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Abstract

The physiology of environmental and hospital isolates of Enterococcus was 

studied. A total of 78 isolates of Enterococcus were tested for antimicrobial activity 

against Listeria innocua NCTC 11288; 17.94 percent showed positive activity. Some 

environmental and hospital isolates showed strong antimicrobial activity against 

selected Enterococcus isolates but they did not show activity against pathogenic strains 

of some other species.

Antibiotic sensitivity of Enterococcus isolates to a number of antibiotics 

including li-lactams, glycopeptides, aminoglycosides and other antibiotics used for the 

treatment of enterococcal infections was measured. Both environmental and hospital 

isolates showed resistance to aminoglycosides while these isolates were susceptible to 

fi-lactams and glycopeptides.

The main emphasis of this work was to determine the heat tolerance of 

enterococci. The heat tolerance of stationary phase cells of enterococci grown at 

37°C or 45°C was determined at 65°C, 67.5°C and 70°C for half an hour. The heat 

tolerance of exponential phase cells of barley isolate E. faecium  BARI and hospital 

isolate E. faecalis MI2 grown at 37°C or 45°C was determined at 55°C, 60°C and 

62.5°C. The stationary phase cells were more resistant to heat than the exponential 

cells. Both stationary and e?q)onential phase cells were found to be more resistant to 

heat when grown at above optimum temperatures.

The heat tolerance of exponential cells of barley isolate E. faecium  BARI and 

hospital isolate E. faecalis MI2 grown at pHs 5.0, 6.0, 8.0 and 9.0 was investigated. 

The environmental isolate grown at these pHs showed more resistance to heat than the 

hospital isolate.



The heat tolerance of exponential cells of E. faecium  BARI and E. faecalis 

MI2 grown at 37°C in 6.5% NaCl broth was studied. Also the heat tolerance of agar 

grown cells exposed to 10.5% and 15% NaCl broth overnight was investigated at 

55°C, 60°C and 62.5°C. Both isolates either grown in 6.5% NaCl broth or exposed to 

various salt concentrations were found to he more resistant to heat than the cells 

grown without high salt concentrations.

The heat tolerance of an industrial isolate of E. faecium  and barley isolate E. 

faecium BARI was determined in malt extract at 60°C, 70°C, 80°C and 90°C. Cells 

of both isolates in malt extract showed more resistance to heat than the ceUs in 

maximum recovery diluent.

The heat tolerance of heat shocked cells of E. faecium  BARI and E. faecalis 

MI2 was studied. The exponential cells were heat shocked at 50°C for 15 minutes. 

The heat tolerance was determined at 55°C, 60°C and 62.5°C. The heat shocked cells 

of the environmental isolate showed more resistance to heat than the hospital isolate. 

Agar grown cells of the 4 Enterococcus isolates E. faecium  MAI, E. faecium  BARI, 

E. faecium W1 and E. faecalis MI2 were exposed to 50°C or 52°C overnight. The 

heat tolerance of these isolates was determined at 65°C, 67.5°C and 70°C. The agar 

grown cells were more resistant to heat than the broth grown exponential phase cells.

Whole-cell protein profiles of all the enterococcal isolates were also analyzed 

on SDS polyacrylamide gels. The river water and the barley isolates each showed two 

distinct banding patterns. The wheat and rice isolates could not be distinguished on 

their banding patterns. Hospital isolates were found to be similar to each other in 

banding patterns but they were distinct fi’om the environmental isolates.

Protein samples prepared firom heat shocked cells were analyzed on SDS- 

polyaciylamide gels but no heat shock proteins were seen.
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1.0 Introduction

1.1 Enterococci

1.1.1 Taxonomy
In 1984, the genus Streptococcus was divided into three genera: Enterococcus, 

Lactococcns and Streptococcus (Schleifer and Kilpper-Balz, 1984). Enterococci are lactic 

acid producing bacteria. The G+C content of their DNA ranges from 37 to 45 mol%. 

Nucleic acid hybridization studies demonstrate that members of the genus Enterococcus are 

closely related to each other but not to members of the genus Streptococcus (Schleifer and 

Kilpper-Balz, 1984). Comparative oligonucleotide cataloguing of 16S rRNA and DNA- 

rRNA hybridization studies have shown that these organisms belong to a separate genus, 

Enterococcus (Collms et al., 1989., Schleifer and Kilper-Balz, 1984). On the basis of almost 

complete 16S rRNA sequences the enterococci have been shown to belong to the clostridial 

subdivision of the Gram-positive bacteria, comprising also the lactic acid bacterial genera; 

Aerococcus, Carnobacterium, Globicatella, Lactobacillus, Leuconostoc, Pediococcus, 

Streptococcus, Tetragenococcus and Vagococcus. The enterococci form a distinct cluster 

with the genera Vagococcus,Tetragenococcus and Carnobacterium as their closest 

neighbours (Collins et al., 1989., Aguirre and Collins, 1992). The genus Enterococcus now 

contains 18 species, differentiated primarily by the results of 16 S rRNA and DNA-DNA 

hybridization studies (Devriese et al., 1993). The 18 species are; Enterococcus avium, 

E.casseliflavus, E.cecorum, E.columbae, E.dispar, E.durans, E.faecalis, E. faecium, 

E.gallinarum, E.hirae, E.malodoratus, E.mundtii, E.pseudoavium, E.raffinosus, 

E.saccharolyticus, E.seriolicida, E.solitarius and E. sulfur eus.
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Within the genus Enterococcus 16S rRNA sequences revealed the presence of 

‘species groups’ (Williams et a l,  1991), as shown in Fig. 1. Some species do not cluster 

with these groups and form individual lineages, a notable exarnple of which is E.faecalis, 

the type species of the genus (Devriese et a l, 1993).

The four species E.avium, E.raffinosus, E.malodoratus and E.pseudoavium 

(between 99.3 and 99.7% 16S rRNA sequence similarity) form a distinct cluster as do 

E.durans, E.faecium, E.hirae 2sA  E.mundtii (between 98.7 and 99.7% 16S rRNA sequence 

similarity) and two species E.casseliflavus and E.gallinarum (99.8% 16S rRNA sequence 

similarity). In contrast E.saccharolyticus, E.faecalis, E.cecorum and E.columbae form 

distinct lines of descent but E.cecorum was found to be more related to E.columbae than to 

any other Enterococcus species. Other new species such as E.sulfureus and E.dispar also 

form distinct lineages (Martinez-Murcia and Collins, 1991).

The presence of E.avium, E.raffinosus, E.malodoratus, E.pseudoavium,

E.durans, E.faecium, E.hirae and E.mundtii in two distinct clusters is consistent with the

result of DNA-DNA pairing (Farrow and Collins, 1985., Collins et a l,  1989., Williams et
iiiS y^tiNk

a l, 1991). The very high^sequence similarity (99.8%) shown by E.casseliflavus and 

E.gallinarum is due to the presence of relatively high DNA homology (ca 30-50%) between 

these species. There are relatively low RNA sequence similarities between E.faecalis and 

other enterococcal species which are consistent with the phenotypic distinctiveness of the 

type species (Wilhams et al, 1991). The other species such as E.columbae, E.cecorum, 

E.saccharolyticus, E.sulfureus and E.dispar represent distinct lines of descent within the

17



genus (Martinez-Murcia and Collins, 1991., and Williams et a i ,  1991). The phylogenetic 

position of E.solitarius and E.seriolicida remains unclear (Williams et a i, 1991/

Fig 1. Distance matrix tree o f 16 Enterococcus species derived from sequence homology 
determinations of 16S rRNA (Williams et al., 1991., Martinez-Murcia and Collins, 1991)

E. faecalis
E. columbac

E. suljureus

E. saccharnlvticus

E. dispar

E. cecorum

E. mundtii

E. hirae

E. durons E.faecium

E. casseliflavus

E. gallinaruni 
I

E. pseudoavium

E. avium

E. raffmosus

E. malodoratus
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1.1,2 Morphology and Physiology

Enterococci are non-sporeforming, facultatively anaerobic, Gram-positive cocci 

(Arduino and Murray, 1993), and may appear on a smear in short chains, in pairs or as 

single cells (Murray, 1990). Like streptococci, these organisms do not have cytochrome 

enzymes and are thus catalase negative (Murray, 1990). They mostly react with Lancefield 

group D antisera (Murray, 1990). They exhibit a , P or y (none) haemolysis on blood agar 

(Carlet,1991). Their optimum growth tenq)erature is 37°C (Arihara et al., 1991). 

Enterococci can grow in media that contain 6.5% NaCl, 40% büe, or 0.1% methylene 

blue. They can survive in media at 60°C for 30 minutes and can grow at pH 9.6 and at 

10-45 C. All enterococci hydrolyse esculin (Kaye, 1982) and pyrrolidonyl-p-naphthylamide. 

They are chemoorganotrophs with a fermentative metabohsm. The predominant end 

product of glucose fermentation is lactic acid. Oxygen or other hydrogen acceptors may 

alter the end products of carbohydrate metabolism. Hydrogen peroxide may or may not 

accumulate in the presence of oxygen (Schleifer and Kilpper-Balz, 1984). Some strains of 

Enterococcus possess respiratory quinones. Long-chain fatty acids are predominantly of the 

straight-chain saturated or monounsaturated types. Some strains produce cyclopropane ring 

acids (Schleifer and Kilpper-Balz, 1984).

Their relative resistance to adverse conditions such as tolerance to extremes in 

tenq)erature, pH, and salinity, is advantageous when determining the sanitary history of 

moderately heated, frozen, salted or other foods and drinks in which coliforms might not 

have survived (Thian and Hartman, 1981). Enterococci are predominantly inhabitants of 

the gastrointestinal tract of man and animals (Knudtson and Hartman, 1992, Aguirre and
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Collins, 1993), and also commonly occur on vegetables and plant material (Aguirre and 

Collins, 1993).

Basic biochemical characteristics of enterococcal species have been reported in 

many studies (Schleifer and Kilpper-Balz, 1984., Collins et al, 1984., Farrow and Collins, 

1985., Collins et a/., 1986., and Collins et a l, 1989) and are Hsted in Table 1 for 12 

species.

1.1.3 Importance of enterococci

Although enterococci are part of the normal gastrointestinal flora, they are 

recognized as important causes of endogenous and exogenous nosocomial infections 

(Lewis and Zervos, 1990). They are a fi*equent cause of a wide variety of infections in 

humans (Jett et al, 1994). Enterococci have emerged as the second most common 

nosocomial pathogen (McCarthy et a l, 1994 ). They are naturally tolerant to many 

antibiotics including (3-lactams, cephalosporins, and lincosamides. Of greater importance is 

the resistance they acquire to several other antimicrobial agents, including aminoglycosides, 

tetracyclines, macrolides and chloramphenicol (Gray et al, 1991).

20



Enterococci are known to produce a wide range of bacteriocins (Laukova et 

al, 1993). Lactic acid bacteria in general play an in^ortant role to prevent the spoilage of 

processed and fermented foods, and beverages (Aguirre and Collins, 1993), These bacteria 

can inhibit undesirable pathogenic micro organisms in foods through bacteriocins (Daba et 

al, 1991). The importance of enterococci as indicators of faecal pollution has been reported 

in many studies (Knudtson and Hartman, 1992).
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Table 1. Basic biochemical characteristics of enterococcal species.

Spe.c .ies
Acid ^Koyn 

Mannitol Sorbose Arabinose

Hydrolysis of Arginine Additional 

C UaJio-cteft, Istf c s

E. avium + + + - no acid from raf&nose

E.raffinosus + + + - acid from rafSnose

E.malodoratus + + - - acid from raffinose

E.pseudoavium + + - - no acid from raffinose

E.faecalis + - - + acid from lactose

E.solitarius + - - + no acid from lactose

E.gallinarum + - + + acid from raffinose non- 

pigmented may be motil

E.faecium (+ ) + + no acid from raffinose 

and non-pigmented

E. casseliflavus + - + (+ ) pigmented motile

E.mundtii + - + + pigmented non-motile

E.durans (-) - - + no acid from sucrose or 

raffinose

E.hirae - - - + acid usually produced 

from sucrose and raffinose

+ = positive., -=  negative., (+) = most strains positive., (-) = most strains negative.
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1.2 Infections caused by enterococci

Enterococci cause significant infections including urinary tract infections, 

bacterænia, endocarditis, intraabdominal sepsis, central nervous system infections, 

neonatal infections. These infections may be community acquired or nosocomial infections 

(Murray, 1990). E. faecalis is the most commonly encountered species (85%-90%), and 

followed by E. faecium which accounts for 5%-10%. There are reports of infection due to 

E. durans, E.avium, E.raffinosus, E.gallinarum, and E.casseliflavus but these species are 

encountered much less often than E. faecalis and E. faecium  (Moellering, 1992).

1.2.1 Nosocomial infections

An infection is considered nosocomial if it is neither present nor incubating 

when the patient is admitted to the hospital. A report from the Centers for Disease Control 

in the United States gave enterococci as cause for about 10% of hospital-acquired infection 

in 1984 (Horan et al, 1986), and evidence suggests that numbers have increased 

substantially in recent years (Chenoweth and Schaberg, 1990). In UK hospitals enterococci 

are not responsible for quite such a high proportion of infection. A survey of nosocomial 

infection in the UK in 1980 estimated that 4% of infections were due to faecal streptococci 

(Hall, 1993). The most recent studies in US hospitals between 1986 and 1989, reported that 

enterococci are the second most common cause of nosocomial infections. They are 

exceeded in frequency only by E.coli, while Pseudomonas aeruginosa and Staphylococcus
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aureus are the third and fourth ranked organisms (Moellering, 1992). The enterococci 

have been described as an important cause of morbidity and mortahty in hospitalized 

patients (Norris et al, 1994). The use of antibiotics which are not active against 

enterococci has been impHcated as an inq)ortant factor in the development of 

enterococcal superinfection (Murray, 1990), but there are several other factors found to be 

necessary for the emergence of enterococci and the occurrence of enterococcal 

superinfections,

i. presence of enterococci in any septic focus in large numbers

ii. a prolonged hospital stay

ill. the treatment of patients with antibiotics which are totally inactive against

enterococci especially third generation cephalosporins, monobactams or quinolones.

The occurrence of only one factor is usually not enough to induce enterococcal nosocomial 

infections (Carlet, 1991).

1.2.2 Urinary tract infections

Enterococci are a common cause of urinary tract infections in humans 

(Moellering, 1992), particularly among hospitalized patients (Murray 1990., Nicoletti and 

Stefani, 1995). The majority of enterococcal infections are nosocomial and these are 

associated with structural abnormahties and instrumentation of the urinary tract (Lewis and 

Zervos, 1990., Moellering, 1992). In 1980, the U.K national survey of infections in 

hospitals reported enterococci encountered in 7.2 % of urinary tract infections (Lemoine 

and Hunter, 1987). The rate of hospital-acquired enterococcal infection has been increasing. 

The incidence of urinary tract infections caused by enterococci at the University of Virginia
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Hospital, Charlottesville, between 1975 and 1984, was studied. It was reported that the rate 

had increased from 12.3 to 32.2 cases per 10000 patient discharges and from 6% to 16% of 

urinary tract infections were acquired through nosocomial transmission (Morrison and 

Wenzel, 1986). Enterococci are now the second most common cause of nosocomial urinary 

tract infections (Nicoletti and Stefani, 1995). In 1984, Enterococcus was found to be the 

most commonly isolated pathogen from patients with nosocomial urinary tract infections 

after Escherichia coli (Morrison and Wenzel, 1986). Urinary tract infections are frequently 

encountered in hospital patients (Hall, 1993). In 1984 the Centers for Disease Control 

reported enterococci to be the cause of 14.7% of cases of nosocomial urinary tract 

infections in the USA (Murray 1990., Chenoweth and Schaberg, 1990).

It has been suggested that some strains of enterococci produce aggregation 

substances in response to pheromones produced by other enterococci and this may mediate 

the adhesion of these organisms to cultured renal tubular cells and thus may play a role in 

the development of enterococcal infections in the urinary tract (Moellering, 1992).

Haemolysin and associated bacteriocin activity are mediated by the same genetic 

determinant which is home on a conjugative plasmid. The plasmids can tranfer to recipient 

cells in broth at a high frequency. The recipient cells secrete small peptide pheromones 

which ehcit a specific mating response by plasmid carrying donor cells. This mating 

response is induced within 20 to 30 min. after exposure to pheromone and coV cetat^  the 

synthesis of a surface adhesion which facihtates the formation of mating aggregates. This 

proteia is known as aggregation substance (Chow et al., 1993). Aggregation substances are
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induced by pheromones associated in the conjugative transfer of certain enterococcal 

plasmids in broth matings and involved in clumping of one Enterococcus to another (Coque 

et al, 1995). It has been reported that the aggregation substance of E.faecalis mediates 

adhesion to cultured renal tubular cells clearly indicating that aggregation substance could 

be inq)ortant in colonization o îE.faecalis (Coque et al, 1995).

The mortahty rate of urinary tract infection is very low as compared with 

bacteraemia. In spite of the low mortahty and morbidity, urinary tract infection is a clinically 

mportant disease, accounting for increased costs due to prolonged hospitalization and 

therapy (Lewis and Zervos, 1990).

In the majority of enterococcal urinary tract infections, E. faecalis is involved, 

E.faecium is less common and other enterococci are rarely isolated (Hall, 1993). Most 

frequently bladder, prostate and kidney are infected by enterococci particularly in patients 

with structural abnormalities of the urinary tract or indwelling catheters. Infections usually 

occur through organisms ascending the urethra and ureters (Jett et a l, 1994).

1.2.3 Bacteraemia

The enterococci are increasingly recognized as an important cause of 

bacteraemia associated with significant mortahty and morbidity in hospital patients (Bryce 

et a l, 1991). Bacteremia is defined as the isolation of a bacterial species from blood 

cultures. The bacteraemia caused by enterococci is much more common than enterococcal
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endocarditis (Murray, 1990). Enterococci are now reported to be the third leading cause of 

nosocomial bacteraemia in the USA following Staphylococcus aureus and coagulase- 

negative staphylococci (Healy and Zervos, 1995). The organisms enter the blood stream 

from urinary tract infections, intraabdominal sepsis and infections of intravenous or 

intraarterial lines (Moellering, 1992). Mortahty of enterococcal bacteraemia has generaUy 

been high because of underlying conçhcating factors such as bums, hospital-acquired 

infections and serious illness (Murray, 1990). There are reports suggesting that the 

incidence of enterococcal bacteraemia has increased in the past 20 years in the USA (Maki 

and Agger, 1988., Chenoweth and Schaberg, 1990). Enterococcal bacteraemia appears to 

be less frequent in the UK than in the USA. In 1991 about 1,500 cases of enterococci 

isolated from blood from England and Wales were reported to Communicable Disease 

Surveillance which represented 4.4% of total blood isolates in that year. Other organisms 

such as E.coli, staphlylococci and Streptococcus pneumoniae were isolated frequently 

(Hall, 1993).

Recent epidemiological studies of enterococcal bacteraemia in adults emphasize 

its frequent occurrence in hospitals, a high mortahty rate, and the association with 

polymicrobial bacteraemia and chronic underlying disease (Christie et at., 1994). 

Nosocomial enterococcal bacteraemia is associated with a lower mortahty rate than 

community acquired bacteraemia The clinical severity of bacteraemia is also dependent on 

whether the bacteraemia is polymicrobial or due to enterococci alone. In the USA up to 

40% of patients with enterococcal bacteraemia had more than one organism isolated from
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their blood (Lewis and Zervos, 1990).

Polymicrobial bacteraemia is defined as the isolation of organisms in addition to 

Enterococcus species either fi*om the same blood culture or fi*om multiple cultures 

performed during a single bacteraemic episode (Noskin et a l, 1995). In a teaching hospital 

in the USA, the occurrence of total nosocomial and community-acquired enterococcal 

bacteraemia was 7 of 1000 episodes of bacteraemia in 1986 and 48 of 1000 episodes of 

bacteraemia in 1991. The incidence of nosocomial enterococcal bacteraemia was 4% (3 / 

79) in 1986, conq)ared with 10% (10 / 101) in 1991. The incidence was 27 of 1000 total 

episodes of bacteraemia in 1992 and represented 7% of all episodes of nosocomial 

bacteraemia. Enterococci accounted for 7% (38/573) of episodes of nosocomial

bacteraemias during the 7 years (1986 to 1992) of prospective hospital-wide surveillance 

(Christie et al., 1994). There have been several studies of enterococcal bacteraemia fi*om 

North America but there are few reports of enterococcal bacteraemia fi*om Europe (Gray et 

al., 1994). The investigators at the University of Wisconsin USA, demonstrated a threefold 

increase in the rate of enterococcal bacteraemia between 1970 and 1983 (Maki and Agger, 

1988). The occurrence of enterococcal bacteraemia due to E.faecium is increasing. 

E.faecium bacteraemia develops most fi'equently in severely ill patients with fever or 

hypothermia, while E.faecalis bacteraemia occurs most often in less seriously ill patients 

(Noskin et al., 1995). The frequency of enterococcal bacteraemia is increasing, due to 

increased numbers of conq)romised patients and widespread use of antibiotics to which 

enterococci are intrinsically resistant (Gray and Pedler,1992., Gray et al., 1994). Mortahty 

rate was found to be significantly higher among bacteraemic patients infected with
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E.faecium than among those infected with E.faecalis (Noskin et al., 1995).

1.2.4 Endocarditis

Infective endocarditis is defined as a microbial infection of the endocardial 

surface of the heart. It most commonly involves the heart valves but bacterial colonization 

can occur on the mural endocardium or intravascular foreign bodies such as intracardiac 

patches and surgically constructed shunts used to repair congenital heart defects (Bisno et 

al., 1989). The pathophysiology of valvular infective endocarditis has been studied 

extensively and con^rises at least three critical elements; lesions of the endocardium 

allowing for bacterial adherence, adhesion of circulating bacteria to the endocardial surface 

and survival of the adhering bacteria with subsequent propagation of the infected 

vegetation (Sullam et al., 1985). The diagnosis of infective endocarditis is always 

accomphshed through the results of blood cultures (Megran, 1992). It is recognized that 

microorganisms which commonly produce endocarditis in humans are staphylococci, 

streptococci and enterococci (Baddour, 1994). Enterococcal endocarditis may be acute or 

subacute in onset. When acute, patients present heart failure due to valve destruction. Most 

patients with enterococcal endocarditis have subacute disease with synq)toms similar to 

those that occur in cases of subacute endocarditis caused by other microorganisms (Lewis 

and Zervos, 1990). Clinical manifestations of infective endocarditis are different but 

commonly include fever, cardiac murmurs, cardiac dysfimction, splenomegaly, systemic 

emboli, anemia, and haematuria (Bisno et al., 1989). E.faecalis was found to be the cause 

of 5%-20% of cases of infective endocarditis in the USA. Enterococcal infective 

endocarditis is a disease of older men, and the most common source of infection is the
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genitourinary tract. In cases of enterococcal infective endocarditis, both normal and 

previously damaged heart valves can be affected (Megran, 1992).

During the years 1945 to 1968, 38 patients with enterococcal endocarditis were 

treated at the New York Hospital-Comeli Medical Center and it was found that 50% of 

men had a history of preceding enterococcal urinary tract infection or genitourinary tract 

instrumentation and that 43% of women had a history of childbirth or abortion in the 

preceding three months. Patients with underlying valvular heart disease are at great risk of 

acquiring enterococcal endocarditis (Mandell et al., 1970). Enterococcal endocarditis is 

uncommon in infancy and early childhood. Patients with enterococcal endocarditis are 

predominantly male, with an average age of 56-59 years. Women with endocarditis tend to 

be much younger, with an average age of 35-37 years (Chenoweth and Schaberg, 1990). 

The death rate of this infection has varied in different studies from 20%-50% in the USA 

(Mandell et al., 1970). Enterococcal endocarditis is usually caused by E.faecalis and rarely 

by E.faecium or E.durans (Mandell, 1984). In one study in the USA, in which species were 

identified, E.faecalis accounted for 52(93%) of 56 cases of enterococcal endocarditis, while 

E.faecium was recovered in three cases (5%) and E.durans in one (2%) case (Wilson et 

al., 1984). The first case of endocarditis caused by high-level gentamicin-resistant 

E.faecalis was reported in 1984 from the United States (Kathpaha et a/., 1984).

Enterococcal endocarditis occurs less frequently as compared with bacteraemia 

caused by the same organism (Chenoweth and Schaberg., 1990). Endocarditis may be 

nosocomial in acquisition or due to bacteraemia from a recognized source such as a
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decubitus ulcer or infected venous catheter. Disease can also occur in patients with normal 

valves, the aortic and mitral valves most frequently being affected. Right-sided endocarditis 

has not been reported (Lewis and Zervor, 1990). Enterococci can also cause endocarditis in 

drug abusers. In this group of population, they are estimated to cause approximately 5 to 

10% of cases but one study in Cleveland, Ohio, between 1970 and 1974 reported that 11 of 

20 cases of endocarditis (55%) were caused by enterococci (Murray, 1990).

1.2.5 Meningitis

Enterococcal meningitis is defined as the recovery of Enterococcus from 

cerebrospinal fluid (Stevenson et al., 1994). Enterococcal meningitis occurs rarely and is 

seen usually in neonates and in patients who have undergone conqilicated neurosurgery 

(Moellering, 1992). Most cases of enterococcal meningitis appear to be due to E.faecalis. 

Many patients present with signs, synq)toms, and physical features typically suggested for 

acute bacterial meningitis. The majority of adult patients have significant underlying illness 

usually associated with immunosuppressive treatment. Central nervous system trauma or 

surgery and an enterococcal infection outside of the CNS are also frequent occurrences. 

Primary meningitis appears more frequently in pediatric patients than in adult patients and 

neonates are most susceptible (Stevenson et a i, 1994).

Enterococci are reported to account for as many as 13% of bacteriologically 

confirmed cases of neonatal sepsis and meningitis (Lewis and Zervos, 1990). In a recent 

report, for example, only four patients were found to have enterococcal meningitis among 

445 adult patients treated over a 27-year period for 493 episodes of bacterial meningitis in
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the USA (Durand et al, 1993). The overall mortahty rate among patients with 

enterococcal meningitis was reported to be 13% in the USA (Stevenson e ta l,  1994).

1.2.6 Central Nervous System Infections

Enterococci can cause central nervous system infections in older children and 

adults (Murray, 1990). The patients with central nervous system infections have a long 

term primary illness, invasive procedures of the central nervous system and prior 

antibiotic therapy (Murray, 1990). In spite of their increasing in^ortance as infectious 

agents, enterococci have only rarely been associated with central nervous system infections 

in neonates, children and adults (Moellering, 1992).

1.2.7 Intraabdominal infections

Enterococci are frequently isolated in about 25% of patients having 

intraabdominal or pelvic infections (Lewis and Zervos, 1990). It was found that 

enterococci are responsible for abdominal and pelvic abscess and sepsis. For exanq>le, 

enterococci have been reported to cause spontaneous peritonitis in both cirrhotics and 

nephrotics and can cause peritonitis in patients on chronic ambulatory peritoneal dialysis 

(Murray, 1990). Wounds, usuaUy intraabdominal or pelvic, are the next most frequent sites 

from which enterococci can be isolated (MoeUering, 1992). Several reviews on bacteraemia 

have reported that the source of enterococcal bacteraemia is intraabdominal infection in a 

significant number of cases. There are many reports of enterococci occurring as sole 

isolates in intraabdominal infections (Chenoweth and Schaberg, 1990., Noskin et al,

32



1995). Among enterococci, E.faecalis is commonly inq)licated in these infections ( Westh 

e ta l,  1991).

1.3 Pathogenicity of enterococci

In order to act as pathogens, enterococci must be able to adhere to host tissues, 

resist the host’s defenses and produce pathological changes in the host (Johnson, 1994). 

Bacterial colonization of host tissues is an important first step in the infection process 

(Jett et al, 1994). Enterococci can adhere to intestinal and urinary tract epithehal cells and 

heart cells due to adhesins expressed on the bacterial surface. The attachment of E. faecalis 

to renal tubular cells is enhanced if the organisms produce aggregation substance which 

aggregates donor and recipient bacteria to facihtate plasmid transfer.

The interaction of enterococci with polymorphonuclear leucocytes is also 

affected by bacterial growth conditions. Enterococci may produce a number of factors 

which are associated with pathological changes in the host (Johnson et a l, 1994).
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1.3.1 Adherence to host tissues

In enterococcal infections, adhesins play an inq)ortant role in bacterial 

adherence to host tissues (Jett et al., 1994). In mice the e?q)erimentally induced intestinal 

overgrowth by E. faecalis have demonstrated that enterococci can adhere to epithehal 

surfaces of heum, caecum and colon. It was also reported that enterococci can move across 

mtact intestmal mucosa and migrate to the mesenteric lyn^)h nodes, liver and spleen 

(Johnson, 1994).

It was revealed that urinary isolates of E. faecalis adhere more readily to 

urinary tract epithehal ceUs than to heart ceUs (Johnson, 1994). The adhesins have been 

shown to play mportant roles as effector molecules which lead to phagocytosis. The 

adhesins may act as toxins (Jett et al, 1994).

Aggregation substance is a plasmid-mediated surface protein which is 

synthesized by certain E. faecalis strains in response to pheromones (Ardumo et al, 1994), 

while pheromones are reported to stimulate human neutrophil responses (Arduino et al, 

1994). Aggregation substance, surface carbohydrates, or fibronectin-binding moieties may 

facihtate bacterial adherence to host tissues (Jett et a l, 1994).
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1.3.2 Resistance to host defense mechanisms

As enterococci show antibiotic resistance increasingly, the pathogenesis of 

enterococcal infections and the association of these organisms with the human host defense 

system becomes even more in^ortant (Arduino et a l, 1994). The resistance of enterococci 

to host defenses is mainly due to their interaction with polymorphonuclear leucocytes. It 

was shown that polymorphonuclear leucocytes require serum conçlement for the killing of 

enterococci (Johnson, 1994).

In a recent study, conq)lement enhanced the polymorphonuclear leucocytes- 

mediated killing of these organisms (Arduino et a l, 1994). Antibodies to enterococci 

increase polymorphonuclear leucocytes-mediated killing, suggesting that inducing the anti- 

enterococcal antibodies by immunization can stimulate immune phagocytosis and increase 

resistance to infection (Johnson, 1994).

1.3.3 Pathology

The main pathological change which is associated with enterococcal infection is 

acute inflammation. The mechanism by which enterococci induce an inflammatory response 

is not well defined (Johnson, 1994). In bacterial endocarditis, the adherence of the valve 

surface is associated with accumulation of fibrin and platelets, which contributes to the 

development of macroscopic endocardial vegetations (Johnson, 1994). Some strains of E. 

faecalis produce a haemolysin, that has been shown to contribute to virulence in some 

animal models (Ike et al, 1984). Haemolysin may play a role in the pathogenesis of 

enterococcal infections in humans (Ike et al, 1987., Libertin et a l, 1992). Haemolytic
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strains of enterococci have been found to be more virulent than nonbaemolytic strains in an 

experimental mouse peritonitis model. Organisms containing a mutant plasmid with 

increased copy number which resulted in enhanced production of haemolysin, were found to 

be more virulent than wild type organisms (Ike et a l, 1984). In a survey of enterococcal 

infections in Japan, 60% of clinical isolates were haemolytic compared with only 17% of 

isolates from faeces of healthy individuals, indicating that the haemolysin played a role in 

infection (Ike et a l, 1987).

Enterococcal haemolysin is a cytotoxin, which causes the lysis of human, rabbit, 

and horse erythrocytes. Strains producing this haemolysin activity also produce an 

associated bacteriocin activity (Chow et al, 1993). An enterococcal protease commonly 

called gelatinase can hydrolyse gelatin, collagen, casein, haemoglobin, and other bioactive 

peptides. In other organisms the proteases are involved with inflammatory processes and 

have been suggested as potential virulence factors (Coque et a l, 1995). Chow et a l,  (1993) 

suggested that the combination of haemolysin and aggregation substance contributed to 

virulence in experimental animal endocarditis.

1.4 Therapy of enterococcal infections

There are some usefiil antibiotics for the treatment of serious enterococcal 

infections, namely p-lactams such as ampicillin or amoxicillin, aminoglycosides, and 

glycopeptides (Gray et a l,  1992). In the past, infections caused by enterococci were 

normally treated with penicillin or ampicillin together with an aminoglycoside in order to 

suppress the emergence of resistant ceUs (Ehopoulos and Ehopoulos, 1990). The
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combination therapy can achieve a synergistic bactericidal effect and such combinations are 

the mainstay of treatment of serious enterococcal infection (Gray et a l, 1991).

1.4.1 Therapy of urinary tract infections

Urinary tract infections can be treated with penicillin or anq)icillin alone unless 

the infecting enterococci produce P-lactamase. Vancomycin is also effective for 

enterococcal urinary tract infections. Many isolates are susceptible to nitrofurantoin and this 

drug is successfully used for urinary tract infections (Moellering, 1992). Teicoplanin is a 

suitable alternative for the treatment of hospital acquired urinary tract infections caused by 

Enterococcus species (Felmingham et al, 1992). Some enterococci were found to be 

resistant to vancomycin and sensitive to teicoplanin (Felmingham et a l, 1992). Gray et 

al (1991), reported teicoplanin to be more active against E.faecalis and vancomycin 

was more active against E.faecium. Some strains of enterococci show high level 

resistance to both glycopeptides (Felmingham et al, 1992). Vancomycin can be used 

against those enterococcal strains which demonstrate high level p-lactam resistance and in 

the treatment of patients who are allergic to penicillins (Bingen et a l, 1991). Vancomycin 

and teicoplanin are the only alternatives to penicillin for treatment of severe enterococcal 

infections (Nicolette and Stefani, 1995). The combination of vancomycin and teicoplanin 

with an aminoglycoside is an alternative therapy for ampicillin resistant strains (Nicoletti 

and Stefani, 1995). Urinary tract infections can also be treated with ciprofloxacin, 

cephaloridine and trimethoprim-sulfamethoxazole (Felmingham e ta l,  1992).
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1.4.2 Therapy of bacteraemia

Combination therapy is more effective than single drug therapy for 

enterococcal bacteraemia (Moellering, 1992). If the organisms are not resistant to 

streptomycin or gentamicin, the combination of penicillin or anq)icillin with either of these 

two aminoglycosides is effective (Moellering, 1992). Other antibiotics that have good 

activity agamst enterococci include piperacillin, imipenem, teicoplanin and vancomycin. 

Recently teicoplanin was shown to be superior to ampicillin and vancomycin against 

enterococci (Nichols and Muzik, 1992). The combmation of an aminoglycoside with a 

glycopeptide can be used for the treatment of enterococcal bacteramia (Gray et al., 1994).

1.4.3 Therapy of endocarditis

The use of combination therapy is optimal for successful treatment of 

enterococcal endocarditis (Moellering, 1992). Penicillin G plus streptomycin is the 

preferred treatment for endocarditis. If the enterococci are found to be resistant to 

streptomycin, a combination of penicillin G and gentamicin is used (Megran, 1992). Many 

studies have shown the efficacy of either penicillin or ampicillin combined with streptomycin 

in therapy for enterococcal endocarditis (Wilson et ai, 1984). The combination of 

vancomycin plus certain aminoglycoside antibiotics has been found to exert a synergistic 

bactericidal effect on enterococci ( Bisno et al, 1989). The combination of ciprofloxacin 

and gentamicin plus rifanq)in is also used for the treatment of enterococcal endocarditis 

(Whitman a/., 1993).
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The combination of vancomycin and gentamicin appears to be superior to that 

of vancomycin and streptomycin (Megran, 1992). Combination therapy appears to be the 

standard regimen for the treatment of serious enterococcal infections such as endocarditis 

(Whitman et a l, 1993). The glycopeptide antibiotics are commonly used for the 

treatment of enterococcal endocarditis (Wilson and Gruneberg, 1994). Among new 

fluoroquhiolones sparfloxacin is very effective against enterococci and may be more 

effective in enterococcal endocarditis (Lee and Das, 1995).

1.4.4 Therapy of meningitis and other enterococcal infections

The use of combination drug therapy is clearly indicated for the treatment of 

enterococcal meningitis for achieving bactericidal activity (Losonsky et al, 1994). 

Vancomycin and oral rifampin were also used together to treat a patient with enterococcal 

meningitis (Ryan et al, 1980). Treatment with teicoplanin in combination with clindamycin, 

rifampin, and ampicillin was found to be successful (Losonsky et a l, 1994).

For the treatment of intraabdominal infection due to penicillin or

ampicillin can be used (Moellering, 1992). It was suggested that the combination of 

gentamicin and clindamycin is also successhd for intraabdominal infections (Nichols and 

Muzik, 1992). The new fluoroquinolones are also used for enterococcal infection 

(Moellering, 1992). Ciprofloxacin was found to be associated with enterococcal 

superinfection . It became available for prescription in the U.K. only since 1987 

(Felmingham et a l, 1992). Ciprofloxacin was reported to be the most active quinolone 

antibiotic (Gray e ta l, 1991).
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The combination of ani|)icillin plus ciprofloxacin is bactericidal against 

E.faecium strains without high level ciprofloxacin resistance (Landman et a l, 1993). 

E.faecium was found to be more resistant to quinolones than E.faecalis (Piddock,1994). 

The combinations of quinolones with other antimicrobial agents enhance the anti- 

enterococcal activity (Nicolette and Stefani, 1995). Macrohdes, tetracyclines and rifançicin 

were found to be bacteriostatic against enterococci (Lee and Das, 1995). The combination 

of a cell wall active agent with an aminoglycoside is the effective treatment for enterococcal 

infections (Louie et a l,  1992). Daptomycin and ramoplanin are also found to be bactericidal 

against enterococci which are resistant to vancomycin (Bingen et a l, 1991., Shonekan et 

al., 1992). Antibiotics used for the treatment of enterococcal infections are hsted in Table 2.
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Table 2. Antibiotics used for the treatment of enterococcal infections

Antibiotics Mechanism of action

Aminoglycosides (gentamicin, kanamycin, bactericidal and inhibit protein synthesis 
streptomycin, etc).

p-lactams (anq)icillin, amoxicillin, 
cephalosporins)

bactericidal and inhibits cell wall 
synthesis

Glycopeptides (vancomycin, teicoplanin) bactericidal and inhibits cell wall synthesis.

Erythromycin bacteriostatic and inhibits protein synthesis.

Chloramphenicol

Tetracyclines

Rifampin

bacteriostatic and inhibits protein synthesis.

bacteriostatic and inhibit protein synthesis.

bactericidal and inhibits the synthesis of 
nucleic acid (messenger RNA).

Sulfonamides bacteriostatic and inhibit the synthesis of 
folic acid, an inq)ortant precursor to 
nucleic acid.

Nahdixic acid bacteriostatic and inhibits nucleic acid 
synthesis.

Fluoro quinolones bactericidal and inhibit DNA synthesis

Nitrofurantoin primary mode of action not known might 
cause fractures of DNA.

41



Table 2 continued

Antibiotics Mechanism of Action

Trimethoprim bacteriostatic and inhibits the enzyme 
necessary to make folinic acid.

Daptomycin bactericidal and inhibits cell wall synthesis

Ramoplanin bactericidal and inhibits cell wall synthesis

Clindamycin bacteriostatic and inhibits protein synthesis
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1.5 Antibiotic resistance

Enterococci have developed resistance to almost all clinically hr^ortant 

antibiotics (Wright et a i, 1992). They demonstrate resistance to the tetracyclines, 

erythromycin, chloranq)henicol, trimethoprim, high levels of clindamycin, high levels of 

aminoglycosides, high levels of penicillins, and most recently vancomycin (Murray, 1990). 

Almost all clinical isolates of Enterococcus are resistant to p-lactams (Moellering, 1991). 

Enterococci are more resistant to penicillins and anç)iciUin than streptococci (Kaye, 1982), 

E.faecium rather more so than E.faecalis (Gray and Pedler, 1992). In 1993, almost 14% 

of the enterococci which were isolated from patients in intensive care units in the United 

States showed resistance to vancomycm (Tenover et al, 1995), and many vancomycin- 

resistant enterococci have been reported to be resistant to P-lactams, aminoglycosides, 

fluoroquinolones, and other antimicrobial agents as well (Handwerger et al, 1993., 

Montecalvo et al, 1994).

High level aminoglycoside resistance has become very common (Landman et 

a l, 1993). High level resistance to streptomycin and kanamycin became wide spread in the 

1970s, and this was followed by the occurrence of high level resistance to gentamicin and 

its spread in the 1980s (Moellering, 1991). Enterococci highly resistant to gentamicin are 

now widely disseminated throughout the world (Murray, 1990). Some hospitals in the 

USA reported that more than 50% o f E.faecalis isolates showed resistance to high levels of 

gentamicin (Zervos et al, 1987). High-level resistance to gentamicin is associated with loss 

of synergy between cell-wall-active agents and aminoglycosides. Occasional isolates remain 

susceptible to streptomycin (Nachamkin et al, 1988). During the mid-1980s, 55% of
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clinical isolates of Enterococcus at the Veteran Administration Medical Center, Ann Arbor, 

in Michigan demonstrated high-level resistance to gentamicin (Zervos et a l, 1987). It was 

reported that in a survey of enterococci isolated at the Royal London Hospital during 

1989, 15 % of E.faecalis strains had high level gentamicin resistance (Guiney and Urwin, 

1993). High-level gentamicin resistance in clinical isolates of E.faecium is much less 

common (Gray and Pedler, 1992).

During the period 1989-91, the prevalence of high level resistance to 

gentamicin, amikacin, tobramycin, netilmicin, kanamycin and streptomycin was 

demonstrated among enterococci (Watanakunakom, 1992).

The occurrence of glycopeptide resistance in enterococci already resistant to P- 

lactams and aminoglycosides is being reported with increasing frequency in the United 

States and abroad (Leclercq et al, 1992). Glycopeptide resistant enterococci mostly 

belong to the species E. faecium, but this resistance has also been found in other 

enterococcal species (Arduino and Murray, 1993). High level vancomycin resistance in 

enterococci was first reported in England in 1988. The National Nosocomial Infections 

Surveillance System of the Centers for Disease Control and Prevention reported that the 

percentage of enterococci which showed resistance to vancomycin in the USA had 

increased from 0.4% in 1989 to 13.6% in 1992 (Arduino and Murray, 1993). They are 

now fi'equently being isolated firom immunocon^romised hospital patients both in the UK 

and elsewhere (Chadwick and Oppenheim, 1994). These organisms are now increasingly 

found in Europe and the U.S.A (Arduino and Murray, 1993). Enterococci are also found
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to be resistant to nalidixic acid and other quinolones (Greenwood, 1989).

The resistance to multiple antimicrobial agents among enterococci, presents an 

important problem in the therapy of hospital-acquired infections (Clark et al., 1993). 

Multidrug resistant E. faecium has recently emerged as a serious nosocomial pathogen 

(Mobarkaie^ a/., /994).

1.5.1 Mechanisms of resistance

Antibiotic resistance in enterococci may be intrinsic or may be due to acquired 

traits. Intrinsic resistance is found to be a species characteristic and resides on the 

chromosome. Acquired resistance is the result of either a mutation of the genetic material 

or acquisition of novel DNA. The Enterococcus shows intrinsic resistance to the 

cephalosporins, semisynthetic penicillinase-resistant penicillins, quinolone, low-levels of 

aminoglycosides, and clindamycin. Vancomycin resistance, high-level resistance to 

aminoglycosides, and P -lactamase production are exanq)les of acquired resistance (Healy 

and Zervos, 1995).

1.5.1.1 Resistance to P-Iactam antibiotics

There are two mechanisms which are responsible for enterococcal resistance to 

p-lactam antibiotics: alteration of penicillin-binding proteins and production of a p- 

lactamase (Fontana et al., 1990). The intrinsic resistance in enterococci is mainly due to 

th«. tow  aflBnity of the lower-molecular-weight p enicillin-binding proteins 4,5 and 6 for P-
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lactam agents (Healy and Zervos, 1995). Plasmid-mediated |3-lactamase production has 

been recently demonstrated in isolates of enterococci. This mechanism o f antibiotic 

resistance was first reported in an isolate o f E. faecalis in Houston, Texas in 1983 (Murray 

and Mederski-Samaroj, 1983). The (3-lactamase hydrolyses penicillin and ampicillin but
t a w e i l  c o n c .e .n tr tc L t io n  ol a a.ntih'iùtic th a i  w/iff p K e .\/-e n t  a/ccw fA  

rn ic tco c /tÿa n ism s)  "  i J o
MlCs^determined using standard inocula are comparable to those for routine E. faecalis 

isolates (Ehopoulos and Ehopoulos, 1990), because at a low inoculum significant amoimts 

of enzyme are not produced (Healy and Zervos, 1995). The (3-lactamase production has 

been described in enterococci from diverse geographic locations within the USA and South 

America (Patterson eta l., 1988., Patterson and Zervos, 1989). Since 1983, (3-lactamase 

producing E. faecalis isolates have been isolated in the USA and elsewhere (Moellering,

1991), but not in the UK, and a E. faecium  strain producing (3-lactamase has also been 

found in the USA (Coudron et al.  ̂ 1992).

Enterococci do not have a penueability barrier to penicillins and the 

susceptibility differences to these drugs are mainly due to alterations in penicillin binding 

proteins (Greenwood, 1989). Penicillin-binding proteins can enter into carboxypeptidase, 

transpeptidase and transglycosilase reactions which are responsible for peptidoglycan 

polymerization and of covalent binding (3-lactam agents (Fontana et a i, 1990). The (3- 

lactam antibiotics inhibit the terminal stages o f peptidoglycan synthesis, through 

inactivation o f penicihin-binding proteins (Fontana, 1992).

Bacteria possess penicillin-binding proteins and these are identified on the basis 

of their molecular weight and their affinity for different (3-lactams (Fontana et a i, 1990). It
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has been found that the physiological importance of penicillin-binding proteins is influenced 

by growth conditions. Under certain growth conditions that allow a fast growth rate, cells 

are very susceptible, and at the MIC penicillin bmds and saturates only one PBP (PBP3), 

which shows the highest affinity for the antibiotic, but the cells which are growmg at a 

slower rate are not inhibited by penicillin concentrations and saturating all penicillin-binding 

proteins except the one with the lowest affinity (PBP5), and ultimately stop growing in the 

presence of the minimal concentration saturating this protein (Fontana et a l, 1990).

Airpicillin resistance in E. faecalis was found to be due to P-lactamase 

production, P-lactamase producing enterococci are highly resistant to gentamicim (Gray and 

Pedler, 1992). The P-lactamase has been reported to be encoded on transferable plasmids in 

a number of E. faecalis strains (Muray, 1992). In most staphylococci, p-lactamase 

production is inducible, whereas in enterococci, p-lactamase production is constitutive 

(Murray, 1992). The P-lactamase producing enterococci are found in increasing numbers in 

the USA and Europe (Moellering, 1990). The P-lactamase-producing enterococci have 

also been described as in^ortant nosocomial pathogens (Spera and Farber, 1992). The P- 

lactamase production is plasmid mediated, so the dissemination of enterococcal strains 

could occur both by spread of plasmid-bearing strain, and by transmission of the plasmid 

horizontally between strains (Hall, 1993).

The enterococci that produce P-lactamases can inactivate penicillin, ampicillin 

and other related drugs have now been found in various parts of the world. Most clinical 

isolates of enterococci have acquired resistance to cell wall-active agents. These strains are
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inhibited but not killed by antibiotics such as penicillin, ampicillin and vancomycin 

(Moellering, 1992).

1.5.1.2 Resistance to glycopeptides

Glycopeptide resistant enterococci were first described in France in 1986 

(Leclercq et a l, 1988). Clinical isolates of enterococci which show inducible resistance to 

the glycopeptide antibiotic vancomycin have occurred as a major clinical problem in Europe 

and the United States (Fraimow and Venuti, 1992). It was shown that glycopeptide- 

resistant enterococci had a broad geographical distribution and were phenotypicaUy 

heterogeneous (Arthur and Courvalin, 1993). Resistance to the glycopeptide antibiotics 

was found to be plasmid-mediated and transferable to other Gram-positive bacteria (Gray 

and Pedler, 1992., Arthur and Courvalin, 1993). The resistance to glycopeptides in 

enterococci is a cause of concern due to potential risk of dissemination of resistance to 

species of other Gram-positive bacteria that have not been affected so far (Leclercq et a l,

1992). The glycopeptide resistance in enterococci is induced by only glycopeptides and not 

by other antibiotics (Leclercq et ai, 1992). The glycopeptide antibiotics, teicoplanin and 

vancomycin inhibit peptidoglycan synthesis (Shonekan et a l,  1992). These antibiotics 

inhibit the murein biosynthesis of Gram-positive bacteria by forming a steric ‘bag’ around 

the pentapeptide of the peptidoglycan precursor with its in^ortant L-amino acid-D-alanyl- 

D-alanine end (Klare et al, 1993). The inhibition of cell wall synthesis is because of the 

formation of con^lexes between the antibiotics and the C-terminal D-alanine residues of 

peptidoglycan precursors (Arthur and Courvalin, 1993). The replacement of peptidoglycan 

precursors is associated in the resistance to glycopeptides (Gutmann et a l, 1994).
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Glycopeptide resistance occurs with increasing frequency among enterococci 

(Shonekan et a l, 1992). The genes which mediate resistance in enterococci are found on 

plasmids and are transferable by conjugation, and the resistance is usually associated with 

the inducible production of a new membrane protein, which most likely has 

carboxypeptidase or other enzymatic activity (Moellering, 1991). The inducible cytoplasmic 

membrane protein of about 39 kDa molecular mass is associated with high-level 

glycopeptide resistance in E.faecium strains (Klare et al, 1993). High level glycopeptide 

resistance in E. faecalis and E. faecium is found to be associated with a cluster of genes 

which resides on a transposon in some strains (Arthur et at., 1993). These genes are 

involved in the synthesis of peptidoglycan precursors with reduced affinity for glycopeptides 

(Dutka-Malen et al, 1994).

Glycopeptide resistance in enterococci has been divided into three classes, Van- 

A, Van-B, and Van-C, based on the level of resistance to vancomycin and teicoplanin, and 

whether resistance is inducible or constitutive (Shlaes et al, 1991).

The Van-A phenotype confers high-level resistance to vancomycin and 

teicoplanin. Glycopeptide resistance is inducible by vancomycin or teicoplanin and is 

transferable by plasmids (Schaberg and Zervos, 1986., Leclercq et a l, 1988., Al-Obeid et 

al, 1990). A recently identified transposon, Tn 1546, has been shown to contain the genetic 

information necessary for expression of the Van-A phenotype (Arthur et a l, 1993). Van-A 

is the most common phenotype isolated in Europe and the East USA (Sahm et al, 1989).
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Isolates of E. faecalis and E. faecium which display the Van-B phenotype are inducibly 

resistant to vancomycin, but remain susceptible to teicoplanin. The trait is non-transferable 

and is thought to be chromosomal in origin (Sahm et al, 1989., Williamson et a l, 1989). 

The Van-B phenotype is frequently seen in the Midwest USA (Sahm et a l, 1989). The 

Van-C phenotype occurs in isolates of E. gallinarum and E. casseliflavus which 

demonstrate constitutive low-level resistance to vancomycin, while remaining susceptible 

to teicoplanin (Vincent et a l, 1991). Resistance is thought to be chromosomal in origin and 

is not transferable. Isolates of E. faecalis and E. faecium  have been described which have 

transferable high level resistance to vancomycin but are susceptible to teicoplanin (Gold et 

al, 1993).

1.5.1.3 Resistance to aminoglycosides

All enterococci show low-level resistance to aminoglycosides. This inherent 

resistance is due to low cellular uptake of aminoglycosides by the Enterococcus (Healy and 

Zervos, 1995). High-level aminoglycoside resistance is defined by MIC >2000 pg/ml 

(Nachamkin et a l,  1988). High-level gentamicin resistance was first reported in 1979 

(Horodniceanu et a l, 1979).

Enterococci show resistance to aminoglycosides by three distinct mechanisms:

i) changing of target site,

ii) interruption with antibiotic transport, and

in) the rate of enzymatic detoxification of the antibiotic.

The first two types of resistance are due to chromosomal mutations, whereas the third
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type of resistance is generally plasmid-mediated (Leclercq et a l, 1992). High level 

resistance to aminoglycosides is due to plasmid mediated aminoglycoside modifying 

enzymes and is associated with a number of different types of plasmid (Greenwood, 1989). 

It was reported that the enterococci showing high-level resistance to aminoglycosides 

possess plasmids with genes coding for aminoglycoside-modifying enzymes (Moellering 

1991). In enterococci the aminoglycoside modifying enzymes are divided into three classes 

on the basis of reaction catalysed, for example phosphorylation or nucleoti delation of a 

hydroxyl group and acétylation of an amino group. These enzymes are known as 

phosphotransferases, nucleotyddtransferases and acetyltransferases (Leclercq et al., 1992). 

E. faecium  strains are found naturally resistant to netilmicin, kanamycin, tobramycin and 

sisomicin due to the presence of a non-transferable, low-level acetyltransferase. High-level 

streptomycin resistance m enterococci is sometimes ribosomally mediated because of the 

alteration in a single protein, S 12 on the 30 S ribosomal subunit (Gray and Pedler, 1992). 

It was also reported that high level streptomycin resistance is due to the production of 

streptomycin adenyltransferase and high level gentamicin resistance is due to the production 

of a fusion protein with acetylase and phosphotransferase enzymic activities which 

confer resistance to all aminoglycosides except streptomycin (Gray and Pedler, 1992). The 

aminoglycoside modifying enzymes are synthesised constitutively and gross inactivation of 

the antibiotics is not found in the culture medium. The aminoglycoside resistance is due to a 

balance between the rate of uptake and the rate of detoxification of the antibiotic. The 

enzymes which confer resistance allow the host to grow in the presence of higher 

concentrations of unmodified antibiotics (Leclercq et at., 1992).
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1.5.2 Chloramphenicol, clindamycin and erythromycin 

resistance

Chlorançhenicol, clindamycin and erythromycin show variable activity against 

enterococci (Healy and Zervos, 1995). It has been reported that 20 to 42% of enterococci 

are resistant to chloranq)henicol. This resistance is mediated by chloramphenicol 

acetyltransferase (Murray, 1990). Both plasmid-mediated and transposon-associated 

erythromycin resistance have been described in enterococci (Healy and Zervos, 1995). 

Erythromycin resistance is a part of the macrohde-lincosamide-streptogramin B resistance 

phenotype. This determinant also confers high level resistance to clindamycin. The 

mechanism involves the méthylation of an adenosine residue in the 23 S rRNA (Murray, 

1990).

1.6 Antimicrobial activity of enterococci

The antimicrobial activity of enterococci against other Gram-positive bacteria 

has been investigated (McKay, 1990). It was demonstrated that E.faecium has antimicrobial 

activity against Listeria spp. (McKay 1990). The antimicrobial activity of E,faecalis 

2ig2m st L. monocytogenes has also been investigated (Arihara et al., 1991). The inhibitory 

substances produced by enterococci active against pathogens, have become of great 

interest in recent years (Villani et al, 1993). Lactic acid bacteria are known to produce 

bacteriocins. In a survey of enterococci, it was reported that more than 50 of 100 strains 

tested produced a bacteriocin (Siragusa, 1992). In another study, it was found that 40% of
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90 human group D streptococci were able to produce bacteriocin (Galvez et al., 1985). 

Bacteriocins are proteins or protein complexes (Konisky, 1982) not active against producer 

strains but which can inhibit the growth of other closely-related bacteria. It was recently 

reported that there are some bacteriocins which can also inhibit the growth of less closely 

related pathogenic microorganisms (Laukova et al, 1993). Bacteriocins produced by lactic 

acid bacteria can inhibit the growth of a variety of food-home pathogens, including 

Staphylococcus aureus, Clostridium botulinum L.monocytogenes {hQvm^etal, 1991., 

Kaiser and Montville., 1993., Kato et a/., 1993).

Leuconostoc mesenteroides ssp. mesenteroides FR 52, produces a bacteriocin 

which prevents the growth of other Leuconostoc strains and several strains of 

Enterococcus and Listeria spp. (Mathieu et a l,  1993). E.faecalis 226 produces a 

bacteriocin known as enterocin 226 NWC which was found to be active against strains of 

the same species and L.monocytogenes (Villani et a l,  1993). It was reported that an E. 

faecium  strain from Nigerian fermented skimmed cow milk (wara) produces bacteriocin 

which shows inhibitory activity towards, Lactobacillus, Enterococcus and Listeria strains 

(Olasupo eta l,\99^).

Bacteriocins or bacteriocin-like substances produced by Gram-positive bacteria 

have a broad spectrum of antimicrobial activity (Tagg et a/., 1976). It has been shown that 

lactic acid bacteria can inhibit the growth of undesirable microorganisms such as 

L.monocytogenes in foods through bacteriocins (Daba et a l, 1991). Due to their 

proteinaceous nature bacteriocins would be digested into amino acids in the human
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gastrointestinal tract. This would be an advantage for bacteriocins as food-additives as 

compared with the other chemical antimicrobial agents (Piard et a l, 1992). The bacteriocin 

that can antagonize undesirable microorganisms with no effect toward useM  starter and 

non-starter lactic acid bacteria would be considered an ideal food preservative (Villani et 

a i, 1993). The lactic acid bacteria in mixed fermentations are capable of producing several 

antimicrobial metabolites such as organic acids, carbon dioxide, hydrogen peroxide, 

diacetyl and bacteriocins. The activity of bacteriocins against Gram-positive food borne 

pathogens has increased interest towards their potential application in foods. Nisin, a 

bacteriocin produced by Lactococcus lactis subsp. lactis, has been approved for use as an 

antimicrobial adjunct in foods (Garver and Muriana,1993).

Nisin producing strains were generally recognized as safe in the USA (Garver 

and Muriana,1993). In the USA, only nisin has been approved for use in food (Arihara et 

a i, 1993). It is used in the UK as well. Lactic acid bacteria play an important role in 

inhibiting the growth of spoilage and pathogenic bacteria in foods through bacteriocin 

production (Kato et a/., 1993). Many strains of enterococci produce a plasmid-mediated 

haemolysin which can lyse other bacteria functioning like a bacteriocin (Moellering, 1992). 

Bacteriocins are bactericidal substances that can be distinguished from other antimicrobial 

agents by the presence of an essential protein moiety, a bactericidal mode of action, a 

narrow intraspecific spectrum, attachment to specific cell envelope receptors and 

determination by plasmid genes (Tagg et al., 1976). Bacteriocms are ribosomally 

synthesized protems (Kaiser and Montville, 1993). Bacteriocins are different from typical 

antibiotics and they are produced during the log growth phase (Tagg et a/., 1976).
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1.6.1 Mode of action of bacteriocins

1.6.1.1 Antimicrobial spectrum

The low molecular-weight bacteriocins of Gram-positive bacteria show 

bactericidal activity against certain other Gram-positive bacteria (Tagg et a l, 1976). Lactic 

acid bacteria produce numerous bacteriocins. In the genus Lactococcus, nisin has been 

studied extensively. It was found to be active against Gram-positive bacteria and occurs in 

several types (nisin A, B, C, D or E), which are different in both amino acid composition 

and biological activity (Piard et al, 1992). Nisin has been reported to be effective against 

staphylococci, streptococci, bacilli, clostridia, and mycobacteria. The degree of sensitivity of 

these genera varies, mycobacteria are 100 times less sensitive than the others. Pediococcus 

acidilactici H produces pediocin AcH which has a broad range of action against Gram- 

positive bacteria whde Lactococcus lactis produces lactococcin A, which has a narrow 

range and are effective only against a few strains o îL .lactis ( Jack et a l, 1995 ).

1.6.1.2 Primary modes of action

The bacteriocin-producing lactic acid bacteria may be used as natural

preservatives (Lewus et al, 1991). Initially nisin was considered to act as a surfactant due 

to its cationic nature and because treatment of cells with nisin caused leakage of UV- 

absorbing material. Nisin has also been involved in inhibiting the bacterial cell wall 

biosynthesis (Jack et al, 1995). Staphylococcus epidermidis 5 produces a bacteriocin 

Pep5, like nisin it has a concentration-dependent mode of action, which is also affected by 

physiological conditions such as ionic strength, ten^erature, and pH, as well as by the
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growth phase of the target cells, Similarly both nisin and Pep5 inhibit the biosynthesis of 

DNA, RNA, protein and polysaccharides, this can lead to a speculation that treated cells do 

not have enough energy to carry out biosynthetic processes and that the energy-transducing 

cytoplasmic membrane may be the primary biochemical target. (Jack e ta l,  1995).

The bacteriocins form pores in the bacterial cytoplasmic membrane rather than 

causing the membrane disruption. There are two observations about the formation of pores 

in the membranes: (i) Pep 5 was shown to stimulate the phosphoenolpyruvate-dependent 

phosphotransferase system of cells and (ii) large molecules like sugars and proteins have not 

been found outside the cell following Pep5 treatment ( Jack et a i, 1995).

1.6.1.3 Secondary modes of action

Both Pep5 and nisin induce autolysis in Staphylococcus simulans, due to their 

strong cationic nature. The peptides can bind to teichoic, hpoteichoic, and teichuronic acids 

in the cell wall of this bacterium and they release and activate autolytic enzymes which are 

normally bound to these substrates. The autolytic activity depends on the cationic nature of 

the peptides which interact with the cells (Jack et al, 1995).

It was suggested that after pore formation in cytoplasmic membrane any 

damage caused by the autolytic enzyme activity can not be repaired. The pores formed in 

the membrane are not large enough to allow efidux of high-molecular-weight components. 

The influx of water through the pores can be enhanced and this results an increase in 

osmotic pressure, which causes cell lysis (Jack et al, 1995).
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1.6.1.4 Passage across the cell wall

The sensitive cells of Gram-positive bacteria lose viability very rapidly 

following treatment with a number of bacteriocins (Bbunia et al, 1991). Many bacteriocins 

bave greater bactericidal activity at low pH. The peptides carry both positive and negative 

charges with a net positive charge below pH 7.0. It has been suggested that the pH-induced 

changes in net charge may facilitate translocation of some bacteriocin molecules through the 

cell wall (Jack et al, 1995). A recent study of bacteriocins has shown that their degree of 

adsorption is pH dependent, with a maximum at about pH 6.0 and minimum at or below pH 

2.0 (Yange/fl/., 1992).

Initial adsorption of a bacteriocin appears to be due to ionic attraction between 

the bacteriocin molecules and the cell surface. The molecular conq)onents on the cell 

surfaces of Gram-positive bacteria include teichoic and hpoteichoic acids, to which 

bacteriocin molecules are adsorbed (Jack et ai, 1995). The adsorption of bacteriocins can 

be demonstrated by the drop of bacteriocin titre in solutions after mixing with an excess of 

susceptible bacterial cells. The adsorption can be detected by using a low concentration of 

bacteriocin. In many cases the adsorption of bacteriocins was found to be highly specific for 

susceptible bacteria et
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Nisin is not active against Gram-negative bacteria. This could be due to the 

relative impermeability o f their outer membranes. Some bacteriocins produced by Gram- 

positive bacteria show narrow inhibitory activity. It was found that these bacteria can be 

made sensitive to pediocin AcH following exposure to sublethal stresses which can increase 

the penneability o f the outer membrane of Gram-negative bacteria and the cell walls of 

Gram-positive bacteria (Jack et a i, 1995). It has been suggested that bacteriocin 

adsorption can cause a change m cell wall barrier functions only in sensitive Gram-positive 

bacteria, making the cell wall more permeable to the bacteriocin. There is no such change 

after adsorption to bacteriocin-resistant cells (Jack et a i ,  1995).

1.6.1.5 Importance of amino acid sequence(s)

Tlie mode o f action of many of the bacteriocins is to form pores in the
b c L c t t f c i o c I n

cytoplasmic membrane (Jack et a i, 1995). Tlie function o f th^peptide was shown to be the 

fonnation o f ion-permeable channels in the cell membrane (Jack et a i,  1994). A mutant
thg had  no h io to ^ ic a l  a c t i V f t y

peptide lack N-terminal 4 amino acids (Gly-Lys-Asn-Gly) even thoi^h it appeared identical 
in vnany xespects

to the parent peptid^ Since this part o f the N terminus is not associated in bridging, loss of  

these amino acids can change the conformation o f the peptide. It has been suggested that 

either the peptide becomes too short to span the membrane or the loss o f one positive 

charge results in the loss o f pore-forming ability. (Jack et a i, 1995).
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1.6.1.6 Importance of three-dimensional structure (s)

The three dimensional structures of the bacteriocins of Gram-positive bacteria 

share many common features. Each shows higher degrees of flexibility in aqueous solution 

than in hpophilic solution. Each has been demonstrated to have potential membrane- 

spanning sequences and a high dipole moment, which are necessary to support models for 

voltage induced pore formation in Hpid membranes (Jack et a i, 1995). They all form 

alternate faces with hydrophobic residues on one side of the helix and hydrophihc residues 

on the other. It was suggested that the flexibihty is necessary for the stabilization of pores in 

transmembrane hehcal structures (Jack et a l, 1995).

1.7 Enterococcus plasmids

Enterococcus plasmids have been shown to determine many functions such as 

conjugal activity, drug resistance and haemolysin-bacteriocin activity (Clewell, 1981). There 

are two types of conjugative plasmids in enterococci: the plasmids which usually confer a 

sex pheromone response and transfer to recipient cells at a relatively high fi*equency in broth 

culture, and the plasmids which do not make use of pheromones and transfer to recipient 

cells on soM surfaces at low fi’equency.

Once a copy of the plasmid has been acquired by the recipient, the production 

of the related pheromones ceases. Plasmid flree strains of E.faecalis produce at least five 

different sex pheromones. It might therefore be expected that some strains will harbour
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multiple pheromone responding plasmids (Clewell 1990). There are certain conjugative 

plasmids that do not confer a pheromone response, exhibiting a broad host range among 

Gram-positive species (Clewell 1990). Numerous plasmids have been identified in 

enterococci. E.faecalis S48 carry four different plasmids pMBl, pMB2, pMB3 and pMB4 

are responsible for bacteriocin and antibiotic traits (Quirantes et al., 1995).

Antibiotic resistance is a major problem in enterococci. Plasmids and 

conjugative transposons were found to be associated with the resistance (Clewell, 1990). 

E.faecalis DS16 carries a plasmid pAD2 which encodes resistance to streptomycin, 

kanamycin, macrohdes, lincosamides and streptograminB (Clewell, 1982). Strain DS16 

harbours two transposons, Tn 916 and Tn 917. The Tn 916 determines tetracycline 

resistance and the Tn 917 determines macrohdes, lincosamides and streptograminB 

resistance (Clewell, 1982). E.faecalis BM6201 possesses two different plasmids, pIP613 

and pIP614 encoding erythromycin and tetracycline resistance respectively. Another strain 

E.faecalis JHl carries a plasmid pJHl which encodes resistance to erythromycin, 

kanamycin and neomycin (Clewell, 1990).

E.faecalis DS16 carries another plasmid pADl which determines a haemolysin- 

bacteriocin and conjugative response to the sex pheromone cADl (Ike et al., 1987).
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1.8 Heat tolerance of enterococci

The enterococci are of great interest due to their characteristics of being the 

most thermorésistant among the non-sporulating eubacteria (Perez et a l, 1982). Heat 

resistance has been used to classify these microorganisms (Perez et a l, 1982), Heat 

resistance of enterococci depends on several factors, such as age of the cultures, external 

pH (White, 1953), and con^osition of the suspending medium (Perez et al, 1982). The 

heat resistance of microorganisms is usually expressed as decimal reduction times (D 

values). This is the time (in minutes ) required to reduce the microbial population by 90 %. 

The thermoduric nature of enterococci and the mechanisms by which they suffer heat injury 

and subsequently recover have been investigated by several researchers (White., 1953., 

Clark et a l,  1968). When cells oiE.faecalis R57 were exposed to sublethal heat treatment, 

they showed a temporary change in the salt tolerance and growth of the organisms. After 

sublethal heat treatment the cells were found to be unable to reproduce on media containing 

6% NaCl when these heat injured cells (at 60°C for 15 min) were placed on medium, they 

showed an increased lag phase. It was found that during the prolonged lag phase the cells 

recovered their salt tolerance and they started to grow like the untreated cells (Clark et a l, 

1968).

Thermotolerance is observed in all living cells which survive a conditioning 

treatment and it therefore represents a true dynamic change in the thermal characteristics of 

the cell (Landry, 1986). When microorganisms are exposed to an abrupt temperature shift 

most of them die. The exposure to tenq)erature above the optimal growth temperature 

induces in all cells a transient state of resistance to killing by a subsequent and severe heat
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treatment, this phenomenon is termed thermotolerance (Lindquist, 1986., Neidhardt and 

VanBogelen, 1987., Lindquist and Craig, 1988). The term thermotolerance is generally 

used for a transient, nonheritable state of resistance in response to the lethal heat 

treatments, which can be induced by a short exposure to a nonlethal heat treatment (Carper 

et al., 1987). The rate of resistance may be large. For exanq)le, in mammalian cells which 

show thermotolerance the survival levels are several hundred times those of control cells 

when both are subjected to the same lethal hyperthermic temperature ( Carper et al, 1987).

It is well documented that heat shock proteins are involved in protecting cells 

from the deleterious effects of heat (Young and EUiott, 1989). When cells are e?q)osed to 

elevated tenq)eratures, it results in a rapid increase in the synthesis of heat shock proteins 

and induces thermotolerance (Smith and Yaffe, 1991). Thermotolerance was found to 

increase the temperature range of survival in microorganisms (Blondin et at., 1993). 

Thermotolerance is associated either with increased tolerance to heat induced damage or an 

enhanced capacity to repair heat injury lesions (Weber, 1992).

The thermal resistance of E.faecium and E. faecalis is well studied (Magnus 

et a l,  1988). It was described that tolerance is related to growth phase. The stationary 

phase cells are naturally more resistant to heat than exponential phase cells (Steels et al,

1994). Stationary phase cells are shown always to be more heat resistant as conq)ared to 

exponential phase cells (Teixeira et a l, 1994). Bacterial thermotolerance is a major issue in 

food safety because numerous foods and feeds are thermally processed to limit human 

exposure to pathogens (Bunning et a l, 1992).
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E.faecium, is able to survive the mild heat processing of cured meats and 

predominate in the spoilage microflora of meat products. It can grow readily at room 

temperatures (Bell and DeLacy, 1984). E.faecalis can grow at temperatures ranging flrom 

5°C to 51°C, it was found to survive exposure to temperatures in the range of 52°C to 

59°C for many hours but at 65°C cells die within seconds. The heat treatment at 60°C or 

62.5°C for 30 min of log phase cells of E.faecalis grown at 37°C was found to be enhanced 

by exposure of cells to a prior heat shock at 45°C or 50°C for 30 min. It was found that 

survival at 60°C was enhanced 10-fold when cells entered the stationary phase 

(Boutibonnes et a l, 1993).

In another study heat resistance of E.faecium and E.faecalis was reported. The 

isolates o îE.faecium were found to survive at 65°C for 20 min, 71°C and 75°C for 3 min. 

Four isolates survived at 80°C for 3 min. All isolates died when exposed to 75°C and 80°C 

for 10 min, but one isolate remained viable at 71°C for 10 min In the presence of horse 

blood, two stationary phase isolates survived 80°C for 3 min and one 18h culture was able 

to withstand 65°C for 20 min (Kearns et al, 1995). Cells of E.faecalis survived at 65°C for 

10 min and 71°C for 3 min. Stationary phase isolates survived at 65°C for 20 min. All 

isolates died after exposure to 71°C and 75°C for 10 min or 80°C for 3 min. In the presence 

of horse blood, one 18h culture isolate was able to survive 65°C for 20 min ( Kearns et al,

1995). It was shown that some isolates of E.faecium are able to survive the British 

Standard for heat disinfection (80°C for 1 min ) of bedpans ( Keams et a l, 1995).
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1.8.1 Heat shock response

The heat shock response protects organisms from the lethal effects of heat and 

other forms of stress (Lindquist, 1986). Some investigators regard the heat shock response 

as a mechanism which protects the cells against lethal temperature (Neidhardt and Van 

Bongelen, 1987). The heat shock response occurs in bacteria, in plants and in animals. It is 

a rapid and transient accumulation of heat shock proteins which ensure survival during the 

stress period and protect the cells against heat damage and allow a rapid resunq)tion of 

normal cellular activities during the recovery period (Burdon, 1986). It was reported that 

as in bacteria, the stress response plays a vital role in the ability of animal cells to 

withstand brief exposures to high tençeratures (Welch, 1993). Animal cells given a mild 

heat shock were found to be better protected against a second heat challenge that would 

otherwise have been lethal (Welch, 1993). The heat shock response can be induced by 

anoxia, 2, 4-dinitrophenol, ethanol, sodium azide, sodium arsenite, hydrogen peroxide, and 

metals (Blondin, et al, 1993). The organisms were found to respond to sudden mcreases in 

tenq)erature by synthesizing a small set of proteins called the heat shock proteins (Parsell 

and Lindquist, 1993). The heat shock response is highly conserved (Parsell and Lindquist, 

1993).

It has been indicated that during heat shock, abnormal proteins rapidly 

accumulate and these abnormal proteins may trigger the heat shock response. The abnormal 

proteins can trigger a heat shock response in the absence of heat. One heat shock protein is 

ubiquitin. In normal cells ubiquitin is associated m the ATP-mediated proteolysis of unstable 

or abnormal cellular proteins in eukaryotes. The Ion protease appears to play the same role
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in degrading unstable and abnormal proteins in an ATP-dependent manner in prokaryotes. 

During beat shock, both of these proteins are synthesized increasingly (Nagao et al, 1990). 

The heat shock response confers heat resistance in E coll Cells grown at 37°C if exposed 

to 42°C for brief period they will show a slower rate of death when treated at 55°C for 30 

minutes (Neidhardt and VanBogelen, 1987). It was found that heat shock response in 

cyanobacteria correlates with the response in both prokaryotic and eukaryotic organisms 

(Blondin et al., 1993).

1.8.2 Heat shock proteins

Heat shock proteins (HSPs) are produced by prokaryotic and eukaryotic cells in 

response to a sudden increase in the ten^erature (Kaufinann, 1990). Heat shock proteins 

are defined according to their apparent molecular weight. They are identified afl;er 

separation on SDS gels (Kaufinann, 1990). It was found that the presence of HSPs 

enhances the cells’ abihty to recover firom stress (Schlesmger, 1986). Biochemical and 

genetic studies have indicated that some HSPs are present in organisms at optimum growth 

temperatures and play inq)ortant roles in normal cell fimctions (Nagao et a l, 1990). Heat 

shock proteins are members of a super-family of proteins known as stress proteins. These 

are induced m response to dififerent environmental conditions such as glucose and amino 

acid starvation, firee radicals and heat shock (Weber, 1992). When it was found that many 

environmental stresses other than heat can also induce heat shock proteins synthesis then 

the term stress protein was introduced (Kaufinann, 1990).
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Members of a heat shock protein family share many features in addition to size 

and there are similar groups of famihes reported in different species. HSP60 and HSP70 

perform similar functions in bacteria, yeast, plant and animal cells and share more than 50% 

sequence homology. In E.coli the HSP60, groEL, participates in the assembly of 

bacteriophage structural proteins, in plant cells HSP60 play a role in the assembly of the 

ohgomeric enzyme ribulose biphosphate carboxylase in chloroplasts, and in yeast and 

mammalian cells HSP60 is found to catalyse the folding of mitochondrial proteins 

(Kaufinann, 1990). Stress proteins generally play vital roles in the cell in the absence of 

stress. Eukaryotic HSP90, HSP70, and HSP60 proteins found to be associated in assembly 

or disassembly of protein complexes, and members of the HSP70 family are important 

because of the translocation of certain proteins through intracellular membranes (Young and 

EUiott, 1989).

It was found that when ceUs of E.faecalis ATCC 19433 grown at 37°C were 

heat-shocked at 45°C and 50°C, the synthesis of heat shock proteins was enhanced.. The 

heat shock proteins can be separated by using one dimensional SDS-PAGE electrophoresis, 

(Boutibonnes et a l, 1993).

Some heat shock proteins are also synthesized in response to exposure to 

ethanol, hydrogen peroxide, heavy metals or other forms of stress (Mackey and Derrick, 

1990). When the ceUs synthesize the heat shock proteins they acquire increased resistance 

to a second heat chaUenge (Mackey and Derrick, 1990). The ceUs that do not produce
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fimctional heat shock proteins cannot become thermotolerant (Laszlo, 1988). Various heat 

shock proteins are involved as contributing to thermotolerance (Ang et a/., 1991). Heat 

shock proteins are sometimes referred to as molecular chaperones, because they are 

involved in the assembly and folding of other proteins (Lukacs et al., 1993).

The functions of heat shock proteins have been described in at least two 

aspects: the involvement of HSPs in the development of thermal tolerance, and the

biochemical functions of individual HSPs. High molecular weight HSPs have biochemical 

functions which are consistent and they have a protective role but in the case of low 

molecular weight HSPs, it has been reported that during heat stress these proteins form 

aggregates that contain mRNAs for many cellular proteins (Nagao et a l, 1990). The 

members of HSP60 protein family, have been found in bacteria, chloroplasts, and 

mitochondria (EUis and Van der Vies, 1991).

Heat shock proteins perform important roles in the physiology of all living cells 

whether these are prokaryotic, archaeal or eukaryotic (Ang et a l,  1991). There are 

several heat shock proteins which play a role in the normal metabohsm, reproduction, 

development and differentiation of cells in higher plants and animals (Morris, 1993). The 

heat shock proteins have a common feature and that is their abihty to bind to other proteins 

in the ceh, and help to maintain the correct structure and folding of molecules (Lukacs et 

a i, 1993). When ceUs are under stress, the proteins molecules are more likely to fold 

incorrectly. Then heat shock proteins are required to keep the protein molecule in a proper 

shape (Lukacs et a l, 1993). The heat shock proteins protect the key proteins to which
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they bind and also recover the ten^orarily denatured proteins (Morris, 1993). The major 

importance of many heat shock proteins is due to their abihty to associate with other 

proteins and modify their fimction (Lindquist, 1986., Lindquist and Craig 1988., Kaufinann, 

1990).

1.9 Salt stress in bacteria

The 6.5 % NaCl tolerance test is commonly used for presumptive identification 

of enterococci (Chang, 1991). Sodium chloride treatment was found to be very effective in 

the induction of general stress proteins in B.subtilis: the addition of NaCl to exponentiaUy 

growing cells enhance the synthesis of general stress proteins, whereas specific heat shock 

proteins are not induced (Hecker et al, 1988). General stress proteins are synthesized with 

very high intensity soon after the addition of NaCl (6% w/v). Many general stress proteins 

have a low molecular mass (Volker et al, 1992). A mild heat stress appears to be very 

effective in the induction of tolerance against lethal salt concentrations (Volker et al, 

1992).

It was shown that in Lactobacillus plantarum, the strain not producing 

bacteriocin was more tolerant to salt than the strain producing bacteriocin, because the 

bacteriocin producing strain was unable to use lactate which is accumulated during glucose 

metabohsm. The oxygen-dependent utilization of lactate is important as it provides an ATP 

yield from pyruvate oxidase and acetate kinase enzymes when other substrates are 

exhausted. This energy yielding mechanism is absent in the strain producing bacteriocin 

(Montano et a l, 1993). Salt affects the growth and metabohsm of lactobacilh associated in
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food fermentation. It has been shown that NaCl reduces the acetate production by 

Lactobacillus plantarum (Montano e ta l,  1993). The physiology of the bacterial cell can 

be affected by large increases in external salinity. Increasing levels of salt usually change 

the conq)osition of the cell membrane and give rise to the production or accumulation of 

organic conq)ounds to maintain positive turgor pressure. Many halotolerant bacteria require 

low levels of NaCl and utilize the Na  ̂ ion to produce a gradient across the cytoplasmic 

membrane. The Na'  ̂gradients are inq)ortant in the process of solute transport. (Cummings 

and Gihnour, 1995).

1.10 Bacterial acid tolerance

It has been reported that pH is the most important factor affecting bacterial 

growth (Pimentel et al, 1994). Low pH is an important stress condition which is 

faced by many pathogenic bacteria (Karem et a l,  1994). When food and water-borne 

pathogenic microorganisms are ingested they are exposed to an acid environment in the 

stomach and small intestine (Karem et al, 1994). Bacteria associated with infections of 

the animal body usually adapt to acid environments. For exanq)le S.typhimurium can survive 

at pH3. S. mutans is also able to develop an adaptive acid tolerance during prolonged 

growth at low pH (Belh and Marquis, 1991).

S. typhimurium can survive dramatic acid stresses: it would be expected 

that this organism possesses an adaptive acid tolerance mechanism (Foster and Hall, 

1990). E.coli can adapt to both acid and alkaline growth conditions (Belh and 

Marquis, 1991). Exposure to mild acid, at pH 5.0 - 6.0 brings about increased acid
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tolerance in S. typhimurium (Foster, 1991) and E.coli (Rowbnry et a l,  1992).

Exposure of E. coli to acid pH leads to habituation and the habituated organisms 

can survive levels of lethal acidity as conq)ared to non-habituated ones (Goodson 

and Rowbury, 1989). E.hirae also shows an adaptive acid tolerance. The constitutive acid 

tolerance of E.hirae is similar to S.mutans strains.However Enterococcus has greater 

capacity to adapt to acid environments than the streptococci (Belh and Marquis, 1991). The 

acid tolerance response requires protem synthesis and it seems to be a specific 

defense mechanism for acid (Foster and Hall, 1990 ). The acidity produced by lactic 

acid bacteria is a hrçortant factor in food safety. In mixed cultures acidifying activity and 

acid tolerance may result to the presence of the more acid resistant strains (Rodriguez and 

Manca de Nadra, 1995).
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1.11 Aims of this study

The aim of this work was to study the physiology of environmental and hospital 

isolates of Enterococcus spp. Therefore, this project was undertaken to investigate the 

following:

1- To study the characteristics of enterococci.

2- To measure the antimicrobial activity of enterococci against closely related and 

unrelated pathogenic microorganisms.

3- To check the comparative antibiotic sensitivity of environmental and hospital 

isolates.

4- To determine the heat tolerance of enterococci of stationary phase and exponential 

phase ceUs by growing them at optimum and above optimum ten^eratures.

5- To investigate the heat tolerance of exponential cells grown at

(i) different pH, and

(ii) with increasing salt concentrations.

6- To determine the heat tolerance of enterococci in a viscous environment.

7- To study the heat shock response.

8- Analysis of whole cell soluble proteins.
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2.0 Materials and Methods
2.1 Bacterial strains

Sixty eight enterococcal strains were isolated from environmental sources and 

10 clinical isolates were obtained from University College Hospital. Stock cultures were 

maintained in Microbank cryovials containing cryopreservatives and stored at -70 C.

2.2 Media and Diluents 

2.2.1 Slanetz and Bartley

Slanetz and Bartley medium (see appendix) was used for isolation of 

enterococci from food and water. It contains sodium azide as a selective agent and 

tétrazolium chloride for development of a deep red or light pink colour from enterococci 

colonies. This is the most commonly used selective medium for isolation of enterococci.

2.2.2 Brain Heart Infusion Agar

BHI agar (see appendix) was used for subculturing the enterococci isolated 

from seeds and water. Moreover the sangles from heat tolerance, salt tolerance and pH 

tolerance experiments were spotted on BHI agar plates to count the survivors. To measure 

the antimicrobial activity, cultures of enterococcal strains were also spotted on BHI agar 

plates.
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2.2.3 Brain Heart Infusion Broth.

BHI broth (see appendix) was used for growing bacterial cells in the stationary 

and exponential phase. Cultures for heat tolerance, salt tolerance and pH tolerance 

determinations were grown in BHI broth. It has been found that the BHI broth is the best 

medium for the growth of enterococci.

2.2.4 Sensitest Agar

Sensitest agar (see appendix) was used to measure the antibiotic sensitivity by 

disc diBusion method (section 2.8).

2.2.5 Columbia Agar

Columbia agar (see appendix) was used to prepare blood agar. For the 

preparation of blood agar 5% vol/vol sterile defibrinated horse blood was added to 

columbia agar. Enterococcal isolates were streaked on blood agar plates to note the 

haemolytic reactions (a, p or y).

2.2.6 Soft Agar

BHI soft agar (see appendix) was used in the detection of antimicrobial activity. 

The indicator strains were mixed in BHI soft agar and overlaid on the overnight grown 

spotted cultures of test strains to measure antimicrobial activity of enterococcal strains.
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2.2.7 Maximum Recovery Diluent

MRD (see appendix) was used for determination of heat tolerance of stationary 

phase and exponential phase cells of enterococcal strains as well as for making serial 

dilutions.

2.3 Isolation of enterococcal strains from water

Thames water was collected from Charing Cross and filtered in 1ml, 5ml and 

10 ml sanqiles through milhpore membranes in duphcate. The membranes were placed face 

up on Slanetz and Bartley medium and incubated at 37°C for 2 days. After two days, bright 

red colonies grown on the miUipore membranes were counted.

Forty eight weU separated colonies were inoculated into 48 test tubes 

containing 5ml of BHI broth in each. All the test tubes were incubated at 37 C for 

overnight growth. The next day the overnight cultures were streaked on BHI agar plates. 

Again aU the plates were incubated at 37°C for 2 days. A single colony from each plate was 

inoculated into Microbank cryovials and stored at -70°C for long term storage.

2.4 Isolation of enterococcal strains from seeds

2.4.1 Barley strains

Malted barley seeds were provided by Dr. Smith (Department of Biology UCL) 

and in order to isolate barley strains, 50 grams of malted barley seeds were suspended in 50 

ml of MRD, shaken thoroughly and left for one hour, then shaken thoroughly and 0.1 ml
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sample spread on Slanetz and Bartley medium. Tlie plates were incubated at 37 C for two

days. Ten barley strains were isolated. Siock cuif:u/te,s maintained in Mic/tobank

CXVOV̂ ials and stoK^cl a i  - 7 0 C .  Sabcultu/ces  jjoA.
\^ùKk w a A g  k e{d  )n .

2.4.2 Wheat strains

Wheat seeds were obtained from a grocery shop at Luton (UK) and 5 wheat 

strains were isolated by using same procedure described in section 2.4.1.

2.4.3 Rice strains

Tilda rice seeds were obtained from a grocery shop at Luton (UK) and 5 rice 

strains were also isolated by using same method described in section 2.4.1.

2.5 Growth conditions

Experiments were performed by growing bacterial cells in the stationary or 

exponential phases. For stationary phase bacterial strains were grown in 100 ml flasks 

containing 25 ml BHI broth for overnight at 37°C with shaking. For exponential phase 

cultures, one ml o f stationary phase cells was diluted mto fresh BHI broth and incubated 

with shaking at 37 C for one and half to two hours till their optical density reached between 

0.2 to 0.3.

2.5.1 Measurement of optical density

Optical density o f the cultures in the BHI broth was measured with a Hilger 

photoelectric colorimeter 5 2 ^

75



2.6 Characterization of isolates

2.6.1 Gram staining

A heat fixed smear was covered with a solution of crystal violet. After 60 

seconds the dye was washed off and the smear was flooded with an iodine solution. After 

60 seconds the iodine solution was washed ofiT with water and the shde was rinsed with 95 

% alcohol for 10 to 15 seconds. Finally the shde was counterstained for 15 seconds with 

carbol fuchsin.

2.6.2 Agglutination test

Strains for identification were grown on blood agar plates overnight at 37 C 

and the haemolytic reactions were noted (a, P or y). The Oxoid latex reagent kit (Oxoid DR 

500) was used to check that the isolates belonged to serological Group D. Extraction 

enzyme provided with the kit was dispensed in 0.4ml volumes into test tubes. Two to five 

colonies of each strain were removed fi*om the blood agar plates with a wire loop and 

suspended in the enzyme preparation. The tubes were incubated for 10 min at 37°C with a 

vigorous shake half way through the incubation. The extract was then ready for use. One 

drop of the latex reagent DR 589 was dispensed into the circular areas on the reaction card 

and mixed with one drop of extract. The mixture was spread with a stick and the card 

gently rocked. A positive reaction, confirming serological Group D was shown by 

agglutination within 30-60 seconds.
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2.6.3 Identification of Enterococcus strains

All strains were identified by using API 20 STREP kits (Bio-merieux England). 

Bacteria were streaked on BHI agar plates and incubated overnight at 37 C A loopfiil of 

culture was mixed in 2ml sterile distilled water to make a dense suspension. In the first half 

of the strip, the suspension was inoculated with a Pasteur pipette into the tubes VP, HIP, 

ESC, PYRA, aGAL, (3GUR, pGAL, PAL, LAP and ADH by distributing 3 drops in each 

tube. For the test ADH, the tube portion only was filled. After that an an^oule of API 20 

STREP medium was opened and the remaining suspension was transferred into it and 

homogenized well. In the second half of the strip this new suspension was distributed into 

the tubes RIB, ARA, MAN, SOR, LAC, TRE, INU, RAF, AMD and GLYG. The cupules 

of the tests ADH to GLYG were covered with mineral oil. Five ml of distilled water was 

poured into the wells of the incubation box to create sufficient humidity. The strip was then 

placed into the incubation box and the mcubation box closed with the hd, and incubated at 

37°C for 4 hours to obtain a first reading. After 4 hours of incubation, one drop of reagents 

VP land VP2 were added to the VP test. Two drops of ninhydrin were added to HEP test 

and one drop of ZYM A and ZYM B reagents were added to PYRA, aGAL, pGUR, p 

GAL, PAL and LAP tests.

The results of these tests were recorded after 10 minutes by referring to the 

colour chart. The result of the remaining tests were determined after incubation of 24 hours. 

A 7 digit profile number was obtained from the 20 tests on the strip. The strains were 

identified by using the API LAB soflware.
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2.7 Antimicrobial activity of enterococci

Antimicrobial activity of enterococci against closely related and less closely 

related pathogenic bacteria was detected by the agar spot test (Fleming et a/., 1975). 

Enterococcus strains were inoculated into test tubes containing 5ml of sterilized BHI broth 

and incubated at 37°C for overnight, using a separate test tube for each strain. Five pi of 

overnight culture of each strain was spotted on BHI agar plates. All plates were incubated 

at 37°C for overnight. The indicator strains were also inoculated into 5ml sterilized BHI 

broth and incubated overnight at 37°C. Fresh overnight culture (0.1 ml) of each indicator 

strain was mixed with 5 ml of BHI soft agar, cooled to 45°C and overlaid on the overnight 

grown spotted cultures of Enterococcus, the soft agar was allowed to sohdify. All the plates 

were incubated at 37°C overnight. After overnight incubation at 37 C, inhibition was 

observed by a clear zone around the spotted culture. Zones of inhibition were measured in 

millimetres.

2.8 Antibiotic sensitivity testing
^Unipath Limited!^

Susceptibihty to a range of antibiotics^used for the treatment of enterococcal

infections was determined by disc diffusion method on sensitest agar. A 0.1 ml sample of

overnight culture of bacteria grown in BHI broth at 37°C was poured on sensitest agar

plates and spread with the help of a glass spreader on the entire surface of the agar. The

antibiotic discs were then placed firmly on the agar surface asepticaUy, and petri plate hds

were replaced. The plates were incubated overnight at 37°C. After incubation the sensitivity
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of the organisms was measured by sizing the clear zones around each antibiotic disc. 

Susceptibihty was observed as a zone of inhibition around the antibiotic disc.

2.9 Heat tolerance of stationary phase cells

The heat tolerance of stationary phase cells was determined using 4 isolates E. faecium 

MAI, E.faecium BARI, E.faecium W1 and E.faecalis MI2.

Cultures for heat resistance determinations were grown overnight in BHI broth at 37°C 

or 45°C. Samples of 0.1 ml of these cultures were added to 25 ml MRD in 100 ml conical 

flasks and placed at 65°C, 67.5C and 70°C in shaking water baths.

At 5 minute intervals up to 30 minutes 1 ml samples were removed from the flasks and 

diluted into 9 ml MRD at room temperature and then further diluted in MRD by factors of 

10 up to 4 dilutions.

The procedure of Miles and Misra (1938) was used to count the survivors following 

heat treatment. This involved spotting duphcate 20 pi samples from each dilution on to 

well dried BHI agar plates. After allowing the spots (7 per plate) to dry the plates were 

incubated at 37°C for 24 hours.

The colonies from each spot were counted and the viable count calculated as follows 

viable count = number of colonies x 50 x 1/Dilution 

The log of the number of survivors was plotted against time of heat treatment.
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From the survival curves the D-value was determined. The D-value is the time taken at a 

particular temperature for a 1 log fall in viable count.

2.9.1 Heat tolerance of exponential phase cells

Barley isolate E. faecium BARI and hospital isolate E. faecalis MI2 were selected to 

determine the heat tolerance of exponential phase cells.

The cultures were grown m BHI broth with shaking at 37°C or 45°C until the O.D. 

reached 0.2 - 0.3. The heat tolerance experiments were then carried out as in section 2.9 

but the temperatures used were lower (55°C, 60°C and 62.5°C) because the exponential 

cells were more heat sensitive.
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2.10 Heat tolerance of cells grown at different pH

Barley isolate E. faecium BARI hospital isolate E. faecalis MI2 were used to 

detennine the heat tolerance of cells grown at different pH. The pH of the BHI broth was 

adjusted by the addition of HCl and NaOH to required values.

Cells grown overnight in BHI broth of pHs 5.0, 6.0, 8.0 and 9.0 were diluted 

respectively into jfresh BHI broth of pHs 5.0, 6.0, 8.0 and 9.0, and grown to logarithinic 

phase for a period of one and half to two hours at 37°C under shaking conditions, till their 

O.D reached between 0.2-0.3. The heat tolerance was determined at 55 C, 60 C and 

62.5 C. The viable count was measured as described in section 2.9.1. For control 

experiment exponentially grown cells in BHI broth at 37°C at neutral pH were treated at 

62.5“C.

2.11 Heat tolerance of cells grown at or exposed to various salt 

concentrations
Barley isolate E. faecium  BARI and hospital isolate E. faecalis MI2 were used 

to determine the heat tolerance of cells grown at various salt concentrations. BHI broth 

was prepared that contained 6.5%, 10.5% and 15 % NaCl. BHI agar grown cells were 

inoculated into BHI broth containing 6.5% NaCl for overnight growth and BHI agar grown 

cells were exposed to 10.5% and 15% NaCl in BHI broth for overnight at 37°C. Cells

81



grown in 6.5% NaCl were diluted into fresh broth containing 6.5% NaCl and placed at 

37°C under shaking conditions for one and half hours to two hours for logarithmic phase 

and similarly the cells exposed to 10.5% and 15% NaCl overnight were also diluted in to 

fresh broth containing 10.5% and 15% NaCl and place at 37°C under shaking conditions for 

one and half hours to two hours. A 0.1 ml sangle was diluted into 25 ml MRD. The heat 

tolerance was determined at 55°C, 60 C, and 62.5 C. One ml sample was removed after 5 

minutes interval for half an hour and diluted into 9 ml MRD and further dilutions were made 

by factors of 10 up to 4 dilutions. A 20 pi sample was removed from each dilution and 

spotted on BHI agar plates. When plates became dry, all the plates were incubated at 37 C 

for 24 hours.

The colonies were counted and the number of survivors was plotted on a 

logarithmic scale against time of heat treatment.

For control experiment cells were grown to exponential phase in BHI broth at 

37°C under shaking conditions without addition of salt and treated at 62.5°C.

2.12 Heat tolerance of industrial isolate in viscous environment

To determine the heat tolerance of enterococci in viscous environment, 

contaminated malt extract was provided by Dr Smith (Department of Biology UCL). One 

gram of contaminated malt extract was diluted in 10 ml of MRD. A 100 pi sample was 

plated on Slanetz and Bartley medium plates and spread with a glass spreader. All plates
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were incubated at 37°C for 24 hours and the number o f enterococci per gram of 

contaminated samples was counted. Industrial  iso la te , w as tû/e^nt(|'€^ Qs E. 

by usin^ A P I ^ O  STy^EP AX).

Enterococci were recovered on S & B medium from contaminated malt 

extract. A single colony was streaked on BHI agar plates. All plates were incubated at 37 C 

for 24 hours. A loopful o f subculture was inoculated into 10 gram of uncontaminated malt 

extract and mixed very well. Survivals in samples were determined by heat treatment at 

60 C, 70 C, 80 C and 90 C for half an hour.

A 0.5 ml sample was removed after 5 minutes interval for half an hour and 

diluted into 4.5 ml MRD and diluted further up to 6 dilutions. After that a 20 pi sample 

ftom each dilution was spotted on BHI agar plates. When the plates became dry all the 

plates were incubated at 37 C for 24 hour. Then the colonies were counted and graphs of 

number of survivors plotted on a logarithmic scale against time o f heat treatment.

2.13 Heat tolerance of Barley isolate E.faecium BARI in 
viscous environment

A loopful o f  subculture o f barley isolate E.faecium BARI grown on BHI agar 

was inoculated into lOg micontaminated malt extract and mixed very well. Heat tolerance 

of barley isolate was determined at 60°C, 70°C, 80°C and 90°C by the same procedure as 

described in section 2.12.
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2.14 Heat shock response.

Both barley isolate E. faecium  BARI and hospital isolate E. faecalis MI2 were 

selected to determine the heat shock response. One ml o f exponentially grown cells of each 

strain was diluted into 25 ml fresh BHI broth already placed at 50 C. The cells were 

shocked at 50°C for 15 minutes. The heat shock response was determined at 55 C, 60 C and

62.5°C for half an hour. The heat icUxonce 4

EutnKùCOccUS s U m n s  M A I .  BARI, W1 a U  M 1 2  io 5 o C
ok S I C  a t  65°C ,  67-SC 70C /«/t an  AwK.

Tlie viable count o f heat shocked cells was measured by the method described 

in section 2.9.

2.15 Analysis of whole-cell protein profiles

2.15.1 Whole cell protein preparation

Enterococcus strains were grown in BHI broth at 37 C with shaking. The 

proteins from stationary phase cells were studied by one dimensional SDS polyacrylamide 

gel electrophoresis. Ten ml o f stationary phase cells were centrifuged. The supernatant 

was discarded. Tlie pellets were washed in 5ml of 0.9 % saline and then resuspended in 

1ml o f 50 mM Hep es (pH 8). The whole-cell proteins were extracted by sonication 

(MSE Soniprep). Sonication was carried out at amplitude 14 for 15x15 seconds blasts 

with 15 seconds cooling intervals, while samples were kept at 0 C in an icebath. Tlien 

the sonicated samples were spun in a micro centrifuge for 5 minutes. The supernatant 

was the whole cell soluble protein samples. Tlie resulting proteins were then analysed on 

SDS polyacrylamide gels.
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2.16 Polyacrylamide gel electrophoresis

2.16.1 Gel preparation

Polyacrylamide gel electrophoresis was carried on 10 % gels as described by 

Laemmli (1970).

Resolving gels (40ml) were prepared by adding 13.3 ml of 30% acrylamide 

mix to 15.9ml water, 10ml 1.5 M Tris (pH 8.8), 0.4ml 10% SDS, 0.4ml 10% ammonium 

persulphate and the gel polymerized by addition of 40p,lofTEMED (Sambrook et ai, 

1989).

Stacking gel (8ml) was prepared by adding 1.3ml of 30% acrylamide to 

5.5ml water, 1.0ml IM Tris (pH 6.8), 0.08ml 10% SDS, 0.08 ml 10% ammonium 

persulphate and the gel polymerized by the additon of 20pl of TEMED (Sambrook et 

ai, 1989).

Protein samples were mixed in an equal volume of loading buffer (5%P- 

Mercaptoethanol, 3.4 % SDS, 15 % glycerol, 0.01 % bromophenol blue, 47 mM Tris pH 

6.8) and boded at lOO C for 5 minutes to denature the proteins .

Molecular weight markers (Biorad broad range 200-6.5 IcDa ) were also 

mixed (1 pi protein marker in 20 p,l sample buffer) and boded at 100°C for 5 minutes.
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Electrophoresis was performed at 8 mA for overnight in Tris-glycine 

electrophoresis buffer (25 mM Tris, 250 mM glycine, 0.1 % SDS). On completion, gels 

were dismantled and stained in Coomassie stain (0.25 % Coomassie brilHant blue R 250, 

45% methanol, 10% acetic acid) for about two hours, and then destained in several 

changes of destain (45 % methanol, 10% acetic acid) until bands were clearly visible.

2.16.2 Estimation of protein concentrations

Protein concentrations were determined spectrophotometrically using the 

method described by Bradford (1976). BSA was used as a standard and absorbance 

readings were taken at 595 nm.
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3.0 Results
3.1 Origin and Characterization of enterococcal isolates

The origin of the 78 Enterococcus isolates is shown in Table 3.

Table 3. Origin of enterococcal isolates.______

River water isolates E.faecium MAI 

E.faecium MA6 

E.faecium M A ll 

E.faecium MAI 7 

E.faecium MA22 

E.faecium MA27 

E.faecium MA32 

E.gallinarum MA37 

E.faecium MA42 

E.faecium MA48

E. avium MA2 

E.faecium MA7 

E.faecium MAI 3 

E.faecium MAI 8 

E.faecium MA23 

E.faecalis MA28 

E.faecium MA33 

E.gallinarum MA38 

E.faecium MA43 

E.faecium MA49

E.faecium MA3 

E.faecium MA8 

E.faecium MAI 4 

E.faecium MAI 9 

E.faecium MA24 

E.faecium MA29 

E.faecium MA34 

E.faecium MA39 

E.faecium MA44 

E.faecium MA30

E.faecium MA4 

E.faecium MA9 

E.faecium MAI5 

E.faecium MA20 

E.faecium MA25 

E.faecium MA30 

E.faecium MA35 

E.faecium MA40 

E.faecium MA46

E.faecium MA5 

E.faecium MAIO 

E.faecalis MAI 6 

E.faecalis MA21 

E.faecium MA26 

E.faecium MA31 

E.faecium MA36 

E.faecium MA41 

E.faecium MA47

Malted barley seed 

isolates

E.faecium BARI 

E.faecium BAR6

E.faecium BAR2 

E.faecium BAR7

E.faecium BAR3 

E.faecium BAR8

E.faecium BAR4 

E.faecium BAR9

E.faecium BAR5 

E.faecium BAR 10

Wheat seed isolates E.faecium W1 E.faecium W2 E.durans W3 E.faecium W4 E.durans W5

Rice seed isolates E.durans R1 E.durans R2 E.durans R3 E.durans R4 E.durans R5

Hospital isolates E.faecalis M il 

E.faecalis MI6

E.faecalis MI2 

E.faecalis MI7

E.faecalis MI3 

E.faecalis M il 26

E.faecalis MI4 

E.faecalis M il 27

E.faecalis MI5 

E.faecalis MII28

87



A total of 78 enterococcal isolates both from environmental and hospital sources were 

identified by API 20 STREP kits (see Table 3) . API printouts of some strains 

particularly those selected for work are also included (see appendix). Of them 55 were 

E. faecium, 13 were E. faecalis, 1 were E. durans, 2 were E. gallinarum and 1 was E. 

avium.

All isolates were found to be Gram-positive cocci and appeared in short chains 

under the microscope.

Serological grouping for group D was accomphshed by using the streptococcal 

grouping kit. All isolates reacted with group D antisera. All isolates showed a  

haemolysis on blood agar plates except three water isolates which did not show 

haemolysis on blood agar plates.

3.2 Antimicrobial activity of enterococcal isolates.

In this study the antimicrobial activity of enterococci was determined by using 

the same strains as test strains and as indicator strains. It was found that 24 (50%) out 

of 48 water strains (see Table 4 To 8), 1(10%) out of 10 malted barley strains (see 

Table 9) and 5 (50%) out of 10 hospital strains (see Table 10) showed antimicrobial 

activity within the arbitrary groups selected. The strains isolated from wheat and rice 

seeds did not show antimicrobial activity against any strain.

The antimicrobial activity of enterococci was also measured against other

bacteria including pathogenic microorganisms namely Staphylococcus aureus,
a

Escherichia coli 1/770, E. coli 3/904, Salmonella typhimurium, S. enteridis. Bacillus 

megaterium, B. cereus and Listeria innocua NCTC 11288. Antimicrobial activity was 

only found towards L.innocua. It was noted that only 12(25%) water strains and



2(20%) hospital strains showed antimicrobial activity against L. innocua and not 

against other strains as diown in Tables 11 and 11.1. The antimicrobial activity was 

observed as a zone of inhibition around the spotted culture.

Table 4. Antimicrobial activity of the river water isolates MAI to MAIO.

Five til of overnight grown culture of each test strain was spotted on BHI agar plates. 

The plates were incubated at 37°C for overnight. Fresh overnight culture (0.1ml) of 

each indicator strain was mixed with 5ml of BHI soft agar, cooled to 45°C and 

overlaid on the spotted culture of Enterococcus. Again the plates were incubated at 

37°C for overnight. The antimicrobial activity was observed as a zone of inhibition 

around the spotted cultures o îEnterococcus. -f- =  Inhibition zone,^ — zz A/o hhibitm.

Test strains Indicator strains

MAI MA2 MA3 MA4 MA5 MA6 MA7 MAS MA9 MAIO

MAI - - - - - - - - - -

MA2 - - - - - - - - - -

MA3 + - - - - - + + + +

MA4 + - - - - - + - + +

MA5 + + + + - + - + + +

MA6 - - - - - - - - - -

MA7 + + + + - + - + + +

MA8 + + + + + + + - + +

MA9 + + + + + + + + - +

MAIO - - - - - - - - - -
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Table 5. Antimicrobial activity of the river water isolates MAI 1 to MA20

Test strains Indicator strains

MAll MA13 MA14 MA15 MAI 6 MAI 7 MAI 8 MA19 MA20

M A ll - - - - + - - - -

MA13 - - - - - - - - -

MA14 - - - - - - - - -

MA15 + - + - + + - + -

MA16 - - - - - - - - -

MA17 - - - - - - - - -

MA18 + - + - + + - 4* -

MA19 - - - + + + - - -

MA20 4- - + - + + - 4- -
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Table 6. Antimicrobial activity of the river water isolates MA21 to MA30

Test strains Indicator strains

MA21 MA22 MA23 MA24 MA25 MA26 MA27 MA28 MA29 MA30

MA21 - - - - - - - - - -

MA22 - - - - - - + - + -

MA23 - - - - - - - - - -

MA24 - - - - - - - - - -

MA25 - + - - - - + - + -

MA26 + - - - - - - + - -

MA27 - - - - - - - - - -

MA28 - + - - + + + - + -

MA29 - - - - - - - - - -

MA30 - - - - - - - - - -
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Table 7. Antimicrobial activity of the river water isolates MA31 to MA40

Test strains Indicator strains

MA31 MA32 MA33 MA34 MA35 MA36 MA37 MA38 MA39 MA40

MA31 - - - - - - - - - -

MA32 - - - - - - - - - -

MA33 + + - + - + + - - +

MA34 - - - - - - - - - -

MA35 - - - - - - - - + -

MA36 - - - - - - - - - -

MA37 + + + + + + - + + +

MA38 - - - - - - - - - -

MA39 + + + + + + + + - +

MA40 - - - - - - - - - -
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Table 8. Antimicrobial activity of the river water isolates MA41 to MA50

Test strains Indicator strains

MA41 MA42 MA43 MA44 MA46 MA47 MA48 MA49 MA50

MA41 - + + + + - - + +

MA42 - - - - - + + - -

MA43 + - - - + - - + +

MA44 - - - - - - - - -

MA46 - + + + - - - + +

MA47 + + + + + - - + +

MA48 - - - - - - - - -

MA49 - - - - - - - - -

MA50 - - - - - - - - -
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Table 9. Antimicrobial activity of the malted barley seed isolates.

Test strains Indicator strains

BARI BAR2 BAR] BAR4 BAR5 BAR6 BAR? BARS BAR9 BARIO

BARI - - - - - - - - - -

BAR2 - - - - - - - - - -

BAR] - - - - - - - - - -

BAR4 - - - - - - - - - -

BAR5 - - - - - - - - - -

BAR6 - - - - - - - - - -

BAR? - - - - - - - - - -

BARS + + + + + - + - + +

BAR9 - - - - - - - - - -

BARIO - - - - - - - - - -
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Table 10. Antimicrobial activity of the hospital isolates.

Test strains Indicator strains

Mil MI2 MI3 MI4 MI5 MI6 MI7 MI126 MI127 MI128

M il - - - - - - - - - -

MI2 4- - + + + + + 4- + +

MI3 - + - - - - - - - -

MI4 - - - - - - - - - -

MI5 - - - - - - - - - -

MI6 + - + + + - - + + +

MI7 - - - - - - - - - -

MI126 + - + + + + + - + +

MI127 - - - - - - - - - -

MI128 - - + + + + + + - -
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Table 11. Antimicrobial activity of the river water isolates against L.innocua

NCTC 11288

Test strains Indicator strain {L.innocua)

E.faecium MAI -

E.avium MA2 -

E.faecium MA3 -

E.faecium MA4 -

E.faecium MA5 +

E.faecium MA6 -

E.faecium MA7 +

E.faecium MA8 +

E.faecium MA9 +

E.faecium MAIO -

E.faecium MAI 1 -

E.faecium M AI3 -

E.faecium M AI4 -

E.faecium M AI5 +

E.faecalis M AI6 -

E.faecium M AI7 -

E.faecium MA 18 +

E.faecium M AI9 -

E.faecium MA20 +

E.faecalis MA21 -

E.faecium MA22 -

E.faecium MA23 -

E.faecium MA24 -

E.faecium MA25 -
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Table llContinued 

Test strains Indicator strain {L.innocua)

E.faecium MA26 -

E.faecium MA27 -

E.faecalis MA28 -

E.faecium MA29 -

E.faecium MA30 -

E.faecium MA31 -

E.faecium MA32 -

E.faecium MA33 -

E.faecium MA34 -

E.faecium MA35 -

E.faecium MA36 -

E.gallinarum MA37 +

E.gallinarum MA38 -

E.faecium MA39 +

E.faecium MA40 -

E.faecium MA41 +

E.faecium MA42 -

E.faecium MA43 +

E.faecium MA44 -

E.faecium MA46 -

E.faecium MA47 +

E.faecium MA48 -

E.faecium MA49 -

E.faecium MA50
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Table 11.1 Antimicrobial activity of the hospital isolates against L.innocua

NCTC 11288

Test strains Indicator strain {L.innocua)

E.faecalis M il -

E.faecalis MI2 -

E.faecalis MI3 -

E.faecalis MI4 -

E.faecalis MI5 -

E.faecalis MI6 +

E.faecalis MI7 -

E.faecalis MI126 -

E.faecalis MI 127 -

E.faecalis ML 128 +
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3.3 Antibiotic sensitivity of enterococcal isolates

In this Study the antibiotic sensitivity of enterococci to different antibiotics used 

for the treatment of enterococcal infections was determined. Discs containing the 

following antibiotics were used: an^icillin, 25^g; amoxicillin, lO^g; streptomycin, 

25pg; gentamicin, lOpg; cephaloridine, 25pg; tobramycin, lOpg; kanamycin, lOpg; 

teicoplanin, 30pg; vancomycin, 5pg; erythromycin, 15pg; tetracycline, 50pg; 

nitrofurantoin, 200pg; nahdbdc acid, 30pg, ciprofloxacin, 5pg; and 

sulphamethoxazole-trimethoprim, 25 pg. Discs were placed on bacterial lawn that was 

prepared by seeding the test organisms on the surface of the sensitest agar. The 

susceptibihty was shown by inhibition zones around the antibiotic discs. The results are 

shown in Tables 12 to 26.

It was found that all the water isolates were susceptible to ampicillin, 

cephaloridine, tetracycline , erythrornycin, ciprofloxacin and

nitrofurantoin except three water isolates. One was found resistant to cephaloridine, 

one was resistant against erythromycin and one showed resistance to nitrofurantoin as 

shown in Table 12.

Ten water isolates were selected to measure sensitivity to streptomycin, 

gentamicin, tobramycin, kanamycin, teicoplanin, vancomycin, amoxicillin and 

sulphamethoxazole-trimethoprim The results are shown in Tables 13 and 14.

Water isolates were also found susceptible to teicoplanin, vancomycin 

and amoxicillin. Ten percent of the water isolates showed resistance to gentamicin. 

Forty percent of water isolates were found to be resistant to streptomycin, 70% 

showed resistance to kanamycin and 90% were found to be resistant to 

sulphamethoxazole-trimethoprim All water isolates were resistant to tobramycin as
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shown in Table 13 and 14. All water isolates were resistant to nalidixic acid as shown 

in Table 12.

All wheat isolates were found to be resistant to streptomycin, gentamicin, 

tobramycin, and kanamycm as shown in Table 15. Forty percent o f wheat isolates 

showed resistance to sulphamethoxazole-trimethoprim and all the wheat isolates were 

resistant to nahdixic acid but these isolates were susceptible to other antibiotics used in 

this study as shown in Table 16 and 17.

Rice isolates showed resistance to tobramycin and kanamycin and 80% of the 

isolates were resistant to sulphamethoxazole-trimethoprim but 40% of isolates were 

found to be fccshtAnt to streptomycin and gentamicin as shown m Table 18 and 19. 

Rice isolates were susceptible to the rest o f the antibiotics except nalidixic acid as 

shown in Table 20.

Seventy percent of the barley isolates showed resistance to gentamicin and 

kanamycin and 60% showed resistance to streptomycin and tobramycin as shown in 

Table 21. Eighty percent o f the barley isolates showed resistance to 

sulphamethoxazole-trimethoprim and 30% were resistant to amoxicillin as shown in 

Table 22. Barley isolates were resistant to nahdixic acid but were susceptible to other 

antibiotics used in this work as shown in Table 23.

Ninety percent o f the hospital isolates showed resistance to streptomycin, 80% 

of isolates were resistant to kanamycin, 70% of isolates were resistant to gentamicin 

and tobramycin as shown in Table 24. Sixty percent o f the isolates showed resistance 

against sulphamethoxazole-trimethoprim as shown in Table 25 and 40% of isolates 

were resistant to erythromycin. All hospital isolates were resistant to nalidixic acid as 

shown in Table 26.
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AU the hospital isolates were susceptible to anq)icillin, amoxicillin, 

cephaloridine, teicoplanin, vancomycin, tetracycline, ciprofloxacin and nitrofurantoin 

see Table 25 and 26.

AU the environmental and hospital isolates of Enterococcus were resistant to 

nahdixic acid.
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Table 12. Antibiotic sensitivity of the river water isolates of Enterococcus. A 0.1ml 

sample of overnight culture of Enterococcus strains grown in BHI broth at 37°C was 

poured on sensitest agar plates and spread with a glass spreader on the entire surface 

of the agar. The antibiotic discs were placed firmly on the agar surface aseptically. The 

plates were incubated overnight at 37°C. Susceptibihty was observed as a zone of 

inhibition around the antibiotic disc. S =  S a s c e p t i b U R =  R esistan t,

Strains Tetracydine Nalidixic add Cephaloridine Ciprofloxacin Eryfliromycin Ampicillin Nitrofurantoin

MAI s R s s s s s

MA2 s R s s s s s

MA3 s R s s s s s

MA4 s R s s s s s

MA5 s R s s s s s

MA6 s R s s s s s

MA7 s R s s s s s

MA8 s R s s s s s

MA9 s R s s s s s

MAIO s R s s s s s

M A ll s R s s s s s

MA13 s R s s s s s
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Table 12 continued

Strains Tetracydine Nalidhdc add Cephaloridine Ciprofloxadn Erythromydn Ampidllin Mtrofurantoin

MA14 S R S S S S S

MA15 s R s s s s s

MA16 s R s s s s s

MAI? s R R s s s s

MAIS s R S s s s s

MA19 s R s s s s s

MA20 s R s s s s s

MA21 s R s s s s s

MA22 s R s s s s s

MA23 s R s s s s s

MA24 s R s s s s s

MA25 s R s s s s s

MA26 s R s s s s s

MA27 s R s s s s s

MA28 s R s s s s s
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Table 12 continued

Strains Tetracydine NalldLdc add Cephaloridine Ciprofloxadn Erythromydn Ampidllin ISHtrofurantoin

MA29 s R s s s s s

MA30 s R s s s s s

MA31 s R s s s s s

MA32 s R s s s s s

MA33 s R s s s s s

MA34 s R s s s s s

MA35 s R s s s s s

MA36 s R s s s s s

MA37 s R s s s s s

MA38 s R s s s s s

MA39 s R s s s s s

MA40 s R s s s s s

MA41 s R s s s s s

MA42 s R s s R s s

MA43 s R s s s s s
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Table 12 continued

Strains Tetracydine Nalidbdc add Cephaloridine Ciprofloxadn Erytiiromydn Ampidllin Nitrofurantoin

MA44 s R s s s s s

MA46 s R s s s s s

MA47 s R s s s s s

MA48 s R s s s s R

MA49 s R s s s s s

MA50 s R s s s s s
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Table 13. Antibiotic sensitivity of the river water isolates of Enterococcus to

Strains Streptomycin Gentamicin Tobramycin Kanamycin

MA5 R S R R

MA7 R S R R

MA8 R R R R

MA15 S S R S

MA18 S S R S

MA20 s s R R

MA33 R s R R

MA39 s s R R

MA41 s s R R

MA47 s s R S
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Table 14. Antibiotic sensitivity of the river water isolates to glycopeptides, amoxicillin

Strains Amoxicillin Teicoplanin Vancomycin Sulphamethoxazole-

trimethoprim

MA5 S S S R

MA7 S S S R

MA8 S S S R

MA15 S S S R

MA18 S S S R

MA20 S S S R

MA33 S S S R

MA39 S S S S

MA41 S S S R

MA47 S S S R
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Table 15. Antibiotic sensitivity o f t le wheat isolates to aminoglycosides.

Strains Streptomycin Gentamicin Tobramycin Kanamycin

W1 R R R R

W2 R R R R

W3 R R R R

W4 R R R R

W5 R R R R

Table 16. Antibiotic sensitivity of the wheat isolates to glycopeptides, amoxiciUin and 

Sulphamethoxazole-trimethoprim.

Strains Amoxicillin Teicoplanin Vancomycin Sulphamethoxazole-

trimethoprim

W1 S S S R

W2 S S S R

W3 S S S S

W4 S S S S

W5 S S S s
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Table 17. Antibiotic sensitivity of the wheat isolates to other antibiotics

Strains Tetracydine Nalidixic add Cephaloridine Ciprofloxacin Erythromydn Ampicillin Nitrofurantoin

W1 s R s s s s s

W2 s R s s s s s

W3 s R s s s s s

W4 s R s s s s s

W5 s R s s s s s

Table 18 Antibiotic sensitivity of the rice isolates to aminoglycosides.

Strains Streptomycin Gentamicin Tobramycin Kanamycin

R1 S S R R

R2 R R R R

R3 R R R R

R4 S S R R

R5 S S R R
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Table 19. Antibiotic sensitivity of the rice isolates to glycopeptides, amoxicillin and 

Sulphamethoxazole-trimethoprim

Strains Amoxicillin Teicoplanin Vancomycin Sulphamethoxazole-

trimethoprim

R1 S S S S

R2 S S S R

R3 S S S R

R4 S S S R

R5 S S S R

Table 20. Antibiotic sensitivity of the rice isolates to other antibiotics.

Strains Tetracydine Nalidixic add Cephaloridine Ciprofloxadn Erydiromycin Ampidllin Nitrofurantoin

R1 s R s s s s s

R2 s R s s s s s

R3 s R s s s s s

R4 s R s s s s s

R5 s R s s s s s
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Table 21. Antibiotic sensitivity of the barley isolates to aminoglycosides

Strains Streptomycin Gentamicin Tobramycin Kanamycin

BARI S S R R

BAR2 R R R R

BAR3 S S R R

BAR4 R R S R

BARS R R S S

BAR6 S R s S

BAR? R R R R

BARS S S R R

BAR9 R R S S

BARIO R R R R
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Table 22. Antibiotic sensitivity of the barley isolates to glycopeptides, amoxicillin and 

Sulphamethoxazole-trimethoprim.

Strains Amoxicillin Teicoplanin Vancomycin Sulphamethoxazole-

trimethoprim

BARI S S S R

BAR2 S S S R

BAR3 S S S R

BAR4 S S S R

BARS S S S R

BAR6 R S S R

BAR? R S S S

BARS R S S S

BAR9 S S S R

BARIO S S S R
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Table 23. Antibiotic sensitivity of the barley isolates to other antibiotics.

Strains Tetracydine Nalidixic add Cephaloridine Ciprofloxacin Erythromydn Ampidllin Nitrofurantoin

BARI s R s s s s s

BAR2 s R s s s s s

BARS s R s s s s s

BAR4 s R s s s s s

BAR5 s R s s s s s

BAR6 s R s s s s s

BAR? s R s s s s s

BARS s R s s s s s

BAR9 s R s s s s s

BARIO s R s s s s s
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Table 24. Antibiotic sensitivity of t le hospital isolates to aminoglycosides

Strains Streptomycin Gentamicin Tobramycin Kanamycin

M il S S S S

MI2 R S S R

MI3 R R R R

MI4 R S S S

MI5 R R R R

MI6 R R R R

MI7 R R R R

MI126 R R R R

MI127 R R R R

MI128 R R R R
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Table 25. Antibiotic sensitivity of the hospital isolates to glycopeptides, amoxicillin

Strains AmoxiciUin Teicoplanin Vancomycin Sulphamethoxazole-

trimethoprim

M il S S S S

MI2 S S S R

MI3 S S S R

MI4 S S S S

MI5 S S S R

MI6 S S S R

MI7 S S S S

MI126 S S S S

MI127 S S S R

MI128 S S S R
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Table 26. Antibiotic sensitivity o ft le hospital isolates to o1her antibiotics.

Strains Tetracydine Nalidixic add Cephaloridine Ciprofloxadn Eryfliromydn Ampicillin Nitrofurantoin

M il s R s s s s s

MI2 s R s s s s s

MI3 s R s s s s s

MI4 s R s s R s s

MI5 s R s s s s s

MI6 s R s s s s s

MI7 s R s s s s s

MI126 s R s s R s s

MI127 s R s s R s s

MI128 s R s s R s s
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3.4 Determination of heat tolerance of stationary phase 

cells of Enterococcus

For determination of heat tolerance of stationary phase cells, 4 Enterococcus 

isolates E.faecium MAI, E.faecium BARI, E.faecium W1 and E.faecalis MI2 were 

selected. Three isolates E.faecium MAI, E.faecium BARI and E.faecium W1 were 

environmental and one isolate E.faecalis MI2 was a hospital isolate. Cultures were 

grown at 37°C or 45°C. The ten^eratures selected for heat treatment in each case 

were 65°C, 67.5°C and 70°C.

3.4.1 Heat tolerance of stationary phase cells grown at 37°C

Four isolates of Enterococcus, E.faecium MAI, E.faecium BARI, E.faecium 

W1 and E.faecalis MI2 were grown overnight at 37°C in BHI broth for stationary 

phase cells. Heat tolerance was measured at 65°C, 67.5°C and 70°C. It was found 

that all the isolates survived at 65°C for 15 to 20 min. At 67.5°C all isolates survived 

for 10 to 15 min and at 70°C they survived for 5 to 10 min.

All experiments were repeated thrice. Every time similar results were obtained 

and results of the best of three experiments were plotted on a logarithmic scale against 

the time of heat treatment as shown in Figures 2 to 5. The D-values from these 

experiments are shown in Table 27.
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Figure 2. Heat tolerance of stationary phase cells of water isolate E.faecium MAI 
grown at 37*C In BHI broth. Stationary phase cells (0.1ml) were suspended into 
25ml MRD. Heat tolerance was determined at 65°C, 67.5°C and 70“C for half an 
h o u r . One ml sample was removed after 5 minutes interval and diluted into 9ml 
MRD and diluted upto 4 dilutions. A 20 pi sample from each dilution was spotted 
on BHI agar plates. The plates were incubated at 37°C for 24 hours and the 
survivors counted.
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Figure 3. Heat Tolerance of stationary phase cells of barley Isolate E. faeclum 
BARI grovm at 37°C In BHI broth. Stationary phase cells (0.1ml) were suspended 
into 25ml MRD. Heat tolerance was determined at e5°C, 67.5"C and 70“C for half 
an hour. One ml sample was removed after 5  minutes interval and diluted into 9ml 
MRD and diluted upto 4  dilutions. A 20 pi sample from each dilution was spotted 
on BHI agar plates. The plates were incubated at 37”C for 24 hours and the 
survivors counted.

I  ■  65“C A 67.5X  ♦  70“C|
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Figure 4. Heat tolerance of stationary phase cells of wheat isolate E. 
faecium W1 grown at 37°C in BHI broth. Stationary phase cells (0.1ml) were 
suspended into 25ml MRD. Heat tolerance was determined at 65°C, 67.5*C 
and 70“C for half an hour . One ml sample was removed after 5 minutes 
interval and diluted into 9ml MRD and diluted upto 4 dilutions. A 20 pi sample 
from each dilution was spotted on BHI agar plates. The plates were incubated 
at 37°C for 24 hours and the survivors counted.
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Figure 5. Heat tolerance of stationary phase cells of hospital isolate E. faecalis 
MI2 grown at 37°C in BHI broth. Stationary phase cells (0.1 ml) were suspended 
into 25ml MRD. Heat tolerance was determined at 05°C, 67.5°C and 7D°C for 
half an hour. One ml sample was removed after 5  minutes interval and diluted 
into 9ml MRD and diluted upto 4  dilutions. A 20 pi sample from each dilution 
was spotted on BHI agar plates. The plates were incubated at 37°C for 24 
hours and the survivors counted.

65°C A 67.5°C ♦  70°C
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Table 27. D-Values (minutes) for beat treated stationary phase Enterococcus strains 
grown at 37®C. For experimental details see the captions to Figures 2 to 5.

^-values (min.)
Strains 65°C 67.5°C 70°C

E.faecium MAI 3.0 2.5 1.5

E.faecium BARI 2.25 1.5 1.0

E.faecium W i 3.0 2.5 1.5

E. faecalis MI2 2.25 1.5 1.0
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3.4.2 Heat tolerance of stationary phase cells grown at 45°C

Four Enterococcus isolates, E.faecium MAI, E.faecium BARI, E.faecium W l 

and E.faecalis MI2 were grown at 45°C for stationary phase cells. Heat tolerance 

was determined at 65°C, 67.5°C and 70°C in order to conq)are with the heat tolerance

of cells grown at 37°C. It was found that the cells grown at 45 °C, were more resistant
and.

to heat than the cells grown at 37°C. Water isolate E. f a e c i u m isolate E. 

faecium were found more resistant to heat at 65°C, 67.5°C

and 70°C than the control experiment in which cells were grown at 37°C and treated at 

65°C. The barley isolate E. faecium and hospital isolate E  faecalis were found to be 

more resistant to heat at 65°C as compared with the control experiment, but at 67.5°C 

and at 70°C the cells of these isolates were found sensitive to heat as compared with 

control experiment.

Again all the experiments were repeated thrice and every time similar results 

were obtained. The results of the best of three experiments were plotted on a 

logarithmic scale against the time of heat treatment as shown in Figures 6 to 9. The D- 

values from these experiments are shown in Table 28.
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Figure 6. Heat tolerance of stationary phase cells of a water isolate 
E.faecium MAI grown at 45*C in BHI broth. Stationary phase cells (0.1ml) 
were suspended into 25ml MRD. Heat tolerance was determined at 66°C, 
67.5°C and 70“C for half an hour . One ml sample was removed after 5 
minutes interval and diluted into 9ml MRD and diluted upto 4 dilutions. A 20 
pi sample from each dilution was spotted on BHI agar plates. The plates 
were Incubated at 37°C for 24 hours and the survivors counted. In control 
experiment cells grovm at 37“C in BHI broth were treated at 65®C.
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Figure 7. Heat tolerance of stationary phase cells of barley isolate E.faecium 
BARI grown at 45'G in BHI broth. Stationary phase cells (0.1ml) were 
suspended into 25ml MRD. Heat tolerance was determined at 65°C, 67.5“C 
and 70°C for half an hour . One ml sample was removed after 5 minutes 
interval and diluted into 9ml MRD and diluted upto 4  dilutions. A 20 pi 
sample from each dilution was spotted on BHI agar plates. The plates were 
incubated at 37°C for 24 hours and the survivors counted. In control 
experiment cells grown at 37°C in BHI broth were treated at 65°C.

65"C ▲ 67.5“C ♦  70°C Control
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Figure 8. Heat tolerance of stationary phase cells of a wheat isolate 
E.faecium W l grown at 45°C in BHI broth. Stationary phase cells 
(0.1 ml) were suspended into 25ml MRD. Heat tolerance was determined 
at 65°C, 67.5*C and 70°C for half an hour. One ml sample was removed 
after 5 minutes interval and diluted into 9ml MRD and diluted upto 4 
dilutions. A 20 pi sample from each dilution was spotted on BHI agar 
plates. The plates were incubated at 37°C for 24 hours and the 
survivors counted. In control experiment cells grown at 37°C in BHI 
broth were treated at 65°C.
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Figure 9. Heat tolerance of stationary phse cells of hospital isolate 
E.faecalis MI2 grown at 45°C in BHI broth. Stationary phase cells (0.1ml) 
were suspended into 25ml MRD. Heat tolerance was determined at G5°C, 
67.5°C and 70°C for half an hour . One ml sample was removed after 5 
minutes interval and diluted into 9ml MRD and diluted upto 4  dilutions. A 20 
pi sample from each dilution was spotted on BHI agar plates. The plates 
were incubated at 37°C for 24 hours and the survivors counted. In control 
experiment cells grown at 37°C in BHI broth were treated at 65*0.

I  ■  œ °C  A 67.5°C ♦  70°C •  Control I
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Table 28. D-Values (minutes) for heat treated stationary phase Enterococcus strains 
grown at 45°C. For experimental details see the captions to Figiures 6 to 9.

D-values (min.)
Strains 65°C 67.5T 70°C Control

E.faecium MAI 18.5 11.5 4.5 3.0

E. faecium BARI 6.0 2.5 1.5 3.0

E.faecium Wl 11.5 8.5 3.75 3.0

E.faecalis MI2 4.0 2.5 1.5 3.0
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3.5 Determination of heat tolerance of exponential phase 

enterococcal cells

For the determination of heat tolerance of exponential phase cells, 2 

Enterococcus isolates, one environmental, a barley isolate E. faecium  BARI and one 

hospital isolate E. faecalis MI2 were selected. Cultures were grown at 37°C and 

45°C. The heat tolerance was determined at 55°C, 60°C and 62.5°C.

3.5.1 Heat tolerance of exponential phase cells grown at 

37°C

Two Enterococcus isolates were grown to exponential phase at 37°C. The 

heat tolerance of exponential cells was determined at 55°C, 60°C and 62.5°C. First of 

all it was noted that the exponential phase cells were less resistant to heat than the 

stationary phase cells. The exponential phase cells could not survive at treatment 

terqieratures at which stationary phase cells could survive. Therefore to determine the 

heat tolerance of exponential phase cells different temperature treatments were used.

In these experiments it was found that both environmental and hospital isolates 

survived at 55°C and 60°C for half an hour and at 62.5°C both isolates survived for 15 

to 20 minutes only. The cells of barley isolate E.faecium BARI survived at 62.5°C for 

20 minuted and the cells of the hospital isolate E.faecalis M12 survived at 62.5C for 15 

minutes only. At 62.5°C the environmental strain was resistant to heat treatment as 

conq)ared with the hospital isolate. All the experiments were repeated thrice. The cells 

of both isolates showed similar results every time. The results of the best of three
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experiments were plotted on logarithmic scale against time of heat treatment as shown 

in Figures 10 and 11. The D-values from these e?qperiments are shown in Table 29.
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Figure 10. Heat tolerance of barley isolate E.faecium BARI exponentially 
grown cells at 37°C in BHI broth. Exponential cells (0.1ml) were suspended 
into 25ml MRD. Heat tolerance was determined at 55°C, 60®C and 625®C for 
half an hour. One ml sample was removed after 5 minutes interval and diluted 
into 9ml MRD and diluted üpto 4  dilutions. A 20 )al sample from each dilution 
was spotted on BHI agar plates. The plates were incubated at 37"C for 24 
hours and the survivors counted.
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Figure 11. Heat tolerance of hospital isolate E.faecalis MI2 exponentially 
grown cells at 37°C in BHI broth. Exponential cells (0.1ml) were suspended 
into 25ml MRD. Heat tolerance was determined at 55°C, 60°C and 625°C 
for half an hour. One ml sample was removed after 5 minutes interval and 
diluted into 9ml MRD and diluted upto 4 dilutions. A 20 pi sample from each 
dilution was spotted on BHI agar plates. The plates were incubated at 37®C 
for 24 hours and the survivors counted.

55*C A 60'C ♦  62.5“C
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Table 29. D-Values (minutes) for beat treated exponential phase Enterococcus strains 
grown at 37°C. For experimental details see the captions to Figures 10 and 11.

D-values (min.)
Strains 55°C 60°C 62.5°C

E.faecium BARI No killing 6.5 3.0

E.faecalis MI2 >30.0 6.0 2.5
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3.5.2 Heat tolerance of exponential phase cells grown at 

45°C

The environmental isolate E.faecium BARI and hospital isolate E.faecalis MI2 

were grown to exponential phase at 45°C. The heat tolerance was determined at 

55°C, 60°C and 65°C in order to con^are the heat tolerance of exponential phase cells 

grown at optimum tenqierature. It was determined that the exponential phase cells 

grown at 45°C were more resistant to heat treatment than the heat resistance of cells 

grown at 37°C.

The cells of both isolates were found resistant to heat treatment at 55°C, 60°C 

and 62.5°C as compared with the control experiment in which cells were grown at 

37°C and treated at 62.5°C.

AH the experiments were repeated thrice and every time both environmental 

and hospital isolates showed similar results. The results of the best of three 

experiments were plotted on logarithmic scale against time of heat treatment as shown 

in Figures 12 and 13. The D-values jfrom these experiments are shown in Table 30.
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Figure 12. Heat tolerance of barley isolate E.faecium BAR1 exponentially grown 
cells at 45°C In BHI broth. Exponential cells (0.1ml) were suspended into 25ml 
MRD. Heat tolerance was determined at 55®C, eO°C and 62.5°C for half an hour. 
One ml sample was removed after 5 minutes interval and diluted into 9ml MRD 
and diluted upto 4 dilutions. A 20 pi sample from each dilution was spotted on 
BHI agar plates. The plates were incubated at 37“C for 24 hours and the 
survivors counted. In control experiment exponentially grown cells at 37°Cwere 
treated at 62.5°C .

55*C A 60"C ♦  62.5*C Control I
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Figure 13. Heat tolerance of a hospital isolate E.faecalis MI2 exponentially 
grown cells at 45°C in BHI broth. Exponential cells (0.1ml) were suspended 
into 25ml MRD. Heat tolerance was determined at 55°C, 60“G and 62.5°C for 
half an hour. One ml sample was removed after 5 minutes interval and diluted 
into 9ml MRD and diluted upto 4  dilutions. A 20 pi sample from each dilution 
was spotted on BHI agar plates. The plates were incubated at 37*0 for 24 
hours and the survivors counted. In control experiment exponentially grown 
cells at 37°C were treated at 62.5®C.

I ■  55*0 A eO“C ♦  62.5°C •  Control :
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Table 30. D-Values (minutes) for beat treated exponential phase Enterococcus strains 
grown at 45°C. For experimental details see the captions to Figures 12 and 13.

D-values (min.)
Strains 55°C 60°C 62.5°C Control

E.faecium BARI No killing 14.0 7.75 3.0

E.faecalis MI2 No killing 9.75 2.75
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3.6 Determination of heat tolerance of enterococcal cells 

grown at different pH

Barley isolate E. faecium  BARI and hospital isolate E. faecalis MI2 were used 

to investigate the heat tolerance of exponential cells grown at pHs 5.0, 6.0, 8.0 and 

9.0. The heat tolerance was determined at 55°C, 60°C and 62.5°C. In these 

experiments it was found that the cells grown at both acidic and alkaline pHs were 

more resistant to heat as compared with the control experiment in which the 

exponentially grown cells at neutral pH were treated at 62.5°C. In this study it was 

also determined that the environmental isolate E. faecium  BARI grown at different 

pHs showed more resistance to heat as compared with hospital isolate E. faecalis MI2. 

At 62.5°C treatment E. faecium  BARI was found more resistant to heat than E. 

faecalis MI2. In the case of the hospital isolate E. faecalis MI2, the cells grown at 

acidic pH were more resistant to heat in conq)arison to cells grown at alkaline pH but 

at 62.5°C treatment, the cells of E. faecium  BARI showed more resistance to heat at 

alkaline pH than the cells of E. faecalis MI2.

All the experiments were repeated thrice and every time similar results were 

obtained. The results of the best of three experiments were plotted on logarithmic scale 

against time of heat treatment. The heat tolerance of barley isolate grown at different 

pHs is shown in Figures 14 to 17 and heat tolerance of the hospital isolate is shown in 

Figures 18 to 21. The D-values from these experiments are shown in Table 31.
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Figure 14. Heat tolerance of a barley isolate E.faecium BARI grown at pH 5 
in BHI broth. Cells grown at pH 5  (0.1ml) were suspended into 25ml MRD. 
Heat tolerance was determined at 55“C, 60°C and 62.5°C for half an hour. One 
ml sample was removed after 5 minutes interval and diluted into 9ml MRD and 
diluted upto 4 dilutions. A 20 pi sample from each dilution was spotted on BHI 
agar plates. The plates were incubated at 37°C for 24 hours and the survivors 
counted. In control experiment exponentially grown cells at 37°C were treated 
at 62.5°C.
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Figure 15. Heat tolerance of a barley isolate E.faecium BARI grown at pH 
6 in BHI broth. Cells grovm at pH 6 (0.1 ml) were suspended into 25ml 
MRD. Heat tolerance \A/as determined at 55°C, 60°C and 62.5“C for half an 
hour. One ml sample was removed after 5 minutes interval and diluted into 
9ml MRD and diluted upto 4  dilutions. A 20 pi sample from each dilution 
was spotted on BHI agar plates. The plates were incubated at 37"C for 24 
hours and the survivors counted. In control experiment exponentially grown 
cells at 37°C were treated at 6Z5°C.

55'C A eO“C ♦  62.5°C •  Control I
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Figure 16. Heat tolerance of a barley isolate E.faecium BARI grown at pH 8 in 
BHI broth. Cells grown at pH 8 (0.1ml) were suspended into 25ml MRD. Heat 
tolerance was determined at 55°C, eo®C and 62.5®C for half an hour. One ml 
sample was removed after 5 minutes interval and diluted into 9ml MRD and 
diluted upto 4 dilutions. A 20 pi sample from each dilution was spotted on BHI 
agar plates. The plates were incubated at 37°C for 24 hours and the survivors 
counted. In control experiment exponentially grown cells at 37°C were treated at 
62.5»C.
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Figure 17. Heat tolerance of a barley isolate E.faecium BARI grown at pH 
9 in BHI broth. Cells grown at pH 9 (0.1ml) were suspended into 25ml 
MRD. Heat tolerance was determined at 55°C, GO°C and 62.5®C for half an 
hour. One ml sample was removed after 5 minutes interval and diluted into 
9ml MRD and diluted upto 4  dilutions. A 20 pi sample from each dilution 
was spotted on BHI agar plates. The plates were incubated at 37®C for 24 
hours and the survivors counted. In control experiment exponentially grown 
cells at 37°C were treated at 62.5°C.

55X  A 60'C ♦  62.5°C Control!
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Figure 18. Heat tolerance of a hospital isolate E./iaeca/é MI2 grown at pH 5 
in BHI broth. Cells grown at pH 5 (0.1ml) were suspended Into 25ml MRD. 
Heat tolerance was determined at 55“C, 60°C and 62.5°C for half an hour. 
One ml sample was removed after 5 minutes Interval and diluted Into 9ml 
MRD and diluted upto 4 dilutions. A 20 pi sample from each dilution was 
spotted on BHI agar plates. The plates were Incubated at 37°C for 24 hours 
and the survivors counted. In control experiment exponentially grown cells at 
37®C were treated at 62.5°C.
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Figure 19. Heat tolerance of a hospital Isolate E.faecalis MI2 grown at pH 6 In 
BHI broth. Cells grown at pH 6 (0.1ml) were suspended Into 25ml MRD. Heat 
tolerance was determined at 55°C, 60"C and 62.5"C for half an hour. One ml 
sample v/as removed after 5 minutes Interval and diluted Into 9ml MRD and 
diluted upto 4 dilutions. A 20 pi sample from each dilution was spotted on BHI 
agar plates. The plates were Incubated at 37°C for 24 hours and the survivors 
counted. In control experiment exponentially grown cells at 37"C were treated 
at 62.5"C.

55"C A 60"C ♦  62.5"C Control I
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Figure 20. Heat tolerance of a hospital isolate E.faecalis MI2 grown at pH 8 
in BHI broth. Cells grown at pH 8 (0.1ml) were suspended into 25ml MRD. 
Heat tolerance was determined at 55°C, 60°C and 62.5°C for half an hour. 
One ml sample was removed after 5 minutes interval and diluted into 9ml 
MRD and diluted upto 4 dilutions. A 20 1̂ sample from each dilution was 
spotted on BHI agar plates. The plates were incubated at 37°C for 24 hours 
and the survivors counted. In control experiment exponentially grown cells at 
37°C were treated at 62.5°C.

55°C A 60°C ♦  62.5'’C Control

-> 0
0 5 10 15 20 25 30

T ine(m in )

Figure 21. Heat tolerance of a hospital isolate E.faecalis MI2 grown at pH 9 in 
BHI broth. Cells grown at pH 9 (0.1 ml) were suspended into 25ml MRD. Heat 
tolerance was determined at 55°C, 60®C and 62.5®C for half an hour. One ml 
sample was removed after 5 minutes interval and diluted into 9ml MRD and 
diluted upto 4  dilutions. A 20 pi sample from each dilution was spotted on BHI 
agar plates. The plates were incubated at 37°C for 24 hours and the survivors 
counted. In control experiment exponentially grown cells at 37°C were treated 
at 62.5°C.

55"C A 60"C ♦  62.5*C Control
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Table 31. D-Values (minutes) for beat treated exponential phase Enterococcus strains 
grown at different pH. For experimental details see the captions to Figures 14 to 21.

)-values (min.)
Strains pH 55°C 60°C 62.5°C Control

E.faecium BARI 5.0 > 3 0 .0 2 1 - 0 8.5 2.5

E.faecium BARI 6.0 No killing > 3 0 - 0 7.5 2.5

E.faecium BARI 8.0 No killing 7.2 6.5 2.5

E.faecium BARI 9.0 No killing 7.75 7.5 2.5

E.faecalis MI2 5.0 > 3 0 . 0 9.0 3.5 1.75

E.faecalis MI2 6.0 > 30.0 15.0 3.25 1.75

E.faecalis MI2 8.0 No killing 3.25 2.5 1.75

E.faecalis MI2 9.0 No killing 4.25 2.5 1.75
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3.7 Investigation of heat tolerance of cells grown in 6.5% 

NaCl and BHI agar grown cells exposed to 10.5% and 

15% NaCl overnight.
Barley isolate E. faecium  BARI and hospital isolate E. faecalis MI2 were also 

selected to investigate the heat tolerance of exponential cells grown in 6.5% NaCl and 

as well as BHI agar grown cells at 37°C exposed to 10.5% and 15% NaCl overnight. 

The heat tolerance of cells was also determined at 55°C, 60°C and 62.5°C. It was 

found that the cells of both isolates grown in 6.5% NaCl and cells exposed to 10.5% 

and 15% salt concentrations in BHI broth overnight were found more resistant to heat 

treatment as compared with the control experiment in which the cells were grown to 

exponential phase at 37°C without addition of salt and treated at 62.5°C. The cells of 

environmental isolate E. faecium  BARI grown in 6.5% NaCl and cells exposed to 

various salt concentrations overnight were more resistant to heat treatment as 

conq)ared with the cells of hospital isolate E. faecalis MI2. It was also determined 

that the cells of both isolates were growing in broth containing 6.5% NaCl but the cells 

of both isolates exposed to 10.5% and 15% NaCl overnight were found to be surviving 

in broth containing 10.5% and 15% NaCl.

All the experiments were repeated thrice and every time both isolates showed 

similar results The results of the best of three experiments were plotted on logarithmic 

scale against time of heat treatment as shown in Figures 22 to 27. The D-values from 

these experiments are shown in Table 32.
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Figure 22. Heat tolerance of exponential cells of barley isolate E.faecium BARI 
grown at 37°C in BHI broth containing 6.5% NaCl. Cells grown in 6.5% NaCl 
(0.1ml) were suspended into 25ml MRD. Heat tolerance was determined at 55°C, 
60°C and 62.5°C for half an hour. One ml sample was removed after 5 minutes 
interval and diluted into 9ml MRD and diluted upto 4 dilutions. A 20 pi sample 
from each dilution was spotted on BHI agar plates. The plates were incubated at 
37°C for 24 hours and the survivors counted. In control experiment exponentially 
grown cells at 37°C were treated at 62.5°C.
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Figure 23. Heat tolerance of agar grown cells of barley isolate E.faecium BARI 
exposed to 10.5% NaCl for overnight. Cells exposed to 10.5% NaCl (0.1ml) were 
suspended into 25ml MRD. Heat tolerance was determined at 55°C, 60°C and 
62.5°C for half an hour. One ml sample was removed after 5 minutes interval and 
diluted into 9ml MRD and diluted upto 4 dilutions. A 20 pi sample from each 
dilution was spotted on BHI agar plates. The plates were incubated at 37°C for 
24 hours and the survivors counted. In control experiment exponentially grown 
cells at 37°C were treated at 62.5“C.

55°C ▲ e0“C ♦  62.5“C Control
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Figure 24. Heat tolerance of barley Isolate E.faecium BARI exposed to 15% 
NaCl for overnight. Cells exposed to 15% NaCl (0.1ml) were suspended Into 
25ml MRD. Heat tolerance was determined at 55®C, 60°C and 62.5°C for half 
an hour. One ml sample was removed after 5 minutes Interval and diluted Into 
9ml MRD and diluted upto 4 dilutions. A 20 pi sample from each dilution was 
spotted on BHI agar plates. The plates were Incubated at 37'C for 24 hours 
and the survivors counted. In control experiment exponentially grown cells at 
37°C were treated at 62.5°C.

55°C A eO'C ♦  62.5X Control I
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Figure 25. Heat tolerance of exponential cells of hospital isolate E.faecaJis 
MI2 grown at 37°C in BHI broth containing 6.5% NaCl. Cells grown in 6.5% 
NaCl (0.1ml) were suspended into 25ml MRD. Heat tolerance was 
determined at 55®C, 60°C and 62.5®C for half an hour. One ml sample was 
removed after 5 minutes interval and diluted into 9ml MRD and diluted upto 4 
dilutions. A 20 1̂ sample from each dilution was spotted on BHI agar plates. 
The plates were incubated at 37“C for 24 hours and the survivors counted. 
In control experiment exponentially grown cells at 37“C were treated at 
62.5»C.
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Figure 26. Heat tolerance of hospital isolate E.faecalis MI2 exposed to 10.5% 
NaCl for overnight. Cells exposed to 10.5% NaCl (0.1ml) were suspended 
into 25ml MRD. Heat tolerance was determined at 55®C, 60°C and 62.5“C for 
half an hour. One ml sample was removed after 5 minutes interval and diluted 
into 9ml MRD and diluted upto 4  dilutions. A 20 pi sample from each dilution 
was spotted on BHI agar plates. The plates were incubated at 37°C for 24 
hours and the survivors counted. In control experiment exponentially grown 
cells at 37°C were treated at 62.5°C.

55°C 4  60“C ♦  62.5”C •  Control

141



L O

302510 15 2050
Time (min)

Figure 27. Heat tolerance of hospital isolate E.faecailis MI2 exposed to 15% 
NaCl for overnight. Cells exposed to 15% NaCl (0.1ml) were suspended into 
25ml MRD. Heat tolerance was determined at 55°C, 60®C and 62.5°C for half 
an hour. One ml sample was removed after 5 minutes interval and diluted into 
9ml MRD and diluted upto 4  dilutions. A 20 pi sample from each dilution was 
spotted on BHI agar plates. The plates v/ere incubated at 37°C for 24 hours 
and the survivors counted. In control experiment exponentially grown cells at 
37°C were treated at 62.5°C.

55X A 60X ♦  62.5X w Control

Table 32. D-Values (minutes) for beat treated exponential phase cells grown in 6.5% 
NaCl and agar grown cells exposed to 10.5% and 15% NaCL For experimental details 
see the captions to Figures 22 to 27.

D-vahies (min.)
Strains NaCl% 55°C 60°C 62.5°C Control

E.faecium BARI 6.5% >30 0 9.5 7.5 2.5

E.faecium BARI 10.5% >30-0 23 0 16.75 2.5

E.faecium BARI 15% >30 0 25 .0 il.O 2.5

E.faecalis MI2 6.5% >30-0 12.0 2.75 1.75

E.faecalis MI2 10.5% > 3 0 0 12.0 5.5 1.75

E.faecalis MI2 15% > 3 0 0 5.25 4.25 1.75
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3.8 Determination of heat tolerance of industrial isolate 

and barley isolate in viscous environment.

Tlie industrial isolate E.faecium and barley isolate E.faecium BARI were

grown on BHI agar at 37°C overnight. A loopful o f subculture was inoculated into

malt extract. The heat tolerance o f industrial isolate E. faecium  and barley isolate E.

faecium  BARI in malt extract was determined at 60°C, 70°C , 80°C and 90°C for half

an hour. It was noted that the cells o f both isolates in malt extract were found more
iested  in aU pne.Wocts

heat resistant than the cells in the maximum recovery diluent  ̂ The cells in the malt 

extract could survive at the temperatures at which the cells in maximum recovery 

diluent could not suwive. Tlie cells o f both isolates survived in the malt extract at 

60°C, 70°C and 80°C for half an hour. Tlie cells o f both isolates survived at 90°C for 

10 minutes.

In this study both industrial and barley isolate showed similar results. All the 

experiments were repeated thrice and every time similar results were found. The results 

of the best of three experiments were plotted against time o f heat treatement as shown 

in Figures 28 and 29. The D-values from these experiments are shown in Table 33.
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Figure 28. Heat tolerance of Industrial isolate E.faecium in malt extract. Heat 
tolerance was determined at 60®C, 70°C, 80°C and 90°C for half an hour. A 
0.5ml sample was removed after 5 minute intervals and diluted into 4.5ml 
MRD up to 6 dilutions. A 20pl sample from each dilution was spotted on BHI 
agar plates. The plates were incubated at 37°C for 24 hours and the 
survivors counted.
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Figure 29. Heat tolerance of barley isolate E.faecium BARI in malt extract. Heat 
tolerance was determined at GO"C. 70®C, 80°C and 90°C for half an hour. A 
0.5ml sample was removed after 5  minute intervals and diluted into 4.5ml MRD 
up to 6 dilutions. A 20pl sample from each dilution was spotted on BHI agar 
plates. The plates were incubated at 37°C for 24 hours and the survivors 
counted

60“C A 70“C ♦  80“C •  90“C
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Table 33. D-Values (minutes) for beat treated cells of industrial isolate E.faecium and 
barley isolate E.faecium BARI in malt extract. For experimental details see the 
captions to Figures 28 and 29.

D-values (min.)
Strains 60°C 70°C 80°C 90°C

E.faecium > 30.0 > 30-0 5.5 2.0

E.faecium BARI > 3 0 . 0 > 30.0 6.0 2.0
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3.9 Determination of heat tolerance of heat shocked 

cells

Barley isolate E. faecium  BARI and hospital isolate E. faecalis MI2 were 

grown to exponential phase in BHI broth at 37°C. The exponential cells were heat 

shocked at 50°C for 15 minutes. The heat tolerance of heat shocked cells was 

investigated at 55°C, 60°C and 62.5°C. It was determined that the heat shocked cells 

of both isolates were more resistant to heat treatment than the control experiment in 

which the exponential cells grown at 37°C were treated at 62.5°C. It was also found 

that the heat shocked cells of the barley isolate were more resistant to heat than the 

heat shocked cells of the hospital isolate. The heat shocked cells of the barley isolate 

survived at 62.5°C for half an hour while the heat shocked cells of the hospital isolate 

survived at 62.5°C for 20 minutes only.

All the experiments were repeated thrice and every time both isolates 

E.faecium BARI and E.faecalis MI2 showed similar results. The results of the best of 

three experiments were plotted on logarithmic scale against time of heat treatment as 

shown in Figures 30 and 31. The D-values from these experiments are shown in Table 

34.
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Figure 30. Heat shock response of barley isolate isolate E.faecium BARI. 
Cells were heat shocked at 50°C for 15 minutes. Heat shocked cells (0.1ml) 
were suspended into 25ml MRD. Heat tolerance was determined at 55°C, 
60°C and 62.5°C for half an hour. One ml sample was removed after 5 
minutes interval and diluted into 9ml MRD and diluted upto 4 dilutions. A 20 pi 
sample from each dilution was spotted on BHI agar plates. The plates were 
incubated at 37°C for 24 hours and the survivors counted. In control 
experiment exponentially grown cells at 37°C were treated at 62.5°C.

55"C A 60X  ♦  62.5X Control
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Figure 31. Heat shock response of hospital isolate E.faecalis MI2. Cells 
were heat shocked at 50°C for 15 minutes. Heat shocked cells (0.1ml) were 
suspended into 25ml MRD. Heat tolerance was determined at 55°C, 60“C 
and 62.5°C for half an hour. One ml sample was removed after 5 minutes 
interval and diluted into 9ml MRD and diluted upto 4 dilutions. A 20 pi 
sample from each dilution was spotted on BHI agar plates. The plates were 
incubated at 37°C for 24 hours and the survivors counted. In control 
experiment exponentially grown cells at 37°C were treated at 62.5°C.

I ■  55°C A BOX ♦  62.5X  •  Control I
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Table 34. D-Values (minutes) for beat treated cells of Enterococcus strains beat 
shocked at 50°C for 15 minutes. For experimental details see tbe captions to Figures 
30and 31.

D-values (min.)
Strains 55°C 60°C 62.5°C Control

E.faecium BARI > 30.0 > 3 0 . 0 25.0 2.5

E.faecalis MI2 > 3 0 .0 > 3 0 .0 5.0 1.75
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3.9.1 Heat tolerance of agar grown cells exposed to 50°C

The îom  Enterococcus isolates, E.faecium MAI, E.faecium BARI, E.faecium 

W1 and E.faecalis MT2 were grown at 37°C overnight on BHI agar. The cells of each 

isolate were then exposed to 50°C for 16 hours in BHI broth. Heat tolerance was 

determined at 65°C , 67.5°C and 70°C because stationary phase cells are more 

resistant to heat than exponential cell<s. The agar grown cells of the 4 isolates of 

Enterococcus were found surviving at 50°C for 16 hours. Then the cells of all isolates 

exposed to 50°C were treated at 65°C, 67.5°C and 70°C. Cells of water isolate 

E.faecium MAI and wheat isolate E.faecium W1 were found resistant to heat at 65°C, 

67.5° and 70°C as compared with the control experiment in which the 37°C grown 

ceUs in BHI broth were treated at 65°C. Barley isolate E.faecium BARI and hospital 

isolate E.faecalis MI2 were found resistant to heat at 65°C as compared with the 

control e?q)eriment but at 67.5° and 70°C, the cells exposed to 50°C were found 

sensitive to heat in coroparison to control. Cells of hospital isolate E. faecalis MI2 

exposed to 50°C when treated at 65°C, 67.5°C and 70°C were found less resistant to 

heat than the cells of barley isolate E. faecium  BARI exposed to 50°C and treated at 

the same temperatures. All the experiments were repeated thrice and every time similar 

results were obtained. The results of the best of three experiments were plotted on a 

logarithmic scale against the time of heat treatment as shown in Figures 32 to 35. The 

D-values from these experiments are shown in Table 35.
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Figure 32. Heat tolerance of water Isolate E. faecium MAI agar grown cells at 37°C 
exposed to 50 °C for overnight. The cells exposed to 50°C (0.1 ml) were suspended 
Into 25ml MRD. Heat tolerance was determined at 65°C, 67.5“C and 70“C for half an 
hour. One ml sample was removed after 5 minutes Interval and diluted Into 9ml MRD 
and diluted upto 4  dilutions. A 20 pi sample from each dilution was spotted on BHI 
agar plates. The plates were Incubated at 37°C for 24 hours and the survivors 
counted. In control experiment cells grown at 37°C In BHI broth were treated at 
65"C.

65X ▲ 67.5X ♦  70"C Control
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Figure 33. Heat tolerance of barley Isolate E. faecium BARI agar grown cells at 
37°C exposed to 50 °C for overnight. The cells exposed to 50°C (0.1ml) were 
suspended Into 25ml MRD. Heat tolerance was determined at 65°C, 67.5'C and 
7D®C for half an hour. One ml sample was removed after 5 minutes Interval and 
diluted Into 9ml MRD and diluted upto 4 dilutions. A 20 pi sample from each 
dilution was spotted on BHI agar plates. The plates were Incubated at 37°C for 
24 hours and the survivors counted. In control experiment cells grown at 37°C 
In BHI broth w/ere treated at QS’C.

05X ▲ 67.5'C ♦  70“C Control
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Figure 34. Heat tolerance of wheat isolate E. faecium W1 agar grown cells at 37°C 
exposed to 50 °C for overnight. The cells exposed to 50°C (0.1 ml) were suspended into 
25ml MRD. Heat tolerance was determined at 65°C, 67.5*0 and 70*0 for half an hour. 
One ml sample was removed after 5 minutes interval and diluted into 9ml MRD and 
diluted upto 4  dilutions. A 20 pi sample from each dilution was spotted on BHI agar 
plates. The plates were incubated at 37*0 for 24 hours and the survivors counted. In 
control experiment cells grown at 37*0 in BHI broth were treated at 65*0.

65*0 ▲ 67.5*0 ♦  70*0 •C o n tro l!
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Figure 35. Heat tolerance of a hospital isolate E.faecalis MI2 agar grown 
cells at 37°0 exposed to 50 “0  for overnight. The cells exposed to 50*0 
(0.1 ml) were suspended into 25ml MRD. Heat tolerance was determined at 
65*0, 67.5*0 and 70*0 for half an hour. One ml sample was removed after 
5  minutes interval and diluted into 9ml MRD and diluted upto 4 dilutions. A 20 
pi sample from each dilution was spotted on BHI agar plates. The plates 
were incubated at 37*0 for 24 hours and the survivors counted. In control 
experiment cells grown at 37*0 in BHI broth were treated at 65*0.

65*0 A 67.5*0 ♦  70*0 Control
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Table 35. D-Values (minutes) for beat tolerance of agar grown cells oïEnterococcus 
strains exposed to 50°C for 16 hours. For experimental details see the captions to 
Figures 32 to 35.

D-values (min.)
Strains 65°C 67.5°C 70°C Control

E.faecium MAI 19.0 10.0 4.75 3.0

Efaecium  BARI 8.5 2.5 1.5 3.0

E faecium  W1 19.5 13.0 5.5 3.0

E. faecalis MI2 4.0 1.75 1.0 3.0
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3.9.2 Heat tolerance of agar grown cells exposed to 52°C

Four Enterococcus isolates, E.faecium MAI, E.faecium BARI, E.faecium W1 

and E.faecalis MI2 grown at 37°C overnight on BHI agar. The cells of each isolate 

were exposed to 52°C overnight in BHI broth. Heat tolerance was determined at 65°C, 

67.5°C and 70°C in order to compare with the cells exposed to 50°C overnight.

It was found that the environmental isolates, E.faecium MAI, E.faecium BARI 

and E.faecium W1 were more resistant to heat than the hospital isolate E. faecalis 

MI2. The cells of hospital isolate E.faecalis MI2 when exposed to 52°C overnight 

and treated at 65°C, 67.5°C and 70°C they died rapidly. While the heat tolerance of the 

rest of the isolates exposed to 52°C was found similar to the heat tolerance of isolates 

exposed to 50°C. Water isolate E.faecium MAI and wheat isolate E.faecium  W1 

exposed to 52°C treated at 65°C, 67.5°C and 70°C, were found resistant to heat as 

compared with the control experiment. The cells of the barley isolate E.faecium BARI 

exposed to 52°C were found resistant to heat at 65°C as compared with the control 

experiment but at 67.5°C and 70°C these cells were found sensitive to heat treatment. 

All the experiments were repeated thrice and every time similar results were obtained. 

The results of the best of three experiments were plotted on a logarithmic scale against 

the time of heat treatment as shown in Figures 36 to 38. The D-values from these 

experiments are shown in Table 36.
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Figure 36. Heat tolerance of water isolate E.faecium MAI agar grown cells at 
37°C exposed to 52°C. The cells exposed to 52°C (0.1 ml) were suspended 
into 25ml MRD. Heat tolerance was determined at 65“C, 67.5“C and 70“C for 
half an hour. One ml sample was removed after 5  minutes interval and diluted 
into 9ml MRD and diluted upto 4  dilutions. A 20 )il sample from each dilution 
was spotted on BHI agar plates. The plates were incubated at 37”C for 24 
hours and the survivors counted. In control experiment cells grown at 37°C in 
BHI broth were treated at 65°C.

65"C A 67.5“C ♦  70X #  Control
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Figure 37. Heat tolerance of a barley isolate E.faecium BARI agar grown 
cells at 37°C exposed to 52®C. The cells exposed to 52°C (0.1ml) were 
suspended into %ml MRD. Heat tolerance was determined at %°C, 67.5°C 
and 70°C for half an hour . One ml sample was removed after 5 minutes 
interval and diluted into 9ml MRD and diluted upto 4 dilutions. A 20 pi 
sample from each dilution was spotted on BHI agar plates. The plates were 
incubated at 37°C for 24 hours and the survivors counted. In control 
experiment cells grown at 37°C in BHI broth were treated at 65°C.

♦  70°C 65°C A 67.5°C Control
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Figure 38. Heat tolerance of a wtieat Isolate E. faecium W1 agar grown cells at 
37°C exposed to 52°C. The cells exposed to 52°C (0.1ml) were suspended into 
25ml MRD. Heat tolerance was determined at 65°C, 67.5°C and 70“C for half an 
hour. One ml sample was removed after 5 minutes interval and diluted into 9ml MRD 
and diluted upto 4 dilutions. A 20 pi sample from each dilution was spotted on BHI 
agar plates. The plates were incubated at 37°C for 24 hours and the survivors 
counted. In control experiment cells grown at 37°C in BHI broth were treated at 
65"C.

65“C A 67.5*0 ♦  70*0 Oontrol

Table 36. D-Values (minutes) for heat tolerance of agar grown cells o ïEnterococcus 
strains exposed to 52°C for 16 hours. For experimental details see the captions to 
Figures 36 to 38.

)-vahies (min.)
Strains 65°C 67.5°C 70°C Control

E.faecium MAI 14.0 4.75 4.0 3.0

E.faecium BARI 6.0 1.5 0.75 3.0

E.faecium W1 20.0 8.5 3.0 2.5
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3.10 Study of whole-cell protein profiles of enterococci

Whole-cell protein patterns have been used to determine the genetic similarities 

among groups of bacteria. Polyacrylamide gel electrophoresis of whole-cell 

polypeptides solubilized by treatment with sodium dodecyl sulphate has been used for 

identification of bacteria. This technique is used for the comparative study of large 

numbers of proteins encoded by a significant portion of the genome, therefore the 

relationships among the isolates are measured.

In this study the whole-cell protein profile procedure was apphed to 

enterococcal species. The whole-cell soluble protein sanq)les of the total 78 isolates 

collected were mixed in an equal volume of gel loading buffer and analysed on SDS- 

polyacrylamide gels. In a gel running buffer, the protein molecules were charged and 

when a voltage was apphed, the protein molecules migrated through the gels at rates 

dependent on their size.

The whole-ceU protein profiles of water isolates were shown in Figures 39.1, 

39.2 and 39.3. Three isolates in Figure 39.1 in lane 3, 12 and 16, four isolates in 

Figure 39.2 in lane 5, 8, 10 and 12 and one isolate in Figure 39.3 in lane 10 showed 

different banding patterns. The differences between species were identified in the 45- 

31 kDa and 31-21 kDa regions.

The whole-ceh protein profiles of barley isolates were shown in Figure 40. 

Three isolates in Figure 40 in lanes 5, 6 and 10 were found different as compared with 

other barley isolates. The differences in bands were in the regions 31-21 kDa and 21-
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14 kDa. The whole-cell soluble protein profiles of hospital isolates were shown in 

Figure 41, All isolates were found similar to each other. There was no difiference in 

the banding patterns of all hospital isolates but they were different as compared with 

other environmental isolates. The whole cell soluble protein profiles of wheat and rice 

isolates were shown in Figures 42 and 43. Both wheat and rice isolates show similar 

banding patterns with each other but different fi*om other environmental and hospital 

isolates.
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3.11 Investigation of heat shock proteins

Barley isolate E.faecium BARI and hospital isolate E.faecalis MI2 were grown 

to exponential phase in BHI broth at 37°C. The exponential cells were heat shocked at 

50°C for 15 minutes. Ten ml of heat shocked cells were spun. The supernatant was 

discarded and pellets were washed in 5ml of 0.9% saline and then resuspended in 1ml 

of 50mM Hep es (pH8). The whole cell proteins were extracted by sonication. The 

sonicated samples were spun in a microcentrifuge for 5 minutes. The supernatant was 

the whole cell soluble proteins samples. These proteins sangles were then analysed on 

SDS polyacrylamide gels.

The protein samples prepared from heat shocked cells of Enterococcus were 

loaded on SDS polyacylamide gels. The heat shock proteins could not be analysed on 

SDS gels in this study. The cells of both isolates were also heat shocked at 50°C for 30 

minutes and analysed on SDS gels. There was no visible difference between the protein 

samples prepared from heat shocked cells and protein samples without heat shocked 

cells. When the heat tolerance of heat shocked cells of these isolates was investigated, 

it was found that the heat shock response enhanced the survival of cells against heat 

treatment. In this study I did not find the heat shock proteins in the cells of E.faecium 

BARI and E.faecalis MI2 in response to sudden increase in tenq>erature. These 

experiments were repeated many times, but heat shock proteins could not be analysed 

on SDS gels.
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Figure 39.1. Whole-cell soluble protein profiles of water isolates.

Lane 1, Molecular weight standards myosin (200,000 Da), (3-galactosidase (116,250 

Da), phosphorylase b (97,400 Da), serum albumin (66,200 Da), ovalalbumin (45,000 

Da), carbanic anbydrase (31,000Da), trypsin inhibitor (21,500 Da), lysozyme (14,400 

Da) and aprotinm (6,500 Da). Lane 2 MAI, lane 3 MA2, lane4 MA3, lane 5 MA4, 

lane 6 MA5, lane 7 MA6, lane 8 MA7, lane 9 MAS, lane 10 MA9, lane 11 MA 10, lane 

12 MAI 1, lane 13 MA 13, lane 14 MA 14, lane 15 MA 15, lane 16 MA16 and lane 17 

MA17.
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Figure 39.2. Whole-cell soluble protein profiles of water isolates 

Lane 1, Molecular weight standards myosin (200,000 Da), P-galactosidase (116,250 

Da), phosphorylase b (97,400 Da), serum albumin (66,200 Da), ovalalbumin (45,000 

Da), carbanic anbydrase (31,000Da), trypsin inhibitor (21,500 Da), lysozyme (14,400 

Da) and aprotinin (6,500 Da). Lane 2 MA18, lane 3 MA19, lane 4 MA20, lane 5 

MA21, lane 6 MA22, lane 7 MA23, lane 8 MA24, lane 9 MA25, lane 10 MA26, lane 

11 MA27, lane 12 MA28, lane 13 MA29, lane 14 MA30, lane 15 MA31, lane 16 

MA32, lane 17 MA 33.
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Figure 39.3. Whole-cell soluble protein profiles of water isolates 

Lane 1, Molecular weight standards myosin (200,000 Da), P-galactosidase (116,250 

Da), phosphorylase b (97,400 Da), serum albumin (66,200 Da), ovalalbumin (45,000 

Da), carbanic anbydrase (31,000Da), trypsin inhibitor (21,500 Da), lysozyme (14,400 

Da) and aprotinin (6,500 Da). Lane 2 MA34, lane 3 MA35, lane 4 MA36, lane 5 

MA37, lane 6 MA38, lane 7 MA39, lane 8 MA40, lane 9 MA41, lane 10 MA42, lane 

11 MA43, lane 12 MA44, lane 13 MA46, lane 14 MA47, lane 15 MA48, lane 16 

MA49 and lane 17 MA50.
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Figure 40, Whole-Cell soluble protein profiles of barley isolates 

Lane 1, Molecular weight standards myosin (200,000 Da), (3-galactosidase (116,250 

Da), phosphorylase b (97,400 Da), serum albumin (66,200 Da), ovalalbumin (45,000 

Da), carbanic anbydrase (31,000Da), trypsin inhibitor (21,500 Da), lysozyme (14,400 

Da) and aprotinin (6,500 Da).

Lane 2 BA RI, lane 3 BAR2, lane 4 BAR3, lane 5 BAR4, lane 6 BAR5, lane 7 BAR6, 

lane 8 BAR7, lane 9 BARS, lane 10 BAR9 and lane 11 BAR 10.
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Figure 41. Whole-cell soluble proteiu profiles of hospital isolates 

Lane 1, Molecular weight standards myosin (200,000 Da), p-galactosidase (116,250 

Da), phosphorylase b (97,400 Da), serum albumin (66,200 Da), ovalalbumin (45,000 

Da), carbanic anbydrase (31,000Da), trypsin inhibitor (21,500 Da), lysozyme (14,400 

Da) and aprotinin (6,500 Da). Lane 2 M il, lane3 MI2, lane 4 MI3, lane 5 MI4, lane 6 

MI5, lane 7 MI6, lane 8 MI7, lane 9 MI126, lane 10 MI127 and lane 11 MI128.
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Figure 42. Whole-cell soluble protein profiles of wheat isolates

Lane 1, Molecular weight standards myosin (200,000 Da), P-galactosidase (116,250

Da), phosphorylase b (97,400 Da), serum albumin (66,200 Da), ovalalbumin (45,000

Da), carbanic anbydrase (31,000Da), trypsin inhibitor (21,500 Da), lysozyme (14,400

Da) and aprotinin (6,500 Da), Lane 2 W 1, lane 3 W2, lane 4 W3, lane 5 W4 and lane

6W5.
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Figure 43. Whole-cell soluble protein profiles of rice isolate

Lane 1, Molecular weight standards myosin (200,000 Da), (3-galactosidase (116,250 

Da), phosphorylase b (97,400 Da), serum albumin (66,200 Da), ovalalbumin (45,000 

Da), carbanic anbydrase (31,000Da), trypsin inhibitor (21,500 Da), lysozyme (14,400 

Da) and aprotinin (6,500 Da). Lane 2 Rl, lane 3 R2, lane 4 R3, lane 5 R4 and lane 6 

R5.
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4.0 DISCUSSION

4.1 Isolation and characterization of enterococcal isolates
Sixty eight environmental strains of Enterococcus were isolated from 

environmental sources as described in sections 2.3 and 2.4 and 10 hospital isolates 

were obtained from UCH. Origin of enterococcal isolates is shown in Table 3. Slanetz 

and Bartley medium was used for isolation of enterococcal stains. Enterococci can be 

readily isolated from human and animal faeces. Therefore these bacteria have been 

considered as indicators of faecal contamination in water and foods (Knudtson and 

Hartman, 1992).

Enterococci were isolated from river water and seeds in this study. It 

was also found that high proportion of environmental isolates identified as E.faecium 

while all hospital isolates were identified as E.faecalis. It was noted that the majority 

of clinical enterococcal isolates were E.faecalis (MoeUering, 1992). This was 

confirmed by the identification of the hospital isolates in this study.

All isolates were Gram stained and found to be Gram-positive cocci. All 

isolates reacted with group D antisera. Agglutination was seen within 30-60 seconds. 

AU isolates showed haemolysis on blood agar plates. AU isolates were identified by 

API20 STREP kits. API Rapid Strep system provided accurate identifications of 

enterococcal isolates. This identification system is more accurate than conventional 

tube tests, which are difficult to reproduce in different laboratories (Knudtson and 

Hartman, 1992). Gram staining, serogrouping and API Rapid Strep System 

identifications confirm that aU environmental and hospital isolates tested in this study 

are Enterococcus species.
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4.2 Inhibitory activity of Enterococcus against selected 
isolates and some pathogenic microorganisms

The mhibitory activity of Enterococcus was summarised in Tables 4 to 11.1 

Some isolates of Enterococcus produced inhibitory agent which was active against 

some selected isolates of Enterococcus and L. innocua. On the other hand, none of 

the selected Gram-negative bacteria tested were inhibited. Laukova et ai, (1993) 

reported that bacteriocins inhibit the growth of closely related bacteria. In this study it 

was found that among enterococci 50% of the river water isolates, 50% of the hospital 

isolates and 10% of the barley isolates showed inhibitory activity against some selected 

groups of bacteria. Due to the proteinaceous nature and bactericidal mode of action 

the inhibitory molecule produced by enterococci was concluded to be a bacteriocin by 

Kato flr/., (1993).

Konisky (1982) defined a bacteriocin as a protein or protein conçlex 

synthesized by a bacterium vsddch is inhibitory to a narrow range of other susceptible 

bacteria but is not self inhibitory. It seems hkely that the inhibitory molecules 

produced by enterococcal isolates in this study were bacteriocins. McKay (1990) 

demonstrated the antimicrobial activity of E. faecium against a wide range of Listeria 

spp. E. faecium  strain CCM4231 produced a bacteriocin which showed inhibitory 

effect against Clostridium perfringens (Laukova et al, 1993). In another study three 

strains oïE. faecalis were reported to inhibit L. monocytogenes (Arihara et al, 1991).

It was shown that bacteriocin or bacteriocin like substances produced by Gram- 

positive bacteria have a broad spectrum of antimicrobial activity (Tagg et al, 1976). It 

was reported that bacteriocins produced by lactic acid bacteria^active against a variety 

of food-borne pathogens including B. cereus, C. perfringens. Listeria spp. and S. 

aureus (Lewus et al, 1991). E. faecalis 226 produces the inhibitor substance known 

as enterocin 226NWC. Enterocin 226NWC has a narrow range of activity: it inhibited
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only strains of enterococci, L. innocua and L. monocytogenes (Villani et a l, 1993). It 

was reported that the production of enterocin 226NWC is encoded by a 5.2 kb 

conjugative plasmid. Enterocin 226NWC, due to its action against Listeria, may play 

an important role in food protection and preservation (Villani et al, 1993). Leuc. 

mesenteroides ssp. mesenteroides FR52 produced a bacteriocin named mesenterocin 

52 which showed antimicrobial activity against Leuconostoc, Enterococcus and 

Listeria strains (Mathieu et al, 1993). Mesenterocin 52 differed from mesenterocin 5, 

a bacteriocin produced by Leuc. mesenteroides UL5, which was active against L. 

monocytogenes but had no action on Leuconostoc strains (Daba et a l, 1991). E. 

faecium isolated from Nigerian dairy product produced bacteriocins named enterocin 

01 was reported active against some strains of Lactobacillus, Enterococcus and 

Listeria. The antimicrobial activity of enterocin 01 was reported to be stable at 100°C 

for 5 minutes and at pH 2.0 and 6.0 (Olasupo et al, 1994).

E. faecalis ssp. liquefaciens S48 produced the bacteriocin Bc-48 which 

inhibited the related strains of E. faecalis only. This strain produced the peptide 

antibiotic AS-48 (mutant), a low molecular weight antibiotic which can inhibit Gram- 

positive and Gram-negative bacteria. Bacteriocin Bc-48 was stable in a pH range 5.5 

to 9.0 and was highly sensitive to temperature and inactivated at 50°C after 60 minutes 

(Lopez-Lara et al, 1991).

Many lactic acid bacteria have been shown to inhibit the growth of a wide 

variety of food spoilage organisms (Jack et al, 1995). Some Lactococcus lactis 

isolates produce an inhibitory agent called nisin and nisin producing strains have been 

used in food preservation especially dairy products (Jack et al, 1995). Some 

bacteriocins produced by lactococci and lactobacilh have been reported active against a 

wide range of Gram-positive bacteria and some have also inhibited Gram-negative 

species (Jack et al, 1995). The antimicrobial activity of some strains of enterococci 

was shown to be plasmid encoded (Arihara et al, 1991). Many bacteriocins produced
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by Gram-positive bacteria are encoded by plasmid-bome genes but some like nisin 

have been reported to be transposon associated (Jack et ai, 1995).

Bacteriocin production is influenced by cultural conditions. For example some 

strains require rich media for the production of bacteriocins. It was shown that BHI 

broth is the best medium for the production of bacteriocins (Lopez-Lara et al, 1991). 

The pH of the medium also has a large inq)act on bacteriocin production. 

Lactobacillus bavaricus MN produces a bacteriocin bavaricin MN. The levels of this 

bacteriocin increase about 12-fold from pH 6.5 to pH 6.0 in pH controlled fermenters 

(Kaiser and Montville, 1993). Bacteriocins can be used in food industry as potential 

natural food preservatives against several spoilage bacteria and pathogens (Daba et al,

1991). Bacteriocin typing has been used in studies of Gram-negative and Gram- 

positive bacteria. Enterococci can be typed according to the production of or the 

sensitivity to bacteriocins (Tagg et a l, 1976).

In this study all 78 isolates in the collection were tested for bacteriocin 

production by using same strains as test strains and as indicator strains. About 39% 

strains were found to produce bacteriocins. Enterococci produce bacteriolytic enzymes 

which can degrade the bacterial cell wall of many Gram-negative and Gram-positive 

bacteria. In enterococci these bacteriolytic enzymes are useful for rapid differentiations 

of strains according to their lytic activity (Berlutti et a l,  1996). The use of bacteriocin 

producing microorganisms in food may provide a natural means of preservation 

because these organisms have the abihty to inhibit the pathogens.
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4.3 Antibiotic activity against enterococci
4.3.1 Activity of 6-lactam antibiotics

Antibiotic sensitivity to B-lactam agents was determined with the enterococcal 

isolates. All the environmental and hospital isolates of enterococci were susceptible to 

B-lactam antibiotics (ampicillin, amoxiciUin and cephaloridine) except three barley 

isolates which showed resistance to amoxicillin. It appears likely that enterococcal 

infections with the strains used in this study could be treated successhilly with 8-lactam 

antibiotics.

Several recent studies reported the resistance of strains of enterococci to 8- 

lactam antibiotics (Gray and Pedler, 1992; Handwerger et al., 1993; Montecalvo et 

a/., 1994). Resistance is defined as a decrease in rate of killing during exposure to 

bactericidal antibiotics (Fontana et al, 1992). E. faecium  isolates were more 

resistant to penicillin and ampicillin than the E. faecalis isolates (Gray and Pedler,

1992). The infections caused by E. faecalis were ofl;en treated with anq)icillin because 

ampicillin was found more active against E. faecalis than penicillin (Westh et al 1991). 

It has been found previously that amoxicillin was more active against E. faecalis than 

anq)icillin (Westh et al, 1991). Murray and Mederski-Samaroj (1983) reported that 

enterococci show resistance to penicillin.

The resistance of enterococci to 8-lactam antibiotics is due to the lower affinity 

of their penicillin-binding proteins for these antibiotics (Handwerger et al, 1993). 

Fontana et al, (1992) reported the role of the lower affinity penicillin-binding proteins 

in the inhibitory effect of 8-lactam antibiotics against E. hirae ATCC9790. It was 

shown that E. hirae mutants were resistant to increasing amounts of penicillin and 

clinical isolates of E. faecium and E. faecalis showed high-level resistance to 8-lactam 

antibiotics and synthesized a large amount of the low affinity penicillin-binding protein. 

These isolates grew in penicillin concentrations in which all penicillin-binding proteins
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were saturated except the low affinity penicillin-binding proteins and did not grow in 

the presence of minimum concentration of antibiotic which saturated this protein. Due 

to low affinity of this protein for B-lactam antibiotics, the isolates which produce large 

amounts of penicillin-binding proteins showed high-level resistance to penicillin. E. 

faecium strains were reported intrinsically moderately resistant to penicillins due to the 

low affinity of their penicillin-binding proteins for penicillin as compared with other 

streptococci (Handwerger et ai, 1993).

Another mechanism of resistance to high-levels of penicillin has been reported 

in clinical isolates of E. faecalis. This mechanism is based on plasmid-mediated h- 

lactamase of apparently staphylococcal origin. This enzyme is most active against 

penicillin G, amoxicillin, piperacillin and related compounds. Many agents which are 

stable to hydrolysis by the enzyme show low intrinsic activity against enterococci 

(Fontana et a l, 1992) For the treatment of enterococcal infections caused by 1Î- 

lactamase producing strains imipenem can be substituted for anq)icillin or penicillin 

(Gray and Pedler, 1992). In some bacteria such as Pseudomonas aeruginosa, iJ- 

lactamase production is an inherent characteristic which is chromosomally mediated 

and in S. aureus h-lactamase production is an acquired property (Murray and 

Mederski-Samaroj, 1983).

McCarthy et al, (1994) reported the importance of enterococci as nosocomial 

pathogens. In a clinical microbiology laboratory in Canada in 1991 only 3% isolates 

of enterococci are found resistant to ampicillin and now this has risen to 14%. 

Prolonged hospital stay patients especially those treated with multiple antimicrobial 

agents were associated with infection with arq)icillin resistant enterococci. The 

enterococcal infections which are caused by h-lactamase-producing strains can be 

treated with a combination of penicillin and a iJ-lactamase inhibitor such as vancomycin 

(MoeUering, 1992). The treatment of serious enterococcal infections has always been 

difficult. The bactericidal effect is not usuaUy achieved with single drug therapy. In
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the case of serious enterococcal infections combination therapy is required including 

penicillin, ampicillin or vancomycin with an aminoglycoside which achieves synergism 

and bacteriocidal activity (Patterson and Zervos, 1989)

4.3.2 Activity of aminoglycoside antibiotics

The activity of aminoglycoside antibiotics was measured against environmental 

and hospital isolates of enterococci. Four aminoglycoside antibiotics streptomycin, 

gentamicin, tobramycin and kanamycin were tested in this study. Enterococcal isolates 

showed relative resistance or total resistance to aminoglycosides. Among the 

environmental isolates, all the wheat isolates showed total resistance to

aminoglycosides while the rest of the environmental isolates mainly showed resistance 

to these antibiotics. Similarly rice isolates showed complete resistance against 

tobramycin and kanamycin whde some isolates were susceptible to streptomycin and 

gentamicin. River water and barley isolates also showed resistance to

aminoglycosides. Hospital isolates were also found resistant to aminoglycoside 

antibiotics like the environmental isolates. Environmental isolates showed more 

resistance to tobramycin than the hospital isolates and hospital isolates were more 

resistant to streptomycin than the environmental isolates.

Many studies reported the occurrence of high-level resistance to

aminoglycoside antibiotics in enterococci (Nachamkin et al, 1988; Watanakunakom, 

1992; Guiney and Urwin, 1993). The treatment of severe enterococcal infections is 

difficult because the enterococci are resistant to aminoglycosides. For serious

enterococcal infections combination therapy is suggested which consists of a cell-wall 

active agent with an aminoglycoside but the enterococci which showed high-level 

resistance to aminoglycosides are generally not lolled by these combinations (Murray, 

1990; MoeUering, 1991). There are three mechanisms in clinical isolates of 

enterococci which have explained the lack of a synergistic killing effect when
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aminoglycosides are used with fi-lactam agents: (i) high-level ribosomal resistance, 

(ii) production of aminoglycoside modiJ^dng enzymes and (iii) lack of penetration of 

the aminoglycoside into the bacterial cell (Kaye, 1982). The optimal treatment for 

infections caused by enterococci with high-level aminoglycoside resistance has not 

been estabhshed (Bisno et ai, 1989), although the synergistic combination of 

penicillin, ampicillin or vancomycin with an aminoglycoside is usually required for the 

treatment of serious enterococcal infections (Gray and Pedler, 1992). Combination 

therapy is effective for enterococcal infections such as bacteraemia, endocarditis and 

meningitis (MoeUering, 1992). InitiaUy combination of penicillin and streptomycin 

was used to treat infections caused by enterococci. After the discovery of an 

Enterococcus strain which was not kiUed by penicillin and streptomycin, neomycin and 

penicillin were used but neomycin caused deafiiess among patients. At the same time 

high-level kanamycin resistance was reported in several parts of the USA. At that 

time it was found that the combination of penicillin and gentamicin were useful for the 

treatment of serious enterococcal infections. Then later enterococcal isolates were 

discovered which showed high-level resistance to gentamicin (MoeUering, 1991). 

Among enterococcal isolates high-level gentamicin resistance has been seen world

wide (Nicoletti and Stefani, 1995).

In the case of serious enterococcal infections, it is important to screen for high- 

level resistance to streptomycin, kanamycin and gentamicin. This can be done with 

antibiotic sensitivity testing with disc difiusion method. If the enterococci show high- 

level resistance to streptomycin then streptomycin should not be used in combination 

with a 15-lactam antibiotic. If the enterococci show high-level resistance to kanamycin 

then kanamycin or amikacin should not be used with a 15-lactam agent. If the 

enterococci are resistant to high-level of gentamicin then gentamicin, netilmicin and 

kanamycin, tobramycin or amikacin should not be used in combination with a 15-lactam 

antibiotic (Leclercq et ai, 1992).
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In some areas of the USA more than one-half of nosocomial isolates 

demonstrate high-level resistance to gentamicin (Zervos et ai, 1987). These isolates 

which showed high-level resistance to gentamicin were not highly resistant to 

streptomycin (Nachamkin et al, 1988). Watanakunakom (1992) reported that 23% 

strains of enterococci with high-level resistance to gentamicin were not associated with 

high-level resistance to streptomycin in the USA and concluded that treatment with 

streptomycin in combination with a cell-wall active agent is still useful. In another 

study in the Royal London Hospital high-level resistance to streptomycin was reported 

(Hall, 1993).

Enterococcal isolates showing high-level resistance to gentamicin can be tested 

for streptomycin susceptibility. The treatment of choice for infections caused by 

enterococci showing high-level gentamicin resistance is probably high-do se an^icdlin 

(Gray and Pedler, 1992) Due to resistance of enterococci to aminoglycosides and 15- 

lactam agents, it is necessary to determine appropriate antibiotic treatment against 

serious enterococcal infections.

4.3.3 Activity of glycopeptide antibiotics

Glycopeptide antibiotics were also tested against enterococci. In this study all 

the environmental and hospital isolates of Enterococcus were found susceptible to 

glycopeptide antibiotics vancomycin and teicoplanin. Both vancomycin and 

teicoplanin showed better bactericidal effect against enterococci as compared with 

aminoglycoside antibiotics. These antibiotics are used in the treatment of serious 

enterococcal infections in cases of resistance or allergy to 15-lactam agents and are 

commonly given to patients allergic to penicillin. The use of synergistic combination 

of a ceU-wall active antibiotic such as ampicillin or vancomycin with an aminoglycoside 

is usually required to attain bactericidal activity.
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Glycopeptide resistance has recently been detected in enterococci. In 1988, 

vancomycin-resistant enterococci were identified in the UK and France (Leclercq et 

a l,, 1988; Uttley et al, 1988). Vancomycin resistance has been reported in clinical 

isolates of E. faecium  and E. faecalis. The resistance was shown to be inducible or 

constitutive (Al-Obeid et al„  1990). High-level inducible resistance to vancomycin 

and teicoplanin defines the Van-A phenotype. This resistance reduces the activities of 

all glycopeptides to some extent but cross resistance with other cell-wall inhibitors is 

not seen (Arthur and Courvalin, 1993). Vancomycin induces the synthesis of two 

proteins, a 39kDa protein which was recognised as the Van-A ligase, that is necessary 

for cell-wall synthesis in the presence of glycopeptides and a D, D-carboxypeptidase 

that is not required for resistance (Arthur and Courvalin, 1993).

In several cases resistance has been encoded on conjugatrve plasmids in E. 

faecium  (Leclercq et al, 1988). It has recently been shown that the genes necessary 

and sufficient for expression of the Van-A phenotype are carried by a transposon 

designated Tn 1546. Dissemination of this transposon appears to be responsible for 

the spread of high-level glycopeptidese resistance among clinical isolates of 

enterococci (Arthur et al, 1993). The majority of vancomycin resistant enterococci 

encountered have been E. faecium but vancomycin resistant strains of E. faecalis and 

E. gallinarum have also been described (Leclercq et al, 1988). The enterococci which 

are inducibly resistant to vancomycin are usually susceptible to teicoplanin (Sahm et 

al, 1989). Glycopeptides bind the cell-wall precursors with D-alanyl-D-alanine 

terminal residues and prevent peptidoglycan extension. The alteration of target site 

will lead to the resistance (Leclercq et al, 1992). The resistance protein prevents the 

binding of glycopeptides to their target site. It has been shown that cell walls from 

enterococci with vancomycin-induced resistance to glycopeptides do not bind 

vancomycin (Al-Obeid et al, 1990).
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In one study E. faecalis isolates were reported showing resistance to 

vancomycin but not to teicoplanin. Vancomycin and teicoplanin have a similar mode 

of action. The susceptibility of teicoplanin differentiated the E. faecalis isolates from 

other groups of Gram-positive bacteria such as Leuconostoc spp., Pediococcus spp. 

and Lactobacillus spp., which showed high-level resistance to vancomycin and 

teicoplanin (Sahm et al, 1989). Recently in another study highly vancomycin- 

resistant and teicoplanin-susceptible isolates were reported (Gold et a l, 1993).

Glycopeptide resistance has been reported among strains of E. faecalis and E. 

faecium which were isolated in the USA and in Europe. These isolates showed 

moderate-level to high-level resistance to vancomycin but they were susceptible to 

teicoplanin. Vancomycin resistance has transferred by conjugation from some of these 

isolates to other enterococci (Arduino and Murray, 1993). Teicoplanin resistance has 

also developed in a patient infected with an E. faecium  strain of the Van-B phenotype 

who received therapy with vancomycin (Hayden et a l, 1993). Recently it has been 

shown that a cluster of genes coding for Van-A and various other genes associated 

with the expression of this phenotype reside on a transposon designated Tn 1546 

(Arthur et a l,, 1993; Arthur and Courvalin, 1993). It was reported that spread of 

high-level glycopeptide resistance among enterococci isolated in different hospitals in 

Europe and the USA is due to dissemination of a gene rather than a bacterial clone or a 

single plasmid (Clark et al, 1993).

Glycopeptide antibiotics have been used increasingly for enterococcal 

infections. The occurrence of glycopeptide resistance in this bacterial genus is of 

major concern because there are a few antibiotics which are active against these 

bacteria (Courvalin, 1990). In one study the combination of vancomycin and 

ciprofloxacin was found synergistic against E. faecalis (Nicoletti and Stefani, 1995). 

At present the optimal treatment for vancomycin-resistant enterococcal isolates is 

unknown. There are some antibiotic combinations, hke a glycopeptide and a fl-lactam
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with aminoglycoside; ciprofloxacin, rifanq)in and gentamicin; novobiocin and rifampin; 

chloramphenicol and nitrofurantoin are suggested for vancomycin resistant enterococci 

(Arduino and Murray, 1993). Due to the occurrence of vancomycin-resistant 

enterococci, fiirther study is necessary to develop an effective antimicrobial 

chemotherapy against enterococci.

4,3.4 Activity of other antibiotics

In addition to B-lactams, aminoglycosides and glycopeptides, the activity of 

erythromycin, tetracycline, nitrofiirantoin, ciprofloxacin, sulphamethoxazole- 

trimethopiim and nahdixic acid was also tested against environmental and hospital 

isolates of enterococci in this study. Among these antibiotics, tetracycline and 

ciprofloxacin were found very effective against enterococci. AH the environmental and 

hospital isolates were susceptible to tetracycline and ciprofloxacin. Enterococci 

showed resistance against rest of the antibiotics. Two percent water isolates and 40% 

hospital isolates showed resistance against erythromycin while the rest of the isolates 

were susceptible to erythromycin. Two percent water isolates were resistant to 

nitrofurantoin while the rest of the environmental and hospital isolates were susceptible 

to this drug. T /re  eji\/ifLonmenta.t and liosj>itaL ifoLit^also showed resistance against 

sul̂ ha,m&JhDAczzô £.'“tfc'im<dhoi3xim. All the environmental and hospital isolates were 

resistant to nahdixic acid which is effective against Gram-negative bacteria. It 

accumulates in the urine and used to treat urinary tract infections. Among these 

antibiotics only tetracycline and ciprofloxacin showed better bactericidal activity 

against enterococci and can be used in combination with other antibiotics for the 

treatment of enterococcal infections.

Nicoletti and Stefani (1995) suggested the combinations of ciprofloxacin with 

vancomycin against enterococcal infections. Ciprofloxacin with vancomycin showed
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synergistic activity against E. faecalis. Among new quinolones, sparfloxacin and 

clinafloxacin show good activity against multi-drug resistant enterococci (Healy and 

Zervos, 1995). The combinations of ciprofloxacin with anq)icillin or novobiocin show 

good activity against multi-drug resistant enterococci (Landman et al, 1993). 

Enterococci show resistance to some quinolones and nahdixic acid (Greenwood,

1989).

Enterococci are also resistant to erythromycin and this resistance is mediated 

by the macrohde-lincosamide-streptogramin phenotype (Healy and Zervos, 1995). 

There are many erythromycin determinants but the common one {erm B) is carried by 

Tn 917 which is widespread in human and animal isolates of enterococci (Murray,

1990).

Sulphamethoxazole-trimethoprim appears ineffective against enterococcal 

infections (Moellering, 1991). Enterococci use the exogenous folinic acid, 

dihydrofolate and tetrahydrofolate to avoid the inhibition of fohc acid (Healy and 

Zervos, 1995).

Kaye (1982) reported the poor activity of tetracyclines against enterococci. 

Enterococci show acquired resistance to tetracyclines (Aguirre and Collins, 1993). 

The occurrence of high-level tetracycline resistance was reported in several stains of L. 

innocua and L. monocytogenes. The tetracycline resistance determinations Tet M and 

Tet L are present in tetracycline-resistant L. monocytogenes and suggested that these 

are transferred fi*om E. faecalis to L. monocytogenes. Similarly the L. innocua could 

also act as a reservoir of tetracycline resistance genes for other species including L. 

monocytogenes. The fi'equency of resistance determinants transfer among Listeria 

spp. is greater than the intergeneric transfer fi*om E. faecalis to L. monocytogenes or 

fi*omL. innocua to E. faecalis (Facinelli et al, 1993).
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It is suggested that tetracyclines, nitrofurantoin, erythromycin and 

fluoroquinolones are desirable for treatment of urinary tract infections caused by 

enterococci Giulno^y ctnd LJ/c(^in^ 14 93^-
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4.4 Effect of heat treatment on stationary phase cells

Four Enterococcus isolates E. faecium MAI, E. faecium  BARI, E. faecium 

W1 and E. faecalis MI2 were grown to stationary phase at 37°C or 45°C because it 

has been stated that the stationary phase cells are more resistant to heat treatment. 

The heat tolerance of these isolates was measured at 65°C, 67.5°C and 70°C in this 

study. Cells of E. faecium MAI and E. faecium W1 grown at 37°C to stationary 

phase survived at 65°C for 15 minutes ( D-value = 3 min.) while at 67.5°C and 70°C 

they survived for 10 minutes (D-value = 2.5 min.) and 5 minutes (D-value =1.5 min.) 

respectively. Cells of E. faecium BARI and E. faecalis MI2 survived at 65°C and 

67.5°C for 10 minutes (D-value = 2.25 min.) and 5 minutes (D-value = 1.5 min.) 

respectively. At 70°C cells of both isolates died rapidly. The D-value for each isolate 

at the tested temperature are reported in Table 27. E. faecium  MAI and E. faecium 

W1 are more resistant to heat than E. faecium BARI and E. faecalis MI2 in this study. 

When the same four isolates were grown at 45°C to stationary phase, they were found 

more resistant to heat than the cells grown at 37°C. Again the isolates E. faecium 

MAI and E. faecium  W1 showed more resistance to heat than E. faecium  BARI and 

E. faecalis MI2. E. faecium MAI and E. faecium W1 survived at 65°C and 67.5°C 

for half an hour while at 70°C they survived for 20 to 25 minutes.

E. faecium  BARI and E. faecalis MI2 survived at 65°C for 30 minutes (D- 

value = 6 min.) and 20 minutes (D-value = 4 min.) respectively while at 67.5°C and 

70°C they survived for 10 minutes and 5 minutes respectively. The D-values are 

reported in fijll in Table 28.

Magnus et al, (1988) and Kearns et aL, (1995) reported that E. faecium 

strains are more heat resistant than E. faecalis strains. In this study it was determined 

that the Enterococcus isolates grown at 37°C survived at 65°C for 15 to 20 minutes. 

Kearns et al, (1995) reported that the stationary phase cells of enterococci are able to
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withstand 65°C for 20 minutes. Enterococci are naturally present in food products at 

the time of thermal processing, they are usually in the stationary phase of growth. 

When stationary phase cells were heat treated they become heat resistant by virtue of 

their physiological state (Bell and DeLacy, 1984). The heat tolerance of stationary 

phase cells of S. typhimurium was enhanced if the cells were grown in nutritionally rich 

medium (Mackey and Derrick, 1990). Stationary phase cells of Saccharomyces 

cerevisiae were reported more heat resistant than the exponential cells (Steels et al, 

1994). Some studies have reported the consistent appearance of a resistant tail for E. 

faecium  strains at ten^eratures ranging from 62°C to 70°C (Perez et a l, 1982; Bell 

and DeLacy, 1984). This tailing phenomenon may be due to variation in thermal 

resistance of the cells at different stages of cell division (Bell and DeLacy, 1984).

The heat tolerance of bacteria may be affected by many factors such as 

composition and temperature of the medium in which bacteria are grown before 

heating, age of the bacterial culture, prior heat shock and rate of heating temperature 

(Sorqvist,1994).

4.5 Effect of heat treatment on exponential cells

Two Enterococcus isolates E. faecium  BARI and E. faecalis MI2 were grown 

at 37°C or 45°C to exponential phase. Exponential cells are less resistant to heat 

treatment than stationary phase cells. Therefore the heat tolerance of exponential cells 

was measured at 55°C, 60°C and 62.5°C in this study. Exponential cells of E. 

faecium  BARI and E. faecalis MI2 grown at 37°C survived at 55°C and 60°C for half 

an hour. This study confirms that enterococci can survive a heat treatment at 60°C for 

30 minutes. At 62.5°C cells of E. faecium BARI survived for 15 minutes (D-value = 

3 min.) and cells of E. faecalis MI2 survived for 10 minutes (D-value = 2.5 min ). 

The environmental isolate E. faecium BARI was more resistant to heat treatment than
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the hospital isolate E. faecalis MI2. The D-values are reported in Table 29. The 

same isolates were grown to exponential phase at 45°C. Exponential cells grown at 

45°C are more resistant to heat than the cells grown at 37°C. The cells grown at 45°C 

survived at 55°C, 60°C and 62.5°C for half an hour. The D-values are reported in hill 

in Table 30. It was confirmed that when cells are grown above the optimum growth 

temperature, they become more resistant to heat treatment than the cells grown at 

optimum tenoperature.

Heat treatments which induce thermotolerance also cause the synthesis of heat 

shock proteins (Weber, 1982). Lindquist (1986) reported that there is a relationship 

between heat shock protein induction and the acquisition of thermotolerance. It was 

also reported that the inhibition of protein synthesis leads to an inhibition of 

thermotolerance. In certain cells the acquisition of heat resistance require the 

induction of one or more heat shock proteins. These cells require protein synthesis for 

the induction of thermotolerance (Smith and Yaffe, 1991). Mackey and Derrick 

(1990) demonstrated that the levels of heat shock proteins did not correlate with the 

degree of thermotolerance. There is also a lack of correlation between the heat shock 

protein levels and acquired thermotolerance in L. monocytogenes. This suggests an 

additional role of heat shock proteins in cell physiology. These proteins are also 

present in unstressed cells and some of them are necessary for cell viabihty at all 

temperatures (Jorgensen et al, 1996). Heat tolerance of E. faecium DP2181 isolated 

from frankfurters was determined at 55°C, 63°C and 68°C in BHI broth and at 63°C 

and 68°C in frankfurter emulsion. E. faecium DP2181 showed increased heat 

resistance in frankfurter emulsion as compared with BHI broth (Gordon and Ahmad, 

1991). L. monocytogenes grown at 30°C was not more resistant to heat than the cells 

grown at 10°C. There was no significant difference m the death rate of cells at 55°C 

(Patchett et al, 1996). Cells of Listeria grown at 5°C to 10°C above the optimum 

growth temperature are more heat resistant than the cells grown at room temperature 

(Jorgensen et a l, 1996).

182



4.6 Effect of heat treatment on enterococcal cells grown at 
different pH

The heat tolerance of the barley isolate E. faecium  BARI and the hospital 

isolate E. faecalis MI2 exponentially grown at pHs 5.0, 6.0, 8.0 and 9.0 was 

determined at 55°C, 60°C and 62.5°C. The cells of the environmental isolate E. 

faecium BARI grown at différent pHs were found to be more resistant to heat 

treatment than the hospital isolate E. faecalis ME2 in this study. Both the 

environmental and hospital isolates showed more resistance to heat after growth at 

acidic pH than the alkaline pH. In the case of E. faecium  BARI cells grown at pH 6.0 

and pH 9.0 when treated at 62.5°C showed similar D-values. In the case of E. 

faecalis MI2 cells grown at pH 5.0 were more resistant to heat at 62.5°C than the cells 

grown at pH 6.0 but at 60°C the cells grown at pH 6.0 were more resistant to heat 

than the cells grown at pH 5.0. At 62.5°C E. faecium BARI showed more resistance 

to heat treatment than the E. faecalis MI2. The D-values are reported in full in Table 

31. In this study it was determined that enterococci can adapt to both acidic and 

alkaline growth conditions. The cells grown at acidic and alkaline pH are more 

resistant to heat treatment than the cells grown at neutral pH.

It is advantageous for bacteria to adapt to acid environments in order to avoid 

the lethal effects of acidification . S. mutans and E. hirae are able to adapt to acid 

environments in continuous culture at minimum pH values for growth (Belli and 

Marquis, 1991). The response to low pH environment has been studied in S. 

typhimurium. It can survive pH 3.8 for prolonged period (Foster, 1991). The abihty 

of pathogenic bacteria to withstand acidic conditions is an important factor in the 

pathogenesis of these organisms (Foster and Hall, 1990). The exposure of cells to acid 

pH leads to habituation and the habituated cells are able to survive at lethal pH 

(Goodson and Rowbury, 1989). Aeromonas hydrophila can adapt to survive severe 

acidic pH. Acid tolerance response requires prior exposure to a relatively mild pH 5.0
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for 20 minutes before challenge at lower pH 3.5. The adaptation requires protein 

synthesis and these proteins play an important role in protecting the cells at low pH 

(Karem et al.,, 1994). It has been reported that when E. coli cells were shifted from 

neutral pH to alkaline pH, they become more sensitive to acid. The transfer of 

cultures from pH 7.0 to pH 9.0 for 15 minutes induced acid sensitivity. These cells 

could not survive at pH 3.0 and pH 3.5 (Rowbury et al, 1993).

Acid tolerance either activates the pre-existing protecting system of cells or 

induces acid tolerance response proteins which protect cells by different mechanisms:

1. These proteins enable the cells to maintain the internal pH

2. Chaperonin proteins protect the cells from acid dénaturation or damage

3. DNA binding proteins also play a role in acid tolerance response (Karem et al, 

1994)

It has been reported that the heat tolerance of the acid shocked cells depends 

on the temperature at which the cells were grown and the tenq)erature at which cells 

were acid shocked. In the case of L. monocytogenes the cells subjected to pH 2.5 

acid shock at 30°C were more resistant to heat than the cells grown at 10°C. It was 

also demonstrated that the cells grown at a slow growth rate were found to be more 

tolerant to acid shock than the cells grown at a fast growth rate (Patchett et a i, 1996). 

It was shown that the susceptibihty of the L. monocytogenes to acid shock conditions 

is affected not only by the temperature at which the cells are grown but also affected 

by the growth rate (Patchett et al, 1996).
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4.7 Effect of various salt concentrations on heat tolerance

Barley isolate E. faecium BARI and hospital isolate E. faecalis MI2 were 

grown at 37°C to exponential phase in BHI broth containing 6.5% NaCl. Also 

stationary phase cells of the same isolates grown at 37°C on BHI agar were exposed to 

10.5% and 15% NaCl overnight. The heat resistance of these cells was determined at 

55°C, 60°C and 62.5°C. This study confirms that enterococci can grow in media 

containing 6.5% NaCl. The cells exposed to 10.5% NaCl and 15% NaCl were found 

to be surviving but not growing. Cells of both isolates grown in 6.5% NaCl were more 

resistant to heat treatment as compared with the control experiment. At 55°C no heat 

killing was seen in both isolates but at 60°C the hospital isolate was found to be more 

resistant to heat treatment than the environmental isolate. At 62.5°C the 

environmental isolate E. faecium BARI was found to be more resistant to heat than 

the hospital isolate E. faecalis MI2. When the heat tolerance of the cells exposed to 

10.5% and 15% NaCl was determined it was found that the environmental isolate was 

more resistant to heat treatment than the hospital isolate. The cells of the 

environmental isolate E. faecium  BARI exposed to 15% NaCl were more resistant to 

heat killing than the cells exposed to 10.5% NaCl. In the case of hospital isolate E. 

faecalis MI2, cells exposed to 10.5% NaCl were found to be more resistant to heat at 

62.5°C than the cells exposed to 15% NaCl. The D-values for these experiments are 

shown in Table 32. In this study it was determined that the cells grown in 6.5% NaCl 

are more resistant to heat than the cells grown without salt. It was also determined 

that cells exposed to various salt concentrations are more resistant to heat than the 

cells which are not exposed to salt concentrations. It was found that NaCl increases 

the heat resistance and enterococci are found to be tolerant to high concentrations of 

salt in their growth medium

The 6.5% NaCl tolerance test is used to differentiate the enterococci and 

streptococci (Chang, 1991). Salt tolerance mduces salt specific proteins as well as
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general stress proteins (Volker et al, 1992). Hecker et al, (1988) reported that salt 

stress enhances the synthesis of general stress proteins in bacteria. The induction of 

stress proteins is the response of the cells to growth limiting conditions (Volker et al, 

1994). In the case of Bacillus suhtilis cells pre-treated with lower salt concentrations 

for 30 minutes are able to survive the lethal salt concentrations. The stress proteins 

protect the cells from damage by lethal salt stress. Salt stressed cells are killed more 

slowly if they are treated at lethal ten^eratures (Volker et al, 1992). B. subtilis is a 

soil Irvmg bacterium and it has to cope with adverse conditions such as desiccation and 

hyper salinity. It is necessary for soil living bacteria like B. subtilis to possess an 

adaptation system which protects them against high salinity in the environment (Kunst 

and Rapoport, 1995). Halomonas species are able to tolerate high-levels of NaCl 

concentrations. Many moderate halophiles require NaCl in the growth media. 

Halomonas species require up to 75mM NaCl (Cummings and Gilmour, 1995).

When salt shock induces stress tolerance, thermotolerance is found to be 

increased in the presence or absence of protein synthesis. Salt shock did not induce 

synthesis of proteins which are induced by heat shock. Cells with or without protein 

synthesis show same level of thermotolerance. It indicates that heat shock protein 

synthesis is not necessary for salt shock induced thermotolerance (Lewis et al 1995).

4.8 Effect of a viscous environment on beat tolerance

The industrial isolate E. faecium  and barley isolate E. faecium  BARI were 

grown on BHI agar at 37°C. A loopful of subculture from the agar was inoculated 

into 10 grams of malt extract. The heat tolerance of both isolates in malt extract was 

determined at 60°C, 70°C, 80°C and 90°C for 30 minutes in this study. The cells of 

both isolates in malt extract were found to be more resistant to heat than the cells in 

maximum recovery diluent. It was found that malt extract enhances the survival of
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cells at high temperatures. Cells of both isolates were found to survive at 60°C, 70°C 

and 80°C for half an hour. At 90°C cells of both isolates survived for 10 minutes (D- 

value = 2 min.). The D-values are reported in fiiU in Table 33. Cells can survive in 

malt extract at temperatures at which the cells in maximum recovery diluent cannot 

survive.

In complex medium the ability of enterococci to survive heat stress is increased 

(Magnus et al, 1988). It has been suggested that the protective effect of con^lex 

heating medium is due to the ability of solutes to reduce the water activity in the cells 

environment which can increase the heat resistance of the cells (Gordon and Ahmad,

1991). The heat resistance of the microorgansims depends on the tenqierature of the 

treatment and the recovery conditions. It is assumed that vegetative bacteria can not 

survive if exposed to moist heat for 10 minutes at 80°C and 15 minutes at 73°C while 

bacterial spores require much higher tercperature treatments (Russell et al, 1992). 

Proteins and carbohydrates enhance the heat resistance of bacterial spores. The 

addition of sucrose in the medium increased the heat tolerance of spores. The spores 

heat treated in the presence of lipids show higher heat resistance than the spores heated 

in pure phosphate buffer. It is suggested that this effect is due to a reduction in water 

activity. It was shown that lipids increase the heat resistance of bacterial spores 

(Russell et al, 1992). The heat tolerance of the L. monocytogenes strain was studied 

in meat emulsion and tryptone soya broth. It was found that cells in meat emulsion 

showed more resistance to heat as compared with tryptone soya broth. The presence 

of fat in the meat emulsion enhances the heat resistance (Sorquist, 1994).
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4.9 Heat tolerance of heat shocked cells

Barley isolate E. faecium BARI and hospital isolate E. faecalis MI2 were 

grown in BHI broth at 37°C to exponential phase. Cells were heat shocked at 50°C 

for 15 minutes. The heat tolerance of heat shocked cells was determined at 55°C, 

60°C and 62.5°C. It was found that heat shocked cells of both isolates were more 

resistant to heat than the cells without heat shock. The heat shocked cells of barley 

isolate E. faecium BARI were found to be more resistant to heat treatment than the 

cells of hospital isolate E. faecalis MI2. The cells of both isolates survived at 55°C 

and 60°C for 30 minutes. At 62.5°C E. faecium BARI was found to be more resistant 

to heat (D-value = 25 min.) than E. faecalis MI2 (D-value = 2.5 min ). The D-values 

for these experiments are reported in Table 34.

Four Enterococcus isolates, E. faecium MAI, E. faecium  BARI, E. faecium 

W1 and E. faecalis MI2 were grown at 37°C on BHI agar to stationary phase. These 

cells were exposed to 50°C and 52°C overnight in BHI broth. The heat tolerance of 

these cells was determined at 65°C, 67.5°C and 70°C because stationary phase cells 

were found to be more resistant to heat than the exponential ceUs. Agar grown cells 

exposed to 50°C overnight were found to be more resistant to heat than the 

exponential cells heat shocked at 50°C for 15 minutes. Agar grown cells of the E. 

faecium  MAI and E. faecium W1 were found to be more resistant to heat than E. 

faecium  BARI and E. faecalis ML2. Among the Enterococcus isolates exposed to 

50°C overnight, E. faecium W1 was found to be the most heat resistant in this study. 

The D-values from these experiments are reported in Table 35.

The same isolates of Enterococcus were also exposed to 52°C overnight. The 

heat tolerance was determined at the same tenq)eratures as in the previous 

experiments. This time again E. faecium MAI and E. faecium  W1 were found more 

resistant to heat than E. faecium BARI. E. faecium W1 showed increased resistance
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to heat at 65°C (D-values = 20 min.) and 67.5°C (D-value = 8.5 min.) as conq)ared 

with other enterococcal isolates. The D-values j&om these experiments are reported in 

Table 36. The stationary phase cells showed higher D-values as compared with 

exponential cells. In this study the hospital isolate E. faecalis MI2 when exposed to 

52°C overnight and treated at 65°C, 67.5°C and 70°C, cells died rapidly. It was found 

that the environmental isolates of E. faecium  are more resistant to heat treatment than 

the hospital isolate E. faecalis MI2.

Heat shock response protects the bacterial cells against lethal temperatures and 

enhances their survival at high tenq)erature (Neidhardt and Van Bogelen, 1987). It was 

shown that the heat shock response of E. faecalis is similar to heat shock response 

that occurs in other prokaryotes (Boutibonnes et al, 1993). Cells of B. subtilis if 

exposed to 48°C for 30 minutes can survive the lethal temperature of 52°C. Heat 

shock response enhances the survival at high temperature (Volker et al, 1992). 

Exposure of cells to a sudden increase in tenq)erature induces the heat shock response. 

This response has been observed in all living cells and is characterised by enhanced 

synthesis of heat shock protein (Blondin et al, 1993). Cells exposed to müd stress 

conditions are better able to tolerate lethal stress conditions (Ang et al, 1991). It has 

been reported that Lactobacillus bulgaricus shows more heat resistance if cells were 

exposed to 10°C above the optimum growth temperature before exposure to lethal 

temperatures (Teixeira et al, 1994). It was demonstrated that when L. 

monocytogenes cells grown at 4°C were heat shocked at 46°C for 30 minutes and 

treated at 58°C, an increased heat resistance was seen (Jorgensen et a l, 1996). It was 

shown that the heat shock response depend on the age of the cells. Stationary phase 

cells were found to be more heat resistant than the exponential cells (Teixeira et al, 

1994).
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4.9.1 Limitations of the heat resistance work

In determination of heat tolerance all e?q)eriments were repeated and every time 

similar results were obtained within e?q)eriments but some variations were also seen 

between experiments. For exanq)le in Fig.3 E.faecium BARI grown at 37°C vJhen 

treated at 65°C showed D-value = 2.25 min. and the same strain in Fig.7 showed D- 

vahie = 3 min Similarly in Fig.5 E.faecalis MI2 grown at 37°C vdien treated at 65°C 

showed D-value = 2.25 min. and the same strain in Fig.9 showed D-vahie = 3 min. The 

shght variation in D-vahies between experiments might be due to a minor difference in 

adjusting ten^erature in water baths for heat treatment e>q)eriments. The data for 

some e?qperiments are given below.

The data for Fig. 3 Heat tolerance of stationary phase cells of barley isolate 

E.faecium BARI grown at 37°C in BHI broth.

Log of Survivors at

Time tminl 65°C 67°C 70°C

0 6.6 6.5 6.3

5 5.1 3 0

10 2.4 0

15 0
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The data for Fig. 7 Heat tolerance of stationary phase cells of barley isolate 

E.faecium BARI grown at 45°C in BHI broth.

Time fmin) 65°C 67.5°C 70°C Control

0 7 6.9 6.9 7

5 6.2 4.8 3.45 4.9

10 5.2 2.5 0 3.5

15 4.5 0 1.6

20 3.7 0 

25 2.7 

30 2

The data for Fig. 13. Heat tolerance of a hospital isolate E.faecalis M

exponentially grown cells at 45°C in BHI broth.

Los of Survivors at 

Time (min^ 55°C 60°C 62.5°C Control

0 5.1 5.1 5.1 6

5 5 4.8 4.5 3.5

10 5.1 4.8 4.2 2

15 5.1 4.7 3.6 0

20 5 4.5 3

25 5 4.5 2.5

30 5.1 4.3 2

189b



4.10 Analysis of whole-cell protein profiles in enterococci

The whole-cell protein sangles were prepared from enterococcal isolates as 

described in Materials and Methods. The whole-cell soluble proteins were separated 

on 10% SDS-polyacrylamide gels as described by Laemmli (1970). The protein 

samples were mixed to an equal volume of gel loading buffer and heated for 5 minutes 

at 100°C. Electrophoresis was performed at 8 m/i for overnight. After 

electrophoresis the gels were stained in Coomassie stain (0.25% Coomassie brilhant 

blue R250, 45% methanol, 10% acetic acid) for two hours and then destained with 

several changes of destain (45% methanol, 10% acetic acid).

The SDS-polyacrylamide gels of enterococcal isolates are shown in Figures 

39.1 to 43. Figures 39.1 to 39.3 represent river water isolates. Among 48 river water 

isolates, 8 isolates (Figure 39.1, lanes 3, 12 and 16; Figure 39.2, lanes 5, 8, 10 and 12; 

Figure 39.3, lane 10) showed different banding patterns. The differences were seen in 

the 45-31 kDa and 31-21 kDa regions. Among the 8 isolates which showed different 

banding patterns only one isolate (Figure 39.1, lane 16) was E. faecalis while other 

isolates were identified as E. faecium  by API 20 STREP kits. These 8 isolates of 

Enterococcus are found to be more closely related to each other than the rest of the 

water isolates which are similar to each other. There were significantly less whole-cell 

proteins extracted from the water isolates as shown in Figures 39.1 to 39.3 as 

compared with other enterococcal isolates.

Figure 40 represents whole-cell protein profiles of the barley isolates. Three 

isolates in Figure 40 (lanes 5, 6 and 10) were found to be different on SDS- 

polyacrylamide gels in comparison with other barley isolates. The differences were 

seen in the regions 31-21 kDa and 21-14 kDa. With API 20 STREP kits all barley 

isolates were identified as E. faecium. Three barley isolates which showed difference
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in banding patterns are similar with each other but different from other barley isolates. 

The other barley isolates were found to be more closely related to each other.

Figure 41 shows whole-ceU protein profiles of hospital isolates. All isolates 

were found to be closely similar to each other. There was no difference in the banding 

patterns of hospital isolates but they were different as compared with other 

enviromnental enterococcal isolates. All hospital isolates were E. faecalis identified by 

API 20 STREP kits. The different banding patterns of hospital isolates may be due to 

the different origin of isolates.

Figure 42 shows whole-ceU protein profiles of wheat isolates. All wheat 

isolates showed similar banding patters. API 20 STREP kits identification showed 

that two isolates (Figure 42, lanes 4 and 6) were E. durans while three isolates were 

E. faecium. No difference in banding patterns was seen between these isolates. 

Figure 43 shows whole-cell protein profiles of rice isolates. All rice isolates were E. 

durans identified by API 20 STREP kits. Rice isolates showed similar banding 

patterns to each other. Wheat isolates and rice isolates show similar banding patterns. 

The great similarity between the whole-cell protein profiles of wheat isolates and rice 

isolates suggests that they have a common origin and a close phylogenetic relationship. 

The summary of the banding patterns of aU the gels is shown in Figure 44.

Polyacrylamide gel electrophoresis has been used for identification of bacteria, 

for comparative study of proteins and for determining the relationships between 

isolates (Merquior et al, 1994). In physiological tests some enterococcal isolates do 

not possess the exact characteristics of the type strains. Therefore it becomes difficult 

to identify some of the species. E. cecorum, E. columbae^ and E. saccharolyticus 

cannot be grown in 6.5% NaCl broth while other enterococci can grow in 6.5% NaCl 

broth. Enterococcal isolates which cannot be identified by physiological tests can be 

characterised by using SDS-polyacrylamide gels. By using this technique proper
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taxonomie status can be determined (Merquior et al, 1994). Whole-cell protein 

profiles have been used to measure the genetic similarities among groups of bacteria 

(Elliott et al, 1990). It has been reported that the analysis of whole-cell protein 

profiles provide a quick and effective method for differentiating among Lactobacillus 

isolates (Samehs et al, 1995). Analysis of whole-cell protein profiles was found to be 

relatively simple and reproducible method for differentiation of Enterococcus species 

(Merquior et al, 1994). The main advantage of whole-cell protein profiles analysis is 

that when the bacteria are isolated and identified to genus level, protein extracts are 

prepared and analysed on SDS-polyacrylamide gels in one day. Physiological tests for 

species identification require an additional incubation of at least 7 days (Merquior et 

al, 1994).
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Figure 44 The summary of the protein banding patterns of all Enteroccocus isolates 

analysed on SDS-polyacrylamide gels. The protein bands are indicated by horizontal 

bars. Lane 1 shows the banding patterns o f the river water isoaltes MAI, MA3 to 

MAIO, MA13 to MA15, MA17 to MA20, MA22 to MA23, MA25, MA27, MA29 to
to MA4f and  A1A46

MA41 and MA43^to MA50. Lane 2 shows the banding patterns o f the river water 

isolates MA2, MAI 1, MA 16, MA21, MA24, MA26, MA28 and MA42. Lane 3 

shows the banding patterns of the barley islates BARI to BAR3, BAR6 to BARS and 

BAR 10. Lane 4 shows the banding patterns o f the barley islates BAR4, BAR5 and 

BAR9. Lane 5 represents the banding pafems o f the hospital isolates M il to MI7 and 

MI126 to MI128. Lane 6 shows protein bands of the wheat isolates W1 to W5. Lane 

7 shows protein bands of the rice isolates R1 to R5.

193



4.11 Analysis of heat shock proteins

Barley isolate E. faecium  BARI and hospital isolate E. faecalis MI2 were 

grown at 37°C to exponential phase. The cells of both isolates were heat shocked at 

50°C for 15 minutes. The whole-cell soluble protein sanples were prepared as 

described in Materials and Methods. The sanples were analysed on 10% SDS- 

polyacrylamide gels as described by Laemmli (1970). The protein sanples were 

mixed with equal volume of gel loading buffer and heated at 100°C for 5 minutes. 

After electrophoresis gels were stained and then destained in several changes of 

destain. The proteins were analysed on SDS-polyacrylamide gels.

When protein samples prepared from heat shocked cells were analysed on 

SDS-polyacrylamide gels, no heat shock proteins were seen. The cells of both 

isolates were also heat shocked at 50°C for 30 minutes and protein sanples were 

analysed on gels. Again no heat shock proteins were observed in this study. There 

was no difference in the handing patterns between the protein samples prepared from 

heat shocked cells and protein samples without heat shocked cells.

It is interesting that when heat tolerance of the heat 

shocked cells of these isolates was determined both isolates showed increased heat 

resistance. Heat shock proteins could not be analysed on SDS-gels in this study due 

to unknown reasons. It might be due to the reason that perhaps less whole-cell 

proteins were extracted from heat shocked cells, therefore heat shock proteins could 

not be differentiated on SDS-gels.

When cells are exposed to temperatures above their optimum growth 

tertperature they synthesise specific set of proteins known as heat shock proteins 

(Lindquist, 1986; Neidhardt and VanBogelen, 1987). It has been reported that heat 

shock proteins did not correlate with thermotolerance in S. typhimurium (Mackey and 

Derrick, 1990). In L. monocytogenes the absence of correlation between absolute
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heat shock protein levels and acquired thermotolerance was observed (Jorgensen et 

al, 1996). Acquired thermotolerance can be explained as an independent process 

which did not correlate to absolute levels of heat shock proteins (Jorgensen et al, 

1996).

4.12 Future Work

The inhibitory activity of enterococci can be further measured against a 

variety of food-home pathogens and efforts can be made to characterize the 

bacteriocins produced by enterococci and to evaluate their use in foods. Enterococci 

can cause serious infections in humans. Antibiotic resistance is an increasing problem in 

nosocomial enterococcal infections. For the treatment of serious enterococcal 

infections appropriate antibiotics have yet to be determined. Enterococci are relatively 

resistant to heat. Heat shock response in enterococci requires further studies. Heat 

shock proteins can be analysed in enterococcal isolates, especially two-dimensional gel 

electrophoresis can be used for more detailed analysis of heat shock proteins . The role 

of heat shock proteins can be evaluated in thermotolerance. It is inq)ortant to 

investigate the function of heat shock proteins in stress and cellular responses. Further 

studies are necessary in order to know about the physiology of enterococci in more 

detail.
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Appendix

Media and Diluents

Slanetz and Bartley Oxoid c m  377 42 grams/iitre

Typical formula

Tryptose 20g/l

Yeast extract 5g/l

Glucose 2g/l

Disodium hydrogen-

phosphate 4g/l

Sodium azide 0.4g/l

T etrazolium chloride O.lg/1

Agar lOg/1

pH 7.2

Brain Heart Infusion Agar Oxoid c m  375 47g/i

Typical formula

Calf brain infiision solids 12.5g/l

Beef hearts infusion sohds 5g/l

Proteose peptone lOg/1

Glucose 2g/l

Sodium chloride 5g/l

Disodium phosphate 2.5g/l

Bacto agar lOg/1

pH 7.4
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Brain Heart Infusion Broth. Oxoid c m  225 37g/i

Typical formula

Calf brain infusion solids 12.5g/l

Beef heart infusion solids 5g/l

Proteose peptone (oxoid L46) lOg/1

Sodium chloride 5g/l

Glucose 2gA

Disodium phosphate 2.5g/l

pH 7.4

Sensitest Agar Oxoid CM 409

Typical formula

Hydrolysed casine llg/1

Peptone 3g/l

Sodium chloride 3g/l

Glucose 2g/l

Starch lg/1

Buffer salts 3.3g/l

Nucleoside bases 0.02g/l

Thiamine 0.00002g/l

Agar 8g/l

pH 7.4

Columbia Agar Oxoid CM 331

Typical formula

Special peptone (oxoid L72) 23gA

Starch lg/1

Sodium chloride 5g/l

Agar No 1 (oxoid LI 1) lOgfl

pH 7.3
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Blood Agar

To prepare blood agar 5% vol/vol sterile defibrinated Horse blood was 

added to Columbia agar.

Soft Agar

Brain Heart Infusion soft agar was prepared by adding 0.7 % w/v 

Oxoid agar No 3 to BHI broth.

Maximum Recovery Diluent Oxoid c m  733 9.5g/i

Typical formula

Peptone lg/1

Sodium Chloride 8.5g/l

pH 7.0
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Reference : M A 124HR

GOOD IDENTIFICATION

Date : 03/05/1996

Strip : API 20 STREP

Profile : 7 1 5 7 5 1 1

V5 . 1 Read on: 03/05/1996

VP + HIP + ESC + P Y R A +  gal- aGUR- aGAL+ PAL - LAP + ADH + RIB +
ARA + MAN + SOP - LAC + TRE + INU - RAF - AMD + GLYG- HEM -

Significant taxa 

Entero.faecium

7. I d .  T -- Teste against

97.8 0.98 0

1 . A 0 . 67

En t e r o .faec ium : 0 test(s) against

Next choice
L c .lactis 1actis : 3 test(s) against

PYRROL I DONYL ARYLAM I DAS ( PYRA ) 25 7. 
L-ARABINOSE (ARA ) 15 %

a-GALACTOSIDASE (aGAL) !5 7.

Reference : w - 1 

GOOD IDENTIFICATION

Date : 03/05/1996

Strip : API 20 STREP 

Profile : 7 1 5  7 5 1 1

V5 . 1 Read on: 03/0 5/1996

VP 4- HIP + ESC + PYRA+ g a l - aGUR- aGAL+ PAL - LAP + ADH + Rl
ARA + MAN + SCR - LAC + TRE + INU - RAF - AMD + GLYG- HEM -

Significant taxa

Entero.faecium

Next choice 
Lc. lactis lacti'

7. I d .  T —  Tests against

97.8 0.98 0

1 . 4 0 . 67

Entero.faecium : 0 tes t(s ) against

Next choice 
Lc.lactis lacti' : 3 test (s ) against

p y r r o l  I DONYL AR YL AM I DAS ( PYRA ) 25 7. 
L-ARABINOSE (ARA ) 15 7.

a-GALACTOSIDASE (aGAL) 2 5
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Reference : M A 2 .24 hr

VERY GOOD IDENTIFICATION

Date ; 03/05/1996

Strip : API 20 STREP

Profile : 7 1 4 6 7 1 i

V5. i Read on : 03/05/1996

VP + HIP + ESC + PYRA+ 'GAL- 
ARA + MAN + SOP + LAC + TRE +

aGUR- aGAL- PAL - 
INU - RAF - AMD +

LAP + ADH 
GLYG- HEM

- RIB *

Significant taxa --

Enterococcus a viu m

Next choice 
Entero.faecium

% Id. ---- T -- Tests against

99.5 0.85 1

0.3 0.43 3

IS avium 

STARCH HYDROLYSIS

: 1 test(s ) agai ns t

(AMD ) 15 %

Next choice 
Entero.faecium

a-GALACTOSIDASE
D-SORSITOL

T  r o c

(a G A L ) 
(SOP )

e s t (s ) against

94 7.
14 7.

ARGININE C I h y d r o l a s e (ADH )

Reference : MI224H

VERY GOOD IDENTIFICATION

Date : 03/05/1996

Strip : API 20 STREP 

Profile : 7 1 4 3 7 1 1

V5 . 1

VP + HIP + ESC + PYRA+ 'GAL-
ARA - MAN SOR + LAC + TRE +

aGUR- aGAL 
INU - RAF

Read on: 03/05/1996

PAu - LAP + ADH + RIB 
AMD + GLYG- HEM -

---------  Significant taxa -----

Entero.faecal is

Next choice 
Streptococcus uberis

7. Id. -- 

99 . 7

0  . 1

- T -- Tests against 

0 . 99 0

0 . 58 3

In tero.faeca1 is : 0 test(s) against

Next choice 
S trep tococcus uberis : 3 test(s) against

PYRROL IDONYL ARYLAM I D A S (P Y R A ) 25 %
I NUL IN (INU ) 9 3 7.

a-GLUCURONIDASE (aGUR) 91 7.
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Reference : BARI

GOOD IDENTIFICATION

Date : 03/05/1996

Strip : API 20 STREP 

Profile : 7 3 5 7 5 1 3

V5. 1 Read on: 03/05/1996

VP + HIP + ESC + PYRA+ GAL+ aGUR- aGAL+ PAL - LAP + ADH + RIB +
ARA + MAN + SOR - LAC + TRE + INU - RAF - AMD + GLYG+ HEM -

S ignificant taxa -----

E n tero.faecium

Next choice 
Entero.casseliflavus

% Id. ---- T —  Teste against

97.5 0.71 1

1.7 0.36 2

Entero.faecium 

GLYCOGEN

: 1 te s t (s ) against 

(GLYG) 3 7.

Next choice 
Entero.casseliflavus

RAFFINOSE

: 2 t e s t (s ) against 

(RAF ) 99 7. GLYCOGEN (GLYG) 3 •/
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