
Introduction

Mastitis is an important problem in dairy farms and
especially Escherichia coli mastitis is a major disease in
cows (1,2). In microbiological analysis associated with the
epidemiological investigation of outbreaks, it is often
necessary to obtain more detailed identification and
characterization of the organisms involved than can be
provided by conventional methods. To investigate
detailed characterization of a causative agent is also a
preliminary need to start some protection studies since
selection of an efficient vaccine strain(s) should begin
with determining of bacterial components eliciting

immune response which make them attractive as
potential antigens for vaccines (3,4). Methods for typing
microorganism can be divided into phenotypic or
genotypic protocols. Conventional methods used for
identification and characterization of bacterial strains
such as morphological, biochemical and physiological
tests, serotyping, phage typing, antibiogram analysis are
often based on phenotypic characteristics (5). These
methods can be lengthy procedures, are labor intensive,
rely on specific media and multiplication of the target
organism and do not use genetic information, which can
be used to discriminate almost closely related organisms
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Abstract: In this study, a total of 30 Escherichia coli isolates obtained from milk samples of dairy cows suffering from subclinical
mastitis in Konya, Turkey were typed according to plasmids and protein patterns. Agarose gel electrophoresis and sodium doedecyl
sulfate-polyacrylamide gel electrophoresis (SDS-PAGE) methods were used to identify plasmids and whole-cell protein profiles. Of
these two methods, SDS-PAGE typing proved to be more discriminate for typing the isolates.
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Konya Yöresindeki Mastitisli S›¤›rlardan Elde Edilen Escherichia coli
‹zolatlar›n›n Plazmit ve Protein Profilleri

Özet: Bu çal›flmada Konya yöresindeki subklinik mastitisli tan›s› konulan ineklerin sütlerinden izole edilen 30 Escherichia coli izolat›n›n
plazmit ve protein profillerine göre tiplendirilmesi amaçlanm›flt›r. Plazmit ve protein profillerinin saptanmas› amac›yla s›ras›yla agaroz
jel elektroforez ve sodyum dodesil sülfat poliakrilamit jel elektroforez (SDS-PAGE) metotlar› kullan›lm›flt›r. SDS-PAGE metodunun
izolatlar›n tiplendirilmesinde daha ay›rt edici oldu¤u belirlenmifltir. 

Anahtar Sözcükler: SDS-PAGE, plazmit, mastitis, E. coli, s›¤›r.
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(6). Most of these techniques are not sufficiently sensitive
to distinguish different strains and they are affected by
physiological factors. Alternative approaches such as,
plasmid analysis, and sodium doedecyl sulfate-
polyacrylamide gel electrophoresis (SDS-PAGE) have been
used for typing of bacterial strains with high
discriminatory potential and good reproducibility (6-8).
SDS-PAGE usually combined with dendrogram derived
from the numerical analysis of the whole-cell protein
patterns of the strains has been used extensively to study
the differences among bacterial genera, species and even
strains (9,10). Plasmid analysis has also proved a useful
method for differentiating isolates (11-13). The purpose
of this study was to investigate the protein patterns and
plasmid profiles for characterizing and differentiating E.
coli isolates from mastitic milk samples of cow.

Materials and Methods

Sample collection and bacteriological analysis: Eight
dairy farms were visited following clinical and CMT

examinations; 412 samples of milk had been collected
after teat ends had been disinfected and after the first
streams of milk had been discarded. Strains of E. coli
were isolated in pure culture and were identified as
described before (14). A study code number was given
for each isolate (Table 1). 

Plasmid DNA analysis

Plasmid DNA of the isolates was prepared according
to the method by Maniatis et al. (15). Plasmids were
electrophoresed for 4 hours at 100 V on a 0.8% agarose
gel in TAE buffer. The gel photographed on UV
illumination using Polaroid film Sigma 667. The
approximate molecular mass of the plasmids was
determined (kb) using Lambda-pUC mix Marker 4. 

Total protein analysis

The total protein samples were extracted as described
by Kishore et al. (16). Total protein analysis was carried
out by using sodium dodecyl sulfate-polyacrylamide gel
electrophoresis (SDS-PAGE) by the method described by
Laemmli (17). Each run included marker proteins of
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Table 1. Code, plasmid numbers and sizes of the E. coli isolates

Code numbers of the isolates with plasmid Plasmid number Plasmid profile (mDa) (~)

1 - -
2 3 >13, 13, 0.9
3 5 >13, 13, 5.1, 1.7, 0.7
4 3 >13, 13, 0.9
5 2 >13, 13
6 2 >13, 13,
7 2 >13, 13, 5.1, 1.7, 0.7
8 - -
9 4 >13, 13, 5.1, 1.7
10 3 >13, 13, 2.8
11 6 >13, 13, 5.1, 3.6, 2.8, 2
12 4 >13, 13, 2.1, 1.7
13 7 >13, >13, 13, 3.6, 2.8, 2.1, 1.7
14 7 >13, >13, 13, 3.6, 2.8, 2.1, 1.7
15 1 13
16 1 13
17 1 13
18 1 13
19 1 13
20 1 13
21 1 13
22 2 13, 1.5
23 2 13, 2.6
24 1 13
25 1 13
26 3 >13, 13, 3.6
27 4 >13, >13, 13, 3.6
28 1 13
29 2 13, 5.1
30 1 13



which molecular weights were known (Bio-Rad). The gels
were stained overnight with Coomassie Brilliant Blue G-
250 according to Bushuk et al. (18) and Demiralp et al.
(19).

Cluster analysis

Different fragments on the gel were numbered
sequentially and presence and absence of fragments in
each sample were scored (present 1, absent 0) and
compared with each other. Cluster analysis of whole cell
proteins was performed according to the genetic distance
method of Nei (20). 

Results

Plasmid profiles of the strains isolated from the 412
mastitic milk samples are detailed in Table 1. Plasmid
profiling demonstrated that 28 of 30 isolates contained
plasmid. 11 different molecular weights were identified.
Most of the isolates showed multiple plasmid bands with
sizes ranging from >13 to 0.9 mDa. The most common
plasmid of 13 mDa was detected almost in all strains
isolated. The isolates 1 and 8 were plasmid-free. The
plasmid profiles were examined by naked eye and
compared each other by POPGENE computer program.
Table 2 shows genetic distances based on plasmid profiles

of isolates. Cluster dendrogram produced by numerical
analysis of plasmid profiles is shown in Figure 1.
Dendrogram is divided into five clusters. First cluster
included only isolate number 11. The second cluster
included 27, 29, 23, 22, 26, 1, 8, 30, 28, 25, 24, 21,
20, 19, 18, 17, 15, and 16 isolates. The third cluster
included 10, 2, 4, 5 and 6. The fourth cluster included 9,
3 and 7. The last cluster included 12, 13 and 14. Genetic
similarity among isolates changed from 0% to 61%.

Figure 2 illustrates a typical SDS-PAGE gel in which
different protein patterns are shown for E. coli isolates.
SDS-PAGE of whole-cell protein extracts of E. coli strains
produced patterns containing 26 to 35 discrete bands
with molecular weights of 6500-200,000 Da. The whole-
cell protein patterns of the E. coli isolates are fairly
homogeneous with some variability primarily localized in
the low molecular weight region estimated molecular
weight, 116-45 kDa. In order to estimate relationship
among E. coli isolates, a similarity matrix using Nei’s
genetic distance (20) was constructed (Table 3).
Dendrogram produced by numerical analysis of
whole–cell protein profiles by POPGEN program is shown
in Figure 3. The E. coli isolates divided into six clusters
according to whole-cell protein patterns. The first group
contained isolates 9, 1, 6, 4, 5, 10, 12, and 13. The
second cluster included isolates numbered 27, 26, 28,
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Table 2. Genetic distances based on plasmid profiles of E. coli isolates (%).  Iso: isolate no

Iso 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30

1 **  
2 26 **
3 48 36 **
4 26 00 36 **
5 16 08 26 08 **
6 16 08 26 08 00 **
7 48 36 00 36 26 26 **
8 00 26 48 26 16 16 48 **
9 36 26 08 26 16 16 08 36 **
10 26 16 36 16 08 08 36 26 26 **
11 61 48 48 48 36 36 48 61 36 26 **
12 36 26 26 26 16 16 26 36 16 26 61 **
13 61 48 48 48 36 36 48 61 36 26 61 16 **
14 61 48 48 48 36 36 48 61 36 26 61 16 00 **
15 08 16 36 16 08 08 36 08 26 16 48 26 48 48 **
16 08 16 36 16 08 08 36 08 26 16 48 26 48 48 00 **
17 08 16 36 16 08 08 36 08 26 16 48 26 48 48 00 00 **
18 08 16 36 16 08 08 36 08 26 16 48 26 48 48 00 00 00 **
19 08 16 36 16 08 08 36 08 26 16 48 26 48 48 00 00 00 00 **
20 08 16 36 16 08 08 36 08 26 16 48 26 48 48 00 00 00 00 00 **
21 08 16 36 16 08 08 36 08 26 16 48 26 48 48 00 00 00 00 00 00 **
22 16 26 48 26 16 16 48 16 36 26 61 36 61 61 08 08 08 08 08 08 08 **
23 16 26 48 26 16 16 48 16 36 26 61 36 61 61 08 08 08 08 08 08 08 16 **
24 08 16 36 16 08 08 36 08 26 16 48 26 48 48 00 00 00 00 00 00 00 08 08 **
25 08 16 36 16 08 08 36 08 26 16 48 26 48 48 00 00 00 00 00 00 00 08 08 00 **
26 00 26 48 26 16 16 48 00 36 26 61 36 61 61 08 08 08 08 08 08 08 16 16 08 08 **
27 36 26 48 26 16 16 48 36 36 26 36 36 36 36 26 26 26 26 26 26 26 36 36 26 26 36 **
28 08 16 36 16 08 08 36 08 26 16 48 26 48 48 00 00 00 00 00 00 00 08 08 00 00 08 26 **
29 16 26 26 26 16 16 26 16 16 26 36 36 61 61 08 08 08 08 08 08 08 16 16 08 08 16 36 08 **
30 08 16 36 16 08 08 36 08 26 16 48 26 48 48 00 00 00 00 00 00 00 08 08 00 00 08 26 00 08 **



30, 11, 2, 8, 3, 7, 24, and 25. The third cluster included
isolates numbered 23 and 29. The fourth cluster included
isolates 16, 15 and 17. The fifth cluster included isolates
19, 20, 21, and 22. The last cluster contained isolates 14
and 18. Genetic similarity among isolates changed from
0% to 55%. 

Discussion

Although immunization has often been attempted in
efforts to control mastitis, the diversity of potential E.
coli has vaccine development difficulties (4). To overcome
this problem, use of one or likely several strains of E. coli
that are antigenically representative of the majority of the
causative strains in a herd or even in herds located in the
same geographical region is recommended. Decision on
representative strains can be made based on whole cell
proteins since such proteins of strain E. coli 0111:B4 has
already been shown (21) to elicit a high level of immune
response to the strain in question. The isolates could be
characterized by their plasmid profiles. However, plasmid
profiles do not reveal stable genetic differences of the
strains. In fact, plasmid profiles of the isolates are
generally a useful tool for obtaining knowledge about
resistance of the isolates to the antimicrobial substances
and transfer of a plasmid among closely related isolates
from different sources. Plasmid profile is one of several
useful methods for determining the relatedness or
unrelatedness of bacterial strains that contain plasmid
DNA. However some of the strains do not harbor any
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Figure 1. The dendrogram based on plasmid profiles of E. coli
isolates. 

Figure 2. SDS-PAGE protein profiles of E. coli isolates. M: molecular weight standards (kDa),
116 (β-galactosidase), 66 (bovine serum albumin), 45 (ovalbumin), 35 (lactate
dehydrogenase), 25 (restriction endonuclease Bsp981) 18 (β-lactoglobulin) 14
(lysozym). 



plasmid such as isolates 1 and 8. Calculation of genetic
distance based on plasmid profiles reveals that isolate 1 is
100% similar to the isolate 8. However, calculation based
on protein profiles reveals that in fact these two isolates
are 63% similar. Thus, it should be used in combination
with other epidemiological and molecular methods. 

It was hypothesized that mastitic cows are infected
with E. coli strains from their environment (feces or
straw) (22). In this study, strains that showed protein
similarities in some degree were collected from very
different farms. On the other hand, those isolated from
the same herd showed little similarities in terms of
protein patterns (data not shown). The diversity observed
in protein patterns supports the dogma that cows are
infected by strains from their environment and not
through cow to cow transmission of a single udder-
pathogenic strain.

All the results of this study clearly show high
discriminatory potential of the protein profile analysis in
typing the E. coli strains isolated from cow. The
differentiation of the isolates from each other by using
protein and plasmid profiles can provide a reliable
additional method to aid in the characterization of the
bacteria.
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Table 3. Genetic distance below diagonal based on whole cell protein analysis (%). Iso: isolate no.

Iso 30 29 28 27 26 25 24 23 22 21 20 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19

30 **
29 22 **
28 18 02 **
27 12 08 05 **
26 05 15 12 05 **
25 00 22 18 12 05 **
24 18 02 00 05 12 18 **
23 18 02 00 05 12 18 00 **
22 02 18 15 08 08 02 15 15 **
21 18 29 25 18 12 18 25 25 22 **
20 22 05 02 08 15 22 02 02 18 29 **
1 22 25 22 15 15 22 22 22 25 15 25 **
2 18 22 18 12 12 18 18 18 22 12 22 02 **
3 55 25 29 37 46 55 29 29 51 46 25 41 37 **
4 41 22 25 33 41 41 25 25 37 51 22 46 41 37 **
5 41 29 33 33 41 41 33 33 37 51 29 46 41 46 12 **
6 37 18 22 29 37 37 22 22 33 46 18 41 37 33 02 08 **
7 51 29 33 41 51 51 33 33 46 51 29 46 41 08 33 41 29 **
8 51 37 41 51 51 51 41 41 46 41 46 37 41 29 41 51 37 33 **
9 41 22 25 33 41 41 25 25 37 41 29 37 33 29 25 33 22 33 12 **
10 46 41 46 46 37 46 46 46 51 37 51 25 29 51 55 55 51 55 22 29 **
11 46 33 37 46 37 46 37 37 51 46 41 41 37 51 46 46 41 55 29 22 12 **
12 25 37 41 33 25 25 41 41 29 25 37 29 25 46 41 41 37 51 33 25 29 29 **
13 29 18 22 29 29 29 22 22 33 37 25 25 22 41 29 29 25 37 37 22 41 33 29 **
14 29 18 22 29 29 29 22 22 33 37 25 25 22 41 29 29 25 37 37 22 41 33 29 00 **
15 29 12 15 22 29 29 15 15 25 37 18 33 29 41 15 22 12 37 37 22 51 41 37 18 18 **
16 41 15 18 25 33 41 18 18 37 41 22 29 25 29 41 51 37 33 33 25 37 37 51 22 22 22 **
17 29 12 15 15 22 29 15 15 25 29 18 18 15 33 29 22 25 37 37 22 33 25 29 18 18 18 22 **
18 22 18 22 22 22 22 22 22 18 22 25 33 29 51 29 29 25 37 37 29 41 33 22 25 25 18 37 18 **
19 29 05 08 15 22 29 08 08 25 37 05 33 29 25 22 22 18 29 46 29 41 33 37 25 25 18 22 12 25 **
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Figure 3. The dendrogram based on whole cell protein profiles of E.
coli isolates.
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