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a b s t r a c t 

The Escherichia coli proteome is the most extensively characterized and studied of all prokaryotic proteomes. 

Despite this, large scale bacterial proteomics experiments performed on E. coli cells grown in liquid cultures have 

failed to identify key virulence factors thought to be important determinants in establishing bacterial infections. 

It seems likely that many important determinants associated with virulence and host cell adhesion are exclusively 

expressed during growth in biofilms, which can be crudely mimicked on solid media. This method describes a 

simple workflow to characterize the unique proteome signature of individual, isolated single colonies, using E. 

coli K12 strain grown on solid media as a model system. The workflow thus provides a means to explore the 

proteomes of minimally passaged clinical isolates of bacteria grown on primary culture plates and to identify 

both unique and differentially expressed proteins contained therein. 

Value of the method: 

- Simple mass spectrometry-based proteomics workflow to characterise the proteome of single colony forming 

units 

- Enables exploration of the proteomes of minimally passaged clinical isolates from primary culture plates 

- Identification of virulence factors expressed in true or mimicked biofilms that may be missed in liquid 

cultures 

Method name: E. coli single colony proteome analysis 
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Specifications table 

Subject area Microbiology 

More specific subject area Bacterial proteomics 

Method name E. coli single colony proteome analysis 

Name and reference of original 

method 

This single colony proteomics analysis was applied to a biological question in 

our recent study “Comparison between the proteome of Escherichia coli single 

colony and during liquid culture”: 

doi: 10.1016/j.jprot.2020.103929 

Partly based on previous methods: 

Please refer to in solution digestion protocol: 

doi: 10.3389/fmicb.2015.00103. 

Mass spectrometer parameter settings: 

doi: 10.1074/mcp.O113.028787 

Resource availability The dataset used in this publication is part of a larger dataset freely accessibly 

on PRIDE PXD019140 

MaxQuant 

Perseus 

Introductory remarks 

The proteome of the model organism Escherichia coli has been studied extensively and remains

the best characterized amongst the prokaryotes [1–4] . Large scale bacterial proteomics have however

traditionally been performed on E.coli cells grown in liquid cultures and despite considerable effort, 

these experiments have largely failed to identify virulence factors such as proteins associated with 

mobility, adhesion, response to specific challenges (including desiccation or aerobic stress) or thought 

to be important determinants in establishing bacterial infections. Indeed, until recently, proteomic 

analysis on clinical E.coli isolates grown in liquid culture failed to identify detectable flagellar proteins,

which has been rationalised in terms of these isolates frequently being non-motile [5] : notably,

several of these ‘non-motile’ E.coli isolates from the Keio collection infact possess motility genes, but

appear to have lost their ability to activate those genes under culture conditions in which motility

is necessary, perhaps as a result of accumulated mutations during growth and passaging in liquid

culture [6] . Notably, it also seems likely that many important determinants associated with bacterial

virulence and host cell adhesion are exclusively expressed during growth in biofilms, which can be

crudely mimicked by colonies grown on solid media. 

Significant progress has been made recently towards single-colony proteomics analysis, based on 

technological advances in mass spectrometry-based proteomics workflows. Such methods remove the 

need for liquid culture growth to produce sufficient biomass for analysis, thereby enabling exploration 

of the proteomes of minimally passaged clinical isolates of bacteria grown on primary culture plates

and identification of both unique and differentially expressed proteins contained therein [7–9] . 

Here we present a simple workflow to characterize the unique proteome signature of a single

colony forming unit using E. coli K12 strain grown on solid media [ 7 , 10 ]. 

Method details 

Bacterial culturing and harvest of E.coli 

The handling and culturing of the E.coli K12 strain should be performed in a Class-2 Biohazard

safety cabinet (BSL-2). A freezer stock of E.coli K12 was inoculated into Lysogeny-Bertani (LB) media

and cultured overnight to exponential growth phase. E. coli K12 cells from the fresh culture was



S. Fortuin, J. Iradukunda and A.J. Nel et al. / MethodsX 8 (2021) 101277 3 

s  

p  

E  

c  

u  

2  

-

C

 

t  

m  

m  

d  

q  

s  

o  

s  

1  

i  

d  

w  

2

M

 

m  

d  

3  

t  

g  

o  

T  

E  

M  

a  

f  

(  

c  

a  

w

D

 

t  

o

 

(  

i  

w  

d  
treaked onto LB agar plates and incubated at 37 °C overnight. Six single colony forming units were

icked separately from the solid LB agar media using a sterile glass pipettes (Thermo Fisher Scientific).

ach single colony was handled separately and transferred to a sterile 1.5 ml Eppendorf tube

ontaining filter sterilised Millipore grade water. The E.coli K12 cells from each single colony forming

nit were washed by brief vortexing and the suspension of cells were harvested by centrifugation at

0 0 0 g for 1 minute. The cells were washed once more and the harvested cell pellets were stored at

80 °C until proteins were extracted. 

ell lysis and tryptic digestion 

The frozen cell pellets were resuspended in Lysis buffer (10 mM Tris, Protease inhibitor cocktail

ablets (Roche, Mannheim Germany and lysozyme 5 μg/ml (pH 6.8)) and incubated on ice for 30

inutes with gentle shaking. The proteins were then precipitated with equal volume of sample with

ethanol:chloroform (1v:0.75v). The collected precipitates containing proteins were resuspended in

enaturation buffer (10 mM Tris, 6 M Urea, 2 M Thiourea (pH 8)). The precipitated proteins were

uantified with the modified Bradford protein quantification method [11] by incorporating 1% HCL

olution, Bradford Reagent and Bovine Serum Albumin (BSA) as a standard. A minimum of 20ug

f protein for each single colony were handled separately and used to perform an efficient in-

olution digestion on each lysate. The proteins were denatured with 1 mM dithiothreitol (DTT) for

 hour at room temperature with gentle agitation and alkylated for 1 hour in the dark with 5.5 mM

odoacetamide (IAA). The diluted sample was then digested overnight with Trypsin (1:100 ratio) and

igestion quenched with Trifluoroacetic acid (TFA) (Sigma Aldrich, St Louis, USA). Peptide preparations

ere then desalted using C18 stage tips [9] and dried before resuspension in 0.1% formic acid (FA) and

% acetonitrile (ACN). 

ass spectrometry 

Liquid chromatography separation was done with an in-house-packed precolumn (100 μM ID × 20

m) connected to a 75 μM × 500 mm analytical column packed with C18 Luna beads (5 μm

iameter, 100 Å pore size; Phenomenex 04A-5452). The columns were connected to an Ultimate

500 RS nano UPLC system (Dionex). Two hundred nanograms of desalted peptides was loaded onto

he column with starting mobile phase of 2% ACN, 0.1% FA. Peptides were eluted with the following

radient of 10 min at 2% ACN, increase to 25% ACN for 115 min, to 35% ACN over 5 min, to 80% ACN

ver 5 min, followed by a column wash of 85% for 20 min. The flow rate was constant at 300 μL/min.

ypical back pressure values during separation were < 350 bar. Mass spectra were acquired with an Q

xactive Orbitrap mass spectrometer in a data-dependent manner, with automatic switching between

S and MS/MS scans using a top-10 method. MS spectra were acquired at a resolution of 70 0 0 0 with

 target value of 3 × 10 6 ions or a maximum integration time of 250 ms. The scan range was limited

rom 300 to 1750 m / z . Peptide fragmentation was performed via higher-energy collision dissociation

HCD) with the energy set at 28 NCE. Intensity threshold for ions selection was set at 1.3 × 10 4 with

harge exclusion of z = 1 and z > 5. The MS/MS spectra were acquired at a resolution of 17 500, with

 target value of 3 × 10 5 ions or a maximum integration time of 250 ms and the isolation window

as set at 2.0 m / z . 

ata processing, protein identification and data handling 

The raw files for the 6 single colonies were analysed using MaxQuant Suite version 1.6.10.43 and

he proteins were quantified using the LFQ intensities, MaxLFQ, in the MaxQuant protein groups

utput file. 

Statistical analysis was performed by uploading the protein groups output file in the Perseus

1.6.10.45) module. Protein identifications were filtered to only consider proteins that had been

dentified with at least 2 unique peptides. Reverse contaminants were also filtered out together

ith potential contaminants. Initial summary statistics were obtained to assess the quality of the

ata. To validate the efficient protein extraction from single colonies for whole proteome analysis,
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Fig. 1. Analysis of reproducibility between paired replicates. The multi scatter plot shows the log 2-transformed LFQ -values 

for protein groups identified in all six single colonies. The Pearson correlation coefficient is shown in each paired comparison 

and displayed in blue. 

Table 1 

Summary of number of proteins per single colony. 

Single colony (SC) Proteins per SC Unique proteins in each SC 

SC1 1667 (37%) 29 

SC2 1558 (35%) 11 

SC3 1635 (37%) 11 

SC4 1704 (39%) 42 

SC5 1424 (32%) 76 

SC6 1521 (35%) 177 

 

 

 

 

 

 

 

 

 

 

 

 

 

we performed the analysis on 6 biological replicates of E. coli single colonies. We plotted the log2-

transformed iBAQ values of all 6 biological replicates of single colonies against each other using

a multi scatter plot and calculated the Pearson correlation coefficient for each of the comparisons

( Fig. 1 ). The protein extraction procedure is highly reproducible for all six single colonies, with Pearson

correlation coefficient ranging between 0.934 – 0.983. 

We defined proteins as present if at least two or more peptides per protein group and a q-value

< 0.01. Using the method described here, we identified total of 1769 proteins across all six single

colonies and an overlap of 70% of proteins ( Fig. 3 ). In Table 1 we represent the number of proteins

identified in each single colony and we identified approximately 40% of the total proteome across

these six single colonies. The overlap of protein identifications is described in Fig. 2 and summarized

in Table 1 . 

Discussion 

In proteomics, sample preparation procedure is a key component of experimental design since it 

strongly influences the sensitivity, accuracy of reproducibility of the downstream biological analysis 

and interpretation [12] . Here we present a simple protein extraction procedure from single colony

forming units that can be used to characterize the proteomes of a wide variety of bacterial cells

and optimized for different kinds of biological samples with a limiting amount of total extracted

protein. In our proteomic analysis on individual isolated single colonies, we identified approximately 

40% of the theoretical E. coli proteome across the six single colonies. The method described here

thus provides a unique opportunity to explore the proteomes of minimally passaged isolates from 

primary culture plates and thereby potentially enables the direct identification of virulent and 
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Fig. 2. Stacked bar graph showing the total MS and MS/MS recorded per Raw file of each single colony (SC). Orange bars 

showing the total MS recorded per SC, and their corresponding MS/MS indicated by stacked green bars. For interpretation of 

the references to colour in this figure legend, the reader is referred to the web version of this article.) 

Fig. 3. Venn diagram of proteins across the six single colonies (SC1-6) demonstrating the overlap in number of protein between 

single colonies as well as the unique proteins identified in each single colony. 
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athogenic bacteria in clinical isolates. In this proteomics experiment we identified amongst others

ey proteins uniquely expressed in E. coli cells grown on solid media that are implicated in

warming motility, influencing the spreading of bacterial cells on a surface (Supplementary Table 1),

roviding a unique insight into the differential expression of key virulence proteins within biofilm-like

icroenvironments in single colonies. 

ata availability 

Mass spectrometry data have been deposited to the ProteomeXchange Consortium via the PRIDE

artner repository with the data set identifier PXD019140 

eclaration of Competing Interest 

The authors of this article declare they have no conflict of interest. 



6 S. Fortuin, J. Iradukunda and A.J. Nel et al. / MethodsX 8 (2021) 101277 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Acknowledgments 

We thank the NRF for financial support. This work was supported by a research grant from the

NRF [grant number 118561]. JMB thanks the NRF for a South African Research Chair grant. NCS

thanks the South African Medical Research Council for a Junior Research Fellowship. Computations 

were performed using facilities provided by the University of Cape Town’s ICTS High Performance 

Computing Team: http://hpc.uct.ac.za . NCS thanks the University of Sharjah for the supporting seed 

grant project ID: 2001110138 

Supplementary materials 

Supplementary material associated with this article can be found, in the online version, at doi:

10.1016/j.mex.2021.101277 . 

References 

[1] M.-J. Han, S.Y. Lee, The Escherichia coli proteome: past, present, and future prospects, Microbiol. Mol. Biol. Rev. MMBR 70
(2) (2006) 362–439, doi: 10.1128/MMBR.00036-05 . 

[2] A. Schmidt, et al., The quantitative and condition-dependent Escherichia coli proteome, Nat. Biotechnol. 34 (1) (2016) 104–
110, doi: 10.1038/nbt.3418 . 

[3] B. Soufi, K. Krug, A. Harst, B. Macek, Characterization of the E. coli proteome and its modifications during growth and
ethanol stress, Front. Microbiol. 6 (2015) 103, doi: 10.3389/fmicb.2015.00103 . 

[4] J.R. Wi ́sniewski, D. Rakus, Quantitative analysis of the Escherichia coli proteome, Data Brief 1 (2014) 7–11, doi: 10.1016/j.

dib.2014.08.004 . 
[5] P. Feng, P.I. Fields, B. Swaminathan, T.S. Whittam, Characterization of nonmotile variants of Escherichia coli O157 and other

serotypes by using an antiflagellin monoclonal antibody, J. Clin. Microbiol. 34 (11) (1996) 2856–2859. Accessed: Oct. 18,
2020. [Online]. Available: https://www.ncbi.nlm.nih.gov/pmc/articles/PMC229422/ . 

[6] D.J. Parker, P. Demetci, G.-W. Li, Rapid accumulation of motility-activating mutations in resting liquid culture of Escherichia
coli, J. Bacteriol. 201 (19) (2019), doi: 10.1128/JB.00259-19 . 

[7] J.B. Kalule, et al., Proteomic comparison of three clinical diarrhoeagenic drug-resistant Escherichia coli isolates grown on

CHROMagar TM STEC media, J. Proteomics 180 (2018) 25–35 30, doi: 10.1016/j.jprot.2017.09.003 . 
[8] V.K. Pettersen, K.A. Mosevoll, P.C. Lindemann, H.G. Wiker, Coordination of Metabolism and Virulence Factors Expression of

Extraintestinal Pathogenic Escherichia coli Purified from Blood Cultures of Patients with Sepsis, Mol. Cell. Proteomics MCP
15 (9) (2016) 2890–2907, doi: 10.1074/mcp.M116.060582 . 

[9] V.K. Pettersen, H. Steinsland, H.G. Wiker, Comparative proteomics of enterotoxigenic escherichia coli reveals differences
in surface protein production and similarities in metabolism, J. Proteome Res. 17 (1) (2018) 325–336 05, doi: 10.1021/acs.

jproteome.7b00593 . 
[10] S. Fortuin, A.J.M. Nel, J.M. Blackburn, N.C. Soares, Comparison between the proteome of Escherichia coli single colony and

during liquid culture, J. Proteomics 228 (2020) 103929, doi: 10.1016/j.jprot.2020.103929 . 

[11] L.S. Ramagli , Quantifying protein in 2-D PAGE solubilization buffers, Methods Mol. Biol. (Clifton, N.J.) 112 (1999) 99–103 . 
[12] S.C. Sapcariu, T. Kanashova, D. Weindl, J. Ghelfi, G. Dittmar, K. Hiller, Simultaneous extraction of proteins and metabolites

from cells in culture, MethodsX 1 (2014) 74–80, doi: 10.1016/j.mex.2014.07.002 . 

http://hpc.uct.ac.za
https://doi.org/10.1016/j.mex.2021.101277
https://doi.org/10.1128/MMBR.00036-05
https://doi.org/10.1038/nbt.3418
https://doi.org/10.3389/fmicb.2015.00103
https://doi.org/10.1016/j.dib.2014.08.004
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC229422/
https://doi.org/10.1128/JB.00259-19
https://doi.org/10.1016/j.jprot.2017.09.003
https://doi.org/10.1074/mcp.M116.060582
https://doi.org/10.1021/acs.jproteome.7b00593
https://doi.org/10.1016/j.jprot.2020.103929
http://refhub.elsevier.com/S2215-0161(21)00070-4/sbref0011
http://refhub.elsevier.com/S2215-0161(21)00070-4/sbref0011
https://doi.org/10.1016/j.mex.2014.07.002

	Liquid chromatography mass spectrometry-based proteomics of Escherichia coli single colony
	Introductory remarks
	Method details
	Bacterial culturing and harvest of E.coli
	Cell lysis and tryptic digestion
	Mass spectrometry
	Data processing, protein identification and data handling

	Discussion
	Data availability
	Declaration of Competing Interest
	Acknowledgments
	Supplementary materials
	References


