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ABSTRACT 

 

STRUCTURAL PROTEOMICS OF FTSH COMPLEXES 

USING CROSS-LINKING MASS SPECTROMETRY 

 

 

Akkulak, Hatice 

Master of Science, Biochemistry 

Supervisor: Assist. Prof. Dr. Süreyya Özcan Kabasakal 

Co-Supervisor: Dr. Burak V Kabasakal 

 

 

 

August 2023, 98 pages 

 

FtsH proteases are responsible for membrane protein quality control and are highly 

conserved in bacteria, mitochondria, and chloroplasts. FtsH contains an ATP-

dependent endonuclease that degrades improperly folded integral membrane 

proteins and interacts with other membrane proteins HflK and HflC, modulating this 

process. This thesis investigated the composition and structure of FtsH complexes 

using cross-linking mass spectrometry (XL-MS) based structural proteomics. 

Recombinant expression of protein complexes was performed in E. coli, inner 

membranes were solubilized, and proteins were purified using affinity 

chromatography. The residues of proteins in close proximity were covalently bound 

to each other via cross-linkers. Cross-linked proteins were then enzymatically 

digested and analyzed by the high-resolution MS. Commonly used XL-MS software 

tools, MaxLynx, MeroX, MS Annika, and XlinkX were assessed to elucidate the 

protein interactions within the membrane protein complexes containing FtsH, HflK, 

and HflC. The cross-link search analysis yielded over 300 inter- and intra-protein 

interactions. The results provide valuable information regarding the complex 

structure and function and could be applied to molecular docking for structural 

modeling.  
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ÖZ 

 

ÇAPRAZ BAĞLAMA KÜTLE SPEKTROMETRESİ KULLANILARAK 

FTSH KOMPLEKSLERİNİN YAPISAL PROTEOMİĞİ 

 

 

Akkulak, Hatice 

Yüksek Lisans, Biyokimya 

Tez Yöneticisi: Dr. Öğr. Üyesi Süreyya Özcan Kabasakal 

Ortak Tez Yöneticisi: Dr. Burak V Kabasakal 

 

 

Ağustos 2023, 98 sayfa 

 

FtsH proteazları, membran protein kalite kontrolünden sorumludur ve bakteri, 

mitokondri ve kloroplastlarda yüksek oranda korunur. FtsH, yanlış katlanmış 

integral membran proteinlerini parçalayan ATP'ye bağlı bir endonükleaz içerir ve bu 

işlemi modüle eden diğer membran proteinleri HflK ve HflC ile etkileşime girer. Bu 

tez, XL-MS tabanlı yapısal proteomik yaklaşımını kullanarak FtsH komplekslerinin 

bileşimini ve yapısını araştırdı. Protein komplekslerinin rekombinant ifadesi E. 

coli'de gerçekleştirildi, iç membranlar çözündürüldü ve proteinler afinite 

kromatografisi kullanılarak saflaştırıldı. Protein komplekslerinin yakın mesafedeki 

amino asitleri, çapraz bağlayıcılar aracılığıyla birbirlerine kovalent olarak bağlandı. 

Çapraz bağlı proteinler daha sonra enzimatik olarak sindirildi ve yüksek 

çözünürlüklü MS ile analiz edildi. Yaygın olarak kullanılan XL-MS yazılım araçları, 

MaxLynx, MeroX, MS Annika ve XlinkX, FtsH, HflK ve HflC içeren membran 

protein kompleksleri içindeki protein etkileşimlerini aydınlatmak amacıyla 

değerlendirildi. Çapraz bağlantı arama analizi, 300'den fazla proteinler arası ve 

protein içi etkileşim ortaya çıkardı. Sonuçlar, kompleks yapısı ve işleviyle ilgili 

değerli bilgiler sunuyor ve yapısal modelleme için moleküler yanaştırma metoduna 

uygulanabilir. 



 

 

viii 

 

Anahtar Kelimeler: Çapraz Bağlı Kütle Spektrometre, Protein Etkileşimleri, Yapısal 

Proteomiks, FtsH Kompleksleri, Membran Proteinleri 

 



 

 

ix 

 

To my dearest family, late father and friends



 

 

x 

 

ACKNOWLEDGMENTS 

 

I would like to express my deepest gratitude to my supervisor Assist.Prof.Dr. 

Süreyya Özcan Kabasakal and co-supervisor Dr. Burak Veli Kabasakal for their 

guidance, advice, endless support, encouragement, and insight throughout the 

research. They were always positive and sweet to me; I feel very lucky and happy to 

work with them. 

I am very thankful to each Q-OmicS laboratory members, especially Hayri Kerim 

İnce, who works on this project with me, to get through all the hard times with me. I 

am also very grateful to BvK LaB members and specifically Günce Göç for her 

guidance and support. 

I would love to express my sincere thanks to my best friends Polen Narçın and 

Setenay Ağdeniz for being there for me all the time even when I become a crybaby. 

I could not have been able to complete this journey without the friendship, support, 

and comfort zone they provided to me. 

This work was funded by the TUBITAK 2232 International Outstanding Researchers 

Program (Project No: 118C225). We thank Prof. Carlito B. Lebrilla and Lebrilla 

Group from the University of California, Davis for his support in XL-MS 

experiments, also Prof. Christiane Berger-Schaffitzel and Prof. Imre Berger from the 

University of Bristol for providing the plasmid of the protein complex.  

 

 

 

 

 



 

 

xi 

 

TABLE OF CONTENTS 

 

 

ABSTRACT ............................................................................................................... v 

ÖZ                                                                                                                        vii 

ACKNOWLEDGMENTS ......................................................................................... x 

TABLE OF CONTENTS ......................................................................................... xi 

LIST OF TABLES ................................................................................................... xv 

LIST OF FIGURES ............................................................................................... xvi 

LIST OF ABBREVIATIONS .............................................................................. xviii 

CHAPTRES 

1 INTRODUCTION .......................................................................................... 1 

1.1 Membrane Proteins ......................................................................................... 1 

1.1.1 Quality Control Mechanism of Membrane Proteins ....................................... 2 

1.2 Protein Complexes .......................................................................................... 5 

1.3 Structural Proteomics ...................................................................................... 5 

1.3.1 Sample Preparation for Structural Proteomics: Protein Expression and 

Purification ................................................................................................................. 6 

1.3.2 Structural Analysis of Proteins and Protein Complexes ................................. 8 

1.4 Cross-linking Mass Spectrometry (XL-MS) for Proteomics ........................ 13 

1.4.1 Cross-Linking Chemicals and Process .......................................................... 15 

1.5 State-of-the-art and Motivation ..................................................................... 19 

2 MATERIALS AND METHOD .................................................................... 21 

2.1 Protein Expression and Purification .............................................................. 21 



 

 

xii 

 

2.1.1 Over-Expression of Proteins ......................................................................... 21 

2.1.2 Cell Lysis ...................................................................................................... 22 

2.1.3 Membrane Separation and Solubilization .................................................... 22 

2.1.4 Protein Purification ....................................................................................... 22 

2.2 Cross-Linking ............................................................................................... 23 

2.3 Proteolytic Digestion .................................................................................... 23 

2.4 MS-based Proteomics Analysis .................................................................... 24 

2.5 Data Analysis ................................................................................................ 24 

2.5.1 Protein Profiling ........................................................................................... 24 

2.5.2 Structural Proteomics ................................................................................... 26 

2.5.3 Protein-Protein Interactions (PPIs) Search ................................................... 29 

3 RESULTS AND DISCUSSION ................................................................... 31 

3.1 Protein Expression and Identification .......................................................... 31 

3.2 Cross-linker Assessment .............................................................................. 32 

3.3 Protein Interactions in the Complex ............................................................. 34 

3.3.1 Cross-link Identification and Verification .................................................... 34 

3.3.2 Inter-protein Interactions .............................................................................. 37 

3.3.3 Intra-protein Interactions .............................................................................. 39 

3.3.4 Visualization of Interactions on Protein Structures ...................................... 41 

3.4 XL-MS Software Performance Characteristics ............................................ 44 

3.5 Protein Network ............................................................................................ 48 

3.5.1 Protein Search ............................................................................................... 48 

3.5.2 Cross-Linking ............................................................................................... 51 

4 CONCLUSION ............................................................................................ 53 



 

 

xiii 

 

REFERENCES ........................................................................................................ 55 

APPENDICES ......................................................................................................... 71 

A. a) ANP (phosphoaminophosphonic acid-adenylate ester) and b) Zinc-binding 

domains of FtsH. ...................................................................................................... 71 

B. Protein search results of DSBU-cross-linked a) purified protein and b) 

solubilized membrane samples of FtsH-HflK-HflC complex.................................. 73 

C. Total Ion Chromatogram (TIC) of a) BS3 and b) DSBU-cross-linked 

solubilized membrane samples. ............................................................................... 77 

D. Total number of interactions. ........................................................................ 78 

E. Table of intra-protein interactions of three proteins in the complex obtained 

in two samples (purified protein, solubilized membrane) analyzed through four 

software, MaxLynx, MeroX, MS Annika, XlinkX. ................................................. 79 

F. The most abundant 10 inter- and intra-protein interactions from solubilized 

membrane and purified protein samples.  ................................................................ 80 

G. Cross-linking software performance characteristics a) Total cross-link search 

processing time of four different software, MaxLynx (Red), MeroX (Blue), MS 

Annika (Green), and XlinkX (Yellow). The processing time differences for two 

samples’ data are indicated with different tones of colors, where dark ones denote 

solubilized membrane samples, and light ones denote the purified protein complex. 

b) Number of interactions obtained from the purified protein complex and 

solubilized membrane shown as the unique interactions and repeating interactions. 

c) CPU usage of the software for the whole cross-link search process. d) RAM usage 

of the software for the whole cross-link search process. ......................................... 85 

H. Relative abundances of membrane and other proteins isolated from the 

purified protein complex (a) and solubilized membrane fraction (b). ..................... 86 

I. Identification of the proteins in the solubilized membrane and in the purified 

FtsH-HflK-HflC sample. .......................................................................................... 87 



 

 

xiv 

 

J. The connections of FtsH, HflK and HflC with other proteins. .................... 88 

K. Complex inter-protein interactions. .............................................................. 95 

L. Complex intra-protein interactions. .............................................................. 96 

M. Interactions of complex proteins with other proteins. .................................. 97 

 



 

 

xv 

 

LIST OF TABLES 

 

Table 1.1. The information of FtsH, HflK, and HflC proteins. ................................ 4 

Table 2.1. Protein search parameters used for MaxQuant analysis. ...................... 25 

Table 2.2. Cross-linking search parameters. .......................................................... 28 

Table 3.1. Inter-protein interactions of three proteins in the complex obtained in two 

samples (PP: purified protein, SM: solubilized membrane) analyzed through four 

software, MaxLynx, MeroX, MS Annika, XlinkX. ................................................ 38 



 

 

xvi 

 

LIST OF FIGURES 

 

Figure 1.1. a) Classes of membrane proteins and b) types of integral membrane 

proteins regenerated from “An Introduction to Membrane Proteins” by Hedin et. al. 

J. Proteome Res. 2011, 10 (8), 3324–3331. ............................................................... 2 

Figure 1.2. The representation of the functioning of protein quality control (PQC) 

systems. The figure is regenerated from “Protein Misfolding and Human Disease” 

by Gregersen et. al. Annu. Rev. Genomics Hum. Genet. 2006, 7, 103–124. ............ 3 

Figure 1.3. Basic components of a mass spectrometer. .......................................... 11 

Figure 1.4. Schematic diagram of the functioning of tandem mass spectrometry 

technique. ................................................................................................................. 12 

Figure 1.5. General workflow of cross-linking mass spectrometry (Akkulak et al., 

2023). ....................................................................................................................... 15 

Figure 1.6. Categorization of cross-linkers by their functionality and MS features.

 ................................................................................................................................. 16 

Figure 1.7. Representative MS-cleavable and non-cleavable cross-linkers, 

regenerated from “Cross-Linking Mass Spectrometry: An Emerging Technology for 

Interactomics and Structural Biology” by Yu et. al. Anal. Chem. 2018, 90 (1), 144–

165. .......................................................................................................................... 17 

Figure 1.8. The three types of cross-linker connections. ........................................ 18 

Figure 3.1. The representative MS spectrum of BS3-cross-linked two peptides 

(alpha and beta). ...................................................................................................... 32 

Figure 3.2. Representative MS/MS spectra of the purified protein sample of FtsH-

HflK-HflC complex cross-linked with a) BS3 and b) DSBU. ................................ 33 

Figure 3.3. Fingerprint fragments confirming cross-linked peptides. .................... 35 

Figure 3.4. Different cleavage patterns of the cross-linker and backbone revealing 

the cross-link between threonine and lysine. ........................................................... 36 

Figure 3.5. Venn diagram of interactions a) within and between complex proteins 

and b) interactions of complex proteins with other proteins. .................................. 39 



 

 

xvii 

 

Figure 3.6. Top ten intra-protein (lines 1. Top ten intra-protein (lines) and inter-

protein (dashed lines) interactions of FtsH-HflK-HflC (pink - light blue - wheat) 

membrane protein complex (PDB ID: 7WI3) obtained from XL-MS software and 

colored red MaxLynx (a), blue MeroX (b), green MS Annika (c) and yellow XlinkX 

(d). Periplasmic and transmembrane regions of hexameric FtsH are shown only. The 

possible interactions are also shown between neighboring HflK and HflC that are 

positioned away from the HflK-HflC heterodimer. ................................................ 42 

Figure 3.7. The detailed intra-protein connections of FtsH, represented between two 

monomers, obtained from XL-MS software MaxLynx (red), MeroX (blue), MS 

Annika (green) and XlinkX (yellow). Experimental structures are superposed with 

the predicted AlphaFold2 model (pink) (AF-P0AAI3-F1). The periplasmic region of 

hexameric FtsH (PDB ID: 7WI3) is shown in pale green, the partial cytoplasmic 

structure (PDB ID: 1LV7) is shown in blue. 91 residues of FtsH, in which no linkage 

was obtained, in N-terminus were removed in the AlphaFold2 model for clarity.. 43 

Figure 3.8. Comparison of four XL-MS software; MaxLynx (Red), MeroX (Blue), 

MS Annika (Green), XlinkX (Yellow). Overall search process, including connection 

residues, processing time for solubilized membrane (SM) and purified protein (PP), 

complex inter-protein interactions, complex intra-protein interactions and complex 

proteome-wide interactions are given. .................................................................... 45 

Figure 3.9. Interacting partners (colored in grey) of FtsH-HflK-HflC (colored in red) 

a) in the purified protein complex sample b) in the solubilized membrane fraction 

(STRING database combined with IntAct and DIP, score ≥ 0.9, FDR Stringency 

1%). ......................................................................................................................... 49 

Figure 3.10. The top 15 biological processes of proteins found in the solubilized 

membrane sample with the lowest p-values. .......................................................... 50 

Figure 3.11. The top 15 biological processes of proteins found in the purified protein 

sample with the lowest p-values. ............................................................................ 51 



 

 

xviii 

LIST OF ABBREVIATIONS 

 

Transmembrane Domain       (TD) 

Protein Quality Control       (PQC) 

Proton Motive Force       (PMF) 

Endoplasmic Reticulum       (ER) 

Inner Membrane Proteins       (IMP) 

Mass Spectrometry      (MS) 

Ion Exchange Chromatography       (IC) 

Size Exclusion Chromatography      (SEC) 

Affinity Chromatography       (AC) 

Glutathione-S-transferase       (GST) 

Cross-linking Mass Spectrometry       (XL-MS) 

Tandem Affinity Purification       (TAP) 

Cryogenic Electron Microscopy       (Cryo-EM)  

Mass-to-charge       (m/z) 

Protein Data Bank       (PDB) 

Electrospray Ionization      (ESI)  

Matrix-Assisted Laser Desorption Ionization       (MALDI) 

Time-of-flight        (TOF)  

Tandem mass spectrometry       (MS/MS) 

Collision-Induced Dissociation       (CID) 



 

 

xix 

 High-energy Collisional Dissociation        (HCD)  

 Hydrogen–Deuterium Exchange Mass Spectrometry      (HDX-MS)  

n-Dodecyl-B-D-Maltoside       (DDM)  

Phenylmethylsulfonyl Fluoride       (PMSF) 

Disuccinimidyl Dibutyric Urea       (DSBU)  

Bis(sulfosuccinimidyl)suberate       (BS3)  

Dimethyl Sulfoxide      (DMSO) 

Dithiothreitol       (DTT)  

Iodoacetamide       (IAA)  

High-Pressure Liquid Chromatography       (HPLC) 

Gene Ontology        (GO) 

Protein-Protein Interaction       (PPI) 

Solubilized Membrane       (SM) 

Purified Protein       (PP) 

Total Ion Chromatogram      (TIC) 

Small Angle X-ray Scattering       (SAXS) 

Graphical User Interface       (GUI) 

 

 

 

 

 



 

 

xx 

 

 

 

 

 

 

 

 

  



 

 

1 

CHAPTER 1  

1 INTRODUCTION 

1.1 Membrane Proteins 

Membrane proteins are proteins that are embedded into the lipid bilayer of the cell 

membrane, forming a barrier between the cell and the external environment. They 

consist of amino acids which fold as a hydrophobic surface contacting with the 

alkane chains of the lipids and hydrophilic surface contacting with the aqueous 

phases on the sides of the membrane and hydrophilic polar head groups of the lipids 

in the bilayer.1  

Membrane proteins play crucial roles in cells, such as cell trafficking, signal 

transduction, ion transport, cell-cell interactions. They make up ~30% of the cell 

proteome and their disruption leads to various diseases, such as cystic fibrosis, 

retinitis pigmentosa, and other numerous heritable diseases.2 Therefore, they are 

studied as a target for developing new therapeutics.3,4  

There are two classes of membrane proteins: integral membrane proteins and 

peripheral membrane proteins. These classes are illustrated in Figure 1.1a. Integral 

membrane proteins span the lipid bilayer of the membrane and are stabilized by 

hydrophobic interactions of the transmembrane domains (TD) and lipids. Two types 

of integral membrane proteins are present: alpha-helical and beta-barrels, as 

demonstrated in Figure 1.2a. Alpha-helical integral membrane proteins are the most 

abundant ones and are encoded in most organisms, whereas beta-barrel integral 

membrane proteins are found in the outer membranes of bacteria, mitochondria, and 

chloroplasts.5,6 Peripheral membrane proteins, on the other hand, are amphipathic 

proteins interacting with the cell membrane directly or indirectly. They do not cover 
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the entire lipid bilayer; however, could be anchored into the lipid bilayer with a 

hydrophobic domain.7 

 

 

Figure 1.1. a) Classes of membrane proteins and b) types of integral membrane 

proteins regenerated from “An Introduction to Membrane Proteins” by Hedin et. al. 

J. Proteome Res. 2011, 10 (8), 3324–3331. 

1.1.1 Quality Control Mechanism of Membrane Proteins 

Cell membrane comprises a considerable number of proteins and they have various 

important functions for the cells. Quality control is highly important for the cells. 

They go through different quality control mechanisms for their proper folding, 

insertion, stability, and function.8 

After translation, some part of nascent chains of proteins undergo degradation due 

to mistakes in biogenesis or maturation. Errors in the protein synthesis cause severe 

cellular damage and toxicity, and leads to diseases and many pathologies.9 In the 

case of misfolding and/or aggregation, these proteins are either degraded by 

proteases, or they are promoted for proper folding by chaperones.10  

Chaperones target the unfolded and partially folded polypeptide chains, having 

hydrophobic regions exposed on the surface of the proteins. These proteins 

repeatedly bind to the chaperones and are released from them.11  

a)

((

a( 

b)

((

a( 

Lipid bilayer 
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In the case of protease degradation, there are different compartments for the action 

of proteases of the protein quality control system. Proteins to be degraded are first 

unfolded and then transferred to the proteolytic cavities of the proteases to be broken 

down into small peptides. Cytosolic proteins are targeted for destruction by 

ubiquitination machinery.12 In Golgi complex and Endoplasmic Reticulum (ER) 

different degradation machinery are triggered upon the misfolding.13 The 

functioning of the protein quality systems is simply represented in Figure 1.2. 

 

Figure 1.2. The representation of the functioning of protein quality control (PQC) 

systems. The figure is regenerated from “Protein Misfolding and Human Disease” 

by Gregersen et. al. Annu. Rev. Genomics Hum. Genet. 2006, 7, 103–124. 

1.1.1.1 The Role of FtsH Complexes in Bacterial Membrane Quality Control 

As for the bacterial membrane protein quality control, SecYEG-SecDF-YajC-YidC 

holo-translocon is in action in the inner membranes of E. coli. Seven membrane 

protein subunits, including SecYEG responsible for protein secretion and YidC for 

membrane protein insertion, are present in this complex. Transmembrane proton-

motive force (PMF) assists the protein translocation by the sub-complex of SecD and 
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SecF through SecYEG.14 FtsH protein is a member of AAA+ protease family, and it 

degrades the misassembled inner membrane proteins (IMPs) contributing to the 

bacterial membrane protein quality control.15 FtsH is conserved in bacteria, 

mitochondria and chloroplast.16 The ligand interaction sites of FtsH is illustrated in 

Appendix. E. coli FtsH consists of a periplasmic domain at the N-terminus and a 

cytoplasmic domain with ATPase and zinc-protease domains at the C-terminus. C-

terminal protease cleaves the unfolded proteins with Zn+2.17 FtsH is known to form 

a very large membrane-bound complex with HflK and HflC, comprising periplasmic 

domains. HflKC modulates the proteolytic activity of FtsH and the FtsH-HflK-HflC 

complex plays a chaperone role to stabilize proteins in mitochondria, and a 

modulator role to limit ATPase activity of FtsH.16,18,19 Information of FtsH, HflK, 

HflC is presented in Table 1.1. 

Table 1.1. The information of FtsH, HflK, and HflC proteins. 

  

FtsH 

 

HflK 

 

HflC 

 

UniProt ID 

 

P0AAI3 

 

 

P0ABC7 

 

P0ABC3 

 

Length 

(Amino Acids) 

 

644 

 

 

419 

 

334 

 

Molecular 

Weight (Da) 

 

70,708 

 

45,545 

 

37,650 

 

Structure 

 

7WI3 

 

7WI3 

 

7WI3 
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1.2 Protein Complexes 

Polypeptide chains assemble by non-covalent protein-protein interactions forming 

protein complexes. They are the crucial functional units involved in various 

biological processes and functioning within the cell. They provide valuable insight 

into the behavior of biological systems. When a protein complex forms, it could 

activate and/or inhibit other proteins and/or protein complexes, and that way they 

lead to different functions. Protein complexes are known to take part in important 

processes, such as transcription, translation, folding, quality control, and signal 

transduction, in cell systems.20  

A protein complex could catalyze multiple reactions simultaneously or sequentially, 

and complex cellular processes start taking place. Metabolic and cellular pathways, 

signal transduction pathways, and other functions in the cells are regulated by the 

enzymatic activities of protein complexes. Enzymatic activities of the protein 

complexes catalyze different biochemical reactions that are important for the cells. 

These reactions are diverse, essential, and vital for the integrity, functioning, 

interaction, and survival of the cells.21 Any defect, mutation or aggregation occurring 

to proteins, may result in various diseases and protein complexes aid in the 

understanding and explaining these processes.22 Understanding of protein complex 

structure, dynamics and function has accelerated drug design and discovery 

research.23 

 

1.3 Structural Proteomics 

Determination of the three-dimensional structures of the proteins and protein 

complexes are crucial for enlightening the functions. Moreover, it facilitates the 

identification of protein-protein interactions and pathways they are included in. 

Structural proteomics is a field of study where invaluable insights into three-

dimensional structures of the proteins are obtained, assisted by mass spectrometry 
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(MS). It is used to understand the relationship between protein sequence, structure, 

and function.24 In recent years, structural proteomics, along with main structural 

biology methods, has broadened our knowledge and perspective of  structures of 

proteins and protein complexes.25 Structural proteomics has provided us with an 

essential gate for the discovery of proteins and/or protein complexes that are 

important in drug targets and protein-ligand interactions.26 The studies of structural 

proteomics involve two important steps: protein expression and/or purification, and 

structural analysis of proteins.  

 

1.3.1 Sample Preparation for Structural Proteomics: Protein Expression 

and Purification 

 The first stage of the structural determination of the proteins and protein complexes 

of interest is the expression of them in the desired system and/or purification with an 

appropriate method.  

 

 Recombinant Protein Expression 

In order to express target proteins, DNA templates of genes of interest are easily 

constructed through recombinant DNA techniques. Recent recombinant protein 

expression techniques consist of transforming/transfecting cells with a vector which 

has the template and culturing the cells. Thus, these cells first transcribe DNA into 

mRNA and then translate the protein of interest. Before the purification process, the 

cells are lysed for the extraction of the expressed proteins. According to the type of 

protein of interest different protein expression systems are preferred. Mammalian, 

insect, yeast, bacterial, algal, and cell-free systems are available for recombinant 

protein expression.27 
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 Protein Purification 

Protein purification is the process of isolation of proteins from the complex mixtures 

of cells, tissues or organisms. The desired protein/protein complex is separated from 

other proteins and matrices. Proteins are isolated through various physical and 

biochemical approaches. Protein purification comprises the combination of 

following steps: extraction, precipitation, differential solubilization, 

ultracentrifugation, and chromatographic methods. After the cells or tissues are 

broken and proteins are extracted, a centrifugation process is applied for the isolation 

of proteins. Chromatographic methods, such as ion exchange chromatography (IC), 

size exclusion chromatography (SEC), affinity chromatography (AC), and 

immunoaffinity chromatography, are most commonly used methods to isolate the 

desired protein.  

In affinity chromatography, different affinity tags, such as strep-tag and glutathione-

S-transferase (GST), are used for protein purification in which recombinant proteins 

with an engineered specific peptide or a tag are purified. This process is effective in 

terms of improving the yield, purity, and solubility of the target protein.28 The pull-

down methods are used for the purification of protein complexes. Physical 

interactions of the proteins with each other, in other words, protein-protein 

interaction networks, are obtained through pull-down assays. Affinity pull-down, 

tandem affinity purification (TAP), and co-immunoprecipitation are the methods 

included. In affinity pull-down and TAP, affinity tags are used, whereas antibodies 

are used against target protein in co-immunoprecipitation method.29 The processes 

of protein expression and purification play a vital role in determining the structure, 

function, and interactions of the protein of interest. Protein samples used for the 

structure determination should be as pure, homogeneous, and highly concentrated as 

possible. 
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1.3.2 Structural Analysis of Proteins and Protein Complexes 

Several methods emerged for the structural elucidation of proteins and protein 

complexes and determination of protein-protein interactions, such as X-ray 

crystallography, cryogenic electron microscopy (cryo-EM), and mass spectrometry 

(MS). 

X-ray crystallography provides the structural information by obtaining the 

arrangement of atoms in a protein of a crystal exposed to X-rays diffracting into 

specific directions. Cryo-EM is electron microscopy carried out on cryogenically 

frozen samples. Proteins are bombarded with electrons and images of individual 

molecules are obtained. On the other hand, mass spectrometry is an analytical 

method measuring the mass-to-charge ratio (m/z) of ions. It allows the qualitative 

and quantitative analysis of proteins. Each method has its own advantages and 

disadvantages. They could be integrated into each other in order to obtain accurate, 

reliable and high-resolution structures, which is known as “integrative structural 

biology”.   

 

1.3.2.1 X-ray Crystallography 

X-ray crystallography is one of the most reliable, precise, and powerful methods 

used in structural biology and most of the structures in the Protein Data Bank 

(PDB)30 have been determined by X-ray crystallography. It is a method used to 

acquire a three-dimensional structural information from a protein crystal. In the 

crystal structure determination workflow, first, a protein of interest is purified and 

crystallized. The crystallization process is applied to highly pure samples by 

subjecting them to different crystallization conditions and precipitants. The crystal 

is then subjected to the beam of X-rays. The protein crystal diffracts the X-ray beams 

into different, unique patterns before being analyzed to a map of the distribution of 

electrons in the protein. The location of atoms is determined through the electron 
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density map. Detailed atomic information regarding even the complex 

biomacromolecules incorporated into the crystal could be obtained through X-ray 

crystallography.31 However, the limitations of X-ray crystallography in terms of the 

sample preparation and capturing the dynamics remain challenging in this method.32 

Membrane proteins are difficult to crystallize and efforts are being made to improve 

the challenges of obtaining pure protein crystals.33 

 

1.3.2.2 Cryogenic Electron Microscopy (Cryo-EM) 

Cryo-EM is a powerful technique used to observe the conformations of 

biomacromolecules directly in their nearly native environments. It provides a 

detailed insight into the dynamic behaviors of the molecules.34 The protein of interest 

is flash-frozen and then bombarded with electrons producing microscope images of 

each molecule. These images (micrographs) are used to reassemble the three-

dimensional structure or shapes.35 Unlike X-ray crystallography, Cryo-EM 

technique does not require crystals. It requires a much smaller sample amount 

(between 50 nm and 5 µM) and large variety of sample type can be used for 

analysis.34,36 High-resolution structures are desired to see every atom in the electron 

density map and nowadays, high resolution structures, even less than 2 ångströms 

(Å), can be obtained through this method.37,38 However, the samples used for Cryo-

EM technique should be stable, pure and homogeneous and it is challenging to 

analyze small proteins and protein complexes (less than 65 kDa) with this methods.39  

 

1.3.2.3 Mass Spectrometry for Proteomics 

Mass spectrometry is an analytical method measuring the mass-to-charge ratio (m/z) 

of molecules. It is a sensitive, selective, versatile, and high-throughput tool 



 

 

10 

applicable to all types of samples. The basic principle of mass spectrometry includes 

the first ionization step where the target molecules are converted into gas-phase ions.   

The formed ionic species are then separated and analyzed based on their m/z. As a 

final step, detectors measure the ion current and create a mass spectrum. 

MS-based proteomics includes a wide range of studies from the sequences of 

proteins to the three-dimensional structures qualitatively and quantitatively.40 

Bottom-up approach, which is peptide centric, is the most common approach in MS-

based proteomics. The conventional workflow includes the extraction of proteins in 

suitable buffers, denaturation of proteins in the samples by dithiothreitol (DTT), 

alkylation by iodoacetamide (IAA), and digestion by trypsin which has specificity 

on lysine and arginine side chains. The resulting peptides are separated by 

chromatography and analyzed by high-resolution mass spectrometry which will be 

explained in detail below. The protein search software, such as MaxQuant41,42, 

Mascot43 and Proteome Discoverer44, first identify the precursor ions (MS1) and 

verify the peptides searching the tandem MS spectra through libraries and generate 

a protein list. Thus, the proteins in the samples are detected and quantified. 

Furthermore, biological insights where proteins are involved could be obtained. 

A mass spectrometer has essential components: Inlet system, ion source/ionization 

system, mass analyzer, detector, data system, vacuum system, and electronics. These 

components are illustrated in Figure 1.3. First, the sample is transferred into the ion 

source via the inlet system. An ion source is required to convert the neutral molecules 

into charged molecules. Electrospray Ionization (ESI) and MALDI (Matrix-assisted 

laser desorption ionization) are two soft ionization techniques which allow the 

analysis of larger and non-volatile biomolecules such as proteins and peptides.45 

Analyte ions are separated and analyzed in a mass analyzer according to their mass. 

Ion motions are controlled by applying magnetic or electric fields. Time-of-flight 

(TOF) and the novel technology Orbitrap, which offers high resolving power, mass 

accuracy, and dynamic range46, are the most common mass analyzers used for the 

analysis of proteins.40 Orbitrap is based on the electrostatic trapping of ions. The ions 
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are collected from the linear trap quadrupole by C-trap and injected into the orbitrap. 

They are kept in oscillating movement by the electrical field applied.  

 

Figure 1.3. Basic components of a mass spectrometer. 

 

Resolution is one of the main performance metrics provided by a mass analyzer.47 

The ability of the instrument to differentiate between masses is resolving power and 

it’s given as the ratio of the mass of the first peak (m) over the mass difference 

between two adjacent peaks resolved (∆m): 

 

                                      Resolving Power (RP) =   

                                        

Low mass resolution leads to limited mass accuracy; therefore, the false discoveries 

increase in the protein identification. High mass resolution is desired from the mass 

spectrometer for accurate mass measurements, resolving every species, increasing 

the accuracy of the quantification. The Orbitrap mass analyzer is nowadays one of 

the most popular technologies in MS applications.48 Ultra-high resolving power over 

1,000,000 with Orbitrap technology is now reached.49 This technology is recently 

 m 

∆m 
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preferred to be used in structural proteomics approaches where cross-linking mass 

spectrometry is used.50–52  

High mass resolution, additionally, allows for the selection of precursor ions in 

tandem mass spectrometry for structural analysis. Different mass analyzers are 

combined creating hybrid instruments to increase the mass resolution, mass 

accuracy, sensitivity, and at the end, capability of the analysis. Tandem mass 

spectrometry (MS/MS) is a technique where two or more mass analyzers are coupled 

to characterize and verify structural composition. The schematic of the technique is 

illustrated in Figure 1.4. Ions with particular m/z (precursor ions) are selected and 

fragmented by fragmentation techniques, such as collision-induced dissociation 

(CID) and high-energy collisional dissociation (HCD), creating product ions. In CID, 

ions are activated through collisions with neutral gas molecules (helium, nitrogen, 

argon) and the kinetic energy is converted to internal energy. This energy leads to 

bond breakage and fragmentation. HCD is a CID technique that is associated with 

Orbitrap instruments. The kinetic energy of the precursor ion is increased through 

voltage offsets and the ions collide with nitrogen molecules. They are transferred 

back to C-trap and injected to Orbitrap mass analyzer.53  

 

 

Figure 1.4. Schematic diagram of the functioning of tandem mass spectrometry 

technique. 

 

• Importance of Mass Spectrometry Method in Structural Proteomics 
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The analysis of protein structure with mass spectrometry is an emerging method 

compared to conventional structure determination techniques mentioned above. 

Mass spectrometry offers several advantages: 1) MS is not restricted by sample 

preparation requirements. 2) It is compatible with low abundant analytes and 

complex samples; therefore, it can be applied to a wide range of samples, including 

organelles, cells, and even tissues.54 3) Proteins and protein complexes exhibit 

dynamic behavior on distinct time scales, thus it is difficult to capture the transitions 

and states.55 Mass spectrometry is, therefore, advantageous for selectively analyzing 

complex samples containing different protein forms. 

Recently, multiple analytical approaches based on mass spectrometry have been 

derived, such as native mass spectrometry, hydrogen–deuterium exchange mass 

spectrometry (HDX-MS), and cross-linking mass spectrometry (XL-MS). Native 

mass spectrometry is a method enabling the analysis and characterization of intact 

proteins and protein complexes.56 HDX-MS provides information about protein 

conformation and dynamic by measuring the rate of solvent where hydrogens are 

exchanged with the heavy hydrogen isotope deuterium.57 XL-MS is a method used 

to elucidate the interactions in complex molecules by binding the residues in close 

proximity via covalent bound. XL-MS method will be explained in detail in 

following sections. 

1.4 Cross-linking Mass Spectrometry (XL-MS) for Proteomics 

Cross-linking mass spectrometry (XL-MS) is an evolving method for structural 

proteomics analyses, with constant improvements in the reagents, software, and 

instrumentation.58 The method is used for the structural elucidation of protein 

complexes and determination of protein-protein interactions. XL-MS enables us to 

capture proteins from their native environment and provides information about 

physical contacts of the proteins by the use of agents (cross-linkers) binding proteins 

in close proximity. It allows obtaining different protein forms and it is capable of 
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providing data on proximal distances that could not be easily achieved by other 

structure determination methods.  

The overall workflow, which is demonstrated in Figure 1.5, involves the selection 

of system to work on, cross-linking reaction, sample processing, chromatographic 

separation, MS analysis, cross-link identification, and analysis of cross-link data.59 

The proteins of interest are produced with appropriate methods, as described in 

Section 1.3.1, and then cross-linked with cross-linkers via covalent bonding. The 

cross-linked proteins are enzymatically digested and subjected to analysis using a 

high-resolution mass spectrometer. The resulting raw mass spectrometry data, which 

includes both precursor ions (MS) and product ions (MS/MS), is processed using 

cross-linking software to detect the proteins involved and the specific points of 

interaction. The identification of proteins is based on unique peptides searched 

against spectral and protein libraries.  

The cross-linking reactions and the agents used will be reviewed in detail in the 

following sections. 
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Figure 1.5. General workflow of cross-linking mass spectrometry (Akkulak et al., 

2023). 

1.4.1 Cross-Linking Chemicals and Process 

Cross-linkers are chemicals that connect two specific residues of proteins with their 

reactive groups at the end of a spacer arm via covalent bond. Different cross-linkers 

exhibit different reactivity towards the side chains of amino acids. Amine-reactive 

cross-linkers, such as BS3 and DSBU, bind to lysine amino acid which has primary 

amines at the N-terminus and in the side chain. It is also suggested in the literature 

that NHS esters, such as DSBU, BS3, DSS, and DSSO, could show reactivity 

towards serine, threonine, and tyrosine amino acids.60  

Cross-linkers are categorized based on their functions and MS features, as 

demonstrated in Figure 1.6. When their functions are considered, they could be 

homobifunctional or heterobifunctional. Homobifunctional cross-linkers possess 
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two identical reactive end groups and they are mostly used for intra-molecular cross-

link formation with one-step reactions. Heterobifunctional cross-linkers, on the other 

hand, have different reactive groups at either end of spacer arm. The MS features of 

the cross-linkers change among the types. Some cross-linkers are cleaved when the 

fragmentation is applied, whereas others are not. The cleavable cross-linkers produce 

signature ions and the cross-linked peptide pairs are distinguished by their mass 

differences during the analysis. Non-cleavable cross-linkers, on the contrary, cannot 

be cleaved during fragmentation. The representative cleavable and non-cleavable 

cross-linkers are illustrated in Figure 1.7. The cleavable cross-linker DSBU and the 

non-cleavable cross-linker BS3 are two cross-linkers most commonly used in the 

literature.58  

Besides the functionality and MS features of cross-linkers, targeted functional 

groups, spacer arm length, water solubility, and membrane permeability are the 

important factors of the selection process.  

 

 

 

Figure 1.6. Categorization of cross-linkers by their functionality and MS features. 
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Figure 1.7. Representative MS-cleavable and non-cleavable cross-linkers, 

regenerated from “Cross-Linking Mass Spectrometry: An Emerging Technology for 

Interactomics and Structural Biology” by Yu et. al. Anal. Chem. 2018, 90 (1), 144–

165. 

 

Several types of connections are possible in the systems, as illustrated in Figure 1.8. 

The cross-linked products are distinguished as mono-links (type 0, dead-end), where 

one of the reactive end groups is bound to a residue, intra-molecular (type 1), where 

the cross-linker connects to different peptides in a protein, inter-protein (type 2), 

where the cross-linker connects to peptides of different proteins.61 Cross-linkers are 

the key parts in the identification and characterization of cross-linked products. The 

generation of different types of products after the cross-linking reaction with 

appropriate cross-linkers leads to the accurate and reliable results. 
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Figure 1.8. The three types of cross-linker connections. 
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1.5 State-of-the-art and Motivation  

FtsH is known to form a mega complex with HflK and HflC. This complex plays a 

chaperone role to stabilize proteins in mitochondria and a modulator role to limit 

ATPase activity of FtsH. The structures of HflK and HflC are elucidated; however, 

the complete structure of FtsH protein in the complex is yet to be known.17 Thus, 

this study has attempted to elucidate the structure of this complex by determining 

inter- and intra-protein interactions with XL-MS method, along with the attempt to 

decipher the protein-protein interactions of FtsH, HflK, and HflC. XL-MS is an 

integrative and complementary method to conventional structural biology methods 

used to obtain distance restraints and structural information62. It has been applied to 

purified proteins/protein complexes and a wide range of system-wide studies. 

Various cell lysates, including human cell lines63–65 and Drosophila embryos66, 

organelles67,68, tissues69,70, as well as living bacterial52,71,72 and human cells73–75, have 

been studied using this technique so far. In this study, the samples of solubilized 

membrane and purified protein of FtsH-HflK-HflC were cross-linked with DSBU 

and BS3, which are two commonly used cross-linkers for structural biology studies. 

The residues of proteins in close proximity were covalently bound to each other via 

cross-linkers. Cross-linked proteins were then enzymatically digested and analyzed 

by high-resolution mass spectrometer. The data obtained were then analyzed by four 

commonly used software, MaxLynx, MeroX, MS Annika, and XlinkX. XL-MS is an 

evolving method and there is no gold standard for software use. In the literature, the 

XL-MS software were compared using synthetic peptide libraries76–79; however, this 

study utilizes a real biological system for software comparison. Moreover, the 

software were compared by applying strict parameters (e.g. 1% of False Discovery 

Rate) in the studies so far80; however, in this study, the interactions were verified 

manually using raw MS and MS/MS data as well. The outcomes of this study will 

provide novel interactions of FtsH-HflK-HflC that could not be resolved and the 

physical interactions of FtsH, HflK, and HflC with other proteins to the literature. 

The roles of the FtsH-HflK-HflC complex in bacterial quality control mechanism 
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will be enlightened. Moreover, the overall workflow will guide researchers in 

identifying protein interactions by XL-MS and using XL-MS data. 
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CHAPTER 2  

2 MATERIALS AND METHOD 

2.1 Protein Expression and Purification 

In order to obtain inter-protein and intra-protein interactions of the FtsH-HflK-HflC 

membrane protein complex two different samples were produced: Solubilized 

membrane and purified protein. Detailed information from transformation and over-

expression to the purification is presented in the following sections. 

2.1.1 Over-Expression of Proteins 

 FtsH-HflK-HflC Transformation and Over-expression 

A 50 µL of Lemo21 (DE3) competent E. coli cells were thawed on iced for 10 mins. 

A 1 µL of the plasmid (~100 ng total) (obtained from BvK LaB, TARLA) containing 

FtsH-HflK-HflC genes was added. Heat shock was given to the cells at 42°C for 10 

seconds. The mixture was placed on ice for 5 mins. A 950 µL of LB broth was added 

and the mixture was placed at 37°C for an hour. A 20 µL of cells diluted 10-fold and 

1 µL of ampicillin were spread onto the plate and incubated overnight. A single 

colony was picked for each and used to inoculate a 125 mL preculture with 100 

µg/mL ampicillin and 50 µg/mL Spectinomycin in a 2L Erlenmeyer flask. The cells 

were grown overnight at 37°C while shaking. The 2xYT expression media was 

inoculated at 1:50 dilution. 20 mL of overnight culture was added to 1L of media in 

a 2L Erlenmeyer flask for over-expression. The cells were incubated at 37°C while 

shaking until 0.4-0.8 OD was reached. The cells were induced with 0.4 mM IPTG 

and 0.2% arabinose at 30°C for 4 hours. After 4 hours, the cells were harvested at 

5000 rpm for 25 mins. The cell pellets were frozen till the separation and purification. 
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2.1.2 Cell Lysis 

The same procedure was applied for all samples. The cell pellets were resuspended 

in 40 mL of the breaking buffer (50 mM HEPES, 100 mM NaCl, 2 mM of MgCl2, 

0.2 mg/mL lysozyme, 0.2 mg/mL RNAse, 0.2 mg/mL benzonase, 1 mM 

phenylmethylsulfonyl fluoride (PMSF), ½ tablet protease inhibitor) for 1L of culture. 

12L of culture was used for the total protein used. The resuspension was incubated 

at 4°C for 30 mins using a magnetic stirrer. The cell pellets were sonicated with 40% 

amplitude, 2s on/8s off for 2 mins in 2 cycles. The sonicated cell pellets were 

centrifuged at 10.000 g for an hour, and the supernatant was taken.  

2.1.3 Membrane Separation and Solubilization 

The supernatant was centrifuged at 100.000 g for an hour to separate the membrane. 

The supernatant was discarded, and the waxy membrane pellet was weighed. 2% of 

n-Dodecyl-B-D-Maltoside (DDM) (w/w) and 15 mL of breaking buffer were added, 

and the samples were incubated at 4°C for an hour using a magnetic stirrer. 

Following the solubilization, the solubilized membrane was transferred to a 

prechilled ultracentrifuge tube and centrifuged at 100.000 g for 45 mins to separate 

the soluble part. 

2.1.4 Protein Purification 

3 mL Strep-tactin Sepharose (IBA Life Sciences) resin was used for 1L of culture 

and the resin was equilibrated using the wash buffer (100 mM HEPES pH 7.5, 150 

mM NaCl, 0.01% DDM). The protein extract was added to the matrix slowly and 

incubation was done for at least 30 mins. The flow through was collected and the 

column was washed with 50 mL of wash buffer. The protein was eluted with 5 mL 
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of elution buffer (100 mM HEPES pH 7.5, 150 mM NaCl, 0.01% DDM, 2.5 mM 

desthiobiotin) 6 times. The elutions were concentrated separately to 200 µL using 

100 kDa MWCO concentrators equilibrated with the wash buffer. The OD280nm 

and OD260/280 were measured with NanoDrop UV-Vis Spectrophometer 

(AllSheng).  

 

2.2 Cross-Linking  

Cross-linking reactions with disuccinimidyl dibutyric urea (DSBU) (Thermo Fisher 

Sigma, USA) and bis(sulfosuccinimidyl)suberate (BS3) (Thermo Fisher Sigma, 

USA) were carried out on the samples according to manufacturer’s 

instructions.50,63,81–83 A 50 mM of cross-linker stock solution was prepared with 46.9 

µL of DMSO and 1 mg of DSBU. A 50 mM of cross-linker stock solution was, in 

addition, prepared with 70 µL of ddH2O and 2 mg of BS3. 2.5 µL of cross-linker 

(final concentration of 10 mM) was added to 10 µL of solubilized membrane and 5 

µL of cross-linker (final concentration of 2.5 mM) was added to 100 µL of purified 

protein sample. The mixture was incubated at room temperature for 60 mins. After 

the incubation. 20-fold Tris-HCl (1M, pH 8.0) was added to stop the reaction. 

2.3 Proteolytic Digestion 

The solubilized membrane and purified protein samples were extracted in 100 µL of 

50 mM ammonium bicarbonate (pH 7.8) and incubated with 11 µL of 100 mM 

dithiothreitol (DTT) for 50 min at 60 °C to denature the proteins. Free cysteines were 

alkylated with 22 µL of 100 mM iodoacetamide (IAA) for 30 min at room 

temperature in the dark. Then 50 µL 0.1 µg/µL trypsin was added and samples were 

incubated at 37 °C for 18 h. Samples were dried in miVac at room temperature and 

dry peptide samples were dissolved in 0.1% formic acid. Before the MS analysis 
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peptide concentrations were determined with Pierce™ Quantitative Peptide Assay 

(Thermo Fisher Scientific, USA). 

2.4 MS-based Proteomics Analysis 

A 1 µg of digested samples (peptides) were analyzed by the UltiMate™ WPS-

3000RS nanoLC system coupled with Orbitrap Fusion Lumos (Thermo Fisher 

Scientific, USA). The peptides were separated on AcclaimTM PepMapTM 100 C18 

HPLC Columns (3 μm, 0.075 mm × 500 mm, Thermo Fisher Scientific, USA). The 

mobile phase A containing 0.1% aqueous formic acid and mobile phase 

B  comprising 0.1% formic acid in 80% acetonitrile were set to a gradient; 0–5 min, 

4–4% (B); 5–130 min, 4–35% (B); 130–150 min, 35–50% (B); 150–153 min, 50–

100% (B); 153–168 min, 100–100% (B); 168–170 min, 100–4% (B); and 170–180 

min, 4–4% (B). The MS and MS/MS spectra were collected with a mass range of 

m/z 300-1800 in positive ionization ion mode. The high-energy C-trap dissociation 

(HCD) fragmentation was performed with nitrogen gas, and collision energies of 

25%, 30%, and 35%. The precursor and the product ions were detected at 120K 

resolution and 15K resolution, respectively. 

2.5 Data Analysis 

2.5.1 Protein Profiling 

The raw MS data were analyzed via MaxQuant41,42 through the whole E. coli 

proteome (ID: UP000000625) to profile the proteins present in the samples, using 

the parameters in Table 2.1.  
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 MaxQuant Search Parameters 

MaxQuant parameters were optimized through several conditions applied for each 

run. The most protein group yielding, and the least decoy and contaminant existing 

parameters were applied during the analysis. The optimized parameters are shown in 

Table 2.1. 

Table 2.1. Protein search parameters used for MaxQuant analysis. 

Type Parameter Value 

 

 

 

Group-specific 

Parameters 

Variable Modifications 
Oxidation (M), Acetyl 

(Protein N-term) 

Fixed Modifications Carbamidomethyl (C) 

Enzyme Trypsin 

Max. Missed Cleavages 1 

Max. Charge 4 

Main Search Peptide Tolerance 5 ppm 

First Search Peptide Tolerance 20 ppm 

 Mass Spectrometry (MS/MS) 

Match Tolerance 
20 ppm 

 Min. Peptide Length 7 

Global 

Parameters 
Max. Peptide Mass 4600 Da 

 Protein FDR 0.01 

 PSM FDR 0.01 

 Protein Quantification Unique Peptides 

 

 Intensity Normalization 

Proteins obtained from MaxQuant analysis were compared based on their intensity. 

The intensities of each protein were divided by the sum of the intensities and then 
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the % ratio was calculated for relative protein quantitation. Proteins were sorted from 

high abundance to low abundance.  

 Gene Ontology (GO) Search 

The GO annotation search was carried out on STRING (v.11.5)84 by applying 

advanced settings of required score as highest score (0.900) and FDR Stringency as 

1%. The EnrichmentMap, which is a Cytoscape (v.3.9.1)85 App, was used for the 

visualization of the results of gene-set enrichment. Generic enrichment results were 

used for operation and p-values were operated for visualization as radial heat-maps. 

Gene sets are represented by nodes and the sizes show the number of genes. 

2.5.2 Structural Proteomics 

In the structural proteomics part of the data analysis, the most commonly used four 

software were utilized for the cross-linking search to identify inter- and intra-protein 

interactions. The raw MS data were pre-processed when it is required, as described 

below. The search by the software was completed through target protein sequences 

and whole proteome. The interactions obtained were further manually verified using 

the raw MS and MS/MS data. The processes can be found in detail in the following 

sections. 

 

2.5.2.1 Data Pre-processing 

 Conversion of Raw MS File 

The data format required by the software to process the data and identify cross-linked 

peptides varies from software to software. The raw data were used for MaxLynx79, 

MS Annika78 and XlinkX77 without any conversion, whereas the data were converted 

into mzml file for MeroX.76,81,86,87 In order to convert raw data to mzml 

ProteoWizard88 software library was used. 
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 Target Protein Sequences - FASTA 

Processing through the software was carried out by using the FASTA file comprising 

the sequences of FtsH, HflK, HflC and by retrieving whole E. coli proteome. UniProt 

was used to retrieve FASTA files. First, FASTA files of these four proteins were 

downloaded from the UniProtKB database and proteome of E. coli was downloaded 

from Proteomes database. 

2.5.2.2 XL-MS Search 

 Software Workflow Integration 

The four software implemented to this study for the cross-link search were 

MaxLynx, MeroX, MS Annika, and XlinkX. MaxLynx is integrated into the 

MaxQuant environment. MS Annika and XlinkX are the two nodes of Proteome 

Discoverer (Thermo Fisher Scientific, USA). They both have different workflows 

that must be integrated into Proteome Discoverer 2.5. MS Annika workflow is 

present at the website of MS Annika, whereas XlinkX workflow is directly present 

in Proteome Discoverer 2.5 Cross-linking workflows. MeroX is specified for cross-

linked peptide identification; therefore, they have their own specific algorithm of the 

software. 

 Search Parameters 

The overall cross-linking search parameters are presented in Table 2.2. C-terminals 

of lysine and arginine residues were defined as specific protease cleavage sites, and 

maximum missed cleavages were set to 3. Precursor and fragment ion mass 

tolerances were limited to 10 ppm and 20 ppm. Carbamidomethylation at cysteine 

was assigned as the fixed modification, while the oxidation at methionine was 

defined as the variable modification. Signal to noise ratio was set to 2.0. The 

minimum precursor mass limit was 1000 Da, whereas the maximum precursor mass 

limit was 20000 Da. The default settings were used instead. The cross-link 

modification sites were set as Lysine, Serine, Threonine, and Tyrosine in MeroX, 
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MS Annika and XlinkX; however, only Lysine was able to be chosen in MaxLynx. 

False Discovery Rate (FDR) was defined as 1%. The maximum Cα-Cα distance was 

defined as 30Å as suggested by previous studies.87,89,90 

 

 

 

Table 2.2. Cross-linking search parameters. 

Minimum Precursor Mass Limit 1000 Da 

Maximum Precursor Mass Limit 20000 Da 

S/N Threshold  2 

Precursor Mass Tolerance  10 ppm 

Fragment Mass Tolerance 20 ppm 

Maximum Missed Cleavage  3 

Minimum Peptide Length (AAs) 5 

Maximum Peptide Length (AAs) 40 

FDR  1% 

Maximum Cα-Cα Distance  30Å 

* Other parameters were kept as default parameters for all the software. 

** The corresponding parameters for all the software are applied as above. 

 

 

 Computer Specifications 

The specifications of the computer used were Intel i5 9300-H Processor with 4 Cores 

(8 Logical Cores), and 8GB DDR4 2666MHz RAM. The maximum RAM usage was 

limited to 5GB of RAM (3GB RAM was assigned for the operating system). The 

capacity of the processor and the amount of free RAM Memory amount were two 

limiting factors.  
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2.5.2.3 Data Verification 

The spectra obtained from different software were verified in MS and MS/MS levels 

through the raw MS file. FreeStyle software (Thermo Fisher Scientific, USA) was 

used to visualize and qualitatively analyze raw mass spectrometry data. First, 

MS/MS spectra, where the peptide fingerprints and cross-linker diagnostic ions exist, 

given by software were matched with the raw data. Then, m/z value of two peptides 

and cross-linker (MS spectra) were examined by charge states. 

2.5.3 Protein-Protein Interactions (PPIs) Search 

In order to understand the physical and functional interactions of complex proteins 

in biological system, STRING (v.11.5)84, IntAct91,92, DIP93, MINT94 and Cytoscape 

(v.3.9.1)85 were used. The search on STRING was done by applying advanced 

settings of required score as highest score (0.900) and FDR Stringency as 1%. 
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CHAPTER 3  

3 RESULTS AND DISCUSSION 

3.1 Protein Expression and Identification 

All the raw MS data were analyzed by MaxQuant to identify proteins in the purified 

protein and solubilized membrane samples prior to the cross-linking search. 

MaxQuant is designed for qualitative and quantitative analysis of protein isolates as 

well as complex mixtures. The algorithms of MaxQuant include the detection of 

precursor ions (MS), the verification of peptides (MS/MS) searching against the 

database and identification of proteins based on unique peptides.  

The protein search parameters used for the MaxQuant analysis are given in Table 

2.1. The protein search was carried out against E. coli proteome on purified protein 

and solubilized membrane samples cross-linked with DSBU and BS3. The number 

of proteins obtained from the DSBU cross-linked samples of purified protein and 

solubilized membrane was 160 and 511, respectively (Appendix B). The normalized 

% ratio of FtsH in purified protein sample was 70%, followed by HflK with 4% and 

HflC with 3%. However, the runs could not be completed in the samples cross-linked 

with BS3. Since the matrix used in this study was very wide and complex, the 

analysis through whole proteome of E. coli (4403 proteins) was difficult for the 

software to handle. This problem can be solved with the use of a super computer; 

however, it is not feasible for routine use. The complexity of the samples can be 

understood from the normalized TIC (Total Ion Chromatogram), which is presented 

in Appendix C. Since the mass of peptides is high when non-cleavable cross-linkers 

are bound, the ionization of the peptides and intensity of the peaks decrease95, as can 

be shown in Figure 3.1. In addition, fragmentation of non-cleavable cross-linkers 

occurs randomly from carbon-carbon bonds, and the resulting carbocations are not 

stable. The intensities of these fragments are low and there are lots of random peaks. 
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Thus, the identification of non-cleavable cross-linkers is challenging for the 

software.  

 

 

Figure 3.1. The representative MS spectrum of BS3-cross-linked two peptides 

(alpha and beta). 

3.2 Cross-linker Assessment 

In order to investigate the difference between two commonly used cross-linkers in 

the literature, MS cleavable cross-linker DSBU (disuccinimidyl dibutyric urea) and 

MS non-cleavable cross-linker BS3 (bis(sulfosuccinimidyl)suberate) (Figure 1.7) 

were chosen. The performance of these cross-linkers during the identification of 

inter-protein and intra-protein interactions was tested.  

The samples were analyzed through the E. coli proteome by four cross-linking 

software, MaxLynx, MeroX, MS Annika, and XlinkX to elucidate the inter- and 

intra-protein interactions, and obtain the protein-protein interactions (PPIs). The 

analysis of the samples cross-linked with DSBU were completed by all software, 

yielding comprehensive and valuable interactions. The total number of inter-protein 

and intra-protein interactions of complex proteins and interactions with other 
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proteins was 444, as will be described in detail in Section 3.3. However, the analysis 

of the samples cross-linked with BS3 could not be completed in all software.  

 

Figure 3.2. Representative MS/MS spectra of the purified protein sample of FtsH-

HflK-HflC complex cross-linked with a) BS3 and b) DSBU. 

The identification of peptide pairs cross-linked with MS cleavable cross-linkers in 

MS/MS is straightforward compared to the peptide pairs cross-linked with non-

cleavable cross-linkers. The representative MS/MS spectra of the purified protein 

sample of FtsH-HflK-HflC complex are demonstrated in Figure 3.2. Since MS 

cleavable cross-linkers yield two pairs of signature ions when fragmented, the search 

algorithms of the software can distinguish the ions of individual cross-linked 

peptides by the mass differences. Therefore, identification is improved with 

cleavable cross-linkers.96 The fragmentation of peptide backbone is also enhanced 

with the MS-cleavable cross-linker.97 The DSBU cross-linker fragments (Bu and 

b) 

a) 
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BuUr) and other fragmentation products representing two peptides are shown in 

Figure 3.2b.  The fragmentation of peptides cross-linked with BS3 was random and 

it did not occur as much as the peptides cross-linked with DSBU in 3 FASTA search, 

as can be seen in Figure 3.2a.  

The application of BS3 was not successful in the proteome-wide cross-link search 

since the runs could not be completed. The identification of peptide pairs with non-

cleavable cross-linkers is very challenging especially when larger, and more 

complex samples are analyzed.80 The bacterial membrane used in this study was very 

complex and the protein complex studied was considerably large. Through the 

identification of cross-linked peptide pairs, the search space for non-cleavable cross-

linkers is in n-square time complexity. The number of peptide pairs that meet the 

precursor mass limit is quadratic over the linear peptide number in the database since 

the pairwise interactions are considered.98 The quadratic time complexity increases 

with the proteome-wide studies. However, in the case of cleavable cross-linkers, the 

signature ions produced by cross-linked peptide pairs reduce the search space.99  

The proteome-wide analysis with DSBU-cross-linked samples provided very 

comprehensive and valuable information about the protein-protein interactions. 

Considering the results described above, only the DSBU cross-linker was chosen to 

proceed with. 

 

3.3 Protein Interactions in the Complex 

3.3.1 Cross-link Identification and Verification 

The intra- and inter-protein interactions within and between the large multimeric 

membrane protein complex were analyzed in the purified form and over-expressed 

in the solubilized membrane. In order to identify the inter- and intra-protein 
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interactions, signature fragment ions representing cross-linkers and peptides were 

searched through four software. 

  

Figure 3.3. Fingerprint fragments confirming cross-linked peptides. 

 

A representative MS/MS spectrum of a cross-linked peptide pair is presented 

in Figure 3.3. DSBU provided a significant advantage since software were able to 

confirm specific interactions using the mass difference between two fragments of 

cross-links, as mentioned before. The DSBU was covalently connected to residues 

of proteins using NHS ester reactive sides. The Collision-Induced Dissociation 

(CID) cleaves DSBU between carbonyl and amine parts and results in two 

characteristic diagnostic ions. The diagnostic ion corresponds to the peptide and 

cross-linker with protonated amine group at the cleavage point (PEPTIDE 1/2+Bu), 

which provides 85u mass adduct on the peptide. In Figure 3.3, the FGKVLR peptide 

with Bu part of the cross-linker on the lysine gives the peak of 803.5043. 

Additionally, the VTAETKGK peptide with Bu part of the cross-linker on the lysine 

peak appears at 917.5200. The other diagnostic ion is the BuUr part of the cross-

linker bound to the peptide, where the nitrogen on amine group loses one proton due 

to the cross-linker cleavage, resulting in a 111u mass adduct to the connecting 

peptide (PEPTIDE 1/2+BuUr). Figure 3.3 shows the FGKVLR peptide with BuUr 
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part of the cross-linker on the lysine giving the peak of 829.4832, and the 

VTAETKGK peptide with BuUr part of the cross-linker on the lysine peak appearing 

at 943.5001. The cross-link search was conducted by software to search 26 u mass 

difference owing to the cleavage of the cross-linker described above.  

The XL-MS software predominantly uses lysine specific cross-linking sites to 

identify interactions. Literature also suggests that serine, threonine, and tyrosine 

could be cross-linked to DSBU.60 However, corresponding connections have not 

been validated in tandem MS level up to date. Among the four software, only MeroX 

enables simultaneous multi/variable amino acid-crosslinker search. A representative 

fragmentation pattern confirming threonine-DSBU interactions is shown in Figure 

3.4. 

 

 

Figure 3.4. Different cleavage patterns of the cross-linker and backbone revealing 

the cross-link between threonine and lysine. 

 

The deconvoluted MS/MS spectrum of LDVKDIVTDSR-GVIGKYTmDR 

peptide pair was given in Figure 3.4. In addition to two diagnostic ions specific to 

peptide-DSBU (85 and 111), several ions were observed to validate the threonine-
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DSBU connection. The peak at the 1043.5276 mass unit belongs to Y8 cleavage of 

the peptide LDVKDIVTDSR and BuUr part of the cross-linker which is 

KDIVTDSR+BuUr. In this case, the cross-linker is bound to lysine. The peak at 

889.4510 mass unit belongs to Y7 cleavage of the peptide LDVKDIVTDSR and Bu 

part of the cross-linker which is DIVTDSR+Bu. In this example, there is no lysine 

in the sequence, but threonine. Furthermore, the peak at 804.3999 mass unit belongs 

to Y7 cleavage of the LDVKDIVTDSR yielding the DIVTDSR without the cross-

linker. Data suggested that the DSBU was linked to both lysine and threonine 

residues and corresponding peptides were co-eluted.46  

The cross-link search through the whole proteome yielded 1093 unique 

interactions (Appendix D). The total number of inter-protein and intra-protein 

connections were 620 and 473, respectively (Appendix K and L).  

3.3.2 Inter-protein Interactions 

 

There were 30 inter-protein interactions obtained from four software and two 

different samples. Excluding repeating and unspecified connections from different 

software, 18 interactions between the complex proteins were found (Table 3.1). Two 

connections in the table shown as unspecific connections (198-141/143 and 294-

328/330/331/333) confirm also that the unspecific connections are the link not on 

amino acid level, but in consecutive peptide levels allowing uncertainty up to 4 AAs. 

Four of the interactions were found through all four software considering both 

samples. Among them, one key interaction between FtsH and HflK was only found 

by MaxLynx from the purified protein sample. Considering that a single cross-link 

found can improve the quality of further studies such as modelling, this interaction 

is a valuable result100. The number of interactions between FtsH and HflC was 7, and 

the number of interactions between HflK and HflC was 12 from all the software and 

samples. The highest number of unique connections was obtained from the purified 

protein complex sample and most of them were by MaxLynx (11 interactions). 
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MeroX resulted in 5 unspecific connections from the purified protein complex and 2 

from the solubilized membrane. 

Table 3.1. Inter-protein interactions of three proteins in the complex obtained in two 

samples (PP: purified protein, SM: solubilized membrane) analyzed through four 

software, MaxLynx, MeroX, MS Annika, XlinkX. 
  

MaxLynx MeroX MS Annika XlinkX 
 

Connection Points PP SM PP SM PP SM PP SM 

FtsH-HflK 31-133 + 
       

 

 

FtsH-HflC 

84-120 + 
   

+ 
 

+ 
 

61-211 + 
       

60-211 + 
   

+ 
   

31-63 + 
 

+* 
 

+ 
 

+ 
 

31-36 
    

+ 
   

60-120 
    

+ 
   

61 - 120 
 

+ 
      

 

 

 

 

 

HflK-HflC 

172-36 + 
   

+ 
   

346-327 + + 
 

+ + 
 

+ 
 

172-122 + 
   

+ 
   

294-327 + 
       

198-137 + + +* + + + + + 

294 -281 + 
     

+ + 

198 - 141/143 
  

+* +* 
    

294 - 248 
 

+ +* +* + 
 

+ + 

294 - 328/330/331/333 
  

+* 
     

198 - 82 
      

+ 
 

198 - 84 
      

+ 
 

310 - 281 
     

+ 
 

+ 

*Unspecific connections
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3.3.3 Intra-protein Interactions 

A total of 119 intra-protein interactions were obtained from four software and 

two different samples, and 86 of them were non-repeating and unique interactions 

(Appendix E). There were 70, 14, and 2 intra-protein interactions of FtsH, HflC, and 

HflK, respectively from all the software and samples. In the purified protein sample, 

XlinkX gave the highest result with 39 interactions. The lowest number of unique 

intra-protein interactions was obtained by MS Annika in the solubilized membrane 

sample with 7 interactions. Fifteen of the interactions were found in all the software 

considering both samples. 

 

Figure 3.5. Venn diagram of interactions a) within and between complex proteins 

and b) interactions of complex proteins with other proteins. 

The non-repeating and specific inter- and intra-protein interactions found in 

both samples were compared through all software based on the interactions within 

and between the complex proteins and the interactions of proteins in the complex 

with other proteins (Figure 3.5). Nineteen of the connections within and between the 

complex proteins were obtained in all four software. MeroX gave the highest result 

with a total of 60 connections, whereas MS Annika gave the least with 49 
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connections. MeroX, in addition, gave the highest number of interactions (17 

interactions) not found in other software (Figure 3.5a). On the other hand, most of 

the interactions between the complex proteins and other proteins were obtained 

through MS Annika (Figure 3.5b). Compared with the previous results, MS Annika 

surprisingly caught a successful number of protein-protein interactions with 148 

interactions including both samples. On the contrary, MaxLynx and MeroX gave the 

least number of interactions (9 and 10, respectively). Furthermore, there are not any 

common interactions found by all software. MeroX and MS Annika found 1 common 

interaction, MaxLynx and MS Annika found 2, MS Annika and XlinkX found 3. The 

utilization of the four software provided us deep insight about the protein-protein 

interactions in the samples. All of the interactions of complex proteins with other 

proteins can be found in Appendix M. 

The FtsH-HflK-HflC complex was analyzed with the FASTA files of only 

these three proteins in all software for close-up examination of the interactions and 

for the comparison with proteome-wide search. The most abundant 10 inter- and 

intra-protein interactions from both samples were listed in Appendix F. Additional 

miscleavages and modified peptides were indicated in the table with different 

symbols. Since serine, threonine and tyrosine modifications were set as modification 

sides, it was clearly observed binding of the cross-linker to a residue other than lysine 

(Figure 3.4).  

The interactions were further manually verified using raw data (MS and 

MS/MS) and 120 out of 160 interactions were successfully validated.  The 

verification of results obtained from MeroX, MS Annika, and XlinkX was possible, 

whereas in MaxLynx the verification was difficult since the MS/MS spectrum could 

not be visualized in the software. 
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3.3.4 Visualization of Interactions on Protein Structures 

Intra-protein and inter-protein interactions determined by various XL-MS software 

were visualized in previously published experimental structures and AlphaFold2-

predicted models of the components of the membrane protein complex, FtsH-HflK-

HflC in Figure 3.6. The cross-links between HflK and HflC, and their interactions 

between FtsH were confirmed in the recently published cryo-EM structure of the 

FtsH-HflK-HflC complex.17 In the cryo-EM structure (PDB: 7WI3), HflK and HflC 

form a heterodimer with a close dimer interface, and the HflK-HflC dimer forms a 

dodecamer, comprising 12 HflK and HflC monomers. Thus, the cross-links between 

HflK and HflC may represent the connections between either the HflK-HflC 

heterodimer or neighboring HflK and HflC monomers. Moreover, cross-links 

between FtsH and HflK-HflC were determined only between the periplasmic region 

of FtsH, and stomatin/prohibitin/flotillin/HflK/C (SPFH) domain and N-terminal of 

HflK-HflC proteins, aligning with interactions observed in the cryo-EM structure. 

Both intra- and inter-protein cross-links obtained by MaxLynx and MeroX were well 

distributed on the experimental structure of the membrane protein complex; 

however, less number of interactions were determined between FtsH and HflK-HflC 

with MaxLynx and MeroX, compared to those obtained by MS Annika and 

XlinkX.     
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Figure 3.6. Top ten intra-protein (lines 1. Top ten intra-protein (lines) and inter-

protein (dashed lines) interactions of FtsH-HflK-HflC (pink - light blue - wheat) 

membrane protein complex (PDB ID: 7WI3) obtained from XL-MS software and 

colored red MaxLynx (a), blue MeroX (b), green MS Annika (c) and yellow XlinkX 

(d). Periplasmic and transmembrane regions of hexameric FtsH are shown only. The 

possible interactions are also shown between neighboring HflK and HflC that are 

positioned away from the HflK-HflC heterodimer. 
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Figure 3.7. The detailed intra-protein connections of FtsH, represented between two 

monomers, obtained from XL-MS software MaxLynx (red), MeroX (blue), MS 

Annika (green) and XlinkX (yellow). Experimental structures are superposed with 

the predicted AlphaFold2 model (pink) (AF-P0AAI3-F1). The periplasmic region of 

hexameric FtsH (PDB ID: 7WI3) is shown in pale green, the partial cytoplasmic 

structure (PDB ID: 1LV7) is shown in blue. 91 residues of FtsH, in which no linkage 

was obtained, in N-terminus were removed in the AlphaFold2 model for clarity. 

 The intra-protein interactions in FtsH were visualized on both experimental 

structures (PDB: 1LV7, 7WI3)17,101 and the predicted AlphaFold2 model (AF-

P0AAI3-F1) due to the lack of full-length FtsH structure deposited in the PDB 

although experimental structures align well with the predicted model (Figure 3.7). 

There are cross-links determined between not only the periplasmic region (N-

domain) but also the cytoplasmic region of FtsH. These connections may reflect both 

intra-protein interactions within the FtsH monomer and between FtsH monomers at 

the dimer interface as FtsH exists in a hexameric conformation. MaxLynx and 

MeroX determined cross-links within the N-domain of the FtsH whereas the number 
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of interactions within the cytoplasmic region were low compared to other software. 

On the other hand, there were many connections determined by MS Annika and 

XlinkX within the cytoplasmic region; however, there was no cross-link determined 

in the N-domain with these software. 

Overall, there are sufficient intra- and inter-protein interactions determined 

by each XL-MS software. The partial structure of FtsH was elucidated and 

interactions between residues which are not seen in experimental structures were 

found in this study. For instance, HflK-Lys360 interacts with FtsH-Lys408, HflC-

Lys211 interacts with FtsH-Lys60, HflC-Thr330, Ser331, and Thr333 interact with 

HflK-Lys294 and Lys346. All these interactions may be used to model the protein 

complex using experimental and predicted structures, and molecular docking 

programs such as HADDOCK.102 Multimeric structures of proteins, for instance, 

hexameric FtsH or dodecameric HflK-HflC, can also be modeled by molecular 

docking and cross-linking data. Likewise, the multimer structures predicted by 

structure prediction programs such as AlphaFold103,104  and RoseTTAFold105 can be 

confirmed by XL-MS data. The predicted structures can also be fitted into low 

resolution cryo-EM maps or SAXS (Small Angle X-ray Scattering) models.  

In addition to structural proteomics studies, the interaction between proteins 

can be used for protein mapping and protein-protein networking, especially for 

complex samples such as a cell membrane as in our study.106  

 

3.4 XL-MS Software Performance Characteristics 

Four software were compared according to performance parameters; the 

number of cross-links identified, and processing time for two different datasets of 

solubilized membrane and purified protein complex (Figure 3.8). According to 
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overall time spent during data processing by the software, MS Annika was the 

fastest. 

 

 

Figure 3.8. Comparison of four XL-MS software; MaxLynx (Red), MeroX (Blue), 

MS Annika (Green), XlinkX (Yellow). Overall search process, including connection 

residues, processing time for solubilized membrane (SM) and purified protein (PP), 

complex inter-protein interactions, complex intra-protein interactions and complex 

proteome-wide interactions are given.    

Proteins were analyzed based on unique peptides. The number of interactions 

is based on unique peptides connected via DSBU. The DSBU cross-linker was 

already integrated into all software. The software outcome file lists inter- and intra-

protein interactions by indicating specific AA positions and corresponding tryptic 

peptide sequence for each protein pair. The matching score is also listed along with 

standard MS search parameters such as number of matching spectra, precursor, mass 

error, retention time and intensities.  
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MaxLynx is a software embedded into MaxQuant, a protein database search 

software, and thus, the cross-link search is performed only after the protein search. 

Although it is a useful process to identify proteins and their interactions 

simultaneously, the overall processing time is longer. This could be a limitation 

considering the size and spectra count of a high-resolution MS data searched against 

a large database. 

The cross-linker connection side could be set to only lysine residue by default 

in MaxLynx, contrary to MeroX software which conducts only cross-linked peptide 

search at a time. Unlike MaxLynx and other software, MeroX enables selecting 

multiple residues such as serine, threonine, and tyrosine in addition to lysine 

simultaneously. Searching various cross-linking possibilities does not make 

MeroX’s processing time longer, compared to MaxLynx and XlinkX. In addition, 

the graphical user interface (GUI) is user-friendly and fluent, and the size of data is 

not a limitation. However, in MeroX, the protein search is not an option, and only 

cross-linking information can be obtained.       

MS Annika is a Proteome Discoverer 2.5 node, and the workflow used for 

MS Annika contains a spectrum selector mode. MS Annika allows conducting 

searches with multiple residues such as serine, threonine, and tyrosine in addition to 

lysine, but cannot achieve this simultaneously. Also, it contains both protein IDs and 

cross-link information. The processing time is significantly shorter than any other 

software. This might be due to the less number of nodes in the overall search 

workflow, and doing only cross-linked peptide search by MS Annika nodes. 

Additionally, MS Annika nodes provide different search modes and these modes 

result in fast processing times.  

XlinkX is another Proteome Discoverer 2.5 node with a workflow consisting 

of different nodes, such as Sequest HT. Thus, protein database search is performed 

with the cross-link search. This is a useful outcome for identifying proteins in 

samples, and their interactions, like MaxLynx. This may cause the longer processing 
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time of XlinkX than MS Annika in a way. However, the cross-link search is 

performed with only lysine residue, and this is one of the limitations of XlinkX. 

All the software provided similar numbers of inter-protein connections 

between complex proteins. MaxLynx provided 13, MeroX provided 11, MS Annika 

Provided 11, and XlinkX provided 10 inter-protein connections between complex 

proteins. Likewise, the number of intra-protein connections are similar. MaxLynx 

provided 45, MeroX provided 49, MS Annika Provided 38, and XlinkX provided 45 

intra-protein connections within complex proteins. However, MS Annika yielded the 

highest number of cross-links (148 interactions) between complex proteins and other 

proteins, compared to all other software (Figure 3.8).   

All the software have different source usage during data analysis (Appendix 

G). MaxLynx is the most source-friendly software in terms of CPU and RAM usage. 

While the RAM usage of MeroX was comparable to that of MaxLynx, its CPU usage 

was exceptionally high, reaching 99% utilization during analysis. On the other hand, 

MS Annika utilized all 5 GB of RAM assigned to it; however, had a CPU utilization 

of around 25%, lower than that of MeroX and XlinkX, and similar to that of 

MaxLynx. XlinkX also had a high CPU usage of 99% like MeroX, and utilized more 

RAM than MeroX, with an average of 3.8 GB, but still less than that of MS Annika. 

These differences can be due to the different search and working algorithms of each 

software. Additionally, it was observed that computer resources usage was the same 

for both purified protein and solubilized membrane MS data. However, the 

processing time changes depending on the file size.  
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3.5 Protein Network 

3.5.1 Protein Search 

The identification of proteins in the purified protein complex and solubilized 

membrane fractions allowed us to compare differences in interaction maps generated 

by cross-links. It was aimed to determine interactions not only within the FtsH-HflK-

HflC membrane protein complex, but also with its surroundings. The network map 

generated by the STRING database revealed numerous connections, indicating that 

FtsH, HflK, and HflC have multiple biological relations with other proteins involved 

in different pathways. Upon comparing the two samples, two factors stood out: 

genomic neighborhood and functional similarity. The solubilized membrane sample 

contained 42% membrane protein, whereas the purified FtsH-HflK-HflC sample had 

an overall membrane protein content of 96% (Appendix H). 

A total of 20 connections from the findings obtained with protein search of 

both samples were curated in the STRING, IntAct and DIP databases as functionally 

associated with FtsH, HflK, and HflC. Approximately half of the interacting partners 

were found in the purified sample (Figure 3.9a), while the solubilized membrane 

fraction had 17 interacting partners (Figure 3.9b). STRING, IntAct and DIP 

databases were used for the demonstration of functional association. RpIL, RpID, 

YajC, GpmA and RlpIU proteins were found to be associated only on DIP and 

IntAct, whereas all remaining interacting partners were found by all three databases. 
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Figure 3.9. Interacting partners (colored in grey) of FtsH-HflK-HflC (colored in red) 

a) in the purified protein complex sample b) in the solubilized membrane fraction 

(STRING database combined with IntAct and DIP, score ≥ 0.9, FDR Stringency 

1%). 

 

Figure 3.10 and Figure 3.11 show biological processes in which the proteins 

in the solubilized membrane and purified protein samples are involved, respectively. 

A total of 108 nodes in the solubilized membrane sample (Figure 3.10) and 60 nodes 

in the purified protein sample (Figure 3.11) were obtained. The top 15 biological 

processes with the lowest p-values are shown. Translation and peptide biosynthetic 

process are the biological processes with the lowest p-values. Proteins involved in 

translation, membrane protein insertion and quality control processes constitute 60% 

of all interacting partners identified in both samples (Appendix I). Several 

chaperones, including ClpB, DnaK, DnaJ, GroEL, and proteases such as ClpP, ClpX, 

HslU, as well as YidC, and YajC, were identified in both samples. These chaperones 

are functionally associated with the FtsH-HflK-HflC membrane protein complex. 

Specifically, YidC and YajC are proteins involved in preprotein translocation, and a 
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part of the membrane-bound holo-translocon system comprising seven proteins 

including SecB (chaperone), SecA (ATPase), SecYEG (protein secretion complex), 

and two membrane proteins, SecD and SecF, playing roles in the release of the 

mature peptide into the periplasm. The proximity of YidC to FtsH, HflK, and HflC 

in the bacterial cell was previously shown via in vitro photo cross-linking. The 

confirmed interaction of YidC with the FtsH-HflK-HflC complex, and coexistence 

of YajC with it suggest that FtsH-HflK-HflC complex interacts and cooperates with 

the holo-translocon system in membrane protein secretion and quality control.  

 

 

Figure 3.10. The top 15 biological processes of proteins found in the solubilized 

membrane sample with the lowest p-values. 



 

 

51 

 

 

Figure 3.11. The top 15 biological processes of proteins found in the purified protein 

sample with the lowest p-values. 

3.5.2 Cross-Linking 

A total of 106 interactions of HflC, 96 interactions of FtsH, and 23 

interactions of HflK, including FtsH-HflK-HflC complex, with other proteins 

separately from the cross-linking analysis of both samples were obtained through 

four software. Approximately 93% of the interactions were found in the purified 

complex sample and 223 interactions (out of 225) were verified through the raw data 

by fragment (MS/MS) and precursor ions (MS). These interactions were compared 

with literature through online databases, STRING (https://string-db.org), IntAct 

(https://www.ebi.ac.uk/intact/home), DIP (http://dip.doe-mbi.ucla.edu), and MINT 

(https://mint.bio.uniroma2.it/). The connections of FtsH, HflK, and HflC were 

presented (Appendix J). 

Although the literature suggests that GroEL, ClpB, and HflX are functionally 

associated with HflC, direct interactions between these proteins and HflC have been 

https://string-db.org/
https://www.ebi.ac.uk/intact/home
http://dip.doe-mbi.ucla.edu/
https://mint.bio.uniroma2.it/
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identified. Chaperonins such as ClpB and GroEL play an essential role in protein 

folding, particularly under stress conditions where unfolded proteins are generated. 

Therefore, the novel direct interactions of ClpB and GroEL with HflC may be 

responsible for the exposure to stress during the expression of the recombinant FtsH-

HflK-HflC membrane protein complex. Another novel interaction of HflX to HflC 

indicates a possible cooperation between these proteins according to their regulating 

role for protein synthesis and quality control of membrane proteins.86   
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CHAPTER 4  

4 CONCLUSION 

In this study, the composition and structure of FtsH-HflK-HflC complex were 

investigated with the XL-MS based structural proteomics. Commonly used XL-MS 

software tools, MaxLynx, MeroX, MS Annika, and XlinkX were utilized to elucidate 

the protein interactions within a membrane protein complex containing FtsH, HflK, 

and HflC, over-expressed in E. coli. The four software were assessed based on the 

utility, feasibility and reliability and the yield of inter- and intra-protein connections. 

In addition, two common cross-linkers in literature were assessed. Given that the 

affinity-based purified complex yielded more interactions with other proteins, FtsH-

HflK-HflC complex may be interacting with many associated proteins in the cell. 

The outcomes of the study were compared with the complex structure obtained from 

Protein Data Bank (PDB) to validate intra- and inter-protein interactions. 

Interactions between residues not seen in experimental structures were also 

determined. These interactions may be used to model monomeric and multimeric 

protein complexes using experimental and predicted structures, and molecular 

docking programs, assisted with protein structure/assembly prediction programs. 

Outcomes were not only the cross-link information within the overexpressed FtsH-

HflK-HflC complex but also interactions between other proteins in close proximity 

with the protein and the protein complexes. Thus, XL-MS can be used for protein 

mapping and protein-protein networking studies in various matrices. Further studies 

are ongoing to elucidate the structural and biological phenomena behind the protein-

protein interactions and decipher the possible complexes of FtsH.   
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APPENDICES 

A. a) ANP (phosphoaminophosphonic acid-adenylate ester) and b) Zinc-binding 

domains of FtsH. 
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B. Protein search results of DSBU-cross-linked a) purified protein and b) 

solubilized membrane samples of FtsH-HflK-HflC complex. 

a) 
Protein IDsMajority protein IDsPeptide counts (all)Peptide counts (razor+unique)Peptide counts (unique)Protein namesGene namesFasta headersNumber of proteinsPeptides Razor + unique peptidesUnique peptidesSequence coverage [%]Unique + razor sequence coverage [%]Unique sequence coverage [%]Mol. weight [kDa]Sequence lengthSequence lengthsQ-value Score Intensity MS/MS countPeptide sequencesOnly identified by siteReverse Potential contaminantid Peptide IDsPeptide is razorMod. peptide IDsEvidence IDsMS/MS IDsBest MS/MSOxidation (M) site IDsOxidation (M) site positionsTaxonomy IDs

P0AAI3 P0AAI3 29 29 29 ATP-dependent zinc metalloprotease FtsHftsH sp|P0AAI3|FTSH_ECOLI ATP-dependent zinc metalloprotease FtsH OS=Escherichia coli (strain K12) OX=83333 GN=ftsH PE=1 SV=11 29 29 29 56.8 56.8 56.8 70.707 644 644 0 323.31 3.17E+09 204 AAPCIIFIDEIDAVGR;ALGVTFFLPEGDAISASR;APRPVDEPR;DVRPPAGWEEPGASNNSGDNGSPK;EEVAELVEYLR;EEVAELVEYLREPSR;EQTLNQMLVEMDGFEGNEGIIVIAATNRPDVLDPALLR;ESTAYHEAGHAIIGR;GAGLGGGHDER;GRALGVTFFLPEGDAISASR;GTPGFSGADLANLVNEAALFAAR;KAAPCIIFIDEIDAVGR;KVDYSTFLQEVNNDQVR;LAEEIIYGPEHVSTGASNDIK;LAEEIIYGPEHVSTGASNDIKVATNLAR;LGPLLYAEEEGEVFLGR;LVPEHDPVHK;MLTEDQIK;PDVLDPALLRPGR;QKLESQISTLYGGR;QLLTDNMDILHAMK;RVPLAPDIDAAIIAR;SMVMTEAQKESTAYHEAGHAIIGR;TTFADVAGCDEAKEEVAELVEYLR;VDYSTFLQEVNNDQVR;VPFFTISGSDFVEMFVGVGASR;VPLAPDIDAAIIAR;VRDMFEQAK;YETIDAPQIDDLMAR91 4;29;35;78;89;90;108;109;129;145;152;209;222;224;225;241;272;278;311;329;330;351;375;406;421;441;443;448;473True;True;True;True;True;True;True;True;True;True;True;True;True;True;True;True;True;True;True;True;True;True;True;True;True;True;True;True;True4;32;41;89;100;101;122;123;124;144;162;170;231;244;246;247;264;299;305;344;363;364;365;366;387;414;451;466;488;489;491;497;524;5254;5;34;35;36;37;38;39;40;41;42;52;109;120;121;122;146;147;148;149;150;151;152;153;154;155;156;157;158;180;181;182;183;184;207;217;218;219;220;221;222;223;291;292;306;307;308;309;310;311;312;314;315;316;344;345;346;390;391;397;398;399;445;468;469;470;471;472;473;474;475;476;477;478;479;480;481;482;483;484;485;486;487;508;509;510;511;512;513;514;515;516;517;518;519;520;521;522;523;524;525;526;527;528;529;530;531;532;533;534;535;536;537;538;539;540;541;542;543;544;545;546;547;548;549;550;551;552;553;554;555;556;557;558;559;560;561;562;563;564;565;566;567;568;569;570;571;572;604;647;663;664;687;688;689;690;692;693;694;700;701;702;703;730;7314;5;38;39;40;41;42;43;44;45;46;61;133;146;147;148;180;181;182;183;184;185;186;187;188;189;190;191;192;193;194;195;196;197;198;199;200;201;202;203;204;205;206;207;208;209;210;211;212;213;214;238;239;240;241;242;243;244;270;280;281;282;283;284;285;286;287;288;289;375;376;391;392;393;394;395;396;397;398;401;402;403;404;493;494;495;555;556;562;563;564;626;658;659;660;661;662;663;664;665;666;667;668;669;670;671;672;673;674;675;676;677;699;700;701;702;703;704;705;706;707;708;709;710;711;712;713;714;715;716;717;718;719;720;721;722;723;724;725;726;727;728;729;730;731;732;733;734;735;736;737;738;739;740;741;742;743;744;745;746;747;748;749;750;751;752;753;754;755;756;757;758;759;760;761;762;763;801;802;850;867;868;896;897;898;899;900;901;902;903;904;905;906;907;909;910;911;919;920;921;922;923;961;9625;46;61;133;146;148;181;208;239;270;288;375;392;402;404;493;556;564;626;658;673;699;802;850;868;897;910;921;96270;71;72;73;74;75;76;77;78141;224;236;278;282;401;568;574;593-1

P0ABC7 P0ABC7 8 8 8 Modulator of FtsH protease HflKhflK sp|P0ABC7|HFLK_ECOLI Modulator of FtsH protease HflK OS=Escherichia coli (strain K12) OX=83333 GN=hflK PE=1 SV=11 8 8 8 29.4 29.4 29.4 45.544 419 419 0 323.31 1.86E+08 37 DQGPPDLDDIFR;EAEAYTNEVQPR;ELAASGVMLTSDENVVR;ELAASGVMLTSDENVVRVEMNVQYR;LPPASSSTTSGASNTSSTSQGDIMDQR;LYIETMEK;PTFIDEVKPVNVEAVR;PYDMGITLLDVNFQAARPPEEVK100 65;85;98;99;262;274;317;320True;True;True;True;True;True;True;True75;96;111;112;113;286;287;301;350;35392;93;94;95;116;133;134;135;136;137;369;370;371;372;373;374;375;376;377;393;452;455113;114;115;116;141;165;166;167;168;169;519;520;521;522;523;524;525;526;527;528;529;530;531;532;533;534;535;536;537;538;539;540;541;542;558;634;640114;141;167;169;522;558;634;64083;84;85 149;331;402 -1

P0ABC3 P0ABC3 10 10 10 Modulator of FtsH protease HflChflC sp|P0ABC3|HFLC_ECOLI Modulator of FtsH protease HflC OS=Escherichia coli (strain K12) OX=83333 GN=hflC PE=1 SV=11 10 10 10 49.4 49.4 49.4 37.649 334 334 0 323.31 1.52E+08 33 AYENSFSGNQDVMVMSPDSDFFR;DALNSGSAGTEDEVTTPAADNAIAEAAER;DDDNKPLVYEPGLHFK;IKQINLPTEVSEAIYNR;IQTMDNQADRFVTK;LDVKDIVTDSR;LFADAFSKDPDFYAFIR;QINLPTEVSEAIYNR;VPVINPNSMAALGIEVVDVR;YYLATGGGDISQAEVLLK99 47;53;54;186;197;233;237;328;445;484True;True;True;True;True;True;True;True;True;True53;54;55;61;62;206;218;256;260;362;493;494;53964;65;66;67;68;74;75;76;77;78;263;278;325;329;464;465;466;467;696;697;746;74773;74;75;76;77;78;79;80;81;82;83;84;85;91;92;93;94;95;346;362;413;417;653;654;655;656;657;913;914;915;916;981;98279;91;95;346;362;413;417;654;916;98180;81;82 198;314;316 -1

P0A9Q7 P0A9Q7 22 22 22 Aldehyde-alcohol dehydrogenase;Alcohol dehydrogenase;Acetaldehyde dehydrogenase [acetylating];Pyruvate-formate-lyase deactivaseadhE sp|P0A9Q7|ADHE_ECOLI Bifunctional aldehyde-alcohol dehydrogenase AdhE OS=Escherichia coli (strain K12) OX=83333 GN=adhE PE=1 SV=21 22 22 22 44.6 44.6 44.6 96.126 891 891 0 323.31 1.36E+08 36 AADIVLQAAIAAGAPK;AAGVETEVFFEVEADPTLSIVR;ALIVTDRFLFNNGYADQITSVLK;EAGVQEADFLANVDKLSEDAFDDQCTGANPR;FATHGGYLLQGK;FLFNNGYADQITSVLK;GAELANSFKPDVIIALGGGSPMDAAK;GSLPIALDEVITDGHK;GSLPIALDEVITDGHKR;ILIGEVTVVDESEPFAHEK;IMWVMYEHPETHFEELALR;LGSQFHIPHGLANALLICNVIR;LVAMGGIGHTSCLYTDQDNQPAR;MIAVTTTSGTGSEVTPFAVVTDDATGQK;NAIIFSPHPR;PAIGVGAGNTPVVIDETADIK;PAIGVGAGNTPVVIDETADIKR;RGSLPIALDEVITDGHK;TCGVLSEDDTFGTITIAEPIGIICGIVPTTNPTSTAIFK;VHSAATIAGIAFANAFLGVCHSMAHK;YAEIADHLGLSAPGDR;YPLADYALTPDMAIVDANLVMDMPK86 0;2;30;86;114;120;128;147;148;188;192;242;270;277;285;308;309;347;387;427;464;481True;True;True;True;True;True;True;True;True;True;True;True;True;True;True;True;True;True;True;True;True;True0;2;33;97;129;135;143;164;165;208;212;213;265;296;297;304;313;341;342;383;427;473;513;534;535;5360;2;43;117;163;171;179;209;210;211;265;269;270;271;272;273;347;387;388;396;407;442;443;504;618;619;671;719;740;741;742;7430;2;47;142;143;219;229;237;272;273;274;348;349;353;354;355;356;357;496;552;553;561;573;623;624;695;816;817;818;875;943;973;974;975;976;9770;2;47;142;219;229;237;272;274;348;356;496;553;561;573;623;624;695;817;875;943;97464;65;66;67;68;69362;555;558;631;640;642-1

P0AFG8 P0AFG8 19 19 19 Pyruvate dehydrogenase E1 componentaceE sp|P0AFG8|ODP1_ECOLI Pyruvate dehydrogenase E1 component OS=Escherichia coli (strain K12) OX=83333 GN=aceE PE=1 SV=21 19 19 19 39.8 39.8 39.8 99.667 887 887 0 323.31 1.3E+08 32 AQYLIDQLLAEAR;ARNEQDGGDLVYFQGHISPGVYAR;DLELGGHMASFQSSATIYDVCFNHFFR;DYGVGSDVYSVTSFTELAR;EAAEILAKDYGVGSDVYSVTSFTELAR;EKLDNLVFVINCNLQR;FNVPVSDADIEKLPYITFPEGSEEHTYLHAQR;GGVNVAAGTGISNYINTIPVEEQPEYPGNLELER;HHFEVDASYVVVAALGELAK;IINELEGIFEGAGWNVIK;KGGVNVAAGTGISNYINTIPVEEQPEYPGNLELER;LDNLVFVINCNLQR;LELPSLQDFGALLEEQSK;LIQLMNETVDGDYQTFK;LMPEFWQFPTVSMGLGPIGAIYQAK;LTQEQLDNFR;QENVYYYITTLNENYHMPAMPEGAEEGIR;VPYIAQVMNDAPAVASTDYMK;YPETAALVADWTDEQIWALNR118 38;39;60;81;83;96;124;137;164;181;218;232;236;250;258;269;324;446;479True;True;True;True;True;True;True;True;True;True;True;True;True;True;True;True;True;True;True44;45;69;92;94;109;139;153;182;199;240;255;259;273;282;295;357;358;495;53155;56;86;112;114;131;175;196;236;237;255;302;324;328;355;365;385;386;459;460;698;73764;65;107;136;137;139;163;233;259;303;304;305;306;307;308;309;330;386;387;412;416;505;515;550;551;647;648;649;917;968;969;97064;65;107;136;139;163;233;259;304;330;386;412;416;505;515;551;647;917;96991;92;93;94108;184;195;702 -1

P0A6F5 P0A6F5 12 12 12 60 kDa chaperoningroL sp|P0A6F5|CH60_ECOLI Chaperonin GroEL OS=Escherichia coli (strain K12) OX=83333 GN=groEL PE=1 SV=21 12 12 12 44.5 44.5 44.5 57.328 548 548 0 216.43 77937000 25 AAVEEGVVAGGGVALIR;AGKPLLIIAEDVEGEALATLVVNTMR;AMLQDIATLTGGTVISEEIGMELEK;ANDAAGDGTTTATVLAQAIITEGLK;DTTTIIDGVGEEAAIQGR;EGVITVEDGTGLQDELDVVEGMQFDR;EIELEDKFENMGAQMVK;GGDGNYGYNAATEEYGNMIDMGILDPTK;GYLSPYFINKPETGAVELESPFILLADK;PLLIIAEDVEGEALATLVVNTMR;SALQYAASVAGLMITTECMVTDLPK;VEDALHATR37 8;22;33;34;73;93;94;131;158;315;353;422True;True;True;True;True;True;True;True;True;True;True;True8;25;37;38;39;40;84;104;105;106;107;146;147;176;348;389;4679;27;47;48;49;50;51;104;125;126;127;128;188;189;229;450;574;6659;30;53;54;55;56;57;58;59;60;128;151;152;153;154;155;156;157;158;250;251;296;632;765;8699;30;55;58;128;153;158;251;296;632;765;86934;35;36;37;38;39;4069;73;193;267;288;307;491-1

P0A9P0 P0A9P0 8 8 8 Dihydrolipoyl dehydrogenaselpdA sp|P0A9P0|DLDH_ECOLI Dihydrolipoyl dehydrogenase OS=Escherichia coli (strain K12) OX=83333 GN=lpdA PE=1 SV=21 8 8 8 23.4 23.4 23.4 50.688 474 474 0 150.03 71696000 14 GVHEGHVAAEVIAGK;KFNLMLETK;PIQLPFIPHEDPR;TNVPHIFAIGDIVGQPMLAHK;TQVVVLGAGPAGYSAAFR;TVINFDNAIIAAGSR;TVINFDNAIIAAGSRPIQLPFIPHEDPR;VIPSIAYTEPEVAWVGLTEK85 154;215;314;398;402;410;411;428True;True;True;True;True;True;True;True172;237;347;440;441;445;455;456;474225;299;448;449;634;635;636;637;641;651;652;672291;292;383;630;631;837;838;839;840;844;855;856;876;877291;383;631;839;844;855;856;87662;63 233;319 -1

P0A905 P0A905 3 3 3 Outer membrane lipoprotein SlyBslyB sp|P0A905|SLYB_ECOLI Outer membrane lipoprotein SlyB OS=Escherichia coli (strain K12) OX=83333 GN=slyB PE=2 SV=11 3 3 3 47.1 47.1 47.1 15.601 155 155 0 231.51 58047000 7 PVQIQGGDDSNVIGAIGGAVLGGFLGNTVGGGTGR;QVQNVSYGTIVNVR;SLATAAGAVAGGVAGQGVQSAMNK76 319;340;370True;True;True352;376;409454;497;599636;637;638;639;687;795;796638;687;795 58 106 -1

P06959 P06959 14 14 14 Dihydrolipoyllysine-residue acetyltransferase component of pyruvate dehydrogenase complexaceF sp|P06959|ODP2_ECOLI Dihydrolipoyllysine-residue acetyltransferase component of pyruvate dehydrogenase complex OS=Escherichia coli (strain K12) OX=83333 GN=aceF PE=1 SV=31 14 14 14 38.6 38.6 38.6 66.095 630 630 0 211.56 46697000 19 AEAAPAATGGGIPGMLPWPK;DVNVPDIGSDEVEVTEILVK;EVNVPDIGGDEVEVTEVMVK;FITIINNTLSDIR;FITIINNTLSDIRR;KEAAPAAAPAAAAAK;LMLPISLSFDHR;LTAGEMQGGCFTISSIGGLGTTHFAPIVNAPEVAILGVSK;NWVMIPHVTHFDK;RAEAAPAATGGGIPGMLPWPK;TQTGALIMIFDSADGAADAAPAQAEEK;VPDIGADEVEITEILVK;VSTGSLIMVFEVAGEAGAAAPAAK;YINIGVAVDTPNGLVVPVFK31 13;77;112;117;118;213;257;267;305;343;401;440;450;474True;True;True;True;True;True;True;True;True;True;True;True;True;True15;88;127;132;133;235;280;281;292;293;338;379;444;487;499;52617;108;161;167;168;297;362;363;364;382;383;439;500;640;686;705;73219;132;217;225;226;381;512;513;514;547;548;617;690;843;894;895;925;926;96319;132;217;225;226;381;514;547;617;690;843;894;925;96331;32;33 422;543;594 -1

P02931 P02931 7 7 7 Outer membrane protein FompF sp|P02931|OMPF_ECOLI Outer membrane porin F OS=Escherichia coli (strain K12) OX=83333 GN=ompF PE=1 SV=11 7 7 7 45 45 45 39.333 362 362 0 323.31 35002000 15 GETQINSDLTGYGQWEYNFQGNNSEGADAQTGNK;LGVGSDDTVAVGIVYQF;NATPITNKFTNTSGFANK;NMSTYVDYIINQIDSDNK;NYGVVYDALGYTDMLPEFGGDTAYSDDFFVGR;SNGDGVGGSISYEYEGFGIVGAYGAADR;YDANNIYLAANYGETR25 130;246;286;298;306;376;469True;True;True;True;True;True;True145;269;314;328;329;339;415;520185;186;187;351;408;426;427;440;605;606;726245;246;247;248;249;500;501;574;592;593;618;619;803;804;956245;501;574;592;619;804;95627;28 136;329 -1

P0AG90 P0AG90 3 3 3 Protein translocase subunit SecDsecD sp|P0AG90|SECD_ECOLI Protein translocase subunit SecD OS=Escherichia coli (strain K12) OX=83333 GN=secD PE=1 SV=11 3 3 3 6 6 6 66.631 615 615 0 31.33 22526000 4 ENNYGLSITFR;HPDLVISSQGSNQLR;ITGINNPNEAR125 105;167;203True;True;True119;185;224143;240;284176;312;313;368176;313;368 -1

P0A7K6 P0A7K6 2 2 2 50S ribosomal protein L19rplS sp|P0A7K6|RL19_ECOLI 50S ribosomal protein L19 OS=Escherichia coli (strain K12) OX=83333 GN=rplS PE=1 SV=21 2 2 2 26.1 26.1 26.1 13.133 115 115 0 12.969 19974000 4 QDVPSFRPGDTVEVK;VFQTHSPVVDSISVK 51 322;424 True;True 355;470 457;668 642;643;644;872644;872 -1

P02359 P02359 4 4 4 30S ribosomal protein S7rpsG sp|P02359|RS7_ECOLI 30S ribosomal protein S7 OS=Escherichia coli (strain K12) OX=83333 GN=rpsG PE=1 SV=31 4 4 4 30.2 30.2 30.2 20.019 179 179 0 148.39 19475000 4 KSTAESIVYSALETLAQR;SELEAFEVALENVRPTVEVK;STAESIVYSALETLAQR;VGGSTYQVPVEVRPVR22 221;360;381;426True;True;True;True243;399;420;472305;586;611;670390;780;809;874390;780;809;874 -1

P0A7W1 P0A7W1 3 3 3 30S ribosomal protein S5rpsE sp|P0A7W1|RS5_ECOLI 30S ribosomal protein S5 OS=Escherichia coli (strain K12) OX=83333 GN=rpsE PE=1 SV=21 3 3 3 28.7 28.7 28.7 17.603 167 167 0 100.17 19042000 4 AYGSTNPINVVR;NMINVALNNGTLQHPVK;VFMQPASEGTGIIAGGAMR63 48;296;423True;True;True56;326;468;46969;424;666;66786;590;870;87186;590;87048;49;50 71;96;111 -1

P0CE48;P0CE47P0CE48;P0CE475;5 5;5 5;5 Elongation factor Tu 2;Elongation factor Tu 1tufB;tufA sp|P0CE48|EFTU2_ECOLI Elongation factor Tu 2 OS=Escherichia coli (strain K12) OX=83333 GN=tufB PE=1 SV=1;sp|P0CE47|EFTU1_ECOLI Elongation factor Tu 1 OS=Escherichia coli (strain K12) OX=83333 GN=tufA PE=1 SV=12 5 5 5 23.4 23.4 23.4 43.313 394 394;394 0 61.77 18161000 7 AIDKPFLLPIEDVFSISGR;ELLSQYDFPGDDTPIVR;GITINTSHVEYDTPTR;MVVTLIHPIAMDDGLR;TTDVTGTIELPEGVEMVMPGDNIK130 24;101;138;284;405True;True;True;True;True27;115;154;312;449;45029;139;197;406;645;64632;33;171;260;572;848;84933;171;260;572;84896;97 350;352 -1;-1

P0A910 P0A910 2 2 2 Outer membrane protein AompA sp|P0A910|OMPA_ECOLI Outer membrane protein A OS=Escherichia coli (strain K12) OX=83333 GN=ompA PE=1 SV=11 2 2 2 14.2 14.2 14.2 37.2 346 346 0 137.59 16953000 2 ATLKPEGQAALDQLYSQLSNLDPK;NHDTGVSPVFAGGVEYAITPEIATR78 43;288 True;True 49;316 60;410 69;576 69;576 -1

P0AB67 P0AB67 2 2 2 NAD(P) transhydrogenase subunit betapntB sp|P0AB67|PNTB_ECOLI NAD(P) transhydrogenase subunit beta OS=Escherichia coli (strain K12) OX=83333 GN=pntB PE=1 SV=11 2 2 2 11.9 11.9 11.9 48.722 462 462 0 99.838 14607000 4 NSHSVIITPGYGMAVAQAQYPVAEITEK;SFISVIAGGFGTDGSSTGDDQEVGEHR93 302;362 True;True 333;401 432;588;589;590603;782;783;784603;782 -1

P60422 P60422 3 3 3 50S ribosomal protein L2rplB sp|P60422|RL2_ECOLI 50S ribosomal protein L2 OS=Escherichia coli (strain K12) OX=83333 GN=rplB PE=1 SV=21 3 3 3 19.4 19.4 19.4 29.86 273 273 0 22.666 13666000 5 AGDQIQSGVDAAIKPGNTLPMR;ATLGEVGNAEHMLR;GTAMNPVDHPHGGGEGR154 20;42;151 True;True;True22;23;48;168;16924;25;59;215;21627;28;68;278;27928;68;279 99;100 132;225 -1

P06986 P06986 1 1 1 Histidinol-phosphate aminotransferasehisC sp|P06986|HIS8_ECOLI Histidinol-phosphate aminotransferase OS=Escherichia coli (strain K12) OX=83333 GN=hisC PE=1 SV=21 1 1 1 3.7 3.7 3.7 39.36 356 356 0.00578 5.5616 13184000 1 DQNKQPSLSGCLR 32 67 TRUE 77 97 119 119 -1

P0A7T3 P0A7T3 2 2 2 30S ribosomal protein S16rpsP sp|P0A7T3|RS16_ECOLI 30S ribosomal protein S16 OS=Escherichia coli (strain K12) OX=83333 GN=rpsP PE=1 SV=11 2 2 2 36.6 36.6 36.6 9.1904 82 82 0 31.465 12328000 2 IAHWVGQGATISDR;VGFFNPIASEKEEGTR 58 171;425 True;True 189;471 244;669 318;873 318;873 -1

P00722 P00722 7 7 7 Beta-galactosidaselacZ sp|P00722|BGAL_ECOLI Beta-galactosidase OS=Escherichia coli (strain K12) OX=83333 GN=lacZ PE=1 SV=21 7 7 7 11.4 11.4 11.4 116.48 1024 1024 0 179.62 11939000 10 AVVELHTADGTLIEAEACDVGFR;DVSLLHKPTTQISDFHVATR;NHPSVIIWSLGNESGHGANHDALYR;PTTQISDFHVATR;RDWENPGVTQLNR;TDRPSQQLR;VTVSLWQGETQVASGTAPFGGEIIDER19 46;79;292;318;345;389;453True;True;True;True;True;True;True52;90;322;351;381;429;50263;110;419;453;502;621;70872;134;585;635;693;820;821;822;929;93072;134;585;635;693;822;929 -1

P61175 P61175 3 3 3 50S ribosomal protein L22rplV sp|P61175|RL22_ECOLI 50S ribosomal protein L22 OS=Escherichia coli (strain K12) OX=83333 GN=rplV PE=1 SV=11 3 3 3 22.7 22.7 22.7 12.226 110 110 0 162.27 11806000 4 KVLESAIANAEHNDGADIDDLK;VLESAIANAEHNDGADIDDLK;VLESAIANAEHNDGADIDDLKVTK158 223;432;433True;True;True245;478;479313;676;677399;400;881;882399;881;882 -1

P76471 P76471 2 2 2 Uncharacterized protein YfaZyfaZ sp|P76471|YFAZ_ECOLI Outer membrane protein YfaZ OS=Escherichia coli (strain K12) OX=83333 GN=yfaZ PE=3 SV=21 2 2 2 22.8 22.8 22.8 18.609 180 180 0 109.1 10735000 3 LFGEYYYSPDSLSSGIQSYEEANAGAR;YTIMRPVSIEAGYR174 238;482 True;True 261;537 330;744 418;978;979418;979 -1

P0AFG6 P0AFG6 4 4 4 Dihydrolipoyllysine-residue succinyltransferase component of 2-oxoglutarate dehydrogenase complexsucB sp|P0AFG6|ODO2_ECOLI Dihydrolipoyllysine-residue succinyltransferase component of 2-oxoglutarate dehydrogenase complex OS=Escherichia coli (strain K12) OX=83333 GN=sucB PE=1 SV=21 4 4 4 20.7 20.7 20.7 44.011 405 405 0 136.12 10338000 5 DVDTLGMADIEKK;QQASLEEQNNDALSPAIR;SSVDILVPDLPESVADATVATWHK;YPEVNASIDGDDVVYHNYFDVSMAVSTPR117 74;333;379;480True;True;True;True85;369;418;532;533105;490;609;738;739129;680;807;971;972129;680;807;972 90 271 -1

P0A7Z4 P0A7Z4 4 4 4 DNA-directed RNA polymerase subunit alpharpoA sp|P0A7Z4|RPOA_ECOLI DNA-directed RNA polymerase subunit alpha OS=Escherichia coli (strain K12) OX=83333 GN=rpoA PE=1 SV=11 4 4 4 19.1 19.1 19.1 36.511 329 329 0 60.056 9631800 5 AATILAEQLEAFVDLR;IAYNVEAAR;IHSEEDERPIGR;ILLSSMPGCAVTEVEIDGVLHEYSTK65 7;173;179;190True;True;True;True7;191;197;2108;246;252;253;2678;320;327;328;3518;320;327;351 52 51 -1

P39285 P39285 4 4 4 Miniconductance mechanosensitive channel MscMmscM sp|P39285|MSCM_ECOLI Miniconductance mechanosensitive channel MscM OS=Escherichia coli (strain K12) OX=83333 GN=mscM PE=1 SV=31 4 4 4 7.4 7.4 7.4 123.97 1107 1107 0 68.749 9034400 4 EQSQWLGSSNLLGEALR;LGTLTGNTPLNQAQNFALQSDSAR;QIHQADGQPLTAEQNR;VVLTIPAPADANSEEVTEILLTAAR149 107;243;327;455True;True;True;True121;266;361;504145;348;463;710179;497;652;933179;497;652;933 -1

P0A7V0 P0A7V0 3 3 3 30S ribosomal protein S2rpsB sp|P0A7V0|RS2_ECOLI 30S ribosomal protein S2 OS=Escherichia coli (strain K12) OX=83333 GN=rpsB PE=1 SV=21 3 3 3 29 29 29 26.743 241 241 0 40.213 8652100 4 DAALSCDQFFVNHR;DMGGLPDALFVIDADHEHIAIK;EANNLGIPVFAIVDTNSDPDGVDFVIPGNDDAIR60 49;62;87 True;True;True57;71;72;9870;88;89;11887;109;110;14487;110;144 47 154 -1

P21513 P21513 6 6 6 Ribonuclease Erne sp|P21513|RNE_ECOLI Ribonuclease E OS=Escherichia coli (strain K12) OX=83333 GN=rne PE=1 SV=61 6 6 6 11.6 11.6 11.6 118.2 1061 1061 0 69.174 8415800 6 IEPSLEAAFVDYGAER;LPSGGSIVIDSTEALTAIDINSAR;LYDLDIESPGHEQK;PAPFLIHQESNVIVR;VPLPVVAQTAPEQQEENNADNR;YEQSVAEEAVVAPVVEETVAAEPIVQEAPAPR135 175;263;273;310;444;472True;True;True;True;True;True193;288;300;343;492;523248;378;392;444;695;729322;543;557;625;912;960322;543;557;625;912;960 -1

P62399 P62399 4 4 4 50S ribosomal protein L5rplE sp|P62399|RL5_ECOLI 50S ribosomal protein L5 OS=Escherichia coli (strain K12) OX=83333 GN=rplE PE=1 SV=21 4 4 4 27.9 27.9 27.9 20.301 179 179 0 100.36 8168200 5 EQIIFPEIDYDKVDR;ITLNMGVGEAIADK;LLDNAAADLAAISGQK;LLDNAAADLAAISGQKPLITK161 106;205;253;254True;True;True;True120;226;276;277144;286;358;359177;178;370;508;509178;370;508;509 -1

P02943 P02943 4 4 4 MaltoporinlamB sp|P02943|LAMB_ECOLI Maltoporin OS=Escherichia coli (strain K12) OX=83333 GN=lamB PE=1 SV=11 4 4 4 19.3 19.3 19.3 49.912 446 446 0 266.54 7027500 6 ITLAQQWQAGDSIWSR;LAQMEINPGGTLELGVDYGR;SSEAGGSSSFASNNIYDYTNETANDVFDVR;WTPIMSTVMEIGYDNVESQR26 204;228;378;463True;True;True;True225;250;251;417;512285;319;320;608;718369;407;408;806;941;942369;408;806;942 29 204 -1

P08202 P08202 5 5 5 L-arabinose isomerasearaA sp|P08202|ARAA_ECOLI L-arabinose isomerase OS=Escherichia coli (strain K12) OX=83333 GN=araA PE=1 SV=31 5 5 5 20 20 20 56.073 500 500 0 65.648 6263600 6 FLEQGGFHAFTTTFEDLHGLK;LIFNTQTGPAIVASLIDLGDR;LVLKPLGTTPDEITAICR;QVTQHAEHVVNALNTEAK;VMSTGLQGGTSFMEDYTYHFEK35 119;249;271;341;438True;True;True;True;True134;272;298;377;485169;170;354;389;498;684227;228;504;554;688;892228;504;554;688;892 -1

P31554 P31554 4 4 4 LPS-assembly protein LptDlptD sp|P31554|LPTD_ECOLI LPS-assembly protein LptD OS=Escherichia coli (strain K12) OX=83333 GN=lptD PE=1 SV=21 4 4 4 11.4 11.4 11.4 89.67 784 784 0 73.545 5835300 4 DMEMLAPGYTQTLEPR;DQSDIYNYDSSLLQSDYSGLFR;LLATHYQQTNLDWYNSR;QFQVFSEQNTSSYSAEPQLDVNYYQNDVGPFDTR140 61;68;252;325True;True;True;True70;78;275;35987;98;357;461108;120;507;650108;120;507;650 -1

P0A6Y8 P0A6Y8 5 5 5 Chaperone protein DnaKdnaK sp|P0A6Y8|DNAK_ECOLI Chaperone protein DnaK OS=Escherichia coli (strain K12) OX=83333 GN=dnaK PE=1 SV=21 5 5 5 18.5 18.5 18.5 69.114 638 638 0 62.204 5835100 6 HSQVFSTAEDNQSAVTIHVLQGER;IELSSAQQTDVNLPYITADATGPK;KDVNPDEAVAIGAAVQGGVLTGDVK;TTPSIIAYTQDGETLVGQPAK;VALQDAGLSVSDIDDVILVGGQTR44 168;174;212;409;415True;True;True;True;True186;192;234;454;460241;247;296;650;656314;315;321;380;854;860314;321;380;854;860 -1

P0A6P9 P0A6P9 3 3 3 Enolase eno sp|P0A6P9|ENO_ECOLI Enolase OS=Escherichia coli (strain K12) OX=83333 GN=eno PE=1 SV=21 3 3 3 16 16 16 45.654 432 432 0 32.001 5153500 4 AFTSEEFTHFLEELTK;GMNTAVGDEGGYAPNLGSNAEALAVIAEAVK;SGETEDATIADLAVGTAAGQIK42 18;140;363True;True;True20;156;157;40222;199;200;59124;262;263;78524;263;785 41 202 -1

P0A908 P0A908 3 3 3 MltA-interacting proteinmipA sp|P0A908|MIPA_ECOLI MltA-interacting protein OS=Escherichia coli (strain K12) OX=83333 GN=mipA PE=1 SV=11 3 3 3 25.8 25.8 25.8 27.831 248 248 0 62.294 5088000 5 DYDTDVYPVPVINYEGDNFWFR;STMMAGLSYAHFTQYGYLR;TTLAGDTLDNSNGIVWDMAWLYR77 80;383;408True;True;True91;422;423;453111;613;614;649135;811;812;852;853135;812;85359;60 109;110 -1

P0A7V3 P0A7V3 2 2 2 30S ribosomal protein S3rpsC sp|P0A7V3|RS3_ECOLI 30S ribosomal protein S3 OS=Escherichia coli (strain K12) OX=83333 GN=rpsC PE=1 SV=21 2 2 2 15.5 15.5 15.5 25.983 233 233 0 94.254 5035500 2 ADIDYNTSEAHTTYGVIGVK;LGIVKPWNSTWFANTK 61 9;240 True;True 9;263 10;343 10;492 10;492 -1

P0A7S9 P0A7S9 1 1 1 30S ribosomal protein S13rpsM sp|P0A7S9|RS13_ECOLI 30S ribosomal protein S13 OS=Escherichia coli (strain K12) OX=83333 GN=rpsM PE=1 SV=21 1 1 1 15.3 15.3 15.3 13.099 118 118 0 31.329 4936900 1 ISELSEGQIDTLRDEVAK 57 200 TRUE 221 281 365 365 -1

P36561 P36561 1 1 1 Adenosylcobinamide-GDP ribazoletransferasecobS sp|P36561|COBS_ECOLI Adenosylcobinamide-GDP ribazoletransferase OS=Escherichia coli (strain K12) OX=83333 GN=cobS PE=2 SV=31 1 1 1 4.9 4.9 4.9 26.385 247 247 0 9.4046 4735400 1 WSQGLDFEHYSR 143 462 TRUE 511 717 940 940 -1

P0ABB4 P0ABB4 4 4 4 ATP synthase subunit betaatpD sp|P0ABB4|ATPB_ECOLI ATP synthase subunit beta OS=Escherichia coli (strain K12) OX=83333 GN=atpD PE=1 SV=21 4 4 4 15.2 15.2 15.2 50.325 460 460 0 37.973 4605000 6 AAPSYEELSNSQELLETGIK;DIIAILGMDELSEEDKLVVAR;DVLLFVDNIYR;NIAIEHSGYSVFAGVGER97 5;59;76;293True;True;True;True5;67;68;87;3236;84;85;107;420;4216;105;106;131;586;5876;105;131;587 79 380 -1

P0A7M6 P0A7M6 2 2 2 50S ribosomal protein L29rpmC sp|P0A7M6|RL29_ECOLI 50S ribosomal protein L29 OS=Escherichia coli (strain K12) OX=83333 GN=rpmC PE=1 SV=11 2 2 2 46 46 46 7.2734 63 63 0 18.462 4551400 2 MQAASGQLQQSHLLK;SVEELNTELLNLLR 54 279;384 True;True 306;424 400;615 565;813 565;813 46 30 -1

P0ACF8 P0ACF8 2 2 2 DNA-binding protein H-NShns sp|P0ACF8|HNS_ECOLI DNA-binding protein H-NS OS=Escherichia coli (strain K12) OX=83333 GN=hns PE=1 SV=21 2 2 2 25.5 25.5 25.5 15.539 137 137 0 17.04 4362700 3 EMLIADGIDPNELLNSLAAVK;REEESAAAAEVEER 108 103;346 True;True 117;382 141;503 173;174;694173;694 87 64 -1

P31680 P31680 2 2 2 DnaJ-like protein DjlAdjlA sp|P31680|DJLA_ECOLI Co-chaperone protein DjlA OS=Escherichia coli (strain K12) OX=83333 GN=djlA PE=1 SV=11 2 2 2 10.7 10.7 10.7 30.579 271 271 0 12.726 4349100 2 AVLYVIAEELGISR;VTEADIHIASQLMDR 141 45;452 True;True 51;501 62;707 71;928 71;928 -1

P60723 P60723 2 2 2 50S ribosomal protein L4rplD sp|P60723|RL4_ECOLI 50S ribosomal protein L4 OS=Escherichia coli (strain K12) OX=83333 GN=rplD PE=1 SV=11 2 2 2 17.4 17.4 17.4 22.086 201 201 0 120.49 4327200 4 DFNEALVHQVVVAYAAGAR;SGGVTFAARPQDHSQK157 55;366 True;True 63;405 79;594 96;97;98;78897;788 -1

P0A6U3 P0A6U3 1 1 1 tRNA uridine 5-carboxymethylaminomethyl modification enzyme MnmGmnmG sp|P0A6U3|MNMG_ECOLI tRNA uridine 5-carboxymethylaminomethyl modification enzyme MnmG OS=Escherichia coli (strain K12) OX=83333 GN=mnmG PE=1 SV=11 1 1 1 1 1 1 69.52 629 629 0.006623 6.4845 4295900 1 LTEIGR 43 268 TRUE 294 384 549 549 -1

P0AEE3 P0AEE3 2 2 2 Serine endoprotease DegSdegS sp|P0AEE3|DEGS_ECOLI Serine endoprotease DegS OS=Escherichia coli (strain K12) OX=83333 GN=degS PE=1 SV=11 2 2 2 12.4 12.4 12.4 37.581 355 355 0 57.872 4118300 2 GLNTNSHNQLEIR;VPHIGDVVLAIGNPYNLGQTITQGIISATGR113 139;442 True;True 155;490 198;691 261;908 261;908 -1

P0A8T7 P0A8T7 4 4 4 DNA-directed RNA polymerase subunit betarpoC sp|P0A8T7|RPOC_ECOLI DNA-directed RNA polymerase subunit beta OS=Escherichia coli (strain K12) OX=83333 GN=rpoC PE=1 SV=11 4 4 4 5.8 5.8 5.8 155.16 1407 1407 0 52.023 3969200 4 EGLNVLQYFISTHGAR;HEIISEAEAEVAEIQEQFQSGLVTAGER;QTDELTGLSSLVVLDSAER;VTAEDVLKPGTADILVPR73 92;159;338;451True;True;True;True103;177;374;500124;230;495;706150;297;685;927150;297;685;927 -1

P0AE08 P0AE08 3 3 3 Alkyl hydroperoxide reductase subunit CahpC sp|P0AE08|AHPC_ECOLI Alkyl hydroperoxide reductase C OS=Escherichia coli (strain K12) OX=83333 GN=ahpC PE=1 SV=21 3 3 3 28.3 28.3 28.3 20.761 187 187 0 24.687 3945800 3 ATFVVDPQGIIQAIEVTAEGIGR;LGVDVYAVSTDTHFTHK;YAMIGDPTGALTR110 41;244;465True;True;True47;267;51458;349;72067;498;94467;498;944 88 96 -1

P0A7M9 P0A7M9 1 1 1 50S ribosomal protein L31rpmE sp|P0A7M9|RL31_ECOLI 50S ribosomal protein L31 OS=Escherichia coli (strain K12) OX=83333 GN=rpmE PE=1 SV=11 1 1 1 10 10 10 7.871 70 70 0 11.18 3864500 1 FNIPGSK 55 122 TRUE 137 173 231 231 -1

P0C018 P0C018 2 2 2 50S ribosomal protein L18rplR sp|P0C018|RL18_ECOLI 50S ribosomal protein L18 OS=Escherichia coli (strain K12) OX=83333 GN=rplR PE=1 SV=11 2 2 2 26.5 26.5 26.5 12.769 117 117 0 11.884 3653500 2 HIYAQVIAPNGSEVLVAASTVEK;SGFQYHGR 128 166;364 True;True 184;403 239;592 311;786 311;786 -1

P0A7R1 P0A7R1 2 2 2 50S ribosomal protein L9rplI sp|P0A7R1|RL9_ECOLI 50S ribosomal protein L9 OS=Escherichia coli (strain K12) OX=83333 GN=rplI PE=1 SV=11 2 2 2 22.1 22.1 22.1 15.769 149 149 0 87.603 3428900 2 DIADAVTAAGVEVAK;TTGEHEVSFQVHSEVFAK 56 56;407 True;True 64;452 80;648 99;851 99;851 -1

P0AGD3 P0AGD3 3 3 3 Superoxide dismutase [Fe]sodB sp|P0AGD3|SODF_ECOLI Superoxide dismutase [Fe] OS=Escherichia coli (strain K12) OX=83333 GN=sodB PE=1 SV=21 3 3 3 23.3 23.3 23.3 21.265 193 193 0 54.596 3428300 3 DALAPHISAETIEYHYGK;SFELPALPYAK;VAEAIAASFGSFADFK127 52;361;414True;True;True60;400;45973;587;65590;781;85990;781;859 -1

P0A7K2 P0A7K2 2 2 2 50S ribosomal protein L7/L12rplL sp|P0A7K2|RL7_ECOLI 50S ribosomal protein L7/L12 OS=Escherichia coli (strain K12) OX=83333 GN=rplL PE=1 SV=21 2 2 2 38.8 38.8 38.8 12.295 121 121 0 16.099 3252600 3 DQIIEAVAAMSVMDVVELISAMEEK;FGVSAAAAVAVAAGPVEAAEEK50 66;116 True;True 76;131 96;166 117;118;224118;224 43;44;45 15;18;27 -1

P0ABB0 P0ABB0 2 2 2 ATP synthase subunit alphaatpA sp|P0ABB0|ATPA_ECOLI ATP synthase subunit alpha OS=Escherichia coli (strain K12) OX=83333 GN=atpA PE=1 SV=11 2 2 2 9 9 9 55.221 513 513 0 127.97 3207800 2 GPLDHDGFSAVEAIAPGVIER;IAQFNVVSEAHNEGTIVSVSDGVIR96 142;172 True;True 159;190 202;245 265;319 265;319 -1

P61889 P61889 2 2 2 Malate dehydrogenasemdh sp|P61889|MDH_ECOLI Malate dehydrogenase OS=Escherichia coli (strain K12) OX=83333 GN=mdh PE=1 SV=11 2 2 2 17.6 17.6 17.6 32.337 312 312 0 36.17 3107400 2 SIGTLSAFEQNALEGMLDTLKK;TQLPSGSELSLYDIAPVTPGVAVDLSHIPTAVK160 367;400 True;True 406;443 595;639 789;842 789;842 -1

P03023 P03023 2 2 2 Lactose operon repressorlacI sp|P03023|LACI_ECOLI Lactose operon repressor OS=Escherichia coli (strain K12) OX=83333 GN=lacI PE=1 SV=31 2 2 2 11.9 11.9 11.9 38.59 360 360 0 18.475 3096600 2 EKVEAAMAELNYIPNR;LGVEHLVALGHQQIALLAGPLSSVSAR27 97;245 True;True 110;268 132;350 164;499 164;499 30 42 -1

P0A7U3 P0A7U3 2 2 2 30S ribosomal protein S19rpsS sp|P0A7U3|RS19_ECOLI 30S ribosomal protein S19 OS=Escherichia coli (strain K12) OX=83333 GN=rpsS PE=1 SV=21 2 2 2 27.2 27.2 27.2 10.43 92 92 0 12.675 2761200 2 GPFIDLHLLK;QHVPVFVTDEMVGHK 59 141;326 True;True 158;360 201;462 264;651 264;651 -1

P0ABB8 P0ABB8 2 2 2 Magnesium-transporting ATPase, P-type 1mgtA sp|P0ABB8|ATMA_ECOLI Magnesium-transporting ATPase, P-type 1 OS=Escherichia coli (strain K12) OX=83333 GN=mgtA PE=1 SV=11 2 2 2 4 4 4 99.465 898 898 0 30.751 2755200 2 EGHVVGFMGDGINDAPALR;VSEQESEPNAFQQGISR98 91;449 True;True 102;498 123;704 149;924 149;924 -1

P45565 P45565 2 2 2 Lipopolysaccharide core heptose(II)-phosphate phosphataseais sp|P45565|AIS_ECOLI Lipopolysaccharide core heptose(II)-phosphate phosphatase OS=Escherichia coli (strain K12) OX=83333 GN=ais PE=2 SV=21 2 2 2 11 11 11 22.256 200 200 0 24.572 2643700 2 LAQQHPVVVLFR;VYLDGEFVNH 152 229;458 True;True 252;507 321;713 409;936 409;936 -1

P0AFG3 P0AFG3 2 2 2 2-oxoglutarate dehydrogenase E1 componentsucA sp|P0AFG3|ODO1_ECOLI 2-oxoglutarate dehydrogenase E1 component OS=Escherichia coli (strain K12) OX=83333 GN=sucA PE=1 SV=11 2 2 2 5.5 5.5 5.5 105.06 933 933 0 72.475 2438700 2 MVQAPIFHVNADDPEAVAFVTR;VADLDPSFHDLTEADFQETFNVGSFASGK116 283;413 True;True 311;458 405;654 571;858 571;858 89 414 -1

P61714 P61714 2 2 2 6,7-dimethyl-8-ribityllumazine synthaseribE sp|P61714|RISB_ECOLI 6,7-dimethyl-8-ribityllumazine synthase OS=Escherichia coli (strain K12) OX=83333 GN=ribE PE=1 SV=11 2 2 2 22.4 22.4 22.4 16.156 156 156 0 19.197 2408700 2 FNNFINDSLLEGAIDALKR;GAEAALTALEMINVLK 159 123;127 True;True 138;142 174;178 232;236 232;236 -1

P0A799 P0A799 3 3 3 Phosphoglycerate kinasepgk sp|P0A799|PGK_ECOLI Phosphoglycerate kinase OS=Escherichia coli (strain K12) OX=83333 GN=pgk PE=1 SV=21 3 3 3 16.8 16.8 16.8 41.118 387 387 0 31.193 2395300 3 DYLDGVDVAEGELVVLENVR;FADVACAGPLLAAELDALGK;IADQLIVGGGIANTFIAAQGHDVGK47 82;113;170True;True;True93;128;188113;162;243138;218;317138;218;317 -1

P0AG67 P0AG67 6 6 6 30S ribosomal protein S1rpsA sp|P0AG67|RS1_ECOLI 30S ribosomal protein S1 OS=Escherichia coli (strain K12) OX=83333 GN=rpsA PE=1 SV=11 6 6 6 17.2 17.2 17.2 61.157 557 557 0 55.047 2385700 8 AFLPGSLVDVRPVR;DRVEDATLVLSVGDEVEAK;GVVVAIDKDVVLVDAGLK;KGDEIAAVVLQVDAER;RAVIESENSAER;VKHPSEIVNVGDEITVK123 17;70;157;217;344;430True;True;True;True;True;True19;81;175;239;380;47621;101;228;301;501;67423;124;125;295;385;691;692;87923;125;295;385;692;879 -1

P69828 P69828 1 1 1 Galactitol-specific phosphotransferase enzyme IIA componentgatA sp|P69828|PTKA_ECOLI PTS system galactitol-specific EIIA component OS=Escherichia coli (strain K12) OX=83333 GN=gatA PE=1 SV=11 1 1 1 12.7 12.7 12.7 16.907 150 150 0 7.2111 2264600 1 LQQPDIVETLITLPETQLK 169 265 TRUE 290 380 545 545 -1

P68919 P68919 1 1 1 50S ribosomal protein L25rplY sp|P68919|RL25_ECOLI 50S ribosomal protein L25 OS=Escherichia coli (strain K12) OX=83333 GN=rplY PE=1 SV=11 1 1 1 7.4 7.4 7.4 10.693 94 94 0 11.871 2221000 1 VMNMQAK 164 437 TRUE 484 683 891 891 -1

P0A8V2 P0A8V2 5 5 5 DNA-directed RNA polymerase subunit betarpoB sp|P0A8V2|RPOB_ECOLI DNA-directed RNA polymerase subunit beta OS=Escherichia coli (strain K12) OX=83333 GN=rpoB PE=1 SV=11 5 5 5 7.7 7.7 7.7 150.63 1342 1342 0 66.162 2216400 7 DQVDYMDVSTQQVVSVGASLIPFLEHDDANR;EAAESLFENLFFSEDRYDLSAVGR;GVTYSAPLR;INPIEDMPYDENGTPVDIVLNPLGVPSR;WLELGLTDEEK74 69;84;156;194;461True;True;True;True;True79;80;95;174;215;51099;100;115;227;275;716121;122;123;140;294;359;939123;140;294;359;93956;57 653;1085 -1

P60438 P60438 1 1 1 50S ribosomal protein L3rplC sp|P60438|RL3_ECOLI 50S ribosomal protein L3 OS=Escherichia coli (strain K12) OX=83333 GN=rplC PE=1 SV=11 1 1 1 9.6 9.6 9.6 22.243 209 209 0 7.45 1942100 2 IFTEDGVSIPVTVIEVEANR 155 177 TRUE 195 250 324;325 324 -1

P0AB71 P0AB71 1 1 1 Fructose-bisphosphate aldolase class 2fbaA sp|P0AB71|ALF_ECOLI Fructose-bisphosphate aldolase class 2 OS=Escherichia coli (strain K12) OX=83333 GN=fbaA PE=1 SV=21 1 1 1 4.7 4.7 4.7 39.147 359 359 0.006211 6.1672 1925100 1 IFDFVKPGVITGDDVQK 94 176 TRUE 194 249 323 323 -1

P0AC41 P0AC41 2 2 2 Succinate dehydrogenase flavoprotein subunitsdhA sp|P0AC41|SDHA_ECOLI Succinate dehydrogenase flavoprotein subunit OS=Escherichia coli (strain K12) OX=83333 GN=sdhA PE=1 SV=11 2 2 2 6.5 6.5 6.5 64.421 588 588 0 18.355 1848700 3 AAGLHLQESIAEQGALR;IYQSTTNAHINTGDGVGMAIR106 1;207 True;True 1;228;229 1;288;289 1;372;373 1;372 86 225 -1

P02930 P02930 1 1 1 Outer membrane protein TolCtolC sp|P02930|TOLC_ECOLI Outer membrane protein TolC OS=Escherichia coli (strain K12) OX=83333 GN=tolC PE=1 SV=31 1 1 1 3.7 3.7 3.7 53.74 493 493 0 32.416 1773800 1 QAQYNFVGASEQLESAHR 24 321 TRUE 354 456 641 641 -1

P76115 P76115 3 3 3 Probable TonB-dependent receptor YncDyncD sp|P76115|YNCD_ECOLI Probable TonB-dependent receptor YncD OS=Escherichia coli (strain K12) OX=83333 GN=yncD PE=1 SV=11 3 3 3 10.3 10.3 10.3 77.26 700 700 0 33.076 1736200 3 ETTQYQSIPMAPQLNPSHAGGVITLQR;LYVDGIPATMPDGQGQTSNIDLSSVQNVEVLR;YNYHNLTVDLFGR171 110;276;478True;True;True125;303;530159;395;736215;560;967215;560;967 -1

P0AE14 P0AE14 1 1 1 Protein AmpEampE sp|P0AE14|AMPE_ECOLI Protein AmpE OS=Escherichia coli (strain K12) OX=83333 GN=ampE PE=1 SV=11 1 1 1 6.3 6.3 6.3 32.122 284 284 0 8.4489 1704400 1 LQSGIDAVLHVLDWVPVR 111 266 TRUE 291 381 546 546 -1

P0ABK5 P0ABK5 2 2 2 Cysteine synthase AcysK sp|P0ABK5|CYSK_ECOLI Cysteine synthase A OS=Escherichia coli (strain K12) OX=83333 GN=cysK PE=1 SV=21 2 2 2 14.2 14.2 14.2 34.489 323 323 0 26.477 1692700 2 GVLKPGVELVEPTSGNTGIALAYVAAAR;YLLLQQFSNPANPEIHEK104 155;475 True;True 173;527 226;733 293;964 293;964 -1

P60716 P60716 1 1 1 Lipoyl synthaselipA sp|P60716|LIPA_ECOLI Lipoyl synthase OS=Escherichia coli (strain K12) OX=83333 GN=lipA PE=1 SV=11 1 1 1 6.9 6.9 6.9 36.071 321 321 0 25.536 1682400 1 ALDILTATPPDVFNHNLENVPR 156 26 TRUE 29 31 35 35 -1

P0AG55 P0AG55 1 1 1 50S ribosomal protein L6rplF sp|P0AG55|RL6_ECOLI 50S ribosomal protein L6 OS=Escherichia coli (strain K12) OX=83333 GN=rplF PE=1 SV=21 1 1 1 9 9 9 18.904 177 177 0 6.9446 1643600 2 ALLNSMVIGVTEGFTK 121 31 TRUE 34 44 48;49 49 -1

P75870 P75870 1 1 1 Inner membrane protein YccSyccS sp|P75870|YCCS_ECOLI Inner membrane protein YccS OS=Escherichia coli (strain K12) OX=83333 GN=yccS PE=1 SV=21 1 1 1 2 2 2 81.667 717 717 0 24.445 1613100 1 TLHYYFVAQDIHER 170 393 TRUE 433 626 829 829 -1

P0A707 P0A707 1 1 1 Translation initiation factor IF-3;Translation initiation factor IF-3, N-terminally processed;Translation initiation factor IF-3SinfC sp|P0A707|IF3_ECOLI Translation initiation factor IF-3 OS=Escherichia coli (strain K12) OX=83333 GN=infC PE=1 SV=11 1 1 1 9.4 9.4 9.4 20.564 180 180 0 22.801 1612400 1 VKDDLQELAVVESFPTK 45 429 TRUE 475 673 878 878 -1

P0A7V8 P0A7V8 1 1 1 30S ribosomal protein S4rpsD sp|P0A7V8|RS4_ECOLI 30S ribosomal protein S4 OS=Escherichia coli (strain K12) OX=83333 GN=rpsD PE=1 SV=21 1 1 1 8.7 8.7 8.7 23.469 206 206 0 42.378 1548800 1 VVNIASYQVSPNDVVSIR 62 456 TRUE 505 711 934 934 -1

P0A850 P0A850 2 2 2 Trigger factortig sp|P0A850|TIG_ECOLI Trigger factor OS=Escherichia coli (strain K12) OX=83333 GN=tig PE=1 SV=11 2 2 2 7.6 7.6 7.6 48.192 432 432 0 16.025 1542500 2 AGEEFTIDVTFPEEYHAENLK;ASDFVLAMGQGR 66 21;40 True;True 24;46 26;57 29;66 29;66 -1

P0ABT2 P0ABT2 1 1 1 DNA protection during starvation proteindps sp|P0ABT2|DPS_ECOLI DNA protection during starvation protein OS=Escherichia coli (strain K12) OX=83333 GN=dps PE=1 SV=21 1 1 1 7.8 7.8 7.8 18.695 167 167 0.005747 5.4889 1410300 1 TALIDHLDTMAER 105 385 TRUE 425 616 814 814 -1

P0AG30 P0AG30 2 2 2 Transcription termination factor Rhorho sp|P0AG30|RHO_ECOLI Transcription termination factor Rho OS=Escherichia coli (strain K12) OX=83333 GN=rho PE=1 SV=11 2 2 2 5 5 5 47.004 419 419 0 15.75 1363100 2 DVIILLDSITR;VLDLASPIGR 120 75;431 True;True 86;477 106;675 130;880 130;880 -1

P0AED0 P0AED0 1 1 1 Universal stress protein AuspA sp|P0AED0|USPA_ECOLI Universal stress protein A OS=Escherichia coli (strain K12) OX=83333 GN=uspA PE=1 SV=21 1 1 1 27.1 27.1 27.1 16.066 144 144 0 14.699 1295700 1 ISEETHHALTELSTNAGYPITETLSGSGDLGQVLVDAIK112 199 TRUE 220 280 364 364 -1

P38097 P38097 1 1 1 Probable diguanylate cyclase YegEyegE sp|P38097|DGCE_ECOLI Probable diguanylate cyclase DgcE OS=Escherichia coli (strain K12) OX=83333 GN=dgcE PE=2 SV=21 1 1 1 1.4 1.4 1.4 123.89 1105 1105 0.006494 6.3938 1265800 2 VTVYEPQQAAAHSER 147 454 TRUE 503 709 931;932 932 -1

P0A870 P0A870 1 1 1 Transaldolase BtalB sp|P0A870|TALB_ECOLI Transaldolase B OS=Escherichia coli (strain K12) OX=83333 GN=talB PE=1 SV=21 1 1 1 7.6 7.6 7.6 35.219 317 317 0 19.955 1156900 1 LYQPQDATTNPSLILNAAQIPEYR 68 275 TRUE 302 394 559 559 -1

P00350 P00350 3 3 3 6-phosphogluconate dehydrogenase, decarboxylatinggnd sp|P00350|6PGD_ECOLI 6-phosphogluconate dehydrogenase, decarboxylating OS=Escherichia coli (strain K12) OX=83333 GN=gnd PE=1 SV=21 3 3 3 12.4 12.4 12.4 51.481 468 468 0 19.287 1109200 4 AGAGTDAAIDSLKPYLDK;ITDAYAENPQIANLLLAPYFK;KDEDGNYLVDVILDEAANK16 19;201;210True;True;True21;222;23223;282;29325;26;366;37725;366;377 -1

P0A6G7 P0A6G7 1 1 1 ATP-dependent Clp protease proteolytic subunitclpP sp|P0A6G7|CLPP_ECOLI ATP-dependent Clp protease proteolytic subunit OS=Escherichia coli (strain K12) OX=83333 GN=clpP PE=1 SV=11 1 1 1 9.7 9.7 9.7 23.186 207 207 0 17.713 1061200 1 FLSAPEAVEYGLVDSILTHR 38 121 TRUE 136 172 230 230 -1

P69776 P69776 1 1 1 Major outer membrane lipoprotein Lpplpp sp|P69776|LPP_ECOLI Major outer membrane lipoprotein Lpp OS=Escherichia coli (strain K12) OX=83333 GN=lpp PE=1 SV=11 1 1 1 15.4 15.4 15.4 8.3234 78 78 0.007042 6.7325 996040 1 SDVQAAKDDAAR 167 358 TRUE 397 584 778 778 -1

P0AB58 P0AB58 2 2 2 Lipopolysaccharide assembly protein BlapB sp|P0AB58|LAPB_ECOLI Lipopolysaccharide assembly protein B OS=Escherichia coli (strain K12) OX=83333 GN=lapB PE=1 SV=11 2 2 2 7.7 7.7 7.7 44.531 389 389 0 12.462 986470 2 AVEENTGADAELMLADIIEAR;LLAIQQLGR 92 44;251 True;True 50;274 61;356 70;506 70;506 -1

P0AG93 P0AG93 1 1 1 Protein translocase subunit SecFsecF sp|P0AG93|SECF_ECOLI Protein translocase subunit SecF OS=Escherichia coli (strain K12) OX=83333 GN=secF PE=1 SV=11 1 1 1 5.3 5.3 5.3 35.382 323 323 0 12.055 919630 1 GTPYEIFNVSLTQTLHR 126 153 TRUE 171 224 290 290 -1

P69411 P69411 1 1 1 Outer membrane lipoprotein RcsFrcsF sp|P69411|RCSF_ECOLI Outer membrane lipoprotein RcsF OS=Escherichia coli (strain K12) OX=83333 GN=rcsF PE=1 SV=11 1 1 1 10.4 10.4 10.4 14.163 134 134 0 11.391 912660 1 IYTNAEELVGKPFR 166 208 TRUE 230 290 374 374 -1

P0A715 P0A715 1 1 1 2-dehydro-3-deoxyphosphooctonate aldolasekdsA sp|P0A715|KDSA_ECOLI 2-dehydro-3-deoxyphosphooctonate aldolase OS=Escherichia coli (strain K12) OX=83333 GN=kdsA PE=1 SV=11 1 1 1 10.2 10.2 10.2 30.832 284 284 0 12.628 871960 1 IITDVHEPSQAQPVADVVDVIQLPAFLAR 46 182 TRUE 200 256 331 331 -1

P0AG63 P0AG63 1 1 1 30S ribosomal protein S17rpsQ sp|P0AG63|RS17_ECOLI 30S ribosomal protein S17 OS=Escherichia coli (strain K12) OX=83333 GN=rpsQ PE=1 SV=21 1 1 1 22.6 22.6 22.6 9.7043 84 84 0 24.093 862260 1 LHVHDENNECGIGDVVEIR 122 248 TRUE 271 353 503 503 -1

P0A8M6 P0A8M6 1 1 1 UPF0265 protein YeeXyeeX sp|P0A8M6|YEEX_ECOLI UPF0265 protein YeeX OS=Escherichia coli (strain K12) OX=83333 GN=yeeX PE=1 SV=11 1 1 1 25.7 25.7 25.7 12.778 109 109 0 8.1886 847210 1 VLLLDNLSDYIKPGMSVEAIQGIIASMK 72 434 TRUE 480 678 883 883 54;55 56;68 -1

P0A7J3 P0A7J3 1 1 1 50S ribosomal protein L10rplJ sp|P0A7J3|RL10_ECOLI 50S ribosomal protein L10 OS=Escherichia coli (strain K12) OX=83333 GN=rplJ PE=1 SV=21 1 1 1 12.7 12.7 12.7 17.711 165 165 0 8.0862 828240 1 DAFVGPTLIAYSMEHPGAAAR 49 50 TRUE 58 71 88 88 42 86 -1

P0A927 P0A927 1 1 1 Nucleoside-specific channel-forming protein tsxtsx sp|P0A927|TSX_ECOLI Nucleoside-specific channel-forming protein Tsx OS=Escherichia coli (strain K12) OX=83333 GN=tsx PE=1 SV=11 1 1 1 8.5 8.5 8.5 33.589 294 294 0 11.968 795030 1 TNNSIASSHILALNYDHWHYSVVAR 80 397 TRUE 439 633 836 836 -1

P0A937 P0A937 1 1 1 Outer membrane protein assembly factor BamEbamE sp|P0A937|BAME_ECOLI Outer membrane protein assembly factor BamE OS=Escherichia coli (strain K12) OX=83333 GN=bamE PE=1 SV=11 1 1 1 17.7 17.7 17.7 12.302 113 113 0.006757 6.5475 771050 1 VVYRPDINQGNYLTANDVSK 81 457 TRUE 506 712 935 935 -1

P0ADE4 P0ADE4 1 1 1 Translocation and assembly module TamAtamA sp|P0ADE4|TAMA_ECOLI Translocation and assembly module subunit TamA OS=Escherichia coli (strain K12) OX=83333 GN=tamA PE=1 SV=11 1 1 1 2.8 2.8 2.8 64.795 577 577 0 6.9519 752920 1 AQLSTIESDEVTPDRR 109 36 TRUE 42 53 62 62 -1

P25714 P25714 1 1 1 Membrane protein insertase YidCyidC sp|P25714|YIDC_ECOLI Membrane protein insertase YidC OS=Escherichia coli (strain K12) OX=83333 GN=yidC PE=1 SV=21 1 1 1 5.1 5.1 5.1 61.525 548 548 0 10.441 748060 1 ELNSTQPFQLLETSPQFIYQAQSGLTGR 137 102 TRUE 116 140 172 172 -1

P39401 P39401 1 1 1 Phosphoglycerol transferase ImdoB sp|P39401|OPGB_ECOLI Phosphoglycerol transferase I OS=Escherichia coli (strain K12) OX=83333 GN=mdoB PE=3 SV=21 1 1 1 2.5 2.5 2.5 85.493 763 763 0.006536 6.451 741190 1 TYFDNEAFPDLTPELGALK 150 412 TRUE 457 653 857 857 -1

P0ABH7 P0ABH7 2 2 2 Citrate synthasegltA sp|P0ABH7|CISY_ECOLI Citrate synthase OS=Escherichia coli (strain K12) OX=83333 GN=gltA PE=1 SV=11 2 2 2 7.5 7.5 7.5 48.014 427 427 0 39.045 739280 2 ILILHADHEQNASTSTVR;ITFIDGDEGILLHR 102 189;202 True;True 209;223 266;283 350;367 350;367 -1

P68187 P68187 1 1 1 Maltose/maltodextrin import ATP-binding protein MalKmalK sp|P68187|MALK_ECOLI Maltose/maltodextrin import ATP-binding protein MalK OS=Escherichia coli (strain K12) OX=83333 GN=malK PE=1 SV=11 1 1 1 4.3 4.3 4.3 40.99 371 371 0 11.765 708200 1 VNQVAEVLQLAHLLDR 162 439 TRUE 486 685 893 893 -1

P0A998 P0A998 1 1 1 Bacterial non-heme ferritinftnA sp|P0A998|FTNA_ECOLI Bacterial non-heme ferritin OS=Escherichia coli (strain K12) OX=83333 GN=ftnA PE=1 SV=11 1 1 1 13.9 13.9 13.9 19.424 165 165 0 8.428 689830 1 INTVESPFAEYSSLDELFQETYK 82 195 TRUE 216 276 360 360 -1

P37665 P37665 1 1 1 Probable lipoprotein YiaDyiaD sp|P37665|YIAD_ECOLI Probable lipoprotein YiaD OS=Escherichia coli (strain K12) OX=83333 GN=yiaD PE=1 SV=21 1 1 1 10 10 10 22.197 219 219 0 7.8191 689060 1 SAIGAGLGSLVGAGIGALSSSK 145 352 TRUE 388 573 764 764 -1

P0A7D4 P0A7D4 2 2 2 Adenylosuccinate synthetasepurA sp|P0A7D4|PURA_ECOLI Adenylosuccinate synthetase OS=Escherichia coli (strain K12) OX=83333 GN=purA PE=1 SV=21 2 2 2 9.3 9.3 9.3 47.344 432 432 0 14.753 682270 2 LLLSEACPLILDYHVALDNAR;RIEELTGVPIDIISTGPDR 48 256;349 True;True 279;385 361;506 511;697 511;697 -1

P0A6L2 P0A6L2 1 1 1 4-hydroxy-tetrahydrodipicolinate synthasedapA sp|P0A6L2|DAPA_ECOLI 4-hydroxy-tetrahydrodipicolinate synthase OS=Escherichia coli (strain K12) OX=83333 GN=dapA PE=1 SV=11 1 1 1 7.2 7.2 7.2 31.27 292 292 0 7.3518 663680 1 IPVIAGTGANATAEAISLTQR 40 196 TRUE 217 277 361 361 -1

P76206 P76206 1 1 1 Uncharacterized protein YdiYydiY sp|P76206|YDIY_ECOLI Uncharacterized protein YdiY OS=Escherichia coli (strain K12) OX=83333 GN=ydiY PE=3 SV=11 1 1 1 8.3 8.3 8.3 27.607 252 252 0 7.5349 627140 1 VAYNVTWNSEPPESAPEHTDR 172 417 TRUE 462 659 863 863 -1

P0A7L0 P0A7L0 1 1 1 50S ribosomal protein L1rplA sp|P0A7L0|RL1_ECOLI 50S ribosomal protein L1 OS=Escherichia coli (strain K12) OX=83333 GN=rplA PE=1 SV=21 1 1 1 7.7 7.7 7.7 24.729 234 234 0.006024 5.8985 614290 1 QYDINEAIALLKELATAK 52 342 TRUE 378 499 689 689 -1

P0A858 P0A858 1 1 1 Triosephosphate isomerasetpiA sp|P0A858|TPIS_ECOLI Triosephosphate isomerase OS=Escherichia coli (strain K12) OX=83333 GN=tpiA PE=1 SV=11 1 1 1 4.7 4.7 4.7 26.972 255 255 0.006667 6.4874 612340 1 SATPAQAQAVHK 67 354 TRUE 390 575 766 766 -1

P02358 P02358 1 1 1 30S ribosomal protein S6;30S ribosomal protein S6, fully modified isoform;30S ribosomal protein S6, non-modified isoformrpsF sp|P02358|RS6_ECOLI 30S ribosomal protein S6 OS=Escherichia coli (strain K12) OX=83333 GN=rpsF PE=1 SV=11 1 1 1 16.3 16.3 16.3 15.703 135 135 0 8.527 550530 1 HYEIVFMVHPDQSEQVPGMIER 21 169 TRUE 187 242 316 316 25;26 9;21 -1

P77211 P77211 1 1 1 Cation efflux system protein CusCcusC sp|P77211|CUSC_ECOLI Cation efflux system protein CusC OS=Escherichia coli (strain K12) OX=83333 GN=cusC PE=1 SV=11 1 1 1 3.1 3.1 3.1 50.269 457 457 0.006897 6.6502 545430 1 QVNEISLYTALGGG 175 339 TRUE 375 496 686 686 -1

P69783 P69783 1 1 1 Glucose-specific phosphotransferase enzyme IIA componentcrr sp|P69783|PTGA_ECOLI PTS system glucose-specific EIIA component OS=Escherichia coli (strain K12) OX=83333 GN=crr PE=1 SV=21 1 1 1 17.2 17.2 17.2 18.251 169 169 0 21.273 537120 1 DTGTIEIIAPLSGEIVNIEDVPDVVFAEK 168 72 TRUE 83 103 127 127 -1

P0A8E7 P0A8E7 1 1 1 UPF0234 protein YajQyajQ sp|P0A8E7|YAJQ_ECOLI UPF0234 protein YajQ OS=Escherichia coli (strain K12) OX=83333 GN=yajQ PE=1 SV=21 1 1 1 10.4 10.4 10.4 18.344 163 163 0 6.975 526450 1 VLSESDFQVNQLLDILR 69 435 TRUE 481 679 884 884 -1

P0A912 P0A912 1 1 1 Peptidoglycan-associated lipoproteinpal sp|P0A912|PAL_ECOLI Peptidoglycan-associated lipoprotein OS=Escherichia coli (strain K12) OX=83333 GN=pal PE=1 SV=11 1 1 1 8.7 8.7 8.7 18.824 173 173 0 7.1765 507880 1 SDFAQMLDAHANFLR 79 355 TRUE 391 576 767 767 61 87 -1

P10384 P10384 1 1 1 Long-chain fatty acid transport proteinfadL sp|P10384|FADL_ECOLI Long-chain fatty acid transport protein OS=Escherichia coli (strain K12) OX=83333 GN=fadL PE=1 SV=51 1 1 1 7.6 7.6 7.6 48.541 446 446 0 63.988 507080 2 NPALITMFDRPTFSAGAVYIDPDVNISGTSPSGR 132 300 TRUE 331 429 595;596 595 -1

P69380 P69380 1 1 1 Ferrous-iron efflux pump FieFfieF sp|P69380|FIEF_ECOLI Ferrous-iron efflux pump FieF OS=Escherichia coli (strain K12) OX=83333 GN=fieF PE=1 SV=11 1 1 1 6.7 6.7 6.7 32.927 300 300 0 10.29 497120 2 QEIIDIVTSWPGVSGAHDLR 165 323 TRUE 356 458 645;646 646 -1

P0AA91 P0AA91 1 1 1 Uncharacterized lipoprotein YeaYyeaY sp|P0AA91|YEAY_ECOLI Uncharacterized lipoprotein YeaY OS=Escherichia coli (strain K12) OX=83333 GN=yeaY PE=3 SV=11 1 1 1 10.9 10.9 10.9 20.921 193 193 0.006944 6.7114 460520 1 LEIATVPLDSGARPTLGEPSR 88 234 TRUE 257 326 414 414 -1

P26616 P26616 1 1 1 NAD-dependent malic enzymemaeA sp|P26616|MAO1_ECOLI NAD-dependent malic enzyme OS=Escherichia coli (strain K12) OX=83333 GN=maeA PE=1 SV=41 1 1 1 3.2 3.2 3.2 63.197 565 565 0.006452 6.3523 449030 1 ILGLGDQGIGGMGIPIGK 138 187 TRUE 207 264 347 347 -1

P0ABJ9 P0ABJ9 1 1 1 Cytochrome bd-I ubiquinol oxidase subunit 1cydA sp|P0ABJ9|CYDA_ECOLI Cytochrome bd-I ubiquinol oxidase subunit 1 OS=Escherichia coli (strain K12) OX=83333 GN=cydA PE=1 SV=11 1 1 1 3.4 3.4 3.4 58.204 522 522 0.006849 6.6194 438210 1 YTPNVADATEAQIQQATK 103 483 TRUE 538 745 980 980 -1

P39165 P39165 1 1 1 Uncharacterized protein YchOychO sp|P39165|YCHO_ECOLI Uncharacterized protein YchO OS=Escherichia coli (strain K12) OX=83333 GN=ychO PE=3 SV=31 1 1 1 2.4 2.4 2.4 52.099 464 464 0.00625 6.1718 436160 1 VDNEGHFTGSR 148 420 TRUE 465 662 866 866 -1

P37188 P37188 1 1 1 Galactitol-specific phosphotransferase enzyme IIB componentgatB sp|P37188|PTKB_ECOLI PTS system galactitol-specific EIIB component OS=Escherichia coli (strain K12) OX=83333 GN=gatB PE=1 SV=21 1 1 1 7.4 7.4 7.4 10.222 94 94 0 15.569 421110 1 ILTILQG 144 191 TRUE 211 268 352 352 -1

P0AAH0 P0AAH0 1 1 1 Phosphate import ATP-binding protein PstBpstB sp|P0AAH0|PSTB_ECOLI Phosphate import ATP-binding protein PstB OS=Escherichia coli (strain K12) OX=83333 GN=pstB PE=1 SV=21 1 1 1 8.9 8.9 8.9 29.027 257 257 0 7.9687 418880 1 AEGEILLDGDNILTNSQDIALLR 90 15 TRUE 17 19 21 21 -1

P42601 P42601 1 1 1 Inner membrane protein alxalx sp|P42601|ALX_ECOLI Putative membrane-bound redox modulator Alx OS=Escherichia coli (strain K12) OX=83333 GN=alx PE=1 SV=21 1 1 1 4 4 4 35.908 321 321 0 7.5314 408860 1 MTDTIDNEHFFVR 151 282 TRUE 310 404 570 570 98 183 -1

P00550 P00550 1 1 1 PTS system mannitol-specific EIICBA component;Mannitol permease IIC component;Mannitol-specific phosphotransferase enzyme IIB component;Mannitol-specific phosphotransferase enzyme IIA componentmtlA sp|P00550|PTM3C_ECOLI PTS system mannitol-specific EIICBA component OS=Escherichia coli (strain K12) OX=83333 GN=mtlA PE=1 SV=11 1 1 1 2.7 2.7 2.7 67.971 637 637 0 16.84 404390 1 LAHTTSVDEVLELLAGR 17 226 TRUE 248 317 405 405 -1

P00579 P00579 1 1 1 RNA polymerase sigma factor RpoDrpoD sp|P00579|RPOD_ECOLI RNA polymerase sigma factor RpoD OS=Escherichia coli (strain K12) OX=83333 GN=rpoD PE=1 SV=21 1 1 1 2.1 2.1 2.1 70.263 613 613 0 7.304 403350 1 AATHDVLAGLTAR 18 6 TRUE 6 7 7 7 -1

P0AFM6 P0AFM6 1 1 1 Phage shock protein ApspA sp|P0AFM6|PSPA_ECOLI Phage shock protein A OS=Escherichia coli (strain K12) OX=83333 GN=pspA PE=1 SV=21 1 1 1 7.2 7.2 7.2 25.493 222 222 0 7.6294 395180 1 RIDQMEAEAESHSFGK 119 348 TRUE 384 505 696 696 95 178 -1

P07001 P07001 2 2 2 NAD(P) transhydrogenase subunit alphapntA sp|P07001|PNTA_ECOLI NAD(P) transhydrogenase subunit alpha OS=Escherichia coli (strain K12) OX=83333 GN=pntA PE=1 SV=21 2 2 2 6.9 6.9 6.9 54.623 510 510 0 29.383 394030 2 AQSLDALSSMANIAGYR;LPTQSSQLYGTNLVNLLK 33 37;264 True;True 43;289 54;379 63;544 63;544 -1

P07014 P07014 1 1 1 Succinate dehydrogenase iron-sulfur subunitsdhB sp|P07014|SDHB_ECOLI Succinate dehydrogenase iron-sulfur subunit OS=Escherichia coli (strain K12) OX=83333 GN=sdhB PE=1 SV=11 1 1 1 5.5 5.5 5.5 26.77 238 238 0 11.603 390750 1 IVIRPLPGLPVIR 34 206 TRUE 227 287 371 371 -1

P0A9V1 P0A9V1 1 1 1 Lipopolysaccharide export system ATP-binding protein LptBlptB sp|P0A9V1|LPTB_ECOLI Lipopolysaccharide export system ATP-binding protein LptB OS=Escherichia coli (strain K12) OX=83333 GN=lptB PE=1 SV=21 1 1 1 8.3 8.3 8.3 26.8 241 241 0.007092 6.8877 381860 1 DAGNIIIDDDDISLLPLHAR 87 51 TRUE 59 72 89 89 -1

P0A6H8 P0A6H8 1 1 1 Cardiolipin synthase AclsA sp|P0A6H8|CLSA_ECOLI Cardiolipin synthase A OS=Escherichia coli (strain K12) OX=83333 GN=clsA PE=1 SV=11 1 1 1 2.5 2.5 2.5 54.822 486 486 0.005848 5.6283 358190 1 KNDSMLVGWASR 39 219 TRUE 241 303 388 388 -1

P0AG86 P0AG86 1 1 1 Protein-export protein SecBsecB sp|P0AG86|SECB_ECOLI Protein-export protein SecB OS=Escherichia coli (strain K12) OX=83333 GN=secB PE=1 SV=11 1 1 1 12.9 12.9 12.9 17.277 155 155 0 6.9444 341740 1 LDLDTASSQLADDVYEVVLR 124 231 TRUE 254 323 411 411 -1

P08622 P08622 1 1 1 Chaperone protein DnaJdnaJ sp|P08622|DNAJ_ECOLI Chaperone protein DnaJ OS=Escherichia coli (strain K12) OX=83333 GN=dnaJ PE=1 SV=31 1 1 1 3.2 3.2 3.2 41.1 376 376 0 32.371 337850 1 YNMELTLEEAVR 36 477 TRUE 529 735 966 966 -1

P0A7W7 P0A7W7 1 1 1 30S ribosomal protein S8rpsH sp|P0A7W7|RS8_ECOLI 30S ribosomal protein S8 OS=Escherichia coli (strain K12) OX=83333 GN=rpsH PE=1 SV=21 1 1 1 9.2 9.2 9.2 14.126 130 130 0.006803 6.6127 337490 1 SMQDPIADMLTR 64 374 TRUE 413 603 800 800 51 10 -1

P0A903 P0A903 1 1 1 Outer membrane protein assembly factor BamCbamC sp|P0A903|BAMC_ECOLI Outer membrane protein assembly factor BamC OS=Escherichia coli (strain K12) OX=83333 GN=bamC PE=1 SV=11 1 1 1 5.2 5.2 5.2 36.842 344 344 0.006329 6.2622 334520 1 ALDIRPPAQPLALVSGAR 75 27 TRUE 30 32 36 36 -1

P0DTT0 P0DTT0 1 1 1 sp|P0DTT0|BIPA_ECOLI 50S ribosomal subunit assembly factor BipA OS=Escherichia coli (strain K12) OX=83333 GN=bipA PE=1 SV=11 1 1 1 3 3 3 67.355 607 607 0.006579 6.462 330950 1 INIVDTPGHADFGGEVER 131 193 TRUE 214 274 358 358 -1

P16676 P16676 1 1 1 Sulfate/thiosulfate import ATP-binding protein CysAcysA sp|P16676|CYSA_ECOLI Sulfate/thiosulfate import ATP-binding protein CysA OS=Escherichia coli (strain K12) OX=83333 GN=cysA PE=1 SV=21 1 1 1 6.3 6.3 6.3 41.058 365 365 0 8.1412 319930 1 ALAVEPQILLLDEPFGALDAQVR 134 25 TRUE 28 30 34 34 -1

P05055 P05055 1 1 1 Polyribonucleotide nucleotidyltransferasepnp sp|P05055|PNP_ECOLI Polyribonucleotide nucleotidyltransferase OS=Escherichia coli (strain K12) OX=83333 GN=pnp PE=1 SV=31 1 1 1 2.1 2.1 2.1 77.1 711 711 0 17.056 317680 1 LHILGVMEQAINAPR 28 247 TRUE 270 352 502 502 -1

P38038 P38038 1 1 1 Sulfite reductase [NADPH] flavoprotein alpha-componentcysJ sp|P38038|CYSJ_ECOLI Sulfite reductase [NADPH] flavoprotein alpha-component OS=Escherichia coli (strain K12) OX=83333 GN=cysJ PE=1 SV=41 1 1 1 3.5 3.5 3.5 66.269 599 599 0.006993 6.7178 313000 1 FSPAQLDAEALINLLRPLTPR 146 125 TRUE 140 176 234 234 -1

P0ABD5 P0ABD5 1 1 1 Acetyl-coenzyme A carboxylase carboxyl transferase subunit alphaaccA sp|P0ABD5|ACCA_ECOLI Acetyl-coenzyme A carboxylase carboxyl transferase subunit alpha OS=Escherichia coli (strain K12) OX=83333 GN=accA PE=1 SV=21 1 1 1 5.3 5.3 5.3 35.241 319 319 0 11.565 307620 1 SLNFLDFEQPIAELEAK 101 372 TRUE 411 601 798 798 -1

P0A8F0 P0A8F0 1 1 1 Uracil phosphoribosyltransferaseupp sp|P0A8F0|UPP_ECOLI Uracil phosphoribosyltransferase OS=Escherichia coli (strain K12) OX=83333 GN=upp PE=1 SV=11 1 1 1 10.6 10.6 10.6 22.533 208 208 0.005682 5.4659 307080 1 ELASEVGSLLTYEATADLETEK 70 100 TRUE 114 138 170 170 -1

P0AF36 P0AF36 1 1 1 Cell division protein ZapBzapB sp|P0AF36|ZAPB_ECOLI Cell division protein ZapB OS=Escherichia coli (strain K12) OX=83333 GN=zapB PE=1 SV=11 1 1 1 18.5 18.5 18.5 9.6347 81 81 0.006711 6.4898 293690 1 NNSLSQEVQNAQHQR 114 299 TRUE 330 428 594 594 -1

P28303 P28303 1 1 1 DNA-damage-inducible protein FdinF sp|P28303|DINF_ECOLI DNA damage-inducible protein F OS=Escherichia coli (strain K12) OX=83333 GN=dinF PE=2 SV=11 1 1 1 4.8 4.8 4.8 49.646 459 459 0 11.549 292740 1 TPIIDLALHIVGGSEAVLEQAR 139 399 TRUE 442 638 841 841 -1

P32170 P32170 1 1 1 L-rhamnose isomeraserhaA sp|P32170|RHAA_ECOLI L-rhamnose isomerase OS=Escherichia coli (strain K12) OX=83333 GN=rhaA PE=1 SV=21 1 1 1 5.3 5.3 5.3 47.199 419 419 0.006289 6.1852 289000 1 WDSDHVVLLDDETQAIASEIVR 142 460 TRUE 509 715 938 938 -1

P02924 P02924 1 1 1 L-arabinose-binding periplasmic proteinaraF sp|P02924|ARAF_ECOLI L-arabinose-binding periplasmic protein OS=Escherichia coli (strain K12) OX=83333 GN=araF PE=1 SV=21 1 1 1 2.7 2.7 2.7 35.54 329 329 0.005952 5.677 287120 1 DNFKEELEK 23 64 TRUE 74 91 112 112 -1

P68191 P68191 1 1 1 Stationary-phase-induced ribosome-associated proteinsra sp|P68191|SRA_ECOLI Stationary-phase-induced ribosome-associated protein OS=Escherichia coli (strain K12) OX=83333 GN=sra PE=1 SV=11 1 1 1 17.8 17.8 17.8 5.0958 45 45 0.005988 5.7584 280020 1 HILGLDHK 163 165 TRUE 183 238 310 310 -1

P06136 P06136 1 1 1 Cell division protein FtsQftsQ sp|P06136|FTSQ_ECOLI Cell division protein FtsQ OS=Escherichia coli (strain K12) OX=83333 GN=ftsQ PE=1 SV=11 1 1 1 9.8 9.8 9.8 31.433 276 276 0.00641 6.3253 267500 1 QSILALGEPGTFMTQDVNIIQTQIEQR 30 334 TRUE 370 491 681 681 -1

P0A7L3 P0A7L3 1 1 1 50S ribosomal protein L20rplT sp|P0A7L3|RL20_ECOLI 50S ribosomal protein L20 OS=Escherichia coli (strain K12) OX=83333 GN=rplT PE=1 SV=21 1 1 1 7.6 7.6 7.6 13.497 118 118 0.005882 5.6335 261080 1 AGQYAYRDR 53 23 TRUE 26 28 31 31 -1

P0A8J8 P0A8J8 1 1 1 ATP-dependent RNA helicase RhlBrhlB sp|P0A8J8|RHLB_ECOLI ATP-dependent RNA helicase RhlB OS=Escherichia coli (strain K12) OX=83333 GN=rhlB PE=1 SV=21 1 1 1 5 5 5 47.125 421 421 0 7.4352 260890 1 TMAFLTSTFHYLLSHPAIADR 71 395 TRUE 436 630 833 833 53 61 -1

P23845 P23845 1 1 1 Sulfate adenylyltransferase subunit 1cysN sp|P23845|CYSN_ECOLI Sulfate adenylyltransferase subunit 1 OS=Escherichia coli (strain K12) OX=83333 GN=cysN PE=1 SV=11 1 1 1 5.3 5.3 5.3 52.558 475 475 0 7.0788 255100 1 EVENLPLNGIGLVDLTFDEPLVLDR 136 111 TRUE 126 160 216 216 -1

P0A9A6 P0A9A6 1 1 1 Cell division protein FtsZftsZ sp|P0A9A6|FTSZ_ECOLI Cell division protein FtsZ OS=Escherichia coli (strain K12) OX=83333 GN=ftsZ PE=1 SV=11 1 1 1 3.9 3.9 3.9 40.323 383 383 0 8.3397 252560 1 TAVGQTIQIGSGITK 83 386 TRUE 426 617 815 815 -1

P00864 P00864 1 1 1 Phosphoenolpyruvate carboxylaseppc sp|P00864|CAPP_ECOLI Phosphoenolpyruvate carboxylase OS=Escherichia coli (strain K12) OX=83333 GN=ppc PE=1 SV=11 1 1 1 1.9 1.9 1.9 99.061 883 883 0 7.1634 251780 1 NIYTDPLNVLQAELLHR 20 294 TRUE 324 422 588 588 -1

P13036 P13036 1 1 1 Fe(3+) dicitrate transport protein FecAfecA sp|P13036|FECA_ECOLI Fe(3+) dicitrate transport protein FecA OS=Escherichia coli (strain K12) OX=83333 GN=fecA PE=1 SV=21 1 1 1 1.4 1.4 1.4 85.321 774 774 0.006369 6.273 249130 1 ENDVFEHAGAR 133 104 TRUE 118 142 175 175 -1

P0ACF0 P0ACF0 1 1 1 DNA-binding protein HU-alphahupA sp|P0ACF0|DBHA_ECOLI DNA-binding protein HU-alpha OS=Escherichia coli (strain K12) OX=83333 GN=hupA PE=1 SV=11 1 1 1 16.7 16.7 16.7 9.5349 90 90 0.005714 5.4874 234360 1 AALESTLAAITESLK 107 3 TRUE 3 3 3 3 -1

P0A9D8 P0A9D8 1 1 1 2,3,4,5-tetrahydropyridine-2,6-dicarboxylate N-succinyltransferasedapD sp|P0A9D8|DAPD_ECOLI 2,3,4,5-tetrahydropyridine-2,6-dicarboxylate N-succinyltransferase OS=Escherichia coli (strain K12) OX=83333 GN=dapD PE=1 SV=11 1 1 1 5.8 5.8 5.8 29.892 274 274 0.006135 6.0087 229520 1 EAVNQVIALLDSGALR 84 88 TRUE 99 119 145 145 -1

P0A6M8 P0A6M8 1 1 1 Elongation factor GfusA sp|P0A6M8|EFG_ECOLI Elongation factor G OS=Escherichia coli (strain K12) OX=83333 GN=fusA PE=1 SV=21 1 1 1 2.6 2.6 2.6 77.58 704 704 0 7.0537 227650 1 IHAEVPLSEMFGYATQLR 41 178 TRUE 196 251 326 326 -1

P0AAA1 P0AAA1 1 1 1 Inner membrane protein YagUyagU sp|P0AAA1|YAGU_ECOLI Inner membrane protein YagU OS=Escherichia coli (strain K12) OX=83333 GN=yagU PE=1 SV=11 1 1 1 5.4 5.4 5.4 22.967 204 204 0.006173 6.0697 62686 1 NFLNPPYIFLR 89 287 TRUE 315 409 575 575 -1

P05825 P05825 1 1 1 Ferrienterobactin receptorfepA sp|P05825|FEPA_ECOLI Ferrienterobactin receptor OS=Escherichia coli (strain K12) OX=83333 GN=fepA PE=1 SV=21 1 1 1 2.3 2.3 2.3 82.106 746 746 0 21.786 0 1 WDFAPLQSLELEAGYSR 29 459 TRUE 508 714 937 937 -1

P0ABA4 P0ABA4 1 1 1 ATP synthase subunit deltaatpH sp|P0ABA4|ATPD_ECOLI ATP synthase subunit delta OS=Escherichia coli (strain K12) OX=83333 GN=atpH PE=1 SV=11 1 1 1 8.5 8.5 8.5 19.332 177 177 0 15.261 0 1 LNALPDVLEQFIHLR 95 259 TRUE 283 366 516 516 -1

P0AF98 P0AF98 1 1 1 Lipopolysaccharide export system permease protein LptFlptF sp|P0AF98|LPTF_ECOLI Lipopolysaccharide export system permease protein LptF OS=Escherichia coli (strain K12) OX=83333 GN=lptF PE=1 SV=11 1 1 1 4.1 4.1 4.1 40.357 366 366 0 10.588 0 1 PSVVVADSGHLTQLR 115 316 TRUE 349 451 633 633 -1

P0C054 P0C054 1 1 1 Small heat shock protein IbpAibpA sp|P0C054|IBPA_ECOLI Small heat shock protein IbpA OS=Escherichia coli (strain K12) OX=83333 GN=ibpA PE=1 SV=11 1 1 1 8 8 8 15.774 137 137 0.005814 5.6123 0 1 KFQLAENIHVR 129 216 TRUE 238 300 384 384 -1

P46474 P46474 1 1 1 Uncharacterized protein YhdPyhdP sp|P46474|YHDP_ECOLI Uncharacterized protein YhdP OS=Escherichia coli (strain K12) OX=83333 GN=yhdP PE=3 SV=41 1 1 1 1 1 1 139.05 1266 1266 0.006061 5.9437 0 1 DTFGEGFYFDSIR 153 71 TRUE 82 102 126 126 -1

P76373 P76373 1 1 1 UDP-glucose 6-dehydrogenaseugd sp|P76373|UDG_ECOLI UDP-glucose 6-dehydrogenase OS=Escherichia coli (strain K12) OX=83333 GN=ugd PE=1 SV=11 1 1 1 3.1 3.1 3.1 43.656 388 388 0 11.341 0 1 TENIIFSPEFLR 173 390 TRUE 430 622 823 823 -1
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P0AAI3 P0AAI3 32 32 32 ATP-dependent zinc metalloprotease FtsHftsH sp|P0AAI3|FTSH_ECOLI ATP-dependent zinc metalloprotease FtsH OS=Escherichia coli (strain K12) OX=83333 GN=ftsH PE=1 SV=11 32 32 32 62 62 62 70.707 644 644 0 323.31 1.94E+10 141 AAPCIIFIDEIDAVGR;ALGVTFFLPEGDAISASR;APRPVDEPR;DVRPPAGWEEPGASNNSGDNGSPK;EEVAELVEYLR;EEVAELVEYLREPSR;EQTLNQMLVEMDGFEGNEGIIVIAATNRPDVLDPALLR;ESTAYHEAGHAIIGR;GAGLGGGHDER;GTPGFSGADLANLVNEAALFAAR;IIDQEVKALIER;IMMGAER;KAAPCIIFIDEIDAVGR;KVDYSTFLQEVNNDQVR;LAEEIIYGPEHVSTGASNDIK;LAEEIIYGPEHVSTGASNDIKVATNLAR;LGPLLYAEEEGEVFLGR;LVPEHDPVHK;MLTEDQIK;PDVLDPALLRPGR;QKLESQISTLYGGR;QLLTDNMDILHAMK;RVPLAPDIDAAIIAR;RVVSMVEFEK;SMVMTEAQKESTAYHEAGHAIIGR;VDYSTFLQEVNNDQVR;VPFFTISGSDFVEMFVGVGASR;VPLAPDIDAAIIAR;VRDMFEQAK;VVSMVEFEK;YETIDAPQIDDLMAR;YTTYIPVQDPKLLDNLLTK207 15;115;149;309;346;347;428;434;545;649;798;832;895;943;954;955;1023;1156;1195;1303;1362;1370;1441;1443;1510;1682;1776;1777;1787;1820;1867;1914True;True;True;True;True;True;True;True;True;True;True;True;True;True;True;True;True;True;True;True;True;True;True;True;True;True;True;True;True;True;True;True15;125;165;342;379;380;471;477;592;703;864;901;972;1024;1035;1036;1109;1254;1302;1434;1500;1508;1509;1510;1589;1591;1665;1666;1852;1955;1956;1957;1970;1971;2005;2006;2055;210821;160;204;421;471;472;579;585;586;587;588;589;590;591;592;593;722;723;864;865;866;867;868;869;1086;1137;1217;1271;1272;1273;1285;1286;1287;1288;1289;1381;1382;1383;1384;1385;1386;1387;1388;1389;1390;1391;1392;1393;1394;1395;1396;1397;1398;1399;1400;1401;1402;1403;1588;1641;1811;1889;1890;1898;1899;1900;1901;1902;1903;1904;1905;1906;1907;1908;1909;1910;1911;1912;2003;2004;2005;2007;2093;2094;2095;2310;2433;2434;2435;2436;2437;2452;2453;2454;2455;2497;2498;2499;2568;263649;215;278;604;605;606;681;682;843;850;851;852;853;854;855;856;857;858;859;860;1014;1015;1233;1234;1235;1236;1237;1238;1239;1240;1241;1242;1243;1244;1245;1246;1247;1619;1722;1823;1887;1888;1889;1905;1906;1907;1908;1909;1910;2037;2038;2039;2040;2041;2042;2043;2044;2045;2046;2047;2048;2049;2050;2051;2052;2053;2054;2055;2056;2057;2058;2059;2314;2315;2316;2382;2618;2728;2729;2730;2731;2739;2740;2741;2742;2743;2744;2745;2746;2747;2748;2749;2750;2751;2752;2753;2754;2755;2756;2865;2866;2867;2868;2869;2870;2872;2968;2969;2970;2971;3247;3248;3396;3397;3398;3399;3400;3401;3402;3403;3404;3405;3406;3407;3408;3409;3410;3411;3412;3413;3414;3415;3435;3436;3437;3438;3494;3495;3496;3580;373349;215;278;605;681;682;843;854;1014;1238;1619;1722;1823;1887;1907;1910;2037;2315;2382;2618;2730;2755;2867;2872;2969;3248;3398;3414;3436;3494;3580;3733163;164;165;166;167;168;169;170;171141;224;236;278;382;394;403;568;574-1

P0A9Q7 P0A9Q7 39 39 39 Aldehyde-alcohol dehydrogenase;Alcohol dehydrogenase;Acetaldehyde dehydrogenase [acetylating];Pyruvate-formate-lyase deactivaseadhE sp|P0A9Q7|ADHE_ECOLI Bifunctional aldehyde-alcohol dehydrogenase AdhE OS=Escherichia coli (strain K12) OX=83333 GN=adhE PE=1 SV=21 39 39 39 65.5 65.5 65.5 96.126 891 891 0 323.31 1.35E+10 197 AADIVLQAAIAAGAPK;AAGVETEVFFEVEADPTLSIVR;AENMLWHK;AKDFEDAVEK;AVASVLMSK;AVTNVAELNALVER;DFEDAVEK;EYLPASYHEGSK;FATHGGYLLQGK;FLFNNGYADQITSVLK;GAELANSFKPDVIIALGGGSPMDAAK;GSLPIALDEVITDGHK;GSLPIALDEVITDGHKR;IAELAGFSVPENTK;ILIGEVTVVDESEPFAHEK;ILINTPASQGGIGDLYNFK;IMWVMYEHPETHFEELALR;LAPSLTLGCGSWGGNSISENVGPK;LGSQFHIPHGLANALLICNVIR;LVAMGGIGHTSCLYTDQDNQPAR;MAVAESGMGIVEDK;MIAVTTTSGTGSEVTPFAVVTDDATGQK;NAIIFSPHPR;NGALNAAIVGQPAYK;NHFASEYIYNAYK;NHFASEYIYNAYKDEK;QTAFSQYDRPQAR;RAENMLWHK;RGSLPIALDEVITDGHK;RYAEIADHLGLSAPGDR;SLCAFGGLDAVTHAMEAYVSVLASEFSDGQALQALK;SLISLKTR;TCGVLSEDDTFGTITIAEPIGIICGIVPTTNPTSTAIFK;TFDNGVICASEQSVVVVDSVYDAVR;TRNAIIFSPHPR;VHSAATIAGIAFANAFLGVCHSMAHK;YAEIADHLGLSAPGDR;YPLADYALTPDMAIVDANLVMDMPK;YPLISELK192 1;10;48;101;185;204;241;456;462;507;544;635;636;735;822;824;835;965;1024;1148;1169;1182;1227;1243;1251;1252;1387;1406;1420;1445;1499;1504;1549;1566;1630;1714;1850;1900;1901True;True;True;True;True;True;True;True;True;True;True;True;True;True;True;True;True;True;True;True;True;True;True;True;True;True;True;True;True;True;True;True;True;True;True;True;True;True;True1;10;50;51;110;206;226;268;500;506;552;590;591;687;688;799;890;892;905;906;907;1046;1110;1243;1244;1267;1284;1285;1344;1362;1370;1371;1529;1551;1552;1566;1593;1654;1659;1709;1727;1796;1886;1887;2037;2090;2091;2092;20931;2;3;13;14;15;16;75;76;77;145;248;249;273;332;617;623;677;720;721;837;838;839;840;841;842;843;844;998;1120;1121;1122;1123;1124;1125;1128;1141;1142;1143;1144;1145;1146;1147;1299;1404;1571;1572;1573;1574;1575;1576;1577;1578;1601;1622;1623;1624;1685;1708;1720;1721;1722;1723;1724;1935;1959;1960;1961;1962;1978;1979;2009;2010;2011;2081;2082;2087;2145;2146;2164;2165;2247;2347;2348;2349;2543;2544;2545;2616;2617;2618;2619;2620;26211;2;3;4;20;21;22;23;24;25;26;27;28;29;30;31;32;33;34;35;36;37;38;39;40;41;42;116;117;118;119;196;197;331;332;361;473;888;889;895;896;965;1012;1013;1198;1199;1200;1201;1202;1203;1204;1205;1206;1207;1461;1676;1677;1678;1679;1680;1681;1682;1683;1684;1685;1686;1687;1688;1689;1690;1691;1692;1693;1694;1695;1696;1697;1698;1699;1700;1701;1702;1703;1704;1705;1706;1707;1711;1712;1726;1727;1728;1729;1730;1731;1732;1733;1734;1735;1736;1737;1738;1739;1920;1921;2060;2286;2287;2288;2289;2290;2291;2292;2293;2294;2295;2296;2297;2298;2299;2300;2301;2302;2303;2304;2329;2354;2355;2356;2357;2358;2359;2360;2361;2362;2363;2434;2463;2483;2484;2485;2486;2487;2488;2780;2781;2808;2809;2810;2811;2830;2831;2874;2875;2876;2877;2956;2957;2962;3030;3031;3032;3033;3055;3056;3057;3058;3059;3060;3061;3062;3063;3176;3288;3289;3290;3291;3549;3550;3551;3552;3553;3554;3701;3702;3703;3704;3705;3706;3707;3708;3709;3710;3711;3712;3713;37141;42;117;196;332;361;473;888;895;965;1012;1201;1206;1461;1677;1712;1735;1920;2060;2287;2329;2355;2434;2463;2483;2485;2780;2811;2830;2874;2956;2962;3030;3057;3176;3291;3551;3706;3714149;150;151;152;153;154;155;156;157;158;159;160236;362;451;549;555;558;592;631;640;642;659;725-1

P00722 P00722 41 41 41 Beta-galactosidaselacZ sp|P00722|BGAL_ECOLI Beta-galactosidase OS=Escherichia coli (strain K12) OX=83333 GN=lacZ PE=1 SV=21 41 41 41 54.5 54.5 54.5 116.48 1024 1024 0 323.31 9.82E+09 256 AAGHYQAEAALLQCTADTLADAVLITTAHAWQHQGK;APLDNDIGVSEATR;AVLEAEVQMCGELR;AVVELHTADGTLIEAEACDVGFR;AVVELHTADGTLIEAEACDVGFREVR;DRNHPSVIIWSLGNESGHGANHDALYR;DVSLLHKPTTQISDFHVATR;DWENPGVTQLNR;ELNYGPHQWR;ELNYGPHQWRGDFQFNISR;GGYADRVTLR;HEHHPLHGQVMDEQTMVQDILLMK;HQQQFFQFR;IDGSGQMAITVDVEVASDTPHPAR;IDPNAWVERWK;IENGLLLLNGKPLLIR;IGLNCQLAQVAER;LAAHPPFASWR;LPSEFDLSAFLR;LSGQTIEVTSEYLFR;MSGIFR;NHPSVIIWSLGNESGHGANHDALYR;PLASGEVPLDVAPQGK;PTTQISDFHVATR;PVQYEGGGADTTATDIICPMYAR;QLIELPELPQPESAGQLWLTVR;RDWENPGVTQLNR;SVDPSRPVQYEGGGADTTATDIICPMYAR;TDRPSQQLR;TMITDSLAVVLQR;TMITDSLAVVLQRR;TPHPALTEAK;TPHPALTEAKHQQQFFQFR;VNWLGLGPQENYPDR;VTVSLWQGETQVASGTAPFGGEIIDER;VVQPNATAWSEAGHISAWQQWR;YDENGNPWSAYGGDFGDTPNDR;YGLYVVDEANIETHGMVPMNR;YHYQLVWCQK;YSQQQLMETSHR;YWQAFRQYPR20 8;146;197;205;206;291;310;311;403;404;592;677;716;749;754;763;785;951;1104;1127;1214;1256;1310;1319;1322;1367;1411;1530;1555;1610;1611;1620;1621;1773;1806;1816;1858;1869;1872;1908;1919True;True;True;True;True;True;True;True;True;True;True;True;True;True;True;True;True;True;True;True;True;True;True;True;True;True;True;True;True;True;True;True;True;True;True;True;True;True;True;True;True8;162;219;227;228;324;343;344;443;444;641;731;732;733;734;777;813;814;819;828;850;1032;1198;1222;1326;1376;1443;1452;1455;1505;1557;1687;1688;1715;1772;1773;1774;1775;1786;1787;1952;1991;2001;2046;2057;2058;2061;2101;2102;211310;201;263;264;265;274;275;276;277;278;279;280;281;394;395;422;423;424;548;549;782;907;908;909;910;911;912;913;914;915;916;917;971;1018;1019;1020;1021;1022;1023;1024;1025;1026;1027;1028;1029;1030;1031;1032;1037;1046;1070;1281;1521;1548;1666;1731;1732;1733;1825;1835;1838;1895;1968;2120;2121;2122;2123;2124;2152;2212;2213;2214;2215;2216;2217;2218;2219;2220;2221;2234;2235;2236;2423;2479;2490;2491;2492;2493;2557;2570;2571;2572;2573;2576;2629;2630;264113;14;15;16;17;275;350;351;352;362;363;364;365;366;367;368;369;370;371;372;373;374;375;376;377;378;379;380;381;382;383;384;385;386;387;388;389;390;391;392;393;394;395;396;397;398;399;400;401;402;403;404;405;406;407;408;409;410;548;549;550;607;608;609;610;611;612;807;808;1128;1295;1296;1297;1298;1299;1300;1301;1302;1303;1304;1305;1306;1307;1308;1309;1310;1311;1312;1313;1314;1315;1316;1317;1318;1319;1320;1321;1322;1323;1433;1490;1491;1492;1493;1494;1495;1496;1497;1498;1499;1500;1501;1502;1503;1504;1505;1506;1507;1508;1509;1510;1511;1512;1513;1514;1515;1516;1517;1518;1519;1520;1521;1522;1523;1524;1525;1526;1527;1528;1529;1530;1531;1532;1533;1534;1535;1536;1537;1538;1539;1540;1541;1542;1543;1544;1545;1546;1547;1548;1549;1550;1551;1552;1553;1554;1555;1556;1557;1558;1559;1564;1574;1600;1898;1899;1900;1901;2222;2260;2261;2414;2499;2500;2501;2502;2503;2637;2649;2656;2657;2736;2820;2997;2998;2999;3000;3001;3002;3003;3004;3005;3039;3040;3041;3119;3120;3121;3122;3123;3124;3125;3126;3127;3128;3156;3157;3158;3159;3160;31615;275;350;362;410;550;608;612;807;808;1128;1321;1433;1518;1564;1574;1600;1901;2222;2261;2414;2502;2637;2649;2657;2736;2820;3005;3040;3126;3128;3157;3159;3382;3475;3486;3568;3593;3597;3726;373927;28;29;30;31;32;33;34;35;363;206;368;373;380;421;424;503;865;969-1

P0AFG8 P0AFG8 37 37 37 Pyruvate dehydrogenase E1 componentaceE sp|P0AFG8|ODP1_ECOLI Pyruvate dehydrogenase E1 component OS=Escherichia coli (strain K12) OX=83333 GN=aceE PE=1 SV=21 37 37 37 55.6 55.6 55.6 99.667 887 887 0 323.31 8.01E+09 239 AQYLIDQLLAEAR;ARNEQDGGDLVYFQGHISPGVYAR;DGQDCER;DRFNVPVSDADIEK;DRLVPIIADEAR;DWLQAIESVIR;DWLQAIESVIREEGVER;DYGVGSDVYSVTSFTELAR;EKLDNLVFVINCNLQR;EQVAYYKEDEK;FNIDADKVNPR;FNVPVSDADIEKLPYITFPEGSEEHTYLHAQR;GGVNVAAGTGISNYINTIPVEEQPEYPGNLELER;GIYKLETIEGSK;HHFEVDASYVVVAALGELAK;IGDLCWAAGDQQAR;IINELEGIFEGAGWNVIK;KGGVNVAAGTGISNYINTIPVEEQPEYPGNLELER;LDNLVFVINCNLQR;LELPSLQDFGALLEEQSK;LHGYLPSR;LIQLMNETVDGDYQTFK;LMPEFWQFPTVSMGLGPIGAIYQAK;LPYITFPEGSEEHTYLHAQR;LTQEQLDNFR;LTQEQLDNFRQEVHGNGLSSYPHPK;NEQDGGDLVYFQGHISPGVYAR;QENVYYYITTLNENYHMPAMPEGAEEGIR;QENVYYYITTLNENYHMPAMPEGAEEGIRK;QEVHGNGLSSYPHPK;QTVYAFLGDGEMDEPESK;SAIRWNAIMTVLR;SERFPNDVDPIETR;TFGMEGLFR;VPYIAQVMNDAPAVASTDYMK;WNMLHPLETPR;YPETAALVADWTDEQIWALNR291 160;162;248;288;290;312;313;317;385;429;513;517;590;605;691;778;805;919;985;1000;1037;1056;1088;1108;1144;1145;1238;1338;1339;1340;1391;1450;1471;1569;1782;1843;1896True;True;True;True;True;True;True;True;True;True;True;True;True;True;True;True;True;True;True;True;True;True;True;True;True;True;True;True;True;True;True;True;True;True;True;True;True178;180;275;321;323;345;346;350;424;472;558;562;639;655;752;843;871;999;1067;1084;1124;1144;1145;1180;1181;1202;1239;1240;1356;1471;1472;1473;1474;1475;1476;1533;1599;1624;1730;1962;1963;1964;2029;2030;2085217;219;220;339;391;393;425;426;427;431;432;433;434;435;436;437;438;526;527;580;683;688;689;779;796;937;938;939;940;941;942;943;944;1062;1093;1094;1095;1096;1097;1098;1244;1245;1246;1323;1342;1421;1422;1444;1445;1494;1495;1496;1526;1527;1567;1568;1697;1698;1699;1700;1701;1855;1856;1857;1858;1859;1860;1861;1862;1863;1939;2019;2049;2168;2442;2443;2444;2445;2446;2524;2525;2526;2527;2528;2529;2530;2531;2532;2533;2534;2535;2536;2600;2601;2602;2603;2604294;296;297;481;545;547;613;614;615;619;620;621;622;623;624;625;626;627;628;629;630;631;632;633;634;635;636;637;638;639;640;641;642;784;785;844;971;976;977;978;1123;1124;1148;1347;1348;1349;1350;1351;1352;1353;1354;1355;1356;1357;1358;1359;1360;1361;1362;1363;1364;1365;1366;1367;1368;1369;1370;1371;1372;1373;1374;1375;1376;1377;1378;1379;1380;1381;1382;1383;1384;1385;1386;1387;1388;1389;1390;1391;1392;1393;1394;1395;1396;1397;1398;1399;1400;1592;1627;1628;1629;1630;1631;1632;1633;1634;1635;1636;1637;1638;1639;1640;1641;1642;1643;1853;1854;1855;1856;1857;1858;1859;1947;1969;1970;2077;2078;2079;2080;2109;2110;2111;2171;2172;2173;2174;2175;2227;2228;2229;2230;2231;2232;2233;2234;2235;2282;2283;2446;2447;2448;2449;2450;2451;2452;2453;2454;2455;2456;2681;2682;2683;2684;2685;2686;2687;2688;2689;2690;2691;2692;2693;2694;2785;2887;2920;3067;3068;3420;3421;3422;3423;3424;3425;3426;3427;3428;3522;3523;3524;3525;3526;3527;3528;3529;3530;3531;3532;3533;3534;3535;3536;3537;3538;3539;3540;3541;3622;3623;3624;3625;3626;3627294;297;481;545;547;613;615;619;784;844;971;978;1124;1148;1347;1592;1628;1858;1947;1970;2078;2111;2174;2232;2282;2283;2455;2682;2689;2692;2785;2887;2920;3067;3422;3537;3624230;231;232;233;234;235;236;237;238184;195;315;529;699;702;777;793;805-1

P02931 P02931 19 19 19 Outer membrane protein FompF sp|P02931|OMPF_ECOLI Outer membrane porin F OS=Escherichia coli (strain K12) OX=83333 GN=ompF PE=1 SV=11 19 19 19 82 82 82 39.333 362 362 0 323.31 7.23E+09 100 AEQWATGLK;AVGLHYFSK;AVGLHYFSKGNGENSYGGNGDMTYAR;DGNKVDLYGK;GETQINSDLTGYGQWEYNFQGNNSEGADAQTGNK;KAEQWATGLK;LAFAGLKYADVGSFDYGR;LGFKGETQINSDLTGYGQWEYNFQGNNSEGADAQTGNK;LGVGSDDTVAVGIVYQF;NATPITNKFTNTSGFANK;NILAVIVPALLVAGTANAAEIYNK;NMSTYVDYIINQIDSDNK;NSNFFGLVDGLNFAVQYLGK;NYGVVYDALGYTDMLPEFGGDTAYSDDFFVGR;RSNGDGVGGSISYEYEGFGIVGAYGAADR;SNGDGVGGSISYEYEGFGIVGAYGAADR;TNLQEAQPLGNGKK;TQDVLLVAQYQFDFGLRPSIAYTK;YADVGSFDYGR34 51;192;193;247;566;897;957;1018;1027;1231;1262;1275;1284;1296;1440;1511;1615;1623;1848True;True;True;True;True;True;True;True;True;True;True;True;True;True;True;True;True;True;True55;213;214;274;615;974;1038;1104;1113;1348;1382;1397;1398;1408;1425;1426;1588;1667;1779;1789;203582;256;257;258;338;749;750;751;752;753;754;1219;1291;1375;1376;1408;1409;1689;1740;1757;1758;1759;1770;1771;1796;1797;1798;1799;1800;1801;2002;2096;2097;2098;2225;2238;2541125;339;340;341;342;343;479;480;1042;1043;1044;1045;1046;1047;1048;1049;1050;1051;1052;1053;1054;1055;1056;1057;1058;1059;1060;1061;1062;1063;1064;1065;1066;1067;1068;1069;1070;1071;1072;1073;1074;1075;1076;1077;1078;1079;1080;1081;1082;1083;1084;1085;1086;1087;1088;1089;1090;1091;1826;1912;2030;2031;2032;2064;2065;2438;2511;2531;2532;2533;2534;2549;2550;2551;2552;2596;2597;2598;2599;2600;2601;2602;2603;2604;2605;2606;2607;2860;2861;2862;2863;2864;2972;2973;2974;2975;3132;3164;3546;3547125;339;342;479;1044;1826;1912;2032;2065;2438;2511;2534;2549;2599;2861;2975;3132;3164;354645;46 136;329 -1

P0A9P0 P0A9P0 15 15 15 Dihydrolipoyl dehydrogenaselpdA sp|P0A9P0|DLDH_ECOLI Dihydrolipoyl dehydrogenase OS=Escherichia coli (strain K12) OX=83333 GN=lpdA PE=1 SV=21 15 15 15 42.4 42.4 42.4 50.688 474 474 0 323.31 6.54E+09 54 AGVEVDDRGFIR;ALAEHGIVFGEPK;CADLGLETVIVER;FTGANTLEVEGENGK;GISYETATFPWAASGR;GVHEGHVAAEVIAGK;KAPAEPQR;PIQLPFIPHEDPR;STEIKTQVVVLGAGPAGYSAAFR;TNVPHIFAIGDIVGQPMLAHK;TQVVVLGAGPAGYSAAFR;TVINFDNAIIAAGSR;TVINFDNAIIAAGSRPIQLPFIPHEDPR;VIPSIAYTEPEVAWVGLTEK;YNTLGGVCLNVGCIPSK188 78;109;214;528;601;655;898;1308;1521;1617;1628;1647;1648;1730;1893True;True;True;True;True;True;True;True;True;True;True;True;True;True;True86;119;237;573;651;709;975;1441;1677;1781;1782;1794;1814;1815;1903;2082119;154;291;702;792;875;876;877;878;879;880;881;882;1220;1822;1823;2109;2227;2228;2229;2230;2244;2245;2268;2269;2270;2271;2365;2597166;207;208;422;423;993;994;1144;1254;1255;1256;1257;1258;1259;1260;1261;1262;1263;1264;1827;2630;2631;2632;2633;2634;2635;2986;3134;3135;3136;3137;3138;3139;3140;3141;3142;3143;3144;3145;3146;3147;3148;3149;3150;3151;3173;3174;3202;3203;3204;3205;3206;3310;3619166;208;422;993;1144;1255;1827;2631;2986;3151;3174;3203;3206;3310;3619145 319 -1

P06959 P06959 24 24 24 Dihydrolipoyllysine-residue acetyltransferase component of pyruvate dehydrogenase complexaceF sp|P06959|ODP2_ECOLI Dihydrolipoyllysine-residue acetyltransferase component of pyruvate dehydrogenase complex OS=Escherichia coli (strain K12) OX=83333 GN=aceF PE=1 SV=31 24 24 24 47.3 47.3 47.3 66.095 630 630 0 323.31 4.76E+09 97 AEAAPAATGGGIPGMLPWPK;AVAAALEQMPR;DVNVPDIGSDEVEVTEILVK;EVNVPDIGGDEVEVTEVMVK;FITIINNTLSDIR;FITIINNTLSDIRR;ILREDVQAYVK;IQKISGANLSR;KEAAPAAAPAAAAAK;KGIIELSR;KYINIGVAVDTPNGLVVPVFK;LMLPISLSFDHR;LMLPISLSFDHRVIDGADGAR;NWVMIPHVTHFDK;NWVMIPHVTHFDKTDITELEAFR;QEAAPAAAPAPAAGVK;RAEAAPAATGGGIPGMLPWPK;SEFAENDAYVHATPLIR;TDITELEAFR;TDITELEAFRK;TQTGALIMIFDSADGAADAAPAQAEEK;VIDGADGAR;VPDIGADEVEITEILVK;VSTGSLIMVFEVAGEAGAAAPAAK44 38;180;308;447;502;503;829;849;907;921;949;1086;1087;1294;1295;1334;1405;1466;1552;1553;1626;1721;1775;1797True;True;True;True;True;True;True;True;True;True;True;True;True;True;True;True;True;True;True;True;True;True;True;True39;40;199;200;341;490;547;548;898;921;985;1001;1030;1177;1178;1179;1422;1423;1424;1467;1549;1550;1619;1712;1713;1792;1894;1954;1981;198262;63;64;65;240;241;419;420;606;666;667;668;669;670;671;1134;1161;1230;1248;1279;1480;1481;1482;1483;1484;1485;1486;1487;1488;1489;1490;1491;1492;1493;1788;1789;1790;1791;1792;1793;1794;1795;1851;1957;1958;2043;2044;2149;2150;2241;2242;2356;2425;2426;2427;2428;2429;2430;2431;2432;2465;2466;2467;2468;2469;247098;99;100;101;102;103;322;323;601;602;603;874;875;950;951;952;953;954;955;1719;1756;1757;1838;1861;1896;2154;2155;2156;2157;2158;2159;2160;2161;2162;2163;2164;2165;2166;2167;2168;2169;2170;2577;2578;2579;2580;2581;2582;2583;2584;2585;2586;2587;2588;2589;2590;2591;2592;2593;2594;2595;2676;2806;2807;2913;2914;2915;3036;3037;3167;3168;3169;3170;3171;3300;3386;3387;3388;3389;3390;3391;3392;3393;3394;3395;3448;3449;3450;3451;3452;3453;3454;3455;3456;3457;3458;3459101;322;602;874;950;955;1719;1756;1838;1861;1896;2162;2170;2587;2594;2676;2807;2913;3036;3037;3169;3300;3393;345950;51;52;53;54;55175;225;386;422;474;594-1

P0A6F5 P0A6F5 23 23 23 60 kDa chaperoningroL sp|P0A6F5|CH60_ECOLI Chaperonin GroEL OS=Escherichia coli (strain K12) OX=83333 GN=groEL PE=1 SV=21 23 23 23 63.3 63.3 63.3 57.328 548 548 0 323.31 3.93E+09 130 AAVEEGVVAGGGVALIR;AGKPLLIIAEDVEGEALATLVVNTMR;AIAQVGTISANSDETVGK;AMEAPLR;AMLQDIATLTGGTVISEEIGMELEK;ANDAAGDGTTTATVLAQAIITEGLK;AVAAGMNPMDLK;AVAAGMNPMDLKR;DTTTIIDGVGEEAAIQGR;EGVITVEDGTGLQDELDVVEGMQFDR;EIELEDKFENMGAQMVK;EMLPVLEAVAK;GGDGNYGYNAATEEYGNMIDMGILDPTK;GQNEDQNVGIKVALR;LADLRGQNEDQNVGIK;QIVLNCGEEPSVVANTVK;QQIEEATSDYDREK;SALQYAASVAGLMITTECMVTDLPK;SFGAPTITK;VAAVKAPGFGDR;VASKLADLR;VEDALHATR;VVINKDTTTIIDGVGEEAAIQGR79 22;71;88;128;132;137;181;182;301;362;375;412;576;630;953;1359;1380;1452;1474;1656;1670;1683;1812True;True;True;True;True;True;True;True;True;True;True;True;True;True;True;True;True;True;True;True;True;True;True22;78;97;140;145;146;147;153;201;202;203;334;396;397;412;413;414;454;625;682;1034;1497;1522;1601;1602;1603;1628;1824;1838;1853;199730;31;32;33;34;35;36;37;38;39;40;41;42;43;44;109;110;131;175;180;181;182;183;184;185;186;192;242;243;244;408;409;410;411;488;489;490;491;492;493;494;495;510;511;512;513;514;515;561;764;832;1284;1886;1925;1926;2021;2022;2023;2053;2280;2295;2311;248558;59;60;61;62;63;64;65;66;67;68;69;70;71;72;73;74;156;157;180;231;236;237;238;239;240;241;242;243;244;245;246;247;248;249;250;251;252;253;254;255;256;257;263;264;324;325;326;327;587;588;589;590;591;700;701;702;703;704;705;706;707;708;709;710;711;712;713;714;715;716;717;718;719;720;721;722;723;724;725;726;727;728;729;730;731;732;733;734;735;736;737;738;754;755;756;757;758;759;760;761;762;763;764;765;766;767;768;769;770;771;822;1102;1103;1193;1904;2725;2770;2771;2889;2890;2891;2892;2893;2924;3215;3230;3249;3250;348165;156;180;231;238;264;325;326;588;736;762;822;1102;1193;1904;2725;2771;2889;2924;3215;3230;3250;348172;73;74;75;76;77;78;79;80;81;82;83;8469;73;111;114;193;233;288;307;447;488;491;514;520-1

P0AFG3 P0AFG3 31 31 31 2-oxoglutarate dehydrogenase E1 componentsucA sp|P0AFG3|ODO1_ECOLI 2-oxoglutarate dehydrogenase E1 component OS=Escherichia coli (strain K12) OX=83333 GN=sucA PE=1 SV=11 31 31 31 51.7 51.7 51.7 105.06 933 933 0 323.31 2.69E+09 70 AMQEVLQQFAHVK;ARGYEVGGTVR;EHLGTGDVK;EVVLGMAHR;FLSELTAAEGLER;GHQHANLDPLGLWQQDK;GRLNVLVNVLGK;HGHNEADEPSATQPLMYQK;HPLAVSSLEELANGTFLPAIGEIDELDPK;IEQLYPFPHK;ISTVPEAVEMQSR;IVINNQVGFTTSNPLDAR;KNNQHDVAIVR;KPQDLFDEFAGK;LDRLDEPSSNK;LFDWGGAENLAYATLVDEGIPVR;MCGLVMLLPHGYEGQGPEHSSAR;MVQAPIFHVNADDPEAVAFVTR;NNQHDVAIVR;PASASPAVGYMSVHQK;QAMAAGEK;RPLVVMSPK;STFQQLPGTGVKPDQFHSQTR;TLTIWEAQFGDFANGAQVVIDQFISSGEQK;VADLDPSFHDLTEADFQETFNVGSFASGK;VATLEDATEMVNLYR;VLPITIHGDAAVTGQGVVQETLNMSK;VLQLINAYR;VWDSVLSEEAVLAFEYGYATAEPR;YAGRPASASPAVGYMSVHQK;YSSTISDPDTNVKQVK289 133;161;367;451;512;594;632;684;710;768;863;878;932;936;987;1007;1170;1219;1277;1301;1328;1438;1522;1608;1657;1671;1755;1756;1825;1852;1909True;True;True;True;True;True;True;True;True;True;True;True;True;True;True;True;True;True;True;True;True;True;True;True;True;True;True;True;True;True;True148;149;179;403;494;495;557;643;684;741;742;771;833;937;954;1012;1016;1069;1093;1268;1269;1270;1332;1333;1400;1431;1432;1461;1585;1586;1678;1770;1825;1839;1840;1931;1932;1933;2011;2039;2040;2103187;188;218;501;611;612;682;784;834;925;926;927;963;964;1051;1177;1194;1195;1196;1259;1263;1325;1352;1602;1603;1604;1605;1606;1672;1673;1761;1808;1809;1845;1999;2000;2110;2111;2210;2281;2296;2297;2397;2398;2399;2400;2401;2402;2504;2547;2548;2549;2550;2631258;259;295;745;881;882;883;970;1130;1195;1333;1334;1335;1336;1422;1423;1424;1425;1426;1580;1776;1794;1795;1796;1873;1877;1949;1950;1981;2330;2331;2332;2333;2334;2335;2336;2337;2338;2420;2421;2536;2615;2616;2665;2857;2858;2987;2988;3116;3117;3216;3231;3232;3347;3348;3349;3350;3351;3352;3353;3354;3355;3356;3501;3556;3557;3558;3559;3560;3727258;295;745;883;970;1130;1195;1333;1423;1580;1776;1794;1873;1877;1949;1981;2338;2421;2536;2616;2665;2858;2987;3116;3216;3232;3348;3356;3501;3560;3727216;217;218;219;220;221;222;223;224;225258;372;414;473;505;711;716;776;856;915-1

P0ABC3 P0ABC3 11 11 11 Modulator of FtsH protease HflChflC sp|P0ABC3|HFLC_ECOLI Modulator of FtsH protease HflC OS=Escherichia coli (strain K12) OX=83333 GN=hflC PE=1 SV=11 11 11 11 46.7 46.7 46.7 37.649 334 334 0 299.03 2.33E+09 30 AYENSFSGNQDVMVMSPDSDFFR;DALNSGSAGTEDEVTTPAADNAIAEAAER;DDDNKPLVYEPGLHFK;GKVPVINPNSMAALGIEVVDVR;IKQINLPTEVSEAIYNR;IQTMDNQADRFVTK;ISDFSRYYLATGGGDISQAEVLLK;QINLPTEVSEAIYNR;SQGQEEAEKLR;VPVINPNSMAALGIEVVDVR;YYLATGGGDISQAEVLLK222 212;227;232;607;815;851;856;1357;1515;1781;1921True;True;True;True;True;True;True;True;True;True;True234;235;254;259;657;883;924;930;1495;1671;1961;2115287;288;289;311;312;317;318;319;320;321;322;798;1112;1113;1164;1170;1884;2102;2441;2643;2644416;417;418;419;420;445;446;447;448;449;454;455;456;457;458;459;460;461;1150;1666;1667;1760;1767;2722;2723;2979;3419;3741;3742;3743417;448;454;1150;1666;1760;1767;2723;2979;3419;3741187;188;189;19072;198;314;316 -1

P0ABC7 P0ABC7 14 14 14 Modulator of FtsH protease HflKhflK sp|P0ABC7|HFLK_ECOLI Modulator of FtsH protease HflK OS=Escherichia coli (strain K12) OX=83333 GN=hflK PE=1 SV=11 14 14 14 44.9 44.9 44.9 45.544 419 419 0 323.31 2.23E+09 43 AQTILEAQGEVAR;DQGPPDLDDIFRK;EAEAYTNEVQPR;ELAASGVMLTSDENVVR;ELEETIR;FSHLVEPGLNWK;GGNLMVLPLDQMLK;GTGSGGGSSSQGPRPQLGGR;GVIGKYTMDR;LPPASSSTTSGASNTSSTSQGDIMDQR;PTFIDEVKPVNVEAVR;VEMNVQYRVTNPEK;VTNPEKYLYSVTSPDDSLR;YLYSVTSPDDSLR223 158;281;321;392;397;522;582;646;657;1102;1318;1687;1804;1888True;True;True;True;True;True;True;True;True;True;True;True;True;True176;312;354;431;436;567;631;700;711;1195;1196;1451;1857;1989;2077215;381;443;534;540;694;770;861;884;1511;1512;1513;1514;1515;1516;1517;1518;1519;1833;1834;2315;2477;2592292;530;647;792;798;984;1110;1230;1266;1267;2193;2194;2195;2196;2197;2198;2199;2200;2201;2202;2203;2204;2205;2206;2207;2208;2209;2210;2211;2212;2213;2214;2215;2216;2217;2218;2219;2220;2647;2648;3254;3466;3614292;530;647;792;798;984;1110;1230;1267;2216;2647;3254;3466;3614191;192;193;194149;351;358;402 -1

P0AG67 P0AG67 23 23 23 30S ribosomal protein S1rpsA sp|P0AG67|RS1_ECOLI 30S ribosomal protein S1 OS=Escherichia coli (strain K12) OX=83333 GN=rpsA PE=1 SV=11 23 23 23 56.2 56.2 56.2 61.157 557 557 0 323.31 2.08E+09 64 AFLPGSLVDVRPVR;ANPWQQFAETHNK;AVIESENSAERDQLLENLQEGMEVK;AYEDAETVTGVINGK;DQLLENLQEGMEVK;DRVEDATLVLSVGDEVEAK;DTLHLEGK;EIETRPGSIVR;GATVELADGVEGYLR;GDEIAAVVLQVDAER;GVVVAIDKDVVLVDAGLK;HPSEIVNVGDEITVK;ISLGLKQCK;KGDEIAAVVLQVDAER;MTESFAQLFEESLK;NAQGELEIQVGDEVDVALDAVEDGFGETLLSR;NLTDYGAFVDLGGVDGLLHITDMAWK;RAVIESENSAER;RHEAWITLEK;TESFAQLFEESLK;VKHPSEIVNVGDEITVK;VTNLTDYGCFVEIEEGVEGLVHVSEMDWTNK;VVNVGDVVEVMVLDIDEER308 62;141;195;211;285;293;300;376;551;556;665;712;860;915;1216;1230;1273;1409;1421;1561;1738;1803;1815True;True;True;True;True;True;True;True;True;True;True;True;True;True;True;True;True;True;True;True;True;True;True67;157;216;217;233;317;326;333;415;599;604;719;773;934;994;1329;1347;1394;1555;1567;1721;1911;1988;200096;97;196;260;261;286;387;397;398;399;407;516;731;737;892;893;894;966;1174;1239;1669;1688;1754;1965;1966;1980;2158;2373;2374;2476;2489140;141;142;269;346;347;348;415;538;552;553;554;555;556;557;558;559;560;561;562;563;564;565;566;567;568;569;570;571;572;573;574;575;576;577;578;586;772;773;1023;1029;1277;1278;1279;1280;1428;1772;1848;2417;2437;2527;2528;2815;2816;2817;2818;2832;2833;2834;3049;3319;3320;3465;3485142;269;348;415;538;552;586;772;1023;1029;1277;1428;1772;1848;2417;2437;2528;2815;2833;3049;3319;3465;3485245;246;2471;193;223 -1

P0AFG6 P0AFG6 10 10 10 Dihydrolipoyllysine-residue succinyltransferase component of 2-oxoglutarate dehydrogenase complexsucB sp|P0AFG6|ODO2_ECOLI Dihydrolipoyllysine-residue succinyltransferase component of 2-oxoglutarate dehydrogenase complex OS=Escherichia coli (strain K12) OX=83333 GN=sucB PE=1 SV=21 10 10 10 36 36 36 44.011 405 405 0 323.31 1.28E+09 69 DVDTLGMADIEKK;ESVGFLVTIKELLEDPTR;KPGDAVVR;LLAEHNLDASAIK;NSTAMLTTFNEVNMKPIMDLR;QQASLEEQNNDALSPAIR;RLLAEHNLDASAIK;RYPEVNASIDGDDVVYHNYFDVSMAVSTPR;SSVDILVPDLPESVADATVATWHK;YPEVNASIDGDDVVYHNYFDVSMAVSTPR290 304;435;934;1062;1285;1378;1432;1447;1518;1897True;True;True;True;True;True;True;True;True;True337;478;1014;1152;1409;1410;1411;1412;1520;1579;1595;1674;2086;2087415;594;1261;1452;1453;1772;1773;1774;1775;1776;1777;1922;1993;2013;2014;2015;2105;2605;2606;2607;2608;2609;2610;2611;2612;2613597;861;1875;2120;2121;2553;2554;2555;2556;2557;2558;2559;2560;2561;2562;2563;2564;2767;2849;2879;2880;2881;2882;2883;2982;3654;3655;3656;3657;3658;3659;3660;3661;3662;3663;3664;3665;3666;3667;3668;3669;3670;3671;3672;3673;3674;3675;3676;3677;3678;3679;3680;3681;3682;3683;3684;3685;3686;3687;3688;3689;3690;3691;3692;3693;3694;3695;3696;3697597;861;1875;2120;2563;2767;2849;2879;2982;3696226;227;228;229201;210;214;271 -1

P0A910 P0A910 8 8 8 Outer membrane protein AompA sp|P0A910|OMPA_ECOLI Outer membrane protein A OS=Escherichia coli (strain K12) OX=83333 GN=ompA PE=1 SV=11 8 8 8 43.9 43.9 43.9 37.2 346 346 0 219.81 1.16E+09 24 AALIDCLAPDRR;FGQGEAAPVVAPAPAPAPEVQTK;GMGESNPVTGNTCDNVK;GSVENGAYKAQGVQLTAK;LEYQWTNNIGDAHTIGTRPDNGMLSLGVSYR;LGYPITDDLDIYTR;NHDTGVSPVFAGGVEYAITPEIATR;RAQSVVDYLISK165 12;483;618;639;1005;1031;1248;1407True;True;True;True;True;True;True;True12;527;669;691;1090;1091;1117;1367;155318;644;813;847;1348;1349;1350;1413;1713;1714;1715;1716;1717;196344;45;920;1166;1211;1976;1977;1978;2069;2468;2469;2470;2471;2472;2473;2474;2475;2476;2477;2478;2479;2480;2812;281344;920;1166;1211;1977;2069;2468;2813138 182 -1

P21513 P21513 23 23 23 Ribonuclease Erne sp|P21513|RNE_ECOLI Ribonuclease E OS=Escherichia coli (strain K12) OX=83333 GN=rne PE=1 SV=61 23 23 23 33.8 33.8 33.8 118.2 1061 1061 0 323.31 1.13E+09 38 ALNVEEQSVQETEQEER;CVIVPNDQMETPHYHVLR;DLGGLIVIDFIDMTPVR;EGQEVIVQIDKEER;EYFPANYSAHGR;EYFPANYSAHGRPNIK;GAAGGHTATHHASAAPARPQPVE;GGDIEETAFNTNLEAADEIAR;HSDWQRPTFAFEGK;IEGDDR;IEPSLEAAFVDYGAER;IQISHISR;KGEETPTLSYMLPK;LHEEAMALPSEEEFAER;LPSGGSIVIDSTEALTAIDINSAR;LSPSLGESSHHVCPR;LYDLDIESPGHEQK;PAPFLIHQESNVIVR;QHIAALGRPDFSSK;VPLPVVAQTAPEQQEENNADNR;VRPVQPR;YEQSVAEEAVVAPVVEETVAAEPIVQEAPAPR;YPIVRPQDVQVEEQR351 121;219;271;360;454;455;540;577;717;761;766;848;917;1034;1105;1132;1160;1299;1351;1778;1790;1866;1899True;True;True;True;True;True;True;True;True;True;True;True;True;True;True;True;True;True;True;True;True;True;True132;244;245;300;394;498;499;586;626;778;826;831;920;996;997;1120;1121;1199;1227;1258;1429;1488;1958;1974;2054;2089167;299;300;301;366;486;615;616;715;716;765;972;1044;1049;1160;1241;1242;1417;1418;1522;1523;1553;1554;1592;1805;1806;1876;2438;2458;2566;2567;2615223;431;432;433;434;512;697;886;887;1007;1008;1104;1434;1572;1578;1753;1754;1755;1850;1851;2073;2074;2223;2224;2266;2267;2268;2269;2320;2611;2612;2613;2712;3416;3441;3578;3579;3700223;433;512;697;886;887;1008;1104;1434;1572;1578;1754;1851;2073;2223;2267;2320;2611;2712;3416;3441;3579;3700271;272;273479;501;510 -1

P08202 P08202 15 15 15 L-arabinose isomerasearaA sp|P08202|ARAA_ECOLI L-arabinose isomerase OS=Escherichia coli (strain K12) OX=83333 GN=araA PE=1 SV=31 15 15 15 44.4 44.4 44.4 56.073 500 500 0 323.31 9.41E+08 39 AQPDLPTASEAWILAGGAHHTVFSHALNLNDMR;CAGLVVWLHTFSPAK;EVAVTDGDKVAAQIK;FLEQGGFHAFTTTFEDLHGLK;LIFNTQTGPAIVASLIDLGDR;LIFNTQTGPAIVASLIDLGDRYR;LVLKPLGTTPDEITAICR;MRQQHAVVTGHWQDK;PILDVQHLGIGGK;QFAEMHDIEITVIDNDTR;QQHAVVTGHWQDK;QVTQHAEHVVNALNTEAK;RFLEQGGFHAFTTTFEDLHGLK;VMSTGLQGGTSFMEDYTYHFEK;WNEVYYGFRR57 156;215;445;505;1048;1049;1154;1211;1307;1341;1379;1399;1416;1765;1842True;True;True;True;True;True;True;True;True;True;True;True;True;True;True173;174;238;488;550;1136;1137;1250;1322;1440;1477;1478;1521;1542;1562;1943;1944;2028212;213;292;604;674;675;1436;1437;1584;1662;1821;1864;1865;1923;1924;1949;1950;1974;2413;2414;2415;2523287;288;289;290;424;872;958;959;960;961;962;963;2096;2097;2098;2099;2100;2101;2102;2310;2407;2629;2695;2696;2697;2698;2699;2700;2701;2768;2769;2798;2799;2826;3369;3370;3371;3372;3521289;424;872;959;2097;2101;2310;2407;2629;2696;2768;2798;2826;3369;352158;59;60;61321;332;462;468 -1

P0ABB0 P0ABB0 11 11 11 ATP synthase subunit alphaatpA sp|P0ABB0|ATPA_ECOLI ATP synthase subunit alpha OS=Escherichia coli (strain K12) OX=83333 GN=atpA PE=1 SV=11 11 11 11 35.5 35.5 35.5 55.221 513 513 0 317.5 9.37E+08 38 AVDSMIPIGR;DHAPLMQEINQTGGYNDEIEGK;DRGEDALIIYDDLSK;EAFPGDVFYLHSR;ELIIGDRQTGK;GPLDHDGFSAVEAIAPGVIER;IAQFNVVSEAHNEGTIVSVSDGVIR;IHGLADCMQGEMISLPGNR;QYAPMSVAQQSLVLFAAER;TALAIDAIINQR;VNAEYVEAFTKGEVK219 187;250;289;323;398;626;744;790;1400;1545;1766True;True;True;True;True;True;True;True;True;True;True208;277;278;322;356;437;678;808;855;856;1543;1703;1945251;341;342;392;445;446;541;824;825;826;1008;1009;1010;1011;1012;1013;1075;1076;1077;1951;2139;2416334;483;484;485;486;487;546;649;650;651;652;653;654;799;1181;1182;1183;1184;1185;1473;1474;1475;1476;1477;1478;1479;1480;1481;1482;1483;1484;1485;1606;1607;1608;2800;3023;3373334;485;546;651;799;1184;1474;1608;2800;3023;3373176;177;178;179;18048;52;156;439;483 -1

P60422 P60422 6 6 6 50S ribosomal protein L2rplB sp|P60422|RL2_ECOLI 50S ribosomal protein L2 OS=Escherichia coli (strain K12) OX=83333 GN=rplB PE=1 SV=21 6 6 6 32.6 32.6 32.6 29.86 273 273 0 85.366 7.95E+08 21 AGDQIQSGVDAAIKPGNTLPMR;ATLGEVGNAEHMLR;GTAMNPVDHPHGGGEGR;NIPVGSTVHNVEMKPGK;NKDGIPAVVER;VVNPELHK453 66;177;643;1264;1265;1814True;True;True;True;True;True72;73;195;196;695;696;1384;1385;1386;1999102;103;236;237;851;852;853;854;855;1742;1743;1744;1745;1746;2487;2488147;148;318;319;1217;1218;1219;1220;1221;1222;1223;1224;2513;2514;2515;2516;2517;2518;2519;3483;3484148;319;1219;2514;2518;3483304;305;306;307132;146;201;225 -1

P0ABB4 P0ABB4 13 13 13 ATP synthase subunit betaatpD sp|P0ABB4|ATPB_ECOLI ATP synthase subunit beta OS=Escherichia coli (strain K12) OX=83333 GN=atpD PE=1 SV=21 13 13 13 45.9 45.9 45.9 50.325 460 460 0 263 7.75E+08 23 AAPSYEELSNSQELLETGIK;DIIAILGMDELSEEDKLVVAR;DLEHPIEVPVGK;EGNDFYHEMTDSNVIDK;GIMEGEYDHLPEQAFYMVGSIEEAVEK;IMNVLGEPVDMKGEIGEEER;LVLEVQQQLGGGIVR;NIAIEHSGYSVFAGVGER;QIASLGIYPAVDPLDSTSR;QLDPLVVGQEHYDTAR;TIAMGSSDGLR;TIAMGSSDGLRR;YTLAGTEVSALLGR220 16;261;267;358;598;833;1153;1258;1355;1363;1587;1588;1912True;True;True;True;True;True;True;True;True;True;True;True;True16;289;290;296;391;647;648;902;1249;1378;1493;1501;1748;1749;1750;210622;354;355;356;362;483;788;789;1138;1583;1735;1736;1882;1891;2187;2188;2189;263450;499;500;501;508;694;1135;1136;1137;1138;1139;1140;1723;2309;2505;2506;2507;2718;2732;3088;3089;3090;373150;500;508;694;1136;1723;2309;2505;2718;2732;3088;3090;3731181;182;183;184;18557;89;98;380;432 -1

P0A7V3 P0A7V3 11 11 11 30S ribosomal protein S3rpsC sp|P0A7V3|RS3_ECOLI 30S ribosomal protein S3 OS=Escherichia coli (strain K12) OX=83333 GN=rpsC PE=1 SV=21 11 11 11 53.2 53.2 53.2 25.983 233 233 0 204.02 7.64E+08 16 ADIDYNTSEAHTTYGVIGVK;EFADNLDSDFKVR;GEILGGMAAVEQPEKPAAQPK;IVIERPAK;KVVADIAGVPAQINIAEVR;LGIVKPWNSTWFANTK;LVADSITSQLER;LVADSITSQLERR;VTIHTAR;VTIHTARPGIVIGK;VVADIAGVPAQINIAEVR131 31;348;563;877;946;1021;1146;1147;1799;1800;1808True;True;True;True;True;True;True;True;True;True;True31;381;611;612;953;1027;1107;1241;1242;1984;1985;199353;54;473;745;746;1193;1276;1379;1569;1570;2472;2473;248185;86;87;88;89;683;1037;1038;1793;1892;2035;2284;2285;3461;3462;347785;683;1038;1793;1892;2035;2284;2285;3461;3462;3477112 211 -1

P0A905 P0A905 5 5 5 Outer membrane lipoprotein SlyBslyB sp|P0A905|SLYB_ECOLI Outer membrane lipoprotein SlyB OS=Escherichia coli (strain K12) OX=83333 GN=slyB PE=2 SV=11 5 5 5 60.6 60.6 60.6 15.601 155 155 0 262.85 6.34E+08 13 KDDGNTIMVVQK;PVQIQGGDDSNVIGAIGGAVLGGFLGNTVGGGTGR;QVQNVSYGTIVNVR;SLATAAGAVAGGVAGQGVQSAMNK;SLATAAGAVAGGVAGQGVQSAMNKTQGVELEIR163 900;1321;1397;1497;1498True;True;True;True;True977;978;1454;1540;1651;1652;16531222;1223;1837;1946;2077;2078;2079;20801829;1830;2651;2652;2653;2654;2655;2795;2951;2952;2953;2954;29551830;2652;2795;2951;2955134;135 106;125 -1

P0A7W1 P0A7W1 6 6 6 30S ribosomal protein S5rpsE sp|P0A7W1|RS5_ECOLI 30S ribosomal protein S5 OS=Escherichia coli (strain K12) OX=83333 GN=rpsE PE=1 SV=21 6 6 6 45.5 45.5 45.5 17.603 167 167 0 81.32 6.22E+08 15 AVLEVAGVHNVLAK;IFSFTALTVVGDGNGR;LIAVNRVSK;NMINVALNNGTLQHPVK;RNMINVALNNGTLQHPVK;VFMQPASEGTGIIAGGAMR133 198;775;1043;1274;1434;1693True;True;True;True;True;True220;840;1131;1395;1396;1581;1863;1864;1865266;1058;1059;1430;1755;1756;1995;2321;2322;2323;2324353;354;1587;1588;1589;2088;2529;2530;2851;2852;3260;3261;3262;3263;3264354;1589;2088;2530;2851;3261113;114;11571;96;111 -1

P0A8T7 P0A8T7 26 26 26 DNA-directed RNA polymerase subunit betarpoC sp|P0A8T7|RPOC_ECOLI DNA-directed RNA polymerase subunit beta OS=Escherichia coli (strain K12) OX=83333 GN=rpoC PE=1 SV=11 26 26 26 28.1 28.1 28.1 155.16 1407 1407 0 323.31 5.14E+08 36 AAGEAPAAPQVTAEDASASLAELLNAGLGGSDNE;AIVQLEDGVQISSGDTLAR;ATIVNAGSSDFLEGEQVEYSR;EEAVVWDILDEVIR;EELNETNSETKR;EHPVLLNR;EPAILAEISGIVSFGK;GDVISDGPEAPHDILR;GEAIGVIAAQSIGEPGTQLTMR;GLMAKPDGSIIETPITANFR;IGLLLDMPLRDIER;IVDAQGNDVLIPGTDMPAQYFLPGK;KATIVNAGSSDFLEGEQVEYSR;KPETINYR;LHQCGLPK;LIPAGTGYAYHQDR;MALELFKPFIYGK;MGHIELASPTAHIWFLK;MLQEAVDALLDNGR;QQILTEEQYLDALEEFGDEFDAK;QTDELTGLSSLVVLDSAER;RAAGEAPAAPQVTAEDASASLAELLNAGLGGSDNE;RLVITPVDGSDPYEEMIPK;SGLASLHAR;SVVSCDTDFGVCAHCYGR;TFHIGGAASR158 7;100;176;341;343;370;421;559;562;614;784;874;899;933;1039;1054;1168;1177;1192;1381;1388;1403;1433;1485;1535;1570True;True;True;True;True;True;True;True;True;True;True;True;True;True;True;True;True;True;True;True;True;True;True;True;True;True7;109;194;374;376;407;463;607;610;664;665;849;950;976;1013;1127;1142;1266;1278;1279;1299;1523;1530;1547;1580;1639;1693;17319;144;235;466;468;505;570;740;741;744;808;809;1069;1190;1221;1260;1425;1442;1600;1615;1616;1638;1927;1936;1955;1994;2064;2129;216910;11;12;195;316;317;675;677;749;831;832;1032;1033;1036;1161;1162;1599;1790;1828;1874;2083;2107;2328;2347;2348;2378;2772;2782;2804;2850;2935;2936;2937;3011;3069;307010;195;317;675;677;749;832;1033;1036;1161;1599;1790;1828;1874;2083;2107;2328;2348;2378;2772;2782;2804;2850;2936;3011;3069125;126;127102;747;1095 -1

P0A7V0 P0A7V0 8 8 8 30S ribosomal protein S2rpsB sp|P0A7V0|RS2_ECOLI 30S ribosomal protein S2 OS=Escherichia coli (strain K12) OX=83333 GN=rpsB PE=1 SV=21 8 8 8 52.7 52.7 52.7 26.743 241 241 0 126.94 5.11E+08 17 AGVHFGHQTR;AVTLYLGAVAATVR;DAALSCDQFFVNHR;DMGGLPDALFVIDADHEHIAIK;EANNLGIPVFAIVDTNSDPDGVDFVIPGNDDAIR;ILFVGTKR;LKDLETQSQDGTFDK;NKVHIINLEK130 79;203;220;275;329;818;1057;1268True;True;True;True;True;True;True;True87;225;246;305;306;362;886;1146;1389120;271;272;302;371;372;373;374;375;453;1116;1446;1749167;168;359;360;435;517;518;519;520;521;522;523;661;1670;2112;2113;2522167;359;435;518;661;1670;2112;2522111 154 -1

P0A7R5 P0A7R5 4 4 4 30S ribosomal protein S10rpsJ sp|P0A7R5|RS10_ECOLI 30S ribosomal protein S10 OS=Escherichia coli (strain K12) OX=83333 GN=rpsJ PE=1 SV=11 4 4 4 35.9 35.9 35.9 11.735 103 103 0 37.017 4.93E+08 5 FTVLISPHVNK;FTVLISPHVNKDAR;GPIPLPTRK;LIDQATAEIVETAK123 531;532;625;1044True;True;True;True576;577;677;1132705;706;823;1431;1432997;998;1180;2089;2090997;998;1180;2089 -1

P0A7Z4 P0A7Z4 9 9 9 DNA-directed RNA polymerase subunit alpharpoA sp|P0A7Z4|RPOA_ECOLI DNA-directed RNA polymerase subunit alpha OS=Escherichia coli (strain K12) OX=83333 GN=rpoA PE=1 SV=11 9 9 9 31.9 31.9 31.9 36.511 329 329 0 129.2 4.82E+08 14 AATILAEQLEAFVDLR;AEAIHYIGDLVQR;EGVQEDILEILLNLK;GFGHTLGNALR;GFGHTLGNALRR;IHSEEDERPIGR;LVDIEQVSSTHAK;MQGSVTEFLKPR;SLTEIKDVLASR136 21;40;363;569;570;793;1149;1207;1506True;True;True;True;True;True;True;True;True21;42;398;618;619;859;1245;1316;166127;28;29;67;496;757;758;1080;1081;1579;1656;208955;56;57;105;106;739;1094;1095;1613;1614;2305;2399;2400;296457;105;739;1094;1095;1614;2305;2399;2964-1

P33602 P33602 16 16 16 NADH-quinone oxidoreductase subunit GnuoG sp|P33602|NUOG_ECOLI NADH-quinone oxidoreductase subunit G OS=Escherichia coli (strain K12) OX=83333 GN=nuoG PE=1 SV=41 16 16 16 30.4 30.4 30.4 100.3 908 908 0 323.31 4.8E+08 24 ADAVVVLENDLHR;AKHPLFVTNVDDTR;ANISVHEPR;APLVMVVDHQR;ELVGEENFYTGIAHGEQER;GDDFITLNAEQAMQGAADILR;IAPYYHLFGSDELSQR;KPLIISGTNAGSLEVIQAAANVAK;KWDMQFAPSICQQCSIGCNISPGER;LVMSCMTPASDGTFISIDDEEAK;PEDGTLESEFSGNLVEICPTGVFTDK;QPQDIDTMFTFSMEGNNQPTAHR;RGDDFITLNAEQAMQGAADILR;SVNSMGLGIMGGGSLEEALTELETGR;WLHSLHSTLLSR;YNGTVNHYFLCDR409 27;104;140;148;406;555;742;935;947;1155;1304;1377;1418;1533;1841;1890True;True;True;True;True;True;True;True;True;True;True;True;True;True;True;True27;114;156;164;446;603;806;1015;1028;1251;1252;1253;1435;1517;1518;1519;1564;1691;2027;207949;149;195;203;551;736;1006;1262;1277;1585;1586;1587;1812;1919;1920;1921;1976;2127;2522;259479;80;202;267;268;277;810;811;1028;1471;1876;1893;1894;2311;2312;2313;2619;2764;2765;2766;2828;3008;3520;361680;202;268;277;810;1028;1471;1876;1894;2313;2619;2766;2828;3008;3520;3616292;293;294;295;296;297;29865;68;299;539;591;733;738-1

P0CE48;P0CE47P0CE48;P0CE4712;12 12;12 12;12 Elongation factor Tu 2;Elongation factor Tu 1tufB;tufA sp|P0CE48|EFTU2_ECOLI Elongation factor Tu 2 OS=Escherichia coli (strain K12) OX=83333 GN=tufB PE=1 SV=1;sp|P0CE47|EFTU1_ECOLI Elongation factor Tu 1 OS=Escherichia coli (strain K12) OX=83333 GN=tufA PE=1 SV=12 12 12 12 45.4 45.4 45.4 43.313 394 394;394 0 177.4 4.74E+08 20 AIDKPFLLPIEDVFSISGR;CDMVDDEELLELVEMEVR;ELLSQYDFPGDDTPIVR;GITINTSHVEYDTPTR;GYRPQFYFR;HYAHVDCPGHADYVK;MVVTLIHPIAMDDGLR;PQFYFR;TKPHVNVGTIGHVDHGK;TTDVTGTIELPEGVEMVMPGDNIK;TTLTAAITTVLAK;VGEEVEIVGIKETQK324 89;217;400;602;670;729;1222;1316;1592;1636;1641;1700True;True;True;True;True;True;True;True;True;True;True;True98;240;241;242;439;652;724;791;1336;1337;1338;1449;1754;1803;1808;1872132;294;295;296;297;543;793;899;987;988;1677;1678;1679;1831;2193;2194;2255;2262;2332181;426;427;428;429;801;1145;1285;1450;1451;2425;2426;2427;2645;3095;3096;3097;3186;3196;3272181;429;801;1145;1285;1451;2427;2645;3097;3186;3196;3272254;255;256;257;258;259140;152;350;352;359;369-1;-1

P33599 P33599 13 13 13 NADH-quinone oxidoreductase subunit C/DnuoC sp|P33599|NUOCD_ECOLI NADH-quinone oxidoreductase subunit C/D OS=Escherichia coli (strain K12) OX=83333 GN=nuoC PE=1 SV=31 13 13 13 31 31 31 68.235 596 596 0 260.66 4.67E+08 21 ADHPLTTPPPK;DHLDDPVIGELR;EGLPAADFSVFYHLISIDR;ETWDLFGITFDGHPNLR;GTENEDFMFLNLGPNHPSAHGAFR;IGGVAHDLPR;IVLQLDGEEIVDCVPDIGYHHR;LAGITVPDRVNVIR;LFPNANWYER;MHPAWFR;QSWHSYIPYTDR;REQLLEVGDFLK;VALAENDLHVPTFTK408 30;252;357;441;644;782;881;959;1011;1179;1386;1414;1663True;True;True;True;True;True;True;True;True;True;True;True;True30;280;390;484;697;698;847;957;1040;1097;1281;1528;1560;183152;344;345;482;600;856;857;858;859;1066;1199;1200;1293;1356;1619;1934;1972;228783;84;489;490;692;693;868;1225;1226;1227;1228;1596;1799;1800;1801;1914;1986;2351;2779;2824;322283;489;692;868;1228;1596;1801;1914;1986;2351;2779;2824;3222290;291 212;354 -1

P0A7V8 P0A7V8 7 7 7 30S ribosomal protein S4rpsD sp|P0A7V8|RS4_ECOLI 30S ribosomal protein S4 OS=Escherichia coli (strain K12) OX=83333 GN=rpsD PE=1 SV=21 7 7 7 35.9 35.9 35.9 23.469 206 206 0 92.074 3.81E+08 7 EKPTWLEVDAGK;GNTGENLLALLEGR;IEQAPGQHGAR;LKGNTGENLLALLEGR;REGTDLFLK;RIYGVLER;VVNIASYQVSPNDVVSIR132 388;622;767;1059;1413;1429;1813True;True;True;True;True;True;True427;674;832;1148;1559;1576;1998530;820;1050;1448;1971;1990;2486788;1177;1579;2115;2823;2845;3482788;1177;1579;2115;2823;2845;3482 -1

P02359 P02359 4 4 4 30S ribosomal protein S7rpsG sp|P02359|RS7_ECOLI 30S ribosomal protein S7 OS=Escherichia coli (strain K12) OX=83333 GN=rpsG PE=1 SV=31 4 4 4 24.6 24.6 24.6 20.019 179 179 0 132.07 3.52E+08 7 FVNILMVDGKK;KSTAESIVYSALETLAQR;STAESIVYSALETLAQR;VGGSTYQVPVEVRPVR30 535;941;1520;1703True;True;True;True580;581;1022;1676;1875709;710;1269;2107;2108;23351001;1002;1883;1884;2984;2985;32751002;1884;2985;327542 31 -1

P0A8V2 P0A8V2 23 23 23 DNA-directed RNA polymerase subunit betarpoB sp|P0A8V2|RPOB_ECOLI DNA-directed RNA polymerase subunit beta OS=Escherichia coli (strain K12) OX=83333 GN=rpoB PE=1 SV=11 23 23 23 27.3 27.3 27.3 150.63 1342 1342 0 323.31 3.46E+08 31 ADKPLVGTGMER;ALNYTTEQILDLFFEK;DLSEELQILEAGLFSR;DQVDYMDVSTQQVVSVGASLIPFLEHDDANR;DVHPTHYGR;DYIDESTGELICAANMELSLDLLAK;EAAESLFENLFFSEDR;FIEQDPEGQYGLEAAFR;FTTIHIQELACVSR;GEVDDIDHLGNRR;GVTYSAPLR;LNHLVDDK;MMRPGEPPTR;MNIGQILETHLGMAAK;NGKGEVDDIDHLGNR;RGGVVQYVDASR;RIETLFTNDLDHGPYISETLR;SNQNTCINQMPCVSLGEPVER;TGEQFERPVTVGYMYMLK;VCPIETPEGPNIGLINSLSVYAQTNEYGFLETPYR;VIVSQLHR;VNEDEMYPGEAGIDIYNLTK;VPNGVSGTVIDVQVFTR160 33;122;272;286;306;318;320;498;530;567;663;1093;1197;1200;1245;1419;1428;1512;1576;1675;1734;1768;1779True;True;True;True;True;True;True;True;True;True;True;True;True;True;True;True;True;True;True;True;True;True;True33;133;301;318;319;339;351;353;543;575;616;717;1186;1304;1307;1308;1364;1565;1575;1668;1737;1844;1907;1947;195956;168;367;388;389;417;439;442;662;704;755;890;1502;1643;1646;1647;1648;1710;1977;1989;2099;2175;2301;2369;2418;243991;224;513;539;540;541;542;543;599;643;646;946;996;1092;1274;2181;2384;2385;2388;2389;2390;2465;2829;2844;2976;3076;3236;3314;3315;3376;341791;224;513;543;599;643;646;946;996;1092;1274;2181;2384;2390;2465;2829;2844;2976;3076;3236;3314;3376;3417128;129;130;131;132;133370;653;1107;1119;1230;1232-1

P0A6Y8 P0A6Y8 18 18 18 Chaperone protein DnaKdnaK sp|P0A6Y8|DNAK_ECOLI Chaperone protein DnaK OS=Escherichia coli (strain K12) OX=83333 GN=dnaK PE=1 SV=21 18 18 18 44.8 44.8 44.8 69.114 638 638 0 323.31 3.21E+08 26 AKLESLVEDLVNR;HSQVFSTAEDNQSAVTIHVLQGER;IIGIDLGTTNSCVAIMDGTTPR;IINEPTAAALAYGLDK;KDVNPDEAVAIGAAVQGGVLTGDVK;KFEELVQTR;KTAEDYLGEPVTEAVITVPAYFNDAQR;LINYLVEEFKK;LMEIAQQQHAQQQTAGADASANNAK;LMEIAQQQHAQQQTAGADASANNAKDDDVVDAEFEEVK;NQGDHLLHSTR;QAVTNPQNTLFAIK;QVEEAGDKLPADDK;TAIESALTALETALK;TAIESALTALETALKGEDK;TFEVLATNGDTHLGGEDFDSR;TTPSIIAYTQDGETLVGQPAK;TTPSIIAYTQDGETLVGQPAKR96 105;718;800;806;906;912;942;1053;1084;1085;1279;1332;1393;1543;1544;1568;1642;1643True;True;True;True;True;True;True;True;True;True;True;True;True;True;True;True;True;True115;779;866;872;984;991;1023;1141;1174;1175;1176;1402;1465;1535;1701;1702;1729;1809;1810150;973;1088;1099;1229;1236;1270;1441;1477;1478;1479;1763;1764;1849;1941;2137;2138;2167;2263;2264203;1435;1436;1621;1644;1837;1845;1885;1886;2106;2149;2150;2151;2152;2153;2538;2539;2673;2674;2787;2788;3021;3022;3066;3197;3198203;1435;1621;1644;1837;1845;1886;2106;2151;2153;2539;2673;2787;3021;3022;3066;3197;319891 599 -1

P68679 P68679 3 3 3 30S ribosomal protein S21rpsU sp|P68679|RS21_ECOLI 30S ribosomal protein S21 OS=Escherichia coli (strain K12) OX=83333 GN=rpsU PE=1 SV=21 3 3 3 32.4 32.4 32.4 8.4999 71 71 0 35.766 3.03E+08 3 EFYEKPTTER;ENEPFDVALRR;VRENEPFDVALR 476 353;416;1788True;True;True386;458;1972478;565;2456688;826;3439688;826;3439 -1

P0ABH7 P0ABH7 7 7 7 Citrate synthasegltA sp|P0ABH7|CISY_ECOLI Citrate synthase OS=Escherichia coli (strain K12) OX=83333 GN=gltA PE=1 SV=11 7 7 7 33.3 33.3 33.3 48.014 427 427 0 222.22 3E+08 14 DSHPMAVMCGITGALAAFYHDSLDVNNPR;ETCHEVLK;HTMIHEQITR;ILILHADHEQNASTSTVR;ITFIDGDEGILLHR;NDLSYAGNFLNMMFSTPCEPYEVNPILER;TAGSSGANPFACIAAGIASLWGPAHGGANEAALK227 296;436;722;823;867;1232;1541True;True;True;True;True;True;True329;479;783;784;891;942;1349;1350;1699402;403;595;978;979;1126;1127;1182;1690;1691;2135581;582;862;1441;1442;1708;1709;1710;1781;1782;2439;2440;3018;3019582;862;1442;1709;1781;2440;3018195;196 113;201 -1

P0A7U3 P0A7U3 4 4 4 30S ribosomal protein S19rpsS sp|P0A7U3|RS19_ECOLI 30S ribosomal protein S19 OS=Escherichia coli (strain K12) OX=83333 GN=rpsS PE=1 SV=21 4 4 4 47.8 47.8 47.8 10.43 92 92 0 52.259 3E+08 6 GPFIDLHLLK;KGPFIDLHLLK;QHVPVFVTDEMVGHK;STIFPNMIGLTIAVHNGR129 623;923;1354;1525True;True;True;True675;1003;1491;1492;1681821;1250;1880;1881;21141178;1863;1864;2716;2717;29911178;1864;2717;2991110 66 -1

P0A9H3 P0A9H3 10 10 10 Lysine decarboxylase, induciblecadA sp|P0A9H3|LDCI_ECOLI Inducible lysine decarboxylase OS=Escherichia coli (strain K12) OX=83333 GN=cadA PE=1 SV=11 10 10 10 20.7 20.7 20.7 81.259 715 715 0 164.01 2.89E+08 14 IQELAQNIHK;LLAAFSQASMIHVK;LQISFFEYALGAAEDIANK;MNENLPLYAFANTYSTLDVSLNDLR;NIDNEHMYLDPIK;SDISISVSELGSLLDHSGPHK;SDSTWHGFK;VIYETQSTHK;YLDEHGIVVEK;YTFCTPGHMGGTAFQK184 847;1061;1112;1199;1259;1461;1464;1735;1879;1911True;True;True;True;True;True;True;True;True;True919;1150;1151;1206;1306;1379;1614;1617;1908;2068;21051159;1450;1451;1531;1645;1737;2036;2037;2041;2370;2583;26331752;2117;2118;2119;2240;2387;2508;2906;2907;2911;3316;3604;3729;37301752;2118;2240;2387;2508;2906;2911;3316;3604;3729143;144 73;377 -1

P0A8N5 P0A8N5 9 9 7 Lysine--tRNA ligase, heat induciblelysU sp|P0A8N5|SYK2_ECOLI Lysine--tRNA ligase, heat inducible OS=Escherichia coli (strain K12) OX=83333 GN=lysU PE=1 SV=21 9 9 7 32.9 32.9 28.1 57.826 505 505 0 215.29 2.82E+08 12 AAGDDEAMFYDEDYVTALEYGLPPTAGLGIGIDR;ALRPLPDK;DNQELESLNIEVSVAGR;IVTEIFDEVAEAHLIQPTFITEYPAEVSPLAR;MIMLFTNSHTIR;PFITHHNALDLDMYLR;TQTGELSIHCTELR;VTYGEHVFDFGKPFEK;YRPETDMADLDNFDAAK156 6;125;277;885;1184;1305;1627;1807;1905True;True;True;True;True;True;True;True;True6;137;308;961;1287;1288;1289;1436;1437;1793;1992;2097;20988;172;377;1204;1205;1626;1627;1628;1813;1814;1815;1816;1817;1818;2243;2480;2625;26269;228;525;1806;1807;2365;2366;2367;2368;2620;2621;2622;2623;2624;2625;2626;3172;3476;3719;37209;228;525;1807;2368;2622;3172;3476;3720120;121;122;123;124234;342;455;482;484-1

P0A7S9 P0A7S9 7 7 7 30S ribosomal protein S13rpsM sp|P0A7S9|RS13_ECOLI 30S ribosomal protein S13 OS=Escherichia coli (strain K12) OX=83333 GN=rpsM PE=1 SV=21 7 7 7 62.7 62.7 62.7 13.099 118 118 0 94.572 2.67E+08 11 AILAAAGIAEDVK;EISMSIKR;FVVEGDLRR;HAVIALTSIYGVGK;IAGINIPDHKHAVIALTSIYGVGK;ISELSEGQIDTLRDEVAK;SKAILAAAGIAEDVK126 94;381;536;675;737;858;1495True;True;True;True;True;True;True103;420;582;729;801;932;1649138;522;711;905;1000;1001;1172;2075188;780;1003;1291;1292;1463;1464;1465;1769;1770;2949188;780;1003;1291;1464;1770;2949 -1

P10408 P10408 16 16 16 Protein translocase subunit SecAsecA sp|P10408|SECA_ECOLI Protein translocase subunit SecA OS=Escherichia coli (strain K12) OX=83333 GN=secA PE=1 SV=21 16 16 16 26.3 26.3 26.3 102.02 901 901 0 320.14 2.67E+08 24 ATIDAYIPPQSLEEMWDIPGLQER;DGEVIIVDEHTGR;EHLAAMDYLR;ESFSMFAAMLESLK;FYLSMEDALMR;HDAVLEAGGLHIIGTER;HFDVQLLGGMVLNER;KEEVVGAEMMR;LAQMQQLSHQDDDSAAAAALAAQTGER;LDTVVVPTNRPMIR;LHYALVDEVDSILIDEAR;MPEEVEELEQQR;NELLDVSDVSETINSIR;NELLDVSDVSETINSIREDVFK;RWSDGLHQAVEAK;TLTATLPAYLNALTGK326 175;244;366;432;538;676;678;910;966;990;1042;1203;1234;1235;1444;1607True;True;True;True;True;True;True;True;True;True;True;True;True;True;True;True193;271;401;402;475;584;730;735;988;989;1047;1048;1072;1073;1130;1311;1352;1353;1592;1769234;335;499;500;583;713;906;918;1233;1234;1300;1301;1302;1328;1329;1429;1651;1693;1694;2008;2209313;314;315;476;743;744;847;1005;1293;1294;1324;1842;1843;1922;1923;1924;1953;1954;2087;2394;2442;2443;2873;3115315;476;743;847;1005;1293;1324;1843;1923;1954;2087;2394;2442;2443;2873;3115261;262;263;264;265;266418;759;782;810;814;854-1

P0A7K6 P0A7K6 5 5 5 50S ribosomal protein L19rplS sp|P0A7K6|RL19_ECOLI 50S ribosomal protein L19 OS=Escherichia coli (strain K12) OX=83333 GN=rplS PE=1 SV=21 5 5 5 40.9 40.9 40.9 13.133 115 115 0 63.186 2.64E+08 8 AKLYYLR;GLHSAFTVR;QDVPSFRPGDTVEVK;VFQTHSPVVDSISVK;VFQTHSPVVDSISVKR113 106;610;1333;1695;1696True;True;True;True;True116;660;1466;1867;1868151;802;803;804;1850;2326;2327;2328204;1155;1156;1157;2675;3266;3267;3268204;1155;2675;3266;3268 -1

P21499 P21499 18 18 18 Ribonuclease Rrnr sp|P21499|RNR_ECOLI Ribonuclease R OS=Escherichia coli (strain K12) OX=83333 GN=rnr PE=1 SV=21 18 18 18 32 32 32 92.108 813 813 0 317.59 2.6E+08 19 AKEPALFR;DYAELLESVADRPDAEMLQTMLLR;EFILEHLTK;GHFGLALQSYAHFTSPIR;GTSVYFPSQVIPMLPEVLSNGLCSLNPQVDR;IHDKPSTEAITSFR;KDDLYLSSEQMK;LDDLFIDGLVHVSSLDNDYYR;LIEECMILANISAAR;MGFVVVVELTQRPTR;RYPDLTLHR;SVLAELGLELPGGNKPEPR;TCIHGDQVLAQPLGADR;THEIPYIWPQAVEQQVAGLK;THEIPYIWPQAVEQQVAGLKEEVPEEAK;VWHILQGDQDLR;YANPIPSR;YPDLTLHR349 103;315;350;593;651;789;901;976;1046;1176;1446;1532;1550;1582;1583;1826;1853;1895True;True;True;True;True;True;True;True;True;True;True;True;True;True;True;True;True;True113;348;383;642;705;854;979;1058;1134;1277;1594;1690;1710;1743;1744;2012;2041;2084148;429;475;783;871;1074;1224;1314;1434;1614;2012;2126;2147;2182;2183;2505;2551;2599201;617;685;1129;1249;1605;1831;1937;2093;2094;2346;2878;3007;3034;3083;3084;3502;3561;3621201;617;685;1129;1249;1605;1831;1937;2094;2346;2878;3007;3034;3083;3084;3502;3561;3621269 188 -1

P0AC41 P0AC41 11 11 11 Succinate dehydrogenase flavoprotein subunitsdhA sp|P0AC41|SDHA_ECOLI Succinate dehydrogenase flavoprotein subunit OS=Escherichia coli (strain K12) OX=83333 GN=sdhA PE=1 SV=11 11 11 11 29.1 29.1 29.1 64.421 588 588 0 296.39 2.48E+08 19 AAGLHLQESIAEQGALR;AALQISQSGQTCALLSK;AGVPVQDMEMWQFHPTGIAGAGVLVTEGCR;ALQECMQHNFSVFR;EFDAVVIGAGGAGMR;IYQRPFGGQSK;IYQSTTNAHINTGDGVGMAIR;LGGNSLLDLVVFGR;LKLDHLGK;TFAHVDPVK;TGHALLHTLYQQNLK242 9;13;80;123;349;892;893;1019;1060;1562;1577True;True;True;True;True;True;True;True;True;True;True9;13;88;134;135;382;968;969;970;1105;1149;1722;173811;12;19;121;169;170;474;1213;1214;1215;1377;1449;2159;2176;217718;19;46;169;170;225;226;684;1816;1817;1818;1819;1820;1821;2033;2116;3050;3077;307818;46;170;226;684;1816;1819;2033;2116;3050;3077203;204 225;467 -1

P02930 P02930 10 10 10 Outer membrane protein TolCtolC sp|P02930|TOLC_ECOLI Outer membrane protein TolC OS=Escherichia coli (strain K12) OX=83333 GN=tolC PE=1 SV=31 10 10 10 33.7 33.7 33.7 53.74 493 493 0 164.58 2.41E+08 15 DANGINSNATSASLQLTQSIFDMSK;FNVGLVAITDVQNAR;QAQDGHLPTLDLTASTGISDTSYSGSK;QAQYNFVGASEQLESAHR;SAADRDAAFEK;TDKPQPVNALLK;TIVDVLDATTTLYNAK;TTTSNGHNPFR;VGLSFSLPIYQGGMVNSQVK;YNYLINQLNIK33 229;516;1329;1330;1448;1554;1591;1644;1707;1894True;True;True;True;True;True;True;True;True;True256;561;1462;1463;1596;1714;1753;1811;1879;2083314;686;687;1846;1847;2016;2151;2192;2265;2340;2598451;974;975;2666;2667;2668;2669;2670;2671;2884;3038;3094;3199;3280;3620451;974;2667;2671;2884;3038;3094;3199;3280;362043;44 100;319 -1

P0A7J3 P0A7J3 5 5 5 50S ribosomal protein L10rplJ sp|P0A7J3|RL10_ECOLI 50S ribosomal protein L10 OS=Escherichia coli (strain K12) OX=83333 GN=rplJ PE=1 SV=21 5 5 5 41.2 41.2 41.2 17.711 165 165 0 43.204 2.38E+08 6 AAAFEGELIPASQIDR;DAFVGPTLIAYSMEHPGAAAR;LATLPTYEEAIAR;LMATMK;RAVEGTPFECLK110 0;223;969;1083;1408True;True;True;True;True0;249;250;1051;1173;15540;305;306;1305;1476;19640;438;439;1927;2148;28140;438;1927;2148;2814102;103 86;143 -1

P33195 P33195 13 13 13 Glycine dehydrogenase (decarboxylating)gcvP sp|P33195|GCSP_ECOLI Glycine dehydrogenase (decarboxylating) OS=Escherichia coli (strain K12) OX=83333 GN=gcvP PE=1 SV=31 13 13 13 23.5 23.5 23.5 104.38 957 957 0 232.7 2.37E+08 19 AEQAGDNLSCIMVTYPSTHGVYEETIR;AHLAPFVPGHSVVQIEGMLTR;DDEILTHPVFNR;EVAVFPAGVADK;FFVASDVHPQTLDVVR;FGVPMGYGGPHAAFFAAK;HAHYFDTLCVEVADK;LIDYGFHAPTMSFPVAGTLMVEPTESESK;QGAVSAAPFGSASILPISWMYIR;SDILNAVGITLDETTTR;TFCIPHGGGGPGMGPIGVK;YHSETEMMR;YMHSLER406 50;84;235;444;476;486;672;1045;1344;1460;1565;1871;1889True;True;True;True;True;True;True;True;True;True;True;True;True53;54;92;93;262;487;520;530;531;726;1133;1481;1613;1726;2060;207879;80;81;125;126;127;326;603;637;647;648;901;1433;1868;2035;2163;2575;2593122;123;124;174;175;176;465;871;912;925;926;1287;2091;2092;2704;2905;3054;3596;3615124;176;465;871;912;926;1287;2092;2704;2905;3054;3596;3615284;285;286;287;288277;650;745;847;856-1

P62399 P62399 8 8 8 50S ribosomal protein L5rplE sp|P62399|RL5_ECOLI 50S ribosomal protein L5 OS=Escherichia coli (strain K12) OX=83333 GN=rplE PE=1 SV=21 8 8 8 53.6 53.6 53.6 20.301 179 179 0 159.51 2.36E+08 12 ALLAAFDFPFRK;EQIIFPEIDYDKVDR;ITLNMGVGEAIADKK;LHDYYKDEVVK;LLDNAAADLAAISGQK;LLDNAAADLAAISGQKPLITK;LMTEFNYNSVMQVPR;MWEFFER467 116;427;871;1033;1066;1067;1089;1224True;True;True;True;True;True;True;True126;470;946;947;1119;1156;1157;1182;1341161;578;1186;1187;1415;1416;1457;1458;1497;1682216;841;842;1786;1787;2071;2072;2125;2126;2127;2176;2431216;842;1787;2072;2126;2127;2176;2431309;310 38;96 -1

P0A912 P0A912 5 5 5 Peptidoglycan-associated lipoproteinpal sp|P0A912|PAL_ECOLI Peptidoglycan-associated lipoprotein OS=Escherichia coli (strain K12) OX=83333 GN=pal PE=1 SV=11 5 5 5 35.8 35.8 35.8 18.824 173 173 0 228.03 2.26E+08 9 EKPAVLGHDEAAYSK;LQMQQLQQNNIVYFDLDK;LQMQQLQQNNIVYFDLDKYDIR;SDFAQMLDAHANFLR;VTVEGHADER166 386;1114;1115;1458;1805True;True;True;True;True425;1208;1209;1210;1610;1611;1990528;1533;1534;1535;2030;2031;2032;2478786;2242;2243;2244;2245;2900;2901;2902;3467786;2242;2245;2902;3467139;140 62;87 -1

P0A940 P0A940 11 11 11 Outer membrane protein assembly factor BamAbamA sp|P0A940|BAMA_ECOLI Outer membrane protein assembly factor BamA OS=Escherichia coli (strain K12) OX=83333 GN=bamA PE=1 SV=11 11 11 11 22.1 22.1 22.1 90.552 810 810 0 212.18 2.2E+08 11 AVYFPHQASNYDPDYDYECATQDGAK;DIHFEGLQR;EMPFYENFYAGGSSTVR;FNIDSTQVSLTPDKK;LFYNDFQADDADLSDYTNK;LGFFETVDTDTQR;LSGVEVSGNLAGHSAEIEQLTK;SVKDDMLK;VTLDTATYVPIDDDHK;YDGDKAEQFQFNIGK;YLYSMGEHPSTSDQDNSFK172 208;260;413;514;1012;1017;1128;1531;1802;1859;1887True;True;True;True;True;True;True;True;True;True;True230;288;455;559;1098;1103;1223;1689;1987;2047;2076283;353;562;684;1357;1374;1549;2125;2475;2558;2591412;498;823;972;1987;2029;2262;3006;3464;3569;3613412;498;823;972;1987;2029;2262;3006;3464;3569;3613-1

P38038 P38038 8 8 8 Sulfite reductase [NADPH] flavoprotein alpha-componentcysJ sp|P38038|CYSJ_ECOLI Sulfite reductase [NADPH] flavoprotein alpha-component OS=Escherichia coli (strain K12) OX=83333 GN=cysJ PE=1 SV=41 8 8 8 21 21 21 66.269 599 599 0 284.3 2.01E+08 11 AGGASSFLADRVEEEGEVR;APVAAPSQSVATGAVNEIHTSPYSK;FSPAQLDAEALINLLR;FSPAQLDAEALINLLRPLTPR;LPANPETPVIMIGPGTGIAPFR;VAEALRDDLLAAK;VFIEHNDNFR;WINDGAHIYVCGDANR427 69;150;524;525;1098;1658;1691;1839True;True;True;True;True;True;True;True76;166;569;570;1191;1826;1861;2025107;205;696;697;698;1507;2282;2319;2520153;154;279;986;987;988;989;2187;3217;3258;3518154;279;986;988;2187;3217;3258;3518302 457 -1

P0A6F3 P0A6F3 9 9 9 Glycerol kinaseglpK sp|P0A6F3|GLPK_ECOLI Glycerol kinase OS=Escherichia coli (strain K12) OX=83333 GN=glpK PE=1 SV=21 9 9 9 23.9 23.9 23.9 56.23 502 502 0 105.42 1.92E+08 11 ADISSDQIAAIGITNQR;AVVMDHDANIISVSQR;EFRPGIETTER;GVNANHIIR;TAEICEHLKR;TMLFNIHTLDWDDK;VDGGAVANNFLMQFQSDILGTR;VHVTDYTNASR;WILDHVEGSR78 32;207;352;660;1540;1612;1679;1717;1838True;True;True;True;True;True;True;True;True32;229;385;714;1698;1776;1848;1849;1890;202455;282;477;887;2134;2222;2305;2306;2352;251990;411;687;1271;3017;3129;3240;3241;3242;3294;351790;411;687;1271;3017;3129;3240;3294;351770;71 191;420 -1

P0A705-3;P0A705-2;P0A705P0A705-3;P0A705-2;P0A70514;14;14 14;14;14 14;14;14 Translation initiation factor IF-2infB sp|P0A705-3|IF2_ECOLI Isoform Beta of Translation initiation factor IF-2 OS=Escherichia coli (strain K12) OX=83333 GN=infB;sp|P0A705-2|IF2_ECOLI Isoform Beta of Translation initiation factor IF-2 OS=Escherichia coli (strain K12) OX=83333 GN=infB;sp|P0A7053 14 14 14 38.3 38.3 38.3 78.926 726 726;733;890 0 323.31 1.88E+08 21 APVVTIMGHVDHGK;DNVVIYEGELESLRR;GAQATDIVVLVVAADDGVMPQTIEAIQHAK;GRGPVATVLVR;GSSLQQGFQKPAQAVNR;IDKPEADPDR;IIGSGVGGITETDATLAAASNAILVGFNVR;LENMFANMTEGEVHEVNIVLK;LGAMATINQVIDQETAQLVAEEMGHK;NELSQYGILPEEWGGESQFVHVSAK;QAEDESDREVEGGR;VASGEAGGITQHIGAYHVETENGMITFLDTPGHAAFTSMR;VKNELSQYGILPEEWGGESQFVHVSAK;WTDNAEPTEDSSDYHVTTSQHAR98 151;278;549;631;638;750;801;1001;1014;1236;1324;1669;1740;1845True;True;True;True;True;True;True;True;True;True;True;True;True;True167;168;309;597;683;690;815;867;1085;1100;1354;1457;1837;1913;2032206;207;378;728;729;833;846;1033;1089;1343;1360;1361;1695;1840;1841;2294;2376;2538280;281;526;1020;1021;1194;1209;1210;1560;1622;1623;1971;1990;1991;2444;2659;2660;2661;3229;3322;3543281;526;1021;1194;1210;1560;1622;1971;1991;2444;2661;3229;3322;354392;93;94;95178;197;233;513-1;-1;-1

P0ABT2 P0ABT2 6 6 6 DNA protection during starvation proteindps sp|P0ABT2|DPS_ECOLI DNA protection during starvation protein OS=Escherichia coli (strain K12) OX=83333 GN=dps PE=1 SV=21 6 6 6 51.5 51.5 51.5 18.695 167 167 0 119.59 1.87E+08 9 AIGEAKDDDTADILTAASR;AVQLGGVALGTTQVINSK;GANFIAVHEMLDGFR;QAHWNMR;SYPLDIHNVQDHLK;TALIDHLDTMAER234 93;200;548;1327;1536;1546True;True;True;True;True;True102;222;595;596;1460;1694;1704;1705137;268;726;727;1844;2130;2140;2141186;187;356;1018;1019;2664;3012;3024;3025187;356;1018;2664;3012;3025199;200 65;80 -1

P31554 P31554 9 9 9 LPS-assembly protein LptDlptD sp|P31554|LPTD_ECOLI LPS-assembly protein LptD OS=Escherichia coli (strain K12) OX=83333 GN=lptD PE=1 SV=21 9 9 9 17.7 17.7 17.7 89.67 784 784 0 159.22 1.81E+08 10 DEDRLVQLNYR;DMEMLAPGYTQTLEPR;FSVGYAVQNFNATVSTK;IYGQAVHFVNTR;LLATHYQQTNLDWYNSR;LQADEVQLHQK;TVDALGNVHYDDNQVILK;VHLEPTINLPLSNNWGSINTEAK;VYEDEHPNDDSSRR397 237;274;526;891;1063;1109;1645;1712;1829True;True;True;True;True;True;True;True;True264;303;304;571;967;1153;1203;1812;1884;2015328;369;370;699;1212;1454;1528;2266;2345;2508467;515;516;990;1815;2122;2236;3200;3286;3505467;516;990;1815;2122;2236;3200;3286;3505282;283 497;499 -1

P0AG30 P0AG30 9 9 9 Transcription termination factor Rhorho sp|P0AG30|RHO_ECOLI Transcription termination factor Rho OS=Escherichia coli (strain K12) OX=83333 GN=rho PE=1 SV=11 9 9 9 23.6 23.6 23.6 47.004 419 419 0 93.678 1.79E+08 13 GTGNMELHLSR;HVQVAEMVIEK;ILFENLTPLHANSR;KDVIILLDSITR;KEELLTTQEELQK;TNDDFFEMMK;VLTGGVDANALHR;VLTGGVDANALHRPK;VNEVNFDKPENAR302 645;726;817;905;909;1613;1757;1758;1769True;True;True;True;True;True;True;True;True699;788;885;983;987;1777;1934;1935;1948860;983;984;1115;1228;1232;2223;2403;2404;2405;24191229;1446;1447;1669;1836;1840;1841;3130;3357;3358;3359;3377;33781229;1447;1669;1836;1841;3130;3357;3358;3377243 245 -1

P05055 P05055 9 9 9 Polyribonucleotide nucleotidyltransferasepnp sp|P05055|PNP_ECOLI Polyribonucleotide nucleotidyltransferase OS=Escherichia coli (strain K12) OX=83333 GN=pnp PE=1 SV=31 9 9 9 20 20 20 77.1 711 711 0 103.71 1.79E+08 11 AKPGQDFFPLTVNYQER;EGRPSEGETLIAR;GETQALVTATLGTAR;GVLAVMPDMDKFPYTVR;LHILGVMEQAINAPR;RIEEITAEIEVGR;SETIATLLAEDETLDENELGEILHAIEK;THGSALFTR;WDWQPEPVNEALNAR42 107;361;565;658;1038;1426;1472;1584;1834True;True;True;True;True;True;True;True;True117;395;614;712;1125;1126;1573;1625;1745;2020152;487;748;885;1423;1424;1987;2050;2184;2515205;698;699;1041;1268;2081;2082;2841;2921;3085;3513205;698;1041;1268;2082;2841;2921;3085;351348 537 -1

P0A8M0 P0A8M0 8 8 8 Asparagine--tRNA ligaseasnS sp|P0A8M0|SYN_ECOLI Asparagine--tRNA ligase OS=Escherichia coli (strain K12) OX=83333 GN=asnS PE=1 SV=21 8 8 8 16.7 16.7 16.7 52.57 466 466 0 78.119 1.65E+08 9 EVAHLRPR;FENPVYWGVDLSSEHER;FIEADFAQVDYTDAVTILENCGR;HTLAQALHR;KFENPVYWGVDLSSEHER;VDFDKDFFGK;VRHTLAQALHR;YLAEEHFK152 442;468;497;721;913;1678;1789;1878True;True;True;True;True;True;True;True485;512;542;782;992;1847;1973;2067601;629;661;977;1237;2304;2457;2582869;902;944;945;1440;1846;3239;3440;3603869;902;944;1440;1846;3239;3440;3603 -1

P0ABJ9 P0ABJ9 5 5 5 Cytochrome bd-I ubiquinol oxidase subunit 1cydA sp|P0ABJ9|CYDA_ECOLI Cytochrome bd-I ubiquinol oxidase subunit 1 OS=Escherichia coli (strain K12) OX=83333 GN=cydA PE=1 SV=11 5 5 5 12.5 12.5 12.5 58.204 522 522 0 81.662 1.63E+08 6 ELMVQHEER;FAIQIPYALGIIATR;VAPLYFAFR;YHFEQSSTTTQPAR;YTPNVADATEAQIQQATK230 401;459;1666;1870;1913True;True;True;True;True440;441;503;1834;2059;2107544;545;620;2290;2574;2635802;803;892;3225;3595;3732803;892;3225;3595;3732197 311 -1

P0A6P9 P0A6P9 7 7 7 Enolase eno sp|P0A6P9|ENO_ECOLI Enolase OS=Escherichia coli (strain K12) OX=83333 GN=eno PE=1 SV=21 7 7 7 27.5 27.5 27.5 45.654 432 432 0 185.77 1.56E+08 15 AFTSEEFTHFLEELTK;FNQIGSLTETLAAIK;GMPLYEHIAELNGTPGK;GNPTVEAEVHLEGGFVGMAAAPSGASTGSR;ILKEGIEK;MGSEVFHHLAK;SGETEDATIADLAVGTAAGQIK90 64;515;620;621;825;1178;1479True;True;True;True;True;True;True69;560;671;672;673;893;1280;163399;685;815;816;817;818;819;1129;1617;1618;2058144;973;1168;1169;1170;1171;1172;1173;1174;1175;1176;1713;2349;2350;2929144;973;1168;1172;1713;2350;292989 34 -1

P08203 P08203 4 4 4 L-ribulose-5-phosphate 4-epimerasearaD sp|P08203|ARAD_ECOLI L-ribulose-5-phosphate 4-epimerase AraD OS=Escherichia coli (strain K12) OX=83333 GN=araD PE=1 SV=21 4 4 4 30.7 30.7 30.7 25.519 231 231 0 71.442 1.45E+08 7 LLYQAFPSIGGIVHTHSR;MLEDLKR;NAEDAVHNAIVLEEVAYMGIFCR;QGIDAAQMPGVLVHSHGPFAWGK58 1082;1189;1226;1347True;True;True;True1172;1295;1296;1343;14841474;1475;1634;1635;1684;18712145;2146;2147;2374;2375;2433;27072147;2375;2433;270762;63 1;196 -1

P00393 P00393 13 13 13 NADH dehydrogenasendh sp|P00393|NDH_ECOLI Type II NADH:quinone oxidoreductase OS=Escherichia coli (strain K12) OX=83333 GN=ndh PE=1 SV=21 13 13 13 52.1 52.1 52.1 47.358 434 434 0 198.69 1.44E+08 18 DHGSLVSLSNFSTVGSLMGNLTR;DPDIYAIGDCASCPRPEGGFVPPR;ENCIFLDNPHQAR;FHQEMLNLFLK;GLTNEALNVTLVEAGER;IAYDTLVMALGSTSNDFNTPGVK;INQLVVEPTLQTTR;ISAAAHNELTK;IVIVGGGAGGLEMATQLGHK;MHQIALHGYFK;NHGFQFQLGSVIDIDR;PLLHEVATGSLDEGVDALSYLAHAR;VLTQTMVTSADEGGLHTK13 251;279;415;495;616;745;839;855;880;1180;1253;1313;1759True;True;True;True;True;True;True;True;True;True;True;True;True279;310;457;540;667;809;911;929;956;1282;1372;1446;1936;1937343;379;564;659;811;1014;1151;1169;1198;1620;1725;1828;2406;2407488;527;528;825;942;1164;1486;1744;1765;1766;1798;2352;2489;2490;2641;2642;3360;3361488;527;825;942;1164;1486;1744;1765;1798;2352;2490;2642;336119 248 -1

P07014 P07014 5 5 5 Succinate dehydrogenase iron-sulfur subunitsdhB sp|P07014|SDHB_ECOLI Succinate dehydrogenase iron-sulfur subunit OS=Escherichia coli (strain K12) OX=83333 GN=sdhB PE=1 SV=11 5 5 5 20.6 20.6 20.6 26.77 238 238 0 66.954 1.39E+08 6 DMMLLDALIQLK;EHLQMPEQR;EKDPSLSFR;IVIRPLPGLPVIR;SMLLQR51 276;368;384;879;1508True;True;True;True;True307;404;405;423;955;1663376;502;503;525;1197;2091524;746;747;783;1797;2966524;747;783;1797;296656;57 33;136 -1

P68919 P68919 3 3 3 50S ribosomal protein L25rplY sp|P68919|RL25_ECOLI 50S ribosomal protein L25 OS=Escherichia coli (strain K12) OX=83333 GN=rplY PE=1 SV=11 3 3 3 35.1 35.1 35.1 10.693 94 94 0 20.597 1.37E+08 5 AANKFPAIIYGGK;EAPLAIELDHDK;LQHIDFVR 478 14;330;1111True;True;True14;363;120520;454;153047;48;662;2238;223947;662;2239 -1

P0A7W7 P0A7W7 5 5 5 30S ribosomal protein S8rpsH sp|P0A7W7|RS8_ECOLI 30S ribosomal protein S8 OS=Escherichia coli (strain K12) OX=83333 GN=rpsH PE=1 SV=21 5 5 5 43.1 43.1 43.1 14.126 130 130 0 53.577 1.37E+08 5 KDELPK;SMQDPIADMLTR;VAIANVLKEEGFIEDFK;VEGDTKPELELTLK;VSRPGLR134 902;1509;1662;1684;1796True;True;True;True;True980;1664;1830;1854;19801225;2092;2286;2312;24641832;2967;3221;3251;34471832;2967;3221;3251;3447 -1

P0C8J8 P0C8J8 7 7 7 D-tagatose-1,6-bisphosphate aldolase subunit GatZgatZ sp|P0C8J8|GATZ_ECOLI D-tagatose-1,6-bisphosphate aldolase subunit GatZ OS=Escherichia coli (strain K12) OX=83333 GN=gatZ PE=1 SV=11 7 7 7 32.4 32.4 32.4 47.108 420 420 0 103.16 1.33E+08 12 AGEHIGICSVCSAHPLVIEAALAFDR;IHLDASMSCAGDPIPLAPETVAER;IILGGDHLGPNCWQQENADAAMEK;IQSGELSAIPHQLIMDK;MVYEAHSTDYQTR;VLIEATSNQVNQFGGYTGMTPADFR;YYWPHSR323 68;791;803;850;1223;1750;1922True;True;True;True;True;True;True75;857;869;922;923;1339;1340;1924;2116106;1078;1091;1162;1163;1680;1681;2390;2645152;1609;1610;1611;1625;1758;1759;2428;2429;2430;3339;3744152;1610;1625;1759;2429;3339;3744250;251;252;25359;103;252;404 -1

P0C018 P0C018 3 3 3 50S ribosomal protein L18rplR sp|P0C018|RL18_ECOLI 50S ribosomal protein L18 OS=Escherichia coli (strain K12) OX=83333 GN=rplR PE=1 SV=11 3 3 3 34.2 34.2 34.2 12.769 117 117 0 43.676 1.32E+08 3 HIYAQVIAPNGSEVLVAASTVEK;KLQELGATR;SGFQYHGR319 699;929;1481True;True;True760;1009;1635952;1256;20601409;1870;29311409;1870;2931 -1

P60438 P60438 4 4 4 50S ribosomal protein L3rplC sp|P60438|RL3_ECOLI 50S ribosomal protein L3 OS=Escherichia coli (strain K12) OX=83333 GN=rplC PE=1 SV=11 4 4 4 21.1 21.1 21.1 22.243 209 209 0 36.501 1.3E+08 5 AIQVTTGAK;GAVPGATGSDLIVKPAVK;NLLLVK;VTKPEAGHFAK454 96;553;1272;1801True;True;True;True105;601;1393;1986140;733;734;1753;2474190;1025;1026;2526;3463190;1026;2526;3463 -1

P0A6M8 P0A6M8 12 12 12 Elongation factor GfusA sp|P0A6M8|EFG_ECOLI Elongation factor G OS=Escherichia coli (strain K12) OX=83333 GN=fusA PE=1 SV=21 12 12 12 27.8 27.8 27.8 77.58 704 704 0 194.67 1.23E+08 16 AGPLAGYPVVDMGIR;EFNVEANVGKPQVAYR;HASDDEPFSALAFK;IGEVHDGAATMDWMEQEQER;IHAEVPLSEMFGYATQLR;ILFYTGVNHK;INIIDTPGHVDFTIEVER;LHFGSYHDVDSSELAFK;VEVETPEENTGDVIGDLSR;VLNNEIILVTCGSAFK;VYSGVVNSGDTVLNSVK;YDEAPSNVAQAVIEAR86 76;351;674;779;788;819;837;1035;1688;1754;1831;1857True;True;True;True;True;True;True;True;True;True;True;True83;84;384;728;844;853;887;909;1122;1858;1930;2017;2045115;116;476;903;904;1063;1073;1117;1149;1419;2316;2396;2510;2556162;163;686;1289;1290;1593;1603;1604;1671;1741;1742;2075;3255;3346;3507;3567163;686;1289;1593;1604;1671;1742;2075;3255;3346;3507;356785;86 574;663 -1

P0A707 P0A707 5 5 5 Translation initiation factor IF-3;Translation initiation factor IF-3, N-terminally processed;Translation initiation factor IF-3SinfC sp|P0A707|IF3_ECOLI Translation initiation factor IF-3 OS=Escherichia coli (strain K12) OX=83333 GN=infC PE=1 SV=11 5 5 5 44.4 44.4 44.4 20.564 180 180 0 86.033 1.18E+08 7 AEEAGVDLVEISPNAEPPVCR;EMAHQQIGMEVLNR;FRPGTDEGDYQVK;LTGLEGEQLGIVSLR;VKDDLQELAVVESFPTK99 43;409;520;1138;1736True;True;True;True;True45;449;450;565;1233;190970;555;556;557;692;1560;2371109;816;817;818;982;2275;3317109;818;982;2275;331796;97 135;142 -1

P0A7L0 P0A7L0 8 8 8 50S ribosomal protein L1rplA sp|P0A7L0|RL1_ECOLI 50S ribosomal protein L1 OS=Escherichia coli (strain K12) OX=83333 GN=rplA PE=1 SV=21 8 8 8 42.3 42.3 42.3 24.729 234 234 0 68.87 1.17E+08 8 AAGAELVGMEDLADQIK;ENLEALLVALKK;GATVLPHGTGR;KGEMNFDVVIASPDAMR;LKENLEALLVALK;NGIIHTTIGK;QYDINEAIALLKELATAK;VVGQLGQVLGPR114 5;418;552;918;1058;1244;1401;1810True;True;True;True;True;True;True;True5;460;600;998;1147;1363;1544;19957;567;732;1243;1447;1709;1952;24838;828;1024;1852;2114;2464;2801;34798;828;1024;1852;2114;2464;2801;3479107;108 97;109 -1

P0AD61 P0AD61 8 8 8 Pyruvate kinase IpykF sp|P0AD61|KPYK1_ECOLI Pyruvate kinase I OS=Escherichia coli (strain K12) OX=83333 GN=pykF PE=1 SV=11 8 8 8 24.5 24.5 24.5 50.729 470 470 0 129.09 1.17E+08 11 AHGGENIHIISK;GVNLPGVSIALPALAEK;IENQEGLNNFDEILEASDGIMVAR;KYFPDATILALTTNEK;LDAPLIVVATQGGK;LEFNNDNRK;LNFSHGDYAEHGQR;TAHQLVLSK253 83;661;764;948;975;997;1092;1542True;True;True;True;True;True;True;True91;715;829;1029;1057;1081;1185;1700124;888;1047;1278;1312;1313;1339;1500;1501;2136173;1272;1575;1576;1895;1935;1936;1966;2179;2180;3020173;1272;1576;1895;1936;1966;2180;3020-1

P0A7J7 P0A7J7 2 2 2 50S ribosomal protein L11rplK sp|P0A7J7|RL11_ECOLI 50S ribosomal protein L11 OS=Escherichia coli (strain K12) OX=83333 GN=rplK PE=1 SV=21 2 2 2 14.8 14.8 14.8 14.875 142 142 0 19.967 1.16E+08 2 GLPIPVVITVYADR;SIEGTAR 111 615;1490 True;True 666;1644 810;2070 1163;2943 1163;2943 -1

P0A850 P0A850 7 7 7 Trigger factortig sp|P0A850|TIG_ECOLI Trigger factor OS=Escherichia coli (strain K12) OX=83333 GN=tig PE=1 SV=11 7 7 7 23.1 23.1 23.1 48.192 432 432 0 133.35 1.13E+08 9 AGEEFTIDVTFPEEYHAENLK;ANDIDVPAALIDSEIDVLR;EKDGAVEAEDR;GLIEEMASAYEDPK;GLIEEMASAYEDPKEVIEFYSK;NVALEEQAVEAVLAK;VVVGLLLGEVIR143 67;138;383;611;612;1289;1822True;True;True;True;True;True;True74;154;422;661;662;1416;2008104;105;193;524;805;806;1781;2501149;150;151;265;782;1158;1159;2568;3498150;265;782;1158;1159;2568;3498 -1

P17846 P17846 12 12 12 Sulfite reductase [NADPH] hemoprotein beta-componentcysI sp|P17846|CYSI_ECOLI Sulfite reductase [NADPH] hemoprotein beta-component OS=Escherichia coli (strain K12) OX=83333 GN=cysI PE=1 SV=41 12 12 12 26.1 26.1 26.1 63.997 570 570 0 184.16 1.12E+08 15 ENITEPEILASLDELIGR;FEPIRPYEFTGR;FHGMYQQDDR;FLPSFIDNIDNLMAK;GTIAEDLNDGLTGGFK;HGVSDEHIVMR;ISEHLLPR;KISEHLLPR;NVLCTSNPYESQLHAEAYEWAK;QTFQFHGILK;VATTDEEPILGQTYLPR;YNLHLGGNR341 417;469;493;510;647;689;857;926;1290;1389;1672;1892True;True;True;True;True;True;True;True;True;True;True;True459;513;538;555;701;749;931;1006;1417;1531;1841;2081566;630;657;680;862;934;1171;1253;1782;1937;2298;2596827;903;904;940;968;1231;1344;1768;1867;2569;2570;2571;2783;3233;3618827;903;940;968;1231;1344;1768;1867;2570;2783;3233;3618268 474 -1

P0A8J8 P0A8J8 7 7 7 ATP-dependent RNA helicase RhlBrhlB sp|P0A8J8|RHLB_ECOLI ATP-dependent RNA helicase RhlB OS=Escherichia coli (strain K12) OX=83333 GN=rhlB PE=1 SV=21 7 7 7 30.2 30.2 30.2 47.125 421 421 0 168.16 1.12E+08 10 CEEIWGHLAADGHR;ELAVQIHADAEPLAEATGLK;GLHIPAVTHVFNYDLPDDCEDYVHR;LLQTLIEEEWPDR;QNHINLGAIQVVVLDEADR;TMAFLTSTFHYLLSHPAIADR;VLESGVDILIGTTGR150 218;395;609;1077;1376;1609;1745True;True;True;True;True;True;True243;434;659;1167;1516;1771;1919298;538;800;801;1469;1918;2211;2384430;796;1152;1153;1154;2140;2762;2763;3118;3332430;796;1152;2140;2762;3118;3332117 61 -1

P09373 P09373 8 8 8 Formate acetyltransferase 1pflB sp|P09373|PFLB_ECOLI Formate acetyltransferase 1 OS=Escherichia coli (strain K12) OX=83333 GN=pflB PE=1 SV=21 8 8 8 17.2 17.2 17.2 85.356 760 760 0 117.64 1.1E+08 13 AGAPFGPGANPMHGR;ITEQEAQEMVDHLVMK;IVGLQTEAPLKR;LREEIAEQHR;MDHFMDWLAK;THAPVDFDTAVASTITSHDAGYINK;THNQGVFDVYTPDILR;TPEYDELFSGDPIWATESIGGMGLDGR66 65;866;875;1122;1172;1581;1585;1619True;True;True;True;True;True;True;True70;71;940;941;951;1217;1272;1742;1746;1784;1785100;101;1180;1181;1191;1542;1543;1608;2181;2185;2232;2233145;146;1779;1780;1791;2253;2254;2340;3082;3086;3153;3154;3155145;1780;1791;2253;2340;3082;3086;315366;67;68 311;342;637 -1

P08204 P08204 5 5 5 RibulokinasearaB sp|P08204|ARAB_ECOLI Ribulokinase OS=Escherichia coli (strain K12) OX=83333 GN=araB PE=1 SV=41 5 5 5 16.6 16.6 16.6 61.089 566 566 0 47.067 1.1E+08 5 AAVVGIGVDSTGSTPAPIDADGNVLALRPEFAENPNAMFVLWK;DHTAVEEAEEITR;FEQLYR;LCHAPGNVDYSR;VIGTSTCDILIADKQSVGER59 24;253;470;973;1726True;True;True;True;True24;281;514;1055;189946;346;631;1309;236176;491;905;1931;330676;491;905;1931;3306 -1

P69828 P69828 5 5 5 Galactitol-specific phosphotransferase enzyme IIA componentgatA sp|P69828|PTKA_ECOLI PTS system galactitol-specific EIIA component OS=Escherichia coli (strain K12) OX=83333 GN=gatA PE=1 SV=11 5 5 5 56.7 56.7 56.7 16.907 150 150 0 80.958 1.08E+08 8 EAEFPTGIMLEQHAIAIPHCEAIHAK;GVVHDTWPQALIAR;LQQPDIVETLITLPETQLK;SEVLTHIGNEMLAK;SSAIYLLRPTNK486 322;664;1116;1473;1517True;True;True;True;True355;718;1211;1626;1627;1673444;891;1536;2051;2052;2104648;1275;1276;2246;2247;2922;2923;2981648;1276;2246;2923;2981318;319 26;52 -1

P0AA10 P0AA10 4 4 4 50S ribosomal protein L13rplM sp|P0AA10|RL13_ECOLI 50S ribosomal protein L13 OS=Escherichia coli (strain K12) OX=83333 GN=rplM PE=1 SV=11 4 4 4 43.7 43.7 43.7 16.018 142 142 0 55.662 1.01E+08 7 AEYTPHVDTGDYIIVLNADK;TFTAKPETVK;VYAGNEHNHAAQQPQVLDI;VYYHHTGHIGGIK199 57;1573;1828;1832True;True;True;True62;1734;2014;201891;2172;2507;2511;2512;2513135;3073;3504;3508;3509;3510;3511135;3073;3504;3508 -1

P0AE08 P0AE08 3 3 3 Alkyl hydroperoxide reductase subunit CahpC sp|P0AE08|AHPC_ECOLI Alkyl hydroperoxide reductase C OS=Escherichia coli (strain K12) OX=83333 GN=ahpC PE=1 SV=21 3 3 3 28.9 28.9 28.9 20.761 187 187 0 53.398 97756000 6 ATFVVDPQGIIQAIEVTAEGIGR;LGVDVYAVSTDTHFTHK;NFDNMREDEGLADR266 172;1026;1241True;True;True190;1112;1359;1360230;231;1406;1407;1705;1706308;309;2062;2063;2460;2461308;2063;2461 211 111 -1

P60716 P60716 3 3 3 Lipoyl synthaselipA sp|P60716|LIPA_ECOLI Lipoyl synthase OS=Escherichia coli (strain K12) OX=83333 GN=lipA PE=1 SV=11 3 3 3 11.8 11.8 11.8 36.071 321 321 0 58.61 92068000 4 HGVTMLTLGQYLQPSR;IKLPADSTR;YVVITSVDRDDLR457 690;813;1918True;True;True750;751;881;2112935;936;1110;26401345;1346;1664;37381346;1664;3738 308 259 -1

P00579 P00579 8 8 8 RNA polymerase sigma factor RpoDrpoD sp|P00579|RPOD_ECOLI RNA polymerase sigma factor RpoD OS=Escherichia coli (strain K12) OX=83333 GN=rpoD PE=1 SV=21 8 8 8 19.2 19.2 19.2 70.263 613 613 0 201.08 92016000 10 AATHDVLAGLTAR;AVDKFEYR;EMVEANLR;EPISMETPIGDDEDSHLGDFIEDTTLELPLDSATTESLR;IEDGINQVQCSVAEYPEAITYLLEQYDR;IPVHMIETINK;LHDVSEEVHR;RIEDGINQVQCSVAEYPEAITYLLEQYDR18 20;186;414;422;759;843;1032;1425True;True;True;True;True;True;True;True20;207;456;464;824;915;1118;157226;250;563;571;572;1042;1155;1414;198654;333;824;833;834;835;1570;1748;2070;284054;333;824;834;1570;1748;2070;2840 -1

P36683 P36683 8 8 8 Aconitate hydratase BacnB sp|P36683|ACNB_ECOLI Aconitate hydratase B OS=Escherichia coli (strain K12) OX=83333 GN=acnB PE=1 SV=31 8 8 8 13.6 13.6 13.6 93.497 865 865 0 94.147 90484000 10 DLVHAIPLYAIK;EALGLPHSDVFR;GGVSLRPGDGVIHSWLNR;LGTGANVFLASAELAAVAALIGK;LWVAPPTR;MLLPDTVGTGGDSHTR;NHETGELLATFELK;PLDANQMAALVELLK413 273;328;591;1025;1159;1190;1250;1311True;True;True;True;True;True;True;True302;361;640;1111;1257;1297;1369;1444368;452;780;781;1405;1591;1636;1719;1826514;660;1125;1126;1127;2061;2319;2376;2482;2638514;660;1125;2061;2319;2376;2482;2638-1

P0AC33;P14407P0AC33 9;3 9;3 9;3 Fumarate hydratase class I, aerobicfumA sp|P0AC33|FUMA_ECOLI Fumarate hydratase class I, aerobic OS=Escherichia coli (strain K12) OX=83333 GN=fumA PE=1 SV=22 9 9 9 20.4 20.4 20.4 60.298 548 548;548 0 110.65 80472000 12 DPEASENDKYVALQFLR;GVYNTYIEDNLR;HGASCPVGMGVSCSADR;HGGFYLGSIGGPAAVLAQGSIK;PAHQQQVADILR;PAHQQQVADILRDPEASENDK;YFAHDIR;YIPEELRK;YYDELPTEGNEHGQAFR240 280;667;682;683;1297;1298;1868;1875;1920True;True;True;True;True;True;True;True;True311;721;739;740;1427;1428;2056;2064;2114380;896;923;924;1802;1803;1804;2569;2579;2642529;1282;1329;1330;1331;1332;2608;2609;2610;3581;3600;3740529;1282;1330;1332;2608;2610;3581;3600;3740201 314 -1;-1

P69776 P69776 3 3 3 Major outer membrane lipoprotein Lpplpp sp|P69776|LPP_ECOLI Major outer membrane lipoprotein Lpp OS=Escherichia coli (strain K12) OX=83333 GN=lpp PE=1 SV=11 3 3 3 48.7 48.7 48.7 8.3234 78 78 0 26.729 75172000 3 IDQLSSDVQTLNAK;SDVQAAKDDAAR;VDQLSNDVNAMR482 756;1465;1681True;True;True821;1618;18511039;2042;23091566;2912;32461566;2912;3246 317 51 -1

P0ADY7 P0ADY7 3 3 3 50S ribosomal protein L16rplP sp|P0ADY7|RL16_ECOLI 50S ribosomal protein L16 OS=Escherichia coli (strain K12) OX=83333 GN=rplP PE=1 SV=11 3 3 3 22.1 22.1 22.1 15.281 136 136 0 17.008 74513000 3 TTFVTK;VFPDKPITEK;VLYEMDGVPEELAR 263 1637;1694;1761True;True;True1804;1866;19392256;2325;24093187;3265;33643187;3265;3364 -1

P02358 P02358 2 2 2 30S ribosomal protein S6;30S ribosomal protein S6, fully modified isoform;30S ribosomal protein S6, non-modified isoformrpsF sp|P02358|RS6_ECOLI 30S ribosomal protein S6 OS=Escherichia coli (strain K12) OX=83333 GN=rpsF PE=1 SV=11 2 2 2 33.3 33.3 33.3 15.703 135 135 0 88.899 74484000 6 AHYVLMNVEAPQEVIDELETTFR;HYEIVFMVHPDQSEQVPGMIER29 87;730 True;True 96;792;793;794130;989;990;991;992;993179;1452;1453;1454;1455;1456179;1455 40;41 9;21 -1

P63284;A0A7H2C767;P63284-2P63284;A0A7H2C767;P63284-210;9;9 10;9;9 10;9;9 Chaperone protein ClpBclpB sp|P63284|CLPB_ECOLI Chaperone protein ClpB OS=Escherichia coli (strain K12) OX=83333 GN=clpB PE=1 SV=1;tr|A0A7H2C767|A0A7H2C767_ECOLI Chaperone protein ClpB OS=Escherichia coli (strain K12) OX=83333 GN=clpB PE=3 SV=1;sp|P63284-2|CLPB_ECOLI Isoform ClpB-3 3 10 10 10 20.4 20.4 20.4 95.584 857 857;709;709 0 132.73 74005000 15 AGLADPNRPIGSFLFLGPTGVGK;AHPDVFNILLQVLDDGR;ELVLGVVSHNFRPEFINR;GDNFISSELFVLAALESR;LDMLNEELSDKER;MQIDSKPEELDR;NTVVIMTSNLGSDLIQER;QEGNVILFIDELHTMVGAGK;RPYSVILLDEVEK;YELHHHVQITDPAIVAAATLSHR470 72;85;408;558;984;1208;1288;1335;1439;1865True;True;True;True;True;True;True;True;True;True79;94;448;606;1066;1317;1318;1415;1468;1587;2053111;128;553;554;739;1322;1657;1658;1780;1852;2001;2564;2565158;177;813;814;815;1031;1946;2401;2402;2567;2677;2859;3575;3576;3577158;177;814;1031;1946;2402;2567;2677;2859;3577311;312 403;443 -1;-1;-1

P27302 P27302 7 7 7 Transketolase 1tktA sp|P27302|TKT1_ECOLI Transketolase 1 OS=Escherichia coli (strain K12) OX=83333 GN=tktA PE=1 SV=51 7 7 7 17.5 17.5 17.5 72.211 663 663 0 141.61 72392000 9 AGTHDSHGAPLGDAEIALTR;AINEDAAGNYIHYGVR;AVTDKPSLLMCK;DIDGHDAASIK;FEAYGWHVIR;QVMVYTHDSIGLGEDGPTHQPVEQVASLR;VVSMPSTDAFDKQDAAYR380 77;95;202;257;467;1396;1819True;True;True;True;True;True;True85;104;224;285;511;1538;1539;2004117;118;139;270;350;628;1944;1945;2496164;165;189;358;495;901;2793;2794;3493165;189;358;495;901;2794;3493279 457 -1

P0ABH9 P0ABH9 10 10 10 ATP-dependent Clp protease ATP-binding subunit ClpAclpA sp|P0ABH9|CLPA_ECOLI ATP-dependent Clp protease ATP-binding subunit ClpA OS=Escherichia coli (strain K12) OX=83333 GN=clpA PE=1 SV=11 10 10 10 26.9 26.9 26.9 84.206 758 758 0 209.21 70304000 13 AGLGHEHKPVGSFLFAGPTGVGK;AVFHVQSSGR;HPHAVLLLDEIEK;KDEPTQSSDPGSQPNSEEQAGGEER;LDVVNFISHGTR;LIGAPPGYVGFDQGGLLTDAVIK;NEVTGANVLVAIFSEQESQAAYLLR;QELEAFIEQTTPVLPASEEER;QLEQDTNSILFIDEIHTIIGAGAASGGQVDAANLIK;VIGSTTYQEFSNIFEK228 73;190;709;903;992;1050;1240;1337;1365;1725True;True;True;True;True;True;True;True;True;True80;211;770;981;1076;1138;1358;1470;1503;1898112;254;962;1226;1333;1438;1704;1854;1893;2360159;337;1421;1833;1834;1960;2103;2459;2679;2680;2734;3304;3305159;337;1421;1834;1960;2103;2459;2680;2734;3304-1

P0AFM6 P0AFM6 3 3 3 Phage shock protein ApspA sp|P0AFM6|PSPA_ECOLI Phage shock protein A OS=Escherichia coli (strain K12) OX=83333 GN=pspA PE=1 SV=21 3 3 3 17.1 17.1 17.1 25.493 222 222 0 62.434 68755000 4 LDEAMAR;RIDQMEAEAESHSFGK;SLEHEVTLVDDTLAR298 978;1423;1501True;True;True1060;1569;1570;16561316;1982;1983;20841940;2836;2837;29591940;2837;2959239;240 165;178 -1

P0A7A7 P0A7A7 10 10 10 Glycerol-3-phosphate acyltransferaseplsB sp|P0A7A7|PLSB_ECOLI Glycerol-3-phosphate acyltransferase OS=Escherichia coli (strain K12) OX=83333 GN=plsB PE=1 SV=21 10 10 10 20.9 20.9 20.9 91.38 807 807 0 230.23 67548000 12 AQCLAHDLPDPLEPLEIDGTLLPR;DEGYISDSGDAEPAETMK;ESIDPIEAVRPAWLTPTVNNIAADLMVR;FEVEKDTIGDIIILPR;LFHDYLDLHR;LSVLHGINAPEFFDK;LYQGINVHNAER;NVPYSTDSTVPSASASELIDHALQMNK;PAWLTPTVNNIAADLMVR;QGLITLQDDELHINPAHSR103 153;238;433;471;1008;1134;1163;1291;1302;1348True;True;True;True;True;True;True;True;True;True170;265;476;515;1094;1229;1261;1418;1433;1485209;329;584;632;1353;1556;1595;1783;1810;1872;1873284;468;848;849;906;1982;2271;2323;2572;2617;2708;2709284;468;849;906;1982;2271;2323;2572;2617;270999 781 -1

P0A6H5 P0A6H5 4 4 4 ATP-dependent protease ATPase subunit HslUhslU sp|P0A6H5|HSLU_ECOLI ATP-dependent protease ATPase subunit HslU OS=Escherichia coli (strain K12) OX=83333 GN=hslU PE=1 SV=11 4 4 4 11.1 11.1 11.1 49.593 443 443 0 42.97 65895000 4 HLDALVADEDLSR;IAEAAWQVNESTENIGAR;RLHTVLER;YRAEELAEER83 701;734;1431;1904True;True;True;True762;798;1578;2096954;997;1992;26241411;1460;2848;37181411;1460;2848;3718 -1

P0A7K2 P0A7K2 3 3 3 50S ribosomal protein L7/L12rplL sp|P0A7K2|RL7_ECOLI 50S ribosomal protein L7/L12 OS=Escherichia coli (strain K12) OX=83333 GN=rplL PE=1 SV=21 3 3 3 45.5 45.5 45.5 12.295 121 121 0 76.929 65301000 14 DQIIEAVAAMSVMDVVELISAMEEK;FGVSAAAAVAVAAGPVEAAEEK;FGVSAAAAVAVAAGPVEAAEEKTEFDVILK112 282;487;488True;True;True313;314;532;533382;383;384;649;650;651;652531;532;533;534;535;927;928;929;930;931;932;933;934;935535;928;934104;105;10615;18;27 -1

P0A9C5 P0A9C5 7 7 7 Glutamine synthetaseglnA sp|P0A9C5|GLN1B_ECOLI Glutamine synthetase OS=Escherichia coli (strain K12) OX=83333 GN=glnA PE=1 SV=21 7 7 7 29.4 29.4 29.4 51.903 469 469 0 164.76 60318000 9 EIPQVAGSLEEALNELDLDR;EIPQVAGSLEEALNELDLDREFLK;FGSSISGSHVAIDDIEGAWNSSTQYEGGNK;GINESDMVLMPDASTAVIDPFFADSTLIIR;GKEQHVTIPAHQVNAEFFEEGK;STGIADTVLFGPEPEFFLFDDIR;YVVHNVAHR180 379;380;485;599;606;1523;1917True;True;True;True;True;True;True418;419;529;649;656;1679;2111520;521;646;790;797;2112;2639778;779;923;924;1141;1142;1149;2989;3737778;779;923;1142;1149;2989;3737141;142 66;69 -1

P00490 P00490 9 9 9 Maltodextrin phosphorylasemalP sp|P00490|PHSM_ECOLI Maltodextrin phosphorylase OS=Escherichia coli (strain K12) OX=83333 GN=malP PE=1 SV=71 9 9 9 16.1 16.1 16.1 90.521 797 797 0 76.119 58892000 11 DLFPEYHQLWPNK;ENPQADRVPR;HMQIINEINTR;HVNYISMEFLIGR;QGGDPYLVMADFAAYVEAQK;QHLNLLHILALYK;TFAYTNHTLMPEALER;VLYPNDNHTAGK;WEPEFTITGQAWDLPVVGYR14 269;420;705;725;1346;1352;1563;1762;1835True;True;True;True;True;True;True;True;True298;462;766;787;1483;1489;1723;1724;1940;2021364;569;958;982;1870;1877;1878;2160;2161;2410;2516510;830;1415;1445;2706;2713;2714;3051;3052;3365;3514510;830;1415;1445;2706;2713;3052;3365;351420;21;22 67;349;369 -1

P0A7N9 P0A7N9 2 2 2 50S ribosomal protein L33rpmG sp|P0A7N9|RL33_ECOLI 50S ribosomal protein L33 OS=Escherichia coli (strain K12) OX=83333 GN=rpmG PE=1 SV=21 2 2 2 30.9 30.9 30.9 6.3715 55 55 0 19.991 57851000 2 IKLVSSAGTGHFYTTTK;LVSSAGTGHFYTTTK 121 814;1158 True;True 882;1256 1111;1590 1665;2318 1665;2318 -1

P0A7M2 P0A7M2 3 3 3 50S ribosomal protein L28rpmB sp|P0A7M2|RL28_ECOLI 50S ribosomal protein L28 OS=Escherichia coli (strain K12) OX=83333 GN=rpmB PE=1 SV=21 3 3 3 26.9 26.9 26.9 9.0064 78 78 0 25.067 57809000 3 FLPNLHSHR;KGIDTVLAELR;RFLPNLHSHR 117 509;920;1417True;True;True554;1000;1563679;1247;1975967;1860;2827967;1860;2827 -1

P21507 P21507 8 8 8 ATP-dependent RNA helicase SrmBsrmB sp|P21507|SRMB_ECOLI ATP-dependent RNA helicase SrmB OS=Escherichia coli (strain K12) OX=83333 GN=srmB PE=1 SV=11 8 8 8 22.7 22.7 22.7 49.914 444 444 0 83.731 55516000 11 ELAMQVSDHAR;GFTRPTAIQAAAIPPALDGR;GTAISLVEAHDHLLLGK;KGTAISLVEAHDHLLLGK;MLDMGFAQDIEHIAGETR;TAAYLLPALQHLLDFPR;VHELANWLR;VIDELRPK350 394;574;642;924;1187;1539;1709;1720True;True;True;True;True;True;True;True433;623;694;1004;1293;1697;1881;1893536;537;762;850;1251;1632;2133;2342;2355794;795;1099;1100;1216;1865;2372;3015;3016;3283;3299794;1099;1216;1865;2372;3016;3283;3299270 162 -1

P07001 P07001 3 3 3 NAD(P) transhydrogenase subunit alphapntA sp|P07001|PNTA_ECOLI NAD(P) transhydrogenase subunit alpha OS=Escherichia coli (strain K12) OX=83333 GN=pntA PE=1 SV=21 3 3 3 10.4 10.4 10.4 54.623 510 510 0 22.159 55409000 5 AFDTRPEVK;AIVEAAHEFGR;VNAPLDDEIALLNPGTTLVSFIWPAQNPELMQK49 59;99;1767True;True;True64;108;194693;143;2417137;193;194;3374;3375137;194;3375 -1

P45577 P45577 3 3 3 RNA chaperone ProQproQ sp|P45577|PROQ_ECOLI RNA chaperone ProQ OS=Escherichia coli (strain K12) OX=83333 GN=proQ PE=1 SV=21 3 3 3 22 22 22 25.892 232 232 0 60.641 55154000 6 EEQHTPVSDISALTVGQALK;VDLDGNPCGELDEQHVEHAR;YLYGVKPGATR441 344;1680;1886True;True;True377;1850;2075469;2307;2308;2590678;679;3243;3244;3245;3612678;3245;3612 -1

P45565 P45565 1 1 1 Lipopolysaccharide core heptose(II)-phosphate phosphataseais sp|P45565|AIS_ECOLI Lipopolysaccharide core heptose(II)-phosphate phosphatase OS=Escherichia coli (strain K12) OX=83333 GN=ais PE=2 SV=21 1 1 1 6 6 6 22.256 200 200 0 6.5774 54553000 1 LAQQHPVVVLFR 440 967 TRUE 1049 1303 1925 1925 -1

P33232 P33232 2 2 2 L-lactate dehydrogenaselldD sp|P33232|LLDD_ECOLI L-lactate dehydrogenase OS=Escherichia coli (strain K12) OX=83333 GN=lldD PE=1 SV=11 2 2 2 6.8 6.8 6.8 42.728 396 396 0 17.841 53607000 3 FGADGIVVSNHGGR;MIALGADTVLLGR 407 478;1181 True;True 522;1283 639;1621 914;915;2353914;2353 289 318 -1

P0A7D4 P0A7D4 6 6 6 Adenylosuccinate synthetasepurA sp|P0A7D4|PURA_ECOLI Adenylosuccinate synthetase OS=Escherichia coli (strain K12) OX=83333 GN=purA PE=1 SV=21 6 6 6 21.3 21.3 21.3 47.344 432 432 0 104.36 53333000 10 IEELTGVPIDIISTGPDR;LLLSEACPLILDYHVALDNAR;RIEELTGVPIDIISTGPDR;TVLHLIPSGILR;VGDLFDKETFAEK;VLDDTMAVADILTSMVVDVSDLLDQAR105 760;1073;1427;1649;1697;1743True;True;True;True;True;True825;1163;1574;1816;1869;1916;19171043;1464;1988;2272;2329;2379;2380;23811571;2134;2842;2843;3207;3269;3326;3327;3328;33291571;2134;2843;3207;3269;3327100;101 192;201 -1

P61175 P61175 2 2 2 50S ribosomal protein L22rplV sp|P61175|RL22_ECOLI 50S ribosomal protein L22 OS=Escherichia coli (strain K12) OX=83333 GN=rplV PE=1 SV=11 2 2 2 29.1 29.1 29.1 12.226 110 110 0 43.938 53018000 3 TSHITVVVSDR;VLESAIANAEHNDGADIDDLK 462 1633;1744 True;True 1799;1918 2250;2382;23833179;3330;33313179;3331 -1

P13035 P13035 4 4 4 Aerobic glycerol-3-phosphate dehydrogenaseglpD sp|P13035|GLPD_ECOLI Aerobic glycerol-3-phosphate dehydrogenase OS=Escherichia coli (strain K12) OX=83333 GN=glpD PE=1 SV=31 4 4 4 7.6 7.6 7.6 56.75 501 501 0 29.372 50052000 4 FGANSVLKPEIK;LVSEALAER;YLEHYEFR;YLVDHEWVR331 479;1157;1880;1884True;True;True;True523;1255;2069;2073640;1589;2584;2588916;2317;3605;3610916;2317;3605;3610 -1

P0A6P5 P0A6P5 7 7 7 GTPase Derder sp|P0A6P5|DER_ECOLI GTPase Der OS=Escherichia coli (strain K12) OX=83333 GN=der PE=1 SV=11 7 7 7 19.2 19.2 19.2 55.035 490 490 0 52.415 48173000 8 DSIYIPMER;EKPTFLVANK;EYVLIDTAGVR;IMTMAVEDHQPPLVR;LAIVGRPNVGK;TLQAIEDANVVMLVIDAR;VHFISALHGSGVGNLFESVR88 297;387;458;834;963;1606;1710True;True;True;True;True;True;True330;426;502;903;904;1044;1768;1882404;529;619;1139;1140;1297;2208;2343583;787;891;1724;1725;1918;3114;3284583;787;891;1724;1918;3114;328487;88 388;390 -1

P04825 P04825 6 6 6 Aminopeptidase NpepN sp|P04825|AMPN_ECOLI Aminopeptidase N OS=Escherichia coli (strain K12) OX=83333 GN=pepN PE=1 SV=21 6 6 6 10.6 10.6 10.6 98.918 870 870 0 84.205 47351000 8 EVALELYVDR;HITYYLDRPDVLAR;HQQGQPLSLPVHVADAFR;MIHTLLGEENFQK;TDTATDKDYLDIER;TLATELADELLAIYNANYQSEYR41 443;697;715;1183;1556;1595True;True;True;True;True;True486;758;776;1286;1716;1757602;950;969;970;1625;2153;2197870;1407;1431;1432;2364;3042;3043;3100870;1407;1432;2364;3042;3100 -1

P23845 P23845 4 4 4 Sulfate adenylyltransferase subunit 1cysN sp|P23845|CYSN_ECOLI Sulfate adenylyltransferase subunit 1 OS=Escherichia coli (strain K12) OX=83333 GN=cysN PE=1 SV=11 4 4 4 12.6 12.6 12.6 52.558 475 475 0 34.472 45971000 4 EDYLTFAGQLPGNLDIR;FIIADTPGHEQYTR;FPVQYVNRPNLDFR;QIYEDQLSSLHNDSK363 340;500;519;1360True;True;True;True373;545;564;1498465;664;691;1887674;948;981;2726674;948;981;2726 -1

P0ADG7 P0ADG7 3 3 3 Inosine-5-monophosphate dehydrogenaseguaB sp|P0ADG7|IMDH_ECOLI Inosine-5-monophosphate dehydrogenase OS=Escherichia coli (strain K12) OX=83333 GN=guaB PE=1 SV=11 3 3 3 14.8 14.8 14.8 52.022 488 488 0 32.369 45858000 5 AKYPDLQIIGGNVATAAGAR;ISGAGIQESHVHDVTITK;IVTGVGVPQITAVADAVEALEGTGIPVIADGGIR257 108;859;886True;True;True118;933;962153;1173;1206;1207206;1771;1808;1809;1810206;1771;1808 -1

P16676 P16676 5 5 5 Sulfate/thiosulfate import ATP-binding protein CysAcysA sp|P16676|CYSA_ECOLI Sulfate/thiosulfate import ATP-binding protein CysA OS=Escherichia coli (strain K12) OX=83333 GN=cysA PE=1 SV=21 5 5 5 23 23 23 41.058 365 365 0 99.153 45772000 5 ALAVEPQILLLDEPFGALDAQVR;FHGTDVSR;FTSVFVTHDQEEATEVADR;IIAGLEHQTSGHIR;VVVMSQGNIEQADAPDQVWR338 110;494;529;795;1823True;True;True;True;True120;539;574;861;2009155;658;703;1083;2502209;941;995;1616;3499209;941;995;1616;3499 -1

P0A853 P0A853 4 4 4 TryptophanasetnaA sp|P0A853|TNAA_ECOLI Tryptophanase OS=Escherichia coli (strain K12) OX=83333 GN=tnaA PE=1 SV=11 4 4 4 13.6 13.6 13.6 52.773 471 471 0 50.257 44482000 4 ATYTQTHMDFIIEAFK;AVEIGSFLLGR;NIFGYQYTIPTHQGR;TLCVVQEGFPTYGGLEGGAMER144 179;188;1260;1596True;True;True;True198;209;1380;1758239;252;1738;2198321;335;2509;3101321;335;2509;3101 -1

P0A9M8 P0A9M8 5 5 5 Phosphate acetyltransferasepta sp|P0A9M8|PTA_ECOLI Phosphate acetyltransferase OS=Escherichia coli (strain K12) OX=83333 GN=pta PE=1 SV=21 5 5 5 10.6 10.6 10.6 77.171 714 714 0 84.811 43487000 5 DAEVVLVEGLVPTR;GALVDDIVYTIALTAIQSAQQQ;HLNATIINEGDINTR;LSVFKPIAQPR;TRPDLSEIFDDSSK187 222;547;702;1133;1631True;True;True;True;True248;594;763;1228;1797304;725;955;1555;2248437;1017;1412;2270;3177437;1017;1412;2270;3177 -1

P67087 P67087 4 4 4 Ribosomal RNA small subunit methyltransferase IrsmI sp|P67087|RSMI_ECOLI Ribosomal RNA small subunit methyltransferase I OS=Escherichia coli (strain K12) OX=83333 GN=rsmI PE=1 SV=11 4 4 4 17.1 17.1 17.1 31.348 286 286 0 74.714 43236000 5 HTGLLLQHFGINAR;LFALHDHNEQQK;TLALLQAELPLKK;TLIFYESTHR472 720;1006;1593;1598True;True;True;True781;1092;1755;1760976;1351;2195;22001439;1979;1980;3098;31031439;1980;3098;3103 -1

P15288 P15288 4 4 4 Cytosol non-specific dipeptidasepepD sp|P15288|PEPD_ECOLI Cytosol non-specific dipeptidase OS=Escherichia coli (strain K12) OX=83333 GN=pepD PE=1 SV=31 4 4 4 11.1 11.1 11.1 52.915 485 485 0 53.462 43126000 6 FLAGHAEELDLR;GGHSGGEIHVGLGNANK;KPVVLQAHLDMVPQK;NNDTVHDFTK334 504;581;938;1276True;True;True;True549;630;1018;1019;1399672;673;769;1265;1266;1760956;957;1109;1879;1880;2535957;1109;1880;2535267 79 -1

P08200 P08200 5 5 5 Isocitrate dehydrogenase [NADP]icd sp|P08200|IDH_ECOLI Isocitrate dehydrogenase [NADP] OS=Escherichia coli (strain K12) OX=83333 GN=icd PE=1 SV=11 5 5 5 19.5 19.5 19.5 45.756 416 416 0 47.852 42760000 6 DVIADAFLQQILLR;EEFGGELIDGGPWLK;HMGWTEAADLIVK;KISWMEIYTGEK;LNVPENPIIPYIEGDGIGVDVTPAMLK56 307;342;704;927;1096True;True;True;True;True340;375;765;1007;1189418;467;957;1254;1505600;676;1414;1868;2184;2185600;676;1414;1868;2185 -1

P0A7T3 P0A7T3 3 3 3 30S ribosomal protein S16rpsP sp|P0A7T3|RS16_ECOLI 30S ribosomal protein S16 OS=Escherichia coli (strain K12) OX=83333 GN=rpsP PE=1 SV=11 3 3 3 51.2 51.2 51.2 9.1904 82 82 0 35.47 42550000 4 IAHWVGQGATISDR;RPFYQVVVADSR;VGFFNPIASEKEEGTR127 739;1435;1701True;True;True803;1582;18731003;1996;23331467;1468;2853;32731467;2853;3273 -1

P0C0V0 P0C0V0 3 3 3 Periplasmic serine endoprotease DegPdegP sp|P0C0V0|DEGP_ECOLI Periplasmic serine endoprotease DegP OS=Escherichia coli (strain K12) OX=83333 GN=degP PE=1 SV=11 3 3 3 10.8 10.8 10.8 49.354 474 474 0 20.84 41535000 3 KGDVIIGANQQAVK;PISSFAALR;VGDYTVAIGNPFGLGETVTSGIVSALGR322 916;1309;1699True;True;True995;1442;18711240;1824;23311849;2636;32711849;2636;3271 -1

P0AG55 P0AG55 3 3 3 50S ribosomal protein L6rplF sp|P0AG55|RL6_ECOLI 50S ribosomal protein L6 OS=Escherichia coli (strain K12) OX=83333 GN=rplF PE=1 SV=21 3 3 3 28.8 28.8 28.8 18.904 177 177 0 51.209 40909000 5 ALLNSMVIGVTEGFTK;GADKQVIGQVAADLR;TLNDAVEVKHADNTLTFGPR305 118;543;1603True;True;True128;129;589;1765163;164;719;2205218;219;1011;3108;3109219;1011;3108 244 75 -1

P0A7M6 P0A7M6 2 2 2 50S ribosomal protein L29rpmC sp|P0A7M6|RL29_ECOLI 50S ribosomal protein L29 OS=Escherichia coli (strain K12) OX=83333 GN=rpmC PE=1 SV=11 2 2 2 49.2 49.2 49.2 7.2734 63 63 0 23.115 40542000 3 EKSVEELNTELLNLLR;MQAASGQLQQSHLLK 118 389;1205 True;True 428;1313;1314531;1653;1654789;2396;2397789;2396 109 30 -1

P69054 P69054 2 2 2 Succinate dehydrogenase cytochrome b556 subunitsdhC sp|P69054|DHSC_ECOLI Succinate dehydrogenase cytochrome b556 subunit OS=Escherichia coli (strain K12) OX=83333 GN=sdhC PE=1 SV=11 2 2 2 18.6 18.6 18.6 14.299 129 129 0 82.092 39971000 3 FPITAIASILHR;QRPVNLDLQTIR 479 518;1383 True;True 563;1525 690;1929 979;980;2774980;2774 -1

P0A9X4 P0A9X4 4 4 4 Rod shape-determining protein MreBmreB sp|P0A9X4|MREB_ECOLI Cell shape-determining protein MreB OS=Escherichia coli (strain K12) OX=83333 GN=mreB PE=1 SV=11 4 4 4 13 13 13 36.952 347 347 0 40.687 39911000 5 IGGDRFDEAIINYVR;IKHEIGSAYPGDEVR;MLQHFIK;NLAEGVPR197 781;812;1193;1270True;True;True;True846;880;1300;13911065;1109;1639;17511595;1662;1663;2379;25241595;1662;2379;2524 -1

P0A9P6 P0A9P6 6 6 6 ATP-dependent RNA helicase DeaDdeaD sp|P0A9P6|DEAD_ECOLI ATP-dependent RNA helicase DeaD OS=Escherichia coli (strain K12) OX=83333 GN=deaD PE=1 SV=21 6 6 6 15.3 15.3 15.3 70.545 629 629 0 60.538 39440000 9 AEFETTFADLGLK;GMPGEVLQHFTR;ILNKPMNMQLLGDAQPHTGGER;ISLVVNYDIPMDSESYVHR;TAAFSLPLLQNLDPELK;TLIVPPDAPMRPK189 45;619;827;861;1538;1599True;True;True;True;True;True47;670;895;896;935;1696;176172;814;1131;1132;1175;2132;2201113;1167;1715;1716;1717;1773;1774;3014;3104113;1167;1717;1773;3014;3104146;147;148537;555;557 -1

P76272 P76272 6 6 6 Uncharacterized protein YebTyebT sp|P76272|YEBT_ECOLI Intermembrane transport protein YebT OS=Escherichia coli (strain K12) OX=83333 GN=yebT PE=1 SV=21 6 6 6 13 13 13 94.969 877 877 0 164.21 38261000 8 ANAFDIDLHIKPEYR;AVGGQITLHAFDAGK;FSVVTPQISAAGVEHLDTILQPYINVEPGR;RDFELQEATITDSR;VGLDGVEFLGASASEWINGGIR;YLGIDIGQIQTLDLITAR499 136;191;527;1410;1704;1881True;True;True;True;True;True152;212;572;1556;1876;2070191;255;700;701;1967;2336;2585262;338;991;992;2819;3276;3606;3607262;338;991;2819;3276;3606 -1

P0A6T1 P0A6T1 6 6 6 Glucose-6-phosphate isomerasepgi sp|P0A6T1|G6PI_ECOLI Glucose-6-phosphate isomerase OS=Escherichia coli (strain K12) OX=83333 GN=pgi PE=1 SV=11 6 6 6 18 18 18 61.529 549 549 0 81.978 37995000 6 AITDVVNIGIGGSDLGPYMVTEALRPYK;KVNPETTLFLVASK;LLSNFFAQTEALAFGK;TFSEAIISGEWK;TFTTQETMTNAHSAR;VFEGNRPTNSILLR92 97;944;1078;1572;1574;1690True;True;True;True;True;True106;1025;1168;1733;1735;1860141;1274;1470;2171;2173;2318191;1890;2141;3072;3074;3257191;1890;2141;3072;3074;325790 216 -1

P0ABA6 P0ABA6 5 5 5 ATP synthase gamma chainatpG sp|P0ABA6|ATPG_ECOLI ATP synthase gamma chain OS=Escherichia coli (strain K12) OX=83333 GN=atpG PE=1 SV=11 5 5 5 36.6 36.6 36.6 31.577 287 287 0 128.46 37771000 6 FINTMSQVPTISQLLPLPASDDDDLK;GVSFFNSVGGNVVAQVTGMGDNPSLSELIGPVK;MAASRPYAETMR;VIGHLAHGNLEYK;YVESQVYQGVVENLASEQAAR218 501;662;1167;1723;1915True;True;True;True;True546;716;1265;1896;2109665;889;1599;2358;2637949;1273;2327;3302;3734;3735949;1273;2327;3302;3735175 140 -1

P00864 P00864 6 6 6 Phosphoenolpyruvate carboxylaseppc sp|P00864|CAPP_ECOLI Phosphoenolpyruvate carboxylase OS=Escherichia coli (strain K12) OX=83333 GN=ppc PE=1 SV=11 6 6 6 10 10 10 99.061 883 883 0 86.448 36880000 6 AFSQFLNLANTAEQYHSISPK;AGIELTLFHGR;DIADYEHNQLMR;GGAPAHAALLSQPPGSLK;QLIAQSWHTDEIR;TPSDVLAVHLLLK22 63;70;255;575;1366;1622True;True;True;True;True;True68;77;283;624;1504;178898;108;348;763;1894;2237143;155;493;1101;2735;3163143;155;493;1101;2735;3163 -1

P35340 P35340 3 3 3 Alkyl hydroperoxide reductase subunit FahpF sp|P35340|AHPF_ECOLI Alkyl hydroperoxide reductase subunit F OS=Escherichia coli (strain K12) OX=83333 GN=ahpF PE=1 SV=21 3 3 3 9.6 9.6 9.6 56.176 521 521 0 35.195 36806000 4 HTAIDGGTFQNEITDR;KPSFLITNPGSNQGPR;VHVDEYDVDVIDSQSASK411 719;937;1716True;True;True780;1017;1889974;975;1264;23511437;1438;1878;32931437;1878;3293 -1

P0A7R9 P0A7R9 2 2 2 30S ribosomal protein S11rpsK sp|P0A7R9|RS11_ECOLI 30S ribosomal protein S11 OS=Escherichia coli (strain K12) OX=83333 GN=rpsK PE=1 SV=21 2 2 2 18.6 18.6 18.6 13.845 129 129 0 60.106 35795000 3 KQVSDGVAHIHASFNNTIVTITDR;QVSDGVAHIHASFNNTIVTITDR124 940;1398 True;True 1021;1541 1268;1947;19481882;2796;27971882;2797 -1

P00957 P00957 4 4 4 Alanine--tRNA ligasealaS sp|P00957|SYA_ECOLI Alanine--tRNA ligase OS=Escherichia coli (strain K12) OX=83333 GN=alaS PE=1 SV=21 4 4 4 5.1 5.1 5.1 96.031 876 876 0 60.203 35751000 5 FDFSHNEAMKPEEIR;IEAVTGEGAIATVHADSDR;QAFLDFFHSK;RIEAVTGEGAIATVHADSDR26 463;758;1325;1424True;True;True;True507;823;1458;1571624;1041;1842;1984;1985897;1569;2662;2838;2839897;1569;2662;2838 -1

P0A7M9 P0A7M9 1 1 1 50S ribosomal protein L31rpmE sp|P0A7M9|RL31_ECOLI 50S ribosomal protein L31 OS=Escherichia coli (strain K12) OX=83333 GN=rpmE PE=1 SV=11 1 1 1 20 20 20 7.871 70 70 0 17.575 35636000 1 STVGHDLNLDVCSK 119 1527 TRUE 1684 2117 2994 2994 -1

P31979 P31979 4 4 4 NADH-quinone oxidoreductase subunit FnuoF sp|P31979|NUOF_ECOLI NADH-quinone oxidoreductase subunit F OS=Escherichia coli (strain K12) OX=83333 GN=nuoF PE=1 SV=31 4 4 4 12.1 12.1 12.1 49.292 445 445 0 38.349 35403000 4 ALTGLSPDEIVNQVK;GEYIEAAVNLR;TFCAHAPGAVEPLQSAIK;TPETHPLTWR399 126;568;1564;1618True;True;True;True138;617;1725;1783173;756;2162;2231229;1093;3053;3152229;1093;3053;3152 -1

P0A6B7 P0A6B7 4 4 4 Cysteine desulfurase IscSiscS sp|P0A6B7|ISCS_ECOLI Cysteine desulfurase IscS OS=Escherichia coli (strain K12) OX=83333 GN=iscS PE=1 SV=11 4 4 4 14.4 14.4 14.4 45.089 404 404 0 35.596 35277000 6 ALGLNDELAHSSIR;GIIYHVDATQSVGK;QGVDLNSIEWAHH;SGTLPVHQIVGMGEAYR74 114;597;1349;1489True;True;True;True124;646;1486;1643159;787;1874;2069213;214;1133;1134;2710;2942214;1134;2710;2942 -1

P0A917 P0A917 2 2 2 Outer membrane protein XompX sp|P0A917|OMPX_ECOLI Outer membrane protein X OS=Escherichia coli (strain K12) OX=83333 GN=ompX PE=1 SV=11 2 2 2 19.9 19.9 19.9 18.602 171 171 0 27.169 34288000 3 NQYYGITAGPAYR;YRYEEDNSPLGVIGSFTYTEK 167 1281;1906 True;True 1404;2099 1766;2627 2541;3721;37222541;3721 -1

P25524 P25524 5 5 5 Cytosine deaminasecodA sp|P25524|CODA_ECOLI Cytosine deaminase OS=Escherichia coli (strain K12) OX=83333 GN=codA PE=1 SV=31 5 5 5 20.4 20.4 20.4 47.59 427 427 0 73.239 34269000 10 LGADVVGAIPHFEFTR;LPGEEGLWQIHLQDGK;THVDVSDATLTALK;TLNLQDYGIAAGNSANLIILPAENGFDALR;WQIANGIQHVR371 1013;1099;1586;1605;1844True;True;True;True;True1099;1192;1747;1767;20311358;1359;1508;2186;2207;25371988;1989;2188;2189;2190;3087;3111;3112;3113;35421988;2190;3087;3113;3542 -1

P37665 P37665 3 3 3 Probable lipoprotein YiaDyiaD sp|P37665|YIAD_ECOLI Probable lipoprotein YiaD OS=Escherichia coli (strain K12) OX=83333 GN=yiaD PE=1 SV=21 3 3 3 34.2 34.2 34.2 22.197 219 219 0 50.843 33903000 5 ADSVASALITQGVDASR;SGDNIILNMPNNVTFDSSSATLKPAGANTLTGVAMVLK;TAVNVIGYTDSTGGHDLNMR423 36;1477;1548True;True;True37;1631;1707;170860;2056;2143;214496;2927;3027;3028;302996;2927;3029 301 162 -1

P0C054 P0C054 2 2 2 Small heat shock protein IbpAibpA sp|P0C054|IBPA_ECOLI Small heat shock protein IbpA OS=Escherichia coli (strain K12) OX=83333 GN=ibpA PE=1 SV=11 2 2 2 29.9 29.9 29.9 15.774 137 137 0 62.46 33894000 3 KFQLAENIHVR;LFNHLENNQSQSNGGYPPYNVELVDENHYR320 914;1010 True;True 993;1096 1238;1355 1847;1984;19851847;1984 -1

P25519 P25519 6 6 6 GTPase HflXhflX sp|P25519|HFLX_ECOLI GTPase HflX OS=Escherichia coli (strain K12) OX=83333 GN=hflX PE=1 SV=31 6 6 6 24.6 24.6 24.6 48.327 426 426 0 135.41 33265000 9 ATGASVVLFDHALSPAQER;GPGETQLETDRR;IDMLEDFEPR;QATLLLHVIDAADVR;VQENIEAVNTVLEEIDAHEIPTLLVMNK;VWLSAQTGAGIPQLFQALTER370 173;624;751;1331;1784;1827True;True;True;True;True;True191;676;816;1464;1966;1967;2013232;822;1034;1848;2448;2449;2506310;311;1179;1561;2672;3430;3431;3432;3503310;1179;1561;2672;3432;3503278 316 -1

P0A7L3 P0A7L3 2 2 2 50S ribosomal protein L20rplT sp|P0A7L3|RL20_ECOLI 50S ribosomal protein L20 OS=Escherichia coli (strain K12) OX=83333 GN=rplT PE=1 SV=21 2 2 2 16.9 16.9 16.9 13.497 118 118 0 12.977 33167000 2 KILADIAVFDK;VAFTALVEK 115 925;1661 True;True 1005;1829 1252;2285 1866;3220 1866;3220 -1

P69797 P69797 3 3 3 PTS system mannose-specific EIIAB component;Mannose-specific phosphotransferase enzyme IIA component;Mannose-specific phosphotransferase enzyme IIB componentmanX sp|P69797|PTNAB_ECOLI PTS system mannose-specific EIIAB component OS=Escherichia coli (strain K12) OX=83333 GN=manX PE=1 SV=21 3 3 3 14.6 14.6 14.6 35.047 323 323 0 35.852 33094000 4 DDDPSFDELVALAVETGR;LIHGQVATR;TLLTQVAPPGVTAHVVDVAK484 234;1051;1600True;True;True261;1139;1762324;325;1439;2202463;464;2104;3105464;2104;3105 -1

P30850 P30850 5 5 5 Exoribonuclease 2rnb sp|P30850|RNB_ECOLI Exoribonuclease 2 OS=Escherichia coli (strain K12) OX=83333 GN=rnb PE=1 SV=31 5 5 5 9.8 9.8 9.8 72.49 644 644 0 35.801 32880000 6 DRPDYR;GETATRPQDEITVQMAER;IIAVIHSEK;LAIVPDHPLLK;LVDNGAIAFIPAPFLHAVR390 292;564;796;964;1151True;True;True;True;True325;613;862;1045;1247396;747;1084;1298;1581551;1039;1040;1617;1919;2307551;1040;1617;1919;2307 -1

P0A7R1 P0A7R1 2 2 2 50S ribosomal protein L9rplI sp|P0A7R1|RL9_ECOLI 50S ribosomal protein L9 OS=Escherichia coli (strain K12) OX=83333 GN=rplI PE=1 SV=11 2 2 2 26.8 26.8 26.8 15.769 149 149 0 104.62 31946000 7 MQVILLDKVANLGSLGDQVNVK;TTGEHEVSFQVHSEVFAK122 1209;1638 True;True 1319;1805 1659;2257;2258;22592403;3188;3189;3190;3191;3192;31932403;3189 -1

P00956 P00956 4 4 4 Isoleucine--tRNA ligaseileS sp|P00956|SYI_ECOLI Isoleucine--tRNA ligase OS=Escherichia coli (strain K12) OX=83333 GN=ileS PE=1 SV=51 4 4 4 7.5 7.5 7.5 104.3 938 938 0 38.598 31286000 6 FVLLTSGATVADYNDAPADAQQSEVLK;LGVLGDWSHPYLTMDFK;QVLTHGFTVDGQGR;TWGVPMSLFVHK25 534;1028;1395;1652True;True;True;True579;1114;1537;1820708;1410;1943;22761000;2066;2790;2791;2792;32111000;2066;2791;321137 474 -1

P0AAB4 P0AAB4 7 7 7 3-octaprenyl-4-hydroxybenzoate carboxy-lyaseubiD sp|P0AAB4|UBID_ECOLI 3-octaprenyl-4-hydroxybenzoate carboxy-lyase OS=Escherichia coli (strain K12) OX=83333 GN=ubiD PE=1 SV=11 7 7 7 23.5 23.5 23.5 55.603 497 497 0 168.18 31057000 8 DFLTLLEQQGELK;DFLTLLEQQGELKR;DTVLVENTPIDYLDFASPVSGLGSK;DWNDVIWAITTR;EDAIYHSTYTGRPPDEPAVLGVALNEVFVPILQK;GYSMPVLCNLFGTPK;ITLPVDPHLEITEIADR204 242;243;302;314;335;671;872True;True;True;True;True;True;True269;270;335;347;368;725;948333;334;412;428;460;900;1188474;475;592;593;616;668;1286;1788474;475;593;616;668;1286;1788 -1

P0AG59 P0AG59 1 1 1 30S ribosomal protein S14rpsN sp|P0AG59|RS14_ECOLI 30S ribosomal protein S14 OS=Escherichia coli (strain K12) OX=83333 GN=rpsN PE=1 SV=21 1 1 1 9.9 9.9 9.9 11.58 101 101 0 9.0079 30511000 1 QTGRPHGFLR 306 1390 TRUE 1532 1938 2784 2784 -1

P0AG14 P0AG14 3 3 3 Probable protease SohBsohB sp|P0AG14|SOHB_ECOLI Probable protease SohB OS=Escherichia coli (strain K12) OX=83333 GN=sohB PE=1 SV=11 3 3 3 18.3 18.3 18.3 39.366 349 349 0 85.191 30389000 6 GLVDEINTSDEVILSLMEGR;LESPGGMVHGYGLAASQLQR;MRPSLDIEQVATGEHWYGQQAVEK299 617;1004;1210True;True;True668;1088;1089;1320;1321812;1346;1347;1660;16611165;1974;1975;2404;2405;24061165;1975;2405241;242 147;265 -1

P0ADY3 P0ADY3 2 2 2 50S ribosomal protein L14rplN sp|P0ADY3|RL14_ECOLI 50S ribosomal protein L14 OS=Escherichia coli (strain K12) OX=83333 GN=rplN PE=1 SV=11 2 2 2 30.1 30.1 30.1 13.541 123 123 0 65.945 29933000 3 FDGNACVLLNNNSEQPIGTR;MIQEQTMLNVADNSGAR262 464;1185 True;True 508;1290;1291625;1629;1630898;2369;2370898;2370 209 1 -1

P06720 P06720 2 2 2 Alpha-galactosidasemelA sp|P06720|AGAL_ECOLI Alpha-galactosidase OS=Escherichia coli (strain K12) OX=83333 GN=melA PE=1 SV=11 2 2 2 6 6 6 50.657 451 451 0 37.932 29194000 3 HGLEQTIADTLGPGGIMR;LEESHIVVR 43 685;994 True;True 743;744;1078928;929;13351337;1338;19621338;1962 49 121 -1

P0ABA4 P0ABA4 2 2 2 ATP synthase subunit deltaatpH sp|P0ABA4|ATPD_ECOLI ATP synthase subunit delta OS=Escherichia coli (strain K12) OX=83333 GN=atpH PE=1 SV=11 2 2 2 29.4 29.4 29.4 19.332 177 177 0 14.888 29193000 3 AAFDFAVEHQSVER;NEQMAELLSGALAPETLAESFIAVCGEQLDENGQNLIR217 3;1239 True;True 3;1357 5;1702;17036;2457;24586;2457 174 44 -1

P07118 P07118 6 6 6 Valine--tRNA ligasevalS sp|P07118|SYV_ECOLI Valine--tRNA ligase OS=Escherichia coli (strain K12) OX=83333 GN=valS PE=1 SV=21 6 6 6 9.7 9.7 9.7 108.19 951 951 0 90.406 29069000 6 AEMNIAPGKPLELLLR;IIDGAELLIPMAGLINK;IPIVGDEHADMEK;LAHPIIPFITETIWQR;LYKEDLIYR;NTLWQVGTDHAGIATQMVVER52 47;797;841;960;1162;1287True;True;True;True;True;True49;863;913;1041;1260;141474;1085;1153;1294;1594;1779115;1618;1746;1915;2322;2566115;1618;1746;1915;2322;2566 -1

P21170 P21170 5 5 5 Biosynthetic arginine decarboxylasespeA sp|P21170|SPEA_ECOLI Biosynthetic arginine decarboxylase OS=Escherichia coli (strain K12) OX=83333 GN=speA PE=1 SV=21 5 5 5 12 12 12 73.898 658 658 0 63.196 28807000 5 AHRPIIDELQER;AVTAHHTVLVSNIIGVER;FGLAATQVLQLVETLR;LPALFCFPQILQHR;VIESLIHSGEPLGLEAGSK348 86;201;482;1097;1722True;True;True;True;True95;223;526;1190;1895129;269;643;1506;2357178;357;919;2186;3301178;357;919;2186;3301 -1

P60624 P60624 1 1 1 50S ribosomal protein L24rplX sp|P60624|RL24_ECOLI 50S ribosomal protein L24 OS=Escherichia coli (strain K12) OX=83333 GN=rplX PE=1 SV=21 1 1 1 16.3 16.3 16.3 11.316 104 104 0 32.056 28497000 1 HQKPVPALNQPGGIVEK 456 714 TRUE 775 968 1430 1430 -1

P0A855 P0A855 2 2 2 Protein TolBtolB sp|P0A855|TOLB_ECOLI Tol-Pal system protein TolB OS=Escherichia coli (strain K12) OX=83333 GN=tolB PE=1 SV=11 2 2 2 12.3 12.3 12.3 45.955 430 430 0 82.276 28485000 2 IVIDSGVDSGRPIGVVPFQWAGPGAAPEDIGGIVAADLR;VSDYDGYNQFVVHR145 876;1791 True;True 952;1975 1192;2459 1792;3442 1792;3442 -1

P60785 P60785 3 3 3 Elongation factor 4lepA sp|P60785|LEPA_ECOLI Elongation factor 4 OS=Escherichia coli (strain K12) OX=83333 GN=lepA PE=1 SV=11 3 3 3 6.7 6.7 6.7 66.57 599 599 0 31.085 28320000 3 NFSIIAHIDHGK;VAEEIEDIVGIDATDAVR;VDALALITHR460 1242;1659;1676True;True;True1361;1827;18451707;2283;23022462;3218;32372462;3218;3237 -1

P00550 P00550 4 4 4 PTS system mannitol-specific EIICBA component;Mannitol permease IIC component;Mannitol-specific phosphotransferase enzyme IIB component;Mannitol-specific phosphotransferase enzyme IIA componentmtlA sp|P00550|PTM3C_ECOLI PTS system mannitol-specific EIICBA component OS=Escherichia coli (strain K12) OX=83333 GN=mtlA PE=1 SV=11 4 4 4 10.8 10.8 10.8 67.971 637 637 0 67.695 28165000 4 LAHTTSVDEVLELLAGR;LTPTYLGESIAVPHGTVEAK;LVGPMITYLLPLLIGYTGGK;VKEEDDIEAATR16 962;1143;1152;1737True;True;True;True1043;1238;1248;19101296;1566;1582;23721917;2281;2308;33181917;2281;2308;331824 55 -1

P0ABB8 P0ABB8 6 6 6 Magnesium-transporting ATPase, P-type 1mgtA sp|P0ABB8|ATMA_ECOLI Magnesium-transporting ATPase, P-type 1 OS=Escherichia coli (strain K12) OX=83333 GN=mgtA PE=1 SV=11 6 6 6 11.7 11.7 11.7 99.465 898 898 0 98.136 28039000 9 EGHVVGFMGDGINDAPALR;HLDAIQNFGAMDILCTDK;MSVVVAENTEHHQLVCK;TFDTHPEGLNQAEVESAR;VLHSAWLNSHYQTGLK;VSEQESEPNAFQQGISR221 355;700;1215;1567;1748;1792True;True;True;True;True;True388;761;1327;1328;1728;1922;1976480;953;1667;1668;2166;2387;2388;2460690;1410;2415;2416;3064;3065;3335;3336;3443690;1410;2416;3065;3335;3443186 452 -1

P08622 P08622 6 6 6 Chaperone protein DnaJdnaJ sp|P08622|DNAJ_ECOLI Chaperone protein DnaJ OS=Escherichia coli (strain K12) OX=83333 GN=dnaJ PE=1 SV=31 6 6 6 30.1 30.1 30.1 41.1 376 376 0 99.219 27977000 8 EGNNLYCEVPINFAMAALGGEIEVPTLDGR;IPTLEECDVCHGSGAK;LAGEGEAGEHGAPAGDLYVQVQVK;PGTQPQTCPTCHGSGQVQMR;QGFFAVQQTCPHCQGR;QHPIFER62 359;842;958;1306;1345;1353True;True;True;True;True;True392;393;914;1039;1438;1439;1482;1490484;485;1154;1292;1819;1820;1869;1879695;696;1747;1913;2627;2628;2705;2715695;1747;1913;2628;2705;271564;65 172;273 -1

P02943 P02943 5 5 5 MaltoporinlamB sp|P02943|LAMB_ECOLI Maltoporin OS=Escherichia coli (strain K12) OX=83333 GN=lamB PE=1 SV=11 5 5 5 20.6 20.6 20.6 49.912 446 446 0 46.359 27943000 5 DGWLFTAEHTQSVLK;FVVQYATDSMTSQGK;ITLAQQWQAGDSIWSR;SFYFDTNVAYSVAQQNDWEATDPAFR;WTPIMSTVMEIGYDNVESQR35 249;537;870;1476;1846True;True;True;True;True276;583;945;1630;2033340;712;1185;2055;2539482;1004;1785;2926;3544482;1004;1785;2926;354447 345 -1

P0A9Q1 P0A9Q1 3 3 3 Aerobic respiration control protein ArcAarcA sp|P0A9Q1|ARCA_ECOLI Aerobic respiration control protein ArcA OS=Escherichia coli (strain K12) OX=83333 GN=arcA PE=1 SV=11 3 3 3 21.4 21.4 21.4 27.292 238 238 0 52.695 27685000 6 AMLHFCENPGK;HFESTPDTPEIIATIHGEGYR;ILGLEIGADDYITKPFNPR190 131;679;820True;True;True144;736;888179;919;920;1118235;1325;1326;1672;1673;1674235;1325;1673 -1

P0ADZ4 P0ADZ4 1 1 1 30S ribosomal protein S15rpsO sp|P0ADZ4|RS15_ECOLI 30S ribosomal protein S15 OS=Escherichia coli (strain K12) OX=83333 GN=rpsO PE=1 SV=21 1 1 1 33.7 33.7 33.7 10.269 89 89 0 173.41 26367000 1 DANDTGSTEVQVALLTAQINHLQGHFAEHK 264 228 TRUE 255 313 450 450 -1

P0A799 P0A799 3 3 3 Phosphoglycerate kinasepgk sp|P0A799|PGK_ECOLI Phosphoglycerate kinase OS=Escherichia coli (strain K12) OX=83333 GN=pgk PE=1 SV=21 3 3 3 17.1 17.1 17.1 41.118 387 387 0 50.155 26042000 4 ADEQILDIGDASAQELAEILK;DYLDGVDVAEGELVVLENVR;IADQLIVGGGIANTFIAAQGHDVGK102 28;319;733True;True;True28;352;79750;440;441;99681;644;645;145981;644;1459 -1

P0A903 P0A903 3 3 3 Outer membrane protein assembly factor BamCbamC sp|P0A903|BAMC_ECOLI Outer membrane protein assembly factor BamC OS=Escherichia coli (strain K12) OX=83333 GN=bamC PE=1 SV=11 3 3 3 14.8 14.8 14.8 36.842 344 344 0 35.288 25948000 4 ALDIRPPAQPLALVSGAR;DDAGQTLTTDWVQWNR;YQISVKPQGYQQAVTVK162 111;231;1903True;True;True121;258;2095156;316;2623210;453;3716;3717210;453;3717 -1

P0A6P1 P0A6P1 1 1 1 Elongation factor Tstsf sp|P0A6P1|EFTS_ECOLI Elongation factor Ts OS=Escherichia coli (strain K12) OX=83333 GN=tsf PE=1 SV=21 1 1 1 6 6 6 30.423 283 283 0 24.007 25322000 1 VAALEGDVLGSYQHGAR 87 1655 TRUE 1823 2279 3214 3214 -1

A0A7H2C765;P02919-2;P02919A0A7H2C765;P02919-2;P029193;3;3 3;3;3 3;3;3 Penicillin-binding protein 1B;Penicillin-insensitive transglycosylase;Penicillin-sensitive transpeptidasemrcB tr|A0A7H2C765|A0A7H2C765_ECOLI Penicillin-binding protein 1B OS=Escherichia coli (strain K12) OX=83333 GN=mrcB PE=3 SV=1;sp|P02919-2|PBPB_ECOLI Isoform Gamma of Penicillin-binding protein 1B OS=Escherichia coli (strain K12) OX=83333 GN=mrcB;sp|P02919|PBPB_3 3 3 3 5.3 5.3 5.3 88.889 799 799;799;844 0 67.377 25260000 3 AVLANLTAGR;HFYEHDGISLYSIGR;SGFPDLLVDTLLATEDR0 196;681;1480True;True;True218;738;1634262;922;2059349;1328;2930349;1328;2930 -1;-1;-1

P0A908 P0A908 2 2 2 MltA-interacting proteinmipA sp|P0A908|MIPA_ECOLI MltA-interacting protein OS=Escherichia coli (strain K12) OX=83333 GN=mipA PE=1 SV=11 2 2 2 13.7 13.7 13.7 27.831 248 248 0 22.767 25003000 3 FSLGAGVGVVEHPYK;STMMAGLSYAHFTQYGYLR 164 523;1526 True;True 568;1682;1683695;2115;2116985;2992;2993985;2993 136;137 109;110 -1

P60240 P60240 4 4 4 RNA polymerase-associated protein RapArapA sp|P60240|RAPA_ECOLI RNA polymerase-associated protein RapA OS=Escherichia coli (strain K12) OX=83333 GN=rapA PE=1 SV=21 4 4 4 5.9 5.9 5.9 109.77 968 968 0 36.612 24860000 4 AAVFHEGMSIIER;AVNPNIRDDELTAIESNR;EDAQFITWEHPLIR;FHDFAQFVEEQK450 23;199;336;492True;True;True;True23;221;369;53745;267;461;65675;355;669;93975;355;669;939 -1

P0AB71 P0AB71 2 2 2 Fructose-bisphosphate aldolase class 2fbaA sp|P0AB71|ALF_ECOLI Fructose-bisphosphate aldolase class 2 OS=Escherichia coli (strain K12) OX=83333 GN=fbaA PE=1 SV=21 2 2 2 11.4 11.4 11.4 39.147 359 359 0 73.54 24671000 3 HNLPHNSLNFVFHGGSGSTAQEIK;IFDFVKPGVITGDDVQK214 707;771 True;True 768;836 960;1054 1417;1418;15831418;1583 -1

P0AFF6 P0AFF6 4 4 4 Transcription termination/antitermination protein NusAnusA sp|P0AFF6|NUSA_ECOLI Transcription termination/antitermination protein NusA OS=Escherichia coli (strain K12) OX=83333 GN=nusA PE=1 SV=11 4 4 4 14.3 14.3 14.3 54.87 495 495 0 72.658 24571000 4 AMVVDQFR;GVCTLEDLAEQGIDDLADIEGLTDEK;HQAEAHAAIDTFTK;YEDESLNLGDYVEDQIESVTFDR288 135;653;713;1862True;True;True;True151;707;774;2050190;873;967;2561261;1251;1429;3572261;1251;1429;3572215 125 -1

P0A6E4 P0A6E4 3 3 3 Argininosuccinate synthaseargG sp|P0A6E4|ASSY_ECOLI Argininosuccinate synthase OS=Escherichia coli (strain K12) OX=83333 GN=argG PE=1 SV=21 3 3 3 10.7 10.7 10.7 49.898 447 447 0 46.75 24529000 4 GIYEAPGMALLHIAYER;HGLGMSDQIENR;LLTGIHNEDTIEQYHAHGR75 604;686;1079True;True;True654;745;746;1169795;930;931;14711147;1339;1340;21421147;1340;2142 69 275 -1
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P67910 P67910 3 3 3 ADP-L-glycero-D-manno-heptose-6-epimerasehldD sp|P67910|HLDD_ECOLI ADP-L-glycero-D-manno-heptose-6-epimerase OS=Escherichia coli (strain K12) OX=83333 GN=hldD PE=1 SV=11 3 3 3 12.3 12.3 12.3 34.893 310 310 0 24.626 23719000 3 AAGYDKPFK;AESFQAVADATLAYHK;EYEKPLNVYGYSK473 11;52;453 True;True;True11;56;497 17;83;614 43;126;88543;126;885 -1

P00968 P00968 8 8 8 Carbamoyl-phosphate synthase large chaincarB sp|P00968|CARB_ECOLI Carbamoyl-phosphate synthase large chain OS=Escherichia coli (strain K12) OX=83333 GN=carB PE=1 SV=21 8 8 8 13.4 13.4 13.4 117.84 1073 1073 0 95.705 23562000 9 AMEIVYDEADLRR;EIGYPLVVRPSYVLGGR;IGQGIEFDYCCVHASLALR;LAVGYTLDELMNDITGGR;LYFEPVTLEDVLEIVR;QGVLEEFGVTMIGATADAIDKAEDR;SGIAHTMEEALAVAADVGFPCIIR;VISVQEMHAQIK28 129;378;786;972;1161;1350;1484;1732True;True;True;True;True;True;True;True141;142;417;851;1054;1259;1487;1638;1905176;177;519;1071;1308;1593;1875;2063;2367232;233;777;1601;1930;2321;2711;2934;3312233;777;1601;1930;2321;2711;2934;331238;39 725;1068 -1

P77338 P77338 4 4 4 Mechanosensitive channel MscKmscK sp|P77338|MSCK_ECOLI Mechanosensitive channel MscK OS=Escherichia coli (strain K12) OX=83333 GN=mscK PE=1 SV=11 4 4 4 5.2 5.2 5.2 127.21 1120 1120 0 45.515 23515000 4 IKEETVQLR;LEHQLQLLQEAVNSK;VLMQAQQALLNAEIDQQR;VQNAMYNASQQLQQIR511 809;998;1753;1786True;True;True;True876;1082;1929;19691104;1340;2395;24511657;1967;3345;34341657;1967;3345;3434 -1

P0ACF8 P0ACF8 2 2 2 DNA-binding protein H-NShns sp|P0ACF8|HNS_ECOLI DNA-binding protein H-NS OS=Escherichia coli (strain K12) OX=83333 GN=hns PE=1 SV=21 2 2 2 25.5 25.5 25.5 15.539 137 137 0 17.283 23441000 4 EMLIADGIDPNELLNSLAAVK;REEESAAAAEVEER 245 411;1412 True;True 452;453;1558559;560;1969;1970820;821;2821;2822820;2821 205 64 -1

P77398 P77398 6 6 6 Bifunctional polymyxin resistance protein ArnA;UDP-4-amino-4-deoxy-L-arabinose formyltransferase;UDP-glucuronic acid oxidase, UDP-4-keto-hexauronic acid decarboxylatingarnA sp|P77398|ARNA_ECOLI Bifunctional polymyxin resistance protein ArnA OS=Escherichia coli (strain K12) OX=83333 GN=arnA PE=1 SV=11 6 6 6 14.8 14.8 14.8 74.288 660 660 0 128.48 23430000 7 AITQLILNLVEGSPIK;APLNWVLVNGETETGVTLHR;EDHYEVYGLDIGSDAISR;GIPVYAPDNVNHPLWVER;HHFPPFAGFR;IDMQETIDETLDFFLR512 98;147;337;600;692;753True;True;True;True;True;True107;163;370;650;753;818142;202;462;791;945;1036192;276;670;671;1143;1401;1563192;276;670;1143;1401;1563321 638 -1

P0A8U2 P0A8U2 3 3 3 UPF0294 protein YafDyafD sp|P0A8U2|YAFD_ECOLI UPF0294 protein YafD OS=Escherichia coli (strain K12) OX=83333 GN=yafD PE=3 SV=11 3 3 3 16.2 16.2 16.2 29.991 266 266 0 24.811 23345000 3 AFGRPLDFVFYR;ILPPGSFASIGQALPPGEPLSTEER;MNALYR159 61;828;1198True;True;True66;897;130595;1133;1644139;1718;2386139;1718;2386 -1

P38054 P38054 8 8 8 Cation efflux system protein CusAcusA sp|P38054|CUSA_ECOLI Cation efflux system protein CusA OS=Escherichia coli (strain K12) OX=83333 GN=cusA PE=1 SV=21 8 8 8 14.5 14.5 14.5 114.71 1047 1047 0 119.92 23336000 9 DRDMVSVVHDLQK;IDMLSTGIK;LEEWQHQHPDATLDNK;LPGLANLWVPPIR;TENARPTSWIYIDAR;TSYPGQAPQIVENQVTYPLTTTMLSVPGAK;VGGEFLPQINEGDLLYMPSTLPGISAAEAASMLQK;VSGTVLADIDAMAEQIEEVAR428 287;752;995;1100;1560;1635;1702;1793True;True;True;True;True;True;True;True320;817;1079;1193;1720;1802;1874;1977390;1035;1336;1509;2157;2253;2254;2334;2461544;1562;1963;2191;3048;3184;3185;3274;3444544;1562;1963;2191;3048;3184;3274;3444-1

P0A7S3 P0A7S3 2 2 2 30S ribosomal protein S12rpsL sp|P0A7S3|RS12_ECOLI 30S ribosomal protein S12 OS=Escherichia coli (strain K12) OX=83333 GN=rpsL PE=1 SV=21 2 2 2 32.3 32.3 32.3 13.737 124 124 0 72.914 23095000 3 LTNGFEVTSYIGGEGHNLQEHSVILIR;SNVPALEACPQKR125 1141;1514 True;True 1236;1670 1563;1564;21012278;2279;29782278;2978 -1

P64604 P64604 4 4 4 Probable phospholipid ABC transporter-binding protein MlaDmlaD sp|P64604|MLAD_ECOLI Intermembrane phospholipid transport system binding protein MlaD OS=Escherichia coli (strain K12) OX=83333 GN=mlaD PE=1 SV=11 4 4 4 43.7 43.7 43.7 19.576 183 183 0 27.932 22911000 6 NSGDAPAAAPGNNETTEPVGTTK;SAMVLEDLIGQFLYGSK;TSGLLGEQYLALNVGFEDPELGTAILK;YNHIPDTSSLSIR471 1282;1454;1632;1891True;True;True;True1405;1605;1606;1798;20801767;2025;2026;2249;25952542;2543;2895;2896;3178;36172543;2895;3178;3617313 141 -1

P0A836 P0A836 4 4 4 Succinyl-CoA ligase [ADP-forming] subunit betasucC sp|P0A836|SUCC_ECOLI Succinate--CoA ligase [ADP-forming] subunit beta OS=Escherichia coli (strain K12) OX=83333 GN=sucC PE=1 SV=11 4 4 4 16 16 16 41.392 388 388 0 35.13 22808000 4 CDLIADGIIGAVAEVGVNVPVVVR;IILSDDKVK;LHGGEPANFLDVGGGATK;VAEETPHLIHK142 216;804;1036;1660True;True;True;True239;870;1123;1828293;1092;1420;2284425;1626;2076;3219425;1626;2076;3219 -1

P0A7X3 P0A7X3 3 3 3 30S ribosomal protein S9rpsI sp|P0A7X3|RS9_ECOLI 30S ribosomal protein S9 OS=Escherichia coli (strain K12) OX=83333 GN=rpsI PE=1 SV=21 3 3 3 26.9 26.9 26.9 14.856 130 130 0 20.355 22371000 3 ALMEYDESLRSELR;SLEQYFGRETAR;VFIKPGNGK 135 119;1502;1692True;True;True130;1657;1862165;2085;2320220;2960;3259220;2960;3259 116 88 -1

P0A7N4 P0A7N4 1 1 1 50S ribosomal protein L32rpmF sp|P0A7N4|RL32_ECOLI 50S ribosomal protein L32 OS=Escherichia coli (strain K12) OX=83333 GN=rpmF PE=1 SV=21 1 1 1 17.5 17.5 17.5 6.4463 57 57 0 13.136 22050000 1 HHITADGYYR 120 693 TRUE 754 946 1402 1402 -1

P0ABK5 P0ABK5 3 3 3 Cysteine synthase AcysK sp|P0ABK5|CYSK_ECOLI Cysteine synthase A OS=Escherichia coli (strain K12) OX=83333 GN=cysK PE=1 SV=21 3 3 3 18.6 18.6 18.6 34.489 323 323 0 37.227 21998000 4 GVLKPGVELVEPTSGNTGIALAYVAAAR;VIGITNEEAISTAR;YLLLQQFSNPANPEIHEK232 659;1724;1882True;True;True713;1897;2071886;2359;25861269;1270;3303;36081270;3303;3608 -1

P0A7L8 P0A7L8 3 3 3 50S ribosomal protein L27rpmA sp|P0A7L8|RL27_ECOLI 50S ribosomal protein L27 OS=Escherichia coli (strain K12) OX=83333 GN=rpmA PE=1 SV=21 3 3 3 30.6 30.6 30.6 9.1244 85 85 0 25.539 21950000 3 FGGESVLAGSIIVR;FHAGANVGCGR;RFGGESVLAGSIIVR116 480;491;1415True;True;True524;536;1561641;655;1973917;938;2825917;938;2825 -1

P25714 P25714 3 3 3 Membrane protein insertase YidCyidC sp|P25714|YIDC_ECOLI Membrane protein insertase YidC OS=Escherichia coli (strain K12) OX=83333 GN=yidC PE=1 SV=21 3 3 3 10.6 10.6 10.6 61.525 548 548 0 71.174 21763000 5 ELNSTQPFQLLETSPQFIYQAQSGLTGR;GAAYSTPDEKYEK;YKFDTIADNENLNISSK374 402;541;1877True;True;True442;587;2066546;547;717;2581804;805;806;1009;3602805;1009;3602 -1

P0AC38 P0AC38 2 2 2 Aspartate ammonia-lyaseaspA sp|P0AC38|ASPA_ECOLI Aspartate ammonia-lyase OS=Escherichia coli (strain K12) OX=83333 GN=aspA PE=1 SV=11 2 2 2 7.3 7.3 7.3 52.356 478 478 0 15.269 21737000 3 AGLNEINLPELQAGSSIMPAK;EVPADAYYGVHTLR 241 74;448 True;True 81;491 113;607 160;876;877160;877 202 324 -1

P0DTT0 P0DTT0 5 5 5 sp|P0DTT0|BIPA_ECOLI 50S ribosomal subunit assembly factor BipA OS=Escherichia coli (strain K12) OX=83333 GN=bipA PE=1 SV=11 5 5 5 14 14 14 67.355 607 607 0 51.749 21690000 6 ELVHNVALR;INIVDTPGHADFGGEVER;LFLGHGAEVYEGQIIGIHSR;VKPNQQVTIIDSEGK;VMSMVDSVLLVVDAFDGPMPQTR325 407;838;1009;1741;1764True;True;True;True;True447;910;1095;1914;1942552;1150;1354;2377;2412812;1743;1983;3323;3324;3368812;1743;1983;3323;3368260 91 -1

P0AGJ5 P0AGJ5 4 4 4 Uncharacterized tRNA/rRNA methyltransferase YfiFyfiF sp|P0AGJ5|YFIF_ECOLI Uncharacterized tRNA/rRNA methyltransferase YfiF OS=Escherichia coli (strain K12) OX=83333 GN=yfiF PE=1 SV=11 4 4 4 22.9 22.9 22.9 37.784 345 345 0 52.892 21514000 4 GVVVQDAALLESGAAIR;MVLVLGQEYEGLPDAARDPNDLR;QAGYTVVTTSSEQGKPLFK;VYGENACQALFQSRPEAIVR316 666;1218;1326;1830True;True;True;True720;1331;1459;2016895;1671;1843;25091281;2419;2663;35061281;2419;2663;3506 -1

P77211 P77211 1 1 1 Cation efflux system protein CusCcusC sp|P77211|CUSC_ECOLI Cation efflux system protein CusC OS=Escherichia coli (strain K12) OX=83333 GN=cusC PE=1 SV=11 1 1 1 3.9 3.9 3.9 50.269 457 457 0 18.793 20561000 1 ALYQHGAVSYLEVLDAER 509 127 TRUE 139 174 230 230 -1

P68187 P68187 2 2 2 Maltose/maltodextrin import ATP-binding protein MalKmalK sp|P68187|MALK_ECOLI Maltose/maltodextrin import ATP-binding protein MalK OS=Escherichia coli (strain K12) OX=83333 GN=malK PE=1 SV=11 2 2 2 8.9 8.9 8.9 40.99 371 371 0 54.651 20133000 3 VAQVGKPLELYHYPADR;VNQVAEVLQLAHLLDR 474 1668;1772 True;True 1836;1951 2292;2293;24223227;3228;33813227;3381 -1

P31057 P31057 2 2 2 3-methyl-2-oxobutanoate hydroxymethyltransferasepanB sp|P31057|PANB_ECOLI 3-methyl-2-oxobutanoate hydroxymethyltransferase OS=Escherichia coli (strain K12) OX=83333 GN=panB PE=1 SV=11 2 2 2 13.6 13.6 13.6 28.237 264 264 0 87.931 20065000 3 IEGGEWLVETVQMLTER;QYMAEVESGVYPGEEHSFH393 762;1402 True;True 827;1545;15461045;1953;19541573;2802;28031573;2803 281 248 -1

P0A8M6 P0A8M6 2 2 2 UPF0265 protein YeeXyeeX sp|P0A8M6|YEEX_ECOLI UPF0265 protein YeeX OS=Escherichia coli (strain K12) OX=83333 GN=yeeX PE=1 SV=11 2 2 2 37.6 37.6 37.6 12.778 109 109 0 48.444 19815000 5 GDYEDRVDDYIIK;VLLLDNLSDYIKPGMSVEAIQGIIASMK154 560;1751 True;True 608;1925;1926;1927742;2391;2392;23931034;3340;3341;3342;33431034;3341 118;119 56;68 -1

P0AC02 P0AC02 2 2 2 Outer membrane protein assembly factor BamDbamD sp|P0AC02|BAMD_ECOLI Outer membrane protein assembly factor BamD OS=Escherichia coli (strain K12) OX=83333 GN=bamD PE=1 SV=11 2 2 2 9.8 9.8 9.8 27.829 245 245 0 29.3 19637000 2 GAWVAVVNR;LNPTHPNIDYVMYMR 238 554;1095 True;True 602;1188 735;1504 1027;2183 1027;2183 -1

P0A717 P0A717 3 3 3 Ribose-phosphate pyrophosphokinaseprs sp|P0A717|KPRS_ECOLI Ribose-phosphate pyrophosphokinase OS=Escherichia coli (strain K12) OX=83333 GN=prs PE=1 SV=21 3 3 3 16.2 16.2 16.2 34.218 315 315 0 52.2 19185000 3 ANVSQVMHIIGDVAGR;IANRLYTSLGDAAVGR;VFAYATHPIFSGNAANNLR101 143;741;1689True;True;True159;805;1859198;1005;2317272;1470;3256272;1470;3256 -1

P0AB67 P0AB67 2 2 2 NAD(P) transhydrogenase subunit betapntB sp|P0AB67|PNTB_ECOLI NAD(P) transhydrogenase subunit beta OS=Escherichia coli (strain K12) OX=83333 GN=pntB PE=1 SV=11 2 2 2 8 8 8 48.722 462 462 0 36.486 19050000 6 FGIHPVAGR;NSHSVIITPGYGMAVAQAQYPVAEITEK213 481;1283 True;True 525;1406;1407642;1768;1769918;2544;2545;2546;2547;2548918;2544 172 317 -1

P0A9B2 P0A9B2 4 4 4 Glyceraldehyde-3-phosphate dehydrogenase AgapA sp|P0A9B2|G3P1_ECOLI Glyceraldehyde-3-phosphate dehydrogenase A OS=Escherichia coli (strain K12) OX=83333 GN=gapA PE=1 SV=21 4 4 4 21.8 21.8 21.8 35.532 331 331 0 59.211 18889000 4 VINDNFGIIEGLMTTVHATTATQK;VPTPNVSVVDLTVR;VTAERDPANLK;WDEVGVDVVAEATGLFLTDETAR178 1729;1780;1798;1833True;True;True;True1902;1960;1983;20192364;2440;2471;25143309;3418;3460;35123309;3418;3460;3512 -1

P15034 P15034 3 3 3 Xaa-Pro aminopeptidasepepP sp|P15034|AMPP_ECOLI Xaa-Pro aminopeptidase OS=Escherichia coli (strain K12) OX=83333 GN=pepP PE=1 SV=21 3 3 3 10.2 10.2 10.2 49.815 441 441 0 51.35 18563000 3 EIYDIVLESLETSLR;LYRPGTSILEVTGEVVR;SDDTHNHSVLFNR333 382;1164;1456True;True;True421;1262;1608523;1596;2028781;2324;2898781;2324;2898 -1

P0AEN8 P0AEN8 2 2 2 L-fucose mutarotasefucU sp|P0AEN8|FUCM_ECOLI L-fucose mutarotase OS=Escherichia coli (strain K12) OX=83333 GN=fucU PE=1 SV=11 2 2 2 27.9 27.9 27.9 15.473 140 140 0 102.08 18220000 2 AFAIVITGER;VLAEMGHGDEIIFSDAHFPAHSMGPQVIR275 58;1742 True;True 63;1915 92;2378 136;3325 136;3325 -1

P0ABD5 P0ABD5 2 2 2 Acetyl-coenzyme A carboxylase carboxyl transferase subunit alphaaccA sp|P0ABD5|ACCA_ECOLI Acetyl-coenzyme A carboxylase carboxyl transferase subunit alpha OS=Escherichia coli (strain K12) OX=83333 GN=accA PE=1 SV=21 2 2 2 7.2 7.2 7.2 35.241 319 319 0 19.265 18077000 2 HPQRPYTLDYVR;LDINIDEEVHR 224 711;980 True;True 772;1062 965;1318 1427;1942 1427;1942 -1

P21599 P21599 4 4 4 Pyruvate kinase IIpykA sp|P21599|KPYK2_ECOLI Pyruvate kinase II OS=Escherichia coli (strain K12) OX=83333 GN=pykA PE=1 SV=31 4 4 4 21.5 21.5 21.5 51.357 480 480 0 87.911 17932000 12 AEAVCSQDAMDDIILASDVVMVAR;AEVMDVANAVLDGTDAVMLSAETAAGQYPSETVAAMAR;IVTTLGPATDRDNNLEK;LDVQFDNVEEAIAMSAMYAANHLK352 42;55;887;991True;True;True;True44;59;60;963;1074;107569;86;87;88;89;1208;1330;1331;1332108;129;130;131;132;133;1811;1955;1956;1957;1958;1959108;132;1811;1959274;275;276302;367;370 -1

P32170 P32170 3 3 3 L-rhamnose isomeraserhaA sp|P32170|RHAA_ECOLI L-rhamnose isomerase OS=Escherichia coli (strain K12) OX=83333 GN=rhaA PE=1 SV=21 3 3 3 8.1 8.1 8.1 47.199 419 419 0 24.246 17120000 3 DQIKPEHFK;KLEAAGDYTAR;VHIGLDFFDASINR 402 283;928;1711True;True;True315;1008;1883385;1255;2344536;1869;3285536;1869;3285 -1

P0AGE9 P0AGE9 3 3 3 Succinyl-CoA ligase [ADP-forming] subunit alphasucD sp|P0AGE9|SUCD_ECOLI Succinate--CoA ligase [ADP-forming] subunit alpha OS=Escherichia coli (strain K12) OX=83333 GN=sucD PE=1 SV=21 3 3 3 16.6 16.6 16.6 29.777 289 289 0 68.947 16821000 5 GGTTHLGLPVFNTVR;VICQGFTGSQGTFHSEQAIAYGTK;VKLDEAGVR314 589;1719;1739True;True;True638;1892;1912778;2354;23751122;3296;3297;3298;33211122;3298;3321 -1

P21156 P21156 1 1 1 Sulfate adenylyltransferase subunit 2cysD sp|P21156|CYSD_ECOLI Sulfate adenylyltransferase subunit 2 OS=Escherichia coli (strain K12) OX=83333 GN=cysD PE=1 SV=31 1 1 1 3.6 3.6 3.6 35.188 302 302 0 7.3188 16735000 1 QLEAESIHIIR 346 1364 TRUE 1502 1892 2733 2733 -1

P07395 P07395 3 3 3 Phenylalanine--tRNA ligase beta subunitpheT sp|P07395|SYFB_ECOLI Phenylalanine--tRNA ligase beta subunit OS=Escherichia coli (strain K12) OX=83333 GN=pheT PE=1 SV=21 3 3 3 8.1 8.1 8.1 87.377 795 795 0 38.178 16599000 5 DVAVLNQLPLVQPEIVPVGATIDDTLPITVEAPEACPR;IGFVGVVHPELER;LNADTLVIADHNK53 303;780;1090True;True;True336;845;1183413;414;1064;1498594;595;596;1594;2177595;1594;2177 -1

P77718 P77718 3 3 3 tRNA sulfurtransferasethiI sp|P77718|THII_ECOLI tRNA sulfurtransferase OS=Escherichia coli (strain K12) OX=83333 GN=thiI PE=1 SV=11 3 3 3 8.3 8.3 8.3 54.972 482 482 0 27.835 16521000 4 EHIINLAR;VHYCFFNLGGAAHEIGVR;YVGGGLNQHIESAR516 365;1718;1916True;True;True400;1891;2110498;2353;2638741;742;3295;3736741;3295;3736 -1

P0ABU0 P0ABU0 1 1 1 1,4-dihydroxy-2-naphthoyl-CoA synthasemenB sp|P0ABU0|MENB_ECOLI 1,4-dihydroxy-2-naphthoyl-CoA synthase OS=Escherichia coli (strain K12) OX=83333 GN=menB PE=1 SV=11 1 1 1 3.2 3.2 3.2 31.633 285 285 0 6.385 16087000 1 ITINRPQVR 235 869 TRUE 944 1184 1784 1784 -1

P0AC53 P0AC53 1 1 1 Glucose-6-phosphate 1-dehydrogenase;Extracellular death factorzwf sp|P0AC53|G6PD_ECOLI Glucose-6-phosphate 1-dehydrogenase OS=Escherichia coli (strain K12) OX=83333 GN=zwf PE=1 SV=11 1 1 1 4.1 4.1 4.1 55.704 491 491 0 69.397 15906000 1 LDLSYSETFNQTHLADAYER 244 983 TRUE 1065 1321 1945 1945 -1

P0AA25 P0AA25 1 1 1 Thioredoxin-1trxA sp|P0AA25|THIO_ECOLI Thioredoxin 1 OS=Escherichia coli (strain K12) OX=83333 GN=trxA PE=1 SV=21 1 1 1 13.8 13.8 13.8 11.806 109 109 0 12.146 15167000 1 IIHLTDDSFDTDVLK 200 802 TRUE 868 1090 1624 1624 -1

P76558 P76558 3 3 3 NADP-dependent malic enzymemaeB sp|P76558|MAO2_ECOLI NADP-dependent malic enzyme OS=Escherichia coli (strain K12) OX=83333 GN=maeB PE=1 SV=11 3 3 3 6.5 6.5 6.5 82.416 759 759 0 31.617 14985000 4 IQVSPTKPLATQR;IVNMVALAVVEAQTQPL;VALLSHSNFGSSDCPSSSK505 853;882;1664True;True;True927;958;18321167;1201;22881763;1802;1803;32231763;1802;3223 -1

P23830 P23830 4 4 4 CDP-diacylglycerol--serine O-phosphatidyltransferasepssA sp|P23830|PSS_ECOLI CDP-diacylglycerol--serine O-phosphatidyltransferase OS=Escherichia coli (strain K12) OX=83333 GN=pssA PE=1 SV=21 4 4 4 11.1 11.1 11.1 52.801 451 451 0 28.405 14943000 5 DAAYHFQGDADNDQLSVTPLVGLGK;DDDNTYHLK;LDDVNRPK;QRPELDVR361 221;233;977;1382True;True;True;True247;260;1059;1524303;323;1315;1928436;462;1938;1939;2773436;462;1938;2773 -1

P24182 P24182 1 1 1 Biotin carboxylaseaccC sp|P24182|ACCC_ECOLI Biotin carboxylase OS=Escherichia coli (strain K12) OX=83333 GN=accC PE=1 SV=21 1 1 1 4 4 4 49.32 449 449 0 14.677 14937000 2 IQVEHPVTEMITGVDLIK 367 852 TRUE 925;926 1165;1166 1761;1762 1761 277 302 -1

Q47270 Q47270 1 1 1 Protein NinE homolog from lambdoid prophage DLP12ninE sp|Q47270|NINE_ECOLI Prophage NinE homolog OS=Escherichia coli (strain K12) OX=83333 GN=ninE PE=3 SV=11 1 1 1 10.7 10.7 10.7 6.4937 56 56 0.009615 5.439 14819000 1 ATPLIR 519 178 TRUE 197 238 320 320 -1

P69222 P69222 2 2 2 Translation initiation factor IF-1infA sp|P69222|IF1_ECOLI Translation initiation factor IF-1 OS=Escherichia coli (strain K12) OX=83333 GN=infA PE=1 SV=21 2 2 2 52.8 52.8 52.8 8.2495 72 72 0 15.957 14303000 4 AKEDNIEMQGTVLETLPNTMFR;VELENGHVVTAHISGK480 102;1685 True;True 111;112;1855146;147;2313198;199;200;3252198;3252 315;316 9;21 -1

P0AG90 P0AG90 2 2 2 Protein translocase subunit SecDsecD sp|P0AG90|SECD_ECOLI Protein translocase subunit SecD OS=Escherichia coli (strain K12) OX=83333 GN=secD PE=1 SV=11 2 2 2 4.4 4.4 4.4 66.631 615 615 0 18.97 13777000 3 HPDLVISSQGSNQLR;KENNYGLSITFR 310 708;911 True;True 769;990 961;1235 1419;1420;18441419;1844 -1

P08660 P08660 2 2 2 Lysine-sensitive aspartokinase 3lysC sp|P08660|AK3_ECOLI Lysine-sensitive aspartokinase 3 OS=Escherichia coli (strain K12) OX=83333 GN=lysC PE=1 SV=21 2 2 2 8.2 8.2 8.2 48.531 449 449 0 35.661 13717000 3 AEPDIAALAELAALQLLPR;GGSDYTAALLAEALHASR 63 49;583 True;True 52;632 78;771 120;121;1111121;1111 -1

P0AFI5 P0AFI5 1 1 1 D-alanyl-D-alanine endopeptidasepbpG sp|P0AFI5|PBP7_ECOLI D-alanyl-D-alanine endopeptidase OS=Escherichia coli (strain K12) OX=83333 GN=pbpG PE=1 SV=21 1 1 1 5.2 5.2 5.2 33.887 310 310 0 12.521 13553000 1 FVEPTGLSVHNVSTAR 293 533 TRUE 578 707 999 999 -1

P0A858 P0A858 1 1 1 Triosephosphate isomerasetpiA sp|P0A858|TPIS_ECOLI Triosephosphate isomerase OS=Escherichia coli (strain K12) OX=83333 GN=tpiA PE=1 SV=11 1 1 1 5.5 5.5 5.5 26.972 255 255 0 9.0479 13285000 1 DIGAQYIIIGHSER 146 259 TRUE 287 352 497 497 -1

P0AGD3 P0AGD3 1 1 1 Superoxide dismutase [Fe]sodB sp|P0AGD3|SODF_ECOLI Superoxide dismutase [Fe] OS=Escherichia coli (strain K12) OX=83333 GN=sodB PE=1 SV=21 1 1 1 9.3 9.3 9.3 21.265 193 193 0 18.55 13041000 2 DALAPHISAETIEYHYGK 312 226 TRUE 253 309;310 443;444 444 -1

P14081 P14081 1 1 1 Selenocysteine-specific elongation factorselB sp|P14081|SELB_ECOLI Selenocysteine-specific elongation factor OS=Escherichia coli (strain K12) OX=83333 GN=selB PE=1 SV=31 1 1 1 2.3 2.3 2.3 68.867 614 614 0 12.026 12985000 1 AQSDADALSVHLER 332 157 TRUE 175 214 291 291 -1

P26616 P26616 3 3 3 NAD-dependent malic enzymemaeA sp|P26616|MAO1_ECOLI NAD-dependent malic enzyme OS=Escherichia coli (strain K12) OX=83333 GN=maeA PE=1 SV=41 3 3 3 8.3 8.3 8.3 63.197 565 565 0 154.59 12596000 4 ENLSDWDTDSDVLSLLDVVR;GVFISYQNR;ITDDEYYEFVDEFIQAVK378 419;654;865True;True;True461;708;939568;874;1179829;1252;1253;1778829;1252;1778 -1

P69411 P69411 2 2 2 Outer membrane lipoprotein RcsFrcsF sp|P69411|RCSF_ECOLI Outer membrane lipoprotein RcsF OS=Escherichia coli (strain K12) OX=83333 GN=rcsF PE=1 SV=11 2 2 2 29.1 29.1 29.1 14.163 134 134 0 21.111 12544000 2 DLGEVSGDSCQASNQDSPPSIPTAR;IYTNAEELVGKPFR481 270;894 True;True 299;971 365;1216 511;1822 511;1822 -1

P0AG63 P0AG63 1 1 1 30S ribosomal protein S17rpsQ sp|P0AG63|RS17_ECOLI 30S ribosomal protein S17 OS=Escherichia coli (strain K12) OX=83333 GN=rpsQ PE=1 SV=21 1 1 1 22.6 22.6 22.6 9.7043 84 84 0 19.643 12472000 2 LHVHDENNECGIGDVVEIR 307 1041 TRUE 1129 1427;1428 2085;2086 2086 -1

P77757 P77757 2 2 2 Undecaprenyl-phosphate 4-deoxy-4-formamido-L-arabinose transferasearnC sp|P77757|ARNC_ECOLI Undecaprenyl-phosphate 4-deoxy-4-formamido-L-arabinose transferase OS=Escherichia coli (strain K12) OX=83333 GN=arnC PE=1 SV=11 2 2 2 7.1 7.1 7.1 36.339 322 322 0 14.93 12383000 3 AIEIPVHHAER;HIVDAMLHCHER 518 91;698 True;True 100;759 134;135;951183;184;1408184;1408 -1

P0AEK4 P0AEK4 2 2 2 Enoyl-[acyl-carrier-protein] reductase [NADH] FabIfabI sp|P0AEK4|FABI_ECOLI Enoyl-[acyl-carrier-protein] reductase [NADH] FabI OS=Escherichia coli (strain K12) OX=83333 GN=fabI PE=1 SV=21 2 2 2 10.7 10.7 10.7 27.864 262 262 0 24.236 12365000 2 IAHDISSYSFVAMAK;LSIAYGIAQAMHR 274 738;1129 True;True 802;1224 1002;1550 1466;2263 1466;2263 -1

P30958 P30958 4 4 4 Transcription-repair-coupling factormfd sp|P30958|MFD_ECOLI Transcription-repair-coupling factor OS=Escherichia coli (strain K12) OX=83333 GN=mfd PE=1 SV=21 4 4 4 5.7 5.7 5.7 129.98 1148 1148 0 56.932 12363000 4 LEAIASLEDLGAGFALATHDLEIR;LYVPVSSLHLISR;QVAVLVPTTLLAQQHYDNFR;TINPDTLIR392 993;1166;1392;1590True;True;True;True1077;1264;1534;17521334;1598;1940;21911961;2326;2786;30931961;2326;2786;3093 -1

P09546 P09546 3 3 3 Bifunctional protein PutA;Proline dehydrogenase;Delta-1-pyrroline-5-carboxylate dehydrogenaseputA sp|P09546|PUTA_ECOLI Bifunctional protein PutA OS=Escherichia coli (strain K12) OX=83333 GN=putA PE=1 SV=31 3 3 3 3.2 3.2 3.2 143.81 1320 1320 0 27.151 12301000 3 EAVDFLHYYAGQVR;EVFGPVLHVVR;IYAPVGTHETLLAYLVR68 332;446;889True;True;True365;489;965457;605;1210665;873;1813665;873;1813 -1

P76108 P76108 1 1 1 Putative ABC transporter periplasmic-binding protein YdcSydcS sp|P76108|YDCS_ECOLI Bifunctional polyhydroxybutyrate synthase / ABC transporter periplasmic binding protein OS=Escherichia coli (strain K12) OX=83333 GN=ydcS PE=1 SV=11 1 1 1 2.1 2.1 2.1 42.295 381 381 0.009597 5.4384 12240000 1 TLDPRVVK 494 1597 TRUE 1759 2199 3102 3102 -1

P22523 P22523 5 5 5 Chromosome partition protein MukBmukB sp|P22523|MUKB_ECOLI Chromosome partition protein MukB OS=Escherichia coli (strain K12) OX=83333 GN=mukB PE=1 SV=21 5 5 5 4.8 4.8 4.8 170.23 1486 1486 0 56.822 12198000 5 FIGSHLAVAFESDPEAEIR;IESLHAER;LAVADNEHLR;LNLLADDSLADRVDEIR;TDDPVEAIEQMEIELSR357 499;769;971;1094;1551True;True;True;True;True544;834;1053;1187;1711663;1052;1307;1503;2148947;1581;1929;2182;3035947;1581;1929;2182;3035 -1

P76372 P76372 2 2 2 Chain length determinant proteinwzzB sp|P76372|WZZB_ECOLI Chain length determinant protein OS=Escherichia coli (strain K12) OX=83333 GN=wzzB PE=1 SV=21 2 2 2 6.7 6.7 6.7 36.454 326 326 0 12.257 12152000 2 PLVFSPNYYQTR;VDDLDIHAYR 500 1314;1677 True;True 1447;1846 1829;2303 2643;3238 2643;3238 -1

P0A953 P0A953 2 2 2 3-oxoacyl-[acyl-carrier-protein] synthase 1fabB sp|P0A953|FABB_ECOLI 3-oxoacyl-[acyl-carrier-protein] synthase 1 OS=Escherichia coli (strain K12) OX=83333 GN=fabB PE=1 SV=11 2 2 2 3.7 3.7 3.7 42.613 406 406 0 10.829 11724000 2 ELAAIR;LDTTGLIDR 173 391;989 True;True 430;1071 533;1327 791;1952 791;1952 -1

P33643 P33643 3 3 3 Ribosomal large subunit pseudouridine synthase DrluD sp|P33643|RLUD_ECOLI Ribosomal large subunit pseudouridine synthase D OS=Escherichia coli (strain K12) OX=83333 GN=rluD PE=1 SV=41 3 3 3 16.6 16.6 16.6 37.121 326 326 0 57.718 11367000 3 EYEAVAIGHMTAGGTVDEPISR;LDKDTTGLMVVAK;VHMAHITHPLVGDPVYGGR410 452;981;1713True;True;True496;1063;1885613;1319;2346884;1943;3287884;1943;3287 299 179 -1

P00350 P00350 3 3 3 6-phosphogluconate dehydrogenase, decarboxylatinggnd sp|P00350|6PGD_ECOLI 6-phosphogluconate dehydrogenase, decarboxylating OS=Escherichia coli (strain K12) OX=83333 GN=gnd PE=1 SV=21 3 3 3 13 13 13 51.481 468 468 0 59.79 11364000 3 EKTEEVIAENPGK;IAAVAEDGEPCVTYIGADGAGHYVK;WTSQSALDLGEPLSLITESVFAR12 390;731;1847True;True;True429;795;2034532;994;2540790;1457;3545790;1457;3545 -1

P0ADY1 P0ADY1 2 2 2 Peptidyl-prolyl cis-trans isomerase DppiD sp|P0ADY1|PPID_ECOLI Periplasmic chaperone PpiD OS=Escherichia coli (strain K12) OX=83333 GN=ppiD PE=1 SV=11 2 2 2 8.7 8.7 8.7 68.149 623 623 0 112 11351000 4 AMVQGITQNNAQIVFEALMSNLR;LDAATMQQPVSDADIQSYYDQHQDQFTQPQR261 134;974 True;True 150;1056 189;1310;1311260;1932;1933;1934260;1932 208 588 -1

P25888 P25888 2 2 2 ATP-dependent RNA helicase RhlErhlE sp|P25888|RHLE_ECOLI ATP-dependent RNA helicase RhlE OS=Escherichia coli (strain K12) OX=83333 GN=rhlE PE=1 SV=31 2 2 2 5.9 5.9 5.9 49.989 454 454 0 25.29 11309000 2 MLDMGFIHDIR;NTASDQVTQHVHFVDK 377 1188;1286 True;True 1294;1413 1633;1778 2373;2565 2373;2565 -1

P77330 P77330 1 1 1 Lipoprotein bor homolog from lambdoid prophage DLP12borD sp|P77330|BORD_ECOLI Prophage lipoprotein Bor homolog OS=Escherichia coli (strain K12) OX=83333 GN=borD PE=3 SV=11 1 1 1 15.5 15.5 15.5 10.447 97 97 0 7.8061 11308000 2 ETITHHFFVSGIGQK 510 439 TRUE 482 598 865;866 866 -1

P0ABA0 P0ABA0 2 2 2 ATP synthase subunit batpF sp|P0ABA0|ATPF_ECOLI ATP synthase subunit b OS=Escherichia coli (strain K12) OX=83333 GN=atpF PE=1 SV=11 2 2 2 16.7 16.7 16.7 17.264 156 156 0 16.115 10930000 2 IVAQAQAEIEAER;QKEIADGLASAER 216 873;1361 True;True 949;1499 1189;1888 1789;2727 1789;2727 -1

P75876 P75876 3 3 3 Ribosomal RNA large subunit methyltransferase IrlmI sp|P75876|RLMI_ECOLI Ribosomal RNA large subunit methyltransferase I OS=Escherichia coli (strain K12) OX=83333 GN=rlmI PE=1 SV=21 3 3 3 9.3 9.3 9.3 44.356 396 396 0 24.456 10832000 3 ASLGETIDIVDHQGK;LLVDIQHGHK;RHPWVFSGAVAR493 168;1081;1422True;True;True186;1171;1568226;1473;1981304;2144;2835304;2144;2835 -1

P36929 P36929 2 2 2 Ribosomal RNA small subunit methyltransferase BrsmB sp|P36929|RSMB_ECOLI Ribosomal RNA small subunit methyltransferase B OS=Escherichia coli (strain K12) OX=83333 GN=rsmB PE=1 SV=21 2 2 2 7.9 7.9 7.9 48.347 429 429 0 22.689 10822000 2 GFPHADYPDAVR;TTHILEVAPEAQVVAVDIDEQR 415 573;1639 True;True 622;1806 761;2260 1098;3194 1098;3194 -1

P0AG51 P0AG51 1 1 1 50S ribosomal protein L30rpmD sp|P0AG51|RL30_ECOLI 50S ribosomal protein L30 OS=Escherichia coli (strain K12) OX=83333 GN=rpmD PE=1 SV=21 1 1 1 23.7 23.7 23.7 6.5417 59 59 0 8.867 10794000 2 IGHTVEREDTPAIR 304 783 TRUE 848 1067;1068 1597;1598 1597 -1

P0A6Y1 P0A6Y1 1 1 1 Integration host factor subunit betaihfB sp|P0A6Y1|IHFB_ECOLI Integration host factor subunit beta OS=Escherichia coli (strain K12) OX=83333 GN=ihfB PE=1 SV=11 1 1 1 11.7 11.7 11.7 10.651 94 94 0 6.083 10630000 1 LATQQSHIPAK 95 970 TRUE 1052 1306 1928 1928 -1

P27306 P27306 2 2 2 Soluble pyridine nucleotide transhydrogenasesthA sp|P27306|STHA_ECOLI Soluble pyridine nucleotide transhydrogenase OS=Escherichia coli (strain K12) OX=83333 GN=sthA PE=1 SV=51 2 2 2 6 6 6 51.56 466 466 0 20.605 10600000 2 IIEFNQNPLYSDHSR;PYHPTDVDFTHPR 381 799;1323 True;True 865;1456 1087;1839 1620;2658 1620;2658 -1

P0AFC7 P0AFC7 2 2 2 NADH-quinone oxidoreductase subunit BnuoB sp|P0AFC7|NUOB_ECOLI NADH-quinone oxidoreductase subunit B OS=Escherichia coli (strain K12) OX=83333 GN=nuoB PE=1 SV=11 2 2 2 12.7 12.7 12.7 25.056 220 220 0 18.064 10530000 2 IDPNGENDRYPLQK;RPLSWVVGDQGVYR 284 755;1437 True;True 820;1584 1038;1998 1565;2856 1565;2856 -1

P00582 P00582 5 5 5 DNA polymerase IpolA sp|P00582|DPO1_ECOLI DNA polymerase I OS=Escherichia coli (strain K12) OX=83333 GN=polA PE=1 SV=11 5 5 5 9.5 9.5 9.5 103.12 928 928 0 52.292 10439000 6 ALELLKPLLEDEK;AMGLPLLAVSGVEADDVIGTLAR;GIAFDTMLESYILNSVAGR;GPLNVFENIEMPLVPVLSR;VHTSYHQAVTATGR19 113;130;595;627;1715True;True;True;True;True123;143;644;679;1888158;178;785;827;2350212;234;1131;1186;1187;3292212;234;1131;1186;329225;26 102;443 -1

P0A927 P0A927 3 3 3 Nucleoside-specific channel-forming protein tsxtsx sp|P0A927|TSX_ECOLI Nucleoside-specific channel-forming protein Tsx OS=Escherichia coli (strain K12) OX=83333 GN=tsx PE=1 SV=11 3 3 3 18 18 18 33.589 294 294 0 23.736 10365000 3 GIWNHGSPLFMEIEPR;LTNTDLSFGPFK;TNNSIASSHILALNYDHWHYSVVAR169 603;1142;1616True;True;True653;1237;1780794;1565;22261146;2280;31331146;2280;3133 -1

P0ABS1 P0ABS1 1 1 1 RNA polymerase-binding transcription factor DksAdksA sp|P0ABS1|DKSA_ECOLI RNA polymerase-binding transcription factor DksA OS=Escherichia coli (strain K12) OX=83333 GN=dksA PE=1 SV=11 1 1 1 11.9 11.9 11.9 17.528 151 151 0 13.467 10239000 2 TVTHMQDEAANFPDPVDR 233 1651 TRUE 1818;1819 2274;2275 3209;3210 3210 198 62 -1

P39099 P39099 1 1 1 Periplasmic pH-dependent serine endoprotease DegQdegQ sp|P39099|DEGQ_ECOLI Periplasmic pH-dependent serine endoprotease DegQ OS=Escherichia coli (strain K12) OX=83333 GN=degQ PE=1 SV=11 1 1 1 3.1 3.1 3.1 47.204 455 455 0 17.018 10237000 1 TLAQQLIDFGEIKR 429 1594 TRUE 1756 2196 3099 3099 -1

P06992 P06992 2 2 2 Ribosomal RNA small subunit methyltransferase ArsmA sp|P06992|RSMA_ECOLI Ribosomal RNA small subunit methyltransferase A OS=Escherichia coli (strain K12) OX=83333 GN=rsmA PE=1 SV=11 2 2 2 12.1 12.1 12.1 30.42 273 273 0 14.06 9940000 3 FGQNFLNDQFVIDSIVSAINPQK;LQTHPFLGPK 46 484;1118 True;True 528;1213 645;1538 921;922;2249921;2249 -1

P08839 P08839 2 2 2 Phosphoenolpyruvate-protein phosphotransferaseptsI sp|P08839|PT1_ECOLI Phosphoenolpyruvate-protein phosphotransferase OS=Escherichia coli (strain K12) OX=83333 GN=ptsI PE=1 SV=11 2 2 2 4.2 4.2 4.2 63.561 575 575 0 11.413 9894000 2 ALLLKEDEIVIDR;QVIDASHAEGK 64 117;1394 True;True 127;1536 162;1942 217;2789 217;2789 -1

P07813 P07813 3 3 3 Leucine--tRNA ligaseleuS sp|P07813|SYL_ECOLI Leucine--tRNA ligase OS=Escherichia coli (strain K12) OX=83333 GN=leuS PE=1 SV=21 3 3 3 3.6 3.6 3.6 97.233 860 860 0 18.18 9876400 3 AAENNPELAAFIDECR;FFTELYK;LRDWGVSR 55 2;475;1121True;True;True2;519;12164;636;15415;911;22525;911;2252 -1

P0AG44 P0AG44 1 1 1 50S ribosomal protein L17rplQ sp|P0AG44|RL17_ECOLI 50S ribosomal protein L17 OS=Escherichia coli (strain K12) OX=83333 GN=rplQ PE=1 SV=11 1 1 1 7.1 7.1 7.1 14.364 127 127 0 7.6357 9760300 1 TRDNEIVAK 303 1629 TRUE 1795 2246 3175 3175 -1

P0A6H1 P0A6H1 3 3 3 ATP-dependent Clp protease ATP-binding subunit ClpXclpX sp|P0A6H1|CLPX_ECOLI ATP-dependent Clp protease ATP-binding subunit ClpX OS=Escherichia coli (strain K12) OX=83333 GN=clpX PE=1 SV=21 3 3 3 14.2 14.2 14.2 46.355 424 424 0 37.887 9577000 3 LLDVPFTMADATTLTEAGYVGEDVENIIQK;LPVVATLNELSEEALIQILK;SALPTPHEIR82 1068;1107;1451True;True;True1158;1201;16001459;1525;20202128;2226;28882128;2226;2888 -1

P0A9S3 P0A9S3 2 2 2 Galactitol-1-phosphate 5-dehydrogenasegatD sp|P0A9S3|GATD_ECOLI Galactitol 1-phosphate 5-dehydrogenase OS=Escherichia coli (strain K12) OX=83333 GN=gatD PE=1 SV=11 2 2 2 3.2 3.2 3.2 37.39 346 346 0 16.347 9541900 2 KLSLEPLIAHR;LSLEPLIAHR 194 930;1131 True;True 1010;1226 1257;1552 1871;2265 1871;2265 -1

P0ADW3 P0ADW3 1 1 1 Inner membrane protein YhcByhcB sp|P0ADW3|YHCB_ECOLI Inner membrane protein YhcB OS=Escherichia coli (strain K12) OX=83333 GN=yhcB PE=1 SV=21 1 1 1 9.8 9.8 9.8 14.961 132 132 0 16.408 9535600 2 SAELLDTMAHDYR 260 1449 TRUE 1597;1598 2017;2018 2885;2886 2886 207 66 -1

P0AGD7 P0AGD7 5 5 5 Signal recognition particle proteinffh sp|P0AGD7|SRP54_ECOLI Signal recognition particle protein OS=Escherichia coli (strain K12) OX=83333 GN=ffh PE=1 SV=11 5 5 5 17 17 17 49.787 453 453 0 33.772 9429900 5 ILGMGDVLSLIEDIESK;MFDNLTDR;NELVAAMGEENQTLNLAAQPPAVVLMAGLQGAGK;QFDDMQR;TEALEPFHPDR313 821;1174;1237;1342;1557True;True;True;True;True889;1274;1355;1479;17171119;1611;1696;1866;21541675;2343;2445;2702;30441675;2343;2445;2702;3044248 1 -1

P0AAF6 P0AAF6 2 2 2 Arginine transport ATP-binding protein ArtPartP sp|P0AAF6|ARTP_ECOLI Arginine transport ATP-binding protein ArtP OS=Escherichia coli (strain K12) OX=83333 GN=artP PE=1 SV=11 2 2 2 21.1 21.1 21.1 27.022 242 242 0 35.868 9313400 3 ALMMEPQVLLFDEPTAALDPEITAQIVSIIR;ELAETNITQVIVTHEVEVAR205 120;393 True;True 131;432 166;535 221;222;793221;793 161;162 157;158 -1

P0A825 P0A825 1 1 1 Serine hydroxymethyltransferaseglyA sp|P0A825|GLYA_ECOLI Serine hydroxymethyltransferase OS=Escherichia coli (strain K12) OX=83333 GN=glyA PE=1 SV=11 1 1 1 4.3 4.3 4.3 45.316 417 417 0 10.105 9183600 1 VVSGGTDNHLFLVDLVDK 141 1817 TRUE 2002 2494 3491 3491 -1

P0ABU9 P0ABU9 1 1 1 Protein TolQtolQ sp|P0ABU9|TOLQ_ECOLI Tol-Pal system protein TolQ OS=Escherichia coli (strain K12) OX=83333 GN=tolQ PE=1 SV=11 1 1 1 6.5 6.5 6.5 25.597 230 230 0 7.3351 9151500 2 ANSHAPEAVVEGASR 237 142 TRUE 158 197 270;271 271 -1

P11447 P11447 3 3 3 Argininosuccinate lyaseargH sp|P11447|ARLY_ECOLI Argininosuccinate lyase OS=Escherichia coli (strain K12) OX=83333 GN=argH PE=1 SV=31 3 3 3 13.6 13.6 13.6 50.318 457 457 0 55.775 9141800 3 ARPQQILESDAEDIHSWVEGK;EAHHIVGEAVVEAIR;QLQSALVETAQNNQDAVMPGYTHLQR327 163;324;1371True;True;True181;357;1511221;447;1913298;655;2757298;655;2757 -1

P60906 P60906 2 2 2 Histidine--tRNA ligasehisS sp|P60906|SYH_ECOLI Histidine--tRNA ligase OS=Escherichia coli (strain K12) OX=83333 GN=hisS PE=1 SV=21 2 2 2 6.1 6.1 6.1 47.029 424 424 0 23.235 8993600 2 LRDELPGVK;SGEQTAVAQDSVAAHLR 461 1120;1478 True;True 1215;1632 1540;2057 2251;2928 2251;2928 -1

P0A9K3 P0A9K3 3 3 3 PhoH-like proteinybeZ sp|P0A9K3|PHOL_ECOLI PhoH-like protein OS=Escherichia coli (strain K12) OX=83333 GN=ybeZ PE=1 SV=21 3 3 3 10.1 10.1 10.1 39.038 346 346 0 17.566 8990200 3 ILLTRPAVEAGEK;LGIEINRR;TYLAVAAAVDALER 186 826;1020;1653True;True;True894;1106;18211130;1378;22771714;2034;32121714;2034;3212 -1

P75818 P75818 1 1 1 Uncharacterized lipoprotein YbjPybjP sp|P75818|YBJP_ECOLI Uncharacterized lipoprotein YbjP OS=Escherichia coli (strain K12) OX=83333 GN=ybjP PE=1 SV=11 1 1 1 10.5 10.5 10.5 18.991 171 171 0 13.372 8965800 1 TTLPDSAHVASASTIPNR 491 1640 TRUE 1807 2261 3195 3195 -1

P0AES4 P0AES4 2 2 2 DNA gyrase subunit AgyrA sp|P0AES4|GYRA_ECOLI DNA gyrase subunit A OS=Escherichia coli (strain K12) OX=83333 GN=gyrA PE=1 SV=11 2 2 2 3.4 3.4 3.4 96.962 875 875 0 12.515 8877300 2 ETIIVHEIPYQVNK;LLVANTHDHILCFSSR 277 438;1080 True;True 481;1170 597;1472 864;2143 864;2143 -1

P61517 P61517 1 1 1 Carbonic anhydrase 2can sp|P61517|CAN_ECOLI Carbonic anhydrase 2 OS=Escherichia coli (strain K12) OX=83333 GN=can PE=1 SV=11 1 1 1 5.9 5.9 5.9 25.096 220 220 0 11.854 8611900 1 LTGLEPGELFVHR 464 1139 TRUE 1234 1561 2276 2276 -1

P0A6P7 P0A6P7 2 2 2 Probable GTP-binding protein EngBengB sp|P0A6P7|ENGB_ECOLI Probable GTP-binding protein EngB OS=Escherichia coli (strain K12) OX=83333 GN=engB PE=1 SV=11 2 2 2 15.7 15.7 15.7 23.561 210 210 0 17.995 8601000 2 HLPSDTGIEVAFAGR;LVDLPGYGYAEVPEEMKR 89 703;1150 True;True 764;1246 956;1580 1413;2306 1413;2306 -1

P0A7T7 P0A7T7 1 1 1 30S ribosomal protein S18rpsR sp|P0A7T7|RS18_ECOLI 30S ribosomal protein S18 OS=Escherichia coli (strain K12) OX=83333 GN=rpsR PE=1 SV=21 1 1 1 16 16 16 8.9863 75 75 0 6.015 8538400 1 YLSLLPYTDRHQ 128 1883 TRUE 2072 2587 3609 3609 -1

P23869 P23869 1 1 1 Peptidyl-prolyl cis-trans isomerase BppiB sp|P23869|PPIB_ECOLI Peptidyl-prolyl cis-trans isomerase B OS=Escherichia coli (strain K12) OX=83333 GN=ppiB PE=1 SV=21 1 1 1 6.7 6.7 6.7 18.153 164 164 0 5.6725 8487800 1 EGFYNNTIFHR 365 354 TRUE 387 479 689 689 -1

P0A800 P0A800 1 1 1 DNA-directed RNA polymerase subunit omegarpoZ sp|P0A800|RPOZ_ECOLI DNA-directed RNA polymerase subunit omega OS=Escherichia coli (strain K12) OX=83333 GN=rpoZ PE=1 SV=11 1 1 1 25.3 25.3 25.3 10.236 91 91 0 73.548 8451400 1 ERQEQQEQEAAELQAVTAIAEGR 137 431 TRUE 474 582 846 846 -1

P23865 P23865 2 2 2 Tail-specific proteaseprc sp|P23865|PRC_ECOLI Tail-specific protease OS=Escherichia coli (strain K12) OX=83333 GN=prc PE=1 SV=21 2 2 2 4.4 4.4 4.4 76.662 682 682 0 17.248 8450200 2 EIDPHTNYLSPR;FSASASEIFAAAMQDYGR 364 372;521 True;True 409;566 507;693 751;983 751;983 -1

P0A6T5 P0A6T5 1 1 1 GTP cyclohydrolase 1folE sp|P0A6T5|GCH1_ECOLI GTP cyclohydrolase 1 OS=Escherichia coli (strain K12) OX=83333 GN=folE PE=1 SV=21 1 1 1 6.3 6.3 6.3 24.83 222 222 0 16.501 8411700 1 IVQFFAQRPQVQER 93 884 TRUE 960 1203 1805 1805 -1

P31224 P31224 3 3 3 Multidrug efflux pump subunit AcrBacrB sp|P31224|ACRB_ECOLI Multidrug efflux pump subunit AcrB OS=Escherichia coli (strain K12) OX=83333 GN=acrB PE=1 SV=11 3 3 3 6.7 6.7 6.7 113.57 1049 1049 0 23.043 8324100 4 AQALGVSINDINTTLGAAWGGSYVNDFIDR;LPVAQYPTIAPPAVTISASYPGADAK;STHHYTDSVGGILR395 152;1106;1524True;True;True169;1200;1680208;1524;2113282;283;2225;2990282;2225;2990 -1

P0ABH0 P0ABH0 2 2 2 Cell division protein FtsAftsA sp|P0ABH0|FTSA_ECOLI Cell division protein FtsA OS=Escherichia coli (strain K12) OX=83333 GN=ftsA PE=1 SV=11 2 2 2 11.4 11.4 11.4 45.329 420 420 0 26.885 8310700 3 IGAPLNITGLTDYAQEPYYSTAVGLLHYGK;VLHVIPQEYAIDYQEGIK226 777;1749 True;True 842;1923 1061;2389 1591;3337;33381591;3338 -1

P0AA91 P0AA91 1 1 1 Uncharacterized lipoprotein YeaYyeaY sp|P0AA91|YEAY_ECOLI Uncharacterized lipoprotein YeaY OS=Escherichia coli (strain K12) OX=83333 GN=yeaY PE=3 SV=11 1 1 1 10.9 10.9 10.9 20.921 193 193 0 19.898 8175700 1 LEIATVPLDSGARPTLGEPSR 202 999 TRUE 1083 1341 1968 1968 -1

P39285 P39285 4 4 4 Miniconductance mechanosensitive channel MscMmscM sp|P39285|MSCM_ECOLI Miniconductance mechanosensitive channel MscM OS=Escherichia coli (strain K12) OX=83333 GN=mscM PE=1 SV=31 4 4 4 7.2 7.2 7.2 123.97 1107 1107 0 73.419 8104200 7 ELLNSLLQGGDTLLLELTK;PAQPEVVEALQSALNALEER;QIHQADGQPLTAEQNR;SVSPGMSTDALNQEILQVSSQLLDK431 399;1300;1356;1534True;True;True;True438;1430;1494;1692542;1807;1883;2128800;2614;2719;2720;2721;3009;3010800;2614;2721;3009 -1

P32176 P32176 3 3 3 Formate dehydrogenase-O major subunitfdoG sp|P32176|FDOG_ECOLI Formate dehydrogenase-O major subunit OS=Escherichia coli (strain K12) OX=83333 GN=fdoG PE=1 SV=51 3 3 3 5.7 5.7 5.7 112.55 1016 1016 0 32.791 7969000 3 ASIFHIEGDPDHPVNR;GADAPGIALTDGEILSGIFLR;NANLVVVMGGNAAEAHPVGFR403 165;542;1229True;True;True183;588;1346223;718;1687300;1010;2436300;1010;2436 -1

P60723 P60723 2 2 2 50S ribosomal protein L4rplD sp|P60723|RL4_ECOLI 50S ribosomal protein L4 OS=Escherichia coli (strain K12) OX=83333 GN=rplD PE=1 SV=11 2 2 2 13.4 13.4 13.4 22.086 201 201 0 23.156 7798100 2 SGGVTFAARPQDHSQK;SILSELVRQDR 458 1483;1492 True;True 1637;1646 2062;2072 2933;2945 2933;2945 -1

P00509 P00509 2 2 2 Aspartate aminotransferaseaspC sp|P00509|AAT_ECOLI Aspartate aminotransferase OS=Escherichia coli (strain K12) OX=83333 GN=aspC PE=1 SV=11 2 2 2 11.4 11.4 11.4 43.573 396 396 0 22.525 7785400 3 ANYSNPPAHGASVVATILSNDALR;MFENITAAPADPILGLADLFR15 144;1175 True;True 160;1275;1276199;1612;1613273;2344;2345273;2344 23 1 -1

P39407 P39407 1 1 1 Uncharacterized protein YjjUyjjU sp|P39407|YJJU_ECOLI Uncharacterized protein YjjU OS=Escherichia coli (strain K12) OX=83333 GN=yjjU PE=3 SV=11 1 1 1 6.2 6.2 6.2 39.831 357 357 0 11.56 7686100 1 WLGDSSLQPLVNLVQHHETSYR 434 1840 TRUE 2026 2521 3519 3519 -1

P39177 P39177 3 3 3 Universal stress protein GuspG sp|P39177|USPG_ECOLI Universal stress protein UP12 OS=Escherichia coli (strain K12) OX=83333 GN=uspG PE=1 SV=21 3 3 3 36.6 36.6 36.6 15.935 142 142 0 42.476 7617000 4 DEVNELAEELGADVVVIGSR;LQTMVSHFTIDPSR;NPSISTHLLGSNASSVIR430 240;1119;1278True;True;True267;1214;1401331;1539;1762471;472;2250;2537472;2250;2537 -1

P0A8W8 P0A8W8 2 2 2 UPF0304 protein YfbUyfbU sp|P0A8W8|YFBU_ECOLI UPF0304 protein YfbU OS=Escherichia coli (strain K12) OX=83333 GN=yfbU PE=1 SV=11 2 2 2 14.6 14.6 14.6 19.536 164 164 0 19.661 7500200 2 MLNVWHACPR;RVTFLGFDAATEAR 161 1191;1442 True;True 1298;1590 1637;2006 2377;2871 2377;2871 -1

P0A9V1 P0A9V1 3 3 3 Lipopolysaccharide export system ATP-binding protein LptBlptB sp|P0A9V1|LPTB_ECOLI Lipopolysaccharide export system ATP-binding protein LptB OS=Escherichia coli (strain K12) OX=83333 GN=lptB PE=1 SV=21 3 3 3 17.4 17.4 17.4 26.8 241 241 0 22.556 7443800 3 ANELMEEFHIEHLR;DSGLGVLITDHNVR;LSVYDNLMAVLQIR195 139;295;1135True;True;True155;328;1230194;401;1557266;580;2272266;580;2272 -1

P0A9J0 P0A9J0 2 2 2 Ribonuclease Grng sp|P0A9J0|RNG_ECOLI Ribonuclease G OS=Escherichia coli (strain K12) OX=83333 GN=rng PE=1 SV=21 2 2 2 6.5 6.5 6.5 55.364 489 489 0 28.771 7364900 2 VAYIDGGILQEIHIER;YLVFMPGASHVGVSQR 185 1673;1885 True;True 1842;2074 2299;2589 3234;3611 3234;3611 -1

P0A9C0 P0A9C0 1 1 1 Anaerobic glycerol-3-phosphate dehydrogenase subunit AglpA sp|P0A9C0|GLPA_ECOLI Anaerobic glycerol-3-phosphate dehydrogenase subunit A OS=Escherichia coli (strain K12) OX=83333 GN=glpA PE=1 SV=11 1 1 1 1.8 1.8 1.8 58.958 542 542 0 12.828 7358500 2 NHGLLHSGAR 179 1254 TRUE 1373 1726 2491;2492 2491 -1

P0A6G7 P0A6G7 1 1 1 ATP-dependent Clp protease proteolytic subunitclpP sp|P0A6G7|CLPP_ECOLI ATP-dependent Clp protease proteolytic subunit OS=Escherichia coli (strain K12) OX=83333 GN=clpP PE=1 SV=11 1 1 1 10.6 10.6 10.6 23.186 207 207 0 16.117 7355900 2 VMIHQPLGGYQGQATDIEIHAR 81 1763 TRUE 1941 2411 3366;3367 3366 -1

P0A6A0 P0A6A0 2 2 2 Probable protein kinase UbiBubiB sp|P0A6A0|UBIB_ECOLI Probable protein kinase UbiB OS=Escherichia coli (strain K12) OX=83333 GN=ubiB PE=1 SV=11 2 2 2 3.5 3.5 3.5 63.202 546 546 0 17.752 7136600 3 LRPTEVVR;VIRPDILPVIK 72 1124;1731 True;True 1219;1904 1545;2366 2256;2257;33112257;3311 -1

P62707 P62707 1 1 1 2,3-bisphosphoglycerate-dependent phosphoglycerate mutasegpmA sp|P62707|GPMA_ECOLI 2,3-bisphosphoglycerate-dependent phosphoglycerate mutase OS=Escherichia coli (strain K12) OX=83333 GN=gpmA PE=1 SV=21 1 1 1 4.4 4.4 4.4 28.556 250 250 0 8.8065 7126100 1 VIIAAHGNSLR 469 1727 TRUE 1900 2362 3307 3307 -1

P0A6L2 P0A6L2 1 1 1 4-hydroxy-tetrahydrodipicolinate synthasedapA sp|P0A6L2|DAPA_ECOLI 4-hydroxy-tetrahydrodipicolinate synthase OS=Escherichia coli (strain K12) OX=83333 GN=dapA PE=1 SV=11 1 1 1 7.2 7.2 7.2 31.27 292 292 0 26.944 7039300 1 IPVIAGTGANATAEAISLTQR 85 844 TRUE 916 1156 1749 1749 -1

P37095 P37095 1 1 1 Peptidase BpepB sp|P37095|PEPB_ECOLI Peptidase B OS=Escherichia coli (strain K12) OX=83333 GN=pepB PE=1 SV=21 1 1 1 2.8 2.8 2.8 46.18 427 427 0.003953 5.6616 6959300 1 EQGYMGLHTVGR 417 426 TRUE 469 577 840 840 -1

P15877 P15877 2 2 2 Quinoprotein glucose dehydrogenasegcd sp|P15877|DHG_ECOLI Quinoprotein glucose dehydrogenase OS=Escherichia coli (strain K12) OX=83333 GN=gcd PE=1 SV=31 2 2 2 3.8 3.8 3.8 86.746 796 796 0 21.855 6935400 2 GDYVTPTQPFSELSFRPTK;TNESFQHVTCR 335 561;1614 True;True 609;1778 743;2224 1035;3131 1035;3131 -1

P28629 P28629 2 2 2 Biodegradative arginine decarboxylaseadiA sp|P28629|ADIA_ECOLI Biodegradative arginine decarboxylase OS=Escherichia coli (strain K12) OX=83333 GN=adiA PE=1 SV=11 2 2 2 5.8 5.8 5.8 84.424 755 755 0 24.876 6914900 2 LLNALSQASYIHVR;VSILAPGMGEDGELEETGVPAALVTAWLGR386 1075;1794 True;True 1165;1978 1466;2462 2136;3445 2136;3445 -1

P37637 P37637 2 2 2 Multidrug resistance protein MdtFmdtF sp|P37637|MDTF_ECOLI Multidrug resistance protein MdtF OS=Escherichia coli (strain K12) OX=83333 GN=mdtF PE=1 SV=11 2 2 2 4.3 4.3 4.3 111.52 1037 1037 0 13.099 6886800 2 AEAMGVALSDINQTISTAFGSSYVNDFLNQGR;VELGAEDYSTVAR421 41;1686 True;True 43;1856 68;2314 107;3253 107;3253 -1

P0AB77 P0AB77 2 2 2 2-amino-3-ketobutyrate coenzyme A ligasekbl sp|P0AB77|KBL_ECOLI 2-amino-3-ketobutyrate coenzyme A ligase OS=Escherichia coli (strain K12) OX=83333 GN=kbl PE=1 SV=11 2 2 2 6 6 6 43.117 398 398 0 15.218 6881300 2 FICGTQDSHK;TQMSAAHTPEQITR 215 496;1625 True;True 541;1791 660;2240 943;3166 943;3166 173 371 -1

P0AE06 P0AE06 2 2 2 Multidrug efflux pump subunit AcrAacrA sp|P0AE06|ACRA_ECOLI Multidrug efflux pump subunit AcrA OS=Escherichia coli (strain K12) OX=83333 GN=acrA PE=1 SV=11 2 2 2 7.8 7.8 7.8 42.196 397 397 0 15.694 6878800 2 AIFPNPDHTLLPGMFVR;IAEVRPQVSGIILK 265 92;736 True;True 101;800 136;999 185;1462 185;1462 210 291 -1

P17952 P17952 2 2 2 UDP-N-acetylmuramate--L-alanine ligasemurC sp|P17952|MURC_ECOLI UDP-N-acetylmuramate--L-alanine ligase OS=Escherichia coli (strain K12) OX=83333 GN=murC PE=1 SV=21 2 2 2 9.6 9.6 9.6 53.625 491 491 0 54.769 6797800 3 DASVVVVSSAISADNPEIVAAHEAR;SGTAMLVDDYGHHPTEVDATIK342 230;1488 True;True 257;1642 315;2067;2068452;2940;2941452;2941 -1

P0AC44 P0AC44 2 2 2 Succinate dehydrogenase hydrophobic membrane anchor subunitsdhD sp|P0AC44|DHSD_ECOLI Succinate dehydrogenase hydrophobic membrane anchor subunit OS=Escherichia coli (strain K12) OX=83333 GN=sdhD PE=1 SV=11 2 2 2 17.4 17.4 17.4 12.867 115 115 0 10.97 6700300 3 MVSNASALGR;NGVHDFILVR 243 1221;1246 True;True 1335;1365 1675;1676;17112423;2424;24662423;2466 -1

P09831 P09831 3 3 3 Glutamate synthase [NADPH] large chaingltB sp|P09831|GLTB_ECOLI Glutamate synthase [NADPH] large chain OS=Escherichia coli (strain K12) OX=83333 GN=gltB PE=1 SV=31 3 3 3 3.2 3.2 3.2 163.3 1486 1486 0 22.044 6667800 3 FGVTPAYLVNADVIQIK;GLITEHVQHTGSQR;VAQGAKPGEGGQLPGDK69 489;613;1667True;True;True534;663;1835653;807;2291936;1160;3226936;1160;3226 -1

P0A8N3 P0A8N3 4 2 2 Lysine--tRNA ligaselysS sp|P0A8N3|SYK1_ECOLI Lysine--tRNA ligase OS=Escherichia coli (strain K12) OX=83333 GN=lysS PE=1 SV=21 4 2 2 14.3 9.5 9.5 57.603 505 505 0 60.326 6625300 3 ALRPLPDK;DAGDDEAMFYDEDYVTALEHGLPPTAGLGIGIDR;DHTSDQLHAEFDGK;PFITHHNALDLDMYLR155 125;224;254;1305False;True;True;False137;251;282;1436;1437172;307;347;1813;1814;1815;1816;1817;1818228;440;441;492;2620;2621;2622;2623;2624;2625;2626228;441;492;2622120 234 -1

P0A6F9 P0A6F9 1 1 1 10 kDa chaperoningroS sp|P0A6F9|CH10_ECOLI Co-chaperonin GroES OS=Escherichia coli (strain K12) OX=83333 GN=groES PE=1 SV=11 1 1 1 9.3 9.3 9.3 10.387 97 97 0 8.4224 6594600 2 MNIRPLHDR 80 1201 TRUE 1309 1649 2391;2392 2392 -1

P00961 P00961 5 5 5 Glycine--tRNA ligase beta subunitglyS sp|P00961|SYGB_ECOLI Glycine--tRNA ligase beta subunit OS=Escherichia coli (strain K12) OX=83333 GN=glyS PE=1 SV=41 5 5 5 8.4 8.4 8.4 76.812 689 689 0 40.063 6563000 5 AWYQDEGYTVDTIQAVLAR;LTNANVVDDVIDFMLGR;PVHTVTLLLGDK;WGASDVHFVR;WGASDVHFVRPVHTVTLLLGDK27 209;1140;1320;1836;1837True;True;True;True;True231;1235;1453;2022;2023284;1562;1836;2517;2518413;2277;2650;3515;3516413;2277;2650;3515;3516 -1

P0A870 P0A870 1 1 1 Transaldolase BtalB sp|P0A870|TALB_ECOLI Transaldolase B OS=Escherichia coli (strain K12) OX=83333 GN=talB PE=1 SV=21 1 1 1 4.1 4.1 4.1 35.219 317 317 0 10.751 6549800 1 NIGEILELAGCDR 147 1261 TRUE 1381 1739 2510 2510 -1

P0A7E5 P0A7E5 2 2 2 CTP synthasepyrG sp|P0A7E5|PYRG_ECOLI CTP synthase OS=Escherichia coli (strain K12) OX=83333 GN=pyrG PE=1 SV=21 2 2 2 3.5 3.5 3.5 60.373 545 545 0 10.784 6441500 2 DGHPLFAGFVK;QMAVEIGR 106 245;1374 True;True 272;1514 336;1916 477;2760 477;2760 -1

P0A7A9 P0A7A9 1 1 1 Inorganic pyrophosphataseppa sp|P0A7A9|IPYR_ECOLI Inorganic pyrophosphatase OS=Escherichia coli (strain K12) OX=83333 GN=ppa PE=1 SV=21 1 1 1 6.2 6.2 6.2 19.703 176 176 0.001984 5.668 6232100 1 AQIAHFFEHYK 104 154 TRUE 171 210 285 285 -1

P39835 P39835 2 2 2 High-affinity gluconate transportergntT sp|P39835|GNTT_ECOLI High-affinity gluconate transporter OS=Escherichia coli (strain K12) OX=83333 GN=gntT PE=1 SV=31 2 2 2 8.2 8.2 8.2 45.966 438 438 0 16.952 6215300 2 GIDKPIPEGLYSAK;TLLYGTILAIPTVILAGPVYAR 435 596;1601 True;True 645;1763 786;2203 1132;3106 1132;3106 -1

P0A6Z3 P0A6Z3 2 2 2 Chaperone protein HtpGhtpG sp|P0A6Z3|HTPG_ECOLI Chaperone protein HtpG OS=Escherichia coli (strain K12) OX=83333 GN=htpG PE=1 SV=11 2 2 2 5.4 5.4 5.4 71.422 624 624 0 21.573 6189600 2 FASTHTDSSAQTVSLEDYVSR;YIFELNPDHVLVK 97 461;1873 True;True 505;2062 622;2577 894;3598 894;3598 -1

P27434 P27434 2 2 2 Cytoskeleton protein RodZrodZ sp|P27434|RODZ_ECOLI Cytoskeleton protein RodZ OS=Escherichia coli (strain K12) OX=83333 GN=rodZ PE=1 SV=21 2 2 2 10.4 10.4 10.4 36.191 337 337 0 15.378 6167000 2 DIEEDKAPADLASTFLR;MNTEATHDQNEALTTGAR 383 258;1202 True;True 286;1310 351;1650 496;2393 496;2393 280 1 -1

P0AD27 P0AD27 1 1 1 Inner membrane protein YejMyejM sp|P0AD27|YEJM_ECOLI Inner membrane protein YejM OS=Escherichia coli (strain K12) OX=83333 GN=yejM PE=1 SV=11 1 1 1 3.8 3.8 3.8 67.295 586 586 0 57.714 6094800 1 LLHVSTPASEYSQGQDLFNPQR 252 1071 TRUE 1161 1462 2132 2132 -1

P0A9R7 P0A9R7 2 2 2 Cell division ATP-binding protein FtsEftsE sp|P0A9R7|FTSE_ECOLI Cell division ATP-binding protein FtsE OS=Escherichia coli (strain K12) OX=83333 GN=ftsE PE=1 SV=11 2 2 2 11.7 11.7 11.7 24.439 222 222 0 12.731 6030700 2 IWFSGHDITR;MLTLSDGHLHGGVGHE 193 888;1196 True;True 964;1303 1209;1642 1812;2383 1812;2383 -1

P0A8M3 P0A8M3 2 2 2 Threonine--tRNA ligasethrS sp|P0A8M3|SYT_ECOLI Threonine--tRNA ligase OS=Escherichia coli (strain K12) OX=83333 GN=thrS PE=1 SV=11 2 2 2 5.8 5.8 5.8 74.013 642 642 0 26.921 6006600 2 AEADLAVALEENNIPFEYQLGEGAFYGPK;KVPVMIHR153 39;945 True;True 41;1026 66;1275 104;1891 104;1891 -1

P0AES6 P0AES6 3 3 3 DNA gyrase subunit BgyrB sp|P0AES6|GYRB_ECOLI DNA gyrase subunit B OS=Escherichia coli (strain K12) OX=83333 GN=gyrB PE=1 SV=21 3 3 3 6.3 6.3 6.3 89.949 804 804 0 26.608 5940100 4 DGKEDHFHYEGGIK;FDVHTNAEQNLFEPIVR;MLSSQEVATLITALGCGIGR278 246;466;1194True;True;True273;510;1301337;627;1640478;900;2380;2381478;900;2381 -1

P60752 P60752 2 2 2 Lipid A export ATP-binding/permease protein MsbAmsbA sp|P60752|MSBA_ECOLI ATP-dependent lipid A-core flippase OS=Escherichia coli (strain K12) OX=83333 GN=msbA PE=1 SV=11 2 2 2 7.7 7.7 7.7 64.46 582 582 0 25.486 5805400 2 DSPILILDEATSALDTESER;NQVALVSQNVHLFNDTVANNIAYAR459 298;1280 True;True 331;1403 405;1765 584;2540 584;2540 -1

P0ABK2 P0ABK2 1 1 1 Cytochrome bd-I ubiquinol oxidase subunit 2cydB sp|P0ABK2|CYDB_ECOLI Cytochrome bd-I ubiquinol oxidase subunit 2 OS=Escherichia coli (strain K12) OX=83333 GN=cydB PE=1 SV=11 1 1 1 2.1 2.1 2.1 42.453 379 379 0 7.4807 5800100 1 TVGELHLR 231 1646 TRUE 1813 2267 3201 3201 -1

P0AEB2 P0AEB2 1 1 1 D-alanyl-D-alanine carboxypeptidase DacAdacA sp|P0AEB2|DACA_ECOLI D-alanyl-D-alanine carboxypeptidase DacA OS=Escherichia coli (strain K12) OX=83333 GN=dacA PE=1 SV=11 1 1 1 3.7 3.7 3.7 44.443 403 403 0 9.1306 5506500 1 ASLGVDKDVYLTIPR 270 169 TRUE 187 227 305 305 -1

P37650 P37650 3 3 3 Cellulose synthase operon protein CbcsC sp|P37650|BCSC_ECOLI Cellulose synthase operon protein C OS=Escherichia coli (strain K12) OX=83333 GN=bcsC PE=1 SV=31 3 3 3 4.3 4.3 4.3 127.72 1157 1157 0 24.791 5482500 5 DSEALGALGQAYSQKGDR;RPISSSLLAFGGQK;SDFVNMNVGSFSTNADGK422 294;1436;1459True;True;True327;1583;1612400;1997;2033;2034579;2854;2855;2903;2904579;2855;2903 -1

P37773 P37773 1 1 1 UDP-N-acetylmuramate--L-alanyl-gamma-D-glutamyl-meso-2,6-diaminoheptandioate ligasempl sp|P37773|MPL_ECOLI UDP-N-acetylmuramate--L-alanyl-gamma-D-glutamyl-meso-2,6-diaminoheptandioate ligase OS=Escherichia coli (strain K12) OX=83333 GN=mpl PE=1 SV=31 1 1 1 4.4 4.4 4.4 49.874 457 457 0 7.8952 5466200 1 HVGVAPADAANALGSFINAR 425 723 TRUE 785 980 1443 1443 -1

P0AG27 P0AG27 1 1 1 Uncharacterized protein YibNyibN sp|P0AG27|YIBN_ECOLI Uncharacterized protein YibN OS=Escherichia coli (strain K12) OX=83333 GN=yibN PE=1 SV=11 1 1 1 9.1 9.1 9.1 15.596 143 143 0.005882 5.6052 5457300 1 LINKEDAVVVDLR 301 1052 TRUE 1140 1440 2105 2105 -1

P0AFL6 P0AFL6 3 3 3 Exopolyphosphataseppx sp|P0AFL6|PPX_ECOLI Exopolyphosphatase OS=Escherichia coli (strain K12) OX=83333 GN=ppx PE=1 SV=21 3 3 3 8 8 8 58.135 513 513 0 18.026 5447900 3 LAHPQLEALLR;LIFMGVEHTQPEK;TASSLANQYHIDSEQAR297 961;1047;1547True;True;True1042;1135;17061295;1435;21421916;2095;30261916;2095;3026 -1

P0ABF1 P0ABF1 1 1 1 Poly(A) polymerase IpcnB sp|P0ABF1|PCNB_ECOLI Poly(A) polymerase I OS=Escherichia coli (strain K12) OX=83333 GN=pcnB PE=1 SV=21 1 1 1 4.1 4.1 4.1 53.87 465 465 0 19.376 5442000 1 EESEAEQAVARPQVTVIPR 225 345 TRUE 378 470 680 680 -1

P76658 P76658 1 1 1 Bifunctional protein HldE;D-beta-D-heptose 7-phosphate kinase;D-beta-D-heptose 1-phosphate adenylyltransferasehldE sp|P76658|HLDE_ECOLI Bifunctional protein HldE OS=Escherichia coli (strain K12) OX=83333 GN=hldE PE=1 SV=11 1 1 1 3.8 3.8 3.8 51.05 477 477 0 19.111 5416000 1 LDFEEGFEGVDPQPLHER 508 979 TRUE 1061 1317 1941 1941 -1

Q59385 Q59385 2 2 2 Copper-exporting P-type ATPase AcopA sp|Q59385|COPA_ECOLI Copper-exporting P-type ATPase OS=Escherichia coli (strain K12) OX=83333 GN=copA PE=1 SV=41 2 2 2 3.2 3.2 3.2 87.872 834 834 0 13.775 5401400 2 ASAVGSHTTLSR;LAAALEQGSSHPLAR 521 164;950 True;True 182;1031 222;1280 299;1897 299;1897 -1

P75796 P75796 2 2 2 Glutathione import ATP-binding protein GsiAgsiA sp|P75796|GSIA_ECOLI Glutathione import ATP-binding protein GsiA OS=Escherichia coli (strain K12) OX=83333 GN=gsiA PE=1 SV=31 2 2 2 3.5 3.5 3.5 69.113 623 623 0 12.295 5361100 2 AVFENPQHPYTR;VGLLPEHAWR 490 189;1706 True;True 210;1878 253;2339 336;3279 336;3279 -1

P0A821 P0A821 3 3 3 L-seryl-tRNA(Sec) selenium transferaseselA sp|P0A821|SELA_ECOLI L-seryl-tRNA(Sec) selenium transferase OS=Escherichia coli (strain K12) OX=83333 GN=selA PE=1 SV=11 3 3 3 8.9 8.9 8.9 50.607 463 463 0 28.436 5307700 3 EPMPQELIAAGVSLVSFSGDK;LPSAALTFTPHDGR;VVELLR140 423;1103;1809True;True;True465;1197;1994573;1520;2482836;2221;3478836;2221;3478 -1

P0AFI7 P0AFI7 1 1 1 Pyridoxine/pyridoxamine 5-phosphate oxidasepdxH sp|P0AFI7|PDXH_ECOLI Pyridoxine/pyridoxamine 5-phosphate oxidase OS=Escherichia coli (strain K12) OX=83333 GN=pdxH PE=1 SV=21 1 1 1 6.9 6.9 6.9 25.545 218 218 0 6.3176 5295700 1 VSLEQIEFWQGGEHR 294 1795 TRUE 1979 2463 3446 3446 -1

P43329 P43329 2 2 2 ATP-dependent RNA helicase HrpAhrpA sp|P43329|HRPA_ECOLI ATP-dependent RNA helicase HrpA OS=Escherichia coli (strain K12) OX=83333 GN=hrpA PE=1 SV=31 2 2 2 2.2 2.2 2.2 149.03 1300 1300 0 13.54 5295600 2 HFNNAPIIEVSGR;LLMQYDTIIIDEAHER 437 680;1074 True;True 737;1164 921;1465 1327;2135 1327;2135 -1

P32169 P32169 1 1 1 Rhamnulose-1-phosphate aldolaserhaD sp|P32169|RHAD_ECOLI Rhamnulose-1-phosphate aldolase OS=Escherichia coli (strain K12) OX=83333 GN=rhaD PE=1 SV=11 1 1 1 4.4 4.4 4.4 30.145 274 274 0 6.0733 5265300 1 FGVTPLASALAL 401 490 TRUE 535 654 937 937 -1

P77488 P77488 2 2 2 1-deoxy-D-xylulose-5-phosphate synthasedxs sp|P77488|DXS_ECOLI 1-deoxy-D-xylulose-5-phosphate synthase OS=Escherichia coli (strain K12) OX=83333 GN=dxs PE=1 SV=31 2 2 2 4.8 4.8 4.8 67.616 620 620 0 11.876 5224600 2 AYDQVLHDVAIQK;QMLYTGYHYNDGPSAVR 514 210;1375 True;True 232;1515 285;1917 414;2761 414;2761 -1

P04079 P04079 3 3 3 GMP synthase [glutamine-hydrolyzing]guaA sp|P04079|GUAA_ECOLI GMP synthase [glutamine-hydrolyzing] OS=Escherichia coli (strain K12) OX=83333 GN=guaA PE=1 SV=11 3 3 3 5.9 5.9 5.9 58.679 525 525 0 33.109 5211300 3 FLSALAGENDPEAK;RADAIFIEELR;VLGEVK 36 511;1404;1747True;True;True556;1548;1921681;1956;2386969;2805;3334969;2805;3334 -1

P0ACL9 P0ACL9 2 2 2 Pyruvate dehydrogenase complex repressorpdhR sp|P0ACL9|PDHR_ECOLI Pyruvate dehydrogenase complex repressor OS=Escherichia coli (strain K12) OX=83333 GN=pdhR PE=1 SV=11 2 2 2 11 11 11 29.425 254 254 0 11.396 5100900 2 HALEGIAAYYAALR;IFEAIMAGKPEEAR 246 673;773 True;True 727;838 902;1056 1288;1585 1288;1585 -1

P0AA43 P0AA43 1 1 1 Ribosomal small subunit pseudouridine synthase ArsuA sp|P0AA43|RSUA_ECOLI Ribosomal small subunit pseudouridine synthase A OS=Escherichia coli (strain K12) OX=83333 GN=rsuA PE=1 SV=11 1 1 1 9.1 9.1 9.1 25.865 231 231 0 15.843 5079400 3 LLPEHDVAYDGNPLAQQHGPR 201 1076 TRUE 1166 1467;1468 2137;2138;2139 2137 -1

P21165 P21165 2 2 2 Xaa-Pro dipeptidasepepQ sp|P21165|PEPQ_ECOLI Xaa-Pro dipeptidase OS=Escherichia coli (strain K12) OX=83333 GN=pepQ PE=1 SV=21 2 2 2 4.7 4.7 4.7 50.176 443 443 0 11.63 5061200 3 GVIDYLHYYR;IEALKPFGGIR 347 656;757 True;True 710;822 883;1040 1265;1567;15681265;1567 -1

P0AAT6 P0AAT6 1 1 1 Ribosomal silencing factor RsfSrsfS sp|P0AAT6|IOJAP_ECOLI Ribosomal silencing factor RsfS OS=Escherichia coli (strain K12) OX=83333 GN=rsfS PE=1 SV=11 1 1 1 13.3 13.3 13.3 11.582 105 105 0 12.144 5043300 1 HVMSIADHVVQESR 209 724 TRUE 786 981 1444 1444 -1

P08506 P08506 1 1 1 D-alanyl-D-alanine carboxypeptidase DacCdacC sp|P08506|DACC_ECOLI D-alanyl-D-alanine carboxypeptidase DacC OS=Escherichia coli (strain K12) OX=83333 GN=dacC PE=1 SV=21 1 1 1 4.5 4.5 4.5 43.608 400 400 0 32.795 5043100 2 FFETVTPIKPDATFVTQR 61 473 TRUE 517 634 908;909 908 -1

P0A993 P0A993 2 2 2 Fructose-1,6-bisphosphatase class 1fbp sp|P0A993|F16PA_ECOLI Fructose-1,6-bisphosphatase class 1 OS=Escherichia coli (strain K12) OX=83333 GN=fbp PE=1 SV=11 2 2 2 6.9 6.9 6.9 36.833 332 332 0 15.405 5039300 2 ILDIIPETLHQR;YIGSLVADFHR 176 816;1874 True;True 884;2063 1114;2578 1668;3599 1668;3599 -1

P76576 P76576 1 1 1 UPF0070 protein YfgMyfgM sp|P76576|YFGM_ECOLI Ancillary SecYEG translocon subunit OS=Escherichia coli (strain K12) OX=83333 GN=yfgM PE=1 SV=11 1 1 1 12.6 12.6 12.6 22.176 206 206 0 39.106 5009500 1 SASLAYQNAVTAVSEGKPDSIPAAEK 506 1455 TRUE 1607 2027 2897 2897 -1

P41052 P41052 1 1 1 Membrane-bound lytic murein transglycosylase BmltB sp|P41052|MLTB_ECOLI Membrane-bound lytic murein transglycosylase B OS=Escherichia coli (strain K12) OX=83333 GN=mltB PE=1 SV=11 1 1 1 7.5 7.5 7.5 40.255 361 361 0 31.002 4991800 1 YSISQLAAAGLTPQQPLGNHQQASLLR 436 1907 TRUE 2100 2628 3723 3723 -1

P06993 P06993 3 3 3 HTH-type transcriptional regulator MalTmalT sp|P06993|MALT_ECOLI HTH-type transcriptional regulator MalT OS=Escherichia coli (strain K12) OX=83333 GN=malT PE=1 SV=21 3 3 3 5.5 5.5 5.5 103.12 901 901 0 30.229 4986000 3 AQILLGEFEPAEIVLEELNENAR;EDTMHAEFNALR;QLIQLNTLPELEQHR47 155;338;1368True;True;True172;371;1506211;463;1896286;672;2737286;672;2737 -1

P0AF98 P0AF98 1 1 1 Lipopolysaccharide export system permease protein LptFlptF sp|P0AF98|LPTF_ECOLI Lipopolysaccharide export system permease protein LptF OS=Escherichia coli (strain K12) OX=83333 GN=lptF PE=1 SV=11 1 1 1 4.1 4.1 4.1 40.357 366 366 0 31.473 4979000 1 PSVVVADSGHLTQLR 281 1317 TRUE 1450 1832 2646 2646 -1

P0A921 P0A921 1 1 1 Phospholipase A1pldA sp|P0A921|PA1_ECOLI Phospholipase A1 OS=Escherichia coli (strain K12) OX=83333 GN=pldA PE=1 SV=11 1 1 1 4.5 4.5 4.5 33.163 289 289 0 5.8485 4978800 1 IGYHLGDAVLSAK 168 787 TRUE 852 1072 1602 1602 -1

P68767 P68767 2 2 2 Cytosol aminopeptidasepepA sp|P68767|AMPA_ECOLI Cytosol aminopeptidase OS=Escherichia coli (strain K12) OX=83333 GN=pepA PE=1 SV=11 2 2 2 8.5 8.5 8.5 54.879 503 503 0 44.532 4943700 2 AYRPGDVLTTMSGQTVEVLNTDAEGR;GATGRPVALLAQFLLNR477 213;550 True;True 236;598 290;730 421;1022 421;1022 314 341 -1

P25553 P25553 1 1 1 Lactaldehyde dehydrogenasealdA sp|P25553|ALDA_ECOLI Lactaldehyde dehydrogenase OS=Escherichia coli (strain K12) OX=83333 GN=aldA PE=1 SV=21 1 1 1 4 4 4 52.272 479 479 0 8.0294 4913500 1 YEGEIIQSDRPGENILLFK 373 1864 TRUE 2052 2563 3574 3574 -1

P0ADR8 P0ADR8 1 1 1 LOG family protein YgdHygdH sp|P0ADR8|PPNN_ECOLI Pyrimidine/purine nucleotide 5-monophosphate nucleosidase OS=Escherichia coli (strain K12) OX=83333 GN=ppnN PE=1 SV=11 1 1 1 2.9 2.9 2.9 50.971 454 454 0 16.876 4791800 1 MDDLLQGFVAQHR 259 1171 TRUE 1271 1607 2339 2339 -1

P08395 P08395 1 1 1 Protease 4sppA sp|P08395|SPPA_ECOLI Protease 4 OS=Escherichia coli (strain K12) OX=83333 GN=sppA PE=1 SV=21 1 1 1 3.2 3.2 3.2 67.219 618 618 0 10.858 4739200 1 GALLLDISGVIVDKPDSSQR 60 546 TRUE 593 724 1016 1016 -1
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P15977 P15977 2 2 2 4-alpha-glucanotransferasemalQ sp|P15977|MALQ_ECOLI 4-alpha-glucanotransferase OS=Escherichia coli (strain K12) OX=83333 GN=malQ PE=1 SV=21 2 2 2 5.3 5.3 5.3 78.503 694 694 0 35.402 4676600 2 GGSFIGLNPIHALYPANPESASPYSPSSR;LLDAMHQR336 584;1064 True;True 633;1154 772;1455 1112;2123 1112;2123 -1

P0A698 P0A698 2 2 2 UvrABC system protein AuvrA sp|P0A698|UVRA_ECOLI UvrABC system protein A OS=Escherichia coli (strain K12) OX=83333 GN=uvrA PE=1 SV=11 2 2 2 2.4 2.4 2.4 103.87 940 940 0 15.665 4652900 2 LLGTLIHLR;STVGTITEIHDYLR 71 1070;1528 True;True 1160;1685 1461;2118 2131;2995 2131;2995 -1

P0ADC1 P0ADC1 1 1 1 LPS-assembly lipoprotein LptElptE sp|P0ADC1|LPTE_ECOLI LPS-assembly lipoprotein LptE OS=Escherichia coli (strain K12) OX=83333 GN=lptE PE=1 SV=11 1 1 1 9.3 9.3 9.3 21.356 193 193 0 18.283 4530400 1 SDEEQTSTTTDTPATPAR 256 1457 TRUE 1609 2029 2899 2899 -1

P20966 P20966 2 2 2 PTS system fructose-specific EIIBC component;Fructose-specific phosphotransferase enzyme IIB component;Fructose permease IIC componentfruA sp|P20966|PTFBC_ECOLI PTS system fructose-specific EIIBBC component OS=Escherichia coli (strain K12) OX=83333 GN=fruA PE=1 SV=11 2 2 2 8 8 8 57.518 563 563 0 22.379 4447600 2 AVAHPELFLSEAK;GSVGAGNAITPEEVAAADLVIVAADIEVDLAK345 184;640 True;True 205;692 247;848 330;1212 330;1212 -1

P0A7G6 P0A7G6 1 1 1 Protein RecArecA sp|P0A7G6|RECA_ECOLI Protein RecA OS=Escherichia coli (strain K12) OX=83333 GN=recA PE=1 SV=21 1 1 1 4.8 4.8 4.8 37.973 353 353 0 9.5796 4414700 1 AEIEGEIGDSHMGLAAR 108 46 TRUE 48 73 114 114 -1

P61320 P61320 1 1 1 Outer-membrane lipoprotein LolBlolB sp|P61320|LOLB_ECOLI Outer-membrane lipoprotein LolB OS=Escherichia coli (strain K12) OX=83333 GN=lolB PE=1 SV=11 1 1 1 4.8 4.8 4.8 23.55 207 207 0 8.8397 4338600 1 FFWQQTGQDR 463 477 TRUE 521 638 913 913 -1

P0AFH0 P0AFH0 1 1 1 Methylated-DNA--protein-cysteine methyltransferaseogt sp|P0AFH0|OGT_ECOLI Methylated-DNA--protein-cysteine methyltransferase OS=Escherichia coli (strain K12) OX=83333 GN=ogt PE=1 SV=11 1 1 1 5.8 5.8 5.8 19.179 171 171 0 9.4261 4273000 1 MVQLLDIHYR 292 1220 TRUE 1334 1674 2422 2422 -1

P09377 P09377 1 1 1 HTH-type transcriptional activator RhaSrhaS sp|P09377|RHAS_ECOLI HTH-type transcriptional activator RhaS OS=Escherichia coli (strain K12) OX=83333 GN=rhaS PE=1 SV=11 1 1 1 7.6 7.6 7.6 32.315 278 278 0 26.977 4249600 1 QLVAQMEQQEGENDLPSTASR 67 1373 TRUE 1513 1915 2759 2759 -1

P21889 P21889 1 1 1 Aspartate--tRNA ligaseaspS sp|P21889|SYD_ECOLI Aspartate--tRNA ligase OS=Escherichia coli (strain K12) OX=83333 GN=aspS PE=1 SV=11 1 1 1 2.9 2.9 2.9 65.913 590 590 0 6.3945 4223100 1 ADVLPLDSNHVNTEEAR 354 37 TRUE 38 61 97 97 -1

P0A6E6 P0A6E6 2 2 2 ATP synthase epsilon chainatpC sp|P0A6E6|ATPE_ECOLI ATP synthase epsilon chain OS=Escherichia coli (strain K12) OX=83333 GN=atpC PE=1 SV=21 2 2 2 17.3 17.3 17.3 15.068 139 139 0 99.292 4158000 5 AEEHISSSHGDVDYAQASAELAK;KAEEHISSSHGDVDYAQASAELAK76 44;896 True;True 46;973 71;1218 110;111;112;1824;1825111;1824 -1

P56258 P56258 1 1 1 TDP-N-acetylfucosamine:lipid II N-acetylfucosaminyltransferasewecF sp|P56258|WECF_ECOLI TDP-N-acetylfucosamine:lipid II N-acetylfucosaminyltransferase OS=Escherichia coli (strain K12) OX=83333 GN=wecF PE=1 SV=21 1 1 1 3.9 3.9 3.9 40.639 359 359 0 7.2988 4066800 1 FFNDALAATSEHAR 449 474 TRUE 518 635 910 910 -1

P0AEU7 P0AEU7 1 1 1 Chaperone protein Skpskp sp|P0AEU7|SKP_ECOLI Chaperone protein Skp OS=Escherichia coli (strain K12) OX=83333 GN=skp PE=1 SV=11 1 1 1 9.9 9.9 9.9 17.688 161 161 0 17.627 3984600 1 IAIVNMGSLFQQVAQK 279 740 TRUE 804 1004 1469 1469 212 29 -1

P32684 P32684 1 1 1 Ribosomal large subunit pseudouridine synthase FrluF sp|P32684|RLUF_ECOLI Dual-specificity RNA pseudouridine synthase RluF OS=Escherichia coli (strain K12) OX=83333 GN=rluF PE=1 SV=11 1 1 1 5.5 5.5 5.5 32.476 290 290 0 12.817 3956900 1 EYLVTVDKPITEEFIR 404 457 TRUE 501 618 890 890 -1

P0A937 P0A937 1 1 1 Outer membrane protein assembly factor BamEbamE sp|P0A937|BAME_ECOLI Outer membrane protein assembly factor BamE OS=Escherichia coli (strain K12) OX=83333 GN=bamE PE=1 SV=11 1 1 1 17.7 17.7 17.7 12.302 113 113 0 5.711 3886600 1 VVYRPDINQGNYLTANDVSK 171 1824 TRUE 2010 2503 3500 3500 -1

P0ABI8 P0ABI8 1 1 1 Cytochrome bo(3) ubiquinol oxidase subunit 1cyoB sp|P0ABI8|CYOB_ECOLI Cytochrome bo(3) ubiquinol oxidase subunit 1 OS=Escherichia coli (strain K12) OX=83333 GN=cyoB PE=1 SV=11 1 1 1 1.7 1.7 1.7 74.367 663 663 0 8.7913 3806800 1 LENQHFDEITK 229 1002 TRUE 1086 1344 1972 1972 -1

P0A935 P0A935 1 1 1 Membrane-bound lytic murein transglycosylase AmltA sp|P0A935|MLTA_ECOLI Membrane-bound lytic murein transglycosylase A OS=Escherichia coli (strain K12) OX=83333 GN=mltA PE=1 SV=11 1 1 1 3.3 3.3 3.3 40.41 365 365 0 11.852 3731000 1 HWGETHSEAEVR 170 728 TRUE 790 986 1449 1449 -1

P76115 P76115 2 2 2 Probable TonB-dependent receptor YncDyncD sp|P76115|YNCD_ECOLI Probable TonB-dependent receptor YncD OS=Escherichia coli (strain K12) OX=83333 GN=yncD PE=1 SV=11 2 2 2 6.6 6.6 6.6 77.26 700 700 0 22.083 3660200 2 ADGQSGMNLGLKPSTNDTIEIGSK;ATGATGDGTQPGDVDYTVSTTR495 29;174 True;True 29;192 51;233 82;312 82;312 320 489 -1

P0A715 P0A715 2 2 2 2-dehydro-3-deoxyphosphooctonate aldolasekdsA sp|P0A715|KDSA_ECOLI 2-dehydro-3-deoxyphosphooctonate aldolase OS=Escherichia coli (strain K12) OX=83333 GN=kdsA PE=1 SV=11 2 2 2 11.6 11.6 11.6 30.832 284 284 0 21.91 3650900 2 IFQELK;VVSIGDINVANDLPFVLFGGMNVLESR 100 774;1818 True;True 839;2003 1057;2495 1586;3492 1586;3492 98 25 -1

P0A6X7 P0A6X7 1 1 1 Integration host factor subunit alphaihfA sp|P0A6X7|IHFA_ECOLI Integration host factor subunit alpha OS=Escherichia coli (strain K12) OX=83333 GN=ihfA PE=1 SV=11 1 1 1 9.1 9.1 9.1 11.354 99 99 0.005906 5.6311 3616600 1 VVTFRPGQK 94 1821 TRUE 2007 2500 3497 3497 -1

P21865 P21865 2 2 2 Sensor protein KdpDkdpD sp|P21865|KDPD_ECOLI Sensor protein KdpD OS=Escherichia coli (strain K12) OX=83333 GN=kdpD PE=1 SV=21 2 2 2 2.8 2.8 2.8 98.717 894 894 0 10.423 3614800 2 HISEFDLDAALAR;NALLAALSHDLR 353 696;1228 True;True 757;1345 949;1686 1406;2435 1406;2435 -1

P27294 P27294 1 1 1 Protein InaAinaA sp|P27294|INAA_ECOLI Protein InaA OS=Escherichia coli (strain K12) OX=83333 GN=inaA PE=1 SV=31 1 1 1 4.6 4.6 4.6 25.296 216 216 0 7.335 3579400 2 YPFGRPTIVR 379 1898 TRUE 2088 2614 3698;3699 3699 -1

P13033 P13033 1 1 1 Anaerobic glycerol-3-phosphate dehydrogenase subunit BglpB sp|P13033|GLPB_ECOLI Anaerobic glycerol-3-phosphate dehydrogenase subunit B OS=Escherichia coli (strain K12) OX=83333 GN=glpB PE=1 SV=11 1 1 1 2.4 2.4 2.4 45.357 419 419 0 12.517 3573000 1 NHADIPLRPR 330 1247 TRUE 1366 1712 2467 2467 -1

P02918 P02918 1 1 1 Penicillin-binding protein 1A;Penicillin-insensitive transglycosylase;Penicillin-sensitive transpeptidasemrcA sp|P02918|PBPA_ECOLI Penicillin-binding protein 1A OS=Escherichia coli (strain K12) OX=83333 GN=mrcA PE=1 SV=11 1 1 1 2.8 2.8 2.8 93.635 850 850 0 30.196 3555100 1 AASVALFSGHASQGASTITQQLAR 32 19 TRUE 19 25 53 53 -1

P0A6J5 P0A6J5 1 1 1 D-amino acid dehydrogenasedadA sp|P0A6J5|DADA_ECOLI D-amino acid dehydrogenase OS=Escherichia coli (strain K12) OX=83333 GN=dadA PE=1 SV=11 1 1 1 3.2 3.2 3.2 47.607 432 432 0 7.4844 3544100 1 LAEVEPALAEVAHK 84 956 TRUE 1037 1290 1911 1911 -1

P00861 P00861 1 1 1 Diaminopimelate decarboxylaselysA sp|P00861|DCDA_ECOLI Diaminopimelate decarboxylase OS=Escherichia coli (strain K12) OX=83333 GN=lysA PE=1 SV=11 1 1 1 2.1 2.1 2.1 46.177 420 420 0 9.7527 3540800 1 ACSNIHILR 21 25 TRUE 25 47 77 77 -1

P0AB28 P0AB28 1 1 1 Uncharacterized protein YceDyceD sp|P0AB28|YCED_ECOLI Large ribosomal RNA subunit accumulation protein YceD OS=Escherichia coli (strain K12) OX=83333 GN=yceD PE=2 SV=11 1 1 1 5.2 5.2 5.2 19.315 173 173 0 6.5479 3527200 1 LPLTLDPVR 211 1101 TRUE 1194 1510 2192 2192 -1

P77748 P77748 2 2 2 Uncharacterized protein YdiJydiJ sp|P77748|YDIJ_ECOLI Uncharacterized protein YdiJ OS=Escherichia coli (strain K12) OX=83333 GN=ydiJ PE=4 SV=11 2 2 2 2.5 2.5 2.5 113.25 1018 1018 0 19.007 3453400 2 AAFDPHNR;AEYSPAFFGEELFAELR 517 4;56 True;True 4;61 6;90 7;134 7;134 -1

P0A6A3 P0A6A3 1 1 1 Acetate kinaseackA sp|P0A6A3|ACKA_ECOLI Acetate kinase OS=Escherichia coli (strain K12) OX=83333 GN=ackA PE=1 SV=11 1 1 1 3 3 3 43.29 400 400 0 7.3494 3407500 1 LGVLGFEVDHER 73 1029 TRUE 1115 1411 2067 2067 -1

P68191 P68191 1 1 1 Stationary-phase-induced ribosome-associated proteinsra sp|P68191|SRA_ECOLI Stationary-phase-induced ribosome-associated protein OS=Escherichia coli (strain K12) OX=83333 GN=sra PE=1 SV=11 1 1 1 17.8 17.8 17.8 5.0958 45 45 0 6.1 3355500 2 HILGLDHK 475 695 TRUE 756 948 1404;1405 1404 -1

P76473 P76473 1 1 1 Undecaprenyl phosphate-alpha-4-amino-4-deoxy-L-arabinose arabinosyl transferasearnT sp|P76473|ARNT_ECOLI Undecaprenyl phosphate-alpha-4-amino-4-deoxy-L-arabinose arabinosyl transferase OS=Escherichia coli (strain K12) OX=83333 GN=arnT PE=1 SV=11 1 1 1 1.6 1.6 1.6 62.542 550 550 0 9.8229 3319300 1 FALDDAQHR 502 460 TRUE 504 621 893 893 -1

P0AG86 P0AG86 2 2 2 Protein-export protein SecBsecB sp|P0AG86|SECB_ECOLI Protein-export protein SecB OS=Escherichia coli (strain K12) OX=83333 GN=secB PE=1 SV=11 2 2 2 22.6 22.6 22.6 17.277 155 155 0 34.142 3317600 3 DISFEAPNAPHVFQK;LDLDTASSQLADDVYEVVLR 309 263;982 True;True 292;1064 358;1320 503;504;1944503;1944 -1

P37194 P37194 1 1 1 Outer membrane protein slpslp sp|P37194|SLP_ECOLI Outer membrane protein Slp OS=Escherichia coli (strain K12) OX=83333 GN=slp PE=1 SV=11 1 1 1 9.6 9.6 9.6 20.964 188 188 0 13.491 3258100 1 SFVAVHNQPGLYVGQQAR 419 1475 TRUE 1629 2054 2925 2925 -1

P25516 P25516 2 2 2 Aconitate hydratase AacnA sp|P25516|ACNA_ECOLI Aconitate hydratase A OS=Escherichia coli (strain K12) OX=83333 GN=acnA PE=1 SV=31 2 2 2 4 4 4 97.676 891 891 0 21.135 3240000 2 EGITATDLVLTVTQMLR;VNPLSPVDLVIDHSVTVDR 369 356;1771 True;True 389;1950 481;2421 691;3380 691;3380 -1

P37692 P37692 2 2 2 ADP-heptose--LPS heptosyltransferase 2rfaF sp|P37692|RFAF_ECOLI ADP-heptose--LPS heptosyltransferase 2 OS=Escherichia coli (strain K12) OX=83333 GN=rfaF PE=1 SV=11 2 2 2 10.1 10.1 10.1 39.042 348 348 0 14.969 3221300 2 MPEVNEAIPMPLGHGALEIGER;SALVPFFAGIPHR 424 1204;1453 True;True 1312;1604 1652;2024 2395;2894 2395;2894 -1

P69811 P69811 1 1 1 Multiphosphoryl transfer protein;Phosphocarrier protein HPr;Fructose-specific phosphotransferase enzyme IIA componentfruB sp|P69811|PTFAH_ECOLI Multiphosphoryl transfer protein OS=Escherichia coli (strain K12) OX=83333 GN=fruB PE=1 SV=11 1 1 1 4.3 4.3 4.3 39.647 376 376 0 9.4306 3116800 1 QLTHVLSDDSVAEQLK 485 1372 TRUE 1512 1914 2758 2758 -1

P76539 P76539 1 1 1 Acetyltransferase YpeAypeA sp|P76539|YPEA_ECOLI Acetyltransferase YpeA OS=Escherichia coli (strain K12) OX=83333 GN=ypeA PE=1 SV=21 1 1 1 9.2 9.2 9.2 16.311 141 141 0 9.3493 3084400 1 LGYEHADVLSLGK 504 1030 TRUE 1116 1412 2068 2068 -1

P17169 P17169 2 2 2 Glutamine--fructose-6-phosphate aminotransferase [isomerizing]glmS sp|P17169|GLMS_ECOLI Glutamine--fructose-6-phosphate aminotransferase [isomerizing] OS=Escherichia coli (strain K12) OX=83333 GN=glmS PE=1 SV=41 2 2 2 7.6 7.6 7.6 66.894 609 609 0 16.374 3010200 2 GYDSAGLAVVDAEGHMTR;SGSPLVIGLGMGENFIASDQLALLPVTR340 668;1487 True;True 722;1641 897;2066 1283;2939 1283;2939 -1

P0ACP1 P0ACP1 1 1 1 Catabolite repressor/activatorcra sp|P0ACP1|CRA_ECOLI Catabolite repressor/activator OS=Escherichia coli (strain K12) OX=83333 GN=cra PE=1 SV=11 1 1 1 4.2 4.2 4.2 37.999 334 334 0 8.972 2942000 1 EHNYHPNAVAAGLR 247 369 TRUE 406 504 748 748 -1

P37188 P37188 1 1 1 Galactitol-specific phosphotransferase enzyme IIB componentgatB sp|P37188|PTKB_ECOLI PTS system galactitol-specific EIIB component OS=Escherichia coli (strain K12) OX=83333 GN=gatB PE=1 SV=21 1 1 1 7.4 7.4 7.4 10.222 94 94 0 6.422 2931600 1 ILTILQG 418 831 TRUE 900 1136 1721 1721 -1

P76170 P76170 1 1 1 UPF0482 protein YnfBynfB sp|P76170|YNFB_ECOLI UPF0482 protein YnfB OS=Escherichia coli (strain K12) OX=83333 GN=ynfB PE=1 SV=11 1 1 1 16.8 16.8 16.8 12.909 113 113 0 11.027 2878800 1 DKCEQSANINAYWEPNTLR 496 264 TRUE 293 359 505 505 -1

P77475 P77475 1 1 1 Fructose-1-phosphate phosphatase YqaByqaB sp|P77475|YQAB_ECOLI Fructose-1-phosphate phosphatase YqaB OS=Escherichia coli (strain K12) OX=83333 GN=yqaB PE=1 SV=11 1 1 1 10.6 10.6 10.6 20.78 188 188 0 15.707 2876000 1 IAQAIIELNQADLDPHALAR 513 743 TRUE 807 1007 1472 1472 -1

P0AE88 P0AE88 1 1 1 Transcriptional regulatory protein CpxRcpxR sp|P0AE88|CPXR_ECOLI Transcriptional regulatory protein CpxR OS=Escherichia coli (strain K12) OX=83333 GN=cpxR PE=1 SV=11 1 1 1 4.3 4.3 4.3 26.312 232 232 0 5.7068 2870300 1 AIDMHISNLR 269 90 TRUE 99 133 182 182 -1

P0AFD6 P0AFD6 1 1 1 NADH-quinone oxidoreductase subunit InuoI sp|P0AFD6|NUOI_ECOLI NADH-quinone oxidoreductase subunit I OS=Escherichia coli (strain K12) OX=83333 GN=nuoI PE=1 SV=11 1 1 1 6.7 6.7 6.7 20.538 180 180 0 12.049 2847800 1 MYPEEPVYLPPR 286 1225 TRUE 1342 1683 2432 2432 214 32 -1

P24228 P24228 2 2 2 D-alanyl-D-alanine carboxypeptidase DacBdacB sp|P24228|DACB_ECOLI D-alanyl-D-alanine carboxypeptidase DacB OS=Escherichia coli (strain K12) OX=83333 GN=dacB PE=1 SV=21 2 2 2 7.8 7.8 7.8 51.798 477 477 0 15.226 2819900 2 TGSLQGVYNLAGFITTASGQR;VITALAALIQLGPDFR 368 1579;1733 True;True 1740;1906 2179;2368 3080;3313 3080;3313 -1

P45578 P45578 1 1 1 S-ribosylhomocysteine lyaseluxS sp|P45578|LUXS_ECOLI S-ribosylhomocysteine lyase OS=Escherichia coli (strain K12) OX=83333 GN=luxS PE=1 SV=31 1 1 1 7 7 7 19.416 171 171 0 16.498 2746100 2 PLLDSFTVDHTR 442 1312 TRUE 1445 1827 2639;2640 2639 -1

P0ADA5 P0ADA5 2 2 2 Uncharacterized lipoprotein YajGyajG sp|P0ADA5|YAJG_ECOLI Uncharacterized lipoprotein YajG OS=Escherichia coli (strain K12) OX=83333 GN=yajG PE=3 SV=11 2 2 2 29.7 29.7 29.7 20.95 192 192 0 74.158 2735100 2 GYMVGPNGPVNLQIIVSQLYADVSQGNVR;NIADAVNSVLTDTIADMSQDTSIHEFIK254 669;1257 True;True 723;1377 898;1734 1284;2504 1284;2504 206 94 -1

P0AGI8 P0AGI8 1 1 1 Trk system potassium uptake protein TrkAtrkA sp|P0AGI8|TRKA_ECOLI Trk system potassium uptake protein TrkA OS=Escherichia coli (strain K12) OX=83333 GN=trkA PE=1 SV=11 1 1 1 3.9 3.9 3.9 50.367 458 458 0 7.7674 2723000 1 GVAEAIEAVAHGDESTSR 315 652 TRUE 706 872 1250 1250 -1

P0A9G6 P0A9G6 1 1 1 Isocitrate lyaseaceA sp|P0A9G6|ACEA_ECOLI Isocitrate lyase OS=Escherichia coli (strain K12) OX=83333 GN=aceA PE=1 SV=11 1 1 1 2.5 2.5 2.5 47.521 434 434 0 5.7783 2709400 1 THAGIEQAISR 183 1580 TRUE 1741 2180 3081 3081 -1

P60293 P60293 2 2 2 Chromosome partition protein MukFmukF sp|P60293|MUKF_ECOLI Chromosome partition protein MukF OS=Escherichia coli (strain K12) OX=83333 GN=mukF PE=1 SV=11 2 2 2 7.3 7.3 7.3 50.578 440 440 0 11.094 2680100 2 HVSDAFEQTSETIGVR;IQDATMTHDDLHFVDR 451 727;845 True;True 789;917 985;1157 1448;1750 1448;1750 -1

P0A8K1 P0A8K1 1 1 1 Phosphatidylserine decarboxylase proenzyme;Phosphatidylserine decarboxylase alpha chain;Phosphatidylserine decarboxylase beta chainpsd sp|P0A8K1|PSD_ECOLI Phosphatidylserine decarboxylase proenzyme OS=Escherichia coli (strain K12) OX=83333 GN=psd PE=1 SV=11 1 1 1 3.4 3.4 3.4 35.934 322 322 0 11.907 2630500 1 TFNEFFVRPLR 151 1571 TRUE 1732 2170 3071 3071 -1

Q57261 Q57261 1 1 1 tRNA pseudouridine synthase DtruD sp|Q57261|TRUD_ECOLI tRNA pseudouridine synthase D OS=Escherichia coli (strain K12) OX=83333 GN=truD PE=1 SV=11 1 1 1 6.3 6.3 6.3 39.091 349 349 0 15.715 2630100 1 EALAFEQAAVAAETELQALLVR 520 327 TRUE 360 451 659 659 -1

P22525 P22525 2 2 2 Probable L,D-transpeptidase YcbBycbB sp|P22525|YCBB_ECOLI Probable L,D-transpeptidase YcbB OS=Escherichia coli (strain K12) OX=83333 GN=ycbB PE=1 SV=21 2 2 2 5.9 5.9 5.9 67.812 615 615 0 12.679 2615400 2 EAIDPWQVDWSTITASNLPFR;NDPGYLESHGYTVMR359 325;1233 True;True 358;1351 448;1692 656;2441 656;2441 -1

P28904 P28904 1 1 1 Trehalose-6-phosphate hydrolasetreC sp|P28904|TREC_ECOLI Trehalose-6-phosphate hydrolase OS=Escherichia coli (strain K12) OX=83333 GN=treC PE=1 SV=31 1 1 1 1.8 1.8 1.8 63.837 551 551 0 8.0285 2584200 1 AHEFLHEMNR 388 82 TRUE 90 123 172 172 -1

P0A998 P0A998 1 1 1 Bacterial non-heme ferritinftnA sp|P0A998|FTNA_ECOLI Bacterial non-heme ferritin OS=Escherichia coli (strain K12) OX=83333 GN=ftnA PE=1 SV=11 1 1 1 13.9 13.9 13.9 19.424 165 165 0 11.487 2474400 1 INTVESPFAEYSSLDELFQETYK 177 840 TRUE 912 1152 1745 1745 -1

P69831 P69831 1 1 1 Galactitol permease IIC componentgatC sp|P69831|PTKC_ECOLI PTS system galactitol-specific EIIC component OS=Escherichia coli (strain K12) OX=83333 GN=gatC PE=1 SV=11 1 1 1 3.1 3.1 3.1 48.364 451 451 0 7.5553 2378800 1 VIKPIMDGLTPIAK 487 1728 TRUE 1901 2363 3308 3308 -1

P09832 P09832 1 1 1 Glutamate synthase [NADPH] small chaingltD sp|P09832|GLTD_ECOLI Glutamate synthase [NADPH] small chain OS=Escherichia coli (strain K12) OX=83333 GN=gltD PE=1 SV=31 1 1 1 4.2 4.2 4.2 52.015 472 472 0 20.058 2370500 1 IFEAAELSHQTNTLPEVCGR 70 772 TRUE 837 1055 1584 1584 -1

P23839 P23839 1 1 1 UPF0701 protein YicCyicC sp|P23839|YICC_ECOLI UPF0701 protein YicC OS=Escherichia coli (strain K12) OX=83333 GN=yicC PE=1 SV=21 1 1 1 3.8 3.8 3.8 33.175 287 287 0 7.9075 2324700 2 RLDFMMQEFNR 362 1430 TRUE 1577 1991 2846;2847 2846 -1

P00954 P00954 1 1 1 Tryptophan--tRNA ligasetrpS sp|P00954|SYW_ECOLI Tryptophan--tRNA ligase OS=Escherichia coli (strain K12) OX=83333 GN=trpS PE=1 SV=31 1 1 1 6.9 6.9 6.9 37.437 334 334 0 9.0113 2309000 1 AGVSNLLDILSAVTGQSIPELEK 24 81 TRUE 89 122 171 171 -1

P0AFF2 P0AFF2 1 1 1 Nucleoside permease NupCnupC sp|P0AFF2|NUPC_ECOLI Nucleoside permease NupC OS=Escherichia coli (strain K12) OX=83333 GN=nupC PE=1 SV=11 1 1 1 5.5 5.5 5.5 43.475 400 400 0 16.145 2304900 1 LESFNAVSSLILGQSENFIAYK 287 1003 TRUE 1087 1345 1973 1973 -1

P36879 P36879 1 1 1 Uncharacterized ABC transporter ATP-binding protein YadGyadG sp|P36879|YADG_ECOLI Uncharacterized ABC transporter ATP-binding protein YadG OS=Escherichia coli (strain K12) OX=83333 GN=yadG PE=1 SV=11 1 1 1 7.1 7.1 7.1 34.647 308 308 0 21.237 2300700 2 EQGINSVFTQLSEQGIQVLSMR 414 425 TRUE 467;468 575;576 838;839 839 300 285 -1

P0A9W3 P0A9W3 1 1 1 Energy-dependent translational throttle protein EttAettA sp|P0A9W3|ETTA_ECOLI Energy-dependent translational throttle protein EttA OS=Escherichia coli (strain K12) OX=83333 GN=ettA PE=1 SV=21 1 1 1 2.9 2.9 2.9 62.442 555 555 0 7.273 2287400 1 FLHDFEGTVVAITHDR 196 508 TRUE 553 678 966 966 -1

P0AG20 P0AG20 1 1 1 GTP pyrophosphokinaserelA sp|P0AG20|RELA_ECOLI GTP pyrophosphokinase OS=Escherichia coli (strain K12) OX=83333 GN=relA PE=1 SV=11 1 1 1 1.6 1.6 1.6 83.875 744 744 0 16.395 2287000 1 EHYIEEFVGHLR 300 371 TRUE 408 506 750 750 -1

P45955 P45955 1 1 1 Uncharacterized protein YbgFybgF sp|P45955|CPOB_ECOLI Cell division coordinator CpoB OS=Escherichia coli (strain K12) OX=83333 GN=cpoB PE=1 SV=21 1 1 1 10.3 10.3 10.3 28.231 263 263 0 52.705 2276200 1 ISNAHSQLLTQLQQQLSDNQSDIDSLR 443 862 TRUE 936 1176 1775 1775 -1

P07464 P07464 1 1 1 Galactoside O-acetyltransferaselacA sp|P07464|THGA_ECOLI Galactoside O-acetyltransferase OS=Escherichia coli (strain K12) OX=83333 GN=lacA PE=1 SV=11 1 1 1 7.9 7.9 7.9 22.799 203 203 0 14.603 2260300 1 TLMYEFNHSHPSEVEK 54 1602 TRUE 1764 2204 3107 3107 -1

P16528 P16528 1 1 1 Acetate operon repressoriclR sp|P16528|ICLR_ECOLI Transcriptional repressor IclR OS=Escherichia coli (strain K12) OX=83333 GN=iclR PE=1 SV=11 1 1 1 4 4 4 29.739 274 274 0 6.532 2231800 1 NLLAIVHPILR 337 1271 TRUE 1392 1752 2525 2525 -1

P37636 P37636 2 2 2 Multidrug resistance protein MdtEmdtE sp|P37636|MDTE_ECOLI Multidrug resistance protein MdtE OS=Escherichia coli (strain K12) OX=83333 GN=mdtE PE=1 SV=11 2 2 2 8.3 8.3 8.3 41.19 385 385 0 22.742 2210100 2 ATALILDKDDVVQLR;LDPIYVDLTQSVQDFLR 420 170;986 True;True 188;1068 228;1324 306;1948 306;1948 -1

P0AC30 P0AC30 1 1 1 Cell division protein FtsXftsX sp|P0AC30|FTSX_ECOLI Cell division protein FtsX OS=Escherichia coli (strain K12) OX=83333 GN=ftsX PE=1 SV=11 1 1 1 3.1 3.1 3.1 38.543 352 352 0.009634 5.4675 2206900 1 YAFHGALQDLK 239 1851 TRUE 2038 2546 3555 3555 -1

P24171 P24171 2 2 2 Peptidyl-dipeptidase dcpdcp sp|P24171|DCP_ECOLI Dipeptidyl carboxypeptidase OS=Escherichia coli (strain K12) OX=83333 GN=dcp PE=1 SV=41 2 2 2 5.7 5.7 5.7 77.515 681 681 0 17.349 2183100 2 FDIPVYHPDVR;SGGLVVNDIAQLAGMSEQEIALAAEAAR366 465;1482 True;True 509;1636 626;2061 899;2932 899;2932 -1

P0A8B2 P0A8B2 1 1 1 UPF0115 protein YfcNyfcN sp|P0A8B2|YFCN_ECOLI UPF0115 protein YfcN OS=Escherichia coli (strain K12) OX=83333 GN=yfcN PE=3 SV=11 1 1 1 14.8 14.8 14.8 21.013 183 183 0 16.3 2182900 1 LIQEQADASHYFSDEFQPLLNTEGPVK 148 1055 TRUE 1143 1443 2108 2108 -1

P0AFD1 P0AFD1 1 1 1 NADH-quinone oxidoreductase subunit EnuoE sp|P0AFD1|NUOE_ECOLI NADH-quinone oxidoreductase subunit E OS=Escherichia coli (strain K12) OX=83333 GN=nuoE PE=1 SV=11 1 1 1 8.4 8.4 8.4 18.59 166 166 0 7.8592 2155900 2 EAIEHEMHHYEDPR 285 326 TRUE 359 449;450 657;658 658 213 26 -1

P62517 P62517 1 1 1 Glucans biosynthesis glucosyltransferase HmdoH sp|P62517|OPGH_ECOLI Glucans biosynthesis glucosyltransferase H OS=Escherichia coli (strain K12) OX=83333 GN=mdoH PE=1 SV=11 1 1 1 1.3 1.3 1.3 96.936 847 847 0 5.7625 2132500 2 AVHQALDAEHR 468 194 TRUE 215 259 344;345 345 -1

P29018 P29018 1 1 1 ATP-binding/permease protein CydDcydD sp|P29018|CYDD_ECOLI ATP-binding/permease protein CydD OS=Escherichia coli (strain K12) OX=83333 GN=cydD PE=1 SV=31 1 1 1 1.4 1.4 1.4 65.055 588 588 0.009728 5.518 2125600 1 LSGHFLDR 389 1126 TRUE 1221 1547 2259 2259 -1

P0A9Y6 P0A9Y6 1 1 1 Cold shock-like protein CspCcspC sp|P0A9Y6|CSPC_ECOLI Cold shock-like protein CspC OS=Escherichia coli (strain K12) OX=83333 GN=cspC PE=1 SV=21 1 1 1 21.7 21.7 21.7 7.4023 69 69 0 9.3323 2111700 1 DVFVHFSAIQGNGFK 198 305 TRUE 338 416 598 598 -1

P45523 P45523 2 2 2 FKBP-type peptidyl-prolyl cis-trans isomerase FkpAfkpA sp|P45523|FKBA_ECOLI FKBP-type peptidyl-prolyl cis-trans isomerase FkpA OS=Escherichia coli (strain K12) OX=83333 GN=fkpA PE=1 SV=11 2 2 2 8.1 8.1 8.1 28.882 270 270 0 32.144 2089300 2 LSDQEIEQTLQAFEAR;MKSLFK 439 1125;1186 True;True 1220;1292 1546;1631 2258;2371 2258;2371 303 1 -1

P0AAI5 P0AAI5 1 1 1 3-oxoacyl-[acyl-carrier-protein] synthase 2fabF sp|P0AAI5|FABF_ECOLI 3-oxoacyl-[acyl-carrier-protein] synthase 2 OS=Escherichia coli (strain K12) OX=83333 GN=fabF PE=1 SV=21 1 1 1 5.8 5.8 5.8 43.045 413 413 0 16.356 2079800 1 DAGIEASQIGYVNAHGTSTPAGDK 208 225 TRUE 252 308 442 442 -1

P22524 P22524 1 1 1 Chromosome partition protein MukEmukE sp|P22524|MUKE_ECOLI Chromosome partition protein MukE OS=Escherichia coli (strain K12) OX=83333 GN=mukE PE=1 SV=51 1 1 1 4.7 4.7 4.7 26.974 234 234 0 8.7811 2027000 1 APEGFFYLRPR 358 145 TRUE 161 200 274 274 -1

P31120 P31120 1 1 1 Phosphoglucosamine mutaseglmM sp|P31120|GLMM_ECOLI Phosphoglucosamine mutase OS=Escherichia coli (strain K12) OX=83333 GN=glmM PE=1 SV=31 1 1 1 3.4 3.4 3.4 47.543 445 445 0 7.4073 2015100 1 YTAGSGDPLEHESVK 394 1910 TRUE 2104 2632 3728 3728 -1

P04391 P04391 1 1 1 Ornithine carbamoyltransferase chain IargI sp|P04391|OTC1_ECOLI Ornithine carbamoyltransferase subunit I OS=Escherichia coli (strain K12) OX=83333 GN=argI PE=1 SV=31 1 1 1 5.4 5.4 5.4 36.907 334 334 0 7.7439 1983000 1 LLDFTPAELNSLLQLAAK 38 1065 TRUE 1155 1456 2124 2124 -1

P46837 P46837 2 2 2 Protein YhgFyhgF sp|P46837|YHGF_ECOLI Protein YhgF OS=Escherichia coli (strain K12) OX=83333 GN=yhgF PE=1 SV=31 2 2 2 4.7 4.7 4.7 85.119 773 773 0 21.583 1918800 2 ERAEDEAINVFAR;INHGDNPLDASTVHPEAYPVVER446 430;836 True;True 473;908 581;1148 845;1740 845;1740 -1

P61714 P61714 1 1 1 6,7-dimethyl-8-ribityllumazine synthaseribE sp|P61714|RISB_ECOLI 6,7-dimethyl-8-ribityllumazine synthase OS=Escherichia coli (strain K12) OX=83333 GN=ribE PE=1 SV=11 1 1 1 15.4 15.4 15.4 16.156 156 156 0 6.1541 1727000 2 DENITVVWVPGAYELPLAAGALAK 465 239 TRUE 266 330 469;470 470 -1

P46474 P46474 1 1 1 Uncharacterized protein YhdPyhdP sp|P46474|YHDP_ECOLI Uncharacterized protein YhdP OS=Escherichia coli (strain K12) OX=83333 GN=yhdP PE=3 SV=41 1 1 1 1 1 1 139.05 1266 1266 0.007797 5.5367 1700200 1 HNEGQFEVLVPLR 444 706 TRUE 767 959 1416 1416 -1

P33136 P33136 1 1 1 Glucans biosynthesis protein GmdoG sp|P33136|OPGG_ECOLI Glucans biosynthesis protein G OS=Escherichia coli (strain K12) OX=83333 GN=mdoG PE=1 SV=11 1 1 1 2.5 2.5 2.5 57.912 511 511 0.009579 5.4297 1679100 1 YADYQQIQFNHDK 405 1849 TRUE 2036 2542 3548 3548 -1

P76177 P76177 1 1 1 Protein YdgHydgH sp|P76177|YDGH_ECOLI Protein YdgH OS=Escherichia coli (strain K12) OX=83333 GN=ydgH PE=1 SV=11 1 1 1 2.5 2.5 2.5 33.903 314 314 0.009653 5.4812 1657300 1 FFETQSSK 497 472 TRUE 516 633 907 907 -1

P0AFJ7 P0AFJ7 1 1 1 Low-affinity inorganic phosphate transporter 1pitA sp|P0AFJ7|PITA_ECOLI Low-affinity inorganic phosphate transporter 1 OS=Escherichia coli (strain K12) OX=83333 GN=pitA PE=1 SV=11 1 1 1 1.6 1.6 1.6 53.388 499 499 0 5.8751 1647600 1 IHLTPAER 295 792 TRUE 858 1079 1612 1612 -1

P28249 P28249 2 2 2 Protein AsmAasmA sp|P28249|ASMA_ECOLI Protein AsmA OS=Escherichia coli (strain K12) OX=83333 GN=asmA PE=3 SV=21 2 2 2 5.5 5.5 5.5 68.962 617 617 0 12.389 1644300 2 IDEPAYQGLQGFTADILLQASNVR;LQMEQDPQHR 385 748;1113 True;True 812;1207 1017;1532 1489;2241 1489;2241 -1

P32131 P32131 2 2 2 Oxygen-independent coproporphyrinogen-III oxidasehemN sp|P32131|HEMN_ECOLI Oxygen-independent coproporphyrinogen III oxidase OS=Escherichia coli (strain K12) OX=83333 GN=hemN PE=1 SV=41 2 2 2 5.7 5.7 5.7 52.728 457 457 0 18.942 1628900 2 EIELDVLDHLR;EQDEEFIFALLNHAR 400 374;424 True;True 411;466 509;574 753;837 753;837 -1

P23721 P23721 1 1 1 Phosphoserine aminotransferaseserC sp|P23721|SERC_ECOLI Phosphoserine aminotransferase OS=Escherichia coli (strain K12) OX=83333 GN=serC PE=1 SV=41 1 1 1 2.5 2.5 2.5 39.783 362 362 0.009671 5.4879 1625400 1 VLFCHGGGR 360 1746 TRUE 1920 2385 3333 3333 -1

P12758 P12758 1 1 1 Uridine phosphorylaseudp sp|P12758|UDP_ECOLI Uridine phosphorylase OS=Escherichia coli (strain K12) OX=83333 GN=udp PE=1 SV=31 1 1 1 9.1 9.1 9.1 27.159 253 253 0 16.322 1587500 1 SIGATTHVGVTASSDTFYPGQER 328 1491 TRUE 1645 2071 2944 2944 -1

P25740 P25740 1 1 1 Lipopolysaccharide core biosynthesis protein RfaGrfaG sp|P25740|RFAG_ECOLI Lipopolysaccharide core biosynthesis protein RfaG OS=Escherichia coli (strain K12) OX=83333 GN=rfaG PE=1 SV=11 1 1 1 2.4 2.4 2.4 42.284 374 374 0 5.8254 1547500 1 SNVHFFSGR 375 1513 TRUE 1669 2100 2977 2977 -1

P00887 P00887 2 2 2 Phospho-2-dehydro-3-deoxyheptonate aldolase, Trp-sensitivearoH sp|P00887|AROH_ECOLI Phospho-2-dehydro-3-deoxyheptonate aldolase, Trp-sensitive OS=Escherichia coli (strain K12) OX=83333 GN=aroH PE=1 SV=41 2 2 2 6.9 6.9 6.9 38.735 348 348 0 15.683 1525400 2 VNHGLELAR;YPVTPGVATHVTDSR 23 1770;1902 True;True 1949;2094 2420;2622 3379;3715 3379;3715 -1

P0AAA1 P0AAA1 1 1 1 Inner membrane protein YagUyagU sp|P0AAA1|YAGU_ECOLI Inner membrane protein YagU OS=Escherichia coli (strain K12) OX=83333 GN=yagU PE=1 SV=11 1 1 1 7.4 7.4 7.4 22.967 204 204 0 5.7684 1506500 1 ITHEPDPEIPLGSNR 203 868 TRUE 943 1183 1783 1783 -1

P0A6F1 P0A6F1 2 2 2 Carbamoyl-phosphate synthase small chaincarA sp|P0A6F1|CARA_ECOLI Carbamoyl-phosphate synthase small chain OS=Escherichia coli (strain K12) OX=83333 GN=carA PE=1 SV=11 2 2 2 7.6 7.6 7.6 41.431 382 382 0 12.384 1501600 2 KEDELPFHVVAYDFGAK;SLFDGTLQGIHR 77 908;1503 True;True 986;1658 1231;2086 1839;2961 1839;2961 -1

P69783 P69783 1 1 1 Glucose-specific phosphotransferase enzyme IIA componentcrr sp|P69783|PTGA_ECOLI PTS system glucose-specific EIIA component OS=Escherichia coli (strain K12) OX=83333 GN=crr PE=1 SV=21 1 1 1 17.2 17.2 17.2 18.251 169 169 0 23.221 1402100 1 DTGTIEIIAPLSGEIVNIEDVPDVVFAEK 483 299 TRUE 332 406 585 585 -1

P0A9D8 P0A9D8 1 1 1 2,3,4,5-tetrahydropyridine-2,6-dicarboxylate N-succinyltransferasedapD sp|P0A9D8|DAPD_ECOLI 2,3,4,5-tetrahydropyridine-2,6-dicarboxylate N-succinyltransferase OS=Escherichia coli (strain K12) OX=83333 GN=dapD PE=1 SV=11 1 1 1 5.8 5.8 5.8 29.892 274 274 0 18.587 1393000 1 EAVNQVIALLDSGALR 182 333 TRUE 366 458 666 666 -1

P0A955 P0A955 1 1 1 KHG/KDPG aldolase;4-hydroxy-2-oxoglutarate aldolase;2-dehydro-3-deoxy-phosphogluconate aldolaseeda sp|P0A955|ALKH_ECOLI KHG/KDPG aldolase OS=Escherichia coli (strain K12) OX=83333 GN=eda PE=1 SV=11 1 1 1 18.8 18.8 18.8 22.284 213 213 0 8.6878 1389900 2 EVPEAIVGAGTVLNPQQLAEVTEAGAQFAISPGLTEPLLK174 449 TRUE 492 608;609 878;879 878 -1

P76472 P76472 1 1 1 Probable 4-deoxy-4-formamido-L-arabinose-phosphoundecaprenol deformylase ArnDarnD sp|P76472|ARND_ECOLI Probable 4-deoxy-4-formamido-L-arabinose-phosphoundecaprenol deformylase ArnD OS=Escherichia coli (strain K12) OX=83333 GN=arnD PE=1 SV=11 1 1 1 8.8 8.8 8.8 33.111 296 296 0 8.4202 1380100 1 AAQEGVTFCPLSELLSETLPLGQVVR 501 17 TRUE 17 23 51 51 -1

P25534 P25534 1 1 1 2-octaprenyl-6-methoxyphenol hydroxylaseubiH sp|P25534|UBIH_ECOLI 2-octaprenyl-6-methoxyphenol hydroxylase OS=Escherichia coli (strain K12) OX=83333 GN=ubiH PE=1 SV=21 1 1 1 4.3 4.3 4.3 42.288 392 392 0 7.8758 1365500 2 EATIGVTDSLVHLFANR 372 331 TRUE 364 455;456 663;664 663 -1

P0AEC3 P0AEC3 2 2 2 Aerobic respiration control sensor protein ArcBarcB sp|P0AEC3|ARCB_ECOLI Aerobic respiration control sensor protein ArcB OS=Escherichia coli (strain K12) OX=83333 GN=arcB PE=1 SV=11 2 2 2 5.4 5.4 5.4 87.982 778 778 0 12.318 1350000 2 DKTTFISTISHELR;VQLDNQPVDFTSFLADLENLSALQAQQK271 265;1785 True;True 294;1968 360;2450 506;3433 506;3433 -1

P37051 P37051 1 1 1 Formyltetrahydrofolate deformylasepurU sp|P37051|PURU_ECOLI Formyltetrahydrofolate deformylase OS=Escherichia coli (strain K12) OX=83333 GN=purU PE=1 SV=11 1 1 1 9.3 9.3 9.3 31.934 280 280 0 39.141 1345000 2 TELEGIFNDSTLLADLDSALPEGSVR 416 1559 TRUE 1719 2156 3046;3047 3047 -1

P28635 P28635 1 1 1 D-methionine-binding lipoprotein MetQmetQ sp|P28635|METQ_ECOLI D-methionine-binding lipoprotein MetQ OS=Escherichia coli (strain K12) OX=83333 GN=metQ PE=1 SV=21 1 1 1 7 7 7 29.431 271 271 0 7.7749 1338300 1 GDIDANAFQHKPYLDQQLK 387 557 TRUE 605 738 1030 1030 -1

P27431 P27431 1 1 1 50S ribosomal protein L16 arginine hydroxylaseroxA sp|P27431|ROXA_ECOLI 50S ribosomal protein L16 3-hydroxylase OS=Escherichia coli (strain K12) OX=83333 GN=roxA PE=1 SV=21 1 1 1 7 7 7 42.578 373 373 0 11.826 1329600 1 GFNNFIDPISPDELAGLAMESEVDSR 382 572 TRUE 621 760 1097 1097 -1

P61889 P61889 1 1 1 Malate dehydrogenasemdh sp|P61889|MDH_ECOLI Malate dehydrogenase OS=Escherichia coli (strain K12) OX=83333 GN=mdh PE=1 SV=11 1 1 1 7.1 7.1 7.1 32.337 312 312 0 11.024 1327400 1 ALQGEQGVVECAYVEGDGQYAR 466 124 TRUE 136 171 227 227 -1

P0A9Q5 P0A9Q5 1 1 1 Acetyl-coenzyme A carboxylase carboxyl transferase subunit betaaccD sp|P0A9Q5|ACCD_ECOLI Acetyl-coenzyme A carboxylase carboxyl transferase subunit beta OS=Escherichia coli (strain K12) OX=83333 GN=accD PE=1 SV=11 1 1 1 4.3 4.3 4.3 33.322 304 304 0 6.4793 1212000 1 MQEALMSLMQMAK 191 1206 TRUE 1315 1655 2398 2398 -1

P0A9D4 P0A9D4 1 1 1 Serine acetyltransferasecysE sp|P0A9D4|CYSE_ECOLI Serine acetyltransferase OS=Escherichia coli (strain K12) OX=83333 GN=cysE PE=1 SV=11 1 1 1 3.3 3.3 3.3 29.316 273 273 0 5.7113 1168400 1 GFHALQAYR 181 571 TRUE 620 759 1096 1096 -1

P75777 P75777 1 1 1 UPF0194 membrane protein YbhGybhG sp|P75777|YBHG_ECOLI UPF0194 membrane protein YbhG OS=Escherichia coli (strain K12) OX=83333 GN=ybhG PE=2 SV=11 1 1 1 9.9 9.9 9.9 36.415 332 332 0 19.025 1097400 2 ASLEQAQAQLAQAELNLQDSTLIAPSDGTLLTR 489 167 TRUE 185 225 302;303 303 -1

P76237 P76237 1 1 1 Putative diguanylate cyclase YeaJyeaJ sp|P76237|DGCJ_ECOLI Probable diguanylate cyclase DgcJ OS=Escherichia coli (strain K12) OX=83333 GN=dgcJ PE=1 SV=21 1 1 1 6.2 6.2 6.2 56.602 496 496 0 8.9845 1094200 1 GTLQTASTDCDTIVEAAALLPAFDQAVEGNR 498 648 TRUE 702 863 1232 1232 -1

P13029 P13029 1 1 1 Catalase-peroxidasekatG sp|P13029|KATG_ECOLI Catalase-peroxidase OS=Escherichia coli (strain K12) OX=83333 GN=katG PE=1 SV=21 1 1 1 2.3 2.3 2.3 80.023 726 726 0 9.7727 1068100 1 AASAAGLSIHVPFAPGR 329 18 TRUE 18 24 52 52 -1

P07004 P07004 1 1 1 Gamma-glutamyl phosphate reductaseproA sp|P07004|PROA_ECOLI Gamma-glutamyl phosphate reductase OS=Escherichia coli (strain K12) OX=83333 GN=proA PE=1 SV=21 1 1 1 3.1 3.1 3.1 44.63 417 417 0 8.5766 1065600 1 EHGTQHSDAILTR 50 364 TRUE 399 497 740 740 -1

P0ADB1 P0ADB1 1 1 1 Osmotically-inducible lipoprotein EosmE sp|P0ADB1|OSME_ECOLI Osmotically-inducible putative lipoprotein OsmE OS=Escherichia coli (strain K12) OX=83333 GN=osmE PE=2 SV=11 1 1 1 17.9 17.9 17.9 12.021 112 112 0 5.806 1063800 1 AQVAQIAGKPSSEVSMIHAR 255 159 TRUE 177 216 293 293 -1

P0A988 P0A988 1 1 1 DNA polymerase III subunit betadnaN sp|P0A988|DPO3B_ECOLI Beta sliding clamp OS=Escherichia coli (strain K12) OX=83333 GN=dnaN PE=1 SV=11 1 1 1 4.6 4.6 4.6 40.586 366 366 0 5.7804 1050900 1 VALVQPHEPGATTVPAR 175 1665 TRUE 1833 2289 3224 3224 -1

P36672 P36672 1 1 1 PTS system trehalose-specific EIIBC component;Trehalose-specific phosphotransferase enzyme IIB component;Trehalose permease IIC componenttreB sp|P36672|PTTBC_ECOLI PTS system trehalose-specific EIIBC component OS=Escherichia coli (strain K12) OX=83333 GN=treB PE=1 SV=41 1 1 1 4.9 4.9 4.9 51.08 473 473 0 8.2557 1044300 2 VGYQAQVIPALLAGLALGVIETR 412 1708 TRUE 1880 2341 3281;3282 3282 -1

P0AAG5 P0AAG5 1 1 1 Multidrug resistance-like ATP-binding protein MdlBmdlB sp|P0AAG5|MDLB_ECOLI Multidrug resistance-like ATP-binding protein MdlB OS=Escherichia coli (strain K12) OX=83333 GN=mdlB PE=1 SV=11 1 1 1 1.2 1.2 1.2 65.222 593 593 0 5.7607 1034900 1 QLLALAR 206 1369 TRUE 1507 1897 2738 2738 -1

P75864 P75864 1 1 1 Ribosomal RNA large subunit methyltransferase K/L;23S rRNA m2G2445 methyltransferase;23S rRNA m7G2069 methyltransferaserlmL sp|P75864|RLMKL_ECOLI Ribosomal RNA large subunit methyltransferase K/L OS=Escherichia coli (strain K12) OX=83333 GN=rlmL PE=1 SV=11 1 1 1 1.1 1.1 1.1 78.853 702 702 0 6.2751 1028200 1 TYLEWAER 492 1654 TRUE 1822 2278 3213 3213 -1

P0AER8 P0AER8 1 1 1 Sodium/glutamate symport carrier proteingltS sp|P0AER8|GLTS_ECOLI Sodium/glutamate symporter OS=Escherichia coli (strain K12) OX=83333 GN=gltS PE=1 SV=11 1 1 1 2.5 2.5 2.5 42.425 401 401 0.00198 5.6642 984370 1 KLVHSVSFLK 276 931 TRUE 1011 1258 1872 1872 -1

P07000 P07000 1 1 1 Lysophospholipase L2pldB sp|P07000|PLDB_ECOLI Lysophospholipase L2 OS=Escherichia coli (strain K12) OX=83333 GN=pldB PE=1 SV=41 1 1 1 3.8 3.8 3.8 38.978 340 340 0 7.5957 951240 1 SVALHAIVDFFNR 48 1529 TRUE 1686 2119 2996 2996 -1

P39377 P39377 2 2 2 Isoaspartyl dipeptidaseiadA sp|P39377|IADA_ECOLI Isoaspartyl dipeptidase OS=Escherichia coli (strain K12) OX=83333 GN=iadA PE=1 SV=11 2 2 2 11.8 11.8 11.8 41.083 390 390 0 63.936 917450 2 DYDFSISDALRPLTSSVAGFLNLTGK;LTEAGVTSVVGLLGTDSISR432 316;1136 True;True 349;1231 430;1558 618;2273 618;2273 -1

P0A7G2 P0A7G2 1 1 1 Ribosome-binding factor ArbfA sp|P0A7G2|RBFA_ECOLI 30S ribosome-binding factor OS=Escherichia coli (strain K12) OX=83333 GN=rbfA PE=1 SV=21 1 1 1 13.5 13.5 13.5 15.154 133 133 0 8.0482 896410 1 IVPELTFFYDNSLVEGMR 107 883 TRUE 959 1202 1804 1804 -1

P37908 P37908 1 1 1 UPF0053 inner membrane protein YfjDyfjD sp|P37908|YFJD_ECOLI UPF0053 inner membrane protein YfjD OS=Escherichia coli (strain K12) OX=83333 GN=yfjD PE=1 SV=51 1 1 1 4.4 4.4 4.4 48.044 428 428 0 19.44 877380 1 TVNGVILEALEEIPVAGTR 426 1650 TRUE 1817 2273 3208 3208 -1

P76578 P76578 1 1 1 Uncharacterized lipoprotein YfhMyfhM sp|P76578|A2MG_ECOLI Alpha-2-macroglobulin OS=Escherichia coli (strain K12) OX=83333 GN=yfhM PE=1 SV=11 1 1 1 1.3 1.3 1.3 181.58 1653 1653 0 8.8253 849230 1 EAVSALPGFEFGDIAAENLSR 507 334 TRUE 367 459 667 667 -1

P27848 P27848 1 1 1 Pyridoxal phosphate phosphatase YigLyigL sp|P27848|YIGL_ECOLI Pyridoxal phosphate phosphatase YigL OS=Escherichia coli (strain K12) OX=83333 GN=yigL PE=1 SV=41 1 1 1 8.3 8.3 8.3 29.707 266 266 0 15.78 839760 1 DIASDLFGVVNDNPDIITNVYR 384 256 TRUE 284 349 494 494 -1

P0AEH5 P0AEH5 1 1 1 Protein ElaBelaB sp|P0AEH5|ELAB_ECOLI Protein ElaB OS=Escherichia coli (strain K12) OX=83333 GN=elaB PE=1 SV=11 1 1 1 16.8 16.8 16.8 11.306 101 101 0 18.276 813330 1 IDDDLTLLSETLEEVLR 272 747 TRUE 811 1016 1488 1488 -1

P0AEJ2 P0AEJ2 1 1 1 Isochorismate synthase EntCentC sp|P0AEJ2|ENTC_ECOLI Isochorismate synthase EntC OS=Escherichia coli (strain K12) OX=83333 GN=entC PE=1 SV=11 1 1 1 1.8 1.8 1.8 42.931 391 391 0 5.8491 800930 1 LRENQVR 273 1123 TRUE 1218 1544 2255 2255 -1

P0AEW6 P0AEW6 1 1 1 Inosine-guanosine kinasegsk sp|P0AEW6|INGK_ECOLI Guanosine-inosine kinase OS=Escherichia coli (strain K12) OX=83333 GN=gsk PE=1 SV=11 1 1 1 5.3 5.3 5.3 48.448 434 434 0.005894 5.6071 768620 1 AESIPEDVIAGASALVLTSYLVR 280 53 TRUE 57 84 127 127 -1

P0AE14 P0AE14 1 1 1 Protein AmpEampE sp|P0AE14|AMPE_ECOLI Protein AmpE OS=Escherichia coli (strain K12) OX=83333 GN=ampE PE=1 SV=11 1 1 1 6.3 6.3 6.3 32.122 284 284 0 7.8462 763970 1 LQSGIDAVLHVLDWVPVR 267 1117 TRUE 1212 1537 2248 2248 -1

P45464 P45464 1 1 1 Penicillin-binding protein activator LpoAlpoA sp|P45464|LPOA_ECOLI Penicillin-binding protein activator LpoA OS=Escherichia coli (strain K12) OX=83333 GN=lpoA PE=1 SV=11 1 1 1 4.4 4.4 4.4 72.824 678 678 0 8.7774 724390 1 IYDTSSQPLSQILSQVQQDGASIVVGPLLK 438 890 TRUE 966 1211 1814 1814 -1

P0ACV0 P0ACV0 1 1 1 Lipid A biosynthesis lauroyltransferaselpxL sp|P0ACV0|LPXL_ECOLI Lipid A biosynthesis lauroyltransferase OS=Escherichia coli (strain K12) OX=83333 GN=lpxL PE=1 SV=11 1 1 1 7.8 7.8 7.8 35.406 306 306 0 6.6437 677200 1 SSVFVPLFAVEQAATTTGTWMLAR 249 1519 TRUE 1675 2106 2983 2983 -1

P0AFA2 P0AFA2 1 1 1 Nitrate/nitrite sensor protein NarXnarX sp|P0AFA2|NARX_ECOLI Nitrate/nitrite sensor protein NarX OS=Escherichia coli (strain K12) OX=83333 GN=narX PE=1 SV=11 1 1 1 3.8 3.8 3.8 67.083 598 598 0 5.9565 672470 1 ETVSADVSQFVAGLDQLVSGFDR 282 440 TRUE 483 599 867 867 -1

P18335 P18335 3 3 3 Acetylornithine/succinyldiaminopimelate aminotransferaseargD sp|P18335|ARGD_ECOLI Acetylornithine/succinyldiaminopimelate aminotransferase OS=Escherichia coli (strain K12) OX=83333 GN=argD PE=1 SV=41 3 3 3 15 15 15 43.766 406 406 0 21.52 649630 3 ATFDEVILPIYAPAEFIPVK;TGDLFAYMHYGVTPDILTSAK;TQGETLWHISNVFTNEPALR343 171;1575;1624True;True;True189;1736;1790229;2174;2239307;3075;3165307;3075;3165 -1

P09323 P09323 1 1 1 PTS system N-acetylglucosamine-specific EIICBA component;N-acetylglucosamine permease IIC component;N-acetylglucosamine-specific phosphotransferase enzyme IIB component;N-acetylglucosamine-specific phosphotransferase enzyme IIA componentnagE sp|P09323|PTW3C_ECOLI PTS system N-acetylglucosamine-specific EIICBA component OS=Escherichia coli (strain K12) OX=83333 GN=nagE PE=1 SV=11 1 1 1 5.4 5.4 5.4 68.346 648 648 0 10.349 623910 1 PQAVPNAVSIAELVSPITGDVVALDQVPDEAFASK 65 1315 TRUE 1448 1830 2644 2644 -1

P18775 P18775 1 1 1 Dimethyl sulfoxide reductase DmsAdmsA sp|P18775|DMSA_ECOLI Dimethyl sulfoxide reductase DmsA OS=Escherichia coli (strain K12) OX=83333 GN=dmsA PE=1 SV=21 1 1 1 2 2 2 90.398 814 814 0 9.1491 581320 1 ISWEEAYDIIATNMQR 344 864 TRUE 938 1178 1777 1777 -1

P69913 P69913 1 1 1 Carbon storage regulatorcsrA sp|P69913|CSRA_ECOLI Carbon storage regulator OS=Escherichia coli (strain K12) OX=83333 GN=csrA PE=1 SV=11 1 1 1 19.7 19.7 19.7 6.8558 61 61 0 6.8174 578710 1 EVSVHREEIYQR 488 450 TRUE 493 610 880 880 -1

P52643 P52643 1 1 1 D-lactate dehydrogenaseldhA sp|P52643|LDHD_ECOLI D-lactate dehydrogenase OS=Escherichia coli (strain K12) OX=83333 GN=ldhA PE=1 SV=11 1 1 1 6.7 6.7 6.7 36.534 329 329 0 28.191 577040 1 VPAYDPEAVAEHAIGMMMTLNR 448 1774 TRUE 1953 2424 3385 3385 -1

P77690 P77690 1 1 1 UDP-4-amino-4-deoxy-L-arabinose--oxoglutarate aminotransferasearnB sp|P77690|ARNB_ECOLI UDP-4-amino-4-deoxy-L-arabinose--oxoglutarate aminotransferase OS=Escherichia coli (strain K12) OX=83333 GN=arnB PE=1 SV=31 1 1 1 7.3 7.3 7.3 42.237 385 385 0 6.3459 509830 1 ICSLPLFPDMTTADADHVITALQQLAGQ 515 746 TRUE 810 1015 1487 1487 -1

P04805 P04805 1 1 1 Glutamate--tRNA ligasegltX sp|P04805|SYE_ECOLI Glutamate--tRNA ligase OS=Escherichia coli (strain K12) OX=83333 GN=gltX PE=1 SV=11 1 1 1 3.2 3.2 3.2 53.815 471 471 0 17.346 502570 1 DDGYLPEALLNYLVR 40 236 TRUE 263 327 466 466 -1

P16700 P16700 1 1 1 Thiosulfate-binding proteincysP sp|P16700|CYSP_ECOLI Thiosulfate-binding protein OS=Escherichia coli (strain K12) OX=83333 GN=cysP PE=1 SV=11 1 1 1 5 5 5 37.614 338 338 0 9.7127 499850 1 GLGDVLISFESEVNNIR 339 608 TRUE 658 799 1151 1151 -1

P0C0R7 P0C0R7 1 1 1 Ribosomal RNA large subunit methyltransferase ErlmE sp|P0C0R7|RLME_ECOLI Ribosomal RNA large subunit methyltransferase E OS=Escherichia coli (strain K12) OX=83333 GN=rlmE PE=1 SV=11 1 1 1 11 11 11 23.335 209 209 0 8.9507 477500 1 IIACDLLPMDPIVGVDFLQGDFR 321 794 TRUE 860 1082 1615 1615 249 87 -1

P0AB24 P0AB24 1 1 1 Iron uptake system component EfeOefeO sp|P0AB24|EFEO_ECOLI Iron uptake system component EfeO OS=Escherichia coli (strain K12) OX=83333 GN=efeO PE=1 SV=11 1 1 1 4.8 4.8 4.8 41.137 375 375 0 7.7742 461790 1 IEPIAELFSDLDGSIDAR 210 765 TRUE 830 1048 1577 1577 -1

P0A7I4 P0A7I4 1 1 1 Peptide chain release factor 3prfC sp|P0A7I4|RF3_ECOLI Peptide chain release factor RF3 OS=Escherichia coli (strain K12) OX=83333 GN=prfC PE=1 SV=21 1 1 1 3.2 3.2 3.2 59.573 529 529 0 7.8416 451290 1 DIRDPMELLDEVENELK 109 262 TRUE 291 357 502 502 -1

P06987 P06987 1 1 1 Histidine biosynthesis bifunctional protein HisB;Histidinol-phosphatase;Imidazoleglycerol-phosphate dehydratasehisB sp|P06987|HIS7_ECOLI Histidine biosynthesis bifunctional protein HisB OS=Escherichia coli (strain K12) OX=83333 GN=hisB PE=1 SV=11 1 1 1 3.9 3.9 3.9 40.278 355 355 0 22.936 410820 1 VGDLSTEMIEHFFR 45 1698 TRUE 1870 2330 3270 3270 -1

P0A8R0 P0A8R0 1 1 1 Regulator of ribonuclease activity ArraA sp|P0A8R0|RRAA_ECOLI Regulator of ribonuclease activity A OS=Escherichia coli (strain K12) OX=83333 GN=rraA PE=1 SV=11 1 1 1 16.8 16.8 16.8 17.36 161 161 0 8.6089 398740 1 YDTSELCDIYQEDVNVVEPLFSNFGGR 157 1860 TRUE 2048 2559 3570 3570 -1

P0AB58 P0AB58 1 1 1 Lipopolysaccharide assembly protein BlapB sp|P0AB58|LAPB_ECOLI Lipopolysaccharide assembly protein B OS=Escherichia coli (strain K12) OX=83333 GN=lapB PE=1 SV=11 1 1 1 4.9 4.9 4.9 44.531 389 389 0 14.841 385160 1 IGALQQLLQIYQATSEWQK 212 776 TRUE 841 1060 1590 1590 -1

P0A812 P0A812 1 1 1 Holliday junction ATP-dependent DNA helicase RuvBruvB sp|P0A812|RUVB_ECOLI Holliday junction ATP-dependent DNA helicase RuvB OS=Escherichia coli (strain K12) OX=83333 GN=ruvB PE=1 SV=11 1 1 1 5.7 5.7 5.7 37.173 336 336 0 7.8316 378160 1 ETIEDVLEPYLIQQGFLQR 138 437 TRUE 480 596 863 863 -1

P04425 P04425 1 1 1 Glutathione synthetasegshB sp|P04425|GSHB_ECOLI Glutathione synthetase OS=Escherichia coli (strain K12) OX=83333 GN=gshB PE=1 SV=11 1 1 1 6.6 6.6 6.6 35.56 316 316 0 6.2614 374830 1 EIEAEFPVSITGMLMDAIEAR 39 373 TRUE 410 508 752 752 -1

P0AD05 P0AD05 1 1 1 Uncharacterized protein YecAyecA sp|P0AD05|YECA_ECOLI Uncharacterized protein YecA OS=Escherichia coli (strain K12) OX=83333 GN=yecA PE=4 SV=11 1 1 1 8.1 8.1 8.1 25.039 221 221 0 7.8937 363020 1 TGPLNESELEWLDDILTK 250 1578 TRUE 1739 2178 3079 3079 -1

P39384 P39384 1 1 1 Uncharacterized protein YjiMyjiM sp|P39384|YJIM_ECOLI Putative dehydratase subunit YjiM OS=Escherichia coli (strain K12) OX=83333 GN=yjiM PE=3 SV=21 1 1 1 4.4 4.4 4.4 42.742 383 383 0 7.6909 248310 1 SLVTDLPAIFDQFSEAR 433 1507 TRUE 1662 2090 2965 2965 -1

P00562 P00562 1 1 1 Bifunctional aspartokinase/homoserine dehydrogenase 2;Aspartokinase;Homoserine dehydrogenasemetL sp|P00562|AK2H_ECOLI Bifunctional aspartokinase/homoserine dehydrogenase 2 OS=Escherichia coli (strain K12) OX=83333 GN=metL PE=1 SV=31 1 1 1 1.1 1.1 1.1 88.887 810 810 0 8.2452 0 2 LAAPVLHAR 17 952 TRUE 1033 1282;1283 1902;1903 1902 -1

P02916 P02916 1 1 1 Maltose transport system permease protein MalFmalF sp|P02916|MALF_ECOLI Maltose/maltodextrin transport system permease protein MalF OS=Escherichia coli (strain K12) OX=83333 GN=malF PE=1 SV=11 1 1 1 4.9 4.9 4.9 57.013 514 514 0 11.581 0 1 QFSGTQPLYTLDGDGTLTNNQSGVK 31 1343 TRUE 1480 1867 2703 2703 -1

P04335 P04335 1 1 1 Esterase FrsAfrsA sp|P04335|FRSA_ECOLI Esterase FrsA OS=Escherichia coli (strain K12) OX=83333 GN=frsA PE=1 SV=21 1 1 1 2.9 2.9 2.9 47.008 414 414 0.00969 5.4912 0 1 LGMHDASDEALR 37 1022 TRUE 1108 1380 2036 2036 -1

P0A6S7 P0A6S7 1 1 1 Glycerol-3-phosphate dehydrogenase [NAD(P)+]gpsA sp|P0A6S7|GPDA_ECOLI Glycerol-3-phosphate dehydrogenase [NAD(P)+] OS=Escherichia coli (strain K12) OX=83333 GN=gpsA PE=3 SV=11 1 1 1 4.7 4.7 4.7 36.361 339 339 0 5.8301 0 1 NILVVVPSHVFGEVLR 91 1263 TRUE 1383 1741 2512 2512 -1

P0A817 P0A817 1 1 1 S-adenosylmethionine synthasemetK sp|P0A817|METK_ECOLI S-adenosylmethionine synthase OS=Escherichia coli (strain K12) OX=83333 GN=metK PE=1 SV=21 1 1 1 4.9 4.9 4.9 41.951 384 384 0 7.3088 0 1 IADQISDAVLDAILEQDPK 139 732 TRUE 796 995 1458 1458 -1

P0A8E5 P0A8E5 1 1 1 UPF0231 protein YacLyacL sp|P0A8E5|YACL_ECOLI UPF0231 protein YacL OS=Escherichia coli (strain K12) OX=83333 GN=yacL PE=1 SV=11 1 1 1 5.8 5.8 5.8 13.941 120 120 0 5.892 0 2 MDYEFLR 149 1173 TRUE 1273 1609;1610 2341;2342 2341 -1

P0ABU5 P0ABU5 1 1 1 Enhancing lycopene biosynthesis protein 2elbB sp|P0ABU5|ELBB_ECOLI Glyoxalase ElbB OS=Escherichia coli (strain K12) OX=83333 GN=elbB PE=1 SV=11 1 1 1 3.2 3.2 3.2 22.981 217 217 0 5.6765 0 1 IFDFPLR 236 770 TRUE 835 1053 1582 1582 -1

P0ACQ4 P0ACQ4 1 1 1 Hydrogen peroxide-inducible genes activatoroxyR sp|P0ACQ4|OXYR_ECOLI Hydrogen peroxide-inducible genes activator OS=Escherichia coli (strain K12) OX=83333 GN=oxyR PE=1 SV=11 1 1 1 3.9 3.9 3.9 34.276 305 305 0 7.6984 0 1 DLEYLVALAEHR 248 268 TRUE 297 363 509 509 -1

P0AD12 P0AD12 1 1 1 Protein YeeZyeeZ sp|P0AD12|YEEZ_ECOLI Protein YeeZ OS=Escherichia coli (strain K12) OX=83333 GN=yeeZ PE=1 SV=11 1 1 1 8.4 8.4 8.4 29.68 274 274 0 49.764 0 1 SGPGDEFYLQAVQELVDSALAHR 251 1486 TRUE 1640 2065 2938 2938 -1

P0ADP0 P0ADP0 1 1 1 Flavin mononucleotide phosphatase YigByigB sp|P0ADP0|YIGB_ECOLI 5-amino-6-(5-phospho-D-ribitylamino)uracil phosphatase YigB OS=Escherichia coli (strain K12) OX=83333 GN=yigB PE=1 SV=11 1 1 1 2.9 2.9 2.9 27.122 238 238 0 5.763 0 1 FYRPLGR 258 539 TRUE 585 714 1006 1006 -1

P0AE24 P0AE24 1 1 1 Arabinose-proton symporteraraE sp|P0AE24|ARAE_ECOLI Arabinose-proton symporter OS=Escherichia coli (strain K12) OX=83333 GN=araE PE=1 SV=11 1 1 1 1.9 1.9 1.9 51.684 472 472 0.003945 5.6558 0 1 HIEAEEVLR 268 694 TRUE 755 947 1403 1403 -1

P0AFB1 P0AFB1 1 1 1 Lipoprotein NlpInlpI sp|P0AFB1|NLPI_ECOLI Lipoprotein NlpI OS=Escherichia coli (strain K12) OX=83333 GN=nlpI PE=1 SV=11 1 1 1 7.5 7.5 7.5 33.62 294 294 0 6.4108 0 1 ADATDNTSLAEHLSETNFYLGK 283 26 TRUE 26 48 78 78 -1

P0AFK0 P0AFK0 1 1 1 Metalloprotease PmbApmbA sp|P0AFK0|PMBA_ECOLI Metalloprotease PmbA OS=Escherichia coli (strain K12) OX=83333 GN=pmbA PE=1 SV=11 1 1 1 5.6 5.6 5.6 48.369 450 450 0 5.837 0 1 EMGTGLVVTELMGQGVSAITGDYSR 296 410 TRUE 451 558 819 819 -1

P0AG93 P0AG93 1 1 1 Protein translocase subunit SecFsecF sp|P0AG93|SECF_ECOLI Protein translocase subunit SecF OS=Escherichia coli (strain K12) OX=83333 GN=secF PE=1 SV=11 1 1 1 5.3 5.3 5.3 35.382 323 323 0 19.059 0 1 GTPYEIFNVSLTQTLHR 311 650 TRUE 704 870 1248 1248 -1

P0AGJ9 P0AGJ9 1 1 1 Tyrosine--tRNA ligasetyrS sp|P0AGJ9|SYY_ECOLI Tyrosine--tRNA ligase OS=Escherichia coli (strain K12) OX=83333 GN=tyrS PE=1 SV=21 1 1 1 3.8 3.8 3.8 47.526 424 424 0 7.0242 0 1 LHQNQVFGLTVPLITK 317 1040 TRUE 1128 1426 2084 2084 -1

P0AGL7 P0AGL7 1 1 1 Ribosomal RNA small subunit methyltransferase ErsmE sp|P0AGL7|RSME_ECOLI Ribosomal RNA small subunit methyltransferase E OS=Escherichia coli (strain K12) OX=83333 GN=rsmE PE=1 SV=11 1 1 1 7.8 7.8 7.8 26.978 243 243 0 26.796 0 1 LLIGPEGGLSADEIAMTAR 318 1072 TRUE 1162 1463 2133 2133 -1

P22188 P22188 1 1 1 UDP-N-acetylmuramoyl-L-alanyl-D-glutamate--2,6-diaminopimelate ligasemurE sp|P22188|MURE_ECOLI UDP-N-acetylmuramoyl-L-alanyl-D-glutamate--2,6-diaminopimelate ligase OS=Escherichia coli (strain K12) OX=83333 GN=murE PE=1 SV=21 1 1 1 3.6 3.6 3.6 53.343 495 495 0.009709 5.5026 0 1 YIPQAIAQGVAAIIAEAK 355 1876 TRUE 2065 2580 3601 3601 -1

P22333 P22333 2 2 2 Adenosine deaminaseadd sp|P22333|ADD_ECOLI Adenosine deaminase OS=Escherichia coli (strain K12) OX=83333 GN=add PE=1 SV=21 2 2 2 16.8 16.8 16.8 36.397 333 333 0 47.81 0 2 ASINTDDPGVQGVDIIHEYTVAAPAAGLSR;DQITALDLAGDELGFPGSLFLSHFNR356 166;284 True;True 184;316 224;386 301;537 301;537 -1

P25746 P25746 1 1 1 High frequency lysogenization protein HflDhflD sp|P25746|HFLD_ECOLI High frequency lysogenization protein HflD OS=Escherichia coli (strain K12) OX=83333 GN=hflD PE=1 SV=11 1 1 1 7 7 7 22.947 213 213 0 18.85 0 2 VGLETLLGVLNASSR 376 1705 TRUE 1877 2337;2338 3277;3278 3278 -1

P30870 P30870 1 1 1 Glutamate-ammonia-ligase adenylyltransferaseglnE sp|P30870|GLNE_ECOLI Bifunctional glutamine synthetase adenylyltransferase/adenylyl-removing enzyme OS=Escherichia coli (strain K12) OX=83333 GN=glnE PE=1 SV=21 1 1 1 1.1 1.1 1.1 108.42 946 946 0 5.6813 0 1 ELDNAQFFTR 391 396 TRUE 435 539 797 797 -1

P31473 P31473 1 1 1 ATPase RavAravA sp|P31473|RAVA_ECOLI ATPase RavA OS=Escherichia coli (strain K12) OX=83333 GN=ravA PE=1 SV=21 1 1 1 3.2 3.2 3.2 56.388 498 498 0.005871 5.59 0 1 AGPAILNTLLTAINER 396 75 TRUE 82 114 161 161 -1

P31663 P31663 1 1 1 Pantothenate synthetasepanC sp|P31663|PANC_ECOLI Pantothenate synthetase OS=Escherichia coli (strain K12) OX=83333 GN=panC PE=1 SV=11 1 1 1 5.7 5.7 5.7 31.597 283 283 0 9.9157 0 1 DLDEIITIAGQELNEK 398 266 TRUE 295 361 507 507 -1

P46481 P46481 1 1 1 p-hydroxybenzoic acid efflux pump subunit AaeBaaeB sp|P46481|AAEB_ECOLI p-hydroxybenzoic acid efflux pump subunit AaeB OS=Escherichia coli (strain K12) OX=83333 GN=aaeB PE=1 SV=11 1 1 1 3.1 3.1 3.1 73.591 655 655 0 7.4568 0 1 VLLNQFVSAAVSAMTTNVAR 445 1752 TRUE 1928 2394 3344 3344 -1

P52143 P52143 1 1 1 Uncharacterized outer membrane protein YpjAypjA sp|P52143|YPJA_ECOLI Uncharacterized outer membrane protein YpjA OS=Escherichia coli (strain K12) OX=83333 GN=ypjA PE=3 SV=31 1 1 1 1 1 1 157.5 1526 1526 0.005859 5.5817 0 1 GGTATNVTQHDGAILK 447 588 TRUE 637 777 1121 1121 -1

P60390 P60390 1 1 1 Ribosomal RNA small subunit methyltransferase HrsmH sp|P60390|RSMH_ECOLI Ribosomal RNA small subunit methyltransferase H OS=Escherichia coli (strain K12) OX=83333 GN=rsmH PE=1 SV=11 1 1 1 3.8 3.8 3.8 34.877 313 313 0 14.565 0 1 LSIISFHSLEDR 452 1130 TRUE 1225 1551 2264 2264 -1

P60560 P60560 1 1 1 GMP reductaseguaC sp|P60560|GUAC_ECOLI GMP reductase OS=Escherichia coli (strain K12) OX=83333 GN=guaC PE=1 SV=11 1 1 1 6.9 6.9 6.9 37.383 347 347 0 8.3525 0 1 AFGGGADFVMLGGMLAGHEESGGR 455 60 TRUE 65 94 138 138 -1

P76503 P76503 1 1 1 3-ketoacyl-CoA thiolasefadI sp|P76503|FADI_ECOLI 3-ketoacyl-CoA thiolase FadI OS=Escherichia coli (strain K12) OX=83333 GN=fadI PE=1 SV=11 1 1 1 6.2 6.2 6.2 46.53 436 436 0 12.708 0 1 SEIPAEVIEQLVFGQVVQMPEAPNIAR 503 1468 TRUE 1621 2046 2917 2917 -1
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C. Total Ion Chromatogram (TIC) of a) BS3 and b) DSBU-cross-linked solubilized 

membrane samples. 
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D. Total number of interactions. 

Interaction Type Number of Interaction 

Complex Inter-Protein 30 

Complex Intra-Protein 119 

Complex-Other 218 

Other Proteins Inter-Protein 372 

Other Proteins Intra-Protein 354   

MaxLynx Purified Protein 

Complex 

Solubilized Membrane 

Complex Inter-Protein 11 4 

Complex Intra-Protein 33 23 

Complex-Protein-Protein 8 1 

Other Protein Interaction 2 100    

MeroX Purified Protein 

Complex 

Solubilized Membrane 

Complex Inter-Protein 8 6 

Complex Intra-Protein 50 43 

Complex-Protein-Protein 10 1 

Other Protein Interaction 5 204    

MS Annika Purified Protein 

Complex 

Solubilized Membrane 

Complex Inter-Protein 10 2 

Complex Intra-Protein 37 7 

Complex-Protein-Protein 146 3 

Other Protein Interaction 300 0    

XlinkX Purified Protein 

Complex 

Solubilized Membrane 

Complex Inter-Protein 8 4 

Complex Intra-Protein 39 21 

Complex-Protein-Protein 45 10 

Other Protein Interaction 7 184 
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E. Table of intra-protein interactions of three proteins in the complex obtained in two samples (purified protein, solubilized membrane) analyzed through four software, MaxLynx, MeroX, MS Annika, XlinkX. 
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F. The most abundant 10 inter- and intra-protein interactions from solubilized membrane and purified protein samples.  

 

  

Peptide 1 Peptide 2 Protein 1 Protein 2 From To Score Score Rank Charge m/z M+H+ Number of spectra matching to this site

LAEEIIYGPEHVSTGASNDIKVATNLAR IIDQEVKALIER FtsH FtsH 494 550 271.46 1 4 1148.3658 4590.44193 3

KVDYSTFLQEVNNDQVR EINVTKK FtsH FtsH 31 60 205.39 2 3 1027.8666 3081.58563 1

KVDYSTFLQEVNNDQVR KVDYSTFLQEVNNDQVR FtsH FtsH 31 31 180.42 3 3 1435.7068 4305.10643 3

VVSMVEFEKAK EQILKVHMR FtsH FtsH 387 332 118.97 10 3 872.47311 2615.40533 1

LAEEIIYGPEHVSTGASNDIKVATNLAR SVAKAK FtsH FtsH 494 533 139.69 7 3 1256.3373 3766.99793 2

[M]LTEDQIKTTFADVAGCDEAK TLLAKAIAGEAK FtsH FtsH 148 203 127.46 8 3 1247.2971 3739.87743 3

IPFIETVKMLDAR FGKVLR HflC HflC 63 36 171.75 4 3 816.46628 2447.38483 2

LDVKDIVTDSR KDLIVDSYIK HflC HflC 137 85 148.28 5 4 663.11409 2649.43513 1

YYLATGGGDISQAEVLLKR IKQINLPTEVSEAIYNR HflC HflC 120 211 141.71 6 4 1060.068 4237.25083 2

DDDNKPLVYEPGLHFK FGKVLR HflC HflC 44 36 120.99 9 3 934.49221 2801.46263 1

HflK

Peptide 1 Peptide 2 Protein 1 Protein 2 From To Score Score Rank Charge m/z M+H+ Number of spectra matching to this site

FtsH and HflK KVDYSTFLQEVNNDQVR PTFIDEVKPVNVEAVR FtsH HflK 31 133 134.93 1 4 1016.5247 4063.07763 2

YYLATGGGDISQAEVLLKR LLDNLLTKNVK HflC FtsH 120 84 88.564 3 3 1173.9856 3519.94263 1

KVDYSTFLQEVNNDQVR IPFIETVK[M]LDAR FtsH HflC 31 63 83.41 5 4 950.48973 3798.93763 6

IKQINLPTEVSEAIYNR KDSNR HflC FtsH 211 61 56.079 8 3 934.82967 2802.47503 1

VTNPEKYLYSVTSPDDSLR FGKVLR HflK HflC 172 36 89.159 2 3 1033.5434 3098.61623 1

LDVKDIVTDSR GVIGKYTMDR HflC HflK 137 198 86.543 4 3 865.78641 2595.34523 3

VLVNDKGGNLMVLPLDQ[M]LK YMKTPTSATR HflK HflC 346 327 83.375 6 3 1188.626 3563.86393 6

VTNPEKYLYSVTSPDDSLR KFSDR HflK HflC 172 122 68.741 7 3 1011.1718 3031.50123 1

AYKAQTILEAQGEVAR Y[M]KTPTSATR HflK HflC 294 327 54.745 9 4 779.40266 3114.58933 2

GEGDAEAAKLFADAFSK AYKAQTILEAQGEVAR HflC HflK 281 294 52.443 10 3 1223.9513 3669.84003 1

Peptide1 Peptide2 Protein1 Protein2 From To Score Score Rank Charge m/z M+H+ Number of spectra matching to this site

VVSMVEFEKAK DKIMMGAER FtsH FtsH 387 391 198.68 2 3 838.09179 2512.26133 10

LAEEIIYGPEHVSTGASNDIKVATNLAR SVAKAK FtsH FtsH 494 533 145.6 7 3 1256.3373 3766.99793 2

TLLAKAIAGEAK LGGKIPK FtsH FtsH 203 183 125.97 8 3 698.42793 2093.26983 2

IIDQEVKALIER SVAKAK FtsH FtsH 550 533 119.26 9 4 557.07705 2225.28693 1

MLTEDQIKTTFADVAGCDEAK TLLAKAIAGEAK FtsH FtsH 148 203 153.82 5 3 1241.9655 3723.88253 2

EKKDLIVDSYIK* LDVKDIVTDSR HflC HflC 84 137 190.28 3 4 727.39848 2906.57263 3

VTAETKGK FGKVLR HflC HflC 187 36 149.35 6 3 583.34035 1748.00703 1

LDVKDIVTDSR FVTKEK HflC HflC 137 82 118.19 10 3 736.40211 2207.19233 1

AYKAQTILEAQGEVAR FAKLLPEYK HflK HflK 294 310 211.89 1 3 1017.8886 3051.65193 1

GGNAPAAKSDNGASNLLR GGNAPAAKSDNGASNLLR HflK HflK 368 368 157.43 4 4 905.95855 3620.81293 1

Peptide1 Peptide2 Protein1 Protein2 From To Score Score Rank Charge m/z M+H+ Number of spectra matching to this site

FtsH and HflK

YYLATGGGDISQAEVLLKR KDSNR HflC FtsH 120 61 80.205 4 3 956.83319 2868.48553 1

AYKAQTILEAQGEVAR SQGQEEAEKLR HflK HflC 294 248 201.62 1 3 1073.2198 3217.64533 3

LDVKDIVTDSR GVIGKYTMDR HflC HflK 137 198 143.27 2 3 865.78641 2595.34523 4

VLVNDKGGNLMVLPLDQMLK Y[M]KTPTSATR HflK HflC 346 327 106.85 3 4 891.72131 3563.86393 1

[] Modified Amino Acids

* Extra miscleavage

Not verified

Purified System Interprotein Interactions

FtsH and HflC

HflK and HflC

FtsH

FtsH and HflC

Cell Lysate Intraprotein Interactions

FtsH

HflC

HflK

Cell Lysate Interprotein Interactions

Purified System Intraprotein Interactions

MaxLynx

MaxLynx

MaxLynx

HflC

MaxLynx

HflK and HflC
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Peptide 1 Peptide 2 Protein 1 Protein 2 From To Score Score Rank Charge m/z M+H+ Number of spectra matching to this site

LAEEIIYGPEHVSTGASNDIKVATNLAR IIDQEVKALIER FtsH FtsH 494/497 550 150 9 4 1148.37146 4590.464011 4

KVDYSTFLQEVNNDQVR KVDYSTFLQEVNNDQVR FtsH FtsH 31 31 190 4 4 1077.032593 4305.108542 1

[M]LTEDQIKTTFADVAGBDEAK TLLAKAIAGEAK FtsH FtsH 148/149/150 203 200 3 4 935.7270508 3739.886374 1

TLLAKAIAGEAK EQILKVH[M]R FtsH FtsH 203 332 143 10 4 638.368042 2550.450339 2

IIDQEVKALIER IIDQEVKALIER FtsH FtsH 550 550 217 1 4 762.9437866 3048.753317 1

VVSMVEFEKAK DKIMMGAER FtsH FtsH 387 391 202 2 3 838.0932617 2512.265232 4

FGKVLR IPFIETVKMLDAR HflC HflC 36 63 179 5 4 612.6036377 2447.392722 4

KDLIVDSYIK LDVKDIVTDSR HflC HflC 85 137 178 6 4 663.1153564 2649.439597 2

Y[M]KTPTSATR Y[M]KTPTSATR HflC HflC 327 327 176 7 4 635.3143921 2538.235739 4

HflK AYKAQTILEAQGEVAR FAKLLPEYK HflK HflK 293/294 310 173 8 3 1017.890869 3051.658055 3

Peptide 1 Peptide 2 Protein 1 Protein 2 From To Score Score Rank Charge m/z M+H+ Number of spectra matching to this site

FtsH and HflK

KVDYSTFLQEVNNDQVR IPFIETVKMLDAR FtsH HflC 31 63 127 4 4 946.4923096 3782.947409 1

KVDYSTFLQEVNNDQVR IPFIETVK[M]LDAR FtsH HflC 31 61/63 89 6 4 950.4899902 3798.938132 2

LDVKDIVTDSR GVIGKYTMDR HflC HflK 137 198 190 1 4 649.5930786 2595.350485 1

SEIGRLDVKDIVTDSR* GVIGKYTMDR HflC HflK 137 198/199/200 172 2 5 628.3331299 3137.636544 10

LDVKDIVTDSR GVIGKYT[M]DR HflC HflK 141/143 198 131 3 4 653.5912476 2611.343161 5

LDVKDIVTDSR GVIGKYT[M]DR HflC HflK 137/141 198/199/200 42 9 3 871.1190796 2611.342686 2

LDVKDIVTDSR GVIGKYT[M]DR HflC HflK 137/141/143 198/199/200 80 7 3 871.1191406 2611.342869 3

AYKAQTILEAQGEVAR YMKTPTSATR HflK HflC 294 328/330/331/333 90 5 4 775.4056396 3098.600729 1

AYKAQTILEAQGEVAR Y[M]KTPTSATR HflK HflC 293/294/297 327/328/330/331/333 42 10 4 779.4036865 3114.592917 1

SQGQEEAEKLR AYKAQTILEAQGEVAR HflC HflK 248 293/294 77 8 4 805.1678467 3217.649558 1

Peptide1 Peptide2 Protein1 Protein2 From To Score Score Rank Charge m/z M+H+ Number of spectra matching to this site

VVSMVEFEKAK DKIMMGAER FtsH FtsH 387 391 212 4 4 628.8223267 2512.267478 4

LGGKIPK TLLAKAIAGEAK FtsH FtsH 183 203 153 10 4 524.072937 2093.269919 2

MLTEDQIKTTFADVAGBDEAK TLLAKAIAGEAK FtsH FtsH 148/149/150 203 183 6 4 931.7333984 3723.911765 1

MLTEDQIKTTFADVAGBDEAK TLLAKAIAGEAK FtsH FtsH 148 203 166 7 4 931.7238159 3723.873435 2

AKHMSDETAR AKHMSDETAR FtsH FtsH 535 535 236 2 4 622.2925415 2486.148337 2

YTTYIPVQDPKLLDNLLTK YTTYIPVQDPKLLDNLLTK FtsH FtsH 76 76 163 8 4 1167.139648 4665.536765 1

KDLIVDSYIK LDVKDIVTDSR HflC HflC 85 137 187 5 4 663.1148071 2649.437399 4

AYKAQTILEAQGEVAR FAKLLPEYK HflK HflK 294 310 222 3 3 1017.890381 3051.65659 1

AYKAQTILEAQGEVAR FAKLLPEYK HflK HflK 293/294 310 158 9 4 763.6702881 3051.659323 3

GGNAPAAKSDNGASNLLR GGNAPAAKSDNGASNLLR HflK HflK 368 368 258 1 4 905.9602661 3620.819235 1

Peptide1 Peptide2 Protein1 Protein2 From To Score Score Rank Charge m/z M+H+ Number of spectra matching to this site

FtsH and HflK

KVDYSTFLQEVNNDQVR IPFIETVKMLDAR FtsH HflC 31/34/35/36 63 10 10 4 946.4918213 3782.945456 1

SQGQEEAEKLR AYKAQTILEAQGEVAR HflC HflK 248 293/294 185 2 4 805.166687 3217.644919 1

SQGQEEAEKLR AYKAQTILEAQGEVAR HflC HflK 248 294 84 7 3 1073.217163 3217.636936 1

LDVKDIVTDSR GVIGKYTMDR HflC HflK 137 198 170 3 4 649.5924072 2595.3478 2

LDVKDIVTDSR GVIGKYT[M]DR HflC HflK 137 198/199/200 101 6 3 871.1171265 2611.336827 1

YMKTPTSATR VLVNDKGGNLMVLPLDQMLK HflC HflK 327 346 139 5 4 887.7294312 3547.895895 2

YMKTPTSATR VLVNDKGGNLMVLPLDQMLK HflC HflK 331/333 346 13 9 3 1183.304199 3547.898045 1

GEGDAEAAKLFADAFSK FAKLLPEYK HflC HflK 281 310 202 1 4 758.3927612 3030.549216 1

LFADAFSKDPDFYAFIR FAKLLPEYK HflC HflK 288/289/294 310 60 8 4 832.4420166 3326.746237 1

LDVKDIVTDSR GVIGKYT[M]DR HflC HflK 141 198 143 4 4 653.5905151 2611.340231 1

[] Modified Amino Acids

* Extra miscleavage

Purified System Interprotein Interactions

FtsH and HflC

HflK and HflC

FtsH

FtsH and HflC

Cell Lysate Intraprotein Interactions

FtsH

HflC

HflK

Cell Lysate Interprotein Interactions

Purified System Intraprotein Interactions

MeroX

MeroX

MeroX

HflC

MeroX

HflK and HflC
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Peptide 1 Peptide 2 Protein 1 Protein 2 From To Score Score Rank Charge m/z M+H+ Number of spectra matching to this site

IIDQEVKALIER LAEEIIYGPEHVSTGASNDIKVATNLAR FtsH FtsH 550 494 342.92 4 5 918.895752 4590.449654 4

SVAKAK LAEEIIYGPEHVSTGASNDIKVATNLAR FtsH FtsH 533 494 225.4 10 3 1256.344238 3767.018162 13

TLLAKAIAGEAK MLTEDQIKTTFADVAG[C]DEAK FtsH FtsH 203 148 538.37 1 3 1241.967896 3723.889134 3

S[M]V[M]TEAQKESTAYHEAGHAIIGR

FQKLGGKIPKGVLMVGPPGTGK

SMVMTEAQKESTAYHEAGHAIIGR

DALMKYETIDAPQIDDL[M]AR SMVMTEAQKESTAYHEAGHAIIGR FtsH FtsH 580 408 434.57 2 4 1285.122314 5137.467428 4

EQILKVH[M]R TLLAKAIAGEAK FtsH FtsH 332 203 265.73 7 4 638.368286 2550.451315 1

VVSMVEFEKAK LVPEHDPVHKVTIIPR FtsH FtsH 387 433 267.19 6 3 1104.614624 3311.829319 1

AKHMSDETAR IIDQEVKALIER FtsH FtsH 535 550 229.4 9 3 923.15387 2767.447056 3

KDLIVDSYIK LDVKDIVTDSR HflC HflC 85 137 394.28 3 4 663.114929 2649.437887 2

LDVKDIVTDSR EKKDLIVDSYIK HflC HflC 137 85 300.01 5 3 969.53064 2906.577366 1

HflK FAKLLPEYK AYKAQTILEAQGEVAR HflK HflK 310 294 244.89 8 4 763.669434 3051.655905 1

Peptide 1 Peptide 2 Protein 1 Protein 2 From To Score Score Rank Charge m/z M+H+ Number of spectra matching to this site

FtsH and HflK
LLDNLLTKNVK YYLATGGGDISQAEVLLKR FtsH HflC 84 120 171.42 6 3 1173.987183 3519.946995 1

IPFIETVK[M]LDAR KVDYSTFLQEVNNDQVR HflC FtsH 63 31 420.74 1 3 1266.989258 3798.953221 3

KDSNR IKQINLPTEVSEAIYNR FtsH HflC 61 211 70.07 10 3 934.83313 2802.484837 1

EINVTKK YYLATGGGDISQAEVLLKR FtsH HflC 60 120 178.64 5 4 770.922302 3080.66738 1

EINVTKK IKQINLPTEVSEAIYNR FtsH HflC 60 211 118.4 7 3 1005.558044 3014.65958 2

KDSNR YYLATGGGDISQAEVLLKR FtsH HflC 61 120 78.99 9 4 717.879578 2868.496481 4

GVIGKYTMDR LDVKDIVTDSR HflK HflC 198 137 387.4 2 4 649.594055 2595.354391 15

Y[M]KTPTSATR VLVNDKGGNLMVLPLDQMLK HflC HflK 327 346 319.82 3 4 891.7229 3563.869772 7

KFSDR VTNPEKYLYSVTSPDDSLR HflC HflK 122 172 102.68 8 3 1011.173218 3031.5051 1

SQGQEEAEKLR AYKAQTILEAQGEVAR HflC HflK 248 294 247.61 4 3 1073.557861 3218.659031 1

Peptide1 Peptide2 Protein1 Protein2 From To Score Score Rank Charge m/z M+H+ Number of spectra matching to this site

DKIMMGAER VVSMVEFEKAK FtsH FtsH 391 387 224.26 9 3 838.093567 2512.266148 5

SVAKAK LAEEIIYGPEHVSTGASNDIKVATNLAR FtsH FtsH 533 494 255.69 8 3 1256.338135 3766.999851 16

TLLAKAIAGEAK MLTEDQIKTTFADVAG[C]DEAK FtsH FtsH 203 148 653.17 1 3 1241.966919 3723.886204 3

TLLAKAIAGEAK IPKGVLMVGPPGTGK FtsH FtsH 203 186 332.91 4 4 708.670471 2831.660055 2

DALMKYETIDAPQIDDL[M]AR SMVMTEAQKESTAYHEAGHAIIGR FtsH FtsH 580 408 272.04 5 5 1028.496948 5138.455635 1

EQILKVHMR DALMKYETIDAPQIDDLMAR FtsH FtsH 332 580 258.05 7 3 1220.292847 3658.863987 5

GAMSFGKSK TLLAKAIAGEAK FtsH FtsH 136 203 216.36 10 3 765.094666 2293.269444 1

LAEEIIYGPEHVSTGASNDIKVATNLAR

DVRPPAGWEEPGASNNSGDNGSPKAPRPVDEPR

KDLIVDSYIK LDVKDIVTDSR HflC HflC 85 137 401.07 2 3 883.822632 2649.453343 2

LDVKDIVTDSR EKKDLIVDSYIK* HflC HflC 137 85 355.12 3 3 969.527893 2906.569126 2

FAKLLPEYK AYKAQTILEAQGEVAR HflK HflK 310 294 265.46 6 5 611.140137 3051.671578 8

Peptide1 Peptide2 Protein1 Protein2 From To Score Score Rank Charge m/z M+H+ Number of spectra matching to this site

FtsH and HflK SMVMTEAQKESTAYHEAGHAIIGR

KDSNR YYLATGGGDISQAEVLLKR FtsH HflC 61 120 79.36 4 4 717.875977 2868.482077 4

GVIGKYTMDR LDVKDIVTDSR HflK HflC 198 137 342.75 2 3 865.787781 2595.348789 3

Y[M]KTPTSATR VLVNDKGGNLMVLPLDQMLK HflC HflK 327 346 195.31 3 4 891.723328 3563.871481 1

FAKLLPEYK GEGDAEAAKLFADAFSK HflK HflC 310 281 352.56 1 4 758.391174 3030.542868 3

[] Modified Amino Acids

* Extra miscleavage

Purified System Interprotein Interactions

FtsH and HflC

HflK and HflC

FtsH

FtsH and HflC

Cell Lysate Intraprotein Interactions

FtsH

HflC

HflK

Cell Lysate Interprotein Interactions

Purified System Intraprotein Interactions

MS Annika

MS Annika

MS Annika

HflC

MS Annika

HflK and HflC
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 Peptide 1 Peptide 2 Protein 1 Protein 2 From To Score Score Rank Charge m/z M+H+ Number of spectra matching to this site

LAEEIIYGPEHVSTGASNDIKVATNLAR IIDQEVKALIER FtsH FtsH 494 550 163.84 2 4 1148.370361 4590.459616 3

[M]LTEDQIKTTFADVAG[C]DEAK TLLAKAIAGEAK FtsH FtsH 148 203 158.38 3 3 1247.304443 3739.898777 1

S[M]V[M]TEAQKESTAYHEAGHAIIGR VVSMVEFEKAKDKIMMGAER FtsH FtsH 408 391 125.57 6 5 1068.520874 5338.575264 1

FQKLGGKIPKGVLMVGPPGTGK IIDQEVKALIER FtsH FtsH 183 550 116.23 8 4 1007.577209 4027.287008 4

SMVMTEAQKESTAYHEAGHAIIGR EQILKVHMR FtsH FtsH 408 332 106.84 9 4 992.252807 3965.989401 2

S[M]V[M]TEAQKESTAYHEAGHAIIGR DAL[M]KYETIDAPQIDDLMAR FtsH FtsH 408 580 116.55 7 4 1293.115478 5169.440084 1

FVTKEKKDLIVDSYIK* SEIGRLDVKDIVTDSR* HflC HflC 85 137 215.31 1 4 895.243652 3577.95278 21

YYLATGGGDISQAEVLLKR IKQINLPTEVSEAIYNR HflC HflC 120 211 155.58 4 4 1060.052734 4237.189108 1

FVTKEKKDLIVDSYIK* LDVKDIVTDSR HflC HflC 84 137 131.3 5 3 969.53064 2906.577366 5

FVTKEKKDLIVDSYIK* SEIGRLDVKDIVTDSR* HflC HflC 82 137 100.02 10 4 895.242187 3577.94692 14

HflK

Peptide 1 Peptide 2 Protein 1 Protein 2 From To Score Score Rank Charge m/z M+H+ Number of spectra matching to this site

FtsH and HflK
YYLATGGGDISQAEVLLKR LLDNLLTKNVK HflC FtsH 120 84 62.72 6 3 1173.987182 3519.946995 1

KVDYSTFLQEVNNDQVR IPFIETVK[M]LDAR FtsH HflC 31 63 136.35 2 3 1266.989258 3798.95322 1

IKQINLPTEVSEAIYNR KDSNR HflC FtsH 211 61 32.32 10 3 934.83313 2802.484837 1

SEIGRLDVKDIVTDSR* GVIGKYT[M]DR HflC HflK 137 198 111.69 3 4 653.598022 2611.37026 22

VLVNDKGGNLMVLPLDQMLK Y[M]KTPTSATR HflK HflC 346 327 55.44 7 3 1188.631592 3563.880222 2

AYKAQTILEAQGEVAR GEGDAEAAKLFADAFSK HflK HflC 294 281 65.35 5 3 1223.956665 3669.855442 1

AYKAQTILEAQGEVAR SQGQEEAEKLR HflK HflC 294 248 142.11 1 3 1073.230591 3217.677219 3

FVTKEKKDLIVDSYIK* GVIGKYTMDR HflC HflK 82 198 66.27 4 4 864.968872 3456.853659 1

FVTKEKKDLIVDSYIK* GVIGKYTMDR HflC HflK 84 198 50.02 8 3 1152.956055 3456.853611 1

FVTKEKKDLIVDSYIK* GVIGKYT[M]DR HflC HflK 85 198 44.14 9 4 868.971741 3472.865133 1

Peptide1 Peptide2 Protein1 Protein2 From To Score Score Rank Charge m/z M+H+ Number of spectra matching to this site

[M]LTEDQIKTTFADVAG[C]DEAK TLLAKAIAGEAK FtsH FtsH 148 203 121.29 5 4 935.735657 3739.920797 1

LAEEIIYGPEHVSTGASNDIKVATNLAR IIDQEVKALIER FtsH FtsH 494 550 148.21 4 4 1148.375976 4590.482077 1

TLLAKAIAGEAK FQKLGGKIPK FtsH FtsH 203 183 92.69 6 3 904.200317 2710.586399 3

IPKGVLMVGPPGTGK TLLAKAIAGEAK FtsH FtsH 186 203 82.28 7 4 708.670471 2831.660055 2

DVRPPAGWEEPGASNNSGDNGSPKAPRPVDEPR EQILKVHMR FtsH FtsH 620 332 80.38 8 5 961.676575 4804.353767 1

SVAKAKHMSDETAR* SVAKAK FtsH FtsH 535 533 77.93 9 4 636.58728 2543.327291 5

DKIMMGAER FQKLGGK FtsH FtsH 391 179 72.05 10 3 675.020996 2023.048435 2

FVTKEKKDLIVDSYIK* LDVKDIVTDSR HflC HflC 84 137 215.31 1 4 895.240661 3577.940817 4

FVTKEKKDLIVDSYIK* LDVKDIVTDSR HflC HflC 82 137 180.93 2 4 895.239929 3577.937887 2

FVTKEKKDLIVDSYIK* LDVKDIVTDSR HflC HflC 85 137 175.94 3 4 895.249328 3577.975485 8

Peptide1 Peptide2 Protein1 Protein2 From To Score Score Rank Charge m/z M+H+ Number of spectra matching to this site

FtsH and HflK SMVMTEAQKESTAYHEAGHAIIGR GGNLMVLPLDQMLKGGNAPAAK FtsH HflK 408 360 12.38 5 6 835.421631 5007.493402 1

AYKAQTILEAQGEVAR SQGQEEAEKLR HflK HflC 294 248 126.24 2 3 1073.217163 3217.636936 1

LDVKDIVTDSR GVIGKYTMDR HflC HflK 137 198 117.56 3 3 865.787781 2595.348789 4

GEGDAEAAKLFADAFSK FAKLLPEYK HflC HflK 281 310 62.84 4 3 1010.864441 3030.57877 1

AYKAQTILEAQGEVAR GEGDAEAAKLFADAFSK HflK HflC 294 281 152.59 1 3 1223.96936 3669.893528 2

Y[M]KTPTSATR GVIGKYT[M]DR HflC HflK 327 198 7.4 6 3 841.419495 2522.243931 1

[] Modified Amino Acids

* Extra miscleavage

Purified System Interprotein Interactions

XlinkX

FtsH and HflC

HflK and HflC

FtsH

FtsH and HflC

Cell Lysate Intraprotein Interactions

FtsH

HflC

HflK

Cell Lysate Interprotein Interactions

Purified System Intraprotein Interactions

XlinkX

XlinkX

XlinkX

HflC

HflK and HflC
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G. Cross-linking software performance characteristics a) Total cross-link search 

processing time of four different software, MaxLynx (Red), MeroX (Blue), MS 

Annika (Green), and XlinkX (Yellow). The processing time differences for two 

samples’ data are indicated with different tones of colors, where dark ones denote 

solubilized membrane samples, and light ones denote the purified protein 

complex. b) Number of interactions obtained from the purified protein complex 

and solubilized membrane shown as the unique interactions and repeating 

interactions. c) CPU usage of the software for the whole cross-link search 

process. d) RAM usage of the software for the whole cross-link search process. 
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H. Relative abundances of membrane and other proteins isolated from the purified 

protein complex (a) and solubilized membrane fraction (b).  
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İ. Identification of the proteins in the solubilized membrane and in the purified 

FtsH-HflK-HflC sample. 

  

Gene UniProt Accession # Gene Product Localization Pathway Sample Source

clpB P63284 Chaperone protein ClpB Cytoplasm Response to heat; protein folding Solubilized Membrane

dnaJ P08622 Chaperone protein DnaJ Cytoplasm Response to heat; protein refolding Solubilized Membrane & Purified Sample

dnaK P0A6Y8 Chaperone protein DnaK Cytoplasm & Cell inner membrane Response to heat; protein refolding Solubilized Membrane & Purified Sample

groL P0A6F5 Chaperonin GroEL Cytoplasm Response to heat; protein refolding Solubilized Membrane & Purified Sample

atpA P0ABB0 ATP synthase subunit alpha Cell inner membrane ATP biosynthesis Solubilized Membrane & Purified Sample

hflX P25519 GTPase HflX Cytoplasm GTP hydrolysis Solubilized Membrane & Purified Sample

rpID P60723 50S ribosomal protein L4 Cytoplasm Structural constituent of ribosome Solubilized Membrane & Purified FtsH-HflK-HflC Complex

rpIL P0A7K2 50S ribosomal protein L7/L12 Cytoplasm Structural constituent of ribosome Solubilized Membrane & Purified FtsH-HflK-HflC Complex

rpIU P0AG48 50S ribosomal protein L21 Cytoplasm Structural constituent of ribosome Solubilized Membrane

rlmE (ftsJ, mrsF, rrmJ) P0C0R7 Ribosomal RNA large subunit methyltransferase E Cytoplasm Structural constituent of ribosome Solubilized Membrane

gpmA P62707
2,3-bisphosphoglycerate-dependent phosphoglycerate 

mutase
Cytoplasm Carbohydrate degradation; glycolysis Solubilized Membrane

clpP P0A6G7 ATP-dependent Clp protease proteolytic subunit Cytoplasm Proteolysis Solubilized Membrane & Purified FtsH-HflK-HflC Complex

clpX P0A6H1 ATP-dependent Clp protease ATP-binding subunit ClpX Cytosol Proteolysis Solubilized Membrane & Purified FtsH-HflK-HflC Complex

hslU P0A6H5 ATP-dependent protease ATPase subunit HslU Cytoplasm Proteolysis Solubilized Membrane

ftsH P0AAI3 ATP-dependent zinc metalloprotease FtsH Cell inner membrane Proteolysis Solubilized Membrane & Purified FtsH-HflK-HflC Complex

qmcA (ybbK) P0AA53
Protein QmcA (Identified as a multi-copy suppressor of an 

FtsH/HtpX protease double disruption mutant)
Cell inner membrane

Quality control-related membrane 

complex
Solubilized Membrane

hflK P0ABC7 Modulator of FtsH protease HflK Cell inner membrane Regulation of proteolytic activity of FtsH Solubilized Membrane & Purified FtsH-HflK-HflC Complex

hflC P0ABC3 Modulator of FtsH protease HflC Cell inner membrane Regulation of proteolytic activity of FtsH Solubilized Membrane & Purified FtsH-HflK-HflC Complex

yidC P25714 Membrane protein insertase YidC Cell inner membrane Cytochrome c biogenesis (system I type) Solubilized Membrane & Purified FtsH-HflK-HflC Complex

yajC P0ADZ7 Sec translocon accessory complex subunit YajC Cell inner membrane Cytochrome c biogenesis (system I type) Solubilized Membrane

Regulators

Insertion

Stress-induced chaperone system

Metabolism and energy production

Translation

Degradation

ATP-dependent proteolytic activity

Suppression
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J. The connections of FtsH, HflK and HflC with other proteins. 

FtsH 

Protein 1 Gene 1 From Protein 2 Gene 2 To 

P0AAI3 ftsH 533 P21507 srmB 407 

P0AAI3 ftsH 31 P21365 yciC 2 

P0AAI3 ftsH 533 P10121 ftsY 2 

P0AAI3 ftsH 494 P0ABB8 mgtA 350 

P0AAI3 ftsH 31 P39363 sgcA 6 

P0AAI3 ftsH 203 P00562 ftsY 676 

P0AAI3 ftsH 332 P06960 argF 35 

P0AAI3 ftsH 535 P0A7Q1 rpmI 36 

P0AAI3 ftsH 332 P46837 yhgF 704 

P0AAI3 ftsH 550 P23841 xapR 133 

P0AAI3 ftsH 550 P76235 yeaH 222 

P0AAI3 ftsH 535 P0ACV0 lpxL 191 

P0AAI3 ftsH 533 P0AF20 nagC 63 

P0AAI3 ftsH 550 P23367 mutL 165 

P0AAI3 ftsH 265 P0A6A0 ubiB 550 

P0AAI3 ftsH 332 P0AF20 nagC 63 

P0AAI3 ftsH 580 P0AAB2 wzb 119 

P0AAI3 ftsH 433 P0A853 tnaA 409 

P0AAI3 ftsH 408 P25526 gabD 281 

P0AAI3 ftsH 550 P0ACR7 yfeR 274 

P0AAI3 ftsH 461 P0A7E9 pyrH 222 

P0AAI3 ftsH 31 P0AG90 secD 608 

P0AAI3 ftsH 332 P0AF06 motB 234 

P0AAI3 ftsH 332 P0A6X1 hemA 208 

P0AAI3 ftsH 76 P0AAG8 mglA 260 

P0AAI3 ftsH 332 P37631 yhiN 120 

P0AAI3 ftsH 332 P31548 thiQ 180 

P0AAI3 ftsH 332 P18775 dmsA 134 

P0AAI3 ftsH 332 P37627 yhiJ 88 

P0AAI3 ftsH 332 P42632 tdcE 147 

P0AAI3 ftsH 332 P0AGC3 slt 300 

P0AAI3 ftsH 433 P0AA16 ompR 184 

P0AAI3 ftsH 494 P0AEJ4 envZ 228 

P0AAI3 ftsH 203 P37330 glcB 421 

P0AAI3 ftsH 550 P0A763 ndk 1 
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P0AAI3 ftsH 332 P0ADR8 ppnN 337 

P0AAI3 ftsH 535 P07118 valS 113 

P0AAI3 ftsH 203 P51025 frmB 235 

P0AAI3 ftsH 437 P31447 yidJ 408 

P0AAI3 ftsH 148 P37659 bcsG 382 

P0AAI3 ftsH 332 P76613 ypjC 81 

P0AAI3 ftsH 332 P0A6H8 clsA 286 

P0AAI3 ftsH 433 P37127 aegA 619 

P0AAI3 ftsH 332 P0ABD3 bfr 53 

P0AAI3 ftsH 494 P32128 yihF 207 

P0AAI3 ftsH 533 P37177 ptsP 97 

P0AAI3 ftsH 391 P78271 yfeS 70 

P0AAI3 ftsH 433 P77561 ydeP 288 

P0AAI3 ftsH 494 P37640 yhjB 160 

P0AAI3 ftsH 332 Q46861 ygiQ 1 

P0AAI3 ftsH 550 P0AAB4 ubiD 5 

P0AAI3 ftsH 533 P28638 yhdJ 78 

P0AAI3 ftsH 76 P06612 topA 3 

P0AAI3 ftsH 203 P08331 cpdB 550 

P0AAI3 ftsH 461 P0AFB8 glnG 445 

P0AAI3 ftsH 433 P0AA99 yafK 210 

P0AAI3 ftsH 332 P76573 yfgI 173 

P0AAI3 ftsH 533 P15288 pepD 393 

P0AAI3 ftsH 533 P52043 scpC 318 

P0AAI3 ftsH 461 P37008 yagB 1 

P0AAI3 ftsH 543 P60785 lepA 203 

P0AAI3 ftsH 741 P18775 dmsA 580 

P0AAI3 ftsH 580 P32694 yjbM 153 

P0AAI3 ftsH 46 P07364 cheR 76 

P0AAI3 ftsH 494 P37767 yfhH 57 

P0AAI3 ftsH 494 P0ABH7 gltA 1 

P0AAI3 ftsH 203 P0A9Q5 accD 84 

P0AAI3 ftsH 203 P69931 hda 232 

P0AAI3 ftsH 535 P13009 metH 446 

P0AAI3 ftsH 84 P37659 bcsG 382 

P0AAI3 ftsH 136 P0A9Q5 accD 84 

P0AAI3 ftsH 76 P21177 fadB 302 

P0AAI3 ftsH 203 P0A9Q5 accD 84 
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P0AAI3 ftsH 203 Q47152 rayT 41 

P0AAI3 ftsH 203 P37671 yiaJ 1 

P0AAI3 ftsH 433 Q47688 ykfC 0 

P0AAI3 ftsH 433 P0ABK9 nrfA 90 

P0AAI3 ftsH 408 P24175 manB 0 

P0AAI3 ftsH 408 P76542 intZ 106 

P0AAI3 ftsH 433 P0AA10 rplM 111 

P0AAI3 ftsH 203 P37645 yhjG 380 

P0AAI3 ftsH 408 P37009 fbpC 0 

P0AAI3 ftsH 533 P02929 tonB 197 

P0AAI3 ftsH 408 Q47688 ykfC 0 

P0AAI3 ftsH 494 P0AAJ8 hybA 215 

P0AAI3 ftsH 332 P0ABN5 dcuA 220 

P0AAI3 ftsH 332 P0AAJ8 hybA 215 

P0AAI3 ftsH 550 Q46890 otnC 0 

P0AAI3 ftsH 433 P52696 ybhD 61 

P0AAI3 ftsH 408 P76205 arpB 1 

P0AAI3 ftsH 332 P42592 ygjK 546 

P0AAI3 ftsH 199 P0A993 fbp 433 

P0AAI3 ftsH 408 P39285 mscM 67 

P0AAI3 ftsH 332 P0ADE6 kbp 13 

P0AAI3 ftsH 533 P76041 ycjM 1 

P0AAI3 ftsH 408 P26266 fepE 228 

P0AAI3 ftsH 433 P0A7J7 rplK 97 
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HflK 

Protein 1 Gene 1 From Protein 2 Gene 2 To 

P0ABC7 hflK 294 P37650 bcsC 702 

P0ABC7 hflK 172 P77694 ecpD 27 

P0ABC7 hflK 198 Q47538 tauB 123 

P0ABC7 hflK 198 Q46868 ubiK 6 

P0ABC7 hflK 198 P37652 bcsB 424 

P0ABC7 hflK 294 P0A8P8 xerD 136 

P0ABC7 hflK 294 P33997 alpA 2 

P0ABC7 hflK 294 P43329 hrpA 1262 

P0ABC7 hflK 294 Q46814 xdhD 188 

P0ABC7 hflK 333 P0DMC5 rcsC 502 

P0ABC7 hflK 198 P0AB65 yccX 63 

P0ABC7 hflK 294 P76641 guaD 9 

P0ABC7 hflK 198 P0AAG3 gltL 228 

P0ABC7 hflK 198 A0A7H2C793 yqiM 1 

P0ABC7 hflK 31 P37024 hrpB 784 

P0ABC7 hflK 198 P24183 fdnG 1 

P0ABC7 hflK 198 P60757 hisG 2 

P0ABC7 hflK 310 P63224 gmhA 147 

P0ABC7 hflK 198 P0C093 slmA 0 

P0ABC7 hflK 198 P0ADP9 yihD 0 
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HflC 

Protein 1 Gene 1 From Protein 2 Gene 2 To 

P0ABC3 hflC 137 P76594  patZ 526 

P0ABC3 hflC 137 P0AG07 rpe 9/12 

P0ABC3 hflC 137 P0AFX7 rseA 17 

P0ABC3 hflC 333 P68767 pepA 156 

P0ABC3 hflC 137 P03018 uvrD 621 

P0ABC3 hflC 85 P75785 opgE 8 

P0ABC3 hflC 44 P23367 mutL 159 

P0ABC3 hflC 137 P09126 hemD 2 

P0ABC3 hflC 327 P68767 pepA 156 

P0ABC3 hflC 137 P05791 ilvD 3 

P0ABC3 hflC 137 P00363 frdA 324 

P0ABC3 hflC 137 P77180 ykgH 109 

P0ABC3 hflC 327 P42592 ygjK 189 

P0ABC3 hflC 36 P0A7A7 plsB 446 

P0ABC3 hflC 327 P15038 helD 4 

P0ABC3 hflC 137 P17445 betB 477 

P0ABC3 hflC 137 P08956 hsdR 1124 

P0ABC3 hflC 327 P76093 ynbD 301 

P0ABC3 hflC 36 P22939 ispA 262 

P0ABC3 hflC 137 P45537 yhfK 300 

P0ABC3 hflC 137 P0A6F5 groEL 15 

P0ABC3 hflC 137 P06710 dnaX 571 

P0ABC3 hflC 137 P77611 rsxC 258 

P0ABC3 hflC 137 P07017 tar 413 

P0ABC3 hflC 137 A0A385XJN2 ygiA 64 

P0ABC3 hflC 327 P00452-2;P00452 nrdA 359;384 

P0ABC3 hflC 137 P76235 yeaH 14 

P0ABC3 hflC 36 Q46908 ygcR 204 

P0ABC3 hflC 137 P45800 yrfF 446 

P0ABC3 hflC 137 P06136 ftsQ 120 

P0ABC3 hflC 137 P23842 pdeA 690 

P0ABC3 hflC 36 P0AF36 zapB 61 

P0ABC3 hflC 44 P0A8U2 yafD 3 

P0ABC3 hflC 327 P31064 yedE 189 

P0ABC3 hflC 137 P18776;P0AAJ1 dmsB;ynfG 2;2 

P0ABC3 hflC 137 P0AEZ7 mltD 233 

P0ABC3 hflC 36 P0ABG4 ftsW 167 

P0ABC3 hflC 137 P77551;P75719 rzpR;rzpD 21;76 

P0ABC3 hflC 137 P39375 iraD 17 

P0ABC3 hflC 122 P0AEW6 gsk 10 
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P0ABC3 hflC 327 P00350 gnd 314 

P0ABC3 hflC 327 P15043 recQ 593 

P0ABC3 hflC 137 P30128 greB 15 

P0ABC3 hflC 327 P45463 ttdR 91 

P0ABC3 hflC 327 P15082 srlR 2 

P0ABC3 hflC 122 P64554 queE 46 

P0ABC3 hflC 137 P39452 nrdE 524 

P0ABC3 hflC 44 P21888 cysS 370 

P0ABC3 hflC 137 P37682 yiaU 1 

P0ABC3 hflC 137 P75972 ymfI 1 

P0ABC3 hflC 36 P0ADY3 rplN 1 

P0ABC3 hflC 36 P0CK95 yghJ 167 

P0ABC3 hflC 122 P0A8K1 psd 6 

P0ABC3 hflC 137 P0A8M0 asnS 1 

P0ABC3 hflC 36 A0A7H2C767;P63284 clpB 303;451 

P0ABC3 hflC 248 P32128 yihF 350 

P0ABC3 hflC 137 P63389 yheS 272 

P0ABC3 hflC 137 P04036 dapB 187 

P0ABC3 hflC 36 P12282 moeB 1 

P0ABC3 hflC 137 P77615 ycjW 317 

P0ABC3 hflC 36 P16703 cysM 88 

P0ABC3 hflC 137 P37766 ydiF 455 

P0ABC3 hflC 36 P25519 hflX 391 

P0ABC3 hflC 36 P77610 ansP 15 

P0ABC3 hflC 137 P0AAV0 ybgE 14 

P0ABC3 hflC 137 P23890 cadC 463 

P0ABC3 hflC 44 P0A6F1 carA 2 

P0ABC3 hflC 44 P0AC75 waaA 168 

P0ABC3 hflC 137 P0AF28 narL 188 

P0ABC3 hflC 36 P33596 recX 1 

P0ABC3 hflC 137 P64448 ynbE 37 

P0ABC3 hflC 137 P0AGL5 ratA 2 

P0ABC3 hflC 36 P27829 wecC 172 

P0ABC3 hflC 36 P0AAF3 araG 324 

P0ABC3 hflC 36 P37773 mpl 198 

P0ABC3 hflC 327 Q46927 tcdA 259 

P0ABC3 hflC 36 P24188 trhO 183 

P0ABC3 hflC 36 P21170 speA 1 

P0ABC3 hflC 137 P19323 fhlA 526 

P0ABC3 hflC 137 P0A6N4 efp 54 

P0ABC3 hflC 137 P0ADK0 yiaF 0 

P0ABC3 hflC 44 P30750 metN 0 
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P0ABC3 hflC 137 P0DSF4 ynfU 8 

P0ABC3 hflC 44 P0AGM0 yhhT 8 

P0ABC3 hflC 44 P77306 yqiK 378 

P0ABC3 hflC 82 P0AF78 yjfJ 44 

P0ABC3 hflC 137 P77488 dxs 284 

P0ABC3 hflC 327 P0AEF0 dnaC 1 

P0ABC3 hflC 44 P0A9Q7 adhE 876 

P0ABC3 hflC 137 P0A749 murA 152 

P0ABC3 hflC 137 P32721 alsA 338 

P0ABC3 hflC 122 P0ADP9 yihD 0 

P0ABC3 hflC 137 P29745 pepT 177 

P0ABC3 hflC 137 P71311 yaiS 3 

P0ABC3 hflC 248 P09184 vsr 92 

P0ABC3 hflC 85 P0AFG8 aceE 881 

P0ABC3 hflC 327 P21365 yciC 0 

P0ABC3 hflC 84 P0AES4 gyrA 1 
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K. Complex inter-protein interactions. 

  

Peptide1 Peptide2 Protein 1 Protein 2 From To Number of spectra matching to this site Peptide1 Peptide2 Protein 1 Protein 2 From To Number of spectra matching to this site

VTNPEKYLYSVTSPDDSLR FGKVLR HflK HflC 172 36 1 YYLATGGGDISQAEVLLKR KDSNR HflC FtsH 120 61 1

VLVNDKGGNLMVLPLDQMLK YMKTPTSATR HflK HflC 346 327 6 AYKAQTILEAQGEVAR SQGQEEAEKLR HflK HflC 294 248 3

VTNPEKYLYSVTSPDDSLR KFSDR HflK HflC 172 122 1 VLVNDKGGNLMVLPLDQMLK YMKTPTSATR HflK HflC 346 327 1

AYKAQTILEAQGEVAR YMKTPTSATR HflK HflC 294 327 2 LDVKDIVTDSR GVIGKYTMDR HflC HflK 137 198 4

KVDYSTFLQEVNNDQVR PTFIDEVKPVNVEAVR FtsH HflK 31 133 2

LDVKDIVTDSR GVIGKYTMDR HflC HflK 137 198 3

GEGDAEAAKLFADAFSK AYKAQTILEAQGEVAR HflC HflK 281 294 1

YYLATGGGDISQAEVLLKR LLDNLLTKNVK HflC FtsH 120 84 1

IKQINLPTEVSEAIYNR KDSNR HflC FtsH 211 61 1

IKQINLPTEVSEAIYNR EINVTKK HflC FtsH 211 60 1

KVDYSTFLQEVNNDQVR IPFIETVKMLDAR FtsH HflC 31 63 6

Peptide1 Peptide2 Protein 1 Protein 2 From To Number of spectra matching to this site Peptide1 Peptide2 Protein 1 Protein 2 From To Number of spectra matching to this site

KVDYSTFLQEVNNDQVR IPFIETVKMLDAR FtsH HflC 31 63 1 GEGDAEAAKLFADAFSK FAKLLPEYK HflC HflK 281 310 1

QYLIAPSILSADFAR LDVKDIVTDSR FtsH HflC 31 61/63 2 AYKAQTILEAQGEVAR SQGQEEAEKLR HflC HflK 248 293/294 1

SEIGRLDVKDIVTDSR GVIGKYTMDR HflC HflK 137 198/199/200 10 DATNKAADIVLQAAIAAGAPK IPLAKMAVAESGMGIVEDK HflC HflK 137 198 2

LAEEIIYGPEHVSTGASNDIKVATNLAR IIDQEVKALIER HflC HflK 137 198 1 VLVNDKGGNLMVLPLDQMLK YMKTPTSATR HflC HflK 327 346 2

LDVKDIVTDSR GVIGKYTMDR HflC HflK 141/143 198 4 LDVKDIVTDSR GVIGKYTMDR HflC HflK 141 198 1

SMVMTEAQKESTAYHEAGHAIIGR DALMKYETIDAPQIDDLMAR HflC HflK 248 293/294 1 WLGGMLTNWKTVR QSIKR HflC HflK 248 294 1

LDVKDIVTDSR GVIGKYTMDR HflC HflK 137/141/143 198/199/200 1

KNGKEVQKLTGK EQILKVHMR HflK HflC 294 328/330/331/333 1

Peptide1 Peptide2 Protein 1 Protein 2 From To Number of spectra matching to this site Peptide1 Peptide2 Protein 1 Protein 2 From To Number of spectra matching to this site

IPFIETVKMLDAR KVDYSTFLQEVNNDQVR HflC FtsH 63 31 3 GVIGKYTMDR LDVKDIVTDSR HflK HflC 198 137 3

FGKVLR KVDYSTFLQEVNNDQVR HflC FtsH 36 31 1 FAKLLPEYK GEGDAEAAKLFADAFSK HflK HflC 310 281 3

EINVTKK YYLATGGGDISQAEVLLKR FtsH HflC 60 120 1

LLDNLLTKNVK YYLATGGGDISQAEVLLKR FtsH HflC 84 120 1

EINVTKK IKQINLPTEVSEAIYNR FtsH HflC 60 211 2

GVIGKYTMDR LDVKDIVTDSR HflK HflC 198 137 15

YMKTPTSATR VLVNDKGGNLMVLPLDQMLK HflC HflK 327 346 6

SQGQEEAEKLR AYKAQTILEAQGEVAR HflC HflK 248 294 1

KFSDR VTNPEKYLYSVTSPDDSLR HflC HflK 122 172 1

FGKVLR VTNPEKYLYSVTSPDDSLR HflC HflK 36 172 2

Peptide1 Peptide2 Protein 1 Protein 2 From To Number of spectra matching to this site Peptide1 Peptide2 Protein 1 Protein 2 From To Number of spectra matching to this site

AYKAQTILEAQGEVAR SQGQEEAEKLR HflK HflC 294 248 2 AYKAQTILEAQGEVAR GEGDAEAAKLFADAFSK HflK HflC 294 281 2

AYKAQTILEAQGEVAR GEGDAEAAKLFADAFSK HflK HflC 294 281 1 AYKAQTILEAQGEVAR SQGQEEAEKLR HflK HflC 294 248 1

VLVNDKGGNLMVLPLDQMLK YMKTPTSATR HflK HflC 346 327 2 LDVKDIVTDSR GVIGKYTMDR HflC HflK 137 198 4

LDVKDIVTDSR GVIGKYTMDR HflC HflK 137 198 19 GEGDAEAAKLFADAFSK FAKLLPEYK HflC HflK 281 310 1

FVTKEKKDLIVDSYIK GVIGKYTMDR HflC HflK 82 198 2

FVTKEKKDLIVDSYIK GVIGKYTMDR HflC HflK 84 198 1

YYLATGGGDISQAEVLLKR LLDNLLTKNVK HflC FtsH 120 84 1

KVDYSTFLQEVNNDQVR IPFIETVKMLDAR FtsH HflC 31 63 1
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