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Rapid Identification of Coagulase Negative Staphylococcus Isolates from Mastitic Milk
by RFLP Analysis of PCR-Amplified groEL Gene (HSP60)
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Abstract

The aim of this study was to evaluate of reliability the technique of restriction fragment length polymorphism (RFLP-PCR) of groEL
gene for Coagulase Negative Staphlococcus (CNS) of animal origin. For this reason, 47 CNS species were identified by the APl Staph test
kit. Genotypic characterization, based on RFLP-PCR of the groEL gene, was performed on 20 CNS isolates. The most commonly identified
CNS species were Staphylococcus epidermidis 21(44,7%) and Staphylococcus haemolyticus 11 (23,4%) followed by Staphylococcus xylosus
7 (14,9%). Acording to PCR-RFLP profiles, 5 different species were identified: Staphylococcus cohnii, Staphylococcus epidermidis,
Staphylococcus haemolyticus, Staphylococcus hyicus and Staphylococcus xylosus. In conclusion, PCR-RFLP of the groEL gene is a
potentially precius assay for accurate molecular identification of CNS species. Most of the commercial identification sistems are not disigned

to identify veterinary pathogen. This method must be developed for CNS of animal origin.
Key words: Coagulase Negative Staphlococcus (CNS), groEL gene, PCR-RFLP, bovine subclinic mastitis.

INTRODUCTION

Currently, coagulase-negative staphylococci (CNS) are
the most prevalent microorganisms causing mastitis [1].
Sixteen CNS species (some common species include S.
chromogenes, S. haemolyticus, S. epidermidis, S. simulans,
and S. sciuri) have been previously isolated from cows with
clinical and subclinical mastitis [2]. Researchers are
generally in agreement that microbiological examination of
milk samples is vital for implementation of effective
mastitis control. CNS infection can damage udder tissue
and lead to decreased milk production [1, 3, 4]. In
lactation, CNS infection is associated with an increased
milk somatic cell count (SCC), which can result in
economic losses and decreased milk production [5]. Also
according to Interpreting Milk Culture Reports, some CNS
species may be more pathogenic than previously thought
[6]. Thus, CNS identification at the species level is
important [7]. Unfortunately, the taxonomic classification
and species identification of these microorganisms remain
problematic [8]. Mastitis diagnosis programs still lack a
rapid and reliable identification method that can
discriminate between CNS species isolated from bovine
intramammary infections (IMI) [7]. Very few clinical or
research laboratories routinely use classical identification
methods because of time constraints and cost.

A number of rapid and simple commercial
identification kits and diagnostic schemes have been
developed to speciate staphylococci. But these methods
have an accuracy of 70-90%, although additional tests were
also required for final identification [8].

Nowadays, genotypic methods are used to define new
species, such as, ribotyping, sequencing of the 16SrRNA
gene and sequencing of additional housekeeping genes [9].
The groEL was proven to be an ideal universal DNA target
for identification to the species level because it has well
conserved DNA sequences. Santos et al.[10] show that the
PCR-RFLP of the groEL gene is a potentially valuable tool
for accurate identification of Staphylococcus.

The aims of this study were to compare phenotypic and
genotypic identification methods and to evaluate the
technique of PCR-RFLP of the groEL gene for the
differentiation of CNS species isolated from dairy cows
with mastitis Fort this reason, CNS isolates were first
phenotypically identified by means of the API Staph ID
test. Furthermore, the same 20 isolates were subjected to
RFLP-PCR of the staphylococcal groEL gene.

MATERIALS AND METHODS

Bacterial Strains and Biochemical identification

The study was carried out with a total of 47 CNS
isolates. They were collected from lactating bovines on in
the Middle Western Anatolia between April 2010 and June
2011. Milk samples were aseptically collected into sterile
vials and transported to laboratory. Samples were cultured
following National Mastitis Council recommendations [11].
Grown colonies were analyzed based on colony
morphology,  Gram-staining,  coagulase test and
susceptibility to novobiocin (5 pg) to distinguish CNS
colonies and CNS species further identification was
performed based on conventional biochemical techniques
described by Holt et al. [12] and using the API Staph test
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kit (BioMerieux, France) as described by the manufacturer.
20 isolates, the API web assigned a percent of identification
(ID%) over 92%, were used for molecular identification.

Extraction of Genomic DNA

All CNS isolates were grown in Brain Heart Infusion
Broth (BHI) and subcultured overnight on BHI agar plates
for examination of purity and colony characteristics. A
single colony was picked for extraction. DNA extractions
of isolates were carried out by using GF-1 Bacterial DNA
Extraction Kit (Vivantis) according to manufacturer’s
instructions.

PCR Amplification and RFLP

PCR amplification was performed using degenerate
PCR primers for groEL genes previously described [10,
13]. The primers for the amplification were the following:
H279 5’-GAIIIIGCIGGIGA(TC)GGIACIACIAC-3’ and
H280 5-
(TC)(TG)I(TC)(TG)ITCICC(AG)AAICCIGGIGC(TC)TT-
3. Each PCR mixture contained: 10 ul 10X PCR buffer, 50
mM KCI,, 25 mM (each) deoxynucleoside triphosphate
(dNTP), 2 pl of genomic (total) DNA, 0.5 pl of Tag DNA
polymerase (Promega), and 2.7 ul of each of the degenerate
HSP60 primers, in a final volume made up to 50 pl with
distilled H,0.

The PCR conditions for the amplification of groEL
encoding genes consisted of an initial cycle of 3 min at 95
°C, followed by 40 cycles of: denaturation at 94 °C for 1
min, annealing at 37 °C for 2 min, and extension at 72 °C
for 5 min. The amplified products were analyzed on 1%
agarose gels stained with ethidium bromide and
photographed with UV illumination [10]. 20 ul of each
PCR-amplified product was digested with 10 U of Alul
restriction enzyme at 37°C for 16 h. Digested PCR products
were separated by electrophoresis at 80 V on 2% agarose
gel. The gel was stained with ethidium bromide, and
photographed under UV illuminator. A double digestion
with Hindlll (10 U) and Pvull (10 U) was also performed
for the identification of the isolates. The size of the
fragments was determinated by comparision with the 1161
bp-DNA ladder (Vivantis). S. aureus ATCC 12600 was
used as a positive control [14]. Our results were analyzed

using the Santos et al. results [10]. for the differentiation of
CNS species (Table 2).

RESULTS

As shown Table 1, 47 CNS species were isolated and
identified. The most commonly identified CNS species
were S. epidermidis 21(44,7%) and S. haemolyticus 11
(23,4%) followed by S. xylosus 7 (14,9%). Twenty isolates
were identified [(ID%) over 92%] by the API Staph test kit
as S. cohnii (n=4), S. epidermidis (n=4), S. haemolyticus
(n=7), S. xylosus (n=4), S. hominis subsp. novobiosepticus
(n=1) (Table 2). 20 isolates (ID% over 92%) were by the
APl Staph test kit applied to RFLP-PCR of the
staphylococcal groEL gene.

Table 1. Species of coagulase-negative staphylococci
isolated from subclinical mastitis milk samples. API Staph
test Kit.

Bacterial spp.

Number of isolated bacteria (%)

S. cohnii, 4(8,5)
S. epidermidis, 21(44,7)
S. haemolyticus, 11(23,5)
S. xylosus 7(14,9)
S.hominis

novobiosopticus 2(43)

S. simulans 1(2,1)
S. warneri 1(2,1)

n 47(100)

groEL PCR product of 600 bp was successfully
amplified with degenerate primers from all strains
examined. Amplicons were digested restriction enzymes
and analyzed by agorose gel electrophoresis. Each Alul
digested pattern consisted of one to three DNA fragments
ranging in size from approximately 107 bp to 438 bp. There
was no band below 105 due to the used of 2% agarose gel.
Four isolates were classified as S. xylosus. Four isolates
showed the same PCR-RFLP profile of S. cohnii. Six
isolates identified as S. haemolyticus and four isolates were
classified as S. epidermidis. Only one isolate showed the
same PCR-RFLP profile of S. hyicus (Table 2).

Table 2.Compair of PCR-RFLP results of CNS isolates by Santos et al.(2008)

PCR-RFLP of groEL gene

Our RFLP patterns of the staphylococ

| RFLP patterns of the staphylococcal control strains [10]

n API Staph test kit Size of fragment _ Control strains Size of fragme.nts
Alul HindlIIl and Pvull Alul HindlIl and Pvull
- - - S. chromogenes 75, 107, 371 180, 374
4 S. epidermidis 173- 189-191 - S. epidermidis 173, 189, 191 -
- - - S. capitis 9, 11, 66, 107, 360 15, 66, 114, 360
6 S. haemolyticus 107-438 - S. haemolyticus 9, 107, 438 -
- - - S. sciur 14, 93, 446 -
4 S. xylosus 123-258 - S. xylosus 20, 75, 78, 123, 258 -
- - - S. caprae 182, 372 -
4 S. cohnii 267 - S. cohnii 2,24, 65, 90, 93, 267 -
- - S. hominis 5, 547 -
1 Stapzi’/'igﬁgccus 117, 324 - s. hyicus 10, 100, 117, 324 14, 539
1 Staphylococcus sp. ND ND
! ( Aic%{gz%m 204-258 - S. aureus 14,78, 204, 258 -

ND: Not Determined
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DISCUSSION

Different CNS species have been isolated from mastitic
bovine milk samples. Most commonly reported species are
S. chromogenes and S. simulans [15]. S. hyicus and S.
epidermidis have also frequently been isolated [8, 16]. In
Turkey, many studies have shown the importance of
clinical and subclinical bovine mastitis. Kirkan et al. [17].
reported that 20 (33.33%) CNS were identified as S. hyicus,
16 (26.66%), S. chromogenes, 9 (15.00%), S. epidermidis,
5 (8.33%), S. haemolyticus, 4 (6.66%), S. sciuri, 3 (5.00%),
S. lentis and 3 (5.00%) as S. cohnii subsp. cohnii. In the
study of Thorberg et al. [8], S. epidermidis and S.
chromogenes were the species mainly found in cows with
subclinical mastitis.

67 CNS were isolated from CMT positive milk samples
in Afyonkarahisar by Kenar et al. (2012). In total, 11 CNS
species: S. epidermidis (n=18), S. simulans (n=14), S.
warneri (n=10), S. hominis (n=5), S. chromogenes (n=4), S.
caprae (n=4), S. xylosus (n=3), S. haemolyticus (n=3), S.
hyicus (n=3), S. cohnii (n=2), and S. capitis (n=1) were
identified. The most commonly identified CNS species
were determinated as S. epidermidis (26.8%), S. simulans
(20.8%) and S. warneri (14.9%) [18]

In our sudy, 47 coagulase negative staphylococci were
identified by the API Staph test kit as S. cohnii, 4(8,5%); S.
epidermidis, 21(44,7%); S. haemolyticus, 11(23,5%); S.
xylosus, 7(14,9%); S.hominis ss. novobiosopticus, 2(4,3%)
(Table I).

Most of the commercial identification systems are not
designed to identify important veterinary pathogens. These
methods were primarily developed for human strains. Their
insufficient performance for identifying CNS strains of
animal origin is limited number of veterinary strains in
databases [19]. The accuracy of conventional methods for
species identification of staphylococci based on phenotypic
characteristics is limited. Genotypic methods have got
higher specificity and sensitivity than commercial
identification systems and they may provide a better
alternative for the identification of animal staphylococcal
isolates [20].

PCR-RFLP approach has already been used in other
studies for Staphylococcus identification. PCR-RFLP
analysis of the gap gene using Alul rendered distinctive
patterns that allowed the identification of Staphylococcus
spp. but S. saprophyticus and S. warneri, important
staphylococcal pathogens, could not be identified [9]. tuf
gene, which was used for the identification of the 11 most
common staphylococcal species, but 4 restriction enzymes
were used [21].

The groEL gene, which encodes a 60-kDa polypeptide
(known as groEL, 60-kDa chaperonin, or HSP60 for heat
shock protein 60) has the potential to serve as a general
phylogenic marker because of its ubiquity and conservation
in nature [22]. This gene was proven to be an ideal
universal DNA target for identification to the species level
because it has well-conserved DNA sequences within a
given species [23]. Our attention has been focused on
groEL gene because several authors have described its use
as a tool for the identification of Staphylococcus species
isolated from cows with mastitis [13, 14, 24].

In this study Alul was used in PCR-RFLP due to their
high resolution in determining them 20 CNS were isolated
from raw milk samples collected. The identification to
species level of each isolate was confirmed by APl Staph
test kit. Four isolates were classified as S. xylosus. Four

isolates showed the same PCR RFLP profile of S. cohnii.
Six isolates identified as Staphylococcus haemolyticus and
four isolates were classified as S. epidermidis. . Only one
isolate showed the same PCR-RFLP profile of S. hyicus
(Table 2).

We should emphasize that the PCR-RFLP with the
partial groEL gene is edequate for identification of most
common CNS species. PCR-RFLP of the groEL gene
proved to be an adequate tool for the identification of the
most common animal  staphylococcal pathogens,
independent of their phenotypic characteristics [10].

Mastitis remains the most costly disease for dairy
farmers worldwide despite all efforts to control its spread.
One key component of better control of this disease is
identification of the causative bacterial agent during udder
infections in cows. Onni et al. [25] reported that the PCR-
RFLP assay of groEL gene is a more reliable method than
the API Staph ID test for the identification of CNS causing
goats mastitis. To identify staphylococcal isolates involved
in bovine mastitis. We have found similar results with those
obtained by Santos et al. [10]. This study showed that
genotypic identification based on the PCR-RFLP of the
groEL gene (used only Alul restriction enzyme,) might be a
useful for the suitable identification of frequently isolated
CNS isolates of animal origin. This method must be
developed for animal strains.
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