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ABSTRACT
Eight isolates of Enterococcus faecalis previously identified by API20 strep for
Enterococci from diarrheal cases were used in the present study. Resistance towards
ampicillin, cefalexin, tetracycline, chloramphenicol, gentamicin, erythromycin,
streptomycin and nalidixic acid was determined and the results showed different antibiotic
resistance pattern. The presence of a conjugation system in Enterococcus isolates was
determined by mating with plasmid free strain of E.coli JM83, the results indicated the
presence of conjugative system in isolates number 3,4,6 and 7 corresponded with the
transfer of antibiotic resistance genes for cefalexin, tetracycline, gentamicin and nalidixic
acid to recipient strain of E.coli JM83 at a frequency of (0.24 - 0.55×10-7) which may
indicate the presence of an F plasmid in these isolates. The ability of the Enterococcus
isolates to produce sex pheromone was detected by treating the conjugation mixture of the
isolates 3,4,6 and 7 with E.coli JM83 with pheromones isolated from the isolates 1,2,5 and
8 separately. The results showed the ability of the pheromone isolated from isolate 2 to
increase the conjugation frequency to (0.16×10-5) between isolate 6 and the recipient strain
of E.coli JM83 which indicates the presence of a pheromone-responsive plasmid in the
isolate 6 that is induced with the pheromone produced by isolate 2.
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Enterococcus faecalis ﺍﻟﻜﺸﻑ ﻋﻥ ﺇﻨﺘﺎﺝ ﺍﻟﻔﻴﺭﻤﻭﻨﺎﺕ ﺍﻟﺠﻨﺴﻴﺔ ﻓﻲ ﻋﺯﻻﺕ ﺠﺭﺜﻭﻤﺔ
ﻭﺍﻟﺘﻲ ﺘﺯﻴﺩ ﻤﻥ ﺘﺭﺩﺩ ﺍﻻﻗﺘﺭﺍﻥ
ﺍﻟﻤﻠﺨﺹ
 ﻤﺸﺨﺼﺔ ﻤﺴﺒﻘﺎ ﺒﺎﺴﺘﺨﺩﺍﻡ ﻓﺤﺹE. faecalis  ﻋﺯﻻﺕ ﺘﻌﻭﺩ ﻟﻠﻨﻭﻉ8 ﺍﺴﺘﺨﺩﻤﺕ ﻓﻲ ﻫﺫﻩ ﺍﻟﺩﺭﺍﺴﺔ
 ﻓﺤﺼﺕ ﻗﺎﺒﻠﻴﺔ ﻤﻘﺎﻭﻤﺔ. ﻭﺍﻟﻤﻌﺯﻭﻟﺔ ﻤﻥ ﺤﺎﻻﺕ ﺍﺴﻬﺎلEnterococcus  ﺍﻟﺨﺎﺹ ﺒﺠﺭﺜﻭﻤﺔAPI20strep
ﻭﺍﻟﺠﻨﺘﺎﻤﺎﻴﺴﻴﻥ

ﻭﺍﻟﻜﻠﻭﺭﺍﻤﻔﻴﻨﻴﻜﻭل

ﻭﺍﻟﺘﺘﺭﺍﺴﺎﻴﻜﻠﻴﻥ

ﻭﺍﻟﺴﻴﻔﺎﻟﻜﺴﻴﻥ
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 ﻭ ﺃﻭﻀﺤﺕ ﺍﻟﻨﺘﺎﺌﺞ ﻅﻬﻭﺭ ﺘﺒﺎﻴﻥ ﻓﻲ ﻤﻘﺎﻭﻤﺔ ﺍﻟﻌﺯﻻﺕ،ﻭﺍﻻﺭﺜﺭﻭﻤﺎﻴﺴﻴﻥ ﻭﺍﻟﺴﺘﺭﺒﺘﻭﻤﺎﻴﺴﻴﻥ ﻭﺤﺎﻤﺽ ﺍﻟﻨﺎﻟﺩﻜﺴﻴﻙ

 ﺤﺩﺩ ﺍﻤﺘﻼﻙ ﺍﻟﻌﺯﻻﺕ ﻗﻴﺩ ﺍﻟﺩﺭﺍﺴﺔ ﻟﻨﻅﺎﻡ ﺍﻗﺘﺭﺍﻥ ﻤﻥ ﺨﻼل ﺇﺠﺭﺍﺀ ﺍﻻﻗﺘﺭﺍﻥ ﺒﻴﻨﻬﺎ ﻭﺒﻴﻥ.ﻟﻠﻤﻀﺎﺩﺍﺕ ﻗﻴﺩ ﺍﻟﺩﺭﺍﺴﺔ
7  ﻭ6  ﻭ4  ﻭ3  ﺍﻟﺨﺎﻟﻴﺔ ﻤﻥ ﺍﻟﺒﻼﺯﻤﻴﺩﺍﺕ ﺤﻴﺙ ﺍﺘﻀﺢ ﺍﻤﺘﻼﻙ ﺍﻟﻌﺯﻻﺕE. coli JM83 ﺍﻟﻌﺯﻟﺔ ﺍﻟﻘﻴﺎﺴﻴﺔ
ﻟﺒﻼﺯﻤﻴﺩﺍﺕ ﺍﻟﺨﺼﻭﺒﺔ ﻭﺍﻟﺘﻲ ﺭﺍﻓﻘﻬﺎ ﺍﻨﺘﻘﺎل ﻤﻭﺭﺜﺎﺕ ﺍﻟﻤﻘﺎﻭﻤﺔ ﻟﻤﻀﺎﺩﺍﺕ ﺍﻟﺴﻴﻔﺎﻟﻜﺴﻴﻥ ﻭﺍﻟﺘﺘﺭﺍﺴﺎﻴﻜﻠﻴﻥ
 ﻭﺘﺭﺍﻭﺡ ﺘﺭﺩﺩ ﺍﻻﻗﺘﺭﺍﻥ ﺒﻴﻥE. coli JM83 ﻭﺍﻟﺠﻨﺘﺎﻤﺎﻴﺴﻴﻥ ﻭﺤﺎﻤﺽ ﺍﻟﻨﺎﻟﺩﻜﺴﻴﻙ ﺇﻟﻰ ﺍﻟﺴﻼﻟﺔ ﺍﻟﻘﻴﺎﺴﻴﺔ
 ﺸﺨﺼﺕ ﻗﺩﺭﺓ ﻋﺯﻻﺕ.( ﻤﻤﺎ ﻗﺩ ﻴﺸﻴﺭ ﻻﻤﺘﻼﻙ ﻫﺫﻩ ﺍﻟﻌﺯﻻﺕ ﺒﻼﺯﻤﻴﺩﺍﺕ ﺍﻟﺨﺼﻭﺒﺔ

7-

10 × 0.55-0.27 )

 ﻭ4  ﻭ3  ﻋﻠﻰ ﺇﻨﺘﺎﺝ ﺍﻟﻔﻴﺭﻤﻭﻨﺎﺕ ﺍﻟﺠﻨﺴﻴﺔ ﻤﻥ ﺨﻼل ﻤﻌﺎﻤﻠﺔ ﻤﺯﻴﺞ ﺍﻻﻗﺘﺭﺍﻥ ﻟﻠﻌﺯﻻﺕEnterococcus ﺠﺭﺜﻭﻤﺔ
 ﺃﻅﻬﺭﺕ، ﻜﻼ ﻋﻠﻰ ﺤﺩﺓ8  ﻭ5  ﻭ2  ﻭ1  ﻤﻊ ﺍﻟﺴﻼﻟﺔ ﺍﻟﻘﻴﺎﺴﻴﺔ ﺒﺎﻟﻔﻴﺭﻤﻭﻨﺎﺕ ﺍﻟﻤﻌﺯﻭﻟﺔ ﻤﻥ ﺍﻟﻌﺯﻻﺕ7  ﻭ6

6 ( ﺒﻴﻥ ﺍﻟﻌﺯﻟﺔ5-10 ×0.16)  ﻋﻠﻰ ﺭﻓﻊ ﺘﺭﺩﺩ ﺍﻻﻗﺘﺭﺍﻥ ﺇﻟﻰ2 ﺍﻟﻨﺘﺎﺌﺞ ﻗﺩﺭﺓ ﺍﻟﻔﻴﺭﻤﻭﻥ ﺍﻟﻤﻌﺯﻭل ﻤﻥ ﺍﻟﻌﺯﻟﺔ
 ﺒﻼﺯﻤﻴﺩﺍﺕ ﻤﺴﺘﺠﻴﺒﺔ ﻟﻠﻔﻴﺭﻤﻭﻥ ﻴﻤﻜﻥ ﺘﺤﻔﻴﺯﻫﺎ6  ﻤﻤﺎ ﻴﺩل ﻋﻠﻰ ﺍﻤﺘﻼﻙ ﺍﻟﻌﺯﻟﺔE. coli JM83 ﻭﺍﻟﺴﻼﻟﺔ ﺍﻟﻘﻴﺎﺴﻴﺔ
.2 ﺒﺎﻟﻔﻴﺭﻤﻭﻥ ﺍﻟﻤﻨﺘﺞ ﻤﻥ ﺍﻟﻌﺯﻟﺔ
. ﺍﻗﺘﺭﺍﻥ، Enterococcus faecalis ، ﺍﻟﻔﻴﺭﻤﻭﻨﺎﺕ ﺍﻟﺠﻨﺴﻴﺔ:ﺍﻟﻜﻠﻤﺎﺕ ﺍﻟﺩﺍﻟﺔ
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INTRODUCTION
Enterococci are common inhabitants of the human intestinal microflora and the
genitourinary tract of men and women and is also present in most animals ( Dahlen et al.,
2012 ). Because of their presence in these habitants, the enterococci enter the human food
chain, where they can play different and in many cases controversial roles (Borgo et al.,
2009). Consequently, enterococci are well suited to survive in hospital settings, where
antibiotic selective pressure is heavy. The development of high level resistance to
aminoglycosides, pencillins and glycopeptides ( Vancomycin and teicoplanin ) singly and in
combination has important clinical implications (Leclerq, 1997). In enterococci, resistance
factors are often associated with mobile genetic elements, such as transposons or
conjugative plasmids, these plasmids are also capable of mobilizing smaller plasmids and
this fact may explain the dissemination of smaller plasmids carrying antibiotic resistance
genes among gram positive bacteria (Borgo et al., 2009). However, three different
mechanisms of conjugation have been reported in enterococci differing in regulation
mechanisms rather than in the actual conjugation process: pheromone – responsive plasmid,
broad-host-range plasmids and conjugative transposes (Migura et al., 2009). Pheromone
responsive transmissible plasmids are common among strains of Enterococcus faecalis
conjugative transfer of these plasmids is induced by peptide sex pheromones elaborated by
potential recipient cells. These pheromones are 7-8 amino acids long and act rapidly on
donor cells containing a pheromone – responsive plasmid to elicit a specific mating
response which includes an expression of a surface protein on plasmid containing cells
( called aggregation substance ) that enables the donor and recipient to adhere and transfer
plasmids by conjugation ( Huyck et al., 1992 ). Pheromone - induced conjugation allows
plasmid transfer at high frequencies in broth (100 to 10-4 per donor cell ), whereas non-
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pheromone plasmids are generally transferred at low frequencies (10-8 to 10-9per donor
cell) (Migura et al., 2009).
The aim of this research is to detect the isolates of E. faecalis which has the ability to
produce sex- pheromones in order to detect the pheromone – responsive transmissible
plasmids in other E. faecalis isolates.
MATERIALS AND METHODS
Bacterial strains
Eight isolates of Enterococcus faecalis were used. These were previously collected
from diarrheal specimens in Mosul governorate and identified with API20 strip for
Enterococcus Kandela et al., (2012) .
The standard strain E.coli JM83 was obtained from Dr. George M. Weinstock,
Department of Biochemistry and Molecular Biology, University of Texas that carried the
genetic markers ara , ∆( lac pro A,B), rpsL , Ø80 lacZ ∆M15, SmR , k+r , k+m .
Antibiotic susceptibility testing
Screening for antibiotic resistance towards Ampicillin (25µg/ml ), Chloramphenicol
(10 µg/ml ), Tetracycline ( 15 µg/ml ), Cefalexin (30 µg/ml ), Gentamicin ( 20 µg/ml ),
Streptomycin ( 50 µg/ml ), Nalidixic acid ( 30 µg/ml ) and Erythromycin ( 25 µg/ml )was
performed using nutrient agar plates containing these antibiotics with previously mentioned
concentrations as described by Grant and Pittard (1974).
Pheromone detection
Late-stationary phase cultures were obtained by inoculating 1ml of the overnight
culture in 100ml of fresh BHI broth and incubated at 370C with shaking to a final
concentration of 5×108 cell/ml. The culture was centrifuged at 10,000 rpm for 10 min and
the supernatants containing pheromones then filtered through 0.22µm filter. The filtrates
were autoclaved at 1210c for 15 min and stored at 40C prior to use as mentioned by Donelli
et al., (2004).
Mating experiments
Conjugation between E. faecalis donor isolates and recipient E.coli JM83 was
performed according to ( Olsen et al., 1995). Transconjugants were selected on Brain Heart
Infusion agar (BHI) containing two antibiotics (Nalidixic acid and Erythromycin) depending
on the genotype of the donor and recipient. Transconjugants were stained with gram stain to
confirm that they were E. coli JM83 cells. Conjugation was done with and without the
addition of pheromones isolated from other Enterococcus isolates and conjugation
frequency was recorded in both cases.
Induction of Mating using collected pheromone
One ml of the filtrate containing pheromone was added to the conjugation mixture
(containing 0.7 ml donor, 0.3 ml recipient and 1 ml nutrient broth ) as described by Lim et
al., (2006) and incubated for 4 hours as done previously in the mating experiment according
to Olsen et al., (1992).
RESULTS AND DISCUSSION
Antibiotic susceptibility
The clinical isolates of Enterococcus faecalis exhibited different patterns of antibiotic
resistance as shown in table (1). All isolates were resistant to nalidixic acid while no
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resistance towards ampicillin was observed and different antibiotic pattern to other
antibiotics were noticed.
Table 1: Antibiotic resistance pattern of isolates under study towards different
antibiotics.
Isolate
no.
1
2
3
4
5
6
7
8
JM83

Nutrient agar media containing different antibiotics in (µg/ml)
Ap(50) Cf(30) Tc(15) Cm(10) Gm(30) E(25) Sm(50) NA(30)
S
R
R
R
R
R
R
R
S
R
R
R
R
R
R
R
S
R
R
S
R
S
R
R
S
R
S
S
R
S
R
R
S
R
R
R
R
R
R
R
S
R
S
S
R
S
S
R
S
R
S
S
R
S
R
R
S
S
S
S
S
S
R
R
S
S
S
S
S
R
R
S

S: Sensitive ; R: Resistant ; Ap: Ampicillin ; Cf: Cefalexin ; Tc: Tetracycline ; Cm:
Chloramphenicol ; Gm: Gentamicin ; E:Erythromycin ; Sm: Streptomycin; NA: Nalidixic acid.

Isolates 1,2 and 5 were the most resistant to antibiotics as they were resistant to all
antibiotics tested except ampicillin. Dahlen et al., (2012) also found that ampicillin and
amoxicillin showed highest effect on enterococci as he found that 57.4% and 31.1%
respectively, of his isolates were sensitive to these antibiotics respectively .
Our results were compatible with Donelli et al., (2004) who had only two isolates out
of 19 resistant to ampicillin while most of his isolates were resistant to chloramphenicol,
tetracycline and erythromycin and he also found that 6 of these isolates were multidrug
resistant . On the other hand, we found that isolate 8 was resistant to 2 out of 8 tested
antibiotics which could be due to lack of plasmids in this isolate.This was also mentioned by
Donelli et al., (2004) as he found that plasmid DNA was absent in 7 out of 19 enterococci
tested.
Our results also show that isolates 1,2 and 5 that were resistant to erythromycin were
resistant to multiple antibiotics. This was noticed by Khan et al., (2002) who found that
resistance to erythromycin in Enterococcus is due to the occurrence of ermB gene which
may locate on a plasmid or a transposon or even on the chromosome and he found that all of
his erythromycin resistant isolates were resistant to multiple antibiotics.
All of our isolates were resistant to nalidixic acid which was also noticed by Kimiran
et al., (2007) who tested 24 Enterococcus isolates to 11 different antibiotic and found that
all isolates were resistant to nalidixic acid.
Mating experiment
Conjugation between Enterococcus faecalis isolates and the recipient strain E.coli
JM83 was performed to test for the presence of F plasmid and to detect the selftransmissible plasmids in Enterococcus faecalis isolates. Differences in two selective
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markers is necessary to undergo conjugation and therefore the isolates 3,4,6,7 and 8
which were sensitive to erythromycin and resistant to nalidixic acid which is in contrast of
recipient E.coli JM83, were chosen for conjugation experiment and the results were shown
in table (2).
Table 2 : Conjugation frequency of Enterococcus faecalis isolates and E.coli JM83.
E.faecalis Donar
Isolate
no.

3
4
6
7

Antibiotic
resistance pattern

CfR,TcR,GmR,NAR,ES
CfR,GmR,NAR,ES
CfR,GmR,NAR,ES
CfR,GmR,NAR,ES

Recipient
E.coli
JM83
antibiotic
resistance
pattern
R
NAS
E
CfS
TcS
GmS

Transconjugant
Conjugation
antibiotic resistance frequency
pattern

ER,CfR,TcR,GmR,NAR
ER,CfR,GmR,NAR
ER,CfR,GmR,NAR
ER,CfR,GmR,NAR

0.27×10-7
0.55×10-7
0.27×10-7
0.41×10-7

Isolate 8 was not able to conjugate with E. coil JM83 which may reflect the absence of
a conjugation system in this isolate. This supports our results previously mentioned in the
poor antibiotic resistance which may indicate the lack of plasmids in this isolate.
Table (2) shows the occurrence of F plasmid in isolate 3,4,6 and 7 that had the ability
to conjugate with the laboratory strain E. coli JM83 and transfer the antibiotic resistance
genes they carried to transconjugant colonies. The conjugation system in Enterococcus are
one of the most efficient bacterial conjugation system known as indicated by Hirt et al.,
(2005) as this family consists of over 20 plasmids and shows extensive sequence
homologies and the species E. faecalis can host several of these plasmids.
Our results also show that all of our isolates that underwent conjugation had the ability
to transfer the genes responsible for cefalexin, nalidixic acid, tetracycline and gentamycin
resistance. This is compatible with Leclerq et al., (1992) as they noticed that Enterococci
are highly resistant to aminoglycosides by coding aminoglycoside-modifying enzymes
which is located on self-transferable plasmids. Dahlen et al., (2012) also mentioned that
Enterococcus commonly contain plasmids that are exchanged between isolates of
Enterococci and to medical and food bacteria via conjugation and this may be suppressed by
the production of pheromones from some isolates of Enterococci. Tomita and Ike (2005)
also found that the conjugative plasmid pMG1 located in Enterococcus isolates carries the
gentamicin resistance gene which is transferred to transconjugants which is compatible also
with our work as we have found that all transconjugants tested were resistant to gentamicin.
Mating induction with pheromones
Conjugation of the isolates which had the ability to conjugate was induced with the
addition of pheromones isolated from the isolates 1,2,5 and 8 . We found that from the four
previously mentioned isolates tested isolate 2 had the ability to produce pheromones which
induced the ability of the isolate 6 to conjugate with the laboratory strain E. coli JM83 at a
frequency of 0.16×10-5 which is about 100 times that of the frequency of the untreated
isolates which was 0.27×10-7 as shown in table 2 and plate1.
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Plate 1: transconjugants of isolate 6 treated with pheromone of isolate 2 (Right plate)
and untreated (left plate) on BHI agar containing nalidixic acid and
erythromycin.
All transconjugants tested were resistant to erythromycin, cefalexin , gentamycin and
nalidixic acid as found in the untreated isolates. Our results are compatible with those of
Lim et al., (2006) as they found that the pheromone responsive plasmids pSL1 and pSL2
isolated from E. faecalis kV1 and kV2 transferred the resistance to vancomycin, gentamycin
, kanamycin , streptomycin and erythromycin at a frequency of about 10-3per donor when
treated with the filterate of E. faecalis FA-2 culture.The plasmid did not respond to several
other synthetic pheromones tested, this may indicate that isolates 1,2,5 and 8 may produce
other pheromones that did not induce the transfer of plasmids in the isolates 3,4 and 7 and
we can also say that the isolates 3,4 and 7 may had contained another pheromone responsive plasmid which is not responding to the pheromones isolated from the isolates
1,2,5 and 8. The conjugation frequency of treated isolate 6 was less than this researcher
maybe because he used the ratio 1:9 donor/ recipient with the laboratory strain E. faecalis as
a recipient strain in conjugation .
The response of isolate 6 to the pheromone produced by isolate 2 unlike other isolate
tested may indicate the presence of a special regulation system in the isolate 6 that is
activated or released from repression by a special pheromone that was produced by isolate 2
and not affected by others as mentioned by Hirt et al., (2005) who found that the pheromone
is taken into the cell and releases a transcriptional block of the PrgX/TraA family of
repressors, that is one of the early transcripts after induction encodes the surface protein
aggregation substance (AS) which is responsible for the tight physical contact between
donor and recipient that is necessary for conjugation frequency induction .Zheng et al.,
(2009) found that the complete DNA sequence of E. faecalis pMG2200 plasmid contained
the regulatory region found in pheromone responsive plasmids and encoded the genes prgX
and prgQ, which are the key negative regulatory elements for plasmid pCF10 and also the
TraE1 a key positive regulator of plasmid pAD1.
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