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Abstract Pseudomonas aeruginosa is an opportunistic and versatile pathogenic bacterium that
can adapt in various environmental condition, which play a role in multiple virulence factor and
resistance to antibiotics. Moreover, molecular identification techniques using single target gene is
more susceptible to error and false positive. Thus, the detection of this strain with high specificity
and sensitivity is crucial in order to control this pathogenic bacterium. The aim of this study was to
evaluate six bacterial strains (13-1, 66-1, 00-1, 46-1, 10-R and 67-1) isolated from Dorper sheep
milk and P. aeruginosa ATCC strains (ATCC BAA-2108) for prompt identification of the strains
based on uniplex polymerase chain reaction which targeting PA-SS, PA-GS, lasl/R, gyrB and ecfX
genes. In the present study, the Dorper sheep milk’s samples (n = 32) were collected and tested
with California mastitis test (CMT). Out of 32 milk’'s samples, six of the samples were detected
with strong mastitis, and thus were continued with inoculation process on selective media
Pseudomonas Agar P (for pyocyanin) or F (fluorescein) and MacConkey agar for differentiation.
After extraction of the bacterial chromosomal DNA, uniplex PCR amplification were carried out by
using 16S rRNA (PA-SS and PA-GS) primers and specific P. aeruginosa genes (lasl/R, gyrB and
ecfX) primers. The specificity of the primers was also examined by non-Pseudomonas species as
a control for data comparison. Sequence analysis has revealed that six of the isolated samples
were confirmed as P. aeruginosa strains with the respective genes sequence confirmed by BLAST
and Clustal Omega. From this study, lasl/R, gyrB and ecfX were highly reliable primers with the
percentage of identification of more than 95.0% as compared to PA-SS and PA-GS which were
less than 90.0%. This study concludes that highly specific and sensitive assay has been
developed using lasl/R, gyrB and ecfX targeted genes for the detection of P. aeruginosa strains
isolated from fresh sheep milk samples.

Keywords: Pseudomonas aeruginosa, mastitis infection, Uniplex PCR, 16S rRNA, sheep milk.

Introduction

Pseudomonas aeruginosa is considered the most common opportunistic pathogen able to survive in
different environments including soil, plants, animal and capable of infecting both humans and animals
[1]H3]. It causes various nosocomial diseases worldwide associated with high rate of mortality and
morbidity in hospitalized patients until can reach to 61% of mortality [4], [5]. This pathogen historically
associated to various severe infectious diseases such as pneumonia, respiratory tract infections, wound
infection, urinary tract infection and outbreak infections of foodborne related to raw milk sample
consumption [6], [7]. Other than that, the multidrug resistant of P. aeruginosa also caused by rampant,
misuse of antibiotics as growth promoter in animal farming and during treatment for animals infection [8],
[9]. Hence, quick and accurate early detection of P. aeruginosa can be performed by polymerase chain
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reaction (PCR) to control the spread of the bacterial disease outbreaks. PCR is a rapid and sensitive
technique for pathogenic bacterial identification in term of accuracy, specificity and reliability [10].
However, there is a major factor need to be highlighted in PCR assay that can lead to major problem.
The application of a single target gene during PCR assay may lead to unexpected error including cross
reactions with other bacterial species and false-negative or false-positive results attributed to sequence
variation [5], [11]. Robust assessment of these species-specific target genes for determination of P.
aeruginosa are therefore crucial, since misunderstanding at early detection of this bacterial species can
lead to poor and misinterpretation of data and treatment approach animal and human.

GryB and ecfX genes were important virulence genes in PCR to detect the pathogenicity of P. aeruginosa
[4], [10], [12] [11], [13]. 722F/899R gyrB is primer designed by [14], [15] that used for identification unique
sequence in P. aeruginosa. While, ecfX gene is known as a species-specific target and reliable for
identification marker of P. aeruginosa [4], [11], [13], [16], [17]. Lasl is knowns one of quorum sensing
(QS) gene which is exclusive, specific and conserved for each bacterial species including P. aeruginosa
strains [5], [18]. Moreover, Lasl act as virulence key regulatory system for P. aeruginosa species [4],
[19]-[21]. Other than that, LasR also related to QS gene which play a role for identification P. aeruginosa
and could be a reliable for rapid identification of P. aeruginosa in samples [22].Thus, given the important
of these genes in the pathogenicity of P. aeruginosa, these genes are ideally suited as target markers
for quick and sensitive identification of P. aeruginosa species in milk samples of sheep. Herein, the aim
of this study was to identify P. aeruginosa isolates from Dorper’s milk by PCR approaches using different
types of target genes including PA-SS, PG-GS, Lasl/R, gyrB and ecfX.

Materials and methods

Bacterial strains

Six bacterial isolates (13-1, 66-1, 00-1, 46-1, 10-R and 67-1) from Dorper milk samples which were
positive for mastitis infection were selected as described by [23]. All samples were retrieved from Besut-
Setiu Agropolitan Farm (BSA), Terengganu. In this study P. aeruginosa strain BAA-2108 was used as a
control strain. All isolates were differentiated using selective media including MacConkey Agar and
Pseudomonas Agar P (for pyocyanin) or F (fluorescein) [10].

DNA Extraction

Genomic DNA was extracted using trizol reagent (Invitrogen, USA) according to the manufacturer's
protocol. DNA concentration and its purity were measured using UV-Spectrophotometer (Shimadzu,
Japan).

Primer Design
Specific primer sequences of PA-SS, PA-GS, Lasl/R, gyrB and ecfX genes were as listed on Table 1 as
according to [4].

Application of Polymerase chain reaction (PCR) with uniplex assay

PCR amplification was performed for detection based on 16S rDNA gene and identification of isolate
samples from Dorper milk using specific primers including PA-SS, PA-GS, gyrB, Lasl/R and ecfX genes.
The PCR master mix reaction was prepared in 50 pL total reaction consists of 25 L of GoTaq mix
(Promega, USA) reaction mixture [2.5 pL of 10X PCR buffer, 5U of Taq DNA polymerase, 2.5 mM of
MgCl, 0.4 mM of each dNTPs],100 ng template DNA and 10 pmol of each primer (10 uM). The PCR
amplification cycles for each primer used were tabulated in Table 1. Following PCR amplification, 10 pL
of amplified product from each reaction and a DNA molecular-weight marker (1kb DNA ladder) were
examined by electrophoresis in a 1% agarose gel. Gels were visualized under UV illumination using a
gel documentation image analysis system (Fuijifilm). The PCR products for all samples were purified by
Wizard® SV Gel and PCR Clean-Up System (Promega, USA) for DNA sequencing services at 15t BASE
Laboratory (M) Sdn Bhd.

PCR primer specificity

The specificity of the primer pairs including PA-SS, PA-GS, Lasl/R, gyrB and ecfX genes (Table 1) to
Pseudomonas aeruginosa was tested by using Escherichia coli, Staphylococcus aureus, Bacillus cereus,
Paenibacillus barcinonensis and Amycolatopsis orientalis acting as controls. PCR amplification were
performed according to the method stated in Section 2.4.
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Table 1. List of 16S rDNA-based primer sets for the specific detection of Pseudomonas aeruginosa species.

Primer Sequence (5’-3’) Target As::epl(f;; PCR cycling conditions

F: GGGGGATCTTCGGACCTCA 35X 94°C for 1 min
PA-SS R: TCCTTAGAGTGCCCACCCG P. aeruginosa strain 956 60°C for 1 min
72°C for 2 min

F: GACGGGTGAGTAATGCCTA 35X 94°C for 1 min
PA-GS R: CACTGGTGTTCCTTCCTATA Peeudomonas 618 59°C for 1 min
P 72°C for 2 min

722F : GGCGTGGGTGTGGAAGTC 35X 94°C for 1 min
gyrB-a 899R: TGGTGGCGATCTTGAACTTCTT gyrB 190 60°C for30 s
72°C for 1 min

F:CCTGACCATCCGTCGCCACAAC 35X 95°C for 30 s
gyrB-b R: CGCAGCAGGATGCCGACGCC 222 57°Cfor30 s
72°C for30 s

O,

Lcla F: ATGATCGTACAAATTGGTCGG Lol 600 35:732 fi:‘;rosso S

R: GTCATGAAACCGCCAGTC 729G for 30 s
O,

Losib F: CGTGCTCAAGTGTTCAAGG 25 35:732 g:‘;ro?’: S
R: TACAGTCGGAAAAGCCCAG 729G for 30 s

F: ATGGCCTTGGTTGACGGT 35X 95°C for 30 s
LasR R: GCAAGATCAGAGAGTAATAAGACCC LasR 700 57°Cfor30s
72°C for30 s

F: ATGGATGAGCGCTTCCGTG 35X 95°C for 30 s
ecfX R: TCATCCTTCGCCTCCCTG ecfX 528 57°C for30's

72°C for30 s

Initial denaturing step of 95°C for 5 min and final extension of 72°C for 5 min.

Sequence analysis and identification of bacterial isolates

All the sequencing results were proceeded to BLASTN analysis available at National Center
Biotechnology Information (NCBI). As general rule-of-thumb, the accuracy recognition of unknown
bacterial for genus and species level must achieved 95% or above for the sequence similarity [24]. For
sequence alignment, CLUSTAL Omega software was used for sequence alignment and comparison.
Phylogenetic tree was constructed using MEGA 11.0 software through the neighbor-joining method. The
reported results in the study were represented as the mean values of triplicates + standard deviation.

Results and discussion

Mastitis or subclinical mastitis in sheep prevalently considered as infection cause by a number of
opportunistic bacterial pathogens including Staphylococcus aureus, Escherichia coli, Streptococcus spp.
and Pseudomonas spp. [25], [26]. Previous study has shown that P. aeruginosa unusually causes
mastitis infection in milk’'s sample of sheep compared to other pathogens bacterial [27] and these
bacterial were reported to contribute a minor infection among sheep [28]. However, an early detection of
P. aeruginosa in milk’'s sample is important to avoid food-borne disease, food poisoning and microbial
contamination in milk quality which could be harmful for consumer and prompt to the disease outbreak
among community especially in dairy field [29], [30]. Phenotypic identification of P. aeruginosa was
performed among twenty-four isolates from 32 milk’'s sample on selected P. aeruginosa medium such
as Pseudomonas Agar P (for pyocyanin) or F (fluorescein) and MacConkey agar plates. Colonies growth
from P. aeruginosa ATCC BAA-2108 and 24 isolates showed formation of mucoid colonies on
MacConkey agar plates and a greenish blue color on Pseudomonas Agar P (for pyocyanin) or F
(fluorescein) agar plates (see Figure 1) due to production of the pyocyanin and fluorescein pigments [10]
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Figure 1. Colony morphology with bluish-green color (pyocyanin-at red arrow) from P. aeruginosa strains isolated from Dorper milk ‘s
respectively on Pseudomonas agar, (A) ATCC BAA-2108; (B)13-1; (C) 66-1; (D) 00-1; (E) 46-1; (F) 10-R; (G) 67-1. The bluish-green or
reddish-brown coloration is observed for all six isolate samples and ATCC BAA-2108 as a control strain.

Furthermore, accurate identification of P. aeruginosa from milk’s sample infected with subclinical mastitis
is critical in order to manage proper treatments to evade antibiotic resistance strains in human or animal.
Previously, [10] and [31] reported that P. aeruginosa has developed resistant intrinsically to all effective
antibiotic drugs. This P. aeruginosa are notably challenging and becoming dominant compared to others
bacteria [3]. Sustained infection by P. aeruginosa is usually due to poor prognostic indicator used in low
colony number of this species in milk's sample [32], [33] as well as the phenotypic methods used usually
lengthy and required validation test due to the instability of this bacterium [10].

Besides, biochemical test commonly required longest time at least incubation from 18 to 48 hours to
obtain results and the accuracy of the results may depend on sufficient growth in the test system [12],
[34]. Hence, the accurate identification of P. aeruginosa isolated from milk’s sample by molecular
approach like PCR technique played a significant role to detect this pathogenic strain of P. aeruginosa
present in milk’'s sample. This approach has become superior to phenotypic method for the identification
P. aeruginosa and this may reduce unnecessary antibiotics treatment [31], [35]. PCR technique is one
of the potential method used in identification of microbial species precisely by amplified the unique gene
sequences for specific organism in food samples [31], [36]. In recent study, DNA were extracted from 24
isolated strains, P. aeruginosa ATCC strain (BAA-2108) and non-pseudomonas including Escherichia
coli, Staphylococcus aureus, Bacillus cereus, Paenibacillus barcinonensis and Amycolatopsis orientalis
for comparison purpose. The identities of the isolates bacterial from milk’'s samples were confirmed
through amplicon of PA-SS (956bp) [37], PA-GS (618bp) [37], gyrB-a (190bp) [14], gyrB-b (222bp) [4],
Lasl-a (600bp) [4], Lasl-b (295bp) [38], LasR (700bp) [4] and ecfX (528bp)[13] gene fragments,
respectively.

In this study, the first primer pair of PA-SS-F and PA-SS-R was anticipated to amplify P. aeruginosa as
many studies targeted the same gene for identification of P. aeruginosa shown in Table 1 [37]. The
second primer pair of PA-GS-F and PA-GS-R was referred from previous study by [37] to amplify
Pseudomonas genus (see Table 1). Amplified products at 956 bp of PA-SS and 618 bp of PA-GS which
are both the most employed primers reported in the literature [37], and the uniform yield presented in
Figure 2. However, only six isolates from the 24 bacterial isolates from six milk’s sample with strong
mastitis infection and P. aeruginosa ATCC strain (BAA-2108) were detected with corrected fragment at
956bp for PA-SS and at 618bp for PA-GS shown in Figure 2 and Table 2. The results obtained were
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accordance with the previous study by [39] which managed to screen 18.1% of P. aeruginosa strains
using both PA-SS and PA-GS genes from hospital samples with patients with cystic fibrosis.

The sensitivity of each PCR assay using PA-SS primer pair for P. aeruginosa BAA-2108 (ATCC strain)
was 100.0%. Whilst the similarity with P. aeruginosa strains for four isolate samples (13-1, 10-R, 66-1
and 00-1) were 99.8%, 98.8%, 98.0% and 97.3% with query sequence covered between 97% to 99%,
except for two isolates (46-1 and 67-1) which showed 88.0% and 91.0% similarity with query sequence
covered 87% and 99%, respectively. Besides, results presented using PA-GS primer pair for P.
aeruginosa ATCC strain (BAA-2108) was 99.5% similarity and six isolates (13-1, 46-1, 10-R, 66-1, 00-1
and 67-1) were 100%, 99.5%, 99.5%, 99.5%, 95.1% and 99.3% similarity with query sequence covered
between 81% to 99% against NCBI database, respectively (Table 2). Though, the PCR ampilification for
both PA-SS and PA-GS genes of non-pseudomonas species had shown a positive result with present of
specific band at the corrected size (Table 2). However, two isolates (46-1 and 67-1) showed less than
95.0% similarity when using species specific primer (PA-SS) and thus showed different species for P.
aeruginosa strains as stated in Table 2. This results are in agreement with previous study by [13], the
DNA extracted of PCR product of PA-SS gene yielded less than 95.0% similarity (which is 86.0%
similarity) against one of P. aeruginosa strain in GeneBank database. This can be considered that the
isolates were not derived from a P. aeruginosa strain. Hence, the multiple potential target genes are
needed in order to confirm the identification of P. aeruginosa strain among isolate samples. Besides that,
it is interesting to note that, from the PCR amplification performed on non-pseudomonas species for both
PA-SS and PA-GS genes, the results had shown a specific band at the correct size (956bp) (Figure 2).
This showed that PA-SS was not a specific primer for identification of P. aeruginosa strains as stated by
[11] reported that PA-SS or coded as Pa16S-PCR assay was cross-reactions with non-P. aeruginosa
species which may be due to the P. aeruginosa strains having sequence variation within the primer or
probe site of one of the gene targets and [40] stated that P. aeruginosa also known to exhibit extensive
genetic diversity that make broad problem affecting the success of molecular diagnostic assay. Thus,
supplemental test using multiple target genes would be warranted due to 16S rRNA gene of P.
aeruginosa was commonly used but was not feasible to develop highly specific primer set using this gene
because their high similarities of the 16S rRNA gene sequences [14].

Furthermore, previous study by [11] reported false-positive result when using PA-SS gene and cross-
reaction with non-P. aeruginosa were observed for PCR products sequencing targeting the P. aeruginosa
PA-SS gene [11]. This results occur may be due to the P. aeruginosa have high number of genome and
has highly polymorphic nature which probably influence the reliability and specificity of the PCR [4], [5].
Thus, this limitation of using PA-SS primer pair may lead to the use of multiple species-specific genes of
P. aeruginosa for more accurate sequencing result. Previous study by [10] and [41] also stated that
development of DNA-based technique specifically PCR and using more than one targeted gene for
detection and identification of P. aeruginosa was important for better confirmation and assurance to
reduce potential false negative results due to the variation of sequence in the primers. Therefore,
targeting virulence genes for PCR assay such as gyrB-a gene (722F and 899R) [14] and gyrB-b [4] were
significant for P. aeruginosa ATCC strain (BAA-2108) and six isolate samples (13-1, 46-1, 10-R, 66-1,
00-1 and 67-1).

Currently, application on gyrB target, 722F/899R gyrB was chosen as a species-specific gene target for
P. aeruginosa detection since it has been reported previously [4], [11], [13], [16], [17] as a reliable
identification marker for P. aeruginosa. Both gyrB-a and gyrB-b were found from 97.4% to 98.7% and
96.5% to 99.5% similarity with P. aeruginosa PA0750 strain shown in Figure 2 and Table 2, respectively.
The results obtained in this study were comparable with previous studies by [42], [43] which indicate that
this gyrB gene has conserved region presence in the genome of P. aeruginosa which presented about
99% identical with PAO1.The primer has unique sequence to P. aeruginosa as compared to other 57
strains of Pseudomonas species with high sensitivity and specificity (absence detection of other bacterial
species) [14], [15].
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BLASTN GeneBank Database

Bacterial PA-GS PA-SS gyrB-a gyrB-b
ri
sToZ;e: Identify  Query Top Identify Query Top Identify Query Top Identify  Query Top
(%) cover bacterium’s (%) cover bacterium’s (%) cover bacterium’s (%) cover bacterium’s
(%) name (%) name (%) name (%) name
P. 99.5 99.0 P.aeruginosa 100.0 99.0 P.aeruginosa 98.1 95.0 P.aeruginosa 99.5 94.0 P.aeruginosa
aeruginosa (PAO750,CD (PAO750,CD (PAQO750, (PAO750,CDN
BAA-2108 N118, N118, DVT779, 118, DVT410)
DVT410) DVT410) DVT429)
13-1 100.0 98.0 P.aeruginosa 99.8 97.0 P.aeruginosa 98.7 93.0 P.aeruginosa 96.9 47.0 P.aeruginosa
(PAO750,CD (PA0O750,CD (PAO750, (PA0750,CDN
N118, N118, DVT779, 118, DVT410)
DVT410) DVT410) DVT429)
46-1 99.5 99.0 P.aeruginosa 88.0 87.0 P.aeruginosa 98.7 93.0 P.aeruginosa 99.5 95.0 P.aeruginosa
(PA0O750,CD (PGSLO3, (PAO750, (PA0750,CDN
N118, KAR21,H707 DVT779, 118, DVT410)
DVT410) ) DVT429)
10-R 99.5 98.0 P.aeruginosa 98.8 99.0 P.aeruginosa 98.7 91.0 P.aeruginosa 98.4 96.0 P.aeruginosa
(PA0O750,CD (PA0O750,CD (PAO750, (PA0750,CDN
N118, N118, DVT779, 118, DVT410)
DVT410) DVT410) DVT429)
66-1 99.5 98.0 P.aeruginosa 98.0 98.0 P.aeruginosa 97.4 96.0 P.aeruginosa 98.0 99.0 P.aeruginosa
(PA0O750,CD (PA0O750,CD (PAO750, (PA0750,CDN
N118, N118, DVT779, 118, DVT410)
DVT410) DVT410) DVT429)
00-1 95.1 81.0 P.aeruginosa 97.3 95.0 P.aeruginosa 98.0 94.0 P.aeruginosa 96.5 97.0 P.aeruginosa
(JM2LBA, (JM2LBA, (PA0O750, (PA0750,CDN
NAULM-2, NAULM-2, DVT779, 118, DVT410)
DSH10) DSH10) DVT429)
67-1 99.3 99.0 P.aeruginosa 91.0 99.0 P.aeruginosa 98.7 95.0 P.aeruginosa 99.5 60.0 P.aeruginosa
(PA0750,CD (YT12746,A (PA0O750, (PA0750,CDN
N118, R442, DVT779, 118, DVT410)
DVT410) DHSO01) DVT429)
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BLASTN GeneBank Database

Bacterial Lasl-a Lasl-b LasR ecfX
s:(;;z: Identify Query Top Identify Query Top Identify Query Top Identify Query Top
(%) cover bacterium’s (%) cover bacterium’s (%) cover bacterium’s (%) cover bacterium’s
(%) name (%) name (%) name (%) name
P. aeruginosa 99.7 98.0 P.aeruginosa 99.6 95.0 P.aeruginosa 99.3 98.0 P.aeruginosa 99.2 99.0 P.aeruginosa
BAA-2108 (PA0750,CD (PA0750,CD (PA0750,CD (PA0750,CDN1
N118, N118, N118, 18, DVT410)
DVT410) DVT410) DVT410)
131 99.7 98.0 P.aeruginosa 99.2 98.0 P.aeruginosa 99.3 98.0 P.aeruginosa 99.6 98.0 P.aeruginosa
(PA0750,CD (PA0750,CD (PA0750,CD (PA0750,CDN1
N118, N118, N118, 18, DVT410)
DVT410) DVT410) DVT410)
46-1 99.8 98.0 P.aeruginosa 99.6 98.0 P.aeruginosa 98.6 98.0 P.aeruginosa 99.4 99.0 P.aeruginosa
(PA0750,CD (PA0750,CD (PA0750,CD (PA0750,CDN1
N118, N118, N118, 18, DVT410)
DVT410) DVT410) DVT410)
10-R 98.9 87.0 P.aeruginosa 99.2 98.0 P.aeruginosa 99.4 100.0 P.aeruginosa 99.2 99.0 P.aeruginosa
(PA0750,CD (PA0750,CD (PA0750,CD (PA0750,CDN1
N118, N118, N118, 18, DVT410)
DVT410) DVT410) DVT410)
66-1 99.8 98.0 P.aeruginosa 99.6 97.0 P.aeruginosa 99.4 97.0 P.aeruginosa 99.4 99.0 P.aeruginosa
(PA0750,CD (PA0750,CD (PA0750,CD (PA0750,CDN1
N118, N118, N118, 18, DVT410)
DVT410) DVT410) DVT410)
00-1 99.3 99.0 P.aeruginosa 99.6 97.0 P.aeruginosa 99.3 98.0 P.aeruginosa 99.8 98.0 P.aeruginosa
(PA0750,CD (PA0750,CD (PA0750,CD (PA0750,CDN1
N118, N118, N118, 18, DVT410)
DVT410) DVT410) DVT410)
67-1 99.7 98.0 P.aeruginosa 99.2 99.0 P.aeruginosa 99.5 98.0 P.aeruginosa 99.5 99.0 P.aeruginosa
(PA0750,CD (PA0750,CD (PA0750,CD (PA0750,CDN1
N118, N118, N118, 18, DVT410)
DVT410) DVT410) DVT410)

36



MJ FAS Azemin et al. | Malaysian Journal of Fundamental and Applied Sciences, Vol. 18 (2022) 30-42

pgM 1 2 34 5 6 7 8 910 11 12 @M 1 2 3 4 5 67
4000bp
4000bp 2000bp
2000bp 100000
p
1000b
7500p° 500bp
500bp 250bp
250bp
ol M 7 M By M 1 2 3 4 56
4000bp
1000bp 2000bp
e
500bp 500€p
2000 250bp
IS M 1 2 3 4 It M1 2 3 4 5 6 7
4000bp 4000bp
2000bp 2000bp
1000b
}%8%39 750bpp
500D 500bp
250bs 250bp
M
c IR 9 10 11 12 H
4000bp 4000bp
2000bp 2000bp
1000bp
1900
500bp 500bp
250bp 250bp

Figure 2. PCR amplifications of 8 targeted genes on P. aeruginosa BAA-2108, 6 bacterial isolates and 5 non-P. aeruginosa strains. (A)
P. aeruginosa-specific primer PA-SS (956bp); (B) Pseudomonas genus-specific primer PA-GS (618bp); (C) gyrB-a (722F and 899R)
(190bp); (D) gyrB-b (222bp); (E) Lasl-a (600bp); (F) Lasl-b (295bp); (G) LasR (700bp) and (H) ecfX (528bp). Lanes M,1kb DNA marker;
lane 1, P. aeruginosa BAA-2108; lane 2, 13-1; lane 3, 46-1; lane 4, 10-R; lane 5, 66-1; lane 6, 00-1; Lane 7, 67-1; Lane 8, E. coli; Lane
9, B. cereus; Lane 10, P. barcinonensis; Lane 11, A. orientalis; Lane 12, S. aureus.

This study shows that high sensitivity of PCR product of both gyrB-a (722F and 899R) and gyrB-b primers
pair in P. aeruginosa ATCC strain (BAA-2108) was 98.1% and 99.5% similarity, respectively. Besides,
the percentage of similarity of gyrB-a (722F and 899R) primer pairs for six isolate samples (13-1, 46-1,
10-R, 66-1, 00-1 and 67-1) showed very high sensitivity which were 98.7%, 98.7%, 98.7%, 97.4%, 98.0%
and 98.7% with query sequence covered from 91% to 96%, respectively (Figure 2 and Table 2). While,
sequencing results of using gyrB-b primer pair for six isolate samples (13-1, 46-1, 10-R, 66-1, 00-1 and
67-1) were 96.9%, 99.5%, 98.4%, 98.0%, 96.5% and 99.5% similarity with query sequence covered from
47% to 99%, respectively (Figure 2 and Table 2). Difference percentage of similarities in gyrB gene might
be due to the factor of various kind place’s condition and type of prevalence strains [44]-[46]. The
presented gyrB gene plays an importance role in the DNA replication process and suitable for
identification of P. aeruginosa [11], [47]. However, this study also showed the present of cross-reaction
or false-positive/negative results indicated when there is present of gyrB gene at both fragments in
agarose gel of non-Pseudomonas species shown in Figure 2. Therefore, another specific gene was
essential in order for troubleshoot this problem due to the gyrB gene will produce DNA gyrase as an
importance enzyme play an essential role in bacterial growth by involving in DNA replication, transcription
and recombination [48].
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Subsequently, this study also amplified PCR using both primer pair of Lasl-a (at 600bp) and Lasl-b (at
295bp) in order to identify of P. aeruginosa as described by [4] and [38], respectively. Both studies
reported that the amplicons produced by the Lasl-a and Lasl-b were observed only in P. aeruginosa
isolates strain. Results in this study showed that P. aeruginosa ATCC BAA-2108 and six isolate samples
(13-1, 46-1, 10-R, 66-1, 00-1 and 67-1) amplified product at 600bp of Lasl-a and 295bp of Lasl-b primer
pairs which Lasl was known as the most pathogenicity genes of P. aeruginosa showed in Figure 2. The
similarity results of PCR assay using Lasl-a primer pairs for P. aeruginosa ATCC strain (BAA-2108) was
99.7%. Whereas, the similarity results of six isolate samples (13-1, 46-1, 10-R, 66-1, 00-1 and 67-1)
were 99.7%, 99.8%, 98.9%, 99.8%, 99.3% and 99.7% with query sequence covered from 87% to 99%,
respectively (Figure 2 and Table 2). Besides, the similarity results presented using Lasl-b primer pairs of
P. aeruginosa ATCC strain (BAA-2108) was 99.6% and were 99.2%, 99.6%, 99.2%, 99.6%, 99.6% and
99.2% with query sequence covered from 95% to 99% for six isolate samples 13-1, 46-1, 10-R, 66-1,
00-1 and 67-1, respectively (Figure 2 and Table 1).The presence of amplified product at 295bp of Lasl-
b primer pairs (Figure 2) was in accordance with previous study by [38] who described that the virulence
factor such as Lasl-b at amplicon 295 bp was presented among P. aeruginosa strain with Lasl-b was
53.8% detected in their study. This study amplified corrected fragments of both Lasl (at 600 and 295bp)
with high similarity among isolate samples against P. aeruginosa strains in NCBI GeneBank database.
However, the specificity of using Lasl as specific primer for detection of P. aeruginosa is still questionable
since the gene was also detected in Paenibacillus barcinonensis as stated in Figure 2.

On the other hand, P. aeruginosa ATCC BAA-2108 and six isolate samples (13-1, 46-1, 10-R, 66-1, 00-
1 and 67-1) also were identified using the amplification PCR of primer pairs of LasR. LasR protein is a
key QS signal receptor since it acts as global and major transcriptional activator of P. aeruginosa QS
and play a crucial role in the activation of many virulence genes. Moreover, previous study also found
that a dominant-negative form of LasR can interfere with the production of proteases by P. aeruginosa
strain [49]-[51]. The results in this study presented that among ATCC strain (BAA-2108) and isolate
samples from Dorper’'s milk showed high sensitivity which is more than 99.0% similarity against P.
aeruginosa strain NCBI GeneBank database. The sensitivity of PCR assay using LasR primer pair for P.
aeruginosa ATCC strain (BAA-2108) was 99.3% similarity and six isolates sample (13-1, 46-1, 10-R, 66-
1, 00-1 and 67-1) were 99.3%, 98.6%, 99.4%, 99.4%, 99.3% and 99.5% similarity with 97% to 100% of
the query sequence is covered, respectively (Figure 2 and Table 2). This results is in agreement with
previous studies by [4] and [5], reported that the sensitivity of the LasR primer pair were shown as high
as 100.0% similarity with 100.0% specificity where no false-positive results were observed among P.
aeruginosa isolate strains.

Nevertheless, the PCR results for non-P. aeruginosa were negative and absence amplified LasR
fragment as showed in Figure 2, which means that no cross-reaction or false-positive/negative results
indicated. Thus, as tested in this study, LasR gene can be used as species-specific gene for P.
aeruginosa as the gene has unique conserve sequence and specifically detected only in P. aeruginosa
strain. Moreover, this study managed to produce higher similarity percentage against P. aeruginosa as
compared to previous study by [22] which was at 81.3%. Also reported by [52] the occurrences of LasR
gene in P. aeruginosa were found reduced at 75.0% and 40.0% in India and Egypt. This reduction in
detecting LasR gene may be due to the mutation in LasR gene which possibly generated the non-
functional LasR gene [22].

Other than that, the amplification PCR by using ecfX primer pairs also were performed in this study
according to the prevalence studies that reported the potential of using ecfX genes for detection of P.
aeruginosa strains from Dorper’s milk sheep have not been yet applied [13], [47], [53]. In this study, the
amplified fragment product of ecfX primer pairs at 528bp were obtained for all six isolate samples and
ATCC BAA-2108 strains (Figure 2), but not detected in non-P. aeruginosa strain (Figure 2). Besides, the
results BLASTN analysis against GeneBank database shows that using ecfX primer pair for P.
aeruginosa ATCC strain (BAA-2108) have an 99.2% similarity and six isolate samples (13-1, 46-1, 10-
R, 66-1, 00-1 and 67-1) were 99.6%, 99.4%, 99.2%, 99.4%, 99.8% and 99.5% similarity with query
sequence covered from 98% to 99%, respectively (Figure 2 and Table 2). The top hit of bacterium’s
names for all isolate strains was P. aeruginosa strain PA0750 and followed by P. aeruginosa strain
CDN118 and DVT410. Therefore, the PCR amplification product using ecfX gene shows higher
sensitivity more than 99.0% similarity in all isolate samples which indicates that ecfX gene was highly
conserved and reliable gene in detection of P. aeruginosa in accordance with earlier studies [11]-[13].
Besides, no amplified PCR product was detected in non-P. aeruginosa isolates (Figure 2) which means
no cross-reaction or false-positive/negative results presence. This finding is in agreement with previous
study [16] reported that the ecfX gene was not present in any of the non-P. aeruginosa isolates of keratitis
collected from cornea and was absence of cross-reaction or false-positive or -negative results when used
ecfX gene targets in P. aeruginosa strains with non-P. aeruginosa isolates [11], [53]-[55]. Since both of
these genes showed more species-specific primer for P. aeruginosa identification, a phylogenetic tree
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for all the bacterial isolates for LasR and ecfX genes were constructed as shown in Figure 3. From the
phylogenetic analysis, it indicated that the bacterial strains tested were identified as P. aeruginosa
PAOQ750 strain with 100% similarity as also supported by the BLASTN analysis against NCBI database.

A Isolate 13-1 ecfX Isolate 66-1 LasR

100% B 100%
100% I— ATCC BAA-2108 ecfX 100% ATCC BAA-2108 LasR
100% Isolate 46-1 ecfX 100% Isolate 00-1 LasR
100%

Isolate 66-1 ecfX 100% | Isolate 13-1 LasR

100% Isolate 00-1 ecfX Isolate 67-1 LasR
M 100%

Isolate 67-1 ecfX Isolate 10-R LasR

100%
Isolate 10-R ecfX — Isolate 46-1 LasR
CP034908.2 Pseudomonas aeruginosa PA0750 strain — CP034908.2 Pseudomonas aeruginosa PA0750 strain

Figure 3. Phylogenetic analysis of (A) ecfX gene; (B) LasR gene for six bacterial isolates (13-1, 66-1, 00-1, 46-1, 10-R and 67-1)
and P. aeruginosa ATCC BAA-2108 against P. aeruginosa PA0750 strain.

DNA sequencing analysis from the data obtained using multiple primer pairs targeted on all six samples
isolate from Dorper's milk (13-1, 46-1, 10-R, 66-1, 00-1 and 67-1) have been confirmed with high
similarity to P. aeruginosa strain PA0750 against the NCBI database. Notably, PA-SS, PA-GS, gyrB-a,
gyrB-b, Lasl-a, Lasl-b targeted genes were not suitable to be used as species specific primers for the
identification of P. aeruginosa strains. Meanwhile, LasR and ecfX showed strong indication to be used
as one of the species specific primers for P. aeruginosa identification with no cross-reaction or false-
positive/negative results showed on non-Pseudomonas species tested.

Conclusions

In conclusion, this study has confirmed and evaluated six isolate samples (13-1, 46-1, 10-R, 66-1, 00-1
and 67-1) and were identified as P. aeruginosa strains by amplification using PA-SS, PA-GS, Lasl/R,
gyrB and ecfX primer pair targets using an uniplex PCR assay. Moreover, multiple primer pair targeted
system used in this PCR assay would decrease the potential of unexpected misidentification including
false-negative and false-positive results among all isolate samples. Here, high similarity (up to 99.0%)
obtained from sequence similarity of BLASTN analysis based on GeneBank NCBI database for
pathogenic genes including Lasl/R, gyrB and ecfX primer pairs in all samples isolate. From this study,
LasR and ecfX have been identified as the most suitable specific-species targeted primers in detecting
P. aeruginosa in mastitis infected milk’s sample. Moreover, this study has proved the reliability and
reproducible results on species-specific identification of P. aeruginosa strains by using PA-SS, PA-GS,
Lasl/R, gyrB and ecfX primer pairs.
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