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Abstract

The raw milk can support a wide variety of microbiota, due to its high nutritional content.
These microorganisms become from a variety of sources and in farm animals and can cause serious
damage by infecting the mammary glands and causing mastitis. The mastitic milk is an important
source of disease among the consumers. In this paper, we present a study case of pathogenic bacteria
identification by DNA based methods from raw milk samples that were collected from farm cows with
severe recurrent mastitis. Previously it was diagnosticated that multidrug resistant bacteria E. coli
strains are causing those infections. The laboratory procedure consisted of isolation of DNA from raw
cow milk samples, followed by PCR based bacterial identification and DNA sequencing. Data
collected from sequencing experiment were aligned against reference sequences from bacterial strains.
In our study it was found that Pseudomonas aeruginosa, is present in the mastitic milk samples.

Keywords: pathogenic bacteria, mastitis, DNA based methods, Pseudomonas spp.

Introduction

The pathogenic bacteria which populate cattle farms represent a danger because of
their ability to disseminate and contaminate the environment. Fighting these bacteria is done
by using multiple and unselective antibiotic treatment but most of the time, they are used as a
prophylactic treatment which is one of the reasons why antibiotic-resistant bacteria are now a
real scourge of our days.

Modern principles and practices in intensive farming systems (Borozan et al., 2013)
often include usage of different additives in feedstuffs for the food-producing animals.
Therefore, we are facing now increased bacterial virulence and, consequently, a high rate of
treatment failures and large economic losses ( Olarinmoye et al., 2013).

The presence of pathogenic bacteria in milk is the most important economic problem
of dairy products industry (Hogeveen et al., 2005). Although the disease caused by these
bacteria is generally called mastitis, it can be induced by several infectious agents, so far more
than 150 species and bacterial subspecies in cattle are known, hence only 10 groups are
identified in 95% of cases ( Shome et al., 2011). These groups have been identified after a
conventional classification that begins to be abandoned with the application of modern
molecular epidemiological tools that have counteracted the old classification. Data have
shown that within the same species some isolates can be classified as contagious and others as
environmental, some as highly pathogenic and others less pathogenic, some cause severe
clinical mastitis, others mild subclinical mastitis (Zadoks et al., 2011).

The diagnosis of clinical mastitis consists in the summary examination of milk, and is
based on observing some changes in its normal appearance as well as by the presence of pus
or blood clots.

About 40% of mastitis cases are known to develop into subclinical and chronic
mastitis after antibiotic treatment has failed and the large part of recurrent infections are often
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caused by biofilm formation of bacteria such as Pseudomonas spp. (Hillerton and Kliem,
2002). The formed biofilm will survive the action of antibiotics and will, most often, result in
recurrent infection.

In the case of the diagnosis of subclinical infection some issues may appear, because
the milk has a normal appearance, but an increased number of somatic cells. Diagnosis of
subclinical mastitis can be done in a variety of ways, including direct measurement of somatic
cell level (SCC) or indirectly by conducting a California Mastitis Test (CMT), an electrical
conductivity test or detecting enzymes present in tissue lesions such as LDH and NAG
(Tatay-Dualde J. 2015).

Those tests will usually identify the presence of mastitis pathogens, but will not
provide a measure of the degree of inflammation associated with the infection. Individual cow
SCCs will provide a determination of the level of infection in the herd of animals; therefore,
for an accurate diagnosis those techniques must be combined with a microbiological culture.
Only in this way, an inventory of the pathogenic effects of mastitis, an image of their
distribution and an indication of the importance of the pathogen can be achieved.

But an ideal diagnostic test must be sensitive, specific, rapid, repeatable and economical. In
most laboratories the classical method, which involves isolation and cultivation, is considered
The Gold Standard for the diagnosis of mastitis.

However, this gold standard tends to be replaced by the modern molecular biological
tools but still this is remaining in the debate because both of the methods have their strengths
and weaknesses (Amr El-Sayed et al., 2017).

Lately, different DNA-based identification tests have become available with the
characterization of pathogens at different phylogenetic levels depending on the purpose of the
test. However, it should be noted that DNA-based screening can detect non-viable and / or
inactive pathogens as opposed to tests that target less stable mRNA and therefore can detect
only viable pathogens (Boor et al., 2004). .

On the other hand, it is also possible to detect genes that code for possible antibiotic
resistance, which may become even more accurate when using RNA-based gene expression
studies (Mahmmod et al., 2015). In the last decades, several methods for tracking bacterial
sources have been developed for deciphering the relationships between bacterial strains from
different sources by comparing DNA fingerprinting data (Dundas et al., 2001; Brocchi et al.,
2006).

In this study, the PCR sequencing method was used to amplify a bacterial specific
DNA region that is to be sequenced. This procedure is followed by in silico analysis of the
DNA sequence which has as result the identification of the bacteria that were initially present
in the biological sample. Also here is described a protocol of isolating the DNA from the raw
milk sample for DNA based screening by skipping the conventional microbiological culture.

Materials and methods

The biological material was represented by four samples of raw cow milk from
different farms located in Arad county and they were noted with letter from A to D, from
animals with a history of recurrent mastitis and resistance to drug treatment. In the case of the
four animals the mastitis caused by the pathogen E. coli was communicated by the owner.

DNA extraction and purification

A preparatory stage of the samples was necessary and for that, 30 mL of each milk
samples were centrifuged during 20 minutes at 14.000 rpm. Then, after the discarding of the
supernatant the sediment was rinced in 300 mL Phosphate Buffered Saline (PBS) solution and
centrifuged with the same centrifugation parameters. This step was repeated 3 times in the
goal to finally obtain pure bacterial cells in the sample that represented the biological matrix
for DNA isolation.
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The extraction of the DNA from the five raw cow milk samples were performed with
the innuPREP DNA Mini Kit (Analytik Jena, Germany), according with the manufacturer
instructions.

DNA quantification and quality assessment.

The measurements of the quality and quantity of the extracted and purified DNA
were realized by spectrophotometry UV-Visible with the Nanodrop 8.000 spectrophotometer.

PCR and Electrophoresis

The PCR reactions of the bacterial DNA were performed with the Surecycler Agilent
Technologies Thermocouple and the primers used were selected from the literature (James et
al., 2010 ; Woo et al., 2010) and synthesized by Eurogentec in Belgium:

- 27F: 5 AGAGTTTGATCCTGGCTCAG 3’
- Ul1492R: 5 GGTTACCTTGTTACGACTT 3’

The amplification mixture was prepared for a final volume of 50 puL with 25 pL of
enzymes solution from the PCR Kit KapaRobust Hot Start 2X (KapaBiosystems, USA), 2 uL
of each primers (20 umol), 2 uL. of DNA samples and 21 pL of ultrapure water. The PCR
program used was as follow: 3 minutes at 95°C for the initial denaturation, 20 seconds at
95°C for the denaturation, 20 seconds at 55-60°C for the primers hybridisationtion, 60
seconds at 72°C for the elongation and 3 minutes at 72°C for the final elongation (Dos Santos,
2019).

The electrophoresis was carried out by the migration during 40 minutes at 100 V of
25 pL of each DNA PCR samples on an agarose gel at 1,8% in TAE buffer and then the
observation of the migration was done under UV light with the transilluminator UVP GelDoc-
It Imaging System (UVP, England).

Purification of PCR amplicons fragments from agarose gel

The extraction from the agarose gel was realized with the Monarch DNA Gel
Extraction Kit (New England BioLabs), and prepared for the sequencing protocol (Bozac et
al., 2016).

DNA sequencing

The PCR fragments extracted from the agarose gel were sequenced at the Macrogen
Laboratory in Amsterdam, Netherlands. The DNA sequences obtained were compared by
BLAST to all the bacteria strains sequences in the international database GenBank, NCBI,
USA.

Results and discussions

As previously stated by A. El-Sayed et al., 2015 the preliminary and very important
step in a DNA based method of mastitis diagnosis is represented by the DNA extraction
procedure. It is in this step were the entire quality and accuracy of the test is somehow
assured. This is why new methods, kits, lysis buffers and pre-enzymatic treatments of the
milk sample are always developed (Dibbern, 2015; Pokorska, 2016). Most of these methods
are implying increased analysis costs for independent laboratories because of their specificity
for milk samples. Considering this, one of our objective was to adapt and develop a new
sample preparation protocol that has enable us to start the analysis from a small amount of
raw sample (either fresh, refrigerated or frozen) and also obtaining the most of genetical
material without using the time consuming conventional bacterial culture. This sample
preparation protocol is described in the Material and Methods section and is, compared with
the bibliographic data, most economic and time consuming efficient. The DNA extraction
protocol that is to be followed can be adapted to any user preferred method, since the
biological matrix is represented by cleaned milk somatic cells. In order to sustain our
statement recordings of DNA quality and quantity were performed and overall our results are
slightly better than those that were available in the literature (Pokorska, 2016).
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The DNA quality and quantity after the extraction and after the purification of the
bacterial DNA were measured by UV-VIS spectrophotometry (Table 1). For the extraction
results of the ratio A260/A280, the values were all under 1,8 meaning that the sample were
not entirely pure however, this is to be expected when the biological matrices have a high
proteins and carbohydrates content. This is why it is recommended, in order to assure the best
PCR results, to add an additional purification step to the isolating protocol. As it is shown in
Tablel, the values of the purification results of the ratio A260/A280 were all around 1,8
meaning that the samples were pure and by extension most pure than before the purification
process.

Table. 1. Results for DNA quality and quantity by UV-VIS spectrophotometry

Extraction results Purification results

Sample Concentration A260/A280 A260/A230  Concentration A260/A280 A260/A230
(ng/uL) (ng/uL)

A 36,78 1,28 0,67 74,30 1,65 1,73

B 42,04 1,12 0,62 89,40 1,58 1,82

C 48,56 1,09 0,74 96,03 1,71 1,65

D 38,90 1,10 0,91 78,20 1,64 1,85

Note: A — Absorbance; A260/A280 and A260/A230 — Absorbances Ratios.

The first molecular analysis were performed in order to confirm the presence of the
infectious agent E.coli and also some antibiotic resistant genes were detected by performing
End-Point PCR analysis (data not shown). However, this represented only a confirmation of
the previous diagnostic and the adapted treatment disposed accordingly did not provide the
expected results. Since the E.coli infection was counteracted by antibiotics treatment, it was
clearly that some other infection causing agent may be present in the samples. Therefore,
instead of searching for them, it was decided that the most effective and accurate test is PCR
sequencing based.

According to a large number of studies carried for in the last two decades (Shinichi et
al., 2019; Lima et al., 2018) the 16S rRNA genes are the most used DNA sequences that are
used for identification of bacterial species and subspecies. Since there are a large number of
sequences that can be found in Data Bases and the protocols being already standardized this
method was preferred for the identification of secondary infectious agents that were suspected
to be present in the biological samples.

A B C D NC M

Figure 1. Electrophoresis agarose gel of the PCR DNA fragments of 16S rRNA genes from the four
raw cow milk samples. A- DNA isolated from the sample A; B- DNA isolated from the sample B; C-
DNA isolated from the sample C; D- DNA isolated from the sample D; NC- Negative reaction Control
and M- Molecular weight marker (PCRSizer 100pb DNA Ladder, Norgen, Canada)
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After performing the PCR using the specific primers an amplicon of approximately
900 pb was obtained (Fig.1). Some faint non-specific PCR product could be observed, but
since the amplicon of interest was isolated directly from the agarose gel this was pure and
those unspecific amplicons did not interfered with the final result.

The DNA samples were sequenced and the results returned sequences over 1 kb for
each of the analyzed samples. The resulted DNA sequences (Fig.2) were aligned in the NCBI
Database and compared using the BLAST function of the same Database (Fig.3) with the
bacterial strains sequences stored in GenBank International Database. The BLAST has shown
several significant sequences alignments (Fig.3) between the DNA sequences of the samples
and DNA sequences of others bacterial strains of the database.

| »188718.078_A81_FH_F7_27F.abl 1269

| GEEAG TG GCEE TACACATGLAGTC GAGCGEAGAGAGAEE TTEL TCCTLG
| AGTCAGE GO A GEETEAGT AATGE L TAGGAATE TGCE TEETAGTEGE
| GEACAACGE TTCGARAGGAALGE TAATALCGEATACGTCE TAL GHGAGAS
| AL AGGHGALE TTC TGLLC TTGOGE TATC AGATGAGLL TAGG TOGGLATTA
| GETAGT TGO T GAGG TAATGGL TCACC ALLGLGAL AATOCGTATC TGGTLT
| GAGAGRATGATCAL TCAL AL THERAM THAMGM MGG TCCALAL TCCTALA
| GEBEGEAGLAL TEOGGALTAT THT AL ALTGHGLGARMGCC TGATCCAGLL
| ATGECGCGTETETOAMGARAGTC TTE TRAT TGTGAGC AL TTTATGT TGHG

BEGAL G AL TALGTGAATALATTGL TOTT T TGACGT TAL OO S&iAAT

| AAGCAC GG TAS TE TG TGO AGC AL OGO GO TAAT AL ACALGETRCAA
| GLETTAATOGGAATTAC TEEEl GT AAAGL Gl GG TAGGTGET TG T TAALT
| TEGATGETEAAA TCL O GEGE T A TEOGAME TECATC CAAM TATCRA
| GCTACAGTAT G TAGARG TEETCEAAT TTC TG TG TAGC GO TGAATGL TAG
| ATTAGEAAGEAAC A0 AGTGE GARGE QA CCCTEAAL TEATAL TGACLT
| GATGTGO AL AL G T GHGAGL AAC ALGAT TAGATALCCGLTETL CACGLLG
| TAACGATGT TAL TACLGT TGAATEC TRAGAT TT TATHGL GLAL TACGATT
| AT TGRATGOC GHGGAT S GACC GO AGHT TALAE TCAATOAT THAL GGHGE
| A AL G T GO AL TG T TAT T TaRl Al CCCAARAl TTCCAGIC TG
| BCTEC ARG TTCAGMATEAT TETECT TOGRAL TTGARL A THC THL TGE

T TCACTCTGTC TCAG TR T TAGTC LG TALAM LA ATETC TAC TELA
| CAGTAGGTGECATC TTRAATEOGTGAL AL CAGAETCGLATALTCGTGETE

GETCTACTCOEGEGAGAC AT TEAAGAL G T AAGTGOC OO CAGGESECAL

| CCACAEATCATC AAST AATGRALRGOGOEATO  CCCTTTL GAGAAMGETTT
| AATTTCAGG TG L (L Ol GEaEEEEE T C L CGLGETEEATLGTTTTITT
| GEGACGD GGG T TRAAAAASARARA LA A LA ANAS AN AN AN ANAT AG
| TC GOGGGEGEGGGGGHGE

Figure 2. Example of DNA sequence obtained after DNA amplicon sequencing.
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Figure 3. Sequences of 16S ribosomal RNA gene producing significant alignments.

The most significant matches were with the microorganism Pseudomonas

aeruginosa. In total we were able to identify several matches at 88% and 87% identity with
bacterial DNA sequences of Pseudomonas aeruginosa strains such as the Pseudomonas
aeruginosa strain DSM 50071 16S ribosomal RNA gene (Fig.4).

The obtained result was somehow unexpected since it is stated that Pseudomonas
aeruginosa, is reported in only 1 to 3% of mastitis cases reported worldwide (Ohnishi et al.,
2011; Park et al., 2014 ). However it is worth mentioning that in each of the four analyzed
samples were found to containing others infectious agents, known to cause bovine mastitis.
Also, more important, the milk samples were collected from animals belonging to an

5

https://mc04.manuscriptcentral.com/veterinary



oNOYTULT D WN =

Bulletin of the University of Agricultural Sciences and Veterinary Medicine Cluj-Napoca. Veterinary Medicine

Page 6 of 16

acclimatized imported bovine breed that can be sensitive to this bacterial strain. However, we
did not find any records to sustain our suppositions and more clarifying studies are to be made

in this direction.

Frepdomonas agrpginesa siram DS 50071 165 nbasomal RMA gene, panial sequen
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Figure 4. Partial sequence of the alignment of the biological sample (Query) and
Pseudomonas aeruginosa strain DSM 50071 16S ribosomal RNA reference gene (Sbjct).

Conclusion

The protocol for isolating DNA directly from bovine milk, described in this paper
proved to be of high performance in terms of reducing the time and economical costs of
analysis, providing very good outcomes.

The PCR and sequencing of the DNA and sequences of the four samples from raw
cow milk from cows with mastitis in this study revealed the presence of pathogenic
Pseudomonas aeruginosa bacteria strains, that were not identified previously, using the
molecular marker-based identification method that proved to be efficient and precise and but

also unexpected.

Therefore, we conclude that further conventional methods must be applied in order to
effectively diagnose the source of mastitis for those four animals. This confirmation will be
followed by a validation of the diagnose method that being of great help for clinical

veterinarians.
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Abstract

The raw milk can support a wide variety of microbiota, due to its high nutritional content.
These microorganisms become from a variety of sources and in farm animals and can cause serious
damage by infecting the mammary glands and causing mastitis. The mastitic milk is an important
source of disease among the consumers. In this paper, we present a study case of pathogenic bacteria
identification by DNA based methods from raw milk samples that were collected from farm cows with
severe recurrent mastitis. Previously it was diagnosticated that multidrug resistant bacteria E. coli
strains are causing those infections. The laboratory procedure consisted of isolation of DNA from raw
cow milk samples, followed by PCR based bacterial identification and DNA sequencing. Data
collected from sequencing experiment were aligned against reference sequences from bacterial strains.
In our study it was found that Pseudomonas aeruginosa, is present in the mastitic milk samples.

Keywords: pathogenic bacteria, mastitis, DNA based methods, Pseudomonas spp.

Introduction

The pathogenic bacteria which populate cattle farms represent a danger because of
their ability to disseminate and contaminate the environment. Fighting these bacteria is done
by using multiple and unselective antibiotic treatment but most of the time, they are used as a
prophylactic treatment which is one of the reasons why antibiotic-resistant bacteria are now a
real scourge of our days.

Modern principles and practices in intensive farming systems (Borozan et al., 2013)
often include usage of different additives in feedstuffs for the food-producing animals.
Therefore, we are facing now increased bacterial virulence and, consequently, a high rate of
treatment failures and large economic losses ( Olarinmoye et al., 2013).

The presence of pathogenic bacteria in milk is the most important economic problem
of dairy products industry (Hogeveen et al., 2005). Although the disease caused by these
bacteria is generally called mastitis, it can be induced by several infectious agents, so far more
than 150 species and bacterial subspecies in cattle are known, hence only 10 groups are
identified in 95% of cases ( Shome et al., 2011). These groups have been identified after a
conventional classification that begins to be abandoned with the application of modern
molecular epidemiological tools that have counteracted the old classification. Data have
shown that within the same species some isolates can be classified as contagious and others as
environmental, some as highly pathogenic and others less pathogenic, some cause severe
clinical mastitis, others mild subclinical mastitis (Zadoks et al., 2011).

The diagnosis of clinical mastitis consists in the summary examination of milk, and is
based on observing some changes in its normal appearance as well as by the presence of pus
or blood clots.

About 40% of mastitis cases are known to develop into subclinical and chronic
mastitis after antibiotic treatment has failed and the large part of recurrent infections are often
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caused by biofilm formation of bacteria such as Pseudomonas spp. (Hillerton and Kliem,
2002). The formed biofilm will survive the action of antibiotics and will, most often, result in
recurrent infection.

In the case of the diagnosis of subclinical infection some issues may appear, because
the milk has a normal appearance, but an increased number of somatic cells. Diagnosis of
subclinical mastitis can be done in a variety of ways, including direct measurement of somatic
cell level (SCC) or indirectly by conducting a California Mastitis Test (CMT), an electrical
conductivity test or detecting enzymes present in tissue lesions such as LDH and NAG
(Tatay-Dualde J., 2015).

Those tests will usually identify the presence of mastitis pathogens, but will not
provide a measure of the degree of inflammation associated with the infection. Individual cow
SCCs will provide a determination of the level of infection in the herd of animals; therefore,
for an accurate diagnosis those techniques must be combined with a microbiological culture.
Only in this way, an inventory of the pathogenic effects of mastitis, an image of their
distribution and an indication of the importance of the pathogen can be achieved.

But an ideal diagnostic test must be sensitive, specific, rapid, repeatable and economical. In
most laboratories the classical method, which involves isolation and cultivation, is considered
The Gold Standard for the diagnosis of mastitis.

However, this gold standard tends to be replaced by the modern molecular biological
tools but still this is remaining in the debate because both of the methods have their strengths
and weaknesses (Amr El-Sayed et al., 2017).

Lately, different DNA-based identification tests have become available with the
characterization of pathogens at different phylogenetic levels depending on the purpose of the
test. However, it should be noted that DNA-based screening can detect non-viable and / or
inactive pathogens as opposed to tests that target less stable mRNA and therefore can detect
only viable pathogens (Boor et al., 2004). .

On the other hand, it is also possible to detect genes that code for possible antibiotic
resistance, which may become even more accurate when using RNA-based gene expression
studies (Mahmmod et al., 2015). In the last decades, several methods for tracking bacterial
sources have been developed for deciphering the relationships between bacterial strains from
different sources by comparing DNA fingerprinting data (Dundas et al., 2001; Brocchi et al.,
2006).

In this study, the PCR sequencing method was used to amplify a bacterial specific
DNA region that is to be sequenced. This procedure is followed by in silico analysis of the
DNA sequence which has as result the identification of the bacteria that were initially present
in the biological sample. Also here is described a protocol of isolating the DNA from the raw
milk sample for DNA based screening by skipping the conventional microbiological culture.

Materials and methods

The biological material was represented by four samples of raw cow milk from
different farms located in Arad county and they were noted with letter from A to D, from
animals with a history of recurrent mastitis and resistance to drug treatment. In the case of the
four animals the mastitis caused by the pathogen E. coli was communicated by the owner.

DNA extraction and purification

A preparatory stage of the samples was necessary and for that, 30 mL of each milk
samples were centrifuged during 20 minutes at 14.000 rpm. Then, after the discarding of the
supernatant the sediment was rinced in 300 mL Phosphate Buffered Saline (PBS) solution and
centrifuged with the same centrifugation parameters. This step was repeated 3 times in the
goal to finally obtain pure bacterial cells in the sample that represented the biological matrix
for DNA isolation.
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The extraction of the DNA from the five raw cow milk samples were performed with
the innuPREP DNA Mini Kit (Analytik Jena, Germany), according with the manufacturer
instructions.

DNA quantification and quality assessment.

The measurements of the quality and quantity of the extracted and purified DNA
were realized by spectrophotometry UV-Visible with the Nanodrop 8.000 spectrophotometer.

PCR and Electrophoresis

The PCR reactions of the bacterial DNA were performed with the Surecycler Agilent
Technologies Thermocouple and the primers used were selected from the literature (James et
al., 2010 ; Woo et al., 2010) and synthesized by Eurogentec in Belgium:

- 27F: 5 AGAGTTTGATCCTGGCTCAG 3’
- Ul1492R: 5 GGTTACCTTGTTACGACTT 3’

The amplification mixture was prepared for a final volume of 50 puL with 25 pL of
enzymes solution from the PCR Kit KapaRobust Hot Start 2X (KapaBiosystems, USA), 2 uL
of each primers (20 umol), 2 uL. of DNA samples and 21 pL of ultrapure water. The PCR
program used was as follow: 3 minutes at 95°C for the initial denaturation, 20 seconds at
95°C for the denaturation, 20 seconds at 55-60°C for the primers hybridisationtion, 60
seconds at 72°C for the elongation and 3 minutes at 72°C for the final elongation (Dos Santos,
2019).

The electrophoresis was carried out by the migration during 40 minutes at 100 V of
25 pL of each DNA PCR samples on an agarose gel at 1,8% in TAE buffer and then the
observation of the migration was done under UV light with the transilluminator UVP GelDoc-
It Imaging System (UVP, England).

Purification of PCR amplicons fragments from agarose gel

The extraction from the agarose gel was realized with the Monarch DNA Gel
Extraction Kit (New England BioLabs, USA), and prepared for the sequencing protocol
(Bozac et al., 2016).

DNA sequencing

The PCR fragments extracted from the agarose gel were sequenced at the Macrogen
Laboratory in Amsterdam, Netherlands. The DNA sequences obtained were compared by
BLAST to all the bacteria strains sequences in the international database GenBank, NCBI,
USA.

Results and discussions

As previously stated by A. El-Sayed et al., in 2015 the preliminary and very important
step in a DNA based method of mastitis diagnosis is represented by the DNA extraction
procedure. It is in this step were the entire quality and accuracy of the test is somehow
assured. This is why new methods, kits, lysis buffers and pre-enzymatic treatments of the
milk sample are always developed (Dibbern, 2015; Pokorska, 2016). Most of these methods
are implying increased analysis costs for independent laboratories because of their specificity
for milk samples. Considering this, one of our objective was to adapt and develop a new
sample preparation protocol that has enable us to start the analysis from a small amount of
raw sample (either fresh, refrigerated or frozen) and also obtaining the most of genetical
material without using the time consuming conventional bacterial culture. This sample
preparation protocol is described in the Material and Methods section and is, compared with
the bibliographic data, most economic and time consuming efficient. The DNA extraction
protocol that is to be followed can be adapted to any user preferred method, since the
biological matrix is represented by cleaned milk somatic cells. In order to sustain our
statement recordings of DNA quality and quantity were performed and overall our results are
slightly better than those that were available in the literature (Pokorska, 2016).
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The DNA quality and quantity after the extraction and after the purification of the
bacterial DNA were measured by UV-VIS spectrophotometry (Table 1). For the extraction
results of the ratio A260/A280, the values were all under 1,8 meaning that the sample were
not entirely pure however, this is to be expected when the biological matrices have a high
proteins and carbohydrates content. This is why it is recommended, in order to assure the best
PCR results, to add an additional purification step to the isolating protocol. As it is shown in
Tablel, the values of the purification results of the ratio A260/A280 were all around 1,8
meaning that the samples were pure and by extension most pure than before the purification
process.

Table. 1. Results for DNA quality and quantity by UV-VIS spectrophotometry

Extraction results Purification results

Sample Concentration A260/A280 A260/A230  Concentration A260/A280 A260/A230
(ng/uL) (ng/uL)

A 36,78 1,28 0,67 74,30 1,65 1,73

B 42,04 1,12 0,62 89,40 1,58 1,82

C 48,56 1,09 0,74 96,03 1,71 1,65

D 38,90 1,10 0,91 78,20 1,64 1,85

Note: A — Absorbance; A260/A280 and A260/A230 — Absorbances Ratios.

The first molecular analysis were performed in order to confirm the presence of the
infectious agent E.coli and also some antibiotic resistant genes were detected by performing
End-Point PCR analysis (data not shown). However, this represented only a confirmation of
the previous diagnostic and the adapted treatment disposed accordingly did not provide the
expected results. Since the E.coli infection was counteracted by antibiotics treatment, it was
clearly that some other infection causing agent may be present in the samples. Therefore,
instead of searching for them, it was decided that the most effective and accurate test is PCR
sequencing based.

According to a large number of studies carried for in the last two decades (Shinichi et
al., 2019; Lima et al., 2018) the 16S rRNA genes are the most used DNA sequences that are
used for identification of bacterial species and subspecies. Since there are a large number of
sequences that can be found in Data Bases and the protocols being already standardized this
method was preferred for the identification of secondary infectious agents that were suspected
to be present in the biological samples.

A B C D NC M

Figure 1. Electrophoresis agarose gel of the PCR DNA fragments of 16S rRNA genes from the four
raw cow milk samples. A- DNA isolated from the sample A; B- DNA isolated from the sample B; C-
DNA isolated from the sample C; D- DNA isolated from the sample D; NC- Negative reaction Control
and M- Molecular weight marker (PCRSizer 100pb DNA Ladder, Norgen, Canada)
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After performing the PCR using the specific primers an amplicon of approximately
900 pb was obtained (Fig.1). Some faint non-specific PCR product could be observed, but
since the amplicon of interest was isolated directly from the agarose gel this was pure and
those unspecific amplicons did not interfered with the final result.

The DNA samples were sequenced and the results returned sequences over 1 kb for
each of the analyzed samples. The resulted DNA sequences (Fig.2) were aligned in the NCBI
Database and compared using the BLAST function of the same Database (Fig.3) with the
bacterial strains sequences stored in GenBank International Database. The BLAST has shown
several significant sequences alignments (Fig.3) between the DNA sequences of the samples
and DNA sequences of others bacterial strains of the database.

| »188718.078_A81_FH_F7_27F.abl 1269

| GEEAG TG GCEE TACACATGLAGTC GAGCGEAGAGAGAEE TTEL TCCTLG
| AGTCAGE GO A GEETEAGT AATGE L TAGGAATE TGCE TEETAGTEGE
| GEACAACGE TTCGARAGGAALGE TAATALCGEATACGTCE TAL GHGAGAS
| AL AGGHGALE TTC TGLLC TTGOGE TATC AGATGAGLL TAGG TOGGLATTA
| GETAGT TGO T GAGG TAATGGL TCACC ALLGLGAL AATOCGTATC TGGTLT
| GAGAGRATGATCAL TCAL AL THERAM THAMGM MGG TCCALAL TCCTALA
| GEBEGEAGLAL TEOGGALTAT THT AL ALTGHGLGARMGCC TGATCCAGLL
| ATGECGCGTETETOAMGARAGTC TTE TRAT TGTGAGC AL TTTATGT TGHG

BEGAL G AL TALGTGAATALATTGL TOTT T TGACGT TAL OO S&iAAT

| AAGCAC GG TAS TE TG TGO AGC AL OGO GO TAAT AL ACALGETRCAA
| GLETTAATOGGAATTAC TEEEl GT AAAGL Gl GG TAGGTGET TG T TAALT
| TEGATGETEAAA TCL O GEGE T A TEOGAME TECATC CAAM TATCRA
| GCTACAGTAT G TAGARG TEETCEAAT TTC TG TG TAGC GO TGAATGL TAG
| ATTAGEAAGEAAC A0 AGTGE GARGE QA CCCTEAAL TEATAL TGACLT
| GATGTGO AL AL G T GHGAGL AAC ALGAT TAGATALCCGLTETL CACGLLG
| TAACGATGT TAL TACLGT TGAATEC TRAGAT TT TATHGL GLAL TACGATT
| AT TGRATGOC GHGGAT S GACC GO AGHT TALAE TCAATOAT THAL GGHGE
| A AL G T GO AL TG T TAT T TaRl Al CCCAARAl TTCCAGIC TG
| BCTEC ARG TTCAGMATEAT TETECT TOGRAL TTGARL A THC THL TGE

T TCACTCTGTC TCAG TR T TAGTC LG TALAM LA ATETC TAC TELA
| CAGTAGGTGECATC TTRAATEOGTGAL AL CAGAETCGLATALTCGTGETE

GETCTACTCOEGEGAGAC AT TEAAGAL G T AAGTGOC OO CAGGESECAL

| CCACAEATCATC AAST AATGRALRGOGOEATO  CCCTTTL GAGAAMGETTT
| AATTTCAGG TG L (L Ol GEaEEEEE T C L CGLGETEEATLGTTTTITT
| GEGACGD GGG T TRAAAAASARARA LA A LA ANAS AN AN AN ANAT AG
| TC GOGGGEGEGGGGGHGE

Figure 2. Example of DNA sequence obtained after DNA amplicon sequencing.
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Figure 3. Sequences of 16S ribosomal RNA gene producing significant alignments.

The most significant matches were with the microorganism Pseudomonas

aeruginosa. In total we were able to identify several matches at 88% and 87% identity with
bacterial DNA sequences of Pseudomonas aeruginosa strains such as the Pseudomonas
aeruginosa strain DSM 50071 16S ribosomal RNA gene (Fig.4).

The obtained result was somehow unexpected since it is stated that Pseudomonas
aeruginosa, is reported in only 1 to 3% of mastitis cases reported worldwide (Ohnishi et al.,
2011; Park et al., 2014 ). However it is worth mentioning that in each of the four analyzed
samples were found to containing others infectious agents, known to cause bovine mastitis.
Also, more important, the milk samples were collected from animals belonging to an
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acclimatized imported bovine breed that can be sensitive to this bacterial strain. However, we
did not find any records to sustain our suppositions and more clarifying studies are to be made

in this direction.

Frepdomonas agrpginesa siram DS 50071 165 nbasomal RMA gene, panial sequen

Sequande 10: hq 1ITETE

Eange 11 4T do @49 Jerdpcs Grpet o

rengt: 1627 Mumber of Materea: 2

Taore Emgural ety Lrag
1005 bits{1136) 1] OGS QO BER ) A1 0 4%
ol 111 TN i sy e g
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Figure 4. Partial sequence of the alignment of the biological sample (Query) and
Pseudomonas aeruginosa strain DSM 50071 16S ribosomal RNA reference gene (Sbjct).

Conclusion

The protocol for isolating DNA directly from bovine milk, described in this paper
proved to be of high performance in terms of reducing the time and economical costs of
analysis, providing very good outcomes.

The PCR and sequencing of the DNA and sequences of the four samples from raw
cow milk from cows with mastitis in this study revealed the presence of pathogenic
Pseudomonas aeruginosa bacteria strains, that were not identified previously, using the
molecular marker-based identification method that proved to be efficient and precise and but

also unexpected.

Therefore, we conclude that further conventional methods must be applied in order to
effectively diagnose the source of mastitis for those four animals. This confirmation will be
followed by a validation of the diagnose method that being of great help for clinical

veterinarians.
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