 0,098 

Q2FWD8 50S ribosomal protein L31 type B - 4 74,078 0,3703 0,143 

Q2FW23 30S ribosomal protein S5 - 14 107,32 0,3744 0,111 

Q2FW86 Iron-sulfur cluster carrier protein - 7 149,97 0,3783 0,057 

P72360 Iron-sulfur cluster repair protein ScdA - 5 3,2541 0,3785 0,151 

Q2FW39 30S ribosomal protein S9 - 6 101,94 0,3994 0,189 

Q2FXP2 Glyceraldehyde-3-phosphate dehydrogenase - 15 245,44 0,4001 0,130 

Q2FVT6 Imidazolonepropionase - 24 288,08 0,4029 0,187 

Q2FW31 30S ribosomal protein S11 - 6 64,806 0,4029 0,124 

P0A0F8 50S ribosomal protein L15 - 12 217,08 0,4041 0,118 

Q2G1I8 Putative uncharacterized protein 
Uncharacterized protein (Staphylococcus 

aureus) 
3 5,6224 0,4045 0,063 

Q2FZ22 Uridylate kinase 
- 

4 14,318 0,4092 0,140 

Q2FW08 50S ribosomal protein L23 
- 

3 27,434 0,4154 0,280 

Q2FW33 50S ribosomal protein L17 
- 

7 250,06 0,4158 0,194 

Q2FW11 50S ribosomal protein L22 
- 

7 104,85 0,4176 0,171 

Table VI - Continued 
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Uniprot ID Protein Blastp results 
Razor + Unique 

Peptides 
Score Ratio I/L SD 

Q2FW15 30S ribosomal protein S17 
- 

3 4,4644 0,4184 0,128 

Q2G218 L-lactate dehydrogenase 1 
- 

20 213,8 0,4205 0,151 

Q2FV27 Putative uncharacterized protein 
Uncharacterized protein (Staphylococcus 

aureus) 
6 50,535 0,4226 0,227 

Q2FW79 UPF0457 protein SAOUHSC_02425 -  12 109,04 0,4302 0,198 

P0A0K3 Uncharacterized protein SAOUHSC_02013  - 14 242,2 0,4315 0,150 

Q2FVT5 Urocanate hydratase  - 32 292,42 0,4337 0,157 

P0A0G2 50S ribosomal protein L30  - 9 51,872 0,4344 0,264 

Q2FW18 50S ribosomal protein L5  - 18 114,54 0,4346 0,140 

Q2FW06 50S ribosomal protein L3  - 4 133,22 0,4413 0,201 

Q2G0M2 Haloacid dehalogenase-like hydrolase, putative  - 4 12,084 0,4424 0,123 

Q2FW14 50S ribosomal protein L29  - 6 35,137 0,4438 0,098 

Q2FW20 30S ribosomal protein S8  - 12 136,94 0,4444 0,214 

Q2G0J8 Phosphomethylpyrimidine kinase  - 7 82,178 0,4467 0,072 

P0A0J3 Superoxide dismutase [Mn] 1  - 13 119,11 0,4486 0,151 

Q2G223 Mannose-6-phosphate isomerase, class I  - 3 18,808 0,451 0,090 

Q2FVZ4 Lipid II:glycine glycyltransferase  - 9 26,459 0,4516 0,122 

Q2FXP9 Translation initiation factor IF-3  - 3 17,268 0,4532 0,148 

Q2FVQ0 Putative uncharacterized protein 
Uncharacterized protein (Staphylococcus 

aureus) 
6 143,02 0,4541 0,141 

Q2G077 
Ribonucleotide-disphosphate reductase beta 

chain, putative 
-  12 186,56 0,4551 0,173 

Q2G0D6 Putative uncharacterized protein 
Putative pit accessory protein 

(Staphylococcus aureus) 
6 22,671 0,4557 0,169 

Q2FVA3 D-lactate dehydrogenase, putative  - 12 100,78 0,4638 0,164 

Q2FZB0 Ornithine carbamoyltransferase  - 18 194,56 0,4652 0,173 

Q2G0V3 Trans-sulfuration enzyme family protein, putative  - 3 14,489 0,4667 0,244 

Q2FWD6 
Putative aldehyde dehydrogenase 

SAOUHSC_02363 
 - 32 323,31 0,4667 0,168 

P95689 Serine--tRNA ligase  - 32 323,31 0,4679 0,154 

Q2FXS8 50S ribosomal protein L21  - 8 52,613 0,4684 0,216 

Q2G1B7 Putative uncharacterized protein 
Glycosyl transferase, group 2 family 

protein (Staphylococcus aureus) 
6 21,696 0,4699 0,195 

Q2G0R3 S1 RNA binding domain protein  - 2 8,3009 0,4742 0,059 

Table VI - Continued 
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Uniprot ID Protein Blastp results 
Razor + Unique 

Peptides 
Score Ratio I/L SD 

Q2FZC6 Glutamate racemase  - 5 27,282 0,4764 0,122 

Q2FYP0 Aspartate-semialdehyde dehydrogenase  - 6 49,662 0,4799 0,141 

Q2FZ73 Carbamoyl-phosphate synthase small chain  - 9 100,02 0,4821 0,118 

Q2FZ70 Orotate phosphoribosyltransferase  - 7 119,72 0,4868 0,174 

Q2FVT8 Putative uncharacterized protein 
Oxidoreductase, short chain 

dehydrogenase/reductase family 
(Staphylococcus aureus) 

15 248,27 0,489 0,141 

Q2FW27 Adenylate kinase  - 16 148,8 0,4902 0,154 

Q2G1X0 Alpha-hemolysin  - 14 187 0,4908 0,257 

Q2FZ19 Ribonuclease J 2  - 10 55,141 0,4941 0,214 

Q2FV14 Acetyl-CoA synthetase, putative  - 17 153,79 0,4996 0,147 

Q2G2H1 Putative uncharacterized protein 
Uncharacterized protein (Staphylococcus 

aureus) 
2 55,876 0,5 0,224 

Q2G160 N-acetylneuraminate lyase - 3 14,334 0,5003 0,130 

Q2G2U9 Transcriptional regulator SarA - 14 54,026 0,5023 0,140 

Q2FW97 
PTS system, mannitol-specific IIa component, 

putative 
- 8 181,55 0,5035 0,139 

Q2FW38 50S ribosomal protein L13 - 16 120,42 0,5043 0,167 

Q2G032 Glyceraldehyde-3-phosphate dehydrogenase - 32 323,31 0,5063 0,205 

Q2G0S0 50S ribosomal protein L25 - 6 38,981 0,5064 0,101 

Q2FW07 50S ribosomal protein L4 - 7 155,25 0,5064 0,178 

Q2FZ74 Dihydroorotase - 17 238,78 0,5076 0,198 

Q2FY53 
2-oxoisovalerate dehydrogenase, E1 

component, beta subunit, putative 
- 7 88,064 0,5081 0,127 

Q2FY33 Aminomethyltransferase - 16 267,13 0,5084 0,144 

Q2G0S2 Ribose-phosphate pyrophosphokinase - 11 131,5 0,5115 0,158 

Q2FXA4 Ferrochelatase - 4 14,839 0,5155 0,233 

Q2FXU0 Adenine phosphoribosyltransferase - 4 46,137 0,5163 0,186 

Q2G2D7 Putative uncharacterized protein 
Similar to quinone oxidoreductase 

(Staphylococcus aureus) 
13 127,8 0,5178 0,161 

Q2FXW0 UPF0297 protein SAOUHSC_01721  - 9 107,08 0,5178 0,150 

Q2FWF4 
UDP-N-acetylglucosamine 1-

carboxyvinyltransferase 
 - 7 124,16 0,5187 0,192 

Q2G113 30S ribosomal protein S6  - 10 137,26 0,5192 0,184 

Q2FVN7 Putative uncharacterized protein 
Uncharacterized protein (Staphylococcus 

aureus) 
7 164,6 0,5193 0,158 

Table VI - Continued 
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Uniprot ID Protein Blastp results 
Razor + Unique 

Peptides 
Score Ratio I/L SD 

Q2G0P0 50S ribosomal protein L1 -  14 262,76 0,5193 0,134 

Q2FW22 50S ribosomal protein L18 -  5 12,007 0,5194 0,235 

Q2FXU2 D-aminoacyl-tRNA deacylase -  2 1,4889 0,52 0,320 

Q2G1K9 Aldehyde-alcohol dehydrogenase -  38 323,31 0,5219 0,180 

Q2G0S7 Pur operon repressor -  7 64,401 0,5223 0,093 

Q2FZD2 Thioredoxin -  15 309,79 0,5225 0,159 

Q2FZH6 Phosphocarrier protein hpr, putative -  4 90,895 0,5248 0,154 

Q2FZI0 Putative uncharacterized protein 
Uncharacterized protein (Staphylococcus 

aureus) 
2 72,195 0,5252 0,134 

Q2FXJ0 UDP-N-acetylmuramate--L-alanine ligase -  3 14,485 0,5261 0,055 

Q2G0J0 Phosphate acetyltransferase -  20 323,31 0,5284 0,150 

Q2FW13 50S ribosomal protein L16 -  6 31,133 0,5304 0,120 

Q2FV74 
ATP-dependent Clp protease ATP-binding 

subunit ClpL 
-  62 323,31 0,5312 0,256 

Q2G2U6 Transcriptional regulatory protein WalR -  9 67,185 0,5333 0,260 

Q2FWX6 Putative uncharacterized protein 
Uncharacterized protein (Staphylococcus 

aureus) 
2 2,8191 0,5351 0,080 

Q2FZ31 
Methylenetetrahydrofolate--tRNA-(uracil-5-)-

methyltransferase TrmFO 
-  11 51,553 0,5354 0,139 

Q2FZU9 Putative peptidyl-prolyl cis-trans isomerase -  8 138,05 0,536 0,156 

Q2FZ42 50S ribosomal protein L19 -  9 11,091 0,5393 0,163 

Q2FZW6 D-alanine--poly(phosphoribitol) ligase subunit 1 -  10 81,648 0,5459 0,162 

Q2FZG9 Ribonuclease J 1 -  12 115,57 0,5496 0,116 

Q2FX05 Methionine aminopeptidase -  9 51,423 0,5496 0,353 

Q2FY59 Peptidase T, putative -  7 62,79 0,5512 0,181 

Q2FXH9 Putative dipeptidase SAOUHSC_01868 -  24 323,31 0,5537 0,173 

Q2G235 Nicotinate phosphoribosyltransferase -  14 119,02 0,5558 0,166 

Q2FZU7 FMN oxidoreductase, putative -  10 78,159 0,5573 0,137 

Q2FZ72 Carbamoyl-phosphate synthase large chain -  30 322,35 0,5574 0,227 

Q2FXI6 Putative uncharacterized protein 
Thioredoxin homolog (Staphylococcus 

aureus) 
6 32,64 0,5603 0,161 

Q2FYM9 Acylphosphatase -  2 17,686 0,5604 0,114 

Q2FW21 50S ribosomal protein L6 -  13 209,51 0,5631 0,216 
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Q2FUS9 UPF0312 protein SAOUHSC_03022 -  6 37,934 0,5644 0,156 

Q2FWN0 Putative uncharacterized protein 
Uncharacterized protein (Staphylococcus 

aureus) 
3 74,351 0,5649 0,104 

Q2FZ39 Ribosome biogenesis GTPase A -  3 19,523 0,5661 0,382 

Q2FYJ3 L-threonine dehydratase catabolic TdcB -  13 224,29 0,5693 0,216 

Q2FZ25 30S ribosomal protein S2 -  16 198,33 0,5703 0,171 

Q2FV86 Pyruvate oxidase, putative -  10 58,739 0,5708 0,114 

O06446 Protein translocase subunit SecA 1 -  17 109,32 0,5713 0,133 

Q2FYF3 Putative uncharacterized protein 
Pyridine nucleotide-disulfide 

oxidoreductase (Staphylococcus aureus) 
3 4,9923 0,5714 0,349 

Q2FZ45 30S ribosomal protein S16 -  2 28,467 0,5716 0,119 

Q2G000 Thioredoxin, putative -  5 37,302 0,5754 0,080 

Q2FVM2 Nitrate reductase, beta subunit -  6 21,63 0,5777 0,169 

Q2FZ21 Ribosome-recycling factor -  11 139,77 0,5815 0,123 

Q2G0N9 50S ribosomal protein L10 -  14 323,31 0,5819 0,214 

Q2FWB1 Putative uncharacterized protein 
Uncharacterized protein (Staphylococcus 

aureus) 
11 68,052 0,5822 0,287 

Q2FYZ4 Aerobic glycerol-3-phosphate dehydrogenase -  18 161,57 0,5823 0,208 

Q2FZY9 UPF0337 protein SAOUHSC_00845 -  16 108,83 0,5828 0,261 

Q2G276 Putative uncharacterized protein 
Uncharacterized protein (Staphylococcus 

aureus) 
3 85,849 0,5838 0,132 

Q2FWD3 Putative uncharacterized protein 
Fructose-1,6-bisphosphate aldolase, 

class II (Staphylococcus aureus) 
21 291,45 0,5843 0,243 

Q2FWW3 Putative uncharacterized protein 
Similar to aspartate transaminase protein 

(Staphylococcus aureus) 
7 40,031 0,5869 0,197 

Q2FWN8 Putative uncharacterized protein 
Uncharacterized protein (Staphylococcus 

aureus) 
6 138,42 0,5875 0,242 

Q2FVW0 Putative uncharacterized protein 
Uncharacterized protein (Staphylococcus 

aureus) 
7 70,523 0,5898 0,211 

Q2FZQ7 Tryptophan--tRNA ligase -  10 45,232 0,5898 0,133 

Q2FWD4 
UDP-N-acetylglucosamine 1-

carboxyvinyltransferase 
-  12 166,13 0,5916 0,233 

Q2G270 Putative uncharacterized protein 
Uncharacterized protein (Staphylococcus 

aureus) 
2 26,494 0,5921 0,146 

Q2FVA6 Putative uncharacterized protein 
Acetyltransferase, GNAT family 

(Staphylococcus aureus) 
5 159,15 0,5924 0,177 

Q2FXN4 Isocitrate dehydrogenase [NADP] -  21 268,62 0,5941 0,244 

Q2FZS0 3-oxoacyl-[acyl-carrier-protein] synthase 3 -  7 198,59 0,5956 0,179 

Q2FZW4 D-alanine--poly(phosphoribitol) ligase subunit 2 -  3 77,689 0,596 0,282 
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Q2G2A1 Putative uncharacterized protein 
Putative deaminase (Staphylococcus 

argenteus) 
3 103,12 0,5963 0,134 

Q2G238 Tagatose-6-phosphate kinase -  6 60,779 0,5971 0,184 

Q2FW28 Translation initiation factor IF-1 -  3 58,568 0,5979 0,100 

Q2FZ77 Bifunctional protein PyrR -  9 59,773 0,5981 0,263 

Q2FVG3 Carboxylic ester hydrolase -  4 31,363 0,6004 0,217 

Q2FXQ3 Putative uncharacterized protein 
Uncharacterized protein (Staphylococcus 

aureus) 
5 48,934 0,6026 0,173 

Q2G078 Ribonucleoside-diphosphate reductase -  31 323,31 0,6044 0,247 

Q2G0Y9 Xanthine phosphoribosyltransferase -  10 123,18 0,6063 0,172 

Q2FVV9 
Putative formate dehydrogenase 

SAOUHSC_02582 
-  34 323,31 0,6063 0,149 

Q2FYN7 
2,3,4,5-tetrahydropyridine-2,6-dicarboxylate N-

acetyltransferase 
-  4 59,832 0,6072 0,207 

Q2G2T8 Putative uncharacterized protein 
Oxidoreductase, aldo/keto reductase 

family protein (Staphylococcus aureus) 
8 106,41 0,6074 0,199 

Q2FYI5 Cell cycle protein GpsB -  5 133,68 0,6085 0,144 

Q2FVM1 Nitrate reductase, alpha subunit -  16 74,955 0,6098 0,187 

Q2FYK2 Putative uncharacterized protein 
Uncharacterized protein (Staphylococcus 

aureus) 
5 14,996 0,6107 0,282 

Q2FWA0 
Glutamine--fructose-6-phosphate 
aminotransferase [isomerizing] 

-  36 323,31 0,6133 0,277 

Q2FXA3 Uroporphyrinogen decarboxylase -  5 17,877 0,6154 0,208 

Q2FXV9 Alanine--tRNA ligase -  13 145,12 0,6158 0,170 

Q2FY52 
2-oxoisovalerate dehydrogenase, E1 
component, alpha subunit, putative 

-  4 30,99 0,6158 0,263 

Q2FWZ2 Diacylglycerol kinase -  4 15,333 0,6163 0,094 

Q2FZF1 50S ribosomal protein L32 -  2 9,1119 0,6185 0,180 

Q2G0D0 
Probable transcriptional regulatory protein 

SAOUHSC_00675 
-  11 131,92 0,6195 0,141 

Q2G1W2 Phosphoenolpyruvate carboxykinase [ATP] -  34 323,31 0,6207 0,288 

Q2FWL6 Redox-sensing transcriptional repressor Rex -  2 8,7447 0,621 0,050 

Q2FWE6 Uracil phosphoribosyltransferase -  15 323,31 0,6213 0,226 

Q2FY55 UPF0403 protein SAOUHSC_01610 -  8 39,332 0,6218 0,175 

Q2FZC5 Non-canonical purine NTP pyrophosphatase -  8 197,51 0,6218 0,064 

Q2FWA2 Putative uncharacterized protein 
Haloacid dehalogenase-like hydrolase 

(Staphylococcus aureus) 
6 103,21 0,6225 0,133 

Q2FZ75 Aspartate carbamoyltransferase -  7 80,409 0,6227 0,252 
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Q2FVX8 Molybdenum cofactor biosynthesis protein B 
- 

8 22,219 0,6241 0,146 

Q2FWH3 D-alanine--D-alanine ligase 
- 

10 70,868 0,6266 0,179 

Q2FZQ3 
Enoyl-[acyl-carrier-protein] reductase [NADPH] 

FabI 
- 

8 60,982 0,627 0,264 

Q2G1K2 UDP-N-acetylglucosamine 2-epimerase 
- 

5 22,973 0,6276 0,126 

Q2FZY5 Cysteine desulfurase 
- 

9 39,316 0,628 0,272 

Q2FVE0 Alkyl hydroperoxide reductase AhpD 
- 

8 52,06 0,6302 0,434 

Q2G0Z2 Putative uncharacterized protein 
Uncharacterized protein (Staphylococcus 

aureus) 
7 37,828 0,6314 0,234 

Q2FWG0 Aminopyrimidine aminohydrolase 
- 

2 13,857 0,6315 0,378 

Q2FVK8 
2,3-bisphosphoglycerate-dependent 

phosphoglycerate mutase 
- 

22 292,34 0,6327 0,227 

Q2FZV7 
NADH dehydrogenase-like protein 

SAOUHSC_00878 
- 

24 244,82 0,6328 0,237 

Q2G283 Glutamate-1-semialdehyde 2,1-aminomutase 2 
- 

10 76,187 0,6331 0,271 

Q2FXL3 Probable thiol peroxidase 
- 

17 323,31 0,6335 0,311 

Q2G104 Putative uncharacterized protein 
Uncharacterized protein (Staphylococcus 

aureus) 
5 49,636 0,6353 0,202 

Q2FXP1 Dephospho-CoA kinase 
- 

6 44,664 0,6356 0,151 

Q2G084 Putative lipid kinase SAOUHSC_00736 
- 

1 26,293 0,6359 0,308 

Q2FXK7 GAF domain protein 
- 

6 10,925 0,6363 0,186 

Q2G0K7 3-hexulose-6-phosphate synthase 
- 

8 177,43 0,6404 0,181 

Q2G2G4 
Inositol monophosphatase family protein, 

putative 
- 

2 36,849 0,6413 0,395 

Q2G2H5 Chromosomal replication initiator protein DnaA 
- 

3 23,785 0,6415 0,172 

Q2G0S5 Putative septation protein SpoVG 
- 

6 145,51 0,6423 0,189 

Q2FWC3 S-ribosylhomocysteine lyase 
- 

7 27,741 0,6426 0,184 

Q2G2J2 Staphylococcal secretory antigen ssaA2 
- 

6 187,27 0,6431 0,443 

Q2FZ48 Signal recognition particle receptor FtsY 
- 

9 179,55 0,6444 0,185 

Q2G0M4 Branched-chain-amino-acid aminotransferase 
- 

22 323,31 0,6476 0,174 

Q2G2D3 Ribosome maturation factor RimP 
- 

5 43,066 0,6487 0,223 

Q2G081 
NADPH-dependent 7-cyano-7-deazaguanine 

reductase 
- 

4 6,1352 0,6493 0,194 

Q2G0Q9 33 kDa chaperonin -  3 9,5183 0,651 0,096 

Q2G0M1 Putative uncharacterized protein 
Deoxyadenosine kinase (Staphylococcus 

aureus) 
2 15,22 0,656 0,044 
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Q2FYL0 
Phosphotransferase system enzyme IIA, 

putative 
-  7 226,42 0,6575 0,233 

Q2FXW2 UPF0473 protein SAOUHSC_01719  - 6 9,4362 0,6581 0,218 

Q2FXL6 
Putative universal stress protein 

SAOUHSC_01819 
 - 19 323,31 0,6583 0,224 

Q2FY42 
Acetyl-CoA carboxylase, biotin carboxyl carrier 

protein 
 - 2 11,146 0,6585 0,226 

Q2G0Q1 Pyridoxal 5-phosphate synthase subunit PdxS  - 17 320,76 0,6587 0,219 

Q2FW81 Probable uridylyltransferase SAOUHSC_02423  - 9 70,091 0,659 0,168 

O34090 Porphobilinogen deaminase  - 8 70,454 0,6596 0,217 

Q2FXR8 Valine--tRNA ligase  - 19 220,75 0,661 0,209 

Q2FZ04 Putative uncharacterized protein 
Uncharacterized protein (Staphylococcus 

aureus) 
4 22,433 0,6615 0,118 

Q2FYM2 
Dihydrolipoyllysine-residue succinyltransferase 
component of 2-oxoglutarate dehydrogenase 

complex 
 - 18 204,91 0,6633 0,248 

Q2FY06 GTPase Era  - 3 11,125 0,6636 0,204 

Q2G295 Catabolite control protein A  - 18 238,25 0,6645 0,182 

Q2FXM0 
UPF0173 metal-dependent hydrolase 

SAOUHSC_01815 
 - 8 86,631 0,6659 0,243 

Q2G236 NH(3)-dependent NAD(+) synthetase  - 12 107,36 0,6662 0,213 

Q2FVL2 Putative uncharacterized protein 
Amino acid ABC transporter, amino acid-
binding protein (Staphylococcus aureus) 

12 58,146 0,6681 0,227 

Q2FZ28 ATP-dependent protease ATPase subunit HslU  - 10 34,44 0,6682 0,168 

Q2FXH2 Leucine--tRNA ligase  - 17 101,37 0,6703 0,344 

Q2FZY7 ABC transporter, ATP-binding protein, putative  - 15 230,44 0,6727 0,251 

Q2G136 Putative uncharacterized protein 
Uncharacterized protein (Staphylococcus 

aureus) 
4 11,572 0,6728 0,096 

Q2FWP0 Uncharacterized leukocidin-like protein 1  - 26 323,31 0,6729 0,350 

Q2FY35 
Probable glycine dehydrogenase 

(decarboxylating) subunit 2 
 - 23 305,54 0,6758 0,211 

Q2FY41 Elongation factor P  - 6 34,506 0,6759 0,154 

Q2FY34 
Probable glycine dehydrogenase 

(decarboxylating) subunit 1 
 - 15 288,41 0,6778 0,224 

Q2FVQ2 Uncharacterized lipoprotein SAOUHSC_02650  - 4 27,489 0,6811 0,300 

Q2FWX8 Uncharacterized protein SAOUHSC_02143  - 15 73,511 0,6861 0,304 

Q2FW96 Mannitol-1-phosphate 5-dehydrogenase  - 14 54,214 0,6864 0,181 

P0A0F4 50S ribosomal protein L11  - 6 77,618 0,6867 0,305 
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Q2G274 DNA gyrase subunit B  - 10 47,242 0,6883 0,195 

Q2FV63 Copper chaperone CopZ  - 2 25,694 0,6889 0,213 

Q2FV21 
3-methyl-2-oxobutanoate 
hydroxymethyltransferase 

 - 11 110,52 0,6895 0,196 

Q2FV77 
3-hydroxy-3-methylglutaryl coenzyme A 

reductase 
 - 6 26,518 0,6914 0,259 

Q2G105 Putative uncharacterized protein 
Putative exported protein 
(Staphylococcus aureus) 

15 167,44 0,692 0,352 

Q2G0J1 
Putative heme-dependent peroxidase 

SAOUHSC_00573 
 - 12 323,31 0,6924 0,247 

Q2FYF1 Elastin-binding protein EbpS  - 9 198,15 0,6927 0,200 

Q2G1M1 
3-ketoacyl-acyl carrier protein reductase, 

putative 
 - 16 323,31 0,6937 0,361 

Q2FWX0 Putative uncharacterized protein 
Uncharacterized protein (Staphylococcus 

aureus) 
1 10,369 0,6958 0,224 

Q2FW75 
ABC transporter periplasmic binding protein, 

putative 
 - 5 36,941 0,6988 0,362 

Q2FY60 
6-phosphogluconate dehydrogenase, 

decarboxylating 
 - 34 312,34 0,6995 0,239 

Q2FXW7 Transcription elongation factor GreA  - 9 320,81 0,7 0,226 

Q2FZR9 3-oxoacyl-[acyl-carrier-protein] synthase 2  - 17 251,5 0,7031 0,247 

Q2G280 Putative uncharacterized protein 
Similar to bacterioferritin comigratory 

protein (Staphylococcus aureus) 
10 68,262 0,7035 0,315 

Q2G1G7 Putative uncharacterized protein 
Uncharacterized protein (Staphylococcus 

aureus) 
6 13,461 0,7045 0,403 

Q2G1Y6 GTP-binding protein TypA, putative  - 12 66,477 0,7056 0,171 

Q2FZA4 Putative uncharacterized protein 
Phenol-soluble modulin beta1 

(Staphylococcus aureus) 
3 98,792 0,706 1,212 

Q2G2S7 Putative uncharacterized protein 
Probable phosphoesterase 
(Staphylococcus aureus) 

5 8,2302 0,7075 0,314 

Q2FXV2 Putative uncharacterized protein 
Uncharacterized protein (Staphylococcus 

aureus) 
5 20,401 0,7086 0,351 

Q2FYP2 ABC transporter, ATP-binding protein, putative  - 8 60,032 0,7089 0,161 

Q2FWB5 Putative uncharacterized protein 
Uncharacterized protein (Staphylococcus 

aureus) 
7 32,141 0,7092 0,263 

Q2G2L6 Putative uncharacterized protein 
Uncharacterized protein (Staphylococcus 

aureus) 
4 22,922 0,7111 0,141 

Q2FXM8 ATP-dependent 6-phosphofructokinase  - 12 196,48 0,712 0,262 

Q2FY02 Endoribonuclease YbeY  - 3 23,014 0,7127 0,266 

Q2FZ54 Malonyl CoA-acyl carrier protein transacylase  - 10 195,21 0,7137 0,285 

Q2G230 Thymidylate kinase  - 2 13,15 0,714 0,086 

Q2FY10 
Putative pyruvate, phosphate dikinase regulatory 

protein 
 - 8 50,611 0,7143 0,201 

Q2FZ82 Isoleucine--tRNA ligase  - 40 323,31 0,7154 0,226 
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Q2G245 Putative uncharacterized protein 
Uncharacterized protein (Staphylococcus 

aureus) 
14 125,85 0,7169 0,217 

Q2FY51 Dihydrolipoyl dehydrogenase  - 3 11,831 0,7188 0,091 

Q2FXP5 Putative uncharacterized protein 
Primosomal protein (Staphylococcus 

aureus) 
6 19,59 0,7212 0,097 

Q2G0P2 
Transcription termination/antitermination protein 

NusG 
 - 8 163,58 0,7214 0,229 

Q2FXQ6 Trigger factor  - 35 323,31 0,7218 0,318 

Q2G0L8 Putative uncharacterized protein 
Hydrolase, haloacid dehalogenase-like 

family (Staphylococcus aureus) 
8 73,825 0,722 0,263 

Q2FXU5 Aspartate--tRNA ligase  - 14 166,75 0,722 0,165 

Q2FYS7 Uncharacterized protein SAOUHSC_01349  - 3 9,3147 0,7228 0,254 

Q2G064 Peptidase T  - 7 67,903 0,7231 0,176 

Q2FY15 DEAD-box ATP-dependent RNA helicase CshB  - 4 38,508 0,7232 0,166 

Q2FY79 Transcriptional regulatory protein SrrA  - 11 127,61 0,7252 0,219 

Q2FXL5 Acetate kinase  - 30 323,31 0,7255 0,260 

Q2FUR8 Putative uncharacterized protein 
N-acetyltransferase family protein 

(Staphylococcus aureus) 
5 27,626 0,7285 0,268 

Q2FXM7 
Acetyl-coenzyme A carboxylase carboxyl 

transferase subunit alpha 
 - 3 10,294 0,7286 0,105 

Q2G0R1 Hypoxanthine phosphoribosyltransferase  - 14 173,77 0,729 0,246 

Q2FXE8 Transaldolase  - 28 323,31 0,7299 0,256 

Q2G0L0 Putative uncharacterized protein 
Uncharacterized protein (Staphylococcus 

aureus) 
5 37,094 0,7309 0,190 

Q2FV17 Fructose-bisphosphate aldolase class 1  - 25 323,31 0,7327 0,229 

Q2G115 Ribosome-binding ATPase YchF  - 15 208,76 0,7328 0,213 

Q2G201 Putative uncharacterized protein 
Uncharacterized protein (Staphylococcus 

aureus) 
4 1,3915 0,7352 0,256 

Q2G087 Histidinol-phosphate aminotransferase  - 6 45,65 0,7357 0,269 

Q2FYI0 Penicillin-binding protein 2  - 8 83,977 0,7396 0,357 

Q2G2T3 50S ribosomal protein L9  - 8 140,56 0,7396 0,313 

Q2FWM4 Accessory gene regulator protein A  - 3 1,7566 0,7413 0,198 

Q2FZ23 Elongation factor Ts  - 32 323,31 0,7435 0,214 

Q2FY08 Glycine--tRNA ligase  - 28 232,64 0,7437 0,229 

Q2G028 Enolase  - 37 323,31 0,7495 0,328 

Q2G0T4 Nucleoid-associated protein SAOUHSC_00444  - 4 24,804 0,7501 0,236 
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Q2FWJ3 Serine-protein kinase RsbW  - 3 4,2689 0,7505 0,307 

Q2FYK4 UPF0403 protein SAOUHSC_01436  - 3 100,97 0,7509 0,187 

Q7X2S2 Carbamate kinase 2  - 14 323,31 0,7527 1,198 

Q2G0F3 Putative uncharacterized protein 
Hydrolase, alpha/beta hydrolase fold 

family (Staphylococcus aureus) 
5 24,193 0,7535 0,223 

Q2FW12 30S ribosomal protein S3  - 9 40,463 0,7566 0,144 

Q2G041 Thioredoxin reductase  - 23 323,31 0,7575 0,241 

Q2FZU5 Glutamate dehydrogenase  - 29 323,31 0,7582 0,272 

Q2FWM1 Invertase  - 5 38,12 0,7596 0,210 

Q2FXQ7 
ATP-dependent Clp protease ATP-binding 

subunit ClpX 
 - 8 62,231 0,7622 0,134 

Q2FWE4 UPF0340 protein SAOUHSC_02355  - 2 51,229 0,763 0,150 

Q2G0Q3 Lysine--tRNA ligase  - 28 216,59 0,7632 0,202 

Q2FYI6 Putative uncharacterized protein 
THUMP domain protein (Staphylococcus 

aureus) 
2 5,807 0,7636 0,361 

Q2FZY6 Putative uncharacterized protein SufD protein (Staphylococcus aureus) 10 102,85 0,7659 0,206 

Q2FZT1 Putative uncharacterized protein 
Similar to hydrolase, haloacid 

dehalogenase-like family (Staphylococcus 
aureus) 

3 17,639 0,7664 0,255 

Q2FY43 Acetyl-CoA carboxylase, biotin carboxylase  - 6 12,118 0,7669 0,196 

Q2FXM9 Pyruvate kinase  - 53 323,31 0,7674 0,283 

Q2FY28 Putative uncharacterized protein 
Uncharacterized protein (Staphylococcus 

aureus) 
1 24,838 0,7686 0,109 

Q2FXZ2 Chaperone protein DnaK  - 52 323,31 0,773 0,249 

Q2FXT3 
Holliday junction ATP-dependent DNA helicase 

RuvA 
 - 3 7,5983 0,7733 0,220 

Q2G1R9 Methionine--tRNA ligase  - 20 219,84 0,7738 0,295 

Q2G277 Putative uncharacterized protein 
Uncharacterized protein (Staphylococcus 

aureus) 
3 3,9878 0,7755 0,217 

Q2FZH5 
Phosphoenolpyruvate-protein 

phosphotransferase 
 - 26 323,31 0,7767 0,178 

Q2FWN3 10 kDa chaperonin  - 6 28,309 0,7775 0,186 

Q2FZG4 
Pyruvate dehydrogenase complex, E1 

component, alpha subunit, putative 
 - 20 323,31 0,7779 0,274 

Q2G2Q0 DNA gyrase subunit A  - 14 142,69 0,7803 0,249 

Q2FVG8 
Amino acid ABC transporter, ATP-binding 

protein, putative 
 - 5 45,63 0,7823 0,135 

Q2FWD1 CTP synthase  - 19 213,18 0,7833 0,279 

Q2FVT0 Ribose-5-phosphate isomerase A  - 3 7,1812 0,7854 0,427 
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Q2G046 UvrABC system protein A -  10 55,916 0,7858 0,261 

Q2G0B7 Putative uncharacterized protein 
Cytokinin riboside 5'-monophosphate 

phosphoribohydrolase (Staphylococcus 
aureus) 

4 28,371 0,787 0,279 

Q2G0T0 
Ribosomal RNA small subunit methyltransferase 

A 
 - 2 15,721 0,7872 0,174 

Q2FXR4 Glutamate-1-semialdehyde 2,1-aminomutase 1  - 14 101,65 0,7887 0,201 

Q2FYH6 Asparagine--tRNA ligase  - 19 160,61 0,7889 0,239 

Q2FY66 Glucose-6-phosphate 1-dehydrogenase  - 17 61,942 0,7891 0,236 

Q2G224;Q2FWB9 Deoxyribose-phosphate aldolase  - 11 88,256 0,7913 0,295 

Q2G2S6 Foldase protein PrsA  - 9 44,51 0,7928 0,342 

Q2FZJ6 Bifunctional protein FolD  - 14 221,64 0,7933 0,267 

Q2FWD0 
Probable DNA-directed RNA polymerase subunit 

delta 
 - 4 21,217 0,7953 0,159 

Q2FYN2 Cold shock protein CspA  - 2 62,241 0,7954 0,154 

Q2G019 Putative uncharacterized protein 
Putative lipoprotein (Staphylococcus 

aureus) 
3 1,8432 0,7955 0,233 

Q2FVQ5 Probable malate:quinone oxidoreductase  - 11 106,14 0,796 0,271 

Q2G2A3 Dihydrolipoyl dehydrogenase  - 32 323,31 0,7966 0,233 

Q2G1W4 S-adenosylmethionine synthase  - 17 45,149 0,7974 0,245 

Q2FY50 DNA repair protein RecN  - 10 25,157 0,7975 0,182 

Q2G1C0 
2-C-methyl-D-erythritol 4-phosphate 

cytidylyltransferase 
 - 19 199,39 0,7978 0,265 

Q2FWZ8 Bacterial non-heme ferritin  - 14 225,78 0,7979 0,227 

Q2FZX0 Acid sugar phosphatase  - 7 57,19 0,7982 0,186 

Q2FXP7 Threonine--tRNA ligase  - 41 323,31 0,7986 0,260 

Q2FZU0 Glucose-6-phosphate isomerase  - 26 323,31 0,8008 0,324 

Q2FVV8 Transcriptional regulator, putative  - 9 49,474 0,801 0,203 

Q2FWE0 Peptide chain release factor 1  - 11 55,381 0,8034 0,186 

Q2FXM3 Putative uncharacterized protein 
DHH subfamily 1 protein (Staphylococcus 

aureus) 
6 45,879 0,8035 0,196 

Q2FXM1 Putative uncharacterized protein 
Uncharacterized protein (Staphylococcus 

aureus) 
18 308,68 0,8048 0,208 

Q2FV90 Putative uncharacterized protein 
Esterase, putative (Staphylococcus 

aureus) 
5 129,34 0,8054 0,190 

Q2FZD8 Phenylalanine--tRNA ligase beta subunit  - 20 176,72 0,8099 0,193 

Q2G2W6 Putative uncharacterized protein 
Uncharacterized protein (Staphylococcus 

aureus) 
2 17,646 0,81 0,201 
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Q2FVT2 Formimidoylglutamase  - 9 105,19 0,8135 0,226 

Q2FXL9 Uncharacterized peptidase SAOUHSC_01816  - 11 172,23 0,8136 0,309 

Q2FYH0 3-dehydroquinate synthase  - 2 3,2779 0,8138 0,426 

Q2G055 Uncharacterized protein SAOUHSC_00767  - 14 317,23 0,8154 0,390 

Q2G2A5 
Pyruvate dehydrogenase complex, E1 

component, pyruvate dehydrogenase beta 
subunit, putative 

 - 28 323,31 0,8167 0,327 

Q2G1Z9 NAD kinase  - 3 5,798 0,8195 0,122 

Q2FYY6 Glutamine synthetase  - 30 323,31 0,8219 0,275 

Q2G0N1 Elongation factor G  - 57 323,31 0,8226 0,282 

Q2G039 Nucleotide-binding protein SAOUHSC_00787  - 5 17,884 0,8233 0,226 

Q2FY72 NUDIX domain protein  - 2 83,407 0,8247 0,211 

Q2G0Y6 GMP synthase [glutamine-hydrolyzing]  - 32 323,31 0,8257 0,246 

Q2G069 
UDP-N-acetylenolpyruvoylglucosamine 

reductase 
 - 5 82,43 0,8265 0,247 

Q2FYV0 Putative uncharacterized protein 
Uncharacterized protein (Staphylococcus 

aureus) 
4 38,473 0,8275 0,161 

Q2G0B1 HTH-type transcriptional regulator MgrA  - 11 68,195 0,8281 0,328 

Q2FX14 Aminopeptidase PepS, putative  - 11 71,499 0,8284 0,249 

Q2FXA0 UPF0342 protein SAOUHSC_01977  - 22 323,31 0,8298 0,418 

Q2G2A4 
Dihydrolipoamide S-acetyltransferase 

component of pyruvate dehydrogenase complex 
E2, putative 

 - 23 281,67 0,8311 0,302 

Q2G1Y0 DNA ligase  - 9 33,337 0,8313 0,323 

Q2FZZ8 Glycine cleavage system H protein  - 5 150,58 0,8321 0,222 

Q2FWY1 
Probable manganese-dependent inorganic 

pyrophosphatase 
 - 19 157,73 0,8333 0,268 

Q2FYK6 Dihydrofolate reductase  - 5 40,857 0,8342 0,238 

Q2FXJ5 Tyrosine--tRNA ligase  - 15 151,82 0,8347 0,208 

Q2FXN3 Putative uncharacterized protein 
Uncharacterized protein (Staphylococcus 

aureus) 
14 323,31 0,8351 0,340 

Q2FYG9 Chorismate synthase  - 6 109,53 0,8368 0,123 

Q2G0V0 Lipoprotein  - 4 12,945 0,8387 0,327 

Q2FV76 HMG-CoA synthase, putative  - 13 202,84 0,8399 0,229 

Q2FYG0 GTPase Der  - 7 66,532 0,8411 0,261 
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Q2FXZ3 Chaperone protein DnaJ  - 2 40,704 0,8421 0,163 

Q2G248 Putative uncharacterized protein 
Chorismate mutase homolog 

(Staphylococcus aureus) 
12 301,12 0,8441 0,268 

Q2G0G6 Putative uncharacterized protein 
Oxidoreductase, aldo/keto reductase 

family (Staphylococcus aureus) 
8 25,28 0,8446 0,211 

Q2FW66 Alkaline shock protein 23  - 26 323,31 0,8448 0,365 

Q2G241 Glutamate--tRNA ligase  - 28 323,31 0,8457 0,296 

Q2FYM7 TelA-like protein SAOUHSC_01408  - 10 106,29 0,8459 0,234 

Q2FY16 Probable endonuclease 4  - 3 4,9559 0,8497 0,257 

Q2FW32 DNA-directed RNA polymerase subunit alpha  - 21 247,8 0,8501 0,334 

Q2G0Z0 Putative uncharacterized protein 
Uncharacterized protein (Staphylococcus 

aureus) 
13 323,31 0,8514 0,290 

Q2FUQ5 Putative uncharacterized protein 
DNA-binding protein Spo0j-like protein 

(Staphylococcus aureus) 
6 49,156 0,8516 0,490 

Q2FVW4 
Putative 2-hydroxyacid dehydrogenase 

SAOUHSC_02577 
 - 28 323,31 0,8532 0,268 

Q2G2D2 
Transcription termination/antitermination protein 

NusA 
 - 19 225,33 0,8537 0,399 

Q2FYU1 LexA repressor  - 3 67,796 0,8557 0,279 

Q2FV62 D-lactate dehydrogenase, putative  - 5 13,463 0,8562 0,482 

P60070 Anti-sigma-B factor antagonist  - 7 70,706 0,8569 0,348 

Q2FYL5 
UDP-N-acetylglucosamine--N-acetylmuramyl-

(pentapeptide) pyrophosphoryl-undecaprenol N-
acetylglucosamine transferase 

 - 5 50,507 0,8571 0,147 

Q2FYZ0 Glutathione peroxidase  - 8 92,066 0,8571 0,243 

Q2G1B9 Putative uncharacterized protein 
GroES-like protein (Staphylococcus 

aureus) 
4 49,763 0,8573 0,228 

Q2FWY9 Glutamyl-tRNA(Gln) amidotransferase subunit A  - 24 323,31 0,8584 0,280 

Q2G0L1 GTP cyclohydrolase FolE2  - 6 11,528 0,8619 0,306 

Q2FZL5 1,4-dihydroxy-2-naphthoyl-CoA synthase  - 14 296,67 0,8625 0,214 

Q2G1B8 Putative uncharacterized protein 
Similar to teichoic acid biosynthesis 
protein B (Staphylococcus aureus) 

12 107,42 0,8639 0,422 

Q2G1T9 DNA-directed RNA polymerase subunit omega  - 6 32,413 0,8653 0,274 

Q2FXN9 DNA polymerase  - 19 202,91 0,8653 0,272 

Q2FW62 Putative uncharacterized protein 
Alcohol dehydrogenase, zinc-containing 

(Staphylococcus aureus) 
7 131,68 0,8661 0,231 

Q2G0G1 Alcohol dehydrogenase  - 29 323,31 0,8674 0,335 

Q2FWX9 Aldehyde dehydrogenase  - 16 246,3 0,8703 0,351 
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Q2FWZ0 
Aspartyl/glutamyl-tRNA(Asn/Gln) 

amidotransferase subunit B 
-  32 323,31 0,8718 0,277 

Q2FYV1 Putative uncharacterized protein 
Hydrolase, haloacid dehalogenase-like 

family (Staphylococcus aureus) 
5 32,811 0,8723 0,252 

Q2FY89 Helix-turn-helix domain protein  - 9 36,216 0,8765 0,275 

Q2FYU7 Catalase  - 46 323,31 0,877 0,381 

Q2FYT8 Transketolase  - 47 323,31 0,8771 0,343 

Q2FWB7 Putative uncharacterized protein 
General stress protein 20U 
(Staphylococcus aureus) 

9 323,31 0,8771 0,349 

Q2FV16 Probable malate:quinone oxidoreductase  - 47 323,31 0,8772 0,307 

Q2FXT6 Queuine tRNA-ribosyltransferase  - 6 64,212 0,8772 0,427 

Q2FZW0 Putative uncharacterized protein 
Putative NADH dehydrogenase 

(Staphylococcus aureus) 
7 47,673 0,8776 0,183 

Q2FVK3 Gamma-hemolysin h-gamma-ii subunit, putative  - 4 61,412 0,8786 0,185 

Q2G189 ESAT-6-like protein  - 11 176,86 0,8809 0,301 

Q2G012 Extracellular matrix protein-binding protein emp  - 4 8,1382 0,8819 0,475 

Q2G0Q7 Dihydropteroate synthase  - 4 29,796 0,883 0,257 

Q2FXH8 Putative uncharacterized protein 
Uncharacterized protein (Staphylococcus 

aureus) 
9 57,66 0,8838 0,225 

Q2FZ58 Uncharacterized protein SAOUHSC_01193  - 14 243,6 0,8878 0,286 

Q2FWN9 Uncharacterized leukocidin-like protein 2  - 29 323,31 0,8891 0,329 

Q2FY01 Putative uncharacterized protein 
Phosphate starvation-induced protein 

phoH homologue (Staphylococcus 
aureus) 

5 51,467 0,8892 0,224 

Q2G0Q0 Pyridoxal 5-phosphate synthase subunit PdxT  - 12 58,357 0,8894 0,298 

Q2FXM6 
Acetyl-coenzyme A carboxylase carboxyl 

transferase subunit beta 
 - 3 3,2149 0,8895 0,713 

Q2FV60 Dehydrosqualene desaturase - 6 12,945 0,8914 0,242 

Q2G0N5 DNA-directed RNA polymerase subunit beta  - 69 323,31 0,8925 0,279 

Q2FZ65 Putative uncharacterized protein 
Protein phosphatase 2C (Staphylococcus 

aureus) 
3 13,274 0,8953 0,213 

Q2G045 HPr kinase/phosphorylase  - 5 19,52 0,8961 0,504 

Q2G2F0 Putative uncharacterized protein 
Hit-like protein involved in cell-cycle 
regulation (Staphylococcus aureus) 

12 82,202 0,8965 0,335 

Q2G0Y7 Inosine-5-monophosphate dehydrogenase  - 58 323,31 0,8975 0,286 

Q2FXZ1 Protein GrpE  - 9 109,7 0,8979 0,388 

Q2FXI5 Putative uncharacterized protein 
Endo-1,4-beta-glucanase homolog 

(Staphylococcus aureus) 
8 150,62 0,8982 0,261 
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Q2G2F3 Signal transduction protein TRAP -  13 115,57 0,8983 0,331 

Q9RQQ0 
Biofilm operon icaADBC HTH-type negative 

transcriptional regulator IcaR 
 - 2 12,815 0,9035 0,248 

Q2FZT4 Uncharacterized protein SAOUHSC_00906  - 36 323,31 0,9037 0,330 

Q2FV22 Pantothenate synthetase  - 4 26,042 0,9048 0,178 

Q2FVU2 Putative uncharacterized protein 
Uncharacterized protein (Staphylococcus 

aureus) 
5 14,454 0,9083 0,395 

Q2FXI9 Putative uncharacterized protein 
FtsK/SpoIIIE family protein 
(Staphylococcus aureus) 

4 14,473 0,9093 0,061 

Q2G036 ATP-dependent Clp protease proteolytic subunit - 8 129,35 0,9115 0,288 

Q2FZN7 Lipoate--protein ligase -  11 271,32 0,9123 0,359 

Q2FX90 Putative uncharacterized protein 
Uncharacterized protein (Staphylococcus 

aureus) 
21 316,15 0,9124 0,272 

Q2FXI8 Putative uncharacterized protein 
Phenylalanyl-tRNA synthetase homolog 

(Staphylococcus aureus) 
10 71,197 0,9131 0,312 

Q2FYQ2 Putative uncharacterized protein 
Similar to oligoendopeptidase 

(Staphylococcus aureus) 
8 73,339 0,9139 0,416 

Q2FVD5 
Uncharacterized oxidoreductase 

SAOUHSC_02778 
-  4 121,62 0,9162 0,131 

Q2G0M8 Putative uncharacterized protein 
Putative pyridoxal phosphate-dependent 
acyltransferase (Staphylococcus aureus) 

26 323,31 0,9165 0,240 

Q2FXU4 Histidine--tRNA ligase  - 5 21,164 0,9186 0,350 

Q2G0P5 
ATP-dependent Clp protease ATP-binding 

subunit ClpC 
 - 29 323,31 0,9188 0,226 

Q2FXE2 Putative uncharacterized protein 
Oxidoreductase, aldo/keto reductase 

family (Staphylococcus aureus) 
13 94,331 0,9243 0,250 

Q2FUS8 Lactonase drp35 -  5 16,058 0,9256 0,241 

Q2FWY8 
Aspartyl/glutamyl-tRNA(Asn/Gln) 

amidotransferase subunit C 
 - 7 168,94 0,9292 0,349 

Q2FY49 Arginine repressor  - 5 23,553 0,9306 0,256 

Q2G0L7 FMN-dependent NADPH-azoreductase  - 6 83,805 0,9322 0,349 

Q2FZ89 Cell division protein FtsZ  - 27 323,31 0,9333 0,346 

Q2FXD0;Q2G0X6 Type I restriction-modification system, M subunit  - 6 121,58 0,9343 0,192 

Q2FZ15 Putative uncharacterized protein 
Putative processing protease 

(Staphylococcus aureus) 
5 38,823 0,9349 0,210 

Q2FZ17 Putative uncharacterized protein 
Transcriptional regulator, GntR family 

protein (Staphylococcus aureus) 
3 12,098 0,9362 0,419 

Q2FZZ0 Lipoprotein  - 6 26,182 0,9364 0,298 

Q2FXI0 D-alanine aminotransferase  - 19 287,89 0,9366 0,327 

Q2FZV0 Putative uncharacterized protein 
Kinase-associated protein B 

(Staphylococcus aureus) 
2 10,439 0,9392 0,145 

Q2G0T5 
DNA polymerase III, gamma and tau subunits, 

putative 
 - 2 23,069 0,9399 0,251 
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Q2FWF6 Putative uncharacterized protein 
Uncharacterized protein (Staphylococcus 

aureus) 
2 33,565 0,9431 0,342 

Q2FYM3 Putative uncharacterized protein 
ABC transporter homolog 
(Staphylococcus aureus) 

7 155,34 0,9431 0,254 

Q2FY40 Proline dipeptidase, putative -  17 169,9 0,944 0,357 

Q2FVV6 Putative uncharacterized protein 
Uncharacterized protein (Staphylococcus 

aureus) 
2 97,064 0,9468 0,194 

Q2FZD9 Phenylalanine--tRNA ligase alpha subunit -  9 71,716 0,9476 0,281 

Q2FYF9 30S ribosomal protein S1, putative -  32 323,31 0,9478 0,363 

Q2G1Z0 Putative uncharacterized protein 
Dihydroxyacetone kinase, DhaK subunit 

(Staphylococcus aureus) 
8 19,404 0,9478 0,368 

Q2G2M6 Cysteine--tRNA ligase  - 15 131,87 0,9496 0,355 

P48860 50S ribosomal protein L7/L12  - 15 255,51 0,952 0,349 

P47768 DNA-directed RNA polymerase subunit beta  - 54 323,31 0,9536 0,247 

Q2FYR1 Aminoacyltransferase FemB  - 3 7,3301 0,9566 0,191 

Q2G1E4 Putative uncharacterized protein 
Uncharacterized protein (Staphylococcus 

aureus) 
2 6,1415 0,9567 0,177 

Q2G112 Single-stranded DNA-binding protein -  8 78,808 0,9578 0,238 

Q2FY88 Exonuclease family  - 2 4,2649 0,9588 0,271 

Q2G0F8 Arginine--tRNA ligase  - 27 323,31 0,9602 0,294 

Q2G1Y7 Putative uncharacterized protein 
Uncharacterized protein (Staphylococcus 

aureus) 
3 102 0,9638 0,165 

Q2FWD5 Putative uncharacterized protein 
Uncharacterized protein (Staphylococcus 

aureus) 
2 17,554 0,9651 0,448 

P0C0V7 Phosphoglucosamine mutase -  13 110,44 0,9667 0,293 

Q2FYG1 Glycerol-3-phosphate dehydrogenase [NAD(P)+]  - 6 70,044 0,9684 0,294 

Q2FWW9 ABC transporter, ATP-binding protein, putative  - 7 37,24 0,9687 0,309 

Q2FZ03 Putative uncharacterized protein 
Uncharacterized protein (Staphylococcus 

aureus) 
7 93,05 0,9701 0,339 

Q2G2T0 Putative uncharacterized protein 
Uncharacterized protein (Staphylococcus 

aureus) 
7 30,563 0,9711 0,254 

Q2G1Z4 Proline--tRNA ligase -  13 241,32 0,9727 0,301 

Q2G2D0 Translation initiation factor IF-2  - 34 323,31 0,9767 0,319 

Q2FXR3 Delta-aminolevulinic acid dehydratase  - 14 115,41 0,9773 0,277 

Q2FZ20 Polyribonucleotide nucleotidyltransferase  - 28 255,02 0,9786 0,335 

Q2G1A9 6-phospho-beta-glucosidase, putative  - 7 14,145 0,9852 0,280 
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Q2G268 
Phosphopantothenoylcysteine 

decarboxylase/phosphopantothenate--cysteine 
ligase 

 - 3 8,8511 0,9902 0,242 

Q2FZP9 Putative phosphoesterase SAOUHSC_00951 -  14 104,16 0,9902 0,412 

Q2FZY3 UPF0051 protein SAOUHSC_00851  - 16 138,67 0,9918 0,303 

Q2FYV7 Putative uncharacterized protein 
Uncharacterized protein (Staphylococcus 

aureus) 
3 49,854 0,9929 0,258 

Q2G0B9 Putative uncharacterized protein 
Uncharacterized protein (Staphylococcus 

aureus) 
8 140,14 0,9933 0,256 

Q2FY73 Transcriptional regulator, Fur, putative - 6 15,959 0,9942 0,193 

Q2FYJ2 Alanine dehydrogenase 1 -  19 174,28 0,9955 0,283 

P0A0J0 RNA polymerase sigma factor SigA -  11 137,6 0,9961 0,241 

Q2FVY0 
Molybdopterin biosynthesis protein moeA, 

putative 
- 13 192,53 0,9976 0,327 

Q2FY27 Glucokinase, putative - 10 149,56 1,0004 0,246 

Q2FVF9 Putative uncharacterized protein 
Glutamyl-aminopeptidase 
(Staphylococcus aureus) 

9 150,3 1,0019 0,374 

Q2G0K8 Glucosamine-6-phosphate deaminase  -  3 29,833 1,0024 0,520 

Q2G204 GTP pyrophosphokinase, putative  - 4 22,458 1,0025 0,103 

Q2G0N0 Elongation factor Tu  - 41 323,31 1,0025 0,463 

Q2G050 Excinuclease ABC, B subunit  - 3 10,565 1,003 0,410 

Q2FXV6 tRNA-specific 2-thiouridylase MnmA  - 10 195,89 1,0037 0,295 

Q2G0M5 
Uncharacterized epimerase/dehydratase 

SAOUHSC_00535 
 - 7 66,529 1,0093 0,286 

Q2FXY7 Elongation factor 4  - 7 15,347 1,0111 0,247 

Q2FZ09 Protein RecA  - 9 90,031 1,0122 0,261 

Q2FZG6 Peptide deformylase  - 5 22,234 1,0127 0,334 

Q2FYK7 Putative uncharacterized protein 
Fatty acid-binding protein, DegV family 

protein (Staphylococcus aureus) 
10 51,453 1,0153 0,239 

Q2FZ51 Acyl carrier protein -  5 8,9169 1,0161 0,329 

Q2G296 Formate--tetrahydrofolate ligase  - 26 323,31 1,025 0,322 

Q2FXK8 Septation ring formation regulator EzrA  - 19 103,76 1,0262 0,273 

P0A088 Peptide methionine sulfoxide reductase MsrB  - 9 233,05 1,0265 0,271 

Q2G2M0 Tautomerase  - 5 124,53 1,0276 0,366 

Q2FYG2 DNA-binding protein HU, putative  - 17 323,31 1,0317 0,459 

Q2FVB2 Fructose-1,6-bisphosphatase class 3  - 11 149,16 1,034 0,252 

Table VI - Continued 



 

 

 

8
5
 

Uniprot ID Protein Blastp results 
Razor + Unique 

Peptides 
Score Ratio I/L SD 

Q2FZ68 Methionyl-tRNA formyltransferase  - 7 83,759 1,0348 0,308 

Q2G220 Putative uncharacterized protein 
Uncharacterized protein (Staphylococcus 

aureus) 
3 6,2251 1,0441 0,196 

Q2FZS8 Chaperone protein ClpB  - 14 102,09 1,0445 0,398 

Q2G2S0 Adenylosuccinate lyase - 12 112,24 1,0477 0,513 

Q2FWN4 60 kDa chaperonin  - 30 323,31 1,0489 0,368 

Q2FYV3 Threonine synthase  - 3 27,301 1,0489 0,284 

Q2G1U3 Oligoendopeptidase F  - 29 323,31 1,0496 0,360 

Q2FXG5 Putative uncharacterized protein 
Lysophospholipase homolog 

(Staphylococcus aureus) 
3 8,678 1,0552 0,416 

Q2FXM5 NADP-dependent malic enzyme, putative   12 188,28 1,0578 0,280 

Q2FWY6 Putative uncharacterized protein 
Staphylococcus aureus sex pheromone 

(Staphylococcus aureus) 
4 22,82 1,0579 0,305 

Q2G122 
5-methyltetrahydropteroyltriglutamate--

homocysteine methyltransferase 
- 5 8,9241 1,0627 0,640 

Q2FVX4 
Molybdenum ABC transporter, periplasmic 

molybdate-binding protein 
-  14 50,073 1,0704 0,350 

Q2G2Q4 Ribosome-binding factor A -  3 33,924 1,0706 0,274 

Q2FY80 Sensor protein SrrB  - 4 19,62 1,0712 0,420 

Q2FXV0 Putative uncharacterized protein 
Uncharacterized protein (Staphylococcus 

aureus) 
2 50,855 1,0766 0,274 

Q2FZ16 Putative uncharacterized protein 
Similar to processing proteinase-like 

protein (Staphylococcus aureus) 
3 11,986 1,0776 0,355 

Q2FY54 
2-oxoisovalerate dehydrogenase, E2 

component, dihydrolipoamide acetyltransferase, 
putative 

 - 7 56,013 1,0863 0,340 

Q2G1W0 Putative uncharacterized protein 
D-octopine dehydrogenase 
(Staphylococcus aureus) 

13 145,84 1,0863 0,386 

Q2FZG8 UPF0356 protein SAOUHSC_01036  - 7 22,19 1,0876 0,408 

Q2G1G8 PTS system glucose-specific EIICBA component  - 6 62,258 1,0887 0,491 

Q2G1J2 Heme oxygenase (staphylobilin-producing) 2  - 6 27,496 1,1006 0,308 

Q2FZ94 Penicillin-binding protein 1  - 3 5,4163 1,1015 0,328 

Q2FY68 Pyrroline-5-carboxylate reductase  - 12 81,729 1,1032 0,333 

Q2G124 Probable acetyl-CoA acyltransferase  - 10 140,19 1,105 0,548 

Q2FYM1 2-oxoglutarate dehydrogenase E1 component  - 22 323,31 1,108 0,315 

Q2FY44 Putative uncharacterized protein 
Uncharacterized protein (Staphylococcus 

aureus) 
4 70,244 1,109 0,637 

Q2G0E9 Putative uncharacterized protein 
DAK2 domain protein (Staphylococcus 

aureus) 
4 16,959 1,1109 0,211 

Table VI - Continued 



 

 

 

8
6
 

Uniprot ID Protein Blastp results 
Razor + Unique 

Peptides 
Score Ratio I/L SD 

Q2G1W5 Putative uncharacterized protein 
Uncharacterized protein (Staphylococcus 

aureus) 
15 246,91 1,1126 0,346 

Q2FZ27 
GTP-sensing transcriptional pleiotropic repressor 

CodY 
-  20 212,71 1,1131 0,338 

Q2FZ36 Succinyl-CoA ligase [ADP-forming] subunit alpha  - 16 214,72 1,127 0,327 

Q2G2H4 DNA polymerase III subunit beta  - 21 218,44 1,1406 0,380 

Q2FXV8 ATP-dependent RecD-like DNA helicase  - 5 19,345 1,1422 0,039 

Q2FY36 Putative uncharacterized protein 
Similar to rhodanese family protein 

(Staphylococcus aureus) 
4 9,6482 1,143 0,255 

Q2FYK5 Thymidylate synthase  - 2 6,0449 1,1432 0,221 

Q2FZ53 
3-oxoacyl-(Acyl-carrier-protein) reductase, 

putative 
 - 17 323,31 1,154 0,394 

Q2FW64 Putative uncharacterized protein 
Uncharacterized protein (Staphylococcus 

aureus) 
13 127,83 1,1595 0,464 

Q2G227 Phosphopentomutase  - 10 132,94 1,1673 0,388 

Q2G047 UvrABC system protein B  - 3 27,332 1,1697 0,335 

Q2FX94 Fumarate hydratase class II  - 11 89,541 1,1711 0,483 

Q2FYZ5 Glycerol kinase  - 18 170,63 1,1763 0,366 

P0A0B7 Alkyl hydroperoxide reductase subunit C  - 22 323,31 1,1777 0,443 

Q2G1D8 Formate acetyltransferase  - 61 323,31 1,1805 0,594 

Q2FYS0 Putative uncharacterized protein 
Putative endoglucanase (Staphylococcus 

aureus) 
10 81,125 1,1806 0,365 

Q2G0F6 
Iron compound ABC transporter, substrate-

binding protein, putative 
-  5 38,34 1,1833 0,214 

P0C7Y1 Phenol-soluble modulin alpha 1 peptide  - 4 12,154 1,184 1,960 

Q2FZ37 Succinyl-CoA ligase [ADP-forming] subunit beta  - 30 311,92 1,184 0,271 

Q2G1Y1 Putative uncharacterized protein 
Uncharacterized protein (Staphylococcus 

aureus) 
2 21,183 1,1881 0,254 

P0A086 Peptide methionine sulfoxide reductase MsrA 2  - 5 10,002 1,1926 0,172 

Q2FYS9 Aconitate hydratase  - 52 323,31 1,1945 0,403 

Q2FWB8 Purine nucleoside phosphorylase DeoD-type  - 15 230,97 1,197 0,512 

Q2FZV6 Leucine aminopeptidase 3, chloroplastic  - 14 162,01 1,1986 0,370 

Q2FWM8 Delta-hemolysin  - 5 36,826 1,1989 1,682 

Q2FZ78 Pseudouridine synthase  - 6 47,858 1,2032 0,385 

Q2FVW9 Putative uncharacterized protein 
Similar to ferric hydroxamate receptor 1 

(Staphylococcus aureus) 
5 30,401 1,209 0,337 

Q2FZZ9 Putative uncharacterized protein 
Similar to arsenate reductase 

(Staphylococcus aureus) 
8 73,249 1,2169 0,306 
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Q2FYG7 Nucleoside diphosphate kinase  - 4 11,372 1,2205 0,499 

O05204 Alkyl hydroperoxide reductase subunit F  - 22 321,14 1,2225 0,349 

Q9F0R1 HTH-type transcriptional regulator SarR  - 12 323,31 1,2248 0,477 

Q2FW93 Putative uncharacterized protein 
Uncharacterized protein (Staphylococcus 

aureus) 
3 16,126 1,2249 0,298 

Q2G0Q8 Cysteine synthase  - 31 323,31 1,226 0,497 

Q2FWX1 Putative uncharacterized protein 
Uncharacterized protein (Staphylococcus 

aureus) 
19 239,91 1,2308 0,520 

Q2G2S8 Putative uncharacterized protein 
Uncharacterized protein (Staphylococcus 

aureus) 
9 45,975 1,2469 0,261 

Q2G150 Putative uncharacterized protein 
Uncharacterized protein (Staphylococcus 

aureus) 
3 2,7085 1,2511 1,067 

Q2G2D8 
ABC transporter, substrate-binding protein, 

putative 
 - 26 323,31 1,2541 0,561 

O07325 Cell division protein FtsA  - 18 251,26 1,2669 0,463 

Q2FW52 Uncharacterized hydrolase SAOUHSC_02465  - 5 14,609 1,269 0,722 

Q2FV67 1-pyrroline-5-carboxylate dehydrogenase  - 35 323,31 1,291 0,409 

Q2FZA1 
Uncharacterized N-acetyltransferase 

SAOUHSC_01138 
 - 13 129,03 1,293 0,631 

Q2FZ83 Putative uncharacterized protein 
Similar to cell-division initiation protein 

(Staphylococcus aureus) 
6 148,13 1,3011 0,375 

Q2G1C2 TagB protein, putative -  4 33,805 1,3063 0,557 

Q2FWX5 Putative uncharacterized protein 
Acyl-coenzyme A:6-aminopenicillanic acid 
acyl-transferase (Staphylococcus aureus) 

2 9,5685 1,3188 0,216 

Q2G239 Fructose specific permease, putative -  5 90,985 1,3209 0,317 

Q2FZ59 Putative uncharacterized protein 
Uncharacterized protein (Staphylococcus 

aureus) 
7 29,087 1,323 0,415 

Q2G0R0 ATP-dependent zinc metalloprotease FtsH  - 18 130,15 1,3332 0,446 

Q2G1J0 Putative aldehyde dehydrogenase AldA -  19 226,74 1,3529 0,394 

Q2FVN6 Putative uncharacterized protein 
Uncharacterized protein (Staphylococcus 

aureus) 
3 3,045 1,3596 0,475 

Q2G2C1 Pyruvate carboxylase  - 49 323,31 1,4119 0,405 

Q2G0K5 Hydrolase, haloacid dehalogenase-like  - 6 33,912 1,4147 0,541 

Q2FUQ3 
tRNA uridine 5-carboxymethylaminomethyl 

modification enzyme MnmG 
 - 6 24,476 1,4245 0,486 

Q2G1N7 HTH-type transcriptional regulator SarS  - 5 20,461 1,4395 0,545 

Q2G294 Acetyl-CoA synthetase, putative  - 6 26,356 1,4791 0,972 

Q2FWE5 Serine hydroxymethyltransferase  - 17 114,8 1,4836 0,502 

O52582 Coenzyme A disulfide reductase  - 17 124,69 1,4874 0,502 
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Q2FV87 
PTS system glucoside-specific EIICBA 

component 
-  4 14,236 1,4902 0,314 

Q2G247 UPF0478 protein SAOUHSC_01855  - 16 167,44 1,5182 0,627 

Q2G1H0 Indolepyruvate decarboxylase, putative  - 15 248,15 1,5333 0,647 

Q2FWM5 Accessory gene regulator protein C  - 2 66,535 1,5494 0,313 

Q2FUX0 
PTS system, fructose-specific IIABC component, 

putative 
 - 9 33,968 1,559 0,505 

Q2FVZ5 Putative uncharacterized protein 
AcrB/AcrD/AcrF family protein 

(Staphylococcus aureus) 
5 16,717 1,5635 0,180 

Q2FZ08 Ribonuclease Y  - 5 14,572 1,5742 0,276 

Q2FZU6 Ornithine aminotransferase  - 29 323,31 1,5797 0,495 

Q2FXT1 GTPase Obg  - 12 159,61 1,5869 0,555 

Q2FXL7 Alanine dehydrogenase 2  - 15 133,1 1,5885 0,700 

Q2G2G0 Putative uncharacterized protein 
Uncharacterized protein (Staphylococcus 

aureus) 
18 102,82 1,6229 0,489 

Q2FXG3 Putative uncharacterized protein 
Proline dehydrogenase (Staphylococcus 

aureus) 
11 43,369 1,638 1,030 

Q2G282 Peroxide-responsive repressor PerR  - 1 9,2926 1,6621 0,445 

Q2G1G0 Putative uncharacterized protein 
Putative cytosolic protein (Staphylococcus 

aureus) 
5 17,828 1,7072 0,634 

Q2FWC1 Pyrimidine-nucleoside phosphorylase -  33 323,31 1,7163 0,622 

Q2G242 Putative uncharacterized protein 
PIN domain protein (Staphylococcus 

aureus) 
4 53,509 1,7244 1,027 

Q2G155 Lipase 2 -  19 167,73 1,7722 1,045 

Q2G2E5 Putative uncharacterized protein 
ATP-binding cassette transporter A 

(Staphylococcus aureus) 
7 150,58 1,812 0,735 

Q2G1N9;Q2FVQ4 L-lactate permease -  1 14,727 1,8453 0,373 

Q2FZH1 Putative uncharacterized protein 
Similar to pottasium uptake protein KtrA 

(Staphylococcus aureus) 
4 14,523 1,8807 0,864 

Q2FZA3 Putative uncharacterized protein 
Phenol-soluble modulin beta2 

(Staphylococcus aureus) 
2 96,141 1,8842 0,820 

Q2FWF1 ATP synthase epsilon chain -  5 36,325 1,915 0,472 

Q2FWE7 ATP synthase subunit delta  - 11 99,061 1,9876 0,485 

Q2G1D0 Acetyl-CoA acetyltransferase, putative  - 4 52,383 2,0159 0,974 

Q2FXT8 Protein-export membrane protein SecDF  - 4 47,462 2,0289 0,617 

Q2G1Y5 L-lactate dehydrogenase 2  - 18 323,31 2,0306 0,687 

Q2G261 Superoxide dismutase [Mn/Fe] 2  - 4 29,502 2,0326 0,744 

Q2FXJ6 Putative uncharacterized protein 
Similar to serine proteinase Do 

(Staphylococcus aureus) 
11 133,4 2,0364 0,546 
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Q2FWE9 ATP synthase gamma chain -  12 211,42 2,085 0,848 

Q2FWE8 ATP synthase subunit alpha  - 22 323,31 2,1331 0,591 

Q2FZK0 Probable quinol oxidase subunit 1  - 7 45,413 2,1388 0,850 

Q2FWF0 ATP synthase subunit beta  - 35 323,31 2,1475 0,713 

Q2G1C8 Putative uncharacterized protein 
Acyl-CoA dehydrogenase family protein 

(Staphylococcus aureus) 
8 144,81 2,1818 1,202 

Q2FZC7 
Iron-sulphur subunit of succinate 

dehydrogenase, putative 
-  22 323,31 2,1979 0,679 

Q2FZJ9 Probable quinol oxidase subunit 2  - 20 323,31 2,3634 1,364 

Q2FZC8 
Succinate dehydrogenase, flavoprotein chain 

TC0881, putative 
 - 25 323,31 2,4383 0,607 

Q2G1N4 Periplasmic binding protein, putative  - 7 51,97 2,7227 1,269 

Q2G2U1 Histidine protein kinase SaeS  - 8 176,62 2,8297 0,547 

Q2G2F8 ATP synthase subunit b  - 6 120,17 2,8469 0,724 

Q2G2L2 Putative uncharacterized protein 
Similar to ABC transporter ATP-binding 

protein (Staphylococcus aureus) 
6 12,183 3,0383 1,081 

Q2G260 Uncharacterized protein SAOUHSC_00094  - 3 9,2199 3,3142 1,539 

Q2FXZ9 UPF0365 protein SAOUHSC_01676  - 22 323,31 4,3547 1,326 

Q9RFJ6 HTH-type transcriptional regulator rot  - 4 34,264 4,3719 2,052 

Q2G1G5 
PTS system EIIBC component 

SAOUHSC_00158 
 - 11 210,34 5,1403 3,027 

Q2FXF9 Riboflavin biosynthesis protein RibD  - 3 12,664 NaN - 

Q2G1R3;Q2G2E8 tRNA-dihydrouridine synthase  - 4 9,5674 NaN - 

Q2G229 Putative uncharacterized protein 
Uncharacterized protein (Staphylococcus 

aureus) 
2 68,857 NaN - 

Q2G233 Putative uncharacterized protein 
Similar to chorismate mutase 

(Staphylococcus aureus) 
1 6,1792 NaN - 

Q2FXV4 Putative uncharacterized protein 
Cysteine desulfurase (Staphylococcus 

aureus) 
1 1,4094 NaN - 

Q2G0J6 Putative uncharacterized protein 
Uncharacterized protein (Staphylococcus 

aureus) 
1 22,264 NaN - 

Q2FVB4 Putative uncharacterized protein 
ABC transporter, ATP-binding protein 

(Staphylococcus aureus) 
19 274,34 NaN - 

Q2G222 
N-acetylmuramoyl-L-alanine amidase domain-

containing protein SAOUHSC_02979 
 - 26 323,31 NaN - 

Q2FX86 ABC transporter, permease protein, putative  - 3 11,075 NaN - 

Q2FWF5 
3-hydroxyacyl-[acyl-carrier-protein] dehydratase 

FabZ 
 - 3 3,4113 NaN - 

Q2FV88 Putative uncharacterized protein 
Uncharacterized protein (Staphylococcus 

aureus) 
2 52,827 NaN - 

REV__Q2FWW1 MHC class II analog protein  - 2 1,3004 NaN - 
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Q2FV30 Dihydroorotate dehydrogenase (quinone) -  5 43,477 NaN - 

Q2G254 Putative uncharacterized protein 
Uncharacterized protein (Staphylococcus 

aureus) 
1 1,0077 NaN - 

Q2FX87 
Amino acid ABC transporter, ATP-binding 

protein, putative 
 - 3 49,557 NaN - 

Q2FVI3 Putative uncharacterized protein 
Uncharacterized protein (Staphylococcus 

aureus) 
1 13,386 NaN - 

Q2FV31 Putative uncharacterized protein 
Uncharacterized protein (Staphylococcus 

aureus) 
3 9,9246 NaN - 

Q2G2U0 N-acetylglucosamine-6-phosphate deacetylase  - 2 16,317 NaN - 

Q2FXH3 Putative uncharacterized protein 
Rhodanese-related sulfurtransferase 

(Staphylococcus aureus) 
4 8,9712 NaN - 

Q2G2W3 Putative uncharacterized protein 
Esterase, putative (Staphylococcus 

aureus) 
2 15,555 NaN - 

Q2FXU1 GTP pyrophosphokinase  - 5 22,067 NaN - 

Q2FW57 Putative uncharacterized protein 
Similar to oxidoreductase, aldo/keto 
reductase (Staphylococcus aureus) 

4 22,749 NaN - 

Q2FV29 Putative uncharacterized protein 
Uncharacterized protein (Staphylococcus 

aureus) 
2 17,178 NaN - 

Q9EZ11 4-hydroxy-tetrahydrodipicolinate reductase -  2 15,061 NaN - 

Q2G025 Carboxylesterase, putative  - 2 14,211 NaN - 

Q2FXY2 Putative uncharacterized protein 
RNA binding protein (CRS1/YhbY family) 

(Staphylococcus aureus) 
3 6,8585 NaN - 

Q2G1U2 Putative uncharacterized protein 
Glyoxalase family protein 
(Staphylococcus aureus) 

2 3,3018 NaN - 

Q2G2L0 Putative uncharacterized protein 
Iron dependent repressor 
(Staphylococcus aureus) 

3 18,25 NaN - 

Q2G154 Putative uncharacterized protein 
Uncharacterized protein (Staphylococcus 

aureus) 
1 4,3307 NaN - 

Q2FVZ7 Putative uncharacterized protein 
Uncharacterized protein (Staphylococcus 

aureus) 
1 2,7313 NaN - 

Q2FXL4 Putative uncharacterized protein 
Uncharacterized protein (Staphylococcus 

aureus) 
4 22,884 NaN - 

Q2FYS8 Putative uncharacterized protein 
Putative 4-hydroxybenzoyl-CoA 

thioesterase (Staphylococcus aureus) 
1 4,789 NaN - 

Q2G038 Gluconeogenesis factor -  2 65,984 NaN - 

Q2G2L1 Teichoic acids export ATP-binding protein TagH  - 3 13,911 NaN - 

Q2FZ44 Ribosome maturation factor RimM  - 1 1,3687 NaN - 

Q2FVG5 Putative uncharacterized protein 
Uncharacterized protein (Staphylococcus 

aureus) 
2 14,344 NaN - 

Q2G033 Glycolytic operon regulator -  4 5,3012 NaN - 

Q2FX03 UPF0421 protein SAOUHSC_02103  - 1 2,0724 NaN - 

REV__Q2FW20 30S ribosomal protein S8  - 1 1,1606 NaN - 
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Q2G2T1 Putative uncharacterized protein 
Cmp-binding-factor 1 (Staphylococcus 

aureus) 
6 39,404 NaN - 

Q2G0J7 Uracil-DNA glycosylase  - 2 26,462 NaN - 

Q2FX13 UPF0435 protein SAOUHSC_02093  - 4 15,486 NaN - 

Q2FYY8 Putative uncharacterized protein 
Alminium resistance protein 

(Staphylococcus aureus) 
2 3,9473 NaN - 

Q2G1S3 Adenylosuccinate synthetase  - 5 18,708 NaN - 

Q2G0I4 Putative uncharacterized protein 
Uncharacterized protein (Staphylococcus 

aureus) 
2 2,89 NaN - 

Q2FVI6 Putative uncharacterized protein 
Uncharacterized protein (Staphylococcus 

aureus) 
2 6,4424 NaN - 

Q2FYP3 Conserved virulence factor B -  2 4,7497 NaN - 

Q2FX91 Putative uncharacterized protein 
Uncharacterized protein (Staphylococcus 

aureus) 
1 2,4203 NaN - 

Q2G024 Ribonuclease R -  5 11,026 NaN - 

Q2FX00 Putative uncharacterized protein 
Probable cobyric acid synthase CobQ 

(Staphylococcus aureus) 
1 3,6642 NaN - 

Q2FXX8 
5-methylthioadenosine/S-adenosylhomocysteine 

nucleosidase 
 - 2 4,7612 NaN - 

Q2FWH4 
UDP-N-acetylmuramoyl-tripeptide--D-alanyl-D-

alanine ligase 
 - 6 90,669 NaN - 

Q2G297 Putative uncharacterized protein 
Similar to hydrolase (HAD superfamily) 

(Staphylococcus aureus) 
1 1,1942 NaN - 

REV__P48860 50S ribosomal protein L7/L12  - 1 1,4007 NaN - 

Q2FVH0 Amino acid transporter, putative  - 2 6,0104 NaN - 

Q2FVA5 Putative uncharacterized protein 
Glyoxalase family protein 
(Staphylococcus aureus) 

2 1,3177 NaN - 

Q2FVI7 Glycerate kinase, putative  - 1 3,8401 NaN - 

Q2G095 Putative uncharacterized protein 
Uncharacterized protein (Staphylococcus 

aureus) 
2 6,0973 NaN - 

Q2FX12 
Low molecular weight protein-tyrosine-

phosphatase PtpA 
-  1 2,594 NaN - 

Q2G0P8 Transcriptional regulator CtsR  - 2 4,8259 NaN - 

Q2FZT6 
ATP-dependent helicase/deoxyribonuclease 

subunit B 
 - 3 2,6894 NaN - 

Q2G0E8 Putative uncharacterized protein 
Uncharacterized protein (Staphylococcus 

aureus) 
3 16,001 NaN - 

Q2G0S3 Bifunctional protein GlmU -  6 67,292 NaN - 

Q2G1U0 Guanylate kinase  - 3 33,601 NaN - 

Q2FV39 Uncharacterized hydrolase SAOUHSC_02900  - 3 11,946 NaN - 

Q2G1K5 
Capsular polysaccharide biosynthesis protein 

Cap5D, putative 
 - 2 -2 NaN - 
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Q2G0M9 Putative uncharacterized protein 
Peptidase, M20/M25/M40 family 

(Staphylococcus aureus) 
3 23,229 NaN - 

Q2FUS5 Putative uncharacterized protein 
Uncharacterized protein (Staphylococcus 

aureus) 
1 1,8549 NaN - 

Q2FYD4 SLT orf 129-like protein  - 2 0,97632 NaN - 

REV__Q2G029 
2,3-bisphosphoglycerate-independent 

phosphoglycerate mutase 
 - 1 0,96072 NaN - 

Q2FW91 Arginase  - 2 12,119 NaN - 

Q2FYF5 Cytidylate kinase  - 3 7,8897 NaN - 

Q2FZP4 Peptide chain release factor 3  - 5 49,32 NaN - 

Q2FWJ1 SigmaB regulation protein RsbU, putative  - 2 6,6312 NaN - 

Q2FYS5 DNA topoisomerase 4 subunit B  - 2 10,389 NaN - 

Q2FVN2 Putative uncharacterized protein 
Heat shock protein, Hsp20 family 

(Staphylococcus aureus) 
2 1,0326 NaN - 

Q2FZN6 Putative uncharacterized protein 
Uncharacterized protein (Staphylococcus 

aureus) 
2 24,139 NaN - 

Q2G013 
Truncated secreted von Willebrand factor-

binding protein (Coagulase) VWbp, putative 
 - 1 1,1683 NaN - 

Q2FVL4 
Amino acid ABC transporter, ATP-binding 

protein, putative 
 - 2 27,502 NaN - 

REV__Q2FZI5 Phosphoribosylamine--glycine ligase  - 2 1,1191 NaN - 

Q2FZ49 Chromosome partition protein Smc  - 1 4,1705 NaN - 

Q2FXV1 UPF0337 protein SAOUHSC_01730  - 2 10,024 NaN - 

Q2G2P8 
ADP-dependent (S)-NAD(P)H-hydrate 

dehydratase 
 - 1 1,415 NaN - 

Q2FZL7 
2-succinyl-5-enolpyruvyl-6-hydroxy-3-
cyclohexene-1-carboxylate synthase 

 - 2 2,6622 NaN - 

Q2G1T6 UTP--glucose-1-phosphate uridylyltransferase  - 2 7,2886 NaN - 

P0C818 Phenol-soluble modulin alpha 4 peptide  - 2 4,9307 NaN - 

Q2FXF8 Putative uncharacterized protein 
Uncharacterized protein (Staphylococcus 

aureus) 
4 22,414 NaN - 

Q2G1P6 Putative uncharacterized protein 
Peptidase, M20/M25/M40 family 

(Staphylococcus aureus) 
2 36,065 NaN - 

Q2FUS2 Sodium, sulfate symporter, putative  - 1 2,4893 NaN - 

Q2G091 ABC transporter, ATP-binding protein  - 4 17,149 NaN - 

Q2FYZ7 
Glycerol uptake operon antiterminator regulatory 

protein 
 - 3 4,6337 NaN - 

Q2FVK1 Gamma-hemolysin component B  - 2 28,185 NaN - 

Q93T05 DNA mismatch repair protein MutL  - 3 15,458 NaN - 

Q2FZF6 Putative uncharacterized protein 
Uncharacterized protein (Staphylococcus 

aureus) 
3 32,018 NaN - 
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Q2G2A2 UPF0223 protein SAOUHSC_01044 -  2 3,091 NaN - 

Q2FWK3 2-isopropylmalate synthase  - 3 0,95002 NaN - 

Q2G0L2 Putative uncharacterized protein 
Glycosyl transferase, group 1 family 

protein (Staphylococcus aureus) 
2 83,851 NaN - 

Q2FXI4 Putative uncharacterized protein 
Uncharacterized protein (Staphylococcus 

aureus) 
1 4,7127 NaN - 

Q2FZG5 Putative uncharacterized protein 
Uncharacterized protein (Staphylococcus 

aureus) 
2 16,383 NaN - 

Q2FZ92 
UDP-N-acetylmuramoylalanine--D-glutamate 

ligase 
 - 2 21,066 NaN - 

Q2FV99 Sortase, putative  - 1 12,948 NaN - 

Q2G2Q3 tRNA pseudouridine synthase B  - 3 11,876 NaN - 

Q2G1U6 Regulatory protein Spx  - 2 21,754 NaN - 

Q2FXY1 Shikimate dehydrogenase (NADP(+))  - 2 11,383 NaN - 

Q2FZ06 Putative uncharacterized protein 
Similar to phosphoesterase family protein 

(Staphylococcus aureus) 
3 3,1662 NaN - 

Q2G258 Bifunctional ligase/repressor BirA -  1 14,31 NaN - 

Q2FZ64 Putative uncharacterized protein 
Kinase domain protein (Staphylococcus 

aureus) 
1 2,7183 NaN - 

Q2FYN4 Diaminopimelate decarboxylase  - 2 7,8476 NaN - 

Q2FZP6 
UDP-N-acetylmuramoyl-L-alanyl-D-glutamate--L-

lysine ligase 
 - 7 122,42 NaN - 

Q2G0G3 Putative uncharacterized protein 
HD domain protein (Staphylococcus 

aureus) 
1 11,487 NaN - 

Q2FZ87 Putative uncharacterized protein 
Alanine racemase (Staphylococcus 

haemolyticus) 
2 17,878 NaN - 

Q2FX11 Putative uncharacterized protein 
Uncharacterized protein (Staphylococcus 

aureus) 
1 4,2837 NaN - 

Q2FZH3 
Cytochrome d ubiquinol oxidase, subunit I, 

putative 
-  3 18,772 NaN - 

Q2G1G2 
Type I site-specific deoxyribonuclease, HsdR 

family, putative 
 - 2 26,011 NaN - 

Q2FZ97 Transcriptional regulator MraZ  - 2 8,9055 NaN - 

Q2G088 
Amino acid ABC transporter, permease protein, 

putative 
 - 1 1,0378 NaN - 

Q2FV10 Betaine aldehyde dehydrogenase  - 4 3,0305 NaN - 

Q2FZR4 
Oligopeptide ABC transporter, ATP-binding 

protein, putative 
 - 3 9,2527 NaN - 

Q2G0R6 Putative uncharacterized protein 
Tetrapyrrole methylase family protein 

(Staphylococcus aureus) 
3 32,561 NaN - 

Q2G2R9 UPF0316 protein SAOUHSC_02131 -  2 5,3078 NaN - 

Q2FXT7 Preprotein translocase, YajC subunit  - 1 25,31 NaN - 

Q2FVR9 Isopentenyl-diphosphate delta-isomerase  - 4 17,42 NaN - 
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Q2FYV4 Homoserine dehydrogenase -  2 6,94 NaN - 

Q2FWA8 Lytic regulatory protein, putative  - 1 3,1026 NaN - 

Q2G245 Putative uncharacterized protein 
Uncharacterized protein (Staphylococcus 

aureus) 
1 1,1645 NaN - 

Q2G089 ABC transporter domain protein  - 1 30,149 NaN - 

Q2G1C9 Putative uncharacterized protein 
3-hydroxyacyl-CoA dehydrogenase 

protein (Staphylococcus aureus) 
4 2,2242 NaN - 

REV__Q2FWJ5 S1 RNA binding domain protein -  1 -2 NaN - 

Q2G0Z4 Putative uncharacterized protein 
Sodium:dicarboxylate symporter family 

protein (Staphylococcus aureus) 
1 14,434 NaN - 

Q2G0P9 Putative uncharacterized protein 
Pyrimidine nucleoside transport protein 

(Staphylococcus aureus) 
1 29,488 NaN - 

Q2G144 Putative uncharacterized protein 
Putative sugar-specific PTS component 

IIB (Staphylococcus aureus) 
3 27,905 NaN - 

Q2G2E2 Putative uncharacterized protein 
Putative membrane spanning protein 

(Staphylococcus aureus) 
2 4,8878 NaN - 

Q2FVK5 Immunoglobulin-binding protein sbi  - 7 13,372 NaN - 

Q2FXZ8 Putative uncharacterized protein 
Uncharacterized protein (Staphylococcus 

aureus) 
2 48,747 NaN - 

Q2FVS3 Putative uncharacterized protein 
ABC transporter, ATP-binding protein 

(Staphylococcus aureus) 
3 32,251 NaN - 

P0A084 Peptide methionine sulfoxide reductase MsrA 1  - 2 2,0558 NaN - 

P0C7Z3 Phenol-soluble modulin alpha 2 peptide  - 1 -2 NaN - 

P14738 Fibronectin-binding protein A  - 5 24,344 NaN - 

P60393 
Ribosomal RNA small subunit methyltransferase 

H 
 - 1 8,2818 NaN - 

Q05615 3-phosphoshikimate 1-carboxyvinyltransferase  - 2 12,295 NaN - 

Q2FUQ0 50S ribosomal protein L34  - 1 -2 NaN - 

Q2FUQ2 tRNA modification GTPase MnmE  - 2 2,4618 NaN - 

Q2FUW0 Putative uncharacterized protein 
Uncharacterized protein (Staphylococcus 

aureus) 
1 2,2941 NaN - 

Q2FUY1 HTH-type transcriptional regulator ArcR  - 2 1,2888 NaN - 

Q2FUY3 Tributyrin esterase, putative - 1 6,8839 NaN - 

Q2FUZ8 
Sulfite reductase [NADPH] flavoprotein alpha-

component 
 - 2 3,2302 NaN - 

Q2FV20 2-dehydropantoate 2-reductase  - 1 8,6811 NaN - 

Q2FV40 Putative uncharacterized protein 
Uncharacterized protein (Staphylococcus 

aureus) 
2 4,1529 NaN - 

Q2FV57 Diapolycopene oxygenase  - 2 14,315 NaN - 

Q2FV64 Copper-exporting P-type ATPase A  - 1 3,8021 NaN - 
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Q2FV89 Putative uncharacterized protein 
Uncharacterized protein (Staphylococcus 

aureus) 
1 2,9477 NaN - 

Q2FVC1 Phosphoglucomutase  - 2 7,4578 NaN - 

Q2FVC3 Putative uncharacterized protein 
Helicase, putative (Staphylococcus 

aureus) 
2 0,97948 NaN - 

Q2FVE2 Putative uncharacterized protein 
Glucose 1-dehydrogenase-like protein 

(Staphylococcus aureus) 
1 6,7259 NaN - 

Q2FVE7 
Peptide ABC transporter, peptide-binding 

protein, putative 
 - 3 46,813 NaN - 

Q2FVH3 2-dehydropantoate 2-reductase  - 2 17,065 NaN - 

Q2FVH5 Epimerase/dehydratase, putative  - 3 4,8362 NaN - 

Q2FVJ8 Putative uncharacterized protein 
8-amino-7-oxononanoate synthase, 
putative (Staphylococcus aureus) 

2 1,128 NaN - 

Q2FVL8 
Assimilatory nitrite reductase [NAD(P)H], large 

subunit, putative 
 - 2 2,2631 NaN - 

Q2FVS2 Putative uncharacterized protein 
Uncharacterized protein (Staphylococcus 

aureus) 
2 1,68 NaN - 

Q2FVV2 Putative uncharacterized protein 
Similar to transcription regulator RpiR 

family (Staphylococcus aureus) 
2 32,444 NaN - 

Q2FVW7 Putative uncharacterized protein 
Uncharacterized protein (Staphylococcus 

aureus) 
5 3,4876 NaN - 

Q2FVY2 Molybdopterin converting factor moa, putative  - 1 6,6468 NaN - 

Q2FW01 Putative uncharacterized protein 
Acetyltransferase, GNAT family 

(Staphylococcus aureus) 
2 5,9234 NaN - 

Q2FW29 50S ribosomal protein L36  - 1 0,92542 NaN - 

Q2FW51 Truncated MHC class II analog protein  - 4 15,227 NaN - 

Q2FW92 Putative uncharacterized protein 
Uncharacterized protein (Staphylococcus 

aureus) 
1 1,2298 NaN - 

Q2FW99 
PTS system, mannitol-specific component, 

putative 
-  2 8,0557 NaN - 

Q2FWB0 Putative uncharacterized protein 
Repressor protein (Staphylococcus 

aureus) 
1 1,9359 NaN - 

Q2FWB3 Mannose-6-phosphate isomerase, class I  - 1 7,9754 NaN - 

Q2FWC7 Type II pantothenate kinase -  1 2,1222 NaN - 

Q2FWD7 Transcription termination factor Rho  - 2 2,3208 NaN - 

Q2FWE2 Threonylcarbamoyl-AMP synthase  - 1 1,4469 NaN - 

Q2FWG2 Hydroxyethylthiazole kinase  - 2 1,6529 NaN - 

Q2FWG8 Cardiolipin synthase  - 1 3,8367 NaN - 

Q2FWG9 Putative uncharacterized protein 
Uncharacterized protein (Staphylococcus 

aureus) 
1 3,321 NaN - 

Q2FWL2 
tRNA N6-adenosine 

threonylcarbamoyltransferase 
 - 1 13,897 NaN - 

Q2FWL5 ABC transporter, ATP-binding protein, putative  - 2 3,4267 NaN - 
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Score Ratio I/L SD 

Q2FWM2 Fructokinase, putative  - 1 3,6683 NaN - 

Q2FWT4 Phage terminase, large subunit, putative -  1 1,7579 NaN - 

Q2FWU8 Conserved hypothetical phage protein - 2 -2 NaN - 

Q2FWY3 Putative uncharacterized protein 
Uncharacterized protein (Staphylococcus 

aureus) 
1 10,406 NaN - 

Q2FX09 DNA-binding response regulator VraR, putative -  2 2,4831 NaN - 

Q2FX89 
Putative tRNA (cytidine(34)-2-O)-

methyltransferase 
 - 3 4,7927 NaN - 

Q2FX98 Putative uncharacterized protein 
Uncharacterized protein (Staphylococcus 

aureus) 
1 15,013 NaN - 

Q2FXA5 Protoporphyrinogen oxidase  - 3 13,323 NaN - 

Q2FXA7 Putative uncharacterized protein 
Uncharacterized protein (Staphylococcus 

aureus) 
2 2,2945 NaN - 

Q2FXC7;Q2FXC8;Q
2FXC5 

Serine protease SplE  - 1 -2 NaN - 

Q2FXE1 Putative uncharacterized protein 
Uncharacterized protein (Staphylococcus 

aureus) 
1 4,7598 NaN - 

Q2FXG0 Riboflavin synthase, alpha subunit  - 2 1,5677 NaN - 

Q2FXI7 UPF0354 protein SAOUHSC_01859  - 1 2,5044 NaN - 

Q2FXK9 Putative uncharacterized protein 
Uncharacterized protein (Staphylococcus 

aureus) 
1 -2 NaN - 

Q2FXL1 Probable tRNA sulfurtransferase -  3 2,1854 NaN - 

Q2FXN6 Two-component response regulator, putative  - 3 8,1593 NaN - 

Q2FXR9 
Folylpolyglutamate synthase/dihydrofolate 

synthase, putative 
 - 2 5,924 NaN - 

Q2FXS6 Cell shape-determining protein MreC  - 2 2,7451 NaN - 

Q2FXT5 
S-adenosylmethionine:tRNA ribosyltransferase-

isomerase 
 - 1 2,8312 NaN - 

Q2FXV3 Putative uncharacterized protein 
Uncharacterized protein (Staphylococcus 

aureus) 
4 14,545 NaN - 

Q2FXW5 Putative uncharacterized protein Protease (Staphylococcus aureus) 1 -2 NaN - 

Q2FXX1 
Acetyl-CoA carboxylase, biotin carboxylase, 

putative 
 - 2 17,524 NaN - 

Q2FXX2 UPF0271 protein SAOUHSC_01708  - 2 4,4941 NaN - 

Q2FXZ4 Ribosomal protein L11 methyltransferase  - 1 1,507 NaN - 

Q2FY00 Putative uncharacterized protein 
Uncharacterized protein (Staphylococcus 

aureus) 
3 4,65 NaN - 

Q2FY17 ABC transporter, putative -  2 5,214 NaN - 

Q2FY24 Rhomboid family protein  - 1 -2 NaN - 

Q2FY29 Putative uncharacterized protein 
Similar to metallo-beta-lactamase 

superfamily protein (Staphylococcus 
aureus) 

1 6,7656 NaN - 
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Q2FY37 Octanoyltransferase LipM  - 4 12,712 NaN - 

Q2FY47 Exodeoxyribonuclease 7 small subunit  - 1 13,874 NaN - 

Q2FY48 Geranyltranstransferase, putative  - 1 1,7405 NaN - 

Q2FY64 Alpha-amylase  - 2 10,727 NaN - 

Q2FY67 Ribonuclease Z  - 2 12,082 NaN - 

Q2FY77 Segregation and condensation protein B  - 2 9,678 NaN - 

Q2FY78 Pseudouridine synthase  - 2 7,8 NaN - 

Q2FYE8 Ferredoxin, putative  - 1 8,0432 NaN - 

Q2FYF4 L-asparaginase, putative  - 1 31,091 NaN - 

Q2FYG5 
Menaquinone biosynthesis methyltransferase, 

putative 
 - 2 36,014 NaN - 

Q2FYG6 
Heptaprenyl diphosphate syntase component II, 

putative 
 - 2 1,1988 NaN - 

Q2FYH2 Putative uncharacterized protein 
Uncharacterized protein (Staphylococcus 

aureus) 
2 17,16 NaN - 

Q2FYH7 Putative uncharacterized protein 
DNA replication protein DnaD, putative 

(Staphylococcus aureus) 
1 3,9115 NaN - 

Q2FYH9 Putative uncharacterized protein 
Uncharacterized protein (Staphylococcus 

aureus) 
1 6,9794 NaN - 

Q2FYJ0 Putative uncharacterized protein 
Uncharacterized protein (Staphylococcus 

aureus) 
1 5,2106 NaN - 

Q2FYJ1 Putative uncharacterized protein 
5'-3' exonuclease, putative 
(Staphylococcus aureus) 

1 -2 NaN - 

Q2FYS4 DNA topoisomerase 4 subunit A  - 5 8,2828 NaN - 

Q2FYT7 UPF0154 protein SAOUHSC_01338  - 1 1,5425 NaN - 

Q2FYZ3 Hydrolase, alpha/beta fold family domain protein  - 2 2,0355 NaN - 

Q2FYZ9 DNA mismatch repair protein MutS  - 3 10,899 NaN - 

Q2FZ05 Putative uncharacterized protein 
Pyruvate ferredoxin oxidoreductase, 

alpha subunit (Staphylococcus aureus) 
2 15,758 NaN - 

Q2FZ07 Putative uncharacterized protein 
Uncharacterized protein (Staphylococcus 

aureus) 
2 11,911 NaN - 

Q2FZ18 Putative uncharacterized protein 
Cell division protein ftsK (Staphylococcus 

aureus) 
1 0,99401 NaN - 

Q2FZ29 ATP-dependent protease subunit HslV  - 2 23,021 NaN - 

Q2FZ32 DNA topoisomerase 1  - 3 1,3778 NaN - 

Q2FZ46 Signal recognition particle protein  - 4 38,911 NaN - 

Q2FZ50 Ribonuclease 3  - 2 10,234 NaN - 

Q2FZ55 Phosphate acyltransferase  - 5 12,198 NaN - 
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Q2FZ62 Ribulose-phosphate 3-epimerase -  2 12,077 NaN - 

Q2FZ71 Orotidine 5-phosphate decarboxylase -  5 43,898 NaN - 

Q2FZF3 Putative uncharacterized protein 
Uncharacterized protein (Staphylococcus 

aureus) 
1 2,919 NaN - 

Q2FZF9 
Glycerophosphoryl diester phosphodiesterase, 

putative 
 - 1 3,5146 NaN - 

Q2FZI6 Bifunctional purine biosynthesis protein PurH  - 2 1,2463 NaN - 

Q2FZR3 
Oligopeptide ABC transporter, substrate-binding 

protein, putative 
 - 1 7,5683 NaN - 

Q2FZR5 Putative uncharacterized protein 
Oligopeptide transport system ATP-

binding protein OppD homologue 
(Staphylococcus aureus) 

1 10,522 NaN - 

Q2FZT0 Putative uncharacterized protein 
Uncharacterized protein (Staphylococcus 

aureus) 
2 28,528 NaN - 

Q2FZT3 UPF0344 protein SAOUHSC_00907  - 1 1,2325 NaN - 

Q2FZT5 ATP-dependent helicase/nuclease subunit A  - 4 4,5186 NaN - 

Q2FZT7 Signal peptidase I  - 2 1,4926 NaN - 

Q2FZV8 Putative uncharacterized protein 
Iron-sulfur cluster assembly accessory 

protein (Staphylococcus aureus) 
1 16,888 NaN - 

Q2FZW1 Putative uncharacterized protein 
Uncharacterized protein (Staphylococcus 

aureus) 
1 2,6245 NaN - 

Q2FZW2 Putative uncharacterized protein 
Nitrogen fixation protein NifU 

(Staphylococcus aureus) 
1 22,516 NaN - 

Q2FZW3 Extramembranal protein  - 2 18,717 NaN - 

Q2FZX4 Lipoyl synthase  - 1 4,0996 NaN - 

Q2FZZ2 Methionine import ATP-binding protein MetN 2  - 1 4,0027 NaN - 

Q2FZZ6 Putative uncharacterized protein 
Uncharacterized protein (Staphylococcus 

aureus) 
3 47,684 NaN - 

Q2G021 Putative uncharacterized protein 
Uncharacterized protein (Staphylococcus 

aureus) 
1 3,3628 NaN - 

Q2G035 Epimerase family protein SAOUHSC_00792  - 4 4,944 NaN - 

Q2G052 Peptide chain release factor 2  - 1 1,9558 NaN - 

Q2G059 Putative uncharacterized protein 
YigZ family protein (Staphylococcus 

aureus) 
2 5,5642 NaN - 

Q2G061 
Uncharacterized membrane protein 

SAOUHSC_00760 
 - 1 1,4475 NaN - 

Q2G065 Putative uncharacterized protein 
Glycerate kinase family protein 

(Staphylococcus aureus) 
1 1,9429 NaN - 

Q2G090 ATP-dependent DNA helicase RecQ  - 2 -2 NaN - 

Q2G093 Lipoteichoic acid synthase  - 6 18,38 NaN - 

Q2G0C6 Putative uncharacterized protein 
Transcriptional regulator, LysR family 

(Staphylococcus aureus) 
1 5,327 NaN - 
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Q2G0E0 Response regulator protein GraR -  1 8,7839 NaN - 

Q2G0E2 Putative uncharacterized protein 
Acetyltransferase, GNAT family 

(Staphylococcus aureus) 
1 6,9417 NaN - 

Q2G0F0 Putative uncharacterized protein 
Hydrolase, alpha/beta hydrolase fold 

family (Staphylococcus aureus) 
2 2,2315 NaN - 

Q2G0F2 Putative uncharacterized protein 
Uncharacterized protein (Staphylococcus 

aureus) 
3 5,3374 NaN - 

Q2G0G2 Putative uncharacterized protein 
YwhD family protein (Staphylococcus 

aureus) 
2 3,9385 NaN - 

Q2G0H4 Putative uncharacterized protein 
Uncharacterized protein (Staphylococcus 

aureus) 
1 1,2367 NaN - 

Q2G0I7 Diphosphomevalonate decarboxylase -  1 1,078 NaN - 

Q2G0I8 Mevalonate kinase, putative  - 1 1,0785 NaN - 

Q2G0K6 SIS domain protein  - 2 4,4354 NaN - 

Q2G0M0 Putative uncharacterized protein 
Deoxynucleoside kinase family protein 

(Staphylococcus aureus) 
2 7,9017 NaN - 

Q2G0P6 Protein-arginine kinase -  1 1,0443 NaN - 

Q2G0S6 Putative uncharacterized protein 
Endoribonuclease L-PSP, putative 

(Staphylococcus aureus) 
1 2,6263 NaN - 

Q2G0T9 Alpha amylase family protein, putative  - 2 4,8413 NaN - 

Q2G0U0 Putative uncharacterized protein 
PTS system, IIBC components 

(Staphylococcus aureus) 
1 4,4328 NaN - 

Q2G0U9 N-acetylmuramoyl-L-alanine amidase sle1  - 5 96,57 NaN - 

Q2G0X7 Putative uncharacterized protein 
Uncharacterized protein (Staphylococcus 

aureus) 
1 -2 NaN - 

Q2G0Y0 Putative uncharacterized protein 
Putative nucleoside-diphosphate-sugar 

epimerase (Staphylococcus aureus) 
6 35,267 NaN - 

Q2G0Z5 NADPH-dependent oxidoreductase  - 4 9,6705 NaN - 

Q2G0Z9 Putative uncharacterized protein 
Uncharacterized protein (Staphylococcus 

aureus) 
1 8,491 NaN - 

Q2G101 Phosphoglycerate mutase family protein  - 1 1,5905 NaN - 

Q2G107 Putative uncharacterized protein 
Staphylococcal enterotoxin, putative 

(Staphylococcus aureus) 
1 1,6841 NaN - 

Q2G117 Putative uncharacterized protein 
Mechanosensitive ion channel 

(Staphylococcus aureus) 
1 40,236 NaN - 

Q2G123 Putative uncharacterized protein 
Uncharacterized protein (Staphylococcus 

aureus) 
1 1,5579 NaN - 

Q2G132 
Ribosomal-protein-serine acetyltransferase, 

putative 
-  2 20,211 NaN - 

Q2G146 Putative uncharacterized protein 
Uncharacterized protein (Staphylococcus 

aureus) 
2 6,692 NaN - 

Q2G157 
Putative N-acetylmannosamine-6-phosphate 2-

epimerase 
 - 2 10,034 NaN - 

Q2G159 ROK family protein  - 1 1,5009 NaN - 
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Q2G179 Putative uncharacterized protein 
Uncharacterized protein (Staphylococcus 

aureus) 
1 -2 NaN - 

Q2G184 Putative uncharacterized protein EssC protein (Staphylococcus aureus) 1 -2 NaN - 

Q2G185 Putative uncharacterized protein 
Membrane associated protein essB 

(Staphylococcus aureus) 
2 8,5588 NaN - 

Q2G190 Putative uncharacterized protein 
Staphyloxanthin biosynthesis protein, 

putative (Staphylococcus aureus) 
2 1,0822 NaN - 

Q2G1A1 Putative uncharacterized protein 
Uncharacterized protein (Staphylococcus 

aureus) 
1 -2 NaN - 

Q2G1A6 Ribokinase, putative -  1 2,9749 NaN - 

Q2G1C7 Putative uncharacterized protein 
Long-chain-fatty-acid--CoA ligase, 
putative (Staphylococcus aureus) 

1 8,1063 NaN - 

Q2G1E1 
Uncharacterized response regulatory protein 

SAOUHSC_00184 
 - 1 3,6268 NaN - 

Q2G1F2 FMN-dependent NADH-azoreductase  - 4 7,8453 NaN - 

Q2G1G4 Putative uncharacterized protein 
Similar to transcription regulator RpiR 

family (Staphylococcus aureus) 
1 2,2077 NaN - 

Q2G1H1 Putative uncharacterized protein 
Uncharacterized protein (Staphylococcus 

aureus) 
2 1,1083 NaN - 

Q2G1J6 
Capsular polysaccharide biosynthesis protein 

Cap8M 
 - 1 11,49 NaN - 

Q2G1K3 
Capsular polysaccharide synthesis enzyme 

Cap8F 
 - 2 3,4669 NaN - 

Q2G1K7 
Capsular polysaccharide synthesis enzyme 

Cap5B 
 - 1 0,94598 NaN - 

Q2G1S2 Putative uncharacterized protein 
Putative deoxyribonuclease 

(Staphylococcus aureus) 
1 13,502 NaN - 

Q2G1T4 Putative uncharacterized protein 
Uncharacterized protein (Staphylococcus 

aureus) 
1 5,2406 NaN - 

Q2G1T5 Fibronectin binding protein B, putative  - 1 1,3191 NaN - 

Q2G1U1 Fibronectin-binding protein A-related  - 4 8,1207 NaN - 

Q2G1U8 Putative uncharacterized protein 
ABC transporter, substrate-binding 
protein (Staphylococcus aureus) 

2 9,4982 NaN - 

Q2G1V4 ABC transporter, ATP-binding protein, putative  - 1 10,008 NaN - 

Q2G1W1 Secretory antigen SsaA, putative  - 1 20,625 NaN - 

Q2G1X1 Putative uncharacterized protein 
Uncharacterized protein (Staphylococcus 

aureus) 
1 12,834 NaN - 

Q2G1X6 7-cyano-7-deazaguanine synthase  - 3 1,4039 NaN - 

Q2G1X7 7-carboxy-7-deazaguanine synthase  - 1 2,0394 NaN - 

Q2G217 Putative uncharacterized protein 
Inosine-uridine preferring nucleoside 
hydrolase (Staphylococcus aureus) 

3 17,667 NaN - 

Q2G243 DNA repair protein radA  - 2 6,7797 NaN - 

Q2G265 Peptide deformylase  - 1 1,8641 NaN - 
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Q2G2A7 
Spermidine/putrescine import ATP-binding 

protein PotA 
-  1 8,3046 NaN - 

Q2G2C3 UPF0358 protein SAOUHSC_01062  - 1 1,5078 NaN - 

Q2G2F2 Putative uncharacterized protein 
Membrane protein, putative 

(Staphylococcus aureus) 
1 1,2129 NaN - 

Q2G2F5 UDP-N-acetylglucosamine 2-epimerase -  2 1,6272 NaN - 

Q2G2G2 Response regulator SaeR  - 1 10,992 NaN - 

Q2G2G9 Regulatory protein RecX  - 1 3,3341 NaN - 

Q2G2H0 Putative uncharacterized protein 
Uncharacterized protein (Staphylococcus 

aureus) 
1 3,6891 NaN - 

Q2G2J7 Putative uncharacterized protein 
Uncharacterized protein (Staphylococcus 

aureus) 
1 2,0056 NaN - 

Q2G2J8 Uncharacterized protein SAOUHSC_01413 -  3 16,336 NaN - 

Q2G2K5 Urease subunit alpha  - 3 11,026 NaN - 

Q2G2K8 Urease accessory protein UreE  - 3 20,436 NaN - 

Q2G2L7 Putative uncharacterized protein 
GTP-pyrophosphokinase (Staphylococcus 

aureus) 
3 11,498 NaN - 

Q2G2M3 Putative uncharacterized protein 
RNA methyltransferase, TrmH family, 

group 3 (Staphylococcus aureus) 
2 8,0867 NaN - 

Q2G2M7 Serine acetyltransferase -  1 8,6678 NaN - 

Q2G2P7 Histidine ammonia-lyase  - 2 4,1308 NaN - 

Q2G2Q1 30S ribosomal protein S15  - 2 13,991 NaN - 

Q2G2Q6 Putative uncharacterized protein 
Uncharacterized protein (Staphylococcus 

aureus) 
1 2,2585 NaN - 

Q2G2R8 Staphopain A  - 2 1,4533 NaN - 

Q2G2T6 Putative uncharacterized protein 
Phosphoesterase, DHH family protein 

(Staphylococcus aureus) 
3 34,636 NaN - 

Q53727 ATP-dependent DNA helicase PcrA -  2 1,6344 NaN - 

Q9KJN4 Response regulator ArlR -  2 3,3814 NaN - 

Q9RQP9 Poly-beta-1,6-N-acetyl-D-glucosamine synthase -  1 -2 NaN - 

Q9ZAH5 Alanine racemase 1  - 2 4,2356 NaN - 

Q2FWK3 2-isopropylmalate synthase  - 2 -2 NaN - 

Q2FWR2 Conserved hypothetical phage protein  - 1 0,98564 NaN - 

Q2FXF3 Putative uncharacterized protein 
Uncharacterized protein (Staphylococcus 

aureus) 
1 -2 NaN - 

Q2FZ33 Putative uncharacterized protein 
SMF family protein (Staphylococcus 

aureus) 
1 1,1515 NaN - 

Q2G0C1 Putative uncharacterized protein 
Acetyltransferase, GNAT family 

(Staphylococcus aureus) 
1 -2 NaN - 
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