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The versatile genetic machinery of enterococci has enabled them to become a prominent
nosocomial pathogen. The pheromone induced aggregation substance (AS) mediates
efficient cell-cell (bacterium-bacterium) contact to facilitate plasmid exchange: mostly
encodlng antibiotic resistance and virulence traits, as part of a bacterial sex pheromone
\).stem in entertrocci (17. 1161 However. the mere absence of this sex pheromone
5ystcm among some clinical enterococcal Isolates doesn't wanant that plasmid exchange
uould not occur, slnce alternate sex-pheromone independent plasmid transfer
nlechan~sms have also heen dep~ctedby several studies [IZO]. Hcnce. the property of
transferablu multldrug resistance including aminoglycosides. glycopept~desand betaIactams. is possibly one uxplanatlon Sor Intra and inter hospital dissemination of
cnterocc~-CI(6. 171 Funhcr. the .4S prtducrd by the pheromone respond~ngplasmids.
ha\ e hcrn shown to enhance the ~nfccti\~ t yof enterocncci by several means [I 36. I371

Report:. have ahoun that there IICS disparity in the gene transfer mechanisms of
enter(~occiin various ga)graphical reglons Hence studies focusing on the gene transfer
~nechanisms in entercxcxcl helps In understanding the d>namlcs of their genetic
mach~nep.w h ~ c hIn turn enahlcs to fi>miulate and linplement strategies that mlnlmizes
the problems of entercxcxcal ~nfect~cms.as uell the dissemination of Lirulence and
ant~microbialrcslstant traltb In any hospital setung.

OBJECTIVES

To study the transf'ernhil~t\ and charactCrl/a~lonol'tllr :ei~e!lc d e ~ t v ~ ~ ~ i ~11)v t : i t ,

cnteroumi
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MATERIALS AND METHODS
1. Pheromone response assay

Detection of clumping (aggregation) by donor cells (test isolates) in response to the
pheromone was carried out as described previously [I 16, 1271.
A. Pheromone recovery

5 ml N2GT broth (Oxoid Nutrient broth No.2 supplemented with 0.2% glucose
and buffered to pH 7.0 with O.lm Tris.HCI) was inoculated with 0.05 ml of an
overnight culture of plasmid free E. faecolis recipient strain JH2-SSlFA2-2 RF.
The cells were grown to mid log phase at 37'C with shaking.
The cells were then pelleted by centrifugation at 12.000 rpm. and the culture
filtrate (supernatant) was collected and boiled for 10 minutes and used as
"pheromone" for the clumping assays.
B. Clumping assay

0.5 ml of the culture liltrate (pheromone) was mixed with 0.5 ml of fresh N2GT
broth In I 1 ratio. to which 20 P I of overnight cultured cells (test isolates) were
added to test for phcromone response or their abillty to clump.
The mixture was incubated for 2-4 hours 1:10 with shaking and examined for
clumps visually, as well microscoplcallg.
(: DAPI

staining: The mixture was also stained using 4'-6-Diarnidino-2-phenylindole

(IIAPI) stain known to form fluorncent complexes with natural double-stranded DNA.
and the clumping response was visualized under fluorescenl as well phase contrast
mlcroscopc briefly as follows.
DAPI stain 5 p g m l (DAPI stain - Sigma Aldnch. US. Imgml stock made in

double distilled water) was added to a final concentration to the mixture (lml) and

kept at room temperature for 10 minutes.
10 pl of this suspension was placed on a glass slide and covered with a coverslip
and visualized under fluomcent micmscope at excitation wavelength 350 nm. as
well under phase contrast.
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2. Conjugative in-vitro gene transfer assays

The in-vitro gene transfer assays by conjugation were carried out by broth matings [I 161,
or filter matings [368] whichever appropriate as described below:

.4. Broth matings

Overnight cultures of donor (test isolates) and recipient strains (plasmid free
recipient strain E. furculis JH2SSl FA2-2 RF) were grown in Todd-Hewitt broth.
0.5 ml of recipient cells and 0.05 ml of donor cells were mixed into 4.5 ml fresh
N2GT broth in a 1: I0 donor recipient ratio.
This I: I0 mixture was Incubated at 37°C with gentle agitation for 2-4 hours.
After Incubation the mixture was vortexed to obtain a uniform suspension and 10
fold serial d~lutionswere plated (0.1 ml) on Todd Hewitt broth solid medium
supplemented w ~ t h5% sheep blood and appropriate selective antibiotics and
colonies were counted after 48 hours of incubation at 37°C.
The antibiotic

concentrations

used In the selective agar plates were as follows:

streptomycin 250 pg and spectinomycin 250 pg (recipient markers), rifampicin 25
pg and fusidic acld 25 pg (rec~pientmarkers), gentam~cin500 pg (donor marker).
Separate platings wcrc done from the mixturc to select donors (using donor
marker alone) and rec~picnts (using recipient marker alone) separately. This
pmvldes a basis for estimating plasmid transfer frequency as transconjugants per
donor (or) recipient.
Plasmid tmnsfer liequency was calculated by appropriate differencing between
transconjugants and donor'reciplent count. i.e: transconjugants cfu ml I donor (or)
recip~entcfulml.

B. Filter matings
Overnight c u l t u m of donor and recipient strains (plasmid free recipient strain E.
futsculisJHZSSI FA?-? RF) were grou8nin Todd-Hewn broth

0.5 ml of recipient cells and 0.05 ml of donor cells were mixed into 4.5 mi fresh

N2GT hmth in a I : I0 donor recipient ratio
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This I : I 0 mixture was collected on a membrane filter (0.22 pm, Millipore, India),
and the filter was placed on

BHI agar plate supplemented with 5% sheep blood

and incubated at 37°C overnight.
After incubation the cells were suspended in 1.0 ml of N2GT broth, and 0.1 ml of
this cell suspension was spread on Todd Hewin broth solid medium supplemented
with 5% sheep blood and appropriate selective antibiotics, and colonies were
counted after 48 hours of incubation at 37°C.
The antibiotic concentrations used in the selective agar plates were as follows:
streptomycin 250 pg and spectinomycin 250 pg (recipient markers), rifampicin 25
pg and fusidic acid 25 pg (recipient markers). gentamicin 500 pg (donor marker).
Separate platlngs were done from the mixture to select donors (using donor
marker alone) and recipients (using recipient marker alone) separately. This
provides a b a s s for estimating plasmid transfer frequency as transconjugants per
donor (or) recipient.
Plasmid transfer frequency usas calculated by appropriate differencing between
transconjugants and donor:recipient count. i.e transconjugants cfu/ml 1 donor (or)
recipient cfulml

3. Molecular characterization of Transconjugants
Thc donors, recipients and transconjugants were molecular characterized to study the
plasmid and genomic DNA profiles The whole (undigested) plasmid DNA and the
restrict~ondigested plasmid DNA were extracted as described in Chapter-Ill, Section-4.
and separated on 0.8 % agamse gel using 0.5 X TBE at 60 V stained. visualized and
d(xumented using a gel documentation system (Vilber-lourbet. France). The genomic!
chromosomal DNA o r the donors. recipients and transconjugants were Smal digested and
separated by PFGE as described in Chapter \'I and the gel patterns were subsequently
analyzed and interpreted appropriately
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RESULTS

I . Pheromone response assay

The pheromone response of all 110 HLGR E. /aeaecalis and 20 HLG sensitive E. faecalis
were tested as per standard procedures [I 161. 68 (62%) HLGR E.,fuecalis and four (20%)
of twenty HLG sensitive E. /uecalis exhibited clumping of cells that depicted a
pheromone response by enterococci tested as shown in Table 16.

Table 16. Clumping response of Efuccu1i.t

Isolam tested

NO.t m t d

No. (%) of isolates
posilivc

2. Conjugative in-vitro gene transfer assays
The ~n-titrngene transfer assays by conjugat~onwere camed out by broth matings and
filter matings. Although transconjugants were obta~nedin broth matings, the transfer
frequency was comparat~velylesser than filter mating assay. Hence, our subsequent
cxperiments were sw~tchedto filter mating assay to check the plasm~dtransfer frequency
from clinical donor isolates to a standard recipient E, fuecalis-FA2-2 (nfampin and
fus~dicacid resistant). We subjected four groups of 30 randomly selected HLGR E.
Iirc.c~u1i.sisnlates for the in-vitro gene transfer assay by filter lnatlng technique, the results

ol'which are depicted in Table 17. The isolates of four groups included were as follows:
1. 'l'wenty aec(6')+aph(2")-HLGR. ant(6)-I-HLSR and pheromone response positive E.

J~~tu.uli.v.
11. Four aac(6')+aph(2") and pheromone response positive E..farcalis, Ill. Four

aac(6')+aph(2") and ant(6)-I-HLSR positive but pheromone response negative E.,fuccolis
and IV. Two aac(6')+aph(2") positive but pheromone response negative E. focculis. The
transconjugants were assayad for their antimicrobial resistance by phenotpic and
genotypic assays. The transconjugants were assayed by PCR to check for the transfer of
the virulence trait-"Esp".
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Table 17. Filter-Mating experiments of HLGR-PCR positive E. faecalis
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donor
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the donor
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The frequency of transfer of the gentamicin resistance marker ranged from 10" to
10'' transconjugants per donor cell, while four donor strains did not yield transconjugants

in broth mating as well filter mating assays as depicted in Table 17. The transfer of "esp"
gene-a putative virulence factor was demonstrated among transconjugants obtained from
two of the thirty donor E. fueculis as confirmed by PCR. However in both instances, only
few among the population of transconjugants showed the transfer of "esp" gene as
evident

by PCR, while the remaining transconjugants tested possessed

the

aminoglycoside resistance genes.

3. Molecular characterization of Transeonjugants
Thc donors, recipients and five transconjugants were characterized to study the plasmid
and genomic D N A profiles. The plasmid D N A was present in all the donor strains used in
the ~n-vltro gene transfer assays, while the recipient strain and three of five
transconjugants (which included two "esp" positive transconjugants) did not yield any
plasmid D N A upon multiple extractions The remaining two transconjugants showed a
nearly

den tical plasmid D N A profile of donor strains after restriction digestion,

supponlng the transfer of plasmids liom the donor to recipient as shown in Figure 11.
'The Smul macrorestriction d~gestlon of three transconjugants (including two "esp"
pos~tlvetransconjugants) and their corresponding donors and recipient were performed
and separated by PFGE as shown in Figure 11 The macrorestriction PFGE pattern of the
donors were heterologous, when compared with FA?-2 recipient and esp-negative,
nm~noglyccistdemsis~antgene positive transconjugants. which had an identical pattern.
On contrary "esp" and aminoglycos~deresistance gene positive transconjugants showed a

"closely related" pattern of the recipient with two band differences. leaving us to
speculate that chromosome-to-chromosome transmission of "esp" gene might have

occurred. On h e other hand the FA2-2 recipient and the esp-negative,

HLGR

transconjugant showed an "iden~ical" PFGE pattern, authenticating the involvement of
plasmid D N A in transfer of gentamicin resistance.
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Figure 11. Molecular Characterization of E. faecalis donors,
recipients and transconjugants
A. Piasmid DNA restriction [EcoRi] profiles of donors,
recipients and transconjugants
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DISCUSSION
E n t m o c c i exhibit resistance to an array of antimicrobials including the most recent
molecules, a propeny that has catapulted them as one of the leading clinical challenges
[193]. The sex-pheromone based gene transfer system has made them "unique" among all
nosocornial pathogens. Since their discovery, sex-pheromone inducedlmediated gene
transfer especially those of antimicrobial resistance, between E. faeculis isolates have
been demonstrated [b. 1271. Small peptide sex pheromones that are specific for different
types of plasmids are secreted by plasmid free strains of E. ,faecalis (recipient cell) into
the culture medium. A potential donor cell containing a pheromone-responsive plasmid
(generally encoding antibiotic resistance) comes into contact with its corresponding
pheromone, following which the transcnption of a gene on the plasmid is turned on,
resulting in the synthesis of a sticky substance called aggregation substance (AS) on its
surface Subsequently, formation of some sort of mating channels between the cells leads
to transfer of genetic determrnants encoding antibiotic resistance!vi~lence determinants
between donor and recipient strarns 16. 17. 1271. In addition to mediating bacterial
brnd~ngto other enterococci. AS also plays a role In binding of E. faecu1i.v to eukaryotic
cells, including p ~ renal
g
tubular cells and human rntestinal epithelial cells [199].

Mostly, E, fueculis strains fmm hospitalized patients possessing pheromone
responsive

plasm~dsencoding antibiotic resrstance have shown a clumping response,

leading to transfer o l genetic de~erminants(encoding antibiotic resistance) between the
donor and recipient strains [129-1.121. In our study 68 (62%) of the HLGR E. fac.culis,
and 4 (20%) of 20 HLG sensitive E, fuec.olis exhibited clumping depicting production of
aggregation substance (AS) in response to a culture filtrate known to contain numerous
pheromones, which suggests their potential to transfer plasmid DNA between clinical

isolates. although the degree of clumping varied between test strains.
Our results matched a study fmm Japan, where 85% o r the hemolytic strains
exhibited a clumping response and about 90% of these hemolytic strains were resistant to
One or more drugs, w h e w this was true for only about 54% of non-hemolytic strains
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[235]. While several studies from Greece, Japan, U S , have shown that 95% to 100% of
pheromone responsive plasmids encoded gentamicin resistance among clinical
enterococci [133-135, 1611. These studies concluded that these pheromone responsive
plasmids might play a role in the spread of gentamicin resistance especially in a hospital
set up.
Most of the studies including ours have used phenotypic assays for studying the
pheromone responsiveness of the clinical isolates. While some of the recent studies have
used genotypic assays to detect the presence of Aggregation Substance (ASlagg) gene- a
product of pheromone response by plasmids, which also contribute substantially to the
increased pathogenicity of enterococci. Coque et al. [I291 in a study among 192 E
faecalis showed that AS was found among 52% of isolates from endocarditis, 72% of
isolates from other infections, 56% of hospital fecal isolates and among 30% of fecal
isolates from healthy volunteers, while none of the 86 non- E. faecalis isolates were
positive for AS. Another study from Italy revealed that AS gene was found among 33%
o f E. ,fuecu[is isolates, but none among the E. ,furcium isolates [203]. These studies also

emphasize that the phenotypic assays may not reveal the exact prevalence of pheromone
response among enterococci, since many a times "silent AS genes" may not enable
enterococci to exhibit a pheromone response that depicts a lesser prevalence of AS
among enterococci otherwise. Hence it is unwarranted that all the pheromone response
negative strains may not be true negative, although the percentage of such strains

lf

prevalent would be very less.

The clumping response exhibited by 20% of the HLG sensitive E. ,faeculis in our
study suggests, that apart gentamicin resistance plasmids, other plasmids encoding
hemolysidbacteriocin, UV resistance and resistance to other antibiotics like tetracycline,
kanamycin, erythromycin, vancomycin (but not gentamicin resistance) can also be
pheromone responsive as shown by several studies [6, 26, 2351. Our finding is
concordant with the results of these studies since the four pheromone responsive E.
fuecalis isolates (20%) in our study were sensitive to other antibiotics tested including
HLG, but were hemolysinibacteriocin positive. Thus our results depict that apart
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facilitating the transfer of antimicrobial resistance determinants, pheromone responsive
strains may facilitate transfer of virulence determinants between cells, which is of prime
concern in a hospital setting.
Although aggregation substance (AS) is a pheromone-inducible surface protein
that mediates binding of donor cells to plasmid free recipients, which is essential for
high-efficiency conjugation of sex pheromone plasmids, it has also been shown to act as

a virulence factor during host infection and AS remains to be the most well studied
adhesin of enterococci [199]. Several studies depict the significance of AS, as an
~mportantvirulence factor in the pathogenesis of enterococcal infections like UTI and
cridocarditis. Our results shows that all the AS positive E. fueculis isolates possess one or
more of the virulence factors: esplgelatinaseibacteriocin studied, depicting these infection
derived isolates may represent a unique genetic I m a g e capable of being disseminated
within the hospital setup

The other major function exhibited by AS is adherence of the E. juccalis isolates
to host tissues, since in vitro studies have shown that AS mediates adhesion to various
eukaryotic cell surfaces, such as cultured pig renal tubular cells and promotes
internalization by cultured human intestinal cells, suggesting that AS-expressing cells
may likely form larger aggregates in vivo than cells not expressing this trait [195-1981.
Furthermore, AS have been shown to exhibit resistance to killing by polymorphonuclear
leukocytes and macrophages. thereby promoting intracellular survival of E. ,furt.ulis
inside neutrophils [199]. While lsenmann et al. [201, 2021 have shown that interaction of
fibronectin and aggregation substance promotes adherence of E. ,fueculis to human colon.
Thus studies focusing on the prevalence of AS, either by indirect phenotypic clumping
assays, or through genotypic assays to detect the presence of Aggregation Substancelagg
gene would be a good indicator to know the appalling characteristics of the clinical
enterococcal isolates.

The transferability of various genetic determinants especially by conjugation has
enabled nosocomial strains of enterococci to outcompete indigenous commensal
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e n t e r ~ ~thereby
~ ~ ~ iincreasing
,
the presence of nosocomial strains in the gastrointestinal
tract, as well dissemination of these strains in a nosocomial setup. Our preliminary results
depicted that the donor isolates could transfer plasmids in both broth and filter matings
[132], however in each case plasmids were transferred at a higher frequency to the E.
fhecaiis recipient by filter mating than by broth matings, which has been shown

previously by some studies [6, 7,2511. Hence, our subsequent experiments were switched
to filter mating assays unless otherwise specified (as broth matings). The four groups of
30 randomly selected HLAR E. faecalis isolates subjected for the gene transfer assays

were having both pheromone response positive and pheromone response negative strains,
the combinations of which are depicted in Table 17. The transconjugants were assayed
for their antimicrobial resistance as well for the transfer of the virulence trait "Esp" by
phenotypic and genotypic assays

The group 111 and IV HLAR E, fuecalis isolates in our conjugation studies were
pheromone response negative as evident by clumping assay results. Hence we suggest the
prevalence of a different plasmid system among these isolales, although the possibility of
non-responsiveness to the corresponding pheromone due to a "silent gene" cannot be
ruled out as shown by some studies [25, 210, 2411. The mating experiments between
plasmid free recipient E. faecalis (FA2-2 RF) and, group I11 and IV donor cells did not
exhibit visible mating aggregates unlike the group I and 11 donors, although transfer of
plasmids occurred between donor and recipient cells. However, small mating aggregates
were observed when the broth mating mixture was stained using 4-6-Diamidino-2-
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phenylindole (DAPI) and visualized under fluorescent as well phase contrast microscope,
but aggregate of donor cells (self-clumping) were not even observable by microscopy in
the DAPI stained clumping assay after exposure to a culture filtrate of a standard plasmid
fiee recipient strains E. faecalis JH2 SSI FA2-2 RF known to contain multiple

p her om ones as shown in Figure 12. Further, these strains failed to transfer plasmids
when E. ,faecium BM 4105 RFIBM 4105 SS were used as recipient strains, confirming
that they do not possess broad-host-range plasmids like pAMPl or plP501 11251. Thus,
our results predict that these isolates may possess non-pheromone responsive plasmids or
a pheromone-independent plasmid system as described recently 1120, 1391, although we
have not done hybridization studies with DNA probes specific for these plasmids to
confirm the existence of these plasmid groups among enterococci in our hospital setup.

Few studies including ours, have depicted the nature and mode of the plasmid
transfer [6, 7, 120, 132, 1391, while most other studies carried among nosocomial
cnterococci worldwide have investigated only the ability of the enterococci to transfer
antimicrobial resistant plasmids between strains without probing the pheromone
responsiveness of the HLGR plasmids [2S I . 350. 356-3581, Generally in a clinical setup
the demonstration of the transferability of genetic determinants alone would be sufficient
enough to underscore the significance and their potential for dissemination of
antimicrobial resistance. However, investigating the nature and mode of gene transfer
would further contribute in understanding the basics, which enable us to redefine current
strategies to prevent and control the spread of multidrug resistance among enterococci.

High-level plasmid mediated gentamicin resistance in E. ,faecali.c was first
reported in 1979 in France [254]. In 1983 a study from U.S showed that nine clinical
isolates of E. faecalis encoded high-level resistance to gentamicin as well other
aminoglycosides, and depicted that the genetic determinants for HLGR were canied on
conjugative plasmids that transferred at a high frequency [258]. Later in 1990, the HLGR
genes were shown to be located on transposons, which increased the transferability of the

HLAR isolates [369]. Thereafter, several studies showed the transferability of gentamicin
resistance and the role of transposons mediating this process.
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Figure 12, Representative Phase contrast and Fluorescent Microscopy images of
Clumping and Mating Assays of Entemoccus test strains
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The frequency of transfer of the gentamicin resistance marker ranged from 10" to
10.' transconjugants per donor cell, which is concordant with several studies. A recent
study from Greece [I 341 had depicted a similar plasmid transfer frequency of 10" to I om',
But, all the HLGR isolates in their study have been shown to exhibit clumping response,
proving that all HLGR plasmids were pheromone responsive, in concordance with
several other studies [133, 135. 1611. However, the present study showed that all the
HLGR plasmids were not pheromone responsive as described in the previous section.
Some studies have shown a very high plasmid transfer frequency between 10" to 10.'
among the pheromone responsive plasmids in broth matings [133, 1351, while other
studies that did not differentiate the pheromone responsiveness of plasmids have shown a
~lasmidtransfer frequency (gentamicin resistance) between 1 0 'to
~ 10.' by filter mating
assays [251, 350, 356-3581, which matches the transfer frequency ofour study.

Apart from the type of plasmid, the transfer frequency depends on several other
factors, including the association of the plasmids with various transposable elements like
Tn4001iTn5281, which are found commonly in enterococci [369]. Studies have shown
that variant forms of these transposons can be generated by molecular rearrangements
during the process of transposition from the chromosome to a plasmid. or during in vivo
conjugative transfer 13561. Interestingly, the frequencies of transfer of gentamicin
resistance for the isolates containing truncated variants of Tn4001 (generally located on
plasmids) are significantly higher than those isolates containing non-truncated variants
(mostly canied on the chromosome) as shown by some studies from France and Greece
(355. 3561.

In our study few pheromone responsive HLGR E. ,/aecalis isolates were not able
to transfer the HLGRIHLSR marker both by filter and broth matings. The conjugative
transfer of gentamicin resistance may not be possible if the aac(6')+aph(2") gene is
cartied on non-truncated transposons regardless of their location on a plasmid or on the
chromosome (3561, which can be quoted as a possible reason for non-transfer of the
HIXR markers by some of our isolates.
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Although majority of the donor isolates could transfer the HLSR marker along
with HLGR marker, few donors failed as depicted by the profiles (phenotypiclgenotypic)
of transconjugants (Table 17). The possible explanation for this phenomenon may be that
HLSR marker might be encoded by a different non-conjugativeinon-pheromone
responsive plasmid, or else HLSR marker might be present on the chromosome of the
clinical isolates that couldn't be mobilized. This fact was authenticated by our
hybridization studies, since different fragments of the EcoRl digested plasmids
h$ridized to the HLSR and HLGR gene probes respectively for the donor E. fueculis

isolates that failed to transfer HLSR marker. The failure to transfer HLSR marker by
some E. jueculis isolates is in agreement with previous reports [287, 3571. which had
quoted similar reasons.

Thus as depicted above. even though sex pheromones appear to play a significant
role in the evolut~onand transfer of certain plasmids in enterococci,

II

should be kept in

mind that the importance of aggregation substance in enterococcal matings relates to its
ahillty to initiate contact in liquid suspensions, and it is not an essential component in
matings that occur on solid surfaces [370]. In natural environments, interspecies contact
on surfaces may be a common occurrence (e.g., within biofilms). and potential signals
that may be present In such environments still influence the induction of multiple
components of a given mating system leadlny to transfer of genetic determinants between
cells. Further, the existence of an alternate conjugative plasmid transfer system that is
"pheromone-independent", but capable of transferring the antibiotic resistant plasmid
efficiently during broth matings [120, 125. 1391 is also of concern. Thus. the versatility of
the genetic machinery of enterococci promotes dissemination of resistance and favors
stability of resistance genes even in the absence of exposure to antibiotics.

Most interestingly, the transfer of "esp" gene-a putative virulence factor was
demonstrated among transconjugants obtained from two of the 30 donor E. ,fueculis as
confirmed by PCR. However in both instances, only a subpopulation of transconjugants
acquired the "esp" gene as evident by PCR, i.e. only 2 among 18 transconjugants tested
acquired the "esp" determinant from E. ,foeculis as depicted by PCR, while all the
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transconjugants tested possessed the aminoglycoside resistance genes, indicating that the
transferred antibiotic resistance determinants were not directly linked with the "esp"
gene. This is not surprising, since antibiotic resistance determinants have not been
identified in the Pathogenicity island (PAI) that encodes the "esp" gene in enterococci
[2 141. This fact was authenticated by our study, since the plasmid DNA isolated from the
donor strains could not show the presence of the "esp" gene by PCR, which otherwise
were positive for the HLGR determinants by PCR and DNA hybridizations.

Since the time of discovery of this putative virulence factor-"esp" studies have
tried unsuccessfully to demonstrate transfer of this gene [214]. Recently Oancea et al.
[223] from Germany demonstrated the conjugative transfer of "esp" among E. ,fueculis
and E. juecium isolates. During the same time period we demonstrated the transfer of
"esp" between E. ,/aeculis isolates, however there were some differences between both
the studies. Our study could depict the conjugative transfer of "esp" gene between (two)
cl~nical donor E ,fueculis (HLAR) and a standard E. ~uecalrs isolate (FA2-2 RF:
rifampicin and fusidic acid resistant) with a transfer frequency of 4.2 x 10.' and 2.5 x lo4
Ibr both the isolates respectively. while attempts with E. ,/uccium BM 4105 RF as a
recipient stra~nfailed to yield any transconjugant. In contrast, Oancea et al. 12231 showed
that oue E. fucculis, and none of the E. fueciurn when mated with recipients of the other
species (E. juecium) generated esp-positive subpopulation of transconjugants, i.e.: only
one among founeen transconjugants acquired the esp determinant from E. jaecalis as
depicted by PCR.

Molecular characterization of the plasmid DNA from 30 donors in our study
revealed that they did not encode "esp" as evident by PCR (but encoded HLGRIHLSR),
while the recipient strain and three (which included 2 "esp" positive transconjugants) of
the five transconjugants tested did not yield any plasmid DNA upon multiple extractions.
The remaining two HLGR transconjugants showed a nearly identical plasmid DNA
Profile of their corresponding donor strains after restriction digestion, supporting the
transfer of plasmids (HLAR) from the donor to recipient as confirmed by hybridization
with HLGR~HLsR probe. Thus these results led us to speculate a chromosome-to-
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chromosome transfer of the "esp" gene from the donor to recipient E. faecalis strains.
Hence, molecular characterization of the chromosomal DNA of three donors, recipient
and corresponding transconjugants were performed by PFGE after Smal macrorestriction
digestion. The macrorestriction PFGE panem of all three donors were heterologous,
when compared with E. faecalis FA2-2 recipient and esp-negative, aminoglycoside
resistant gene positive transconjugants, which had an identical pattern. These results
authenticate the involvement of plasmid DNA in transfer of gentamicin resistance, as
well non-transfer of the "esp" gene to the recipient. On contrary "esp" and
aminoglycoside resistance gene positive transconjugants showed a "closely related"
pattern of the recipient with two band differences (from recipient), leaving us to speculate
that chromosome-to-chromosome transmission of "esp" gene might have occurred.

Although the chromosome-to-chromosome transmission of "esp" gene as shown

In the present study is concordant with another study by Oancea et al. [223], the plasmid
localization of the "esp" gene shown by them was divergent from our results. They had
explained that the "esp" gene was mobilized from the donor chromosome, integrated into
a conjugative plasmid, which was then transferred into the recipient, giving an esppositive transconjugant. This could be of high clinical significance, since in our study
rnajonty of the donors possessed conjugative plasmids encoding gentamicin resistance, as
well "esp" positive, thus having every chance of mobilizing other determinants including
that of "esp", although none tested in our study depicted the same. However, the
possibility of the "esp" gene transfer among other isolates is cnwarranted since they were
not tested. But, hybridization with an "esp" gene probe, which we did not perform on our
~solates, would have further authenticated our results, although the molecular
characterization of the plasmid and chromosomal DNA prove to be qualitative evidences
for our study. To our knowledge, this is the second experimental evidence to prove that
c h r ~ m o s o m a l lencoded
~
virulence traits like "esp" is capable of being transferable by
conjugation, which may give rise to newer genetic lineages.

CHAPTER V
SUMMARY

The results of our study depict that the enterococci isolated from our setup were highly
capable of transferring genetic determinants as evident by conjugation assays. The

t he no typic assay depicted pheromone responsiveness by 62% of the all HLGR E.
/uc,colis isolates and 20% of HLG sensitive E. fuecalis isolates tested as evident by a
clumping response. Four groups of 30 randomly selected HLGR E. ,fueculis isolates
subjected to in-vitro gene transfer assay showed that the gentamicin resistance marker
transferred at frequencies ranging between I 0.' to 10" transconjugants per donor cell for
26 donors. The transfer of "esp" gene-a putative virulence factor was demonstrated
among transconjugants obtained from 2 ot'the 30 donor E. ,fuecalis as confirmed by PCR.
However in both instances, only few among the population of transconjugants showed
the transfer of "esp" gene as evident by PCR, while all the transconjugants tested
possessed the aminoglycoside resistance genes. The PFGE patterns of the donor strains
were heterologous,

when

compared with

FA2-2 recipient

and esp-negative.

aminoglycoside resistant gene positive transconjugants. which had an identical pattern,
authenticating the involvement of only the plasmid DNA in transfer of gentamicin
resistance.

On

contrary

"esp"

and

aminoglycoside

resistance

gene positive

transconjugants showed a "closely related" pattern of the recipient with two band
dllferences, leaving us to speculate that chromosome-to-chromosome transmission of
"esp" gene might have occurred.

The gene-transfer mechanisms in enterococci facilitate the dissemination of the
genetic determinants encoding antimicrobial resistance and virulence in any hospital
setup. However, only molecular typing of the isolates authenticates the relationship
hetween the isolates disseminated in a hospital setup. This would help us to know the
clonality of the isolates and to prove the transmission of the clones, if any, between
patients in our hospital setup, during the study period.

