Medical Journal of Babylon-Vol. 8- No. 1  -2011            مجلة بابل الطبية- المجلد الثامن - العدد الأول- 2011
Medical Journal of Babylon-Vol. 8- No. 1  -2011            مجلة بابل الطبية- المجلد الثامن - العدد الأول- 2011

                                                

Review Article


Abstract

Pheromone-inducible plasmid transfer is an important mechanism for dissemination of antibiotic resistance and virulence factors in these organisms. Plasmid-free strains of Enterococcus faecalis  secrete  at least half a dozen peptide sex pheromone-probably many more-that induce a mating response by potential donor strains carrying members of specific families of conjugative plasmids. The response is associated with synthesis of surface proteins that facilitates formation of donor-recipient mating aggregates. When a recipient acquires a given plasmid , the corresponding pheromone becomes shutdown or masked. Although the structure of at least five of these peptides has been determined.

I-Gene Transfer Among Enterococci:

T

ransfer of genes among genera of bacteria occurring in two mechanisms; one mechanism, transfer of DNA within bacterial cells by transposons. The transposons are pieces of DNA that move readily from one site on the bacterial chromosome to another site, or they transfer to plasmid. The transposons  are not capable of independent replication, they replicate as part of recipient DNA. They can code for drug resistance enzymes, toxins production or variety of metabolic activities. Another mechanism ,transfer of genetic information from one bacterium to another. These transfer can occur by three methods: conjugation, transduction and transformation [1].

Enterococci posses ability to horizontal exchange of genetic materials among themselves and with other gram-positive bacterial genera [2]. The exchange of genetic elements of Enterococcus feacalis by conjugation is studied during twentieth century in deeply. The first convincing evidence for the existence of plasmid-mediated gene transfer in this organism was obtained by Tomura et al. ,1973[3] and by Jacob and Hobbs ,1974[4]. At least three conjugative systems have been reported in Enterococus feacalis,  ( i )The conjugative  system  occurs in wide range of related bacterial genera(braod-host range plasmids). The plasmids can transfer among enteroccoci species and with other genera such as many species of streptococci, Staphylococcus aureus, Lactobacillus species, Bacillus subtilis, Listeria monocytogenes and others. The transfer of this type is largely dependent on forced cell contact on membrane filter and is very inefficient in broth . The transfer of plasmid is lower than(10-4-10-5 per donor cell) gene transfer by pheromone induction[5]. (ii)The transfer of plasmids by transposon mechanism that occurs at low frequency on filter, and many explain the spread of R-gene to many different species . As opposed to ordinary transposons , which can jump within cell from one DNA location to another, conjugative transposons also encode the ability to bring about conjugation between different bacterial cells[6, 7 ,8].

(iii)Third type involves the plasmid transfer occurs only between E.feacalis strains(narrow-host range plasmids). The plasmid-encoded antibiotic resistance and virulence factors can be transfer at high frequency by conjugation (reaching 10-1 per donor cell). The transfer conjugative plasmids from donor to recipient cells are inducing by signaling peptide, sex pheromone. Therefore are believed to contribute to horizontal dissemination of antibiotic resistance and virulence factors [9,10].

Sex pheromone system is one of many chemical communication in bacteria especially in gram positive bacteria. In gram positive bacteria several important processes are controlled by cell to cell communication which are mediated by extracellular signal molecules. Most of these molecules are peptides or modified peptides. Signal processing ,in most cases ,involve either transduction across the cytoplasmic membrane or import of the signal and subsequent interaction with intracellular effectors[11].

II-Historical Background of Sex-Pheromone :

In E. feacalis , the exchange of plasmids among themselves and other genera is unique involved the production of sex pheromone , while other species of enterococci have the capacity to acquire and exchange is not pheromone induced [12].

E. feacalis contains more than 47 plasmids . At present ,the main know types of plasmids;(i) small, cryptic plasmids, (ii)large, conjugative plasmids and (iii) sexual, pheromone-responding plasmids , up to now , approximately, 20 different pheromone-responding plasmids[3]. 

Historical , the sex pheromone system of E.feacalis was discovered and first  described in 1978 by Dunny group[13]. The work by Dunny group reveals the existence of mechanism of regulation of the genes involved in conjugal transfer, mediated by peptide sex pheromone [14]. The earliest investigations of pheromone–inducible transfer of genes during observation of clumping induction assay in mating mixtures or in donor cell cultures incubated with recipient cultures filtration provided the first indication of existence of pheromone , therefore Dunny ,use the term clumping-inducing agent (CIA) to describe these substances [13, 15].

The pheromone is extracellular small peptide (oligopeptide) consist of seven to eight amino acids in length ,and has low molecular weight (less than 1000). The peptide is chromosomally encoded in recipient cells ( plasmid-free cells)[15]. 

E.feacalis cells excrete multiple pheromones.  Up to now, five or more different sex pheromones are identified and five specific peptide inhibitors . The peptide inhibitors encoded by responder  plasmid in donor cells[16].  Each pheromone is specific for induction of a single plasmid or family of closely related plasmids. They are named according to their respective sex-pheromone-plasmid , e.g: cAD1 (c standing for clumping ), iAD1(I standing for inhibitor), and induced plasmid, pAD1 (p standing for plasmid) [17] . The types of sex pheromones in E.faecalis and pheromone-responding plasmids have been described in table-1.

Table 1: Enterococcal sex-pheromones and the pheromone-responding plasmids described in Enterococcus faecalis[18].

	Sex-Pheromone


	Pheromone inhibitor
	Original strain
	Pheromone-responding

plasmid
	phenotype

(the plasmid encodes for)

	cAD1


	iAD1


	DS16
	pDA1
	Hly/Bac

	
	
	DS5
	pAMγ1
	Hly/Bac

	
	
	JH1
	pJH2
	Hly/Bac

	
	
	HH2
	pBEM10
	Pnr,Gmr,Kmr,Tmr

	
	
	…..
	pX98
	Hly/Bac

	cPD1
	iPD1
	39-5
	pPD1
	Bac

	
	
	S-48
	pMB2
	Bac

	cCF10
	iCF10
	SF-7
	pCF10
	Tcr(Tn925)

	
	
	T1-4
	pMB1.1
	Bac

	cOB1
	iOB1
	5952
	pOB1
	Hly/Bac

	
	
	…..
	pYL1
	Hly/Bac

	cAM373
	iAM373
	RC73
	pAM373
	cryptic

	Derivates
	cAMγ2
	
	DS5
	pAMγ2
	Bac

	
	cAMγ3
	
	DS5
	pAMγ3
	cryptic

	
	cAM323
	
	HH22
	pAM323
	Emr

	
	cAM324
	
	HH22
	pAM324
	cryptic


III-Biosynthesis of sex pheromone in E.faecalis:

Many theories are suggested about synthesis of  bacterial sex-pheromones in E. feacalis [12, 19]. The best-studied sex pheromone is cCF10 as follow:

In plasmid-free cell, the Ccf-A gene encodes a secreted precursor of cCF10 (cCF10 p). The precursor is lipoprotein. The cCF10 within the carboxy-terminal end of signal sequence of lipoprotein CcfA.

The AS lipoprotein is secreted across cytoplasmic membrane and anchored to cell wall , signal peptidase I, cleaves before the cystein residue contained within the conserved lipobox processing site , liberating the signal peptides.

Further proteolytic processing most likely occurs in the cell wall by Eep (enhanced expression of pheromone), which cleaves at the amino-terminal end of cCF10 peptide sequence , and release  pro-cCF10.

Final processing may be carried out by exo-peptidase which cleaves off the remaining three c-terminal residue, resulting in mature cCF10, and release the pheromone into the medium, but a substantial portion remain associated with cell wall of organism  [16, 20].

Purification and chemical analysis of several sex pheromones have been accomplished by Suzuki et al(21); Mori et al.[22],  and Nakayama et al. [23](see table-2)

Table 2 Amino acid sequences of sex-pheromones and their inhibitor that are produced by Enterococcus faecalis [24]

	Pheromones and their inhibitors


	Amino acid sequences

	pheromones


	cCF10
	NH2-Leu-Val-Thr-Leu-Val-Phe-Val-COOH

	
	cPD1
	NH2-Phe-Lue-Val-Met-Phe-Leu-Ser-Gly-COOH

	
	cAD1
	NH2-Leu-Phe-Ser-Leu-Val-Leu-Ala-Gly-COOH

	
	cAM373
	NH2-Ala-Ile-Phe-Ile-Leu-Ala-Ser-COOH

	
	cOB1
	NH2-Val-Ala-Val-Leu-Val-Leu-Gly-Ala-COOH

	inhibitors
	iCF10
	NH2-Ala-Ile-Thr-Leu-Ile-Phe-Ile-COOH

	
	iPD1
	NH2-Ala-Ile-Leu-Thr-Leu-Val-Ser-COOH

	
	iAD1
	NH2-Leu-Phe-Val-Val- Thr-Leu-Val-Gly-COOH

	
	iAM373
	NH2-Ser-Ile-Phe-Thr-Leu-Val-Ala-COOH

	
	iOB1
	NH2-Ser-Leu-Thr-Leu-Ile- Ser-Ala-COOH


IV-Mechanism of Plasmid Transfer by Sex Pheromone Induction:

Pheromone–inducible plasmid transfer is a novel form of bacterial conjugation which has several important stages of interaction between the donor cells and recipient cells. A model  for the function of the sex pheromone system was first formulated by Ike and Clewell,1992 [25]. In briefly the following mechanism of transfer of plasmid by sex pheromone in Enterococcus faecalis( as illustrated in figure-1).

The initial interaction: The plasmid-free cells produce sex pheromone peptide into medium. This peptide act as chemical signal which transmitted from the recipient cells to donor cells, and the pheromone interact with receptor on surface of donor cells via specific binding by plasmid–encoded lipoproteins(Prg-Z gene).

The subsequent import of the pheromone into cytoplasm of responder cell via chromosomal oligopeptide permease (Opp). The Opp act as membrane translocator which composed with two transmembrane pore-forming subunits (Opp-B, Opp-C) and two cytoplasmic ATPase(Opp-D ,Opp-F). The later subunits are used with the energy, it require to ATP-binding cassette (ABC) for active transport of import peptide through Opp.

The imported pheromone into cytoplasm is interact with intracellular effectors molecules, Prg-X gene , is negative regulation control. This binding of pheromone with Prg-X gene abolish it negative control functions, these include synthesis of two surface proteins: aggregation substanc(AS) and exclusion substance(ES) on surface of donor cells .

The plasmid encoded protein (AS) which  reacts with chromosomal encoded receptor ,binding substance(BS) , on surface of recipient cell. The binding between AS and BS is require divalent cations( Mg+2, Mn+2, Ca+2,Co+2) and phosphate ions. This binding which responsible for cell-cell contact and formation of mating channel, then single stranded of plasmid is transferred to the recipient cell.

The shutting off ; after the plasmid has established itself in the recipient cell results in shutting off the activity of the pheromone by two functions encoded on the plasmid; one involves a reduction of the pheromone production, and other by production of specific inhibitor peptide which encoded by prg-Q gene. The inhibitors competitive with exogenous pheromone by bind to pheromone receptor. 

The surface substances(ES proteins) which induced by pheromone also has important role in the prevention of  plasmid transfer between aggregated donor cells. The Prg-Y proteins are expressed to prevent self induction by endogenous pheromone which produced from donor cell, through degrades or inhibits the activity of the pheromone in cell wall of donor cell. [9,16,26,27].

[image: image1.png]



Figure 1: Summary of major steps in pheromone-induced conjugation[26].

In Iraq, AL-Barzangi 2001 , she found fifty five percent of culture filtrate of Enterococcus faecalis were able to produce clumping-inducing agent(sex-pheromone)which facilitate plasmid DNA transfer by conjugation and rise frequency of conjugant cells[28]. The results of other study in our county which performed by AL-Khafaji, 2005 showed the possibility of isolation and purification of sex-pheromone,cCF10, by using ion-exchange chromatography. This purified sex pheromone from culture filtrate was active in an induction of transferring resistance trait to tetracycline antibiotic drug among Enterococcus faecalis isolates. The frequency of conjugation was increased in high level , 1.6x10-1. The effect of cCF10 sex pheromone on plasmid transfer can be controlled by using protein synthesis-inhibition antibiotic agents such as chloramphenicol [29].  
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