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The Methods based on genomic and proteomic approaches are described as effective tools for the identification 
of microorganisms. The development of methodologies capable of differentiating, interspecifically, pathogenic, 
wild and genetically modified Escherichia coli strains is desirable for the fields of healthcare and Biotechnology.   
The purpose of this study was to verify the viability of ERIC-PCR and MALDI TOF methods in differentiating 
lineages of Escherichia strains. For this purpose, laboratory Escherichia coli ATCC8739, Escherichia coli 
W3110, Escherichia coli BL21DE3+, Escherichia coli JM109, Escherichia coli MC 1061 and Escherichia 
coli DH5α were subjected to ERIC-PCR and MALDI TOF mass spectrometry analyzes. Genomic (ERIC-PCR) 
and proteomic (MALDI-TOF) methods were able to discriminate between different lineages of Escherichia 
coli strains including lineages of Escherichia coli K-12. However, the MALDI TOF proteomic approach 
revealed being able to differentiate interspecifically lineages of Escherichia coli strains. The determination of 
the most frequent masses found in the studied Escherichia coli strains in addition to future experiments of 
peptide sequencing profile and SDS-PAGE can be used as a guideline for validating a method for proteomic 
identification of these strains.
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1. INTRODUCTION

Escherichia coli K-12, B, C and W lineages are the most frequently 
used hosts in Biotechnology research and development cloning 
experiments as well as in industrial production [1,3,4,16,28].

According to the United States Environmental Protection Agency 
(US EPA) [29], Escherichia coli K-12 is considered a weakened 
microorganism as a result of having been maintained in the laboratory 
environment for more than 70 years. It is a GMO (Genetically Modified 
Organism) that belongs to risk group I, presenting a low individual 
risk, low risk to the community and which does not cause diseases to 
men or animals [7].

Industrial fermentation using lineages of Escherichia coli K-12 results 
in a low number of microorganisms released from the fermentation 
plant. The K-12 lineage does not survive long periods in soil, water or 

air and does not present known environmental survival mechanisms, 
such as the ability to produce spores [16]).

Methodologies that allow tracking the presence of Escherichia coli 
K-12 host differentiating it from other lineages of Escherichia coli 
in waste generated from industrial biotechnological processes are 
mandatory in Brazil [1,9,12,22,28]. Methods based on the identification 
of Escherichia coli K-12 DNA are described in the literature [1,16,28]. 
However, a large number of commercially available Escherichia coli 
K-12 strains, with phenotypic and genotypic variations, may cause 
substantial problems as regards the correct identification of their 
origins. Erroneous interpretation of experimental data in studies with 
Escherichia coli K-12 may generate a fuss as regards biosafety due 
to its proximity to wild and pathogenic lineages of other Escherichia 
coli [4,16].

The available techniques which allow the analysis of the genetic 
diversity of Escherichia coli lineages include genomic fingerprinting 
using repetitive element sequence-based PCR, such as REP-PCR 
(Repetitive Element Palindromic-Polymerase Chain Reaction) 
and ERIC-PCR (Enterobacterial Repetitive Intergenic Consensus-
Polymerase Chain Reaction) [2,27,31].
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Matrix Assisted Laser Desorption Ionization – Time of Flight (MALDI 
TOF MS) mass spectrometry is a robust method capable of rapidly 
identifying microorganisms. The identification is based on the protein 
profile obtained by MALDI TOF MS which combines the microbial 
sequences obtained with those available in databases, such as a 
proteomic fingerprint. This method has been rapidly expanded and 
successfully applied in the field of identification of microbial clinical 
specimens in European countries and North America, in a fast, stable 
and cost-effective way [15,24]. The use of MALDI TOF for the 
identification of different strains of Escherichia coli is described in the 
literature [10,15,17,25,26,32]. Thus, the purpose of the present study 
was to verify the ability of ERIC-PCR and MALDI-TOF methods to 
discriminate between different lineages of Escherichia coli strains 
including lineages of Escherichia coli K-12.

2. MATERIALS AND METHODS

2.1. Bacterial Lineages 
The following lineages of Escherichia coli were used: Escherichia 
coli ATCC 8739, kindly provided by the Federal University of 
Minas Gerais, Brazil; Escherichia coli W3110, purchased from the 
Escherichia coli Stock Center of Yale University, USA; Escherichia 
coli DH5α, Escherichia coli BL21DE3+, Escherichia coli JM109, 
Escherichia coli MC 1061, kindly provided by the State University of 
Montes Claros, Brazil. Pure cultures of the microorganisms used were 
preserved in 20% glycerol and stored at −80°C. Culture reactivation 
was done on Tryptone Soy Agar (TSA, BD-Difco™, USA) medium 
prepared according to the manufacturer’s instructions.

2.2. Extraction of Genomic DNA 
Colonies of the different Escherichia coli strains grown on Tryptone 
Soy Agar medium were transferred directly into microtubes and DNA 
extraction was performed with PrepMan™ Ultra Sample Preparation 
Reagent KIT (Thermo Fisher Scientific) according to manufactory 
instruction. The nucleic acids were quantified in NanoDrop and 50 ng 
of bacterial DNA was used for the ERIC-PCR reaction. 

2.3. ERIC-PCR Assay and Statistical Analysis
Characterization of the genetic profile of Escherichia coli strains was 
performed using genomic DNA polymorphism analysis. Preserved 
ERIC-1 5’TGTAAGCTCCTGGGGATTAAC3’ and ERIC-2 
5’AAGTAAGTGACTGGGGTGAGCG3‘ primers were used in 
PCR reaction for sequences of enterobacterial repetitive intergenic 
consensus described in the literature [11]. The reactions were carried 
out in a mix containing 2x Go taq Green Master Mix® (Promega, 
Corporation, USA), MgCl2 (2.5 mM), 10 μM of each primer and 50 ng 
of bacterial DNA in a final reaction volume of 50 μl. The amplification 
conditions were those described by Duan et al. (2009) [11]. The 
amplicons were visualized in 1.5% agarose gel stained with ethidium 
bromide and photo documented. The analysis of the amplification 
profiles was performed visually by two observers and transformed into 
binary data in a matrix, according to the presence (1) or absence (0) of 
bands. In order to evaluate the genetic relationship among Escherichia 
coli strains, the matrix was subjected to multivariate statistical analysis 
“Cluster Analysis” through the complete linkage method to calculate 
the Euclidean distance and generate a dendrogram using statistical 
software Minitab v. 1.6. 

2.4. Bacteria Preparation for MALDI TOF Mass 
Spectrometry Analysis 
For mass spectrometry analyzes using the MALDI TOF methodology, 

fresh bacterial colonies grown in Tryptone Soy Agar were used. 
Approximately 5 to 10 mg of cellular material was transferred from 
the plate with the presence of culture medium into a 1.5 ml extraction 
tube (Eppendorf) using a sterile inoculation loop. Cells were washed 
with 300 μl of deionized water (Sigma-Aldrich), 900 μl and ≥ 99.8% 
ethanol (Sigma-Aldrich) and centrifuged at 12000 rpm for 2 minutes. 
Subsequently, in order to extract ribosomal proteins, 50 μl of 70% 
formic acid (Sigma-Aldrich) and 50 μl of 50% acetonitrile (Sigma-
Aldrich) were added to the decanted material. The decanted material 
was resuspended and centrifuged at 12000 rpm for 2 minutes. The 
supernatant was used for mass spectrometry analyzes. The organic 
solvent was prepared using 475 μl of deionized water, 25 μl of 99% 
trifluoroacetic acid (Sigma-Aldrich) and 500 μl of 50% acetonitrile 
(Sigma-Aldrich). The organic solvent was used for the preparation of 
a saturated solution of α-cyano-4-hydroxycinnamic acid (HCCA) with 
a concentration of 10 mg of HCCA/ml of organic solvent. For each 
biological material 1 μl of the bacterial cell, the lysate was deposited 
at a sample point of a MALDI plate (MSP 96 target, polished steel, 
Bruker Daltonics GmbH) and allowed to dry. Finally, 1 μl of the 
HCCA (α-cyano-4-hydroxycinnamic acid) matrix was deposited in the 
previously dried sample and allowed to dry at room temperature.

2.5. MALDI TOF Mass Spectrometry Analysis
The mass spectrum profiles were acquired using Microflex LT 
MALDI-TOF mass spectrometer (Bruker Daltonics GmbH) equipped 
with an N2 laser operating at a wavelength of 337 nm and frequency 
of 60 HZ. The positively charged intact proteins and peptides were 
electrostatically accelerated (at about 20 kV) in a 96-cm time-of-flight 
analyzer. The ions were measured in a positive linear model with 
instrument parameters optimized for the range of 2000 to 20,000 m/z. 

Each measurement series was preceded by calibration and optimization 
of instrument parameters with Bacterial Test Standard (BTS) using 
FlexControl 3.4 software (Bruker Daltonics GmbH). This pattern is 
essentially a preparation of E. coli DH5α plus RNase (13.6 KDa) and 
Myoglobin (16.9 KDa) being these proteins in the upper mass range, 
which allows for calibration over a working range of 2 to 20 KDa. 
Maximum tolerable errors “Max. Std. Deviation (ppm)” were less than 
or equal to the 300-ppm required for the equipment to allow initiation 
of sample analysis. 

Samples were acquired using FlexControl 3.4 software (Bruker 
Daltonics GmbH) and controlled and monitored in real time by 
MALDI Biotyper Realtime Classification software, MBT-RTC 4.0 
(Bruker Daltonics GmbH). The resulting mass spectrum was then 
processed and the peak pattern compared to reference standards of the 
MALDI Biotyper 4.0 library (Bruker Daltonics GmbH). The result 
was then released through probability and identification.

The acquired spectra (controlled by MALDI Biotyper Realtime 
Classification software, MBT-RTC 4.0) were transformed into a peak 
list by means of a biostatistical algorithm. The obtained peak list was 
compared to the reference peak list of organisms in the reference library 
and a score value between 0 and 3.0 was generated. The algorithm 
considers three parameters for generating the score: a) frequency at 
which the peaks appear in library creation; b) relative intensity of 
peaks in the spectrum compared to the relative intensity of the library 
peaks and c) presence and absence of peaks in a range and error (<250 
ppm, weight 1; >250 ppm and <600 ppm, weight 0.5) compared to 
peaks of the library. Scoring values ≥2.0 can be considered as high 
probability of species, values between 1.7 and 1.99 can be considered 
as high probability of gender and values <1.7, can be considered as 
unreliable identification.
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For the visual comparison of the spectra, MALDI Biotyper 4.0 
software was used (Offline Classification) and spectra that establish a 
relation of m/z (x-axis) versus intensity (y-axis) were generated. The 
assessment was based on the individual peaks in the set of spectra 
for the most prevalent peaks. The dendrogram was generated using 
Minitab 7.1 integrated with MALDI Biotyper 4.0 software. The 
“Euclidean Distance Measurement”, based on which the proximity 
relationship among organisms is reflected by an arbitrary distance 
level, was included in the parameter settings.

3. RESULTS AND DISCUSSION

Hybridization experiments with specifically targeted gene sequences 
to safely differentiate lineages of Escherichia coli strains, including 
Escherichia coli K-12, as well as sequencing of this genome, are 
described in the literature [1,4,5,16,28]. Published studies demonstrate 
results on the genetic identification of Escherichia coli K-12 in an 
industrial wastewater treatment effluent pond [28] and in industrial 
biotechnological process samples [1] based on Multiplex-PCR 
according to protocol described by Kuhnert et al. (1995) [16]. With 
the increasing advancement in contemporary methodologies based on 
a genomic and proteomic approach to identify microorganisms, it is 
possible to find competitive alternatives to determine the origin and 
differentiate the lineages of Escherichia coli strains. The Biotechnology 
industry where the study was carried out uses Escherichia coli W3110 
lineage to produce a recombinant protein in accordance with all legal 
biosafety requirements. The development of advanced and competitive 
methodologies that differentiate Escherichia coli W3110 strain from 
wild and or pathogenic Escherichia coli is desirable in the concerned 
industry. Aiming at the elaboration of an alternative protocol for 
identification of Escherichia coli W3110, differentiating it from 
wild lineages, a total of 06 Escherichia coli strains were used in the 
genomic (ERIC-PCR) and proteomic (MALDI-TOF) analyzes of the 
present study. Among them, 04 Escherichia coli K-12 (DH5α, JM109, 
MC1061, W3110), 01 Escherichia coli strain derived from B cell 
(BL21DE3+) and 01 non-K-12 strain (Esherichia coli ATCC8730).

As a genomic strategy to differentiate the lineages of Escherichia coli 
strains, polymorphism analysis based on the ERIC repetitive element 
was performed using the ERIC-PCR technique resulting nine fragments 
of different sizes (Figure 1A). For fragment analysis, fragments in the 
range of 300 to 2000 base pairs were considered. The binary matrix 
created upon visual observation of the presence or absence of the 
fragments obtained after conduction of Cluster analysis/calculation of 
the Euclidean distance generated a dendrogram, in which the absence 
of genetic diversity among the strains is observed. The six Escherichia 
coli strains were divided into 2 different groups (I and II) without 
similarity among them (5.5 Euclidean distance value). In addition, 
according to the degree of similarity, it was possible to determine 04 
different subgroups (IA and IB; IIA and IIB), revealing a different 
profile among the six Escherichia coli strains (Figure 1B). It was found 
profiles with 1.00 Euclidean distance value between Escherichia coli 
DH5α (IB1) and Escherichia coli JM109 (IB2) that belong to Group 
I. Escherichia coli W3110 (IA) shows 2,45 Euclidean distance value 
with Escherichia coli DH5α (IB1) and Escherichia coli JM109 (IB2) 
(Figure 1B). As these three Escherichia coli strain are considered as 
K12 E. coli lineage the ERIC PCR dendrogram results make sense. 
Escherichia coli MC1061 (genotype IIA), Escherichia coli BL21DE3 
(genotype IIB1) and Escherichia coli ATCC 8739 were classified in 
Group II. The Euclidean distance obtained between groups IIA and 
IIB was close to 3.0. Although belonging to Group II, Escherichia 
coli ATCC 8739 (genotype IIB2) strain showed a significant genetic 

distance from the K-12 strains of such group (genotypes, IA, IB1, 
IIB1, and IIB2) (Figure 1B).
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Figure 1: Results of the analysis of the relationship among different strains 
of Escherichia coli by the ERIC-PCR technique. Panel A- Agarose gel for 
determination of the genetic profile of Escherichia coli strains. M: DNA 

Molecular mass marker 100 base pairs (Ludwig). Lines 1 to 6: Escherichia 
coli W3110, Escherichia coli DH5α, Escherichia coli JM109, Escherichia coli 
MC1061, Escherichia coli BL21DE3 and Escherichia coli ATCC 8739. Panel 
B- Dendogram of the genetic relationship of different Escherichia coli strains. 
The Y axis shows the Euclidean distance and the in the X axis the following 

Escherichia coli strains are demonstrated according to the order already 
described in panel A of this figure.

Table 1: Comparison of genetic profiles of Escherichia coli strains according 
to dendrograms generated by ERIC-PCR and MALDI TOF analyzes.

Strains
Genetic Profile 

ERIC-PCR
Genetic Profile 
MALDI TOF

Group Genotype Group Genotype

Escherichia coli W3110 I IA II IIB

Escherichia coli DH5α I IB1 I IA1

Escherichia coli JM109 I IB2 I IA2

Escherichia coli MC1061 II IIA II IIA2

Escherichia coli BL21DE3 II IIB1 II IIA1

Escherichia coli ATCC 8739 II IIB2 I IB

Genetic diversity analysis by repetitive methods, including ERIC-PCR 
for Escherichia coli strains has been described in the literature [31]. 
The enterobacterial repetitive intergenic consensus (ERIC) region 
consists of a 127 bp imperfect palindromic sequence that occurs in 
the genome of enteric bacteria. Thirty copies of the ERIC sequence 
were found in the genome of Escherichia coli K-12 MG1655 in 29 
different intergenic regions. This strain originated from a strain of 
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Escherichia coli K-12 W3110 [31]. Versalovic et al. (1991) used the 
ERIC-PCR technique for genomic fingerprint analysis in different 
strains of Escherichia coli, including Escherichia coli W3110 [30]. 
The results revealed the difficulty of the technique in making fine 
interspecifically distinctions between Escherichia coli W3110 and 
Escherichia coli HBI1 strains. However, ERIC-PCR was able to reveal 
profile differences between pathogenic isolates of Escherichia coli and 
Shigella species.

Table 2: Observed masses generated from the peaks obtained by MALDI 
TOF analysis for Escherichia coli strains derived from K-12, Escherichia coli 
derived from B cells and Escherichia coli ATCC8739. 

E. coli K-12 derivatives E. coli B derivatives E. coli
ATCC 8739W3110 DH5α JM109 BL21DE3 MC1061

- - - - - 2242.711

2546.055 2546.550 2546.749 - 2546.953 2547.256

- - - 2689.855 - -

- - - - - 2833.759

- 3127.030 3157.527 3158.099 3127.363 3126.777

3265.121 * - - - - -

- - 3579.228 - - 3579.434

3636.733 * 3637.359 - 3638.024 3637.497 -

- - 3935.292 - - -

4183.530* - - - - -

4364.258 - - 4365.999 4365.902 4365.626

- 4532.628 4532.348 - - -

- - - 4778.802 4778.267 4777.309

- 4870.258 4870.716 - - -

5096.818 - - 5098.520 5097.754 5097.536

- 5382.560 5382.394 - 5382.936 -

5611.831* - - 5613.866 - -

5753.816 5753.613 5754.757 5754.208 5753.142

6255.449 6256.489 6256598 6257.523 6256.857 6256.309

6279.471 - - - - -

6532.652 - - - - 6508.950

- - - - - 7159.212

7274.566* 7275.277 7275.160 7276.238 7275.563 -

- - - 7709.051 - -

7869.664 - 7871.913 - 7872.231 7871.367

- 8325.999 8326.321 8327.537 8326.837 -

- - - - - 8432.886

8778.892 * - - - - -

- - - 8878.358 - -

8993.530* - - 8994.958 - -

- 9064.322 9064.392 - - 9064.145

- - - - 9226.993 -

- - 9450.709 - - 9450.192

9535.840* - - 9555.493 9554.379 -

- 9739.490 9739.778 - - 9739.229

10298.885* - - 10300.680 - -

- 10463.777 10463.809 - 10464.257 10463.084

- 11223.141 - 11224.590 11223.214 11752.379

*Specific masses for Escherichia coli strain W3110 when compared to 
Escherichia coli strain ATCC 8739 (non-K12).

In our work, it was possible to consider the polymorphism analysis by 
ERIC-PCR, a tool capable of discriminating Escherichia coli ATCC 
8739 from those E. coli k-12 strains here tested. However, ERIC-PCR 
has being reported in the literature with a low reproducibility method 
for Escherichia coli fingerprint [21,31].

MALDI TOF mass spectrometry analysis was performed as a 
proteomic strategy to differentiate the lineages of Escherichia coli 
strains. All six strains were confirmed at species level as Escherichia 
coli with a score higher than 2.0, corresponding to the parental 
reference Escherichia coli DH5α contained in the equipment database. 
For the analyzed strains, the range of mass peaks obtained was of 
approximately between 2,000 and 11,000 m/z, of which intraspecific 
similarities and distinctions are observed in Table 2 and Figure 2. The 
results obtained for the strains analyzed were similar to those already 
described for Escherichia coli strains [10,14,15,17,18,19,20,26,32]. 
The mass spectra obtained may be detectable under certain conditions 
and may be used as markers for the identification of Escherichia coli. 
The most frequently found peak values for the strains in the mass 
spectra corresponded to approximately 5753 (100%), 6256 (100%), 
8326 (83.3%), 7275 (83.3%), 10463 (66.6%) and 4365 m/z (50%). 
However, the measurement of the Euclidean distance generated by 
Minitab software in the MALDI TOF analysis revealed the level 
of genetic proximity among the Escherichia coli strains that were 
classified into 02 different groups (I and II) with a value greater 
than 5.5 Euclidean distance and 06 different genotypes (Table 
1, Fig. 3). Escherichia coli DH5α, Escherichia coli JM109 and 
Escherichia coli ATCC 8739 strains were classified in Group I. The 
Euclidean distance obtained between groups IA and IB was close 
to 4.5. Escherichia coli DH5α (genotype IA1) and Escherichia coli 
JM109 (genotype IA2) strains presented lower genetic distance when 
compared to all other analyzed strains, obtaining a Euclidean distance 
lower than 1.5 (Fig. 3). Although belonging to Group I, Escherichia 
coli ATCC 8739 (genotype IB) strain showed a significant genetic 
distance from the K-12 strains of such group (genotypes, IA1 and 
IA2). Escherichia coli BL21DE3 strains (derived from B cell) 
and Escherichia coli MC1061 with IIA1 and IIA2 genotypes, 
respectively, demonstrated a Euclidean distance lower than 2.0. Data 
from the literature demonstrate that MC1061 strain, despite being a 
K-12, has characteristics of Escherichia coli derived from B cells 
in its genome [8]. Although the Escherichia coli strain W3110 was 
considered as belonging to group B, it was distanced from those 
related to group A of which Euclidean distance corresponded to 4.0. 
Considering only the Escherichia coli W3110 and Escherichia coli 
ATCC 8739 strains as K-12 and non-K-12 lineages, respectively, 
it was possible to verify the great genetic distance between them 
(greater than 5.5) (Fig. 3). Since the obtained results were promising 
for differentiation between Escherichia coli W3110 from another 
non-K-12 we explored the generated data with MALDI TOF 
analysis searching for masses suitable for proteins that are candidate 
markers for Escherichia coli W3110 lineage. It was observed in 
Table 2, which demonstrates the specific peaks of Escherichia coli 
W3110 that are absent in Escherichia coli ATCC 8739 (3265, 3636, 
4183, 5611, 8778, 8993, 9535 and 10298) strain. Ilina et al. (2009) 
described the most reproducible peaks corresponding to masses of 
Escherichia coli DH5α ribosomal proteins obtained by MALDI TOF 
mass spectrometry [14]. In Table 3, we can observe the comparison 
among the peaks corresponding to the masses of total proteins 
obtained in the 06 strains studied in this work with the masses of 
ribosomal proteins of Escherichia coli DH5α lineage described by 
Ilina et al. (2009) [14]. When comparing Escherichia coli W3110 
and Escherichia coli ATCC 8739 lineages, it is possible to verify 
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the presence of strains corresponding to ribosomal protein markers 
absent in the non-K-12 strain (RL 27, RS20 and RS19) (Table 3). 
However, sequencing of such proteins, as well as the molecular 
mass analysis by Sodium Dodecyl Sulfate-Polyacrylamide gel 
electrophoresis (SDS-PAGE), would provide significant information 
to consider them as markers for Escherichia coli W3110 strains 
as described in the literature [6,13]. When comparing the mass 
profile of the proteins of Escherichia coli strain DH5α obtained 
with those generated for Escherichia coli DH5α according to Ilina 
et al. (2009) low similarity was observed (Table 3) [14]. However, 
the authors used fractionation of protein extracts and analyzed only 
the ribosomal proteins separated from the remaining total proteins. 

Differently, the protein extracts of Escherichia coli strains used in 
the MALDI TOF analysis of the developed study were composed 
of total proteins. Muroi et al. (2012) explored the possibility of the 
differentiation between wild Escherichia coli strains from those 
resistant to ampicillin by MALDI TOF mass spectrometry [23]. Only 
in the ampicillin-resistant strains, a peak of 29,000 m/z was detected 
of which SDS-PAGE analysis and peptide sequencing revealed to 
be the β-lactamase enzyme. The work suggests possibilities of using 
a proteomic approach by MALDI TOF to identify Escherichia coli 
strains carrying plasmids of which selection is based on resistance to 
the ampicillin encoded by the β-lactamase gene.

A

B

C

D

E

F

Figure 2: Mass spectra obtained by MALDI-TOF analysis with total cellular protein extracts from different Escherichia coli lineages. The mass spectra were obtained 
within the range of 2000 to 20,000 m/z. The relative intensity of the ions is indicated on the Y axis and the profile of the obtained masses on the X axis. Panels A to F: 
Mass spectra generated from Escherichia coli BL21DE3+, Escherichia coli DH5α, Escherichia coli ATCC 8739, Escherichia coli JM109, Escherichia coli MC1061 

and Escherichia coli W3110 strains, respectively.

4. CONCLUSION

The genomic and proteomic methods ERIC-PCR and MALDI-TOF, 
respectively, were used as tools to discriminate lineages of Escherichia 
coli strains. The results revealed the potential of the MALDI TOF 
method to differentiate interspecies as well as the possibility of 
distinguishing K-12 lineages. However, the ERIC-PCR method was 
able only to discriminate against E. coli ATCC from E. coli K-12 
lineages here tested. Experiments based on peptide sequencing and 
SDS-PAGE could be performed as future prospects aiming to confirm 
masses generated in the spectra obtained for Escherichia coli strains in 
MALDI TOF analysis. Protein identification and characterization may 

confirm potential biomarkers for Escherichia coli K-12 strains to be 
validated as standards in mass spectrometer databases.
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Table 3: Analysis of the presence or absence of the most reproducible peaks corresponding to masses of Escherichia coli K-12 DH5α ribosomal proteins described in 
the literature compared to the Escherichia coli strain peaks of this study.

Mass and description* of E. coli K-12 
DH5α standard protein 

E. coli K-12 derivatives
 M (m/z)

B cell derivative
M (m/z)

E. coli
M (m/z)

Description Mass W3110 DH5α JM101 MC1061 BL21DE3 ATCC8739

RL36 4364 - - - + + +

RS22 5096 + - - + + +

RS34 5380 - + + - - -

RL33 6254 + + + + + +

RL32 6315 - - - - - -

RL30 6411 - - - - - -

RL35 7158 - - - - - +

RL29 7273 + + + + + -

RL31 7871 + - + + - +

RS51 8369 - - - - - -

RL28 8875 - - - - + -

RL27 8993 + - - - + -

RS20 9553 + - - + + -

RS19 10299 + - ´- - + -

*Description according to protein included in SwissProt/TrEMBL database.
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Figure 3: Dendrogram of the genetic relationship of different Escherichia 
coli strains generated through MADI TOF analysis. The Y axis shows the 

Euclidean distance and the in the X axis the following Escherichia coli strains 
are demonstrated: 1- Escherichia coli W3110, 2- Escherichia coli DH5α, 

3- Escherichia coli JM109, 4- Escherichia coli MC1061, 5- Escherichia coli 
BL21DE3 and 6- Escherichia coli ATCC 8739.
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