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Abstract. Ribosomal DNA (rDNA) sequences are widely used for phylogenetic
and bacterial identification. However, rDNA of different species often reveals
similar or identical same sequences. This study employed the bacterial stable
small RNA (ssrA) gene encoding transfer-messenger RNA (tmRNA) as a tool for
identification of Staphylococcus aureus, Enterococcus spp, Pseudomonas spp and
Enterobacteriaceae from clinical isolates as representative groups using PCR
and species specific primers. The method correctly identified 11 standard strains
and 99 clinical isolates. Quantitative PCR revealed a limit of detection of 10°ug
of DNA for S. aureus and Enterococcus spp, and 10°ug for Pseudomonas spp and
Enterobacteriaceae. Further studies with a greater number of bacteria especially
from clinical samples will need to be undertaken before this bacterial molecular
marker can be applied in a clinical setting.
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INTRODUCTION

Culture tests are in general the gold
standard to identify causative bacteria,
but this procedure is time-consuming and
laborious (Buijtels et al, 2008) and there
are some bacteria, such as Mycobacterium
leprae, which are not easy to be cultured.
As regards treatment, empirical antibio-
tic therapy prior to acquisition of culture
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results may result in possible use of un-
necessary or inappropriate antibiotics and
thereby leading to emergence or spread of
antibiotic-resistant strains (Kollef, 2006).
In this situation, molecular analysis based
on nucleotide sequence of ribosomal DNA
(rDNA), such as the 16S rDNA and 23S
rDNA, has become a widely used method
for identification of specific bacterial
species (Woese, 1987; Amann et al, 1997;
Ludwig and Schleifer, 1999).

However, the 16S rDNA sequences
of closely related strains, subspecies or
even different species, are often identi-
cal and therefore PCR primers used for
amplifying 165 rDNA sequences spe-
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cific to these bacteria cannot be used
(Schonhuber et al, 2001). On the other
hand, transfer-messenger RNA (tmRNA)
gene, encoding both tRNA and mRNA,
is widely distributed among eubacteria,
and contains highly divergent sequences
(Schonhuber et al, 2001; Takahashi et al,
2003; Hudson and Williams, 2015). The
transcript from this gene (ssrA) plays at
least two physiological roles in bacteria: 1)
removing ribosomes, which have stalled
on mRNAs, and 2) tagging the resulting
truncated proteins for degradation (Cor-
vaisier et al, 2003). Another advantage of
using ssrA over 16S rDNA as molecular
markers is that there is only about 350 bp
in the former gene compared to 1,500 bp in
the latter (Schonhuber et al, 2001; Dewhirst
et al, 2012), thereby requiring shorter op-
erating times for gel-electrophoresis or
quantitative (q)PCR. The ssrA has been
used in the identification of gram-positive
bacteria (genera Bacillus, Enterococcus,
Lactococcus, Lactobacillus, Leuconostoc,
Streptococcus and Staphylococcus), Listeria
(in food using qPCR) and Caulobacter spp
(Keiler et al, 2000; Schéonhuber et al, 2001;
O’Grady et al, 2008).

In this study, we focused on using
PCR amplification of species specific
ssrA to identify gram-negative and gram-
positive bacteria in clinical samples.

MATERIALS AND METHODS

Bacterial strains and clinical isolates

A total of 11 reference strains (Staphy-
lococcus aureus ATCC 25923 and ATCC
29213, Staphylococcus epidermidis ATCC
12228, Streptococcus pyogenes ATCC 49614,
Enterococcus faecalis ATCC 33186, Bacillus
subtilis ATCC 6633, Pseudomonas aerugi-
nosa ATCC 27853, Escherichia coli ATCC
25922, Salmonella enterica subsp enterica
serovar Typhimurium ATCC 14208, Pro-
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teus vulgaris ATCC 13315, and Serratia
marcescens ATCC 8100, obtained from the
American Type Culture Collection) and
99 clinical isolates obtained from such
sources as urine and feces (provided by
Kobe University Hospital, Kobe, Japan)
were used in the study, even though we
have no available data for exact distribu-
tion in the current situation (Table 1).

PCR assay

DNA extraction of strains was per-
formed using Illustra bacteria genom-
icPrep Mini Spin Kit (GE Healthcare,
Tokyo, Japan) following an overnight
culture in heart infusion broth (Eiken
Chemical, Tokyo, Japan) according to the
manufacturer’s protocol. S. aureus ATCC
25923, E. faecalis ATCC 33186, P. aeruginosa
ATCC 27835 and E. coli ATCC 25922 were
used as quality controls. The primers used
and amplicon sizes are listed in Table 2.
PCR, conducted in a 25-ul volume, con-
tained 5 ug of DNA, 0.625 U Takara Ex
Taq™ (Takara Bio, Ohtsu, Japan), 1X Ex
Taq buffer (Takara Bio), 0.2 mM dNTP
mixture and 0.2 uM primer pair (Invitro-
gen, Carlsbad, CA). Thermocycling (con-
ducted in TaKaRa PCR Thermal Cycler
PERSONAL, Takara Bio) conditions were
as follows: 94°C for 4 minutes; followed by
30 cycles of 94°C for 30 seconds, 63°C for
30 seconds, and 72°C for 3 minutes. Am-
plicons were separated by 1.5% agarose
gel-electrophoresis, stained with ethidium
bromide and visualized under UV light.
Amplification of 165 or 23S rDNA were
performed using 4 primer pairs targeting
Staphylococcus 16S rDNA, Enterococcus 165
rDNA, Pseudomonas 16S tDNA and En-
terobacteriaceae 23S rDNA as previously
described (Matsuda et al, 2007).

qPCR assay

qPCR was performed to determine
the sensitivity of the PCR assay. One ug
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Table 2

Primers used in the study.
Name Target spp Primer sequence (5' to 3') Size (bp)
SAtm-F Staphylococcus aureus CGTCATCAACACACACAGTTTA 223
SAtm-R GGTTTCGCATCATGAAAAGTG
Entc-F Enterococcus spp GAGCTTGAATTGCGTTTCGT 240
Entc-R (Enterococcus faecalis) CCGAGTGACAGGCATTCTGTA
Pre-F Pseudomonas spp TTGCCAACGACGACAACTAC 255
Pre-R (Pseudomonas aeruginosa) GCTCTCCGCTATCGGTT
ENT2-F Enterobacteriaceae TTAGAGCCCTCTCTCCCTAGC 206
ENT2-R (Escherichia coli) CGTCCGAAATTCCTACATCC

of DNAs from S. aureus ATCC 25923, E.
faecalis ATCC 33186, P. aeruginosa ATCC
27835 and E. coli ATCC 25922 was serially
diluted 10-fold and subjected to qPCR as-
say performed in a MyiQ real-time PCR
system (Bio-Rad, Hercules, CA) using
SsoFast EvaGreen Supermix (Bio-Rad),
according to the manufacturer’s recom-
mendations. Thermocycling conditions
were as follows: 94°C for 1 minute; fol-
lowed by 40 cycles of 94°C for 20 seonds,
62°C for 20 seconds, and 72°C for 30 sec-
onds. The melting curve was constructed
from 55°C to 95°C with increments of 1°C/
sec, followed by a hybridization step, on
the purpose for absence of non-specific
amplicons. Plots were generated of thresh-
old cycle number (Ct) versus log bacte-
rial DNA amount. Ct value for the non
template negative control was 35. Three
independent experiments were performed
for each bacterial sample.

RESULTS

PCR-based amplification of ssrA in de-
tecting gram-positive and gram-negative
bacteria

Using species specific ssrA primers,
amplicons of the expected sizes were ob-
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tained for both reference gram-positive
[S. aureus ATCC 25923 (223 bp) (Fig 1A)
and Enterococcus spp (240 bp) (Fig 1B)],
and gram-negative [Pseudomonas spp
(225 bp) (Fig 1C) and Enterobacteriaceae
(206 bp) (Fig 1D)] bacteria. Among the
99 clinical isolates, all were detected cor-
rectly as regards the four species (Fig 1
and Table 1). This was confirmed using
16S and 23S rDNA primer sets (data not
shown). The sets of ssrA primers were not
capable of identifying phylogenetically-
related species, but only S. aureus (using
SAtm primer set), E. faecalis and E. faecium
(Entc primer set), P. aeruginosa (Pre primer
set), and E. coli, Salmonella Typhimurium,
Salmonella Enteritidis, Proteus vulgaris, P.
mirabilis, Shigella sonnei, S. marcescens and
K. pneumoniae (ENT2 primer set) (data not
shown).

Sensitivity of ssrA detection

Based on the linearity and correla-
tion coefficient (R? > 0.980) of curves of
Ct versus known amounts of bacterial
DNA, qPCR detection of species specific
ssrA showed that the detection limit of S.
aureus and Enterococcus spp was 10°ug,
and that for Pseudomonas spp and Entero-
bacteriaceae was 10 ug (Fig 2).
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Fig 1-PCR amplification of ssrA of (A) Staphylococcus aureus, (B) Enterococcus spp, (C) Pseudomonas

spp, (D) Enterobacteriaceae. PCR protocols and primers used are described in Materials and
Methods. Lane M, DNA 100 bp size markers; lane 1, S. aureus ATCC 25923; lane 2, S. aureus
clinical strain; lane 3, S. epidermidis ATCC 12228; lane 4, Streptococcus agalactiae clinical strain;
lane 5, S. pneumoniae clinical strain; lane 6, E. faecalis clinical strain; lane 7, E. faecium clinical
strain; lane 8, Bacillus cereus clinical strain; lane 9, B. subtilis ATCC 6633; lane 10, Moraxella
catarrhalis clinical strain; lane 11, Haemophilus influenzae clinical strain); lane 12, P. aeruginosa
ATCC 27853; lane 13, P. aeruginosa clinical strain; lane 14, Stenotrophomonas maltophilia clinical
strain; lane 15, Escherichia coli ATCC 25922; lane 16, E. coli clinical strain; lane 17, Salmonella
Enteritidis clinical strain; lane 18, S. Typhimurium ATCC 14208; lane 19, Shigella sonnei clini-
cal strain; lane 20, Klebsiella pneumoniae clinical strain; lane 21, Proteus vulgaris ATCC 13315;
lane 22, P. mirabilis clinical strain; lane 23, Serratia marcescens ATCC 8100; lane 24, S. marcescens
clinical strain.

DISCUSSION tween strains and subspecies or even com-

pletely different species, this has made it

As sequences of bacterial rRNA genes difficult to distinguish individual bacteria

are often the same and may not vary be- precisely using PCR-based amplification
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Fig 2-Determination of sensitivity of PCR-based ssrA assay for detection of (A) S. aureus, (B) E.
faecalis, (C) P. aeruginosa and (D) E. coli. Experimental procedures for qPCR amplification of
species specific ssrA are described in Materials and Methods. Ct value for non-template nega-

tive control was 35.

of 16S and/or 23S rDNA (Pérez Luz et al,
1998). Nevertheless, there are several new
sensitive and specific detection systems
for bacteria; for instance, Kubota et al
(2010) using subgroup- or species-specific
primer sets targeting 16S or 23S rDNA
have identified such bacteria as Enterococ-
cus and Streptococcus spp; Matsuda et al
(2007; 2009) demonstrated the efficacy
of rRNA-targeted RT-qPCR for bacterial
identification using group- and species-
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specific primer sets targeting 16S rRNA of
Clostridium perfringens, Lactobacillus spp,
Enterococcus spp, and Staphylococcus spp;
and Kurakawa et al (2012) showed detec-
tion of Vibrio cholerae/mimicus, V. parahae-
molyticus/alginolyticus and Campylobacter
jejunifcoli using specific primers targeting
16S or 23S rDNA. In addition, Goh et al
(1997; 2000) have reported identification
of Staphylococcus and Enterococcus spp
using primers targeting chaperonin 60
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(cpn60) gene, but the presence of cpn60 in
eukaryotes could compromise the assay.

However, employing ssrA as a mo-
lecular marker offers a number of ad-
vantages: (i) 350 bp in size, (ii) specific
only to individual bacteria, even between
subspecies, and (iii) present at high copy
numbers (O’Grady et al, 2009). We have
shown that PCR amplification of ssrA
allowed ready identification of gram-
positive and gram-negative bacteria from
a variety of clinical sources and had a
sensitivity as low as pg of bacterial DNA.
Our data also suggest that ssrA has the
potential to discriminate between closely
related species observed especially in S.
aureus, where we designed ssrA primers
for specific bacteria, not for closely related
species, according to the sequence align-
ment of ssrA in these bacteria (http://www.
ncbinlm.nih.gov/nuccore/). Furthermore,
qPCR-based detection is quicker and less
laborious than conventional PCR and may
be useful in a clinical setting especially
for early detection of causative bacteria
of life-threating infection. Barends et al
(2010) have employed qPCR-based ssrA
amplification to detect Streptomyces coeli-
color with high sensitivity.

Regarding the limit of detection, Gor-
dillo et al (2014) stated that in their qPCR-
based detection of E. coli O157:H7 in meat
products, it was 10 or 10? CFU/g for
artificially contaminated meat products,
and after a 4 hours enrichment period
at 37°C, the detection limit decreased to
about 1 CFU/g, even though we have no
comparable data with them and it needs
future studies for direct comparison.

We would like to emphasize that our
study has a number of limitations. Firstly,
the numbers and the kinds of bacteria
studied were not comprehensive enough
to reach definitive conclusions. Secondly,
we did not use a comparative gene for
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detection, especially in the experiments
regarding PCR sensitivity. Thirdly, this
method did not discriminate each indi-
vidual type of bacterium. These limita-
tions should have to be overcome in future
studies prior to clinical application.

In summary, we have identified S.
aureus, Enterococcus spp, Pseudomonas
spp and Enterobacteriaceae using species
specific primers targeting ssrA and shown
that the PCR assay was very sensitive
based on qPCR analysis. Further studies
may possibly lead to its clinical applica-
tions.
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