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Summary

The effect of growth conditions on both the appearance and the antigenic
profile of cells of £nterococcus faecalis was investigated using electron
micrographs of ruthenium red stained and sectioned cells and SDS-PAGE and
blotting techniques respectively.

Three specific antigens of molecular weights 73, 40 and 37 kdaltons were of
particular interest being expressed most strongly after growth in serum.
This medium was deemed to most closely mimic 7n vivo growth conditions
reflecting an environment similar to that which the microorganisms would
encounter during bacteraemia, preceding the colonisation of the endocardium
and the development of infective endocarditis.

The 40 and 37 kdalton antigens were shown by immunogold labelling to be
exposed on the surface of the cells although they did noct appear to be
connected with the fimbriae shown to exist on some of the E.faecalis cells

examined by negative staining.

The 73, 40 and 37 kdalton antigens were crudely purified using sarkocsyl and
ammonium sulphate precipitation, and used as the basis of a serodiagnostic
test for E.faecalis endocarditis using an ELISA system. This was tested in
a blind trial and the success rates were 94% for positives, 90% for
negatives with endocarditis caused by other organisms and 80% for
E.faecalis infections other than endocarditis.

The binding of £.faecalis cells to the serum proteins fibronectin and
albumin was 1investigated wusing 1251 labelled proteins, followed by

Scatchard analysis. This showed that® £,faecalis cells do loosely bind
large amounts of both of these proteins, thus surely affecting the way in
which the host’s immune system perceives the cells. The E.faecalis

receptor for fibronectin was partially characterised and appeared to
involve protein and/or carbohydrate ccntaining components, but did not
involve LTA or the 40 and 37 kdalton species specific antigens.
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TRTRODUCTION

Streptococciz history and classification

Bl

The present Bergey’'s Manual of Systematic Bactericlogy Vists seven
genera of facultatively ‘anaerobic, Gram positive cocci. Five of
these including  Streptococcus do not contain cytochrome enzymes,

se negative (Schleifer, 1985).

a»

and are thus catal

Streptococci were first described by Billroth 1874y sgsiiohaidns
forming organisms he observed in infected wounds. In 1884
Rosenbach gave the 'same Streptococcus pyogenes to cocci that grew

in chains and had been isolated from superative lesions in ‘man.

In 1919 Brown introduced the terms alpha (a), beta (B) and gamma

(8) to describe the three types of haemolytic reactions observed

on blood agar plates by streptococci. o The  R=haemolyiic

streptococci produce a wide clear zons complete haemolysis in
which no red cells are visible on microscopic examination. a-
haemolytic streptococcus colonies are surrounded by a nearly
colourless zone of haemolysis resulting from destruction of
erythrocytes, and a zone of discoloured but intact erythrocytes
close in around the deep colonies. These érythrocyteé have “a
green or brownish greenfboioﬁffggfhéémﬁiytic streptococci produce

no haemolysis either on the surface or within the agar. To be
o

absalutely certain of the haemolytic characteristics of a strain
located beneath the surface of

it is necessary to examine colonies

a pour plate as surface colonies <cometimes produce deceptive
appearances or growth spreading over and hiding haemolytic zones.

Another important and useful method of differentiating species is

he nen of saroloaical fyping which followed the detection of the
the usg OT -seroiog yping

u
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group specific antigens by Lancefield (1933). In 1924 Hitchcock
first observed a soluble specific substance upon which the
serological grouping of streptococci came to be based (Hitchcock,
1924a). In 1933 Lancefield discovered the serological specificity
of the substance which led to the development of her grouping
system for streptococci. This divided the genus into
approximately 20 groups, and each was assigned a letter of the

alphabet (Lancefield, 1933).

The group specific antigens of streptococci are polysaccharides
(for example as in groups A,B,C,E,F,G,H,K,L, P and U) or teichoic
acids (as in groups D and N). Members of each Lancefield group
are generally biochemically uniform (with the exception of group C
which contains recognisably different biotypes) and cause similar

diseases in a characteristic host range (Parker, 1975).

The chemical nature of the antigen has now been established for
some streptococcal groups. The group antigen 1in group A and B
ztreptococci for example is composed of L-rhamnose and N-acetyl
galactosamine (Hammond et al, 1984) and the amino sugar 1is
responsible for the antigenic specificity of the polysaccharide.
The group D and N streptococci possess a teichoic acid arcup
specific antigen (Elliott, 1360; Wicken et al, 1963) and further
studies have indicated that the group antigen 1is a membranes or
lipoteichoic acid (Archibald and Baddiley, 1966; Wicken and Knox,

1975).

The group specific antigen was detected serologically by
precipitin techniques wusing antisera which were prepared by

injecting whole cells into rabbits (Hitchcock, 1924a and 1924b;

_'16_



Lancefield, 1928 and 1933). However ‘cross reactionsi:may occur
between certain species of streptococei  and  indeed recently
strains of £.faecalis have been reported that react with group G
serum as well as group D (Birch et al, 1984; Harvey and
McIllmurray, 1984). Thus the sole use of Lancefield groups could
lead to misidentification and it should be used in conjunction
with biochemical tests when classifying or identifying

streptococci.

In terms of classification the genus- has ‘traditionally . been
divided 1into fours major groups after the most: widely raccepted:
classification of streptococci by Sherman. «(1937). These groups
are; the pyogenic -streptococci,  the -enterococci, “the lactic
streptococci and the viridans :streptococci.® These divisions were
based on properties such as“reducing abiiities,’ﬁo}erance'to salt
and temperature, limits of growth;wr,reduéiion of ammonia from
peptone and the type of haemo]ysisqpkbégcéd}on,blood agar. More
recently Jones (1978) and Bridge ahd;Snéatg (1982) extended and
modified the original proposals of Sherman (1937). The drouping
Jones proposed was very similar to that of Sherman and was based
on physiological and biochemical feacﬁidn; The terms “viridans”
and "enterococci’ were replacéd'biifﬁééiéfmsiforQE" and 'faecal”
respectively. Three fédditionaT 'gfeupéngsiij”pneumococci“,
"anaerobic” and "other”/fstreptocoCccif:ﬁére”alsb1,iﬂcTuded. The
grouping proposal by Bridg#eand’SnaatH*(i982) is basedwon data
from a numerical taxonomic sfﬁdyé/’g;iﬁey/;divided each of the
pyogenic and the viridans groups into two/or three further 'groups;
but once again these groups largely correspond to the traditional

partitioning of the streptococci based on the proposal of ‘Sherman

(1937).



In 1984 the genus Streptococcus was split. into three genera,
Enterococcus, Lactococeus -+ and Streptococcus “sensu stricto
(Schleifer and Kilpper-Balz, 1984). - Properties used to categorise
the organisms included serological {lLancefield, 1933) groupings,
peptidoglycan type, guanosine < plus © cytosine content of
deoxyribonucleic acid, cell wall polysaccharides on menaguinone

content (Scleiffer and Kiipper Balz, 1987).

The genus Streptococcus sensu stricto comprises the majority of
known species, in particular the pyogenic and oral streptococci,
including the pneumocccci, but not the anaerobic streptococci such
as S.parvulus, S. hansenii, S.pleomorphus or  S.morbillurum.
Members of the genus- lactococcus which encompasses all the
lactococci are catalase negative,  Gram-positive, facultatively
anaerobic cocci. The spherical or ovoid cells occur singly, 1in
pairs or in chaing, and arerofteh eioﬁéateﬁiin the direction of
the chain. Such elongation resu1tedfﬁﬁ:séme cases in a rod-like
appearance and gave rise to the prévious classification of some
lactococci as Tlactobacilli. The Tlactococci are non-motile and
usually non~haemolytic with only some strains of L. Jactis\éhewing
a weak a-haemolytic response. All lactococci usually grow in 4%
w/v NaCl, the exception being L.lactis subsp. cremoris which
tolerates only 2% w/v NaCl. -The éb111ty/of/1actococci to grow at
10°C  but not at 45°¢ is a -characteristic feature that
distinguishes them from- both streptocobci and enterococci. The
enterococci are also catalase negdtive Gram—positive facultatively
anaerobic cocci, but can be distinguished by their ability to grow
usually both at 10°C and 45°C in 6.5% w/v NaCl and at pH 9.6 DNA-
DNA hybridization studies have confirmed that the following are

valid Ehterococcus species: E.avium, E.casseliflavus, E.durans,

e 78__.



E.faecalis, E.faecium, ELQai?inarum, E.hirae, FE.malodoratus, and
E.mundti (Collins, Farrow and Jones, 1985; Collins et al, 1984;
Knight and Sclaes, 1986; Schleifer and Kilpper - Balz 1984). The
serological grouping, biochemical and chemical characteristics

4

differentiating the genus Enterococcus are shown in table 1.
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Structure, function and composition of the Gram-positive cel

wall

-~

he cell wall of the aram-positive cell 18 responsible  for
maintaining 1its shape and integrity since the protoplasmic
substance of bacteria exerts such a high osmotic pressure that 1f
not for the tensile strength of the cell wall, the bacterial cell
would be ruptured. In electron micrographs the Gram-positive wall
ig geen as a reasonably amorphous layer lying immediately external
to the cytoplasmic membrane which is 20 to 50nm thick.
Approximately 50% of the weight of Gram-positive bacteria is
comprised of the highly cross linked polymer peptidoglycan,
compared to just 10% in Gram-negative walls. The structure of the
Gram~positive cell is shown in figure 1la and that of the Gram-
negative cell is represented in figure 1b. The remaining 50% of
the weight of Gram-positive pacteria is made up of a variety of
accessory polymers, the most important of which are teichoic and

teichuronic acids. Trese and other components of the wall will

now be discussed.

Peptidogiycan

surrounding the cytoplasmic membrane of the Gram—positive
bacterial cell 1is a comp]e& polymer called peptidogliycan or
mucopeptide (Baddiley, 1972; Wicken and Knox, 1320). A three
dimensional network surrounding the cell s formed by the
peptidoglycan and this gives the cell both strength and rigidity
{Baddiley, 1972; wicken and Knox, 1880, Rogers, 1870; Shockman and

Rarrett, 1983). The structure consists of glycan chains which are

composed of N-acetyiglucosamine alternating with N-acetyl muramic
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Figure 1a

Schematic representation of a cross section of a Gram—
positive bacteria.

CM, cytoplasmic membrane: PG. peptidoglycan: P, protein:
GP, glycoorotein; TA, teichoic acid or teichuronic acid;
LTA, lipoteichoic; dLTA, deacylated lipoteichoic acid:
iLTA, inverted lipoteichoic acid (glycolipid protruding

away from the cell surface).



Figure 1b
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Schematic representation of a cross section of a Gram-
negative bacteria.

CM, cytoplasmic membrane; PPS, periplasmic space:;
OM, outer membrane: PG, peptidoglycan; P, protein;
PP, periplasmic protein: LP., lipoprotein; CPS, capsular
polysaccharide; LPS, 1lipcpolvsaccharide; MDO, membrane-
derived oligesaccharide: A, other outer membrane protein:

PL., phospholipid.
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acd, These two units are joined by a 1,4-8-glycosidic linkage

(Grhuysen, 1058; Schleifer and Kandler, 1972). The glycan chains
them=elves are cress-linkted by peptide chains. (Baddiley, 1972;
Penn,  13983). Theae ars usually corposed of L-alanine (which is

joined to the acetylmuramic acid residue) linked in turn to D-
glutamic acid which is then linked by its

X —carboxyl group to an L-diamino acid (although in the case of
E.faecalis this is L-lysine) follcwed by D-alanine (Schieifer and
Kandler, 1972). The peptide chains themselves are cross—1linked by
interpeptide bridges, the composition and sequence of which varies
greatly among different Gram-positive bacteria. The composition
in E.faecalis peptidoglycan 1is L~-lysine-L-alanine-L-alanine-L-
alanine (Deibel and Seeley, 1974). Thus in £.faecalis the distal
amino group of the L-lysine in the peptide chain is involved in
the formation of the 1interpeptide bridge with D-alanine on
adjacent peptide subunit ({Ghuysen 1963, Schleifer and Seidl,
1977). Species to species varijation in the chemical structure of
peptidoglycan is seen for example in the nature of the amino acids
joined to muramic acids and forming the cross 1inks between glycan
strands. such variations are useful for taxonomic purposes
(Schleifer and Kandler, 1972), but the roles of such chemical

variations in peptidoglycan function are as yet unknown.

Peptidogalycan composition may, exceptionally be affected by the
media in which growth takes place as demonstrated by Shockman and
Barrett, (1983). An example can be seen in E.faecalis where
instead of 1lysine, hydroxylysine can be incorporated into the
peptidoglycan. This only happens however if lysine cecntent s
limited and a high concentration of hydroxylysine is added to the

arowth medium (Smith and Henderson, 18984 .
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Peptidoglycan, being accessible ‘at the ‘cell surface isa possihle
candidate for a streptococcal virulence factor, since the primary
stage 1in bacterial infections s -usually “attachment to' host
tissues and thus it is likely that bacterialssurface structures
would be involved (Gibbons and -van Houte, 1975; Smith, 1977).
Streptococcal peptidoglycan has indeed been shown to inhibit
phagocytosis by rabbit polymorphs (Jones and Schwab, 1970). This
inhibition was shown to be caused by a toxic effect -on the
phagocytes. Peptidoglycan.has been: shown to be:-capable of 1ysing
red biood cells and platelets, and-also of producing fever, dermal

and cardiac necrosis (Parker; 1975, Davis et al, 1980).

Teichoic acids

Teichoic acids (TA’s) are polymers of glycerol or ribitol units
joined together by phosphod1ester;}inkag§s£;;Thg name can also be
applied to polymers in whioh,an,jhtéggaigbaﬁt of the chain of
glycerol or. ribitol  phosphate unitégaﬁeisugar residues. Teichoic
acids 1in the Gram-positive cell wall are covalently linked to
peptidoglycan through a phosphodiester linkage withwthe 6 position
of muramic acid residues of the peptidoglycan (Ghuysen et al,
1965; Knox and Hall, 1965). The chain length Qf the polymers. in
intact cells is thought to be in the order of 35 to 40 units.
These chains normally bear4awﬁumbergcf?§gp§tiégéhts which have an
important influence: on: their mgjggg}ar;pggpéﬁtjes= Examples are
D-alanyl groups that may be pﬁé§eatfféQQd,attached by "an ester
linkage between the carboxyl group of D-alanine: and a free
hydroxyl group on either glycerol or ribitol units of the teichoic
acid chain (Baddiley, 1972; Beachey, 1980). . This allows many

variations on the basic TA structure. Teichoic acids and acidic
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polysaccharides are believed to be concerned with cation balance
and maintainance of hiagh, controiled concentrations of bhivalent
cations in the region of the cyteoplasmic membrane (Raddiley,
Q727 Teichoic acid has not been conclusively linkad to

streptococcal virulence (Knox and Wicken, 1973).

Teichuronic acids

Teichuronic acids (TU’s) are a group of wall polymers which have
properties similar to the teichoic acids. Like TA’s they are
covalently attached to one end to peptidoglycan. Little is yet
known about the precise way in which teichoic acids are 11n£ed to
the peptidoglycan, although it 1is probably by phosphodiester
linkage (Hammond et al, 1984). Unlike teichoic acids the
repeating unit of teichuronic acids does not however contain
phosphate, their negative charge being due to the carboxyl groups
of the uronic acid residues. The distribution of TU's among the
Gram-positive bacteria is complex, and depends upon the nutritional

conditions in which the cells are grown (Hammond et al, 1984).

Lipoteichoic acid

A1l Gram-positive bacteria which have a teichoic acid as part of
their cell wall also contain a lipoteichoic acid which can be
found associated with the cytoplasmic membrane (Hammond et al,
1984) and are thus known as membrane teichoic acids. Unlike wall
teichoic acids which exhibit considerable structural diversity and
occur as either ribitol or glycerol phosphate chains bearing a
variety of substituents, membrane teichoic acids are chemically

more specialised and possess exclusively poly (glycerol phosphate)
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chaine (Lambert et al, 1877). Thus lipoteichoic acid (LTA) as the

£

mombrane leichoic acid is also kpown, is composed of repeating

units of giveerol phosphate joined through a 1-3 phosphodiester
Vind ave (Coley el sl 13787, These glyvcerol phosphate units are
covalently linked by a phosphodiester bond to alycolipid molecules
located within the cell membrane (Hay et al, 1563; Toon et at,
1872). The glycolipid consists of a diglyceride unit, and a
number of sugars znd the nature of the sugar unit varies {rom
organism to organism (Hammond, et al 1984). In £.fascalis this
is a phosphatidyl kojibiosyl diglyceride (Toon et al 19%72). The
LTA molecule thus extends from the glycolipid which anchors it to
the c¢vtoplasmic membrane with the fatty acids embedded in the
membranes outer leaflet, through the cell wall to the surface of
the bacterial cell.

In 1975, Joseph and Shockman discovered that LTA was found outside
the bhacterial cell, having been lcost either naturally from the
cell due to cell wall turnover during growth and divisicn or
actively secreted. Such extracellular LTA was shown by Wicken and
Knox {(1977) to exist in either a micellar form or in a deacylated
form. As a result of the discovery by Joseph and Shockman (1875),
Wicken and Knox (1975) proposed a naew model for the cellular
location of LTA. This stated that during the transportation of
LTA to the environment external to the cell LTA becomes cetached
from the cytoplasmic membrane.giving a transient stage where LTA
exists solely in the cell wall. Such transient LTA either kessps
its fatty acid tail or 1is deacylated. In 1983 whilst studying
group A streptococci Beachey et al reported that in transit
thiough the cell wall some of the LTA molecules pecome
reorientated, thus exposing their 1lipid end at the cells surface.

This is shown in fiaure 1la as ilLTA (inverted LTA). Beachey et al
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(1822 showed  that  a  stable complex was formed with this

reovicentaied LTA, the hydrephilic region of which 1ntersols ywith

+

ctein molecules in thie bacierial cell wall,
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The surface of group & slreptococct have besn shown by Tylewska et
al, (1973) to be very hydrophobic, and tnis could he explained by
the presence of inverted LTA on the surface. This reorientation
of LTA could possibly occur in other Gram-positive bacteria. One
important property of lipoleichoic acids is the fzot ihat they can
bind to autoiytic enzvmes, thus inhibiting their actions and in
intact cells it is most likely the wall teicnocic acids which
corntrol the autolytic enzymes presant in the wall (Hammond et al,
1384). Lipoteichoic acids like wall teichoic acids tightly bind
magnesium ions and are believed to help maintain an adeguate
supply of these ions to the organism from the surrounding medium.
This magnesium can then be used by membrane bound enzymes
requiring magnesium to function, Thus the main function of LTA
within the cell 1is related to this ability to bind bivalent
cations that are required 1in order to maintain the correct
physical functions and enzymatic activities of the cytoplasmic
membrane (Joon et al, 1972). One theory put forward concerning
this s that LTA and wall teichoic acids combine to channel
magnesium ions from the outer cell surface to the cytoplasmic
membrane (Lambert et al, 1977).
.

Yet another important property of LTA involves the acdhesion of
bacteria to surfaces. In 1976 Beachey and Ofek demonstrated that
LTA as well as M protein was a component of group A streptococcal

fimbriae, and that these fimbriae when denuded of M protein still

"

O
ar
—
78]

had the ability to adhere to human nuccal epithslial

suggesting that the LTA component of the fimbriae was acting as an
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adhesin.  Since that time yet more evidence has been accumulatead
Wwhich dindicates Lhal LTA decs podizste bactaris

Liswues which possgss LVA rocepltors (Beachay et 21, 1280; Beachay,
1981 Brachey st oal, 1923).  Simpson et oal {(1580) susgested Lhese
were possibly albumin like proteins, but evidence was alsc sean

that LTA might be involved in the adherence to mammalian cells by

binding to the high molacular weight glycoprotein fibronectin (see

Polysaccharides

Streptococci of groups A,B,C,E,F,G,H,K,L,0,P and U <contain
peptidoglycan bound group cspecific polysaccharide antigens
(Krause, 1963; Krause and McCarty, 1961 and 1362) and even though

in group D and group N streptococci the group specific antis

{2
Q0]
o
o

L1

are teichoic acids, polysaccharides are the antizens

.

immunodeterminants (Wicken and Knox, 1975; Knox and Wicken, 1977).
Thus as well as group specific antigens covalently attached to
peptidoglycan polysaccharide may also exist in the streptoceoccal
cell wall as substituents on the hydroxyl groups of teichecic acid
(Raddiley, 1972; Toon et al, 1972) or sometimes in the form of

exopolysaccharides which are associated with the outer surface of

the cell (Costerton et al, 197?, Costerton et al, 1981).

—ds

The group specific antigen of the group O streptococeid
cytoplasmic membrane associated, whereas 1in contrast the type
soecific polysaccharide antigens of the group D straptococct are

re

oY)

cell wall associated. Group and type specific antigzerns

accessible to antibodies in grouping/tvping sera, which inaicates
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that these polysaccharides may also be accessible to host
molecules, and thus could be part of pathogenic processes and act
as receptors (Linzer et al, 1984). The group specific antigens of
groups A and B streptococci for example have been implicated in
arthritis (Schwab, 1979) and in Streptococcus sanguis the serotype
I polysaccharide antigen may participate in the attachment of this

bacteria to tooth surfaces (Okahashi et al, 1983).

A high molecular weight exopolysaccharide referred to as a
"glycocalyx” has been shewn to be synthesised from simple sugars
by some bacteria (Costerton et al, 1978; Cheng et al, 1981;
Costerton et al, 1981). For example oral viridans streptococci
synthesise dextrans from sucrose (Gibbons and van Houte, 1975).
Certain strains of bacteria in infective endocarditis have been
shown to produce exopo]ysacchar%desrboth in vitro and in ;ivo

(Ramirez-Ronda 1978 and 1980; Mills et al, 1984).

Larger <cardiac vegetations are formed by dextran producing
bacteria (Milis et al, 1984) which may be because of an increase
in the number of bacteria adhering to the vegetation or to an
increased stimulation of fibrin and platelet deposition (Hook and
Sande, 1974; Sullam et al, 1985). The dextran producing organisms
in the larger vegetations are more resistant to the action of
antibiotics than dextran negative strains in smaller vegetations
(Yersin et al, 1982; Pulliam et al, 1985). This has been shown to
be due to the relative metabolic inactivity of these bacteria in
the larger vegetations (only bacteria growing near the vegetation
surface are metabolically active (Durack and Beeson, 1972) rather
than due to an inability of the antibiotic to penetrate the

vegetation (McColm and Ryan, 1985).
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The production of dextran was shown to be a virulence factor for

Stpoptoceraus songuts in anfective endocarditis by Sohedd et 21
P PPE N Doy - RS B, N AP - i e
(1a78)Y who denonsireted the dnorezsed athorornce of h Al
£ N 1 P L vz . 4 N o N y [ENUTEN Wy e RS <
fe ptaficial Fibnin platelet cegetations when Lhey wsire Srown in

sucrose and were thus able to produce dextrans, hence
demonstrating that the groduction of this exopolysaccharide is
imoertant in the sdherence of oral streptococci to non bacterial

S T S | -y
comtotic enaos: i

€1l wall proteins

Sevaral proteins are found in association with the Gram-positive
cell wall one cof the best characterisaed bsing protein A, which is
found 1in certain strains of Staphylococcus aureus. This 42
kdalton moiecular weight protein is covalently linked to a site on
peptidoglycan by its carboxy terminus. Protein A is ablie to bind
immunogiobulin G (IgG), each molecule of protein A being able to
bind two or more IaG molecules, and binding occurs at the Fc
portion of IgG rather than at %the site responsible for the
specific antigen-antibody interaction. -Groups  A,B,C and G
streptococci have been shown to possess surface proteins which are

ngd

m

similar c protein A of Staphyloccocus aureus (Forsgren
Sjonquist, 1966) and these ac} as receptors for the Fc portion of
immunoglobulins  (Kronvall, 1973; <Chhatwal and Blobel, 1887).
These streptococcal Fc receptors are able to bind all four IgG
subclasses and those of group A streptococci are able to bind to
lgh (Myhre znd Kronvall, 1877; Biorck and Kronvall, 1984). No

‘ns and

49

1ink  between the straptococcal Fc receptor prot

sathogenicity has as yet been established although it has been
’ ~ y 7 -
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receptors  may  inhibat streptococcal
phizgooytosis by woans of dnterfering with conglesent’s clacsica)
patbway of sction {Burcva, 1%82).

Diher well dosunenied sireptococe) proteins are the M,T and
roteins of groups A, C and G streptococci. Streptococcal M
protein was first identified over 60 years ago 1in group A
straptococci (Lancefield, 1328), and its structure in group A

coi o is thzt of a fitrous coilad dimer wirich protrudes

PN NI e, O] I8 Y -~ . H | R . NTT S N
groun B (Maxted, 164R) C (Maxted, 124R; Wcoolcock, 1274), E (Daynes

and Armstrong 1972) and G (Maxted, 1948; Maxted and Potter, 1867).

The streptococcal M protein 1is now probably one of the best
definaed molecules of the known bacterial virulence determinants,
having a direct role in streptoccccal virulence (Davis et al,
1980). M protein has been shown to protect group A streptococci
from phagocytosis (Lancefield, 1862; Fox, 1924), thus enabling the
bactaria to persist in infection. Yet another virulence factor of
M protein is the fact that it appears to provide the organism with
an acherence advantzge and as such may be considered as an
attachment factor {Fischetti, 1989). Ellen and Gibbons (1972}
first showed that streptococcj bearing the M-protein molecule on
thair surface can adhere better to epithelial cells 7n vitro than
M-deficient organisms. M protein has also bsen shown in group A
streptococci to complex with LTA, with reorientation of the LTA to

expose its  glycelipid  end, thus increasing cell surface

hydrophobicity {(CGfek et al, 1982; Beachay et al, 19883)



T proteins,. like M .proteins ‘may -be wused to type the aroup A
streptocacci (T -antigens may give cross-reactions when using M
proteins in typing streptococci). - These proteins are alse found

in group C, G and-L streptococeci,

R proteins are found in the cell walls of streptococci of groups
A, =B, L, G .and L -streptococci (Parker, .-1984); -but..are -not
associated - with-virutence and are not generally wused .in typing

systems.

Other .cell .wall/surface proteins which have been studied. are those
of ~oral streptococcis These.. cell wall/surface proteins .are
implicated - in - the .adhesion -of —oral -streptococci  to - buccal
epithelial. tissue, -salivary components or tooth surfaces for
example Russell. (1979) showed that proteins associated with‘the
cell wall of: Streptococecus mutans are iigeiyégttacgment factors to
salivary components and hostaepithéiiﬁi,gﬁj?s;5;L1ke M protein in
S.pyogenes, .surface. associated aprotgih$;,of sireptococci may. be
carried on hair like fibrillar structures. (Handley.et al, 1985.
Weerkamp et al, 1987). Weerkamp et al (1986) investiéated‘antigen\
C, a glycoprotein involyved in S.salivarjius attachment to host
surface and reported it to be mainly located in’é~f1bri11ar layer,
external to the «cell wall.  Protein B h@wever, which 1is
a1

responsible for bacterial aggregation (Weerkamp and McBride, 1981)
&

is located within the cell wall.

In Enterococcus faecalis surface. protein -antigens have been
reported which aid in the spreadof multiple antibictic resistance
Yewell, 1981). In E.faecalis the

amongst straips - (Franke and-C

muitiple antibiotic resistances are plasmid-mediated (Clewell and
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Franke, 1974; Dunny et al, 1978) Production of a sex pheromone or
“clumping inducing égent“ (CIA) by the E£.faecalis donor cells
in response to thesplasmid (s) carried byrecipientcells is believed
to mediate bacterial  conjugation which subsequently leads to

transference of plasmids.

Other cell proteins are autolytic enzymes which are responsible
for modifying the wall structure. - Several bacterial species ars
Known to possess autolytic celd wall peptidoolycanhiydrolases or
autolysins (Conover et al, 1966; Cornett et al, 1979).  Autolysins
have a very high affirnity for the cell wall (Shockman and Chensy,
1969). They act by breaking covalent links in the peptidoglycan
at specific points, “which  is ‘necessary ‘for the walls ‘to expand
during growth (Hammond et al, 1984)2”'Contf01/0f/these enzymes is
exerted - in “part by the ‘teichoic and/for ‘teichuronic aéids
associated with the pept1GOQlytéﬁ*bféthé7ﬁfém?pééftive cell wall.
The autolysins“bind téghtWy’té/féj%hbic%éﬁﬁ teichuronic acids and
in this way enzymatic activity 1s”fegﬁﬁétéd‘(Hammond et al, 1884),

though the precise nature of this mechanism is as yet unknown,r\'““




Enterococcus faecalis: a group D entergcoccus

Enterococcus faecalis.  (E.faecalis) - according = to the recent
revision of the genus Streptococcus into three genera by Schliefer
and Kilpper-Balz (1884) and Schleifer (1985), belongs to the genus
enterococcus. - E.faecalis is found in the mouth and throughout the
small intestine of wnormal  adults in small numbers (eg 10-103
cfu/g) and .is found 1in the faeces of normal adults in higher
concentrations (eg 107 cfu/g) (Noble, 1978; Kager et al 1981).
This group D enterococcus is responsible for 10-15% of cases of
infective endocarditis (Wilson and Geraci, 1983). F.faecalis 1E
seems to be especially prevalent in young women, elderly males and
intravenous drug abusers (Lerner and Weinstein, 1966; Mandell et
al, 1870; Kaye, 1982; Parker 1884; Arbulu and Asfaw, 1987).
Regarding entry 1into the b]oodstfeam,/yaung’women are a high risk
group for gynhaecologiecal procedures, élder}y’mafes are a high risk
group for genitourinary proceduresiisuchiaédthose involving the
prostate gland and the infectioﬁ;bféﬁhtravenous drug users could
possibly reflect a lack of hygiene involved. Endocarditis caused
by E.faecalis has several characteristics which distinéuiéh\ it
from endocarditis caused by the viridans streptococci. Patients
with enterococcal endocarditis for example show few peripheral
symptoms such -as =oslers /nodes, Janewayf,lesions and Dpetechiae
(Mandell et al, 1970). E}faeca7fs—adheresltowheart valve tissue
more avidly than.do viridans strepto@océi and staphylococci and
far more so than facultative Gram-négétidé bacilli (Gould et aT,
1975). 1Indeed enterococcal endocarditis has been shown to be able
to affect heart valves in-which no previous underlying damage . is
evident (Mandell. et .al, - 1870, Wesby, 1978). However the . most

important difference between endocarditis caused by E.faecalis and
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that caused by organisms such as the viridans streptococci is that
enterococct are insensitive to the antibiotic regimen used against
the penicillin-sensitive viridans streptecocci (Wilson and Geraci),
1985; Kim and Bayer, 1887). The multiple antibiotic resistances
of E.faecalis are plasmid —borne and these are transferred between
cells by conjugation. The treatment of £.faecalis thus usually
involves ~a synergistic combination of ~antibiotics such ‘as

penicillin plus an aminoglycoside (Watt, 1978 TIndrelie et 3l,




Infective endocarditis (JE) -~ o

Matural history. classification, and epidemioloay of Infective

endocarditis

In March 1885 William Osler, Professor of Clinical Medicine at the
University of  Pennsylvania, delivered. his--three. Gulstonian
Lectures on "Malignant  Endocarditis” to -the Royal College of
Physicians.  This was the first comprehensive account in English
of the disease and they were soon published in the: British:Madical

Journal (Osler. 1885)... -The subject was of.medical importance both

then, and now . over a. century later.

The understanding of the pathogenesis of infective endocarditis
has greatly .. increased from’Osler;s;ijQ%;éé/hgs;fhe ability to
diagnose the disease and//t@e;~§agacity;;to:,tﬁgai;<what, wés then
almost invariably ..a fata1@1jnfgg;iqn;;f;qﬁowever after the
introducticn of penicillin, which/resy]jged:;iﬂ a fall in mortality,
the overall mortality from -infective endocarditis has remained
steady at between 20 to 30% of cases (Hayward, 1973a; %ilscn aﬁd;
Geraci, 1983; Newsom 1984, Anonymous 1984). It is the elderly who
today constitute the majarjpy{Qigp@tieatg;yitb{endocarditis and
the mortality ranges from/40%,tpiJQ%;(RObbjB§ga§£;aid 1980). Thus
endocarditis is still a,signifﬁcant;and;ﬂii threatening medical

and surgical problem. ey e -

1

By definition . infective -endocarditis. . is = theresult of the
infection by a microorganism of a platelet fibrin vegetation that
is located on the endothelial surface of -the heart feither: the

valvular or mural endocardium).
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In the past thes disease has besen c¢lassified as acute’. or

"

“subacute” bacterials rendocarditis. The . term bacterial
endocarditis” howevery “is not 'always appropriate since not all
infecting organisms are bacteria, and thus the term infective
endocarditis  (IE)» is “mnow more« frequantly: used: The :.acute

infection usually develops on wnpormala-heart valves,: progresses

rapidly causes —severe -destruction  and - frequently. .leads  to

n

metastatict foci” of dnfection: -~ In:-the-unireated ‘patient it i
fatal in days to weeks and even with appropriate treaiment the
mortality is high. It is classically associated with infection
caused by Staphylococcus aureus, S pyogenes. .S pneumeniae . and
Neisseria gonoirhogae: The subacute infection occurs on damaged
heart valves, and is characterised by the slow progression of the
disease (additional damage develops slowly and metastatic foci of
infection are less common), Yow grade fever, night sweats, weight
loss and vague systemic complaints.  The results of treatment are
good, and even without treatmentkthe?infectjon:may take years to
become fatal. This form of the disesase is classically caused by
the viridans streptococci. Although this classification is useful
however the correlation of the infecting organism, the-ragidity“cf\
the course of the disease and the presence ‘of underlying disease
is not perfect.” For examp]e*Staphylccécqu$€aureus infection can
cause subaclteé disease and viridans streptococci can lead to'the
development of  endocarditis qﬁ’afnormaJEVa}ve/éﬂd run an acute
course. For this reasen a ciaésificatiénibésedaon theetiologie
agent responsible s preferable/aééitfihas/imp1icat10ns for the
course usually followed, the likelihood of “pre-existing heart
disease and the appropriate antimicrobial agent(s) to employ.
Thus the importance of isolating the causal organism in a-patient

with endocarditis cannot be over emphasised. Indeed evidence
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exists that patients with endocarditis have a better chance of
survival (mortality rate, 15%) where their infecting organism: has

been identified (Hayward, 1973b).

Another distinction with both clinical and therapeutic implication
is' whether the -infection “involves a natural-valve, a prosthetic
valve or has occurred in a patient who abuses intravenous drugs as
the therapy and prognosis of these three situations are guite

different.

It is difficult to determine the incidence of IE, as the criteria
for diagnosis and the methods of reporting vary with different
series (Van Reyn et al, 1981). Despite these difficulties however
it appears that IE accounts for approximately 1 case per thousand
hospital admissions with a range .of 0.16to 5.4 cases per. thousand
admissions in a review of ten large surveys (Van Reim et al, 1982;
Kaye, 1976). This incidence ~“has not changedfin the past thirty
years (Durack and Petersdorf; 1977). An autopsy study in the
United Kingdom showed that there was no change in the yearly
number of IE cases from 1939 to 1967 (Hayward, 1973).
Endocarditis is more common ‘in men than women, at a ratio-of 2:1
(Anonymous, 1984) and the avekage’ége at presentation is now over
50 (Dburack and Petersdorf, =1977; Garvey and Neu, 1978; Bayliss et
al, 1983). The mean age of ‘women presenting with the disease is
six to seven years younger than that of men (Kaye, 1982). The
mean age of patients with IE has gradually increased in the
antibiotic era compared to that in pre-antibiotic times when the
mortality was greatest  in  young persons. The 1incidence of
rheumatic heart disease is declining 1in Western Societies

(Besterman, 1970) and the changing pattern in age of IE patients
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is likely the result of this with the increasing incidence of IE
in older patients being due to the longer survival of a generation
with such rheumatic disease. Another change that has taken place
since pre—antibiotic times is the proportion of acute cases which
has increased from approximately 20% in the pre-antibiotic era to
33% at the present time (Kaye, 1976; Durack and Petersdorf, 1977).
However despite theserchanges ~in-the spectrum ‘of the disease IE
remains © in ~the *antibiotic ~era,  a “prevalent - disease  with a

significant mortality (Anonymous, 1981):
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Clinical presentation, diagnosis and associated complications

of IF

The interval between an event likely to produce bacteraemia (for
example dental extraction) and the onset of IE - is actually duite
short, the-"incubation Period®-in 84% of 76 cases of streptococcal
endocarditis for example having been shown to be less than 2 weeks
(Starkebaum et al, «1977). However the time from onset of symptoms
to diagnosis «in - subacute IE-is-often much longer than this. IE
should be suspected when a patient known to have-a congenital or
valvular heart disease develops .a fever or complains of unusual
tiredness. Often however IE occurs in patients with no heart
lesjons or whose heart disease has been hitherto unsuspected and
it is 1in..such  cases that the diagnosis is often dangerously

delayed because it has not been considered,

Infective endocarditis. can affect/ihefpatientzby four mechanisms
(Weinstein. and - Schlesinger;, 19?4)g;a(i) Constant bacteraemia,
splenomegaly (especially with prolonged illness) and metagtatjcr\:
infection. (11)«local invasion whiech may resuit 1n-dfsturbanﬁes\
of .cardiac conduction, mitral incompetence,; valve-ring abscesses
and pericarditis; mycotic aneurysms of the sipus of valsalva and
valve -perforation. (iij),periphgﬁal%embpkizatﬁﬂﬁ, bland or septic
which may effect virtuai]y;{anyﬁzorgan‘ ;;M&jon/emb011c episodes
occur  in 30% to 40%  of Datj@ﬂtg:iwitbziinfective endocarditis
(Hayward, 1973a).  Fragments of 1nfected vegetations break off and
lead to mycotic aneurysms and septic infarction. About 40% of
these emboli occur in the abdomen, -and chest (spleen; kidney and
myocardium)..50% in the brain, and 10%.in the bones of the 1imbs

(Kaye, -1982).  These abscesses may be-a source of -reinfection of
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the cardiac vegetations and consequently lead to failure of
treatment; (IV) circulating immune complexes which is a feature of
IE despite it being unusual to find viable bacteria and specific
antibodies simultaneously in circulating blood. - The presence. of
both antigen and antibody leads to the formatich-of circulating
immune complexes. In IE as a result of sequestering of organisms,
the presence of antibody and neutrophils -does  not block the
shedding of bacteria into the bloodstream as happens in other
infections. Gram-negative organisms are destroyed by antibody and
complement without a requirement for polymorphs :and as.a result

can only rarely establish a persistent intravascular infection.

As a result of these ‘four~different processes being involved the
clinical presentation of patients with IE is highly variable.
Clinical manifestations and“fhe approxjmaté’fféquency with which

they occur are summarised in table 2.

The classical peripheral manifestatﬁohé‘noted in the table are
found 1in up to one half of cases. Osler’s nodes are small,
painful, nodular lesions ‘which are usually found in the pads of
fingers or toes. Inisize they,aré*2*15mm and they disappear in
hours to days. = The nodes are rare in acute IE cases but occur in
10-25% of all cases. They are not however specific for IE as they
can be seen 1in lupus erythramatosus, gonococcal infections,
haemolytic anaemia and in extremities with cannulated radial

arteries.

Roth spots when seen are oval, pale retinal lesions surrounded by
haemorrhage and usually located near the optic disk.  They are

also found in leukaemia, systemic lupus erythromatosus and anaemia
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and actually occur in less than 5% of cases of IE. Spilinter
haemorrhages which are linear red to brown streaks in the finger
or toe nails are however commonly found in IE. Petechiae ‘may
result from either local vasculitis or emboli and usually-appear
in crops on  the  conjunction; buccal  mucosa, palate ‘and
extremities. The lesions which are found in 20-40% of cases are
initially red but within 2-3 days become brown and barely visible.
Regarding diagnosis of endocarditis, a clinical diagnosis needs a
recognition of ‘patients who are considered to be most "at risk”
such as those with ~damaged ‘wvalves ar heart murmurs. It also
requires a history of precipitating procedures such 'as dental
treatment, dntravenous therapy and cytoscopy. = In particular it is
essential to..-consider the fact that there is often a lack of
classical physical sighs (Bain et al 1987). _Anzaemia without a

concurrent reticu]ocytasis,Eis;ﬂSUéJ?yfjxﬁgsenia _ As a result of

concomitant focal glomerulonephriti %ﬁé;ﬁ?é@ necessary to be
aware ‘that 'bloed rurea 1eye1s;;aEEzzéiéyate§*‘and about 50% of

endocarditis - partient have baémétdrda= Echocardiography,

especially two-dimensional: echocardiography, can be  useful iﬁ \

confirming the diagnosis of IE (Hickey et al, 1981 and Effron et
al 1983), however the demonstration of vegetations on a valve on

echocardiography does not;byfitséﬂfﬁcébstituiefdefinitive evidence

of endocarditis.

The single most “important - investigation  in. the diagnosis of
endocarditis is the isolation of the infecting organism from blood
cultures, as the definitive diagnosis depends upon this. Once the
causative organism has been identified appropriate treatment can
be commenced. ‘However-sterile blood cultures have been noted in

2.5 - 31% of cases of IE (Cannady and Sanford, 1876; Pesanti.and
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Smith, 1979; Van Scoy, 1982; Bayliss et al, 1983). There are
several possible reasons for culture-negative endocarditis such as
cultures being taken towards the end of a chronic course (Tonger
than 3 months), fungal endocarditis, endocarditis caused by
obligate intracellular parasites such as rickettsia, chlamydiae
and possibly viruses and the most common theory,; the previous
exposure to antimicrobial agents. Although in the past it was
suggested that there was mo significant difference between: the
numbers of patients who had received antibiotic agents in culture-
negative and culture positive groups (Hampton and Harrison, 1967;:
Anonymous, 1977), more recent studies have indicated that the
administration of antibiotic ~agents s the single significant

difference between the groups (Pesanti and Smith, 1979).

The importance of a precise microbial diagnosis of IE cannot be
overemphasised and the mortaiﬁtyﬁcf,patiéntsKWSih such a precise
diagnosis is approximately 15%"cemééféd?with:30% in those in whom

the infecting organism is nhow knownF(Shanson; 1981).

Thus there is:a need to develop new and rapid testing methods for
use not just din culture negative cases but also to increase the
rapidity with -which a precise/miérobia1‘diaghosis can ‘be given
since with blood cu]tureitechhiquésfit may'také a matter of days

to identify the infecting agent.
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1.4.3.1

Pathogenesis of Infective Endocarditis

The pathogenesis of infective endocarditis is a complex process
requiring at least three crucial elements, firstly preparation of
the cardiac valve for bacterial cclonization, secondly production
of a bacteraemia followed by adherence of circulating bacteria to
the prepared valvular surface and finally survival cof the adherent
bacteria with propagation of the endocardial vegetation. Each of
these events will now be considered in detail, whilst a proposed
scheme for the pathogenesis of infective endocarditis is shown in

Figure 2.

Preparation of the valve for colonisation: formation of non-

bacterial thrombotic endocarditis (NBTE)

Farly thecries on the development of endocarditis proposed that
the endocardial infection occurred secondary to the entrapment of
septic emboli within the capillaries of valves (Luschka, 1852).
However subsequent detailed anatomic studies revealed that the
valve tissue 1s avascular which led to this theory being
discounted. Since that time other work has shown that endocardial
infection is initiated by the adherence of circulating
microcganisms to the valve surface (Durack and Beeson, 1972).
Bacteraemia itself however js not sufficient to produce an
endocardial infection. 1In experimental animals for example it is
nearly impossible to produce IE with intravenous injections of
even large inocula of bacteria unless the valvular surface is
first damaged or otherwise altered (Durack and Beeson, 1972).

When a polyethylene catheter 1is passed across the aortic valve of

a rabbit thus producing direct valve injury however, endocarditis
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is readily produced as shown for example with Streotococcus
viridans. (Durack and Beeson, 1972) and fungi (Durack and Beeson,
1973). When these early lesions were microscopically examined, it
was demonstrated fthat the organisms were intimately adherent to
fibrin platelet deposits overlying interstitial oedema and mild
cellular distortion that had formed in areas of valvular trauma
(Durack, 1375b). These microscopic endocardial thrombi, were

termed non-bacterial thrombotic endocarditis (NBTE).

Many forms of excgenous stress have been found to produce these
lesions experimentally including cold exposure, hypersensitivity
states, infection, high cardiac output states, simulated high
altitude and hormonal manipulations (Sand, 1976). Clinically, the
most common pathogenic mechanism for inducing non bacterial
thrombotic endocarditis is probably endothelial trauma, for
example in patients with rheumatic heart disease, damage to the
endothelium occurs either directly through immune complex
deposition or secondary to the haemodynamic abnormalities
associated with valvular deformities. Three haemodynamic
characteristics have  been implicated as predisposing to
endothelial trauma: regurgitant blood flow, the presence of high
pressure gradients, and narrow orifices (Roobard, 1960). Lesions
which meet these criteria produce turbulent non-laminar blocd flow
which results in endothelial trauma. Examples of such lesions are
aortic stenosis or a ventricular septal defect, and clinically
such lesions are associated with a high incidence of bacterial

endocarditis. These and other pre-dispocsing factors are listed in

table 3.
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1.4.3.2 Production of a bacteremia and adherence to the NBTE

After the formation of non-bacterial thrombotic endocarditis, the

valve surface has become pre-disposed to bacterial colonization,
however 1in the clinical situation, before organisms lodge 1in the
heart, bacteraemia must occur. Transient bacteraemia occurs
whenever a mucosal surface, heavily colonised with bacteria is
traumatised, for example with dental extractions and other dental
procedures. They have also been shown to occur after gastroscopy,
liver biopsy, sigmoidoscopy, barium enema examination and many

procedures that are carried out on the urogenital tract (Everett

and Hirschmann, 1877). The degree of bacteraemia is proportional
to the trauma produced by the procedure and the number of
organisms inhabiting the surface. The organisms isolated reflect
the resident microbial flow and bacteraemia is usually low grade (&
10 cfu/ml) and transient. However certain bacteria adhere to the
fibrin-platelet mass than others. For example after routine
dental or medical procedures bacteraemia is frequent (Everett and
Hirschmann, 1977) and blood cultures taken after such events as

sigmoidoscopy, tonsillectomy, tooth extraction or even tcoth-

brushing usually grow organisms such as Propionbacterium acnes.
Actinomyces viscosus, diphtheroids or enteric bacteria but these
organisms rarely cause endocarditis (Rogosa et al, 1960).
Viridans streptococci however frequently cause endocarditis,
despite being isolated in only one third of such blood samples
(Rogosa et al, 1960). Streptococcus bovis, enterococci and
staphylococci also freguently cause endocarditis and controlled
experiments using animal models confirms the fact that marked

species variability exists in the ability of bacteria to initiate

endocardial infection (Gould et al, 1975 Baddour et al, 1984).
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The explanation for this most 1fké1yidepeﬁaé on several factors,
such as the ability of the circulating bacteria to avoid
immunoglobulin mediated clearance and the ability of the orgahism
to adhere to valve surface in order to initiate the endocardial

infection.

One of the most well characterised mechanisms promoting adherence
to non bacterial thrombotic endocarditis is the bacterial
synthesis of extracellular polysaccharides such as dextran. A
role for dextran in the mediation of bacterial adherence was shown
by Scheld et 'al, (1978) and Ramirez-Ronda, (1978).  However
although dextran may' mediate the ‘adhesion of some bacteria to
valve surfaces, other mechanisms of adherence certainly eXist ‘as
well. Other substances *éuégéstédfiésigé;rﬁéﬂiaior of adhesion
include mannans which ;Wéé?*iﬁvestfﬁéféd??ﬁf5@3555%? and Calderons
(1980) who Tooked to é?*fibf%ﬁipiﬁﬁxﬁiﬁrﬁﬁﬁtrfxi‘formed in vivo.
Fibronectin, a plasma g]ycoprotejnv&h%éh is:éféé a major surface
constituent of mammalian cells has"bééh;éhéwh to be a mediator of
adherence in infective endocarditis. Immunofluorescent tecbnjgugs'
have revealed the presence ‘of fibronectin on the suffécezkbf\
traumatised rabbit heart wvalves but ’no; on the surface of
undamaged valves (Scheld et a1,'71983)§' Work by Simpson and
Beachey (1983) and Abraham et al (1983)’rshqweézrthe binding in
vitro of several organisms such. as S.aureus,,GrQup A~-and viridans
streptococci to fibronectin. Indeed the ‘presence of a specific
fibronectin binding protein has been démonstrated in

S.aureus (Espersen and Clemmensen, 1982).

The role of fibronectin in the pathogenesis of endocarditis will

he further considered in.section 1.5.1.
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Laminin, another glycoprotein has also attracted attentionasa

possible .adhesive - factor which could be of .importance 1in the
pathogenesis of..infective endocarditis. Laminin is  also ..a
constituent of the basement membrane of the epithelium, which
could become exposed in endocardial lesions (Switalski et al, 1984
and 1987). Indeed it has been demonstrated that some strains of
oral viridans streptococci do possess high affinity proteinaceous
laminin receptors (Switalski et al, 1887). Another adhesive human
plasma protein, complement S protein (vitronectin) has also been
shown by . immunofluorescence to be present. in endothelial cells
(Preissner et al, 1988).  Chhatwal et.al (1987) have described
specific interactions of streptococci with vitronectin and

Valentin-Weigand et -al (1988) have described the mediation of

adherence-of  streptococci | uman: e,ndo}:heﬁa,) ’c‘e}}s (from human

sibile  role for

- 52—-



Major predisposing factors in endocarditis

umatic heart (valvular) disease. Represents 25%-60% of cases. The
tral valve is affected more oftenithan the aortic valve, but “infections
the aortic valve have increased since the introduction of antibiotics
om 5.2% to 38.6% of cases:  Right=sided 1nfectTonroc¢qu in- fewer- than
% of cases.

ngenital heart disease. Represents =10% ~to 20% ~of ~cases (for
ample,ventricular septal defect, “tetralogy: of Fallot, @ infundibular
monary stenosis, bicuspid aortic valve, patent ductus arteriosus, and

rctation of the aorta). Secondum atrial septal defects are rarely

tral vaive prolapse.: Represents 10%-of cases.

ndwelling intravenous or intra-arterial plastic cannulas, or pacemakers

_rdiac and prosthetic valve surgery. Represeﬁts*id% to 20% of cases
)sthetic aortic grafts
jenerative heart disease (calcified mitral annulus, degenerative valves,

QTCified aortic stenosis)

coholism

frmnic haemodialysis. Endocarditis occurs in 5% of patients on long-term

emodialysis

_ravenous. drug abuse e

hilitic. aortic.disease . .
iunosuppression:
ere burns

pted from King and Harkness, 1986



1.4.3.3

Survival of bacteria and propagation of the endocardial

vegetation

Once the colonisation of the valve occurs and a critical mass of
adherent bacteria develops, the vegetation enlarges further by
platelet-fibrin deposition and continued bacterial proliferation.
Thus dense colonies of micro-organisms are often sandwiched
between layers of platelets and fibrin and this laminar structure
is thought to represent reseeding of the vegetation by circulating
bacteria, and may be one method of vegetation enlargement (Durack,

1975b).

As stated, one of the major components of the vegetation is fibrin
and the clotting cascade may be activated by more than one route.
An example of this is S.aureus which is able to induce thro&bin
activity directly because of its ability to synthesise
staphycoagulase, which 1is an enzyme that activates prothrombin

(Hendrix et al, 1983).

However the majority of bacteria do not possess direct
procoagulant activity. In 1984 Drake et al showed that bacteria
adherent to valve surfaces stimulate the expression of tissue
factor {(tissue thrombopliastin) by the underlying valvular tissue.
Thus this activates coagu]atiop by the extrinsic pathway. Exactly
how bacteria stimulate such local host cells to express tissue
factor is still under investigation, but when Drake et al (19384)
looked at valve leaflets from rabbits with Streptococcus faecalis
endocarditis they did express significantly more tissue factor

activity than normal leaflets, although the bacteria alone had no

procoagulant activity.




Ireatment of infective endocarditis

Today, with effective antibiotic therapy at least 85% of patients
with IE can be cured compared with the pre~antibiotic era when IE
invariably proved fatal. (Wilson and:Geraci, 1983). However the
management of IE requires careful considerations of choice, dose
and duration of antimicrobial therapy! In each case of bacterial
endocarditis the minimum 1nh5b1tory concentration (MIC) - and
minimum bactericidal concentration (MBC) must be determined for
the usual antibiotics. The antibiotic agents most active against
the isolated organism are then chosen for therapy with the aim of
achieving serum Jevels of bactericidal antibiotics in excess of
the MBC. In . urgent =cases  in which antimicrobial therapy is
necessary before the causafive agenérhas been- identified or - in
cases where blood cultures areirépéétédiy’negative the reagimen

used must include a combination of antibiotics which are effective

against the most resistant organisms /éiy/téjbe4encountered such
as FE.faecalis and Staphylococcus a&réﬁsf(HayWard, 1873: Scheld and

Sand, 1985; King and Harkness, 1986).

In 1983.and 1985 Wilsoen -and Geracj,pub]ished their recommendations
for the treatment of IE based%uéon%héir expérience of managing
the disease and. that of dthef%%éhYé}cjans;r Their ‘regimens for
staphylococcal, streptocdcéal‘énﬁ ngéﬂre néggtivé endocarditis
are summarised in tables 4‘a6di5ian&?fébserfor’other causes of IE

are summarised in tables 6a and 6b.
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In the case of IE caused by enterococci such as E.faecalis or
E.faecium a separate antibiotic treatment regimen is necessary as
detailed 1in table 5. Enterococci are insensitive to the
antibiotic treatment regimen used for penicillin sensitive
viridans streptococci (Wilson and Geraci 1985; Kim and Bayer,
1987) and are thus not killed by penicillin alone. The efficacy
of penicillin or ampicillin in combination with streptomycin for
the treatment of enterococcal endocarditis has been shown in
several studies (Kaye et al, 1961; Lernerand and Weinstein, 1966;
Mandell et al, 1970; Wilson et al, 1982). However some strains of
enterococci show high level resistance to streptomycin in vitro
(MIC to streptomycin greater than 2000 mg/m1) (Moellering et al
1971: Gutschik, 1982; Indrelie et al, 1984). Penicillin and
streptomycin synergism occurs neither 7in vitro or 1n vivo against
these strains and the admﬁnistration of streptomycin for four
weeks to patients infected with these organisms results in
vestibular toxicity in up to 20% of them (Wilson and Geraci,
1983). Thus treatment with penicillin and gentamicin which act
synergistically against most streptomycin-resistant strains of
enterococci is recommended (Weinstein and Moellering Jr, 1973;
Soriano and Greenwood, 1979; Simmons et al, 1986). A typical
example of an antienterccoccal regimen is agueous penicillin G 20~
40 million units I/V daily plus gentamicin img/kg I/V every eight
hours, continued for four wegks (Wilson and Geraci, 1983). The
optimal duration of therapy is in fact debated, with some wocrkers
believing that four weeks of antimicrobial therapy is adequate and
other suggesting a minimum of six weeks (Mandell et al, 1970;
Tompsett and Berman, 1977). If symptoms of infection have been
present for more than three months, six weeks treatment is usually

recommended (King and Harkness, 1686). In combatting enterococcal
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endocarditis, ampicillin, piperacillin or for penicillin-allergic
patients, vancomycin may also be used in conjunction with an
aminoglycoside (Wilson and Geraci 1983, Newsom 1984; Simmons et
al, 19886). Resistance was found to be shown by enterococcal
strains to combinations of penicillin with other aminoglycosides
(Moellering Jr et al, 1979). A1l enterococcal strains
investigated were killed with a penicillin-gentamizcin combination,
but £.faecium strains were shown to be more resistant to
penicillin plus kanamycin, netilmicin or tobramycin than
E.faecalis strains. If a particular anterccoccal isclate is not
killed by a penicillin-gentamicin combination then other

penicillin-amincglycoside combinations should be tried {(Parker,

in recent vyears strains of enterococci which show nigh-level
gentamicin resistance have been noted (Horcdicineau et al, 1879;
Mederski-Samoraj and Murray, 1$88). These were all reported in
the USA. Recently however an E.faecalis isolate from a patient
with infective endocarditis in a UK hospita® who did nat respond
to treatment with penicillin and gentamicin was shown to have an
MIC of mecre than 2000 pg/ml (the usual range being 4-64 pg/ml)

(Smyth and Holliman 1988). Such resistance has only rarely been
seen before in the UK, but because cof czpacity to spread and

because of their association with previous therapy with

cephalosporins or gentamicin {Zervos et 21, 1987) it agpears
Tikely that such isolates will become more common in the UK, as
they have in the USA. Thus Smyth and Holliman, 1988, recommended

that all £.faecalis isolates from patients with serious sepsis be

tested with a 200ug gentamicin disc or have MIC’s measured.




Such resistance indicates that in future alternative antibiotic
therapy may be necessary, but looking at the newer antibiotics
such as ciprofloxacin or imipenem used in syngergistic combinations
with penicillins or aminoglycosides, studies have shown the anti-
enterococcal activity to be no better than with traditional
synergistic combinations (Fernandez-Guerrero et al, 1987; Indrelie

et al, 1984).

The resort tc operative intervention in treating a patient with
acute bacterial endocarditis that would not respond to antibiotics
was reported in 1965 by Wallace et al. Their patient had
endocarditis which was caused by Klebsiella and although the
organism was sensitive to kanamycin and polymixin B, the patient
did not respond to antibiotic treatment alone. The excision of
the aortic valve and the soft végetations that were confined to
the valve Jleaflets left the patient bacteriologically and
clinically cured. In the case of prosthetic valve endocarditis
(PVE) which may occur at the time of surgery or through other
routes at a later date aggressive chemotherapy is required to give
a favourable outcome. In all cases six to eight weeks of
appropriate therapy 1is recommended, and surgical replacement of
the infected valve is the rule (King and Harkness, 1986). In the
case of a non responsive case of culture negative endocarditis
surgical removal of the va]ve.and microbiological examination of
it may also be necessary. Thus it can be seen that in some cases

of IE the removal of the infected heart valve and its replacement

with a prosthetic device 1is indicated.
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Prophylaxis of infective endocarditis

Transient bacteraemia '‘is recognised as a fundamental event in the
pathogenesis of bacterial endocarditis (Hook and Kaye, 1962).
Dental treatment, surgical procedures or instrumentation involving
mucosal surfaces or-.contaminated tissue may =all cause such as
transient  bacteremia: Although infective endocarditis occurs in
patients ~without —evidence of pre-existing heart disease, the
majority of cases ‘occur in patients with rheumatic, congenital or
other cardiovascular diseases (Weinstein and Robin, 1973: Lerner
and Weinstein, 1966): Patients “who ~ have ‘had  a prosthetic
replacement -of a -damaged valve are also at risk. The rationale
for prevention of  endocarditis ‘is clear since it carries a
significant “martality »ande:aﬂiaaaUthaﬁjtieéaaégree that it s

to cover certain

important to provide aﬁ%ﬁb?etﬁtf;p?épéy§ xi$é‘

procedures associated ;Wi{h<ipéé§f¢tf e b iééééméa in patients

known orsuspected to have susceptible heart lesions (McGowan,

1987; Oakley, 1987).

Since 'wviridans streptococci are still the most frequémtxééaée\of
infective rendocarditis, it isaﬁmgéﬁtant;;o consider the use of
antibiotic prophylaxis toacouéﬁadentéiﬁbfééédares, It has been
estimated that there is between;a'ﬁiiﬁgﬁgﬁ%{géﬂééh and White 1945)
and-wa 1. in 115,000 (Pogrel iénd;éweiéby;%;fézﬁ} chance = of
endocarditis. .complicating a dentaﬂ'fpﬁgcedd?ex,carréed sut won- a
susceptible  patient. The two *m631~?£éeguent dental procedures
implicated in the development of endocarditis are scaling and
extraction but antibiotic prophylaxis is needed for any procedure

causing predictable bleeding of the gums.  Rational antibiotic

prophylaxis recommendations depend largely on indirect data from
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bacteraemia studies (Shanson, 1981). The reason for this being
that it would be difficult, if not impossible to arrange to test a
particular antibiotic prophylaxis regimen in a multicentre trial
(Durack, 1975a) and even if such a trial were possible it would
almost certainly not be carried out on ethical grounds. There is
thus no good evidence that”fbrophy1axﬁs’ pfevents bacterial
endocarditis (Petersdorf, 1978).  Taking this fact into account
it is especially important to avoid causing serious toxicity

associated with prophylactic drugs.

As most susceptible patients present to dental practitioners
outside of " hospital, it 1s essential that ‘there are simple
recommendations to “be followed by dentists and patients in order
to ensure maximum compliance and thuéiébtafﬁfﬁhé‘mcst benefit from

prophylaxis. In 1977 the iﬁﬁéFdféﬁé?ﬁéé?t ?Aséépiation (AHA)

recommended parenteral ’béﬁiéﬁ]j%hf?§1y§*~fﬁ;nééi?éoside as its

orimary regimen ~and for patients 3@?§35 _to penicillin,

vancomycin- “by ' intravenous ~infu§idﬁfiffifgsécausev overall these
recommendations were “extremely complex they were largely 1gno;ed;\
in the USA (Brooks, 1980) as well as in the UK (Gould,‘19845§' IH
1982 the British Society for Antimicrobial Chemotherapy (BSAC)
published new guidelines (Working Party of BSAC, 1982) which
appeared “more reasonab]e*foh*USeffhfgenéféifdéhtal practice and
becatse ~they depend 1arge1yfidh théﬁaﬁ§é¥iﬁ: oral antimicrobial
regimens which are more likely to be complied with. Indeed work
by “Scully et al  (1987) showed>~that?i¢bhp11ance with “the BSAC
recommendation appeared ‘to exceed the Tow compliance with other

regimens) and concluded that the BSAC recommendations appear to

have 1increased patient protection during dental treatment. In
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1986 revised recommendations of the BSAC Working Party were issued
(Simmons et al, 1986) and the recommendation for antibiotic

prophylaxis of IE for dental procedures are summarised in table 7.

The BSAC recommendations for antibiotic prophylaxis of IE for non
dental procedures are summarised in table 8. Surgery or
instrumentation at a site that supports a commensal flora may
cause a transient bacteraemia. The incidence of endocarditis
after any such procedure is unknown but is belijeved to be small,
and thus the need to administer prophylactic antibiotics to
prevent endocarditis had to be carefully considered for each type
of procedure. In the <case of genitourinary surgery or
instrumentation, for example cytoscopy, urethral dilation and
prostatectomy and transrectal Dbiopsy of the prostate the
antibiotic regimen to prevent endocarditis is directed at faéca]
streptococci (eg Streptococcus (Enterococcus) faecalis). In the
event of infected urine however prophylaxis should be adjusted to
encompass the urinary pathogen as well. In the case of cbstetric
and gynaecological procedures (for example uncomplicated vaginal
delivery, cervical dilation, curettage of the uterus and insertion
or removal of intrauterine contraceptive devices) routine
antibiotic prophylaxis 1is only recommended 1in patients with
prosthetic valves and 1is once again directed against faecal
streptococci. Gastrointestjna] procedures such as gastro-
intestinal endoscopy, colonoscopy, proctoscopy, sigmoidoscopy or
barium enema, may alsc cause a bacteraemia, but since they rarely
appear to cause endocarditis, prophylaxis is once again
recommended only for those patients with prosthetic valves and is

again directed at faecal streptococci.
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Binding of serum proteins to. E.faecalis and their possible

role in the pathogenesis of endocarditis

Gram positive cocci are known to possess receptors for a variety
of plasma proteins. (Kuusela, 1978; Bjork et al, 1987: Myhre and
Kronvall, 1980a. Myhre and Kronvall, 1980b). - At present however
the nature of only a few of the receptors has been characterised.
Little is known of. the biological significance of such binding,
although it is presumed to play a role in-microbial pathogenicity.
The binding..of two serum proteins,  fibronectin and-albumin will

now be considered in more detail.
Fibronectin

Fibronectin is. a:high mo]ecu?arageightgg%¥copfptgfn%(approximate]y

440,000 DA):- It occurs ih1both;a;Solubi§;ahdainsglubie form. Tt

is found: in: plasma in a nofmé?;tangéz; Lxﬁb%ﬁgg;ﬁg/m1 (Mosher and
Williams; 1978); although women hévéfﬁigher/piasma concentrations
than men. with-an average of 400 ug/ml compared to 300ug/ml for
men. -Soluble fibronectin s also found in amniotic fluid (Chen et
al,  1976).-seminal: fluid (Vuent@;;ét:;al, 1980; Gressner cand
Wallraff, 1981), joint f]uidegcaﬁéons;et;§1,21981) and cerebro-
spinal fluid (Gressner and Wajlfaﬁf;,1981).1:Eibkgnectin is found
in an:insoluble form:in tissueawhetefit'iS<édva1ent4y cross linked
into multimeric fibres: Sd]UbJe:fibronebtjhgcanobe incorporated
into these fibres in the extracellular matrix or on the surface of
cells (McKeown-Longo, 1987). Many cell- types synthesise and

secrete fibronectin; but most circulating fibronectin: is' produced

by hepatocytes (Akiyama and Yamada, 1983).
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A current model for the structure of fibronectin is shown in
figure 3. Plasma fibronectin is a dimer of two polypeptides aof
approximate molecular weight 220,000 Da, each joined by disulphide
bonds at their extreme carboxyl ends (Mosesson et al, 1975; Iwanga
et al, 1978). Cell surface fibronectin exists both as disulphide~
bonded dimers and multimers {(Yamada et; al, 1977). Thus
fibronectin displays man; 1ntere§£¥ﬁ§/st#uéiural,;nd functional
properties-—and: plays 1mportant;ﬁéies‘jngﬂéﬁndgheaTing (Mosher,
1980; and Grinpnel: 1984); as an opsonin in mediating the clearance
of tissue debris by phagocytic Ce1]s/(B1Umenstock, 1981); in clot
stabilisation éMosher, 1980; and Mosher 1984) and .cell adhérence
to plastic or basement membrane (Mosher, 1980:; Mosher; 1984:

Akiyama et al, 1981).

Fibronectin is also able to bind to bactériq'as;first reported by

Kuusela (1978), who looked at the bindiﬁgf £ Staphylococcus aureus

to fibronectin. Since that time tbéfg,ﬁéjng/pf fibronectin to
streptococci has also been investigated'éﬁdfat least three binding

mechanisms have been postulated. Thus two of the most well known

pathogenic bacteria, Streptococcus pyogenes and Staphylococcus

aureus adhere to fibronectin on epithé1ia] cell surfaces (Beachey
and Courtney, 1987; Proctor, 19é?5;;kifi¥ha515één suggested as the
major receptor for group Afétré6{6E6CE% 15 5?65§h9 to fibronectin
(Courtney et al, 1983).‘i% Aiihéﬁéﬁrafféiiﬁé‘;aﬁéﬁored to the
streptococcal cell by intercé%éfionfgf'1t§£§i§céliﬁid end into the
cytoplasmic membrane, some of tké Lfi'ﬁébbbnstantWy excreted by
the streptococci into the growth media (Atkon et al, 1977; Philips
et al, 1éé1)’and therefore LTA must be in constant transit through
the cell wall. Beachey et al had postulated that during this

transit some of the LTA mo]ecu}es become complexed through their

_69__

I S TR RS

D PR SO

TSI



COOH

CCOH

Sensitive
protease
Core sites
Terminal sialic or fucose
Figure 3 Basic structure of fibronectin showing the elongated

shape and inter-subunit disulphide bonds, with the
adjacent sites that are sensitive to the proteases
plasmin and trypsin. The oligosaccharides consist of a
core of N-acetylglycosamine and mannose linked to
asparagine residues with distal galactose residues that

may be linked to terminal sialic acid or fucose residues.

(Adapted from Yamada and Olden, 1978).




polyionic backbones “to clusters of positive charges on surface
proteins and this re-orientation would leave the lipid moieties of
LTA free and exposed. = In 1982 Ofek et al showed that LTA is able
to form complexes with certain surface proteins including the M
protein of group A streptococci-and thus mediate the attachment of
these bacteria to the amino-acid terminus of fibronectin through
its glycolipid end (Beachey -and Courtney 1987; Beachey et al,
1983; Courtney et al, 1988). Findings of these studies suggest
that LTA plays a major role in the binding of fibronectin to group
A streptococci, - -however the © possibility - that: other surface
components may be involved. cannot be entirely ruled.out and indeed
Speziale et al (1984).reported a trypsin-sensitive receptor for
fibronectin in 8.pyogenes in contrast to the LTA mediated adhesion
described: above. Staphylococcus aureus also bjnds to the amino
terminus- of fibronectin,;ibgtggthe;ﬁbéa iQQ gQ£iiS.DngéﬂeS' o
fibronectin: is not iﬂhibited;iggcs;g'ééqggﬁbgéésyggesting unigue
receptor sites -for .these organj§méf(ﬁéxgxﬁéyggt?a}, 1986). LTA
does not. appear toc be involved 1ﬁ;thezé§herence of S.éureus to
LTA, but a large. fibronectin binding protein has been 1dentified
(Espersen . and -Clemmensen,  1982; Froman et al, 1987) and chned\
into E.coli.(Flock et al, 1987).

Fibronectin,. .because -of severaJ{;Qﬁ;fiiScﬁgtgpﬁfifﬁs is a. likely
candidate for a role in infective endocarditis. These properties

include the facts.that: bl wonia

(a) It has the capacity to bind platelets and fibrin (thus it can

continue. the thrompogenicity of surfaces.

(b) It has adhesive properties for-a variety of cell types and

bacteria.
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(c) It has multiple functional domains (thus allowing
simultaneous binding to micro-crganisms as well as cells or

collagenous materials).

(d) 1Its ubiquitous distribution due to its existing as both a
soluble form which circulates in the blood, and as an
insoluble form found 1in the extracellular matrices of

tissues.

The work by Scheld et al (1883) showing the presence of
fibronectin on the surface of traumatised rabbit valves but not on
the surface of undamaged valves also suggested a role for FN in
endocarditis as a component of non bacterial thrombi. Proctor, et

al, (1984) have shown that the number of FN receptors found on

various §.aureus isclates directly correlates with invasiveness,.

and fibronectin has also been shown to bind to candidal species in
the relative order of their pathogenicity (Candida albicans and
Candida tropicalis bound much more than other species). (Skerl et
al, 1984). Looking at S.aureus a model for the role of FN in
the pathogenesis of infective endocarditis was put forward by
Hamill, (19887), and this involved the ‘idea that sometimes
circulating bacteria became coated with soluble fibronectin, and
may adhere to intact endothelium. This is probably not a freguent

in vivo occurrence but could account for the development of

endocarditis in the absence of a prior valve injury. It was also

proposed that circulating bacteria could adhere at the site of an

NBTE to fibronectin coated platelets, and that fibrin in the NBTE

binds circulating bacteria, with fibronectin-fibronectin

interactions in the NBTE allowing the adherence of still more

bacteria. Other proposed roles for FN included the binding of
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either FN. coated or uncoated bacteria to fibroblasts at the base
of the wounded endothelium, binding and FN coated bacteria to
matrix collagen exposed by damage and phagocytosis. of FN .coated
bacterial cells by endothelial cells, after which the bacteria,
which may multiply dntracellularly kill the cell, and expose the
thrombogenic underlying extracellular matrix, resulting in the
development and  propagation of an--NBTE: As stated by--Hamill
(1987), further studies are needed to find whether these in vitro
observations do indeed correlate with the situation - 7n vivo in
endocarditis and to investigate their role.of FN-in endocarditis

caused by other bacteria.

As well as -« Staphylococcus: aureus —and: - Streptococcus pyogenes'

streptococci of groups C and G as well as Streptococcus sanguis

and Streptococcus - pneumoniae have also been shown to bind

fibronectin. (Myhre - and KugSéia;;gﬂggﬁ- »Ccyfﬁney;;et al, 1985,

Lipoteichoic -acid  has been ajmbiigétéd;./§/,ﬁhe receptor for

fibronectin. on. these streptococci déﬁgé;fhydrophobicity studies

(Courtney ‘et -al, ~11985b) and the release of lipoteichoic acid

fibronectin complexes by penicillin treatment (Nealon et al,

1986).
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Serum albumin

Serum albumin is a protein which has been extensively studied. It
is a single protein consisting of only one peptide chain of 580 to
585 amino acid residues (according to species). The polypeptide
chain lacks a carbohydrate moiety and is also characterised by a
low content of tryptophan (1 to 2 residues)  and methionine (4 to
6 residues). The secondary structure meanwhile 1is a unique
pattern of double 1loops which are held together by disulfide
bridges (Rothschild et al, 1988). Serum albumin has -several
functions. It can transport ligands such as fatty acids, sterols,
drugs and hormones (McMenamy, 1977 ‘and ‘Ockner«et al; 1983). It
also has the funetion ofimaintaining osmotic pressure.  Albumin is

synthesised+in ‘the liver as shown by Peters and Anfinsen (1950).

Wideback and Kronvall (198039:5@?9,?sﬁéWh;éthét? group C and G
streptococci® possess specific;albuﬁié;b%ﬁaiﬁéééitésm These have
recently been identified as part o%‘fhéiproﬁéin G component of the
wall. (Sjubring et al, 1988). However, the bearing of this on

streptococcal pathogenicity is as yet unknown.
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Aims and Obiectives

The initial aim of this research project was to investigate
further the species specific protein antigens of Enterococcus
faecalis first described by ‘Aitchison et al (1987).  E.faecalis
was of particular interest because of the avidity with which it
has been shown to adhere to host endothelium, and also bhecause of
the stringent antimicrobial regimen required to treat endocarditis

caused by this organism.

Identification of the causative organism isolated from the blood
of patients with infective endocarditis is of paramount importance
for the selection of appropriate treatment and because of the
rigorous antibiotic therapy needed s to - treat E. faecalis
endocarditis, a ‘new rapid technique whicb migh£ %ejiab1y confirm
or exclude E.faecalis endocarditis wg&id~¥pe of great clinical
value. Thus it was aimed to‘usé‘théigh?igéﬁs4éé the basis of a
rapid serodiagnostic test, using aﬁ/ELiSA/aésay tested in a blind
trial after the partial purification of the antigens had been

achieved.

During the study it was deemed desﬁf&ﬁ?e to’mjmic as closely as
possible 7n vivo growth conditions, aﬁd:’ﬁhué/:bacteréa were
generally grown in serum where possible ratﬂér than just- complex
laboratory media. This was in . order ‘to-.reflect the growth of
bacteria 1in the bloodstream during bacteraemia which precedes
endocarditis. The appearance of the cells using ruthenium red
stained and sectioned cells examined by electron microscopy was

thus investigated with both serum grown and brain heart infusion



grown cells. The expression of surface protein antigens of cells

grown: in different media was also investigated using immuno-

blotting techniques.

The final section of this project looked at the binding of the
serum proteins fibronectin and albumin to E.faecalis, considered
the role of such binding in the pathogenesis of endocarditis and,
in the case of fibronectin, attempted to characterise the receptor

molecule.
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MATERIALS AND METHODS
Materials

Bacterial Strains

Eight strains £nterococcus faecalis (E.faecalis) were used: three
strains cultured: from sthe :blood of -a-patient - with--E.faecalis
endocarditis (EBH1, EBH2 and EBH3): three strains fisolated from
patients with urinary tract infections (SFBG, 741 and 777); a
laboratory strain-of E.faecalis subspecies . -Zymogenes (Fackiam,
1972; Deibel and Seeley, 1974) kindly donated by Dr N J Parsons at
Birmingham University (SFZ) and a reference strain, E. faecalis
subspecies zymogenes NCTC 5957, obtained - from the National
Collection of  Type Cultures, Central Public Health Laboratory,
Collindale, London (deposited ~in ~the NCTC in 1940 from the

American Type Culture Collection; originally isolated from

pasteurized milk by J M Sherman;ﬁjéﬁijf

Growth media

Brain-heart infusion agar was obtained from Oxoid Ltd;
Basingstoke, ‘Hants and brain-heart infusion broth (BH1) from
Difco, East Moseley, Surrey and from Lab M, Salford, Manchester.
when reconstituted, Difco BHT:Céﬁtaihedéﬁer;iﬁtfg; infusion from
calf brains 200g, infusion from beef heafﬁ/gsqégfbﬁotease peptone
10g, dextrose 2g, NaCi 5g and difsodiﬁm‘phoébﬁbte,é.Sg pH 7.4.
Lab M BHi1 contained, per litre brain ‘and heart “infusion solids
17.5g, "Lab M" tryptose 10g, dextrose 255 NaC1 5g and di-sodium
phosphate 2.5g, pH 7.4. Heat-inactivated, mycoplasma tested horse

serum (HS) was obtained from Gibco, Paisley, Glasgow. HS was used

neat. These media and nutrient agar and broth were prepared

according to - manufacturers instructions and sterilised by

= 8’0/‘ -




autoclaving ‘at 121°C for 15 minutes. Blood agar was prepared by

adding defibrinated horse blood (Gibco) 7% v/v to sterile bload

agar base (tab M),

A chemically defined medium (CDM) based upon the minimal salts

medium used by:Shockman et al (1961) was also used.

In some experiments the CDM-was supplemented with 1% v/yV horse
serum. The minimal salts medium contained per litre: KH2PO4
400mg; Kz2HPO4 300mg; NazHPOs4 2606597 NaHz2P04 16.45g;  glucose
20.0g; sodium acetate 6:0g; ammonium :sulphate 600mg; “magnesium
sulphate 200mg;: sodium chloride 10mg; ferrous suliphate 10mg: and
manganese sulphate 10mg. The minimal salts medium was autoclaved
at 121°C ~for. 15 minutes. Glucose and - ferrous sulphate were
sterilized separately:and.then added,asepiica1iy together with the

HS to the minimal salts medium‘asﬁréf

Chemicals

The chemicals used were of Analar grade or equivalent obtained
from British Drug Houses (BDH) Chemjcal ttd, Poole, Dorset or
Fisons Labhoratory Reagents, Loughbgroggh3~Leios or Sigma Chemical

Company, Poole, Dorset.

Glassware

Glassware was Pyrex brand (Corning Glass ttd, Sunderland, Tyne and

Wear). For cleaning it was immersed in 5% w/v Extran 300 (BDH) at

room temperature for 12 hours. It was then rinsed once 1n
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distilled water, once in 1% v/v hydrochloeric acid. * Six times in
distilled water and finally twice in double distilled water.
Glassware was dried at 60°C, covered with aluminium foil and

sterilised by dry heat at 160°C for 3 hours.

Human sera

Serum was collected by venopuncture from patients at East
Birmingham Hospital, Bordesley Green, East Birmingham, England,
Bispebjerg Hospital, Copenhagen, Denmark and Hospital A Calmette,
Lille, France. Solid matter was removed from the sera by low-

speed centrifugation. Sera were stored at -20°C until required.

Fguipment > - -

Equipment used in this study and nc ecified in the text was

supplied by:~

Autoclave - Astell, Astell Hearson,

Catford, London.

Automatic Pipettes - Gilson Pipetman, P-200 and

Pf1000521Anéchem, Luton, Beds.

Balances - 1. Oertling HC22, . Oertling,

Orpington, Kent
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Blood Collecting Tubes -

Centrifuges -

Coating Unit -

ELISA plate reader -

Freeze dryer -

‘83_.

2. Sartorius Type 1702,
Sartaerius Instuments Ltd,

Belmant; Surrey.

Polypropylene steoppered tubes,
Sterilin  Ltd, - Teddington,

Middx.

1. Beckman:J2-21 high speed
centrifuge, -Beckman: R11C Ltd;
High Wycombe; Bucks:

2. Eppendorf centrifuge 8412,
Andermgnf '&///Co Ltd - East

Mo@éiéyi;Surfgxsf

Nanotech 3008, Nanotech thinf
films Ltd, Manchester;

England.

Titertek Multiscan model 3/0C;

Flow Laboratories Ltd.

Edwards  ‘Modylo -« Freeze "dryer,
Edwards High Vacuum Ltd,

Crawley, Surrey.



Gamma counter -

Gel electrophoresis

apparatus

Gel Drier -

Immunoblotting tank -

Immunoelectrophoresis

equipment

Incubators -
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ICN  Gamma Set 500, ICN
Tracelab Division; Cleveland;

Ohioy = USA.

Mini Protean II cell, Bio-Rad
Laboratories Ltd, = Watford,

Herts.

Bio-Rad  model.224 ' gel slab
drier,. =~ Bio~Rad: " Laboratories

Ltd, ‘Watford: Herts:

‘VTkans%blég;/i/ce]ﬁ, Bio-Rad

Laboratories Ltd, Watford,

Flat bed 2117 multiphor II

electrophoresis  unit, LKB

Tﬁétfumehts;QZ:Etd, Groydon,

Ssurrey.

Gallenkamp orbital shaking

incubator; Gallenkamp; London:



Microscope slides: —

pH meter -

Photography equipment -

Power packs -

Sealabie tubes -

Sonicator -
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Bio-Rad  Model

(electrophoresis;

Hendley = Essax multispot

microscope s]ides, SPTRE-

coated, C A Hendley Ltd,

Loughton, Essex.

Pye  -Unicam 290 pH meter,

Cambridge, Cambs.

Nikon camera FM, Nippon kogaku
kk, Tokyo, Japan with Ilford

Pan F fiilm or Kodak -technical

pan film 2415.

500-200
Bio-Rad

Model 250-2.5 (immuno?1ottimg)

/’§gggw;;ggé;éu3§gre tubes with

ggf;ogijlihéd/ céps, Sterilin,

Teddington, Middx.

MSE Soniprep 150 ultrasonic

disintegrator. Measuring and

Scientific Equipment, Crawley,

surrey. .




ectrophotometers - LKB Biochrom ultrospec 4050,

LKB Biochrom, Cambridge,
England.
- SP6-400 UV spectrophotometer:

Pye Unichem Ltd, Cambridge,

England.

syringes - Gillette Surgical, Is]eworthz

Middx.

Hitachi H-600 Electron

Transmission Electron

Microscope

.V Lamp -

Yortex mixer -

411 addresses are in UK unless otherwise stated.
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EXPERIMENTAL METHODS

Growth Conditions

Growth Experiments

The bacteria were grown in the//choéen/:meéfum aé 37°C “with
agitation at 160 revolutions per mféﬁfé (rpm)/%n:anjérbital shaker
- E.faecalis cells did not prodﬁce any pjgmeﬁt/which may have
interfered with optical density (0D) ﬁeasﬁrements. A wavelength
of 470nm was chosen to monitor subsequent growth curves, an OD of
1.0 at 470nm indicating a concentration of approximately 10¢
cells/ml. Medium constituents did not 1nterfere with measurements

at this wavelength, and none ofﬂ_the ofganisms produced

extracellular products whichiadsorbeq 119h§ atL4ZDnm; :

Bacterial strains were maintained on nutrient agar slopes at 4°C

and subcultured monthly.

Growth measurements

Growth was followed by measuring chéngés jﬁ)fhe;gptica? density of
the medium with time,va method bonsidéred_ﬁhe_mcstjappropriate for
following changes in bacterial,numberjduriﬁéléf@ﬁtﬁ‘(Greenwood,
1977). At low cell conc,é;htfapj:crn oh,,///the; fo‘o is directly
proportional to cell concentration ‘(KénWéfd, 1975). This

relationship is expressed by Beer-Lamberts: law.

_.8/7_




00 a logio - (To/l)

where Io = dncident light

I = emergent light

The relationship“obeys-the -Beer-lLambert: law up  to an-0D of 0.3
(Kenward, 1975). Above this abscorbance this relationship-does not
apply, due to ‘the secondary scattering of 1light and the 0D
increases less than proportionally with increasing = cell

concentration. If the cell suspension is diluted with fresh media

to an absorbance less than 0.3 proportionality is restored.

Media prewarmed to 37°C were’ incubated ' with stationary phase

E.faecalis cells grown in'ktorresﬁchdingf*medﬁa.??‘/Samples. were

removed aseptically as 30fmiﬁ@te?ﬁﬁtef9a{§i?én6;ihéfab measured,

diluting samples appropriaté}@fﬁ;c:ffﬂ;f /?eégér than 03

Time versus 10gio ODs70 was plotted |

in several media was monitored.
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Preparative technigues

Preparation of whole cells

Bacteria were grown to ear]y stat10nary phase Cells were
harvested by Centr1fugat1on at 11 OOO rpn Washe hree times and
resuspended in 10mM Tris- H01 buffer, ph 7 4 tD GD470 = 5.0, The

resuspended bacteria were scored at 20 C unt11 requ1red

Extraction of lipoteichoic acid

The method used was a modification of that used by Coley et al
{1972). Stationary phase ce]Té df?55¥éeca7fs strain EBHY were

harvested by ceﬁtrwfugat1on at 3; 000 rpm for 10 m1nuues, washed

three times —and resuspended ih /LO1M Tr1s HCT buffer (pH 7.4).
The cell suspension was then’lng
added to 150mls of a mixture ofﬂehT

stirred overnight at room temperaturﬁ,’ This soTution Was then

passed through f11ter paper and the reswdue left to a11ow the

so]vent to evaporate The residue was then saspended in 40m]s of

distilled H20 and added to 40mis of a so?utlon of 80% agueous

phenol. This was stwr:ed at 4 C for/40 mwnutes - The soiqt1on Was

then centrifuged at 10, OOO rpm :fqu‘ the upper

”énd DﬁA)’WéS7%eh0ved using a

aqueous phase (Contawnwng LTA RNA/

pasteur pipette and dlalysed exten31ve1y against d13t111ed H20 to

remove any ‘remaining pheno] The resu}t1n9f soiut1on was then

incubated with DNA ase from bovine panoreas (Sigma), 10ug/m1 and

RNA ase from bovine pancreas (Sigma), 10ug/ml in SmM Tris buffer

pH8.0 containing imM MgClz for 12 h. The aqueous phenol extraction
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2.2.2.3

then repeated to remove the enzymes, and the agueous layer was
lyophilized and then resuspended in distilled H20 to a

concentration of img/ml.

The authenticity of the LTA preparation was confirmed by double
diffusion immunoprecipitation (section 2.2.3.3) using group D

antisera (Wellcome) in the central wel) (2), which produced a

vsing]e precipitation band by well 3 (Figure 4). The LTA used in

well 1 was donated by Dr'E11een Aitchison and was prepared by the
method of Hamada et al (1985). The two precipitin bands seen

probably represent both acylated and de-acylated LTA.

Solubilization of bacterial components

Bacterial cell components were solubilized for crossed-
immunoelectrophoresis and before antigen purification for ELISA
assays by digestion with mutano1ysié and treatment with N-lauroyl
sarcosinate (Sarkosyl), respectively. Mutanclysin is a muramidase
isolated from Streptomyces globisporus and has been used to digest
the cells of S.mutans (Siegel et al, 1981), S.sanguis (Morris et
al, 1985) and S.salivarius (Weerkamp et al 1986). This enzyme has
also been used by Williamson et al (1986) to lyse enterococci to
obtain penicillin-binding proteins. Sarkosyl is a detergent which
has traditionally been used to isolate outer membranes of Gram-

negative organisms (Filip et al 1373) and has more recently been

used by Jenkinson (1986) 1in the extraction of surface proteins of

S.sanguis.
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Double diffusion immunoprecipitation against group D
antisera to confirm the authenticity of lipoteichoic acid

(LTA) produced by two methods.

Key
well No 1 contains LTA produced by the method of Hamaca

at al

~~

1885).
#ell No3 contairs LTA produced by a method based on that
of Coley et al (1972).

Well No 2 contains group D antisera (Wellcome).

-90b-
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2.3.

A

2

Mutanolysin digestion

The method used was that of Morris et al (1985). Whole cells were
suspended tc an CD470 = 10.0 in 0.05M HEPES.

(N-2 hydroxyethylpiperazine=N> 2 -ethanesulphonic acid) buffer
(Sigma), pH 7.2 containing 0.02% w/v  sodium azide. 1mM
phenyImethylsulphonyl ~ fluoride = (PMSF; Sigma), was included to
inhibit proteoclysis. Mutanolysin. (Sigma) was then added to éive/é
final concentration: of® 50 units/ml, and the mixture was incubated
overnight at 37°C. Digestion of all strains (as determinedﬂby the
reduction in turbidity) was usually -approximately 80% in this

time.

A control without mutanolysin was incubated. - The suspension wasf

centrifuged at 15,;000rpm for 10 minutes and the supernatant was

dialysed against water and Xyaphilized;jﬁ;;5_;i

Sarkosyl Extraction

Early stationary phase cells were harvested from a 1L culture.
These were washed three times in 10mM Fris-HCl, pH 7.4 and
resuspended in 5ml of a 1% w/V”SdﬁhtTcﬁfoféSétkosy1 {Sigma) in

10mM Tris—HCl, pH 7.4 containing 1mM NazEDTA. he suspension was

vortex-mixed and incubated ffgf:?ﬁfnnﬁhtesi’ii%éoé@;temperature,
without 1lysis occurring. Centffﬁugafibnﬁiét ~ 5,000rpm for 20
minutes removed unbroken cells. This procedure removed surface
proteins, polynucleotides, LTA and PSs from the bacterfa?'CQT]

(Jenkihson 1986). The sarkosyl extracts were stored at -20°C

until required.
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2.2.2.4.2
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1

Preparation of anti-whole cell antisera

Cellz o©f strain ©[BH1 were freshly harvested, washed and
recuzpended in 25m1 of 0.9% w/v NaCi. The bacteria were killed by
exposure to UV light for 10 minutes. Antiserum was raised by

injecting pairs of rabbits (3kg, half-lop males) with 1ml of the
killed-cell suspension at three sites in the neck. After sight
weekly injections, a small quantity of blood was obtained from the
rabbits’ ears and the anti-EBH1 antibody titre was determined by
slide agglutination tests. A titre of 128 or more was taken to
indicate that the rabbit was hyperimmune to EBH1. The hypsrimmune

rabbits were bled by cardiac puncture and the sera stored at -20°C

unti! reaquired.

raparation of monospecific antisera

Monospecific polyclonal antibodies were prepared using the method
of Knudson (1984). Whole cells of strain EBH1 wers separated by

SDS-PAGE {(see section 2.2.3.1) on a 12% single-track

-polyacrylamide gel. The separated cell components were then

electrophoretically transferred onto a nitrocellulose membrane
(see section 2.2.3.2). Narrow strips were removed from both ends,
and the middle of the blot and developed with antiserum in order
to reveal the antigenic profile. The nitrocellulose shown to hear
the required antigens was then excised from the corresponding
undeveloped region of the blot. This section was then macerated
and dissolved in 500u1 of dimethyl sylphoxide (DMSO). An equal

volume of Freund’s incomplete adjuvant was added to the remainder.
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2.

2.

100ul of the antigen suspensions were injected weekly for eight
weeks at three sites in the neck of 3kg, half-1op male rabbits,

starting with the suspension made with complete adjuvant, with the

~

subsequent injections being made with the suspension in the
incomplete adjuvant. Blocd was obtained from the rabbits by

cardiac puncture, and the sera were stored at -20°C until required.

Preparation of IgG from antiserum

in order to give as clean a background as possible, and give a
reagent of as high a specific activity as pessible for
immunonegative staining (see section 2.2.3.7) the 1IgG was
extracted from the antiserum. Different methods exist for the
isolation of IgG, based upon gel filtration or precipitation ion
exchange chromatography, and affinity chromatography. However the
method chosen was a simple method based on ammonium sulphate
precipitation as used by Hancock and Poxton (1984). 1ml of serum
was placed 1in an ice-bath and stirred gently on a magnetic
stirrer, 0.67m1 of a saturated solution of ammonium sulphate was
added dropwise at the rate of cne drop per second. The serum was
stirred for 15 minutes in the ice bath and then centrifuged at
5,000rpm for 10 minutes at 4°C where the IgG formed a peliet.
This was resuspended in 1ml of 0.05 M Tris buffer (pH 8.0) and
litres of the same puffer for 24 hours. The

dialysed against 2

IoG was preserved by the addition of sodium azide to a final

concentration of 0.1% w/v, and was then stored at -20°C until

required.
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Experimental technigues

Sodium _dodecyl sulphate-polyacrylamide gel electrophoresis

{SDS—PAGE)

Whole cells were subjected to SDS-PAGE using the system of
Lugtenberg et al (1975) with a 12% w/v acrylamide concentration in
the separating gel. The solutions and chemicals used to prepare

the gels and buffers required for SDS-PAGE are shown in table 9.

The separating gel solutions were mixed in a 250ml beaker and
stirred with a magnetic stirrer. Polymerisation of the gel was
started with addition of TEMED (N,N,N’N’,tetra-methylene diamine,
BDOH) then AMPS (ammonium persulphate, BDH) and the solution was
poured 1in between the rg1assr ﬁfaiéé rof the mfni;bfotean gel
electrophoresis unit. (Bio-Rad Min Protean II gel apparatus, gel
dimensions 10cm x 7cm x 0.75mm) separated by plastic spacers.
After setting of the separating gel the stacking gel was prepared
in the same way and poured in between the plates on top of the
running gel. A comb with 12 wells was inserted and the stacking
gel left to set, after which the comb was removed. The depth of
the stacking gel was at least 5mm greater than that\of the wells.
The gel was then fitted onto an electrophoresis tank and electrode
buffer was added to the tank; Whole cell suspensions (0Ds70 =
5.0) were added to an equal volume of sample buffer and beciled for
10 minutes at 100°C. On cooling, the sample solutions were loaded
into the wells of the stacking gel and electrophoresis was carried

out at constant voltage of 200 volts, until the tracking dye had

run to the edge of the gel (about 1 hour).
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ble 9 Solutions and Chemicals

used to Prepare the Gels &nd Byffers

reguired for SDS-PAGE

Separating Stacking Sample Electrode
gel gel denaturing buter
2% buffer
ock I S5ml
ock I1 2-5mi
10% w/v
odium dodecyl
Iphate 0.5m}
cially purified
r biochemistry
) 0-15mi sml 20m|
is 1.5 pH 8.8
ris [hydroxymethyl] 6.17ml
inomethane, Sigma)
is 0.54 pH 6.8 3.75m} 2.5m1
tilled water 7.92ml 8.0ml 5ml to 2L
EMED (N,N,N', N1,
etra-methylene 46.7u1 40u1
amine, BDH)
MPS 10X w/v freshly
repared (Ammonium 66.7u1 5041
2.5m]
0.25ml
% Bromophenol blue
BDH) 0.2ml
ris (Sigma) 6g
lycine (Biochemical
rade, BDH) 28.8g

ethylene bisacrylamide, Sigma)

tock I - Solution of 44% w/v acrylamide (Sigma) and 0.8% w/v Bis(N,Ni

tock IT - solution of 30% w/v acrylamide and 0.8% w/v Bis
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_ 2.2.3.2

Gels were either stained overnight (0.1% w/v coomassie brilliant
blue R-250 L Sigma) in 50% v/v methanol - 10% v/v glacial acetic
acid solution) and then destained to reveal proteins (5% v/v
methanol - 10% v/v glacial acetic acid solution) or else they were

subjected to immunoblotting.

Molecular weights of proteins separated by SDS-PAGE were
determined by the construction of a calibration curve using
commercially available molecular weight markers (Sigma) which were
subjected to SDS-PAGE. Their Rf vaiues were then determined (Rf
value = distance moved by protein through the running gel =
distance moved by bromophenol marker dye through the running gel).
A plot of logio value gives a calibration curve, from which the

molecular weight of unknown proteins may be determined.

Immunobletting

The cell components separated by SDS-PAGE were transferred onto
nitrocellulose membranes (0.45um pore sijze, Bio-Rad laboratories
Ltd, Watford, Herts) by the western blotting method of Towbin et
al (1979). Transfer was carried out 1in an ice-cooled transfer
buffer containing 25mM Tris, 192mM glycine and 20% v/v methanol,
pH 8.3. The polyacrylamide gel and nitrocellulose membrane were
rinsed briefly in transfer buffer and sandwiched between

chromatography paper (Whatman Ltd, Maidstone, Kent) the Scotch

brite pad (Bio-Rad) (1ikewise pre-soaked) and lastly perforated

plastic support grids. The sandwich was placed in the transblot

cell (Bio-Rad Transblot apparatus) containing transfer buffer.

Blotting was performed at 30V for 18-24 hours at 4°C. Efficiency

of transfer 1is known toO pe a function of molecular weight
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(Burnette 1981; Vaessen et al 7@819;$ﬂd%tfanéfef was found to be
high under these electrophoretic conditions (comparing Coomassie
blue stains of gels before and after transfer showed virtually
complete transfer). .Initial blots were also stained with 0.8% w/v
amido black (naphthol blue black, Sigma) in 0.7% w/v glacial
acetic acid (Fisons) ‘in order to determine completely the transfer
of proteins. to the nitrocellulose.  The rest of the blots were
immunodetected. Initially blots were washed by gentle agitation
for 30 minutes. at 37°C -in TIBS (Tween=Tris buffered saline
containing 0.3% w/v Tween 20, 0.9% w/v NaCl in 10mM Tris-HC1, pH
7.4). This blocked unbound sites on the nitrocellulose (Batteiger
et al, 1982): The: blot.were-then rinsed-three times in.TBS (Tris-
buffered saline, containing 0.9% w/v NaCl in 10mM- Tris-HC1 pH
7.4). The.blots were.subseguently-probed-by gentle agitation for
3 hours at.37°C in eithen;hypggimmune;fabbi;ragti,Eifaec377s serum

(see section 2.2.2.4.1), §erUmfFrﬁm§p§;i§@§§gyj£h /Efbr'serum'from

control. patients..each diluﬁéq;1ﬁ50,/ é{biots were then

rinsed three times in TBS ‘éééx/ quTBS containing
staphylococcal protein A-horse radish pefoxidase conjugate §Sigma}g
0.25 ug/ml. The serum incubated blots were visualised after
rinsing three times in TBS by adding a freshly prepared solution
containing Hz02 0.01% v/v {fborn;oﬁégndiRggsgggq}.Huddersfield,
Yorks) and 4-chloro-i-napthol (Sigma) (25 ug/m})fin/10mM Tris=HCH
(pH 7.4). The 4—ch1oro‘1~nép§hq] was first;dfééofyed in—-a small
amount of methanol  and then fqddeﬂr;tg/5§Q@f'Trjs—H202 solution.
After 10-15 minutes at room temperature thé‘co]our reaction was

stopped by flooding . the blots with distilled. water: A

photographic record of results was then made.
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The reaction of antigens from a particular organism with several
sera was carried out by a technique known as strip-blotting. As
before whole <cells were separated by SDS-PAGE on a 12%
polyacrylamide gel, and the separated components were transferred
electrophoretically onto a nitrocellulose membrane as described
above. The nitrocellulose was then cut into 5mm wide strips which
were developed in plastic trays, divided intoc compartments (9cm x
tcm) holding a volume of 5-10ml. This procedure enabled strips
bearing replicate patterns of antigens to be reacted with a range

of sera.

Double diffusion immunoprecipitation

The Quchterlony double diffusion technigue was performed
(Ouchterlony, 1958) 1% W/V agarose M (LKB, meaiuﬁ
electroendosmosis, gelling temp 42°C) was prepared using Tris-
barbiturate buffer, (barbitone 22.4g, Tris 44.3g calcium lactate
0.533g and sodium azide 0.659 to 1 litre of distilied water pH
8.6). The mixture was boiled to dissolve the agarose, and was then
cast onto the hydrophilic side of gel bond support film (LKB Ltd,
Croydon, Surrey) cut to squares of 6cm x 6cm. The volume to be

cast to give a suitable depth of gel was determined as shown

below.

@

volume (m1) = area of gel bond (cm?2) x 0.132.

After setting, wells were punched 1in the gel, using a number 2

cork borer, (5mm diameter) and double diffusion

immunoprecipitation was carried out by adding 10-30u1 of antiserum

to the central well and similar volumes of antigen preparations to
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the laterally surrounding wells 7:héf;¥4 incubated ip a
moist  chamber. at 4°C for 18+éé’hours. Non-precipitated protefn,s
were removed by pressing and washing the gel (Weeke, 1’977'). The
gel was placed between wet filter paper over which was placed a
thick “layer of dry, absorbent paper tissues. This was then
sandwiched between glass plates and was evenly pressed with a
weight for 10 minutes to reduce the gel to a thin film. The paper
was then removed and discarded and the gel bond was transferred to
a solution of 0.9% w/v NaCl for 10 minutes to allow the saline to
both wash and reconstitute the gel. These processes (the pressing
and the washing) were repeated three more times, with the ]ast
wash being in distilled water to remove NaCl from the gel. After
the final pressing of the gel it was dried in hot air. The gel
was then stained for protein to reveal precipitated antibody-

antigen compiex. Coomassie blue sclution yg’as,.ithehj,ajdded to the

90m1). “Excess staining ~so]ut1‘f6hj~wa >
with destaining solution (ethanol 96% v/v gom1, "g”}a‘c\‘ia‘,l"’i“a;c_et”%f’fé*?

acid 20mY, distilled water, 90m1).
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Partial Purification of £, faecalis- specific antigens using

ammonium sulphate precipitation

The E.faecalis specific 73, 40 and 37k antigens were partially
purified in order to develop an enzyme linked immunosorbent assay
(ELISA) method for the serodiagnosis of E.faecalis endocarditis.
The method of ammonium sulphate precipitation was used. This
method was based on the fact that at high salt concentrations

proteins differ in solubility (Scopes, 1982).

Early stationary-phase cells of EBH! grown in 1 litre of HS were
harvested, washed and resuspended in 10mM Tris-HC1, pH 7.4. The

cells were extracted with sarkosyl as described 1in section

2.2.2.3.2.

To 5m) of digested cells was added 100mg of streptomycin sulphate
(Glaxo laboratories Ltd, Greenford, Middx). The suspension was
incubated for 30 minutes at room temperature and was then
centrifuged at 15,000 rpm for 10 minutes. The pellet was then
reconstituted in distilled water and dialysed for 48 hours against
distilled water and stored at -20°C.  An amount of (NHs4), S04
equivalent to a 30% saturated solution (see calculation below) was
added to the supernatant remaining after streptomycin

precipitation. The suspension was then voriex mixed, incubated at
&

room temperature for 30 minutes and then centrifuged at 15,000 rpm

for 10 minutes. The pellet was reconstituted in distilled water

and dialysed against distilled water. Using saturated

concentrations of (NHs)2S04 of 60 and 90% the precipitation was

repeated. The pellets obtained at each precipitation stage were

resuspended and dialysed against distilled water. Also dialysed
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was the final 90% supernatant. Following dialysis the pellets and
final supernatant were Jlyophilized, resuspended 1in 200ul of

distilled water and stored at -20°C.

The amount of solid (NHs4)2S04 to be added to a litre of a solution
already at S% saturation to take it to S2% saturation (Scopes
1982) was calculated as follows.

Weight g = 533 (S2-S;) + (100 - 0.3S2)

Enzvme linked immunosorbent assay (ELISA)

An enzyme linked immunosorbent assay using the 73,40 and 37
kdalton specific antigens was developed. This was used in a blind
trial during which sera from 36 patients were investigated. 16
with E.faecalis endocarditis (confirmed by positive blood
cultures); 10 with endocarditis caused by a range of Gram-positive

organisms  and 10 with FE.faecalis 1infections other than

endocarditis.

The test was also used to measure I1gG, IgM and IgA levels 1in

serial serum samples from four patients with F. faecalis

endocarditis. wWells of the microtitre plates (Immulon, Dynatech)

were coated with the specific,k antigens. These had been shown by

SDS-PAGE, immuncblotting and detecting with an IE patients sera

(see sections 2.2.3.1 and 5.92.3.2) to be present in the 90%

ammonium sulphate precipitate of a sarkosyl extract of cells grown

in horse serum. io0ul of the resuspended, dialysed precipitate

was diluted with 80m1 of 0.05 M carbonate buffer, pH 9.6. 100u]

of this diluted antigen solution was added to the wells of the
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microtitre plate and left Overnigﬁtﬁéiéé?égcJThé4wellsvwerefwashed
twice and ‘blocked for 1 hour with phosphate buffered saline
containing 0.05% v/v Tween 20 (PBST). After two flrther washas in
PBST, doubling dilutions of antisera in PBST (100ul) were added to
the wells and-the plates incubated at 37°C for 2 hours. The wells
were washed twice in PBST and 100ul of -~ antibody detection
conjugate added to each well. For IgG detection in the trial of
sera from 36 patients, protein A peroxidase (Sigma) was used at
1.25p9/m1 in - PBST. In “the ‘longitudinal study of different
antibody levels of 4 patients, goat antihuman IgG, IgM or IgA
(Sigma) diluted 1:1000 in PBST was used. ~In all cases the plates
were 1incubated for 2 hours at 37°C. After two washes in PBST,
100u1 of ‘chromogenic substrate solution was added to esach well.
The solution was prepared by adding 10mg of - 3,3’,5,5’
tetramethylbenzideane (disse?vedcinfﬂmT*offdjmethyTﬁSlehoxide) 10

100m1 of 0. 1M ‘sodium acétate/eitratefbgffeﬁlé

84l of hydrogen peroxide (30% v/v)
stopped by ‘addition of 35ul1 of oM éuz;/” ic acid to each well, and

the absorbance at 450nm measured using an ELISA plate reader.

1 Negative staining

Using the technigque of negative staining, the surface morphology
of FE.faecalis cells was ﬁnvestigated;*Nické],grids (Agar Aids)
covered with carbon coated Formvar -(Emscope laboratories Ltd,

Ashford, UK) were plasmaglowed in a Nanotech 3008 coating unit to

produce a hydrophilic surface. A turbid drop of a water washed

cell suspension ~was placed on the ‘grid and to this was added a

drop of 1% w/v methylaminetungstate (Emscope). « Excess liguid was
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dried off with filter paper, andgihgﬁgrjdgwas examined on an
Hitachi H600 transmission electron microscope. GCells taken from

early log, mid-log and stationary phase of growth were examined.

2 Determination of the percentage of fimbriate cells

The cells settled on the grids as dense clumps of various sizes,
with some isolated cells apparent. At an instrument magnification
of 40,000y cells around the ‘edges- of the clumps were examined for
fimbriation. For. each:-sample, - approximately 100 cells were

examined to determine the percentage of fimbriate cells.

Immunonegative staining

To demonstrate the presence of antigenic determinants on the

surface .of «E.faecalis Thmuneﬂegatjwef St

ing was used. The

method used was a modificatfohf§%3ihé?@et@ad inBees?ey et al

(1084).  Tris buffer (0.05M Tris-HC 8.6) containing 0.1%

gelatin, 1% ovalbumin and 0.01% &wéeﬁ 20 was used ,fcf¢ua11_
cytochemical labelling.  The ovalbumin in the buffer‘ié a“hon~«
specific blocker; the ge]atiﬁ‘isf@fspegadéng agent and the Tween
20 helps to clean the background. - A stock Sojuticn of the tris,
gelatin and tween was made and stéEed}atf~43359nt¢i;requ1red for

use, at which time the ovalbumin was added.

A washed cell suspension was fp1acéd;fon carbon=formvar nickel
grids. These were then air dried and inverted onto drops of
buffer. After 1ominute the grids were transferred to.a: drop of

either buffer (for the no serum control) or - a dilution of

antisera.
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In this case ‘the antisera Qééd{wéségﬁﬁféieé monospeoific rabbit
IgG’s to the 40 and 37 kdalton antigens, and purified non-immune
rabbit IgG: (see section 2.2:2.5). Several dilutions of antiserum :
were used and grids were incubated at room temperature for 30
minutes. The 'grids were washed five times 1in buffer and
reincubated at room temperature for 230 minutes in geat anti-rabbit
serum.- conjugated -to 10nm - colloidal gold (Auroprobe, GAR G10,
Janssen Pharmaceutics, Beerse, Belgium) diluted in buffer (th
dilutions were chosen of 1:10 ‘and 1:20).  The grids were washed
five times in water and negatively stained in 1% methylamine

tungstate and .examined by TEM.

Ruthenium red staining-

Ruthenium red staining has been widely used in electron microscopy

to locate acidic and pe[g§ggébaridé;}1k

A modification of the methad:ué/ 1971) was used. A
solution of ~ruthenium red (Johnson‘and Mathey Ghemica}s)¢wgsgmade
up* in ‘water to-a final concentration 10mg mi-! (1500 p.p.m.).

Treated —or untreated ce?is,sweﬁéi}WaShed three times in 0.2M

cacodylate buffer (pH 7.3) and initiaily f?Xed;jn a mixture of

0.5m1 3.6% v/v glutaraldehyd ’;§m1,0.2m—cacbdy}éte:buffer pH 7.3

and 0.5m1 ruthenium red stock solution for 1 hour at room

temperature. Aftep three washings 1in 0.2M-sodium cacodylate

buffer, cells were fixed ‘Hr;a‘mixtuﬁ§zof?ﬂ;5m1 4%. W/v -osmium
tetroxide in :distilled water, 0.5m1 0.2M-cacodylate buffer (pH

7.3) and 0.5m1 ruthenium red stock solution. The cells were fixed

overnight in this mixture. Controls were prepared by substituting

distilled water for the ruthenium red stock solutions. Cells Were
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finally - washed three times in O{zﬁ%éaéédﬁléié;buffer, dehydrated
in a graded series of ethanol so1utions4and embedded in LR white
resin (London/Resin Co). " Section were then cut on a Reichert OMU4
microtome and “these  ‘were then photographed on -a ‘Hitachi "HE00

electron microscope:

Bacterial adherence to hydrocarbon

The ‘technique developed by Rosenberg et al (1980) was used. 200ul
of hexadecane: (Sigma) was added to iml of strain EBHi resuspended
to O0Da7o" = 1.0 in PUM buffer (KzHP043H20, 22.2g; KH2P04 7.269;
urea 1.89; MgS04.7H20, 0.2g distilled water to 1000ml;, pH 7.1).
After 10 minutes pre-incubation at room temperature the mixture
was vortex mixed. for two minutes. When separation of the layer
was complete (20 minutes),. 100ul of the.aqueéus }aygr was removed
using a Hamilton syringe, andaf;erféitﬁtihgiéhié;@ith 900u1 of

red. Each experiment

PUM buffer, the 0Da70 of the layer w

was performed in triplicate.  Th orbance reading of the
suspension after vortex mixing was expressed as a percentagejpf
the original absorbance, the figure obtained giving an indication

as to the hydrophobicity of the cells:

Todination of serum proteins

There are several established hethods rfor :fadio iodination of
proteins, for example enzymatic ,iodinatfon/’usiﬂg the enzyme
lactoperoxidase. This —method, first “deséribed by - Marchalenis
(1969) s an extremely “gentle’ method and minimizes damage to

labelled proteins, but gives a relatively Tow yield of iodination,

thus making it difficult to obtain proteins of high specific
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radioactivity. ‘For these ‘rea.sans,‘:a‘n‘d/ a1sebecause :of the ease of
use, Iodobeads (Pierce Chemical company) é relatively new solid
state reagent which can be used to iodinate proteins were used w‘rn
iodination  of “the serum proteins Fibronectin and albumin. The
jodobead ~dtself ‘consists of “a uniform non porous plastic bead

covalently modified with an oxidising agent (N-chlorobenzene

sulfonamide <(sodium salt) that facilitates the iodination of

tyrosines in peptides and proteins. = Work by Markwell (1982)
indicated .~a much.  greater = efficiency = of incorporation of
radiciodide into protein and also recovery of sinitial protein than

with the lactoperoxidase method:
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.10,

2.3.11

2.3.11.

1 Todination of fibronectin

Human FN (Sigma) was iodinated using the catalyst, N-chlorobenzene
sulphonamide -immobilised ‘on' plastic beads (Iodobeads; Pierce),
2041 of Nal231 (B5mCi/ml, 0.115mCi/umole, Amersham) in water was
added to 200p of FN (Img/ml in water); two iodobeads were added
and the jedination alWowed/to*procéed/fdr;QDimfnutes;ataQO’C~with
gentle mixing. The reaction was terminated by removal of the
beads, “0:5ml1 of .0.5M KI Wwas added andi:the/zsolution dialysed
against distilled water for 3 days at 5°C to remove ali unreacted
iodide: The solution of iodinated FN was 1yoph11isedorand 

redissolved in 2ml water to give 8 x 104 dpm/10pl.

2 Iodination of albumin

Human albumin (Sigma) Wasiﬁédﬁﬂéféq;
Na'251 '(smCi/ml, 0.115mCi/pumole, /

im1 albumin (img/ml in PBS). The

albumin was lyophilised and redissolved in water to give 4.45 x

105 dpm/10ul.

Binding assays

1 Binding assay for fibronegtin -

Binding assays were performed in 1.5m) plastic eppendorf

centrifuge tubes which had been immersed in 1% bovine serum

albumin overnight at 37°C and then washed in phosphate buffered

saline (PRS; 0.1M, pH 7.2) before use to suppress binding Of’FN-‘

iml of cell suspension wWas added to each of a series of = tubes
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followed by 125I-7aphelled EN te:é%&éé%;??hgéfé% concentrations
from 2.5 to 45ug/m1 (5.7 x 106 to 1 x 10;4 pmoles/ml). Cell
suspensions were vortex mixed for 1 minute and incubated at 20°C
for 1 hour, with mixing every 15 minutes. Cells were pelleted by
centrifugation- for 5. minutes  (16,0009). . The pellet - was
resuspended in 1ml PBS and centrifuged again. After two further
washes the ‘labelled EN bound to the cell pellet was measured (ICN
Gamma set 500): Separate time course experihents showed that

binding eauilibrium was established in 1 hour contact.

L2 Binding assay for albumin

Binding assays: for =albumin: followed -the same -method, but a
solution: of - Tris=Tween buffered saline - (0.3% Tween 20, 0.9% NaCl

in 10mM Tris—-HC1; pH 7. 4) was -used=to b1ock blnd1ng of the 1257

labelled -albumin to the p?astic tubes C@ncentra' ons of albumin

added to-construct an 1sotherm ranged

00 to 4,0,ofou,g/m1 0D 5.0

cells (75 x 1073 to 5.9 x 10°2 umolesf}

.3 Pre-treatments of cells and '25TFN

In order to partially characterise'thefFN:reCepto§~Qf the cells
the effect of pre-treatments of the cells or FN upon binding were
investigated. Before addition af'20u1'IeFN,:1m1/ceT1 syspensions

were either:
a) Heated at 60, 80 or 100°C for 15 minutes

b) Incubated with trypsin immobilised on acrylamide beads

(Sigma) for thr at 37°C, followed by removal of the beads.

- 108 =




d)

e)

)

g)

Incubated with 80ug/ml of protease k (Sigma) in PBS at 60°C

for 1 hr or

0.1M sodium periodate, pH 5.0 for thr at 37°C followed by

washing three times and resuspension in PBS,

Incubated for thr at 20°C with 20u) of a solution of bovine
serum albumin ((Sigma), 200mg/ml or

40u1/m1 group D antiserum (Wellcome) or

4001/mY ‘monospecific antiserum raised in rabbits against the
40 ‘and 37 -k “dalton  FE.faecalis specific surface protein

antigens (see section 2.2.2.4.2) for thr at 20°C.

opg/ml of

In one experiment 125I-FN we

lipoteichoic acid (LTA) ex
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RESULTS AND DISCUSSIONS

Immunochemistry and surface properties of Enterococcus §

faecalis

Antigenic composition of E.faecalis and the effect of growth

conditions

Work by Lambert et al, (1986) and Aitchison et al (1987) has

previously shown that three surface proteins of molecular weights

73, 40 and 37 kdaltons are prominant antigens of E.faecalis, which

are expressed strongly fcllowing growth in serum. They appear to

be specific to E.fascalis and antibodies toward them are found in
patients with E.faecalis endocarditis, but not with endocarditits
due to other streptococci cor in patients with other E.faecalis
infections (Aitchison et al, 1887). For this reason the
expression of these proteins in particular was investigated. It
is known that surface properties related to pathogenicity are
influenced by the growth conditions (Smith, 1877; Brown and

Williams 1985). Thus the effect of growth media upon antigen

exprassion by £.faecalis EBH1 was investigated using sodium
dodecyl-sulphate polyacrylamide gel electrophoresis (8DS-PAGE) and

western blotting. Two methods of sample preparation were used.

Whole cell suspensions were boiled in sample denaturing buffer for

10 minutes and then subjected to SDS-PAGE on 12% gels, followed by

western blotting. This procedure released some protein but did

not lyse the cells (cell debris remained in the sample wells at

the top of the stacking gel).
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Alternatively, cell suspensions were first treated with the

muramidase, mutanolysin to lyse the cells then boiled in

denaturing buffer and subjected to SDS-PAGE. This methcd enabled

all the cellular proteins to be released and separated (section
2.2.3.1). The suspensions were boiled in sample denaturing buffer

and subjected to SDS-PAGE and western blotting.

The samples were grown in a variety of media: a chemically defined

medium (CDM); the chemically defined medium + 0.1% horse serum;

Difco brain heart infusion; Lab M brain heart infusion; and horse

serum. The growth rates in the different media had preaviously
been investigated and showed considerable differences. The growth
curves for horse serum and Difco brain heart infusion grown cells
cbtained in vitro can be seen in figure 5. The growth curve for
tabM grown cells was almost identical to that of the Difco gfown
cells. The doubling time for the cells grown 1in both lab M and
Difco brain heart infusion was approximately 25 minutes, the
growth of cells in serum was much slower although the doubling
time was difficult to estimate. Cells grown in CDM and CDM + 0.1%

horse serum likewise grew very slowly. Previous results had shown

that the antigenic profile and doubling time for cells grown 1in

horse serum and pooled normal human serum were identical (E J

Aitchison, PhD thesis, Aston University, 1387) and thus horse

serum was deemed a suitable medium to mimic growth in human serum.
&

Peak expression of the 73, 40 and 37 kdalton antigens is achieved

1987, CAMR, Porton Down,

at late stationary phase (Dr S J Prior,

Salisbury, Wilts personal communication). The cells in each case

were thus harvested in stationary phase, washed three times and

resuspended to an ODs7o = 5.0 in 0.01M Tris-HC1 buffer pH 7.2.
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The western blots obtained we‘reprb‘b/éﬁf{\,«z:” sera from a high titre

£.faecalis endocarditis patient (pafient :1;/

A-peroxidase.

The results can be seen in Figure 6. The 73,40 and 37 kdalton

antigens were strongly expressed by cells grown in serum or in

either of the brain heart infusicns. They were present in the

mutanolysin digests and ﬁxe hhme éﬂ_'prép@:ﬁatjoﬁs; /mdicating
the effective release frorr;w;éh/e/ cer‘ds: onbmhng wth denaturing
buffer (containing 2% SDS and 5% B*merca’ptoéthanéé). In contrast
the CDM-grown cells did not release any detectable antigeh\”onj\

boiling with denaturing buffer (lane 1) although mutano‘?-yéisn

treatment showed a range of antigens to be present. The notable

difference in the antigen prof'ﬂes of the COM-grown cells compqred

enderad the

DS and increased

cells susceptible to release of ant

expression of the 73 kdalton antigen, but not the 40 and 37

antigens. Cells grown in horse serum expressed the 40 and 37

kdalton antigens most strongly.
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Time (hours)

Growth curves of E.faecalis in nfusion or

horse serum at 37°C in

orbital shaker,

A Brain heart infusion (Difco)

B _ Horse serum
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Figure 6 Western blot of E.faecalis whole cell preparations and
mutanolysin digests probed with sera from a high-titre
E.faecalis endocarditis patient (patient 1 in Table 11) and
protein A-peroxidase. Cells were grown in: CDM (1,2); CDM +
1% horse serum (3,4); Difco brain heart infusion (5,6); labm
brain heart infusion (7,8); horse serum (9,10). Lanes
1,3,5.,7,9 are whole <cell suspensions boiled in sample
denaturing buffer for 10 mins; lanes 2,4,6,8,10 are

mutanolysin digests boiled in sample denaturing buffer for 10

min.
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Investigation into the deree{; » ~ t oh o "gnfegt'gye

endacarditis isolate of E.faecalis
of E.faecalis

~ - inve : o i 3 +
In order to investigate whether the infective endocarditis isolate

EBH1 possessed fimbriae, the’f’f‘tééhfif‘iéﬁé,,ﬁf’?ﬁeg‘a’fﬁ?\/’e staining was

used. Despite the large numbe negative species known to

possess fimbriae as’yet,"rﬁéi?&ti‘?\’iéﬁﬁ& few Gram-po

mitior strains which had been isolated from peridontal abscesses,

and Handley and Jacob (1981) showed the presence \»\of‘v'f‘”f\i’nibmaé\,,\?\bn
the cellsurface of three strains of £ faecalis Fimbriae c‘ans“v‘é:r‘y
from “3 ‘to 14nm in width With??’t:he’iﬁ‘ ]énfgﬁh: irééic/hjng,up‘to 20um

(Ottow, 1975). The fimbriae shown on

Handley and Jacob were cgmégiéa’;{:}\,e

other fimbriae being up to Oﬁum 1 c’fr‘ng’~a§3’di‘"4‘;?‘5:?!;1?1::1':9 f’/&?;i%@@eité’iij&

The technique of negative staining makesuseofthe xph'n.c.imre of
surrounding or “embedding” the cells wit/h4 an  electron dense
material, 1in this case 1% methylamine tungstate. The negative
staining took place on Nickel grids covered with/ carbon coated

Formvar, which had previously been plasmaglowed Kto‘fmakze them more

hydrophilic.

The investigation of fimbriafign of EBHi,ggéicgftigd out on cells
grown in both Difco brain heart infusion and horse /’S/erum., and the

effect of the phase of growth at which the cells were harvested

was also investigated wusing difco grown cells (due to the

difficulty in accurately pinpointing early and -mid log phase 1in

horse serum grown cells). The fimbriation of cells in early and




mid 109 phase, and stationary phé§9 /'y’lnvéstfgated

Figure T7shows a typical fimbriated EBHf béifzéfown to old log

phase in Difco brain heart infusion.

Investigation of stationary phase chTS,Qfdwn in both Difco brain

heart infusion and horse
cells. Figures 8 and 9

Difco brain heart infusior

some isolated cells apparent and at an in

20,000 cells around

fimbriation.
determine the perdentage offﬁn£

and horse serum grown cell

cells sho&ed,any degree aken early
log phase showed approxima ind the ce taken
in mid log phase 25%. The den

1ittle from cell to cell.
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Negatively stained cells of E.faecalis

Figure 7 (Strain EBH1) grown in Difco brain heart infusion to mid-log

phase showing fimbriation (magnification x 60,000).
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Negatively stained cells in E.faecalis
Figure 8 (Strain EBH1) grown in Difco brain heart infusion to

stationary phase showing no fimbriation (magnification X

50,000).




Negatively stained cells of E.faecalis r

Figure 9 (Strain EBH1) grown in horse serum to stationary phase '

showing no fimbriation (magnification x 40,000). .




(&S]

Location of the 40 and 37 kdalton species specific antigens

of E.faecalis using immunonegative staining

v

The immunonegative stain technique is a very simple procedure

The antigen is dried down onto carbon coated electron microscope
grids, then sequentially immunolabelled with antibody and gold
probe "on the grid”. Antibodies to the 40 and 37 kdalton antigens
were raised in rabbits and the resulting monospecific antisera was
purified as detailed in the methods (section 2.2.2.5). The
monspecific antisera and purified IgG’s were reacted against a
western blot of serum grown £.faecalis EBH1 cells. The resulting
strip blot can be seen in Figure 10 and indicate that the purified

monospecific reacts with only the 40 and 37 kdalton antigens.

The 1immunonegative stain technique was used 1in order to he]p
determine the location of the 40 and 37 kdalton antigens, the
technique being selective for identification of proteins/antigens
exposed on the surface of the bacterial cell. As a positive
control pre-immune serum from the rabbit in which the monospecific
antisarum was raised was used. EBH1 cells were grown in both
difco brain heart infusion and serum to stationary phase. Cells
taken at early log, mid-log were also investigated in the Difco
grown cells (because of the difficulty in accurately pinpainting

early and mid-log phase in the.horse serum grown cells).

The results showed a surface covering of gold with the

monospecific serumfor both the difco and horse serum stationary

phase cells. Figures 11 and 12 show cells grown in Difco brain

' i e 1:5
heart infusion to stationary phase probed with neat and

' i grown in
diluted monospecific antiserum, and figure 13 shows cells g
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horse serum to stationat .
aky 1:5 diluted

monospecific antiserum.

showed no such surfaoelabe}ﬁng with the e-'1'mm\u\he s\e-rum i

showed almost identical labe

they were examined, and t

the labelling to a greater or {és,ser:;{dé’gféé’,f 1 ?,méh’,éé"jthét"@e 40

fimbriae

and 37 antigens are not associated with the E. féec,a/{]:j

described in section:3.1.3.

. ; 21 =

Both Difco aﬁd"ﬁofﬁsef' serum grown cells .




Figure 10

Strip blot of whole cells of E£.faecalis grown in horse
serum probed with (1)  pre-immune rabbit  serum;
(2) purified IgG from pre-immune rabbit serum; (3) immune
serum to the 40 and 37 kdalton antigens raised in
rabbits; (4) and (5) purified IgG fraction to the 40 and
37 kdalton antigens, batch a) and b) respectively;

(6) serum from an E.faecalis IE patient; (7) no antibody

added.




Figure 11

Immunonegative staining of E.faecalis cells (strain EBH1)
grown to stationary phase in Difco brain heart infusion,
labelled with neat monospecific antiserum raised 1in rabbits
to the 40 and 37 kdalton species specific antigens and probed

with goat anti-rabbit serum conjugated to 10nm colloidal gold

(magnification X 60,000).




Figure

12

Imnuncnegative staining of E faecalis cells (strain EBH1)

grown to staticnary phase in Difco brain heart infusion,

£ic 3pntiserun raised in rabbits to

labelled with mCcnCspec

o

the 40 and 37kdalton species specific antigens diluted

1:5 and probed with goat anti-rabbit serum conjugated to

sonm collaidal gold (magnification X 40,000 )
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Immunonsgative staining of £.faecalis cells (strain EBH1)

grown to stationary phase in horse serum (Gibco),

labelled with moneospecific antiserum raised in rabbits to
the 40 and 37 kdalton species specific antigens diluted

1:5 and probed with goat anti-rabbit serum conjugated to

10nm colloidal gold (magnificaticn X 35,000)




Figure 14

Immunonegative staining of E.faecalis cells (strain EBH1)
grown to stationary phase in Difco brain heart infusion,
labelled with neat pre-immune rabbit antiserum and probed

with goat anti-rabbit serum conjugated to 10nm colloidal gold

(magnification x 50,000).
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Figure 15

Immunonegative staining of E. faecalis cells (strain EBH1)
grown to stationary phase 1in horse serum (Gibco) labelled
with pre-immune rabbit antiserum diluted 1:5 and probed
with goat anti-rabbit serum conjugated to 10nm colloidal

gold (magnification X 20,000).



Figure 16

Immunonegative staining of E.faecalis cells (strain EBH1)

grown to early Jlog phase in Difco brain heart infusion,
labelled with monspecific antiserum raised in rabbits to the
40 and 37 kdalton species specific antigens diluted 1:5 and

probed with goat anti-serum conjugated to 10nm colloidal gold

(magnification X 60,000).



Fi gure 17

Immunonegative staining of E. faecalis cells (strain EBH1)

grown to mid Jog phase 1in Difco brain heart infusion

labelled with monospecific antiserum raised in rabbits to

the 40 and 37 kdalton species specific antigens diluted

1:5 and probed with goat anti-rabbit serum conjugated to

10 nm colloidal gold (magnification X 40,000).




Examination of the surfaceqéf,ﬂr

staining

on.
ed. (Brooker, 1979).
t detected. The

has since

(Costerton.. and.. . Irvin,

Floodgate, 1973).

It was decided to. investigate the surface of E.faecalis using the

ruthenium red staining :EChpiggegﬁéeﬂ309]ﬂﬁaﬁf°¥”‘to stationany

ixed, embedded

phase in Difco brain hear

and sectioned.as detgﬁlgd;i0;¥h9;m%i L e
results can be seen in. Figure;/18.’,‘ThéS§ show a fine Tayer

uniformly surrounding the cell. A similar ruthenium red staining
layer has recently been described in . Streptococcus salivarius

(Handley et al, 1988).
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Little 1is known about such ruthenium red layers, and it is not
known 1f they should be considered to be part of the cell wall,
however Lhere are many biochemical observations which show that
neutral and acidic polysaccharides covalently 1linked to the
peptidoglycan are common 1in Gram-positive bacteria and are
considered to be components of the cell wall (Shockman and
Barrett, 1983 Rogers et al 1980). 1In the case of S.salivarius it
was suggested that lipoteichoic acid (LTA) may be present in the
ruthenium red layer (Handley et al, 1988) and this could possibly
also be the case with E.faecalis. It was found by Brooker (1979)
that different L.mesenteroides strains showed a variety of
different surface layer patterns outside the cell wall and that
growth in different media influenced the appearance of the
ruthenium red staining layers. It was thus decided to investigate
E.faecalis cells grown to stationary phase in horse serum. ’The
results can be seen in Figure 19. They show that in addition to a
thin stained layer like that shown in the Difco grown cells, large
irregular patches of stained material are apparently attached to
It

the cells. The precise nature of this layer is not Kknown.

could possibly be a serum component/s bound to the cells. If this

is the case such molecules might shield surface antigens from the

host immune system and thereby account for the simple antigenic

profiles reported by Dalhoff (1985) for 7n vivo grown cells.

]

oo
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Figure 18 E.faecalis (strain EBH1) grown in Difco brain heart infusion,

sectioned and stained using ruthenium red (magnification x

80,000).
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Figure 19

E.faecalis (strain EBH1) grown in horse serum, sectioned and

stained using ruthenium red (magnification x 30,000).
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Discussion of section 3.1

Using a western blotting approach it has previcusly been shown

that patients with £, faecalis infective endocarditis display a
strong I19G response to three protein antigens of 73, 40 and 37

kdaltons (Aitchison et al, 1987).  Their specificity towards

E.faecalis and their association with endocarditis suggested an
application 1in the serodiagnosis of F£.faecalis to infection in
endocarditis. Relatively Tittle is known about the nature of
these £.faecalis specific antigens however apart from their
reaction with lectins on western blots (Aitchison et al, 1986;
Aitchison et al, 1987) when both the 73 and 37 kdalton antigens
were shown to be glycosylated antigens by their action as
receptors for wheat germ agglutinin, asparagus pea lectin,
concanavalin A and soybean agglutinin. The location of the 407and
37 kdalton antigens in whole cells was thus investigated using
electron microscopy with immunonegative staining using purified
monospecific antinserum prepared from excised regions of
nitrocellulose sheets to which the 40 and 37 kdalton antigens had

been transferred by western blotting. It was not possible to

prepare monospecific antiserum to the 73 kdalton antigen because

of the presence of other bands in this region of the blot. The

polyclonal serum obtained for the 40 and 37 kdalton antigens gave

a strong reaction to these bands on the strip blot (Figurei0) but

i kil ti to
it was not however possible to isolate monospecific antiserum

. e
the individual 40 and 37 kdalton proteins because of their close

proximity as bands on the preparative blots.



work using western bletting has sho‘:’ne’;th’

antigens are expressed when the ceﬂs are

heart infusion ‘and horse serum.

staining technique, cells grown m 1b0

infusion
(Difco) and horse serum;wefégj;

that in both cases ”Chepur
antiserum to the 40 anngTgkdaﬂtoﬁ;aB;%
of E. faecalis (Figures 11, 12 and 13) aﬁjdﬁcént
immune rabbit IgG in ‘place of ‘the - i ifijéG‘/gave -

labelling of cells or background (‘Fj;‘gﬁ/

that the antigensare accessible to ahtibb’di\‘e\’sfﬁr‘on: the zéeﬂ“

surface. ~The labelling pattern

cells treated with conjugate*ﬁa;f}ghe
antigen is released from the cells W

grids.

was also

The presence of ﬁmbrjae?;e;f‘onf".

__Fimbriae

were seen on cells 9mwn1ﬂb0t b'ﬁa"'/nff?h?a,

S - T . £Which the
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cells were taken to be mvethgated L
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rown in bot| b.ramf\

Thus for the 1mmunonegat1veq"] }

and15) . This showed
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work performed by -Handley and Jacob (1981), who also noted a
decrease -in the percentage of fimbriate cells of two E.faecalis

strains«in stationary phase.

No wvariation dn theimmunogold labelling of the 40 and 37 kdalton
antigens -according to phase of growth was seen however, thus

suggesting that the antﬁgens/are/ﬁoiwpart;of;the/fémbriaen

Ruthenium red staining has previously been used to detect surface
fibrils in bacteria such a Streptococcus salivarius (Handley et
al, 1988) and has revealed different lengths of surfaoe fibril on
these bacteria. Indeed a variety of surface structures have been
described on oral Gram-positive bacteria. ~Negative staining has
shown that peritrichous fibrils and tufts of fibrils occur n
different strains of Streptococcus sanguis (Handley et al, 1985)
and Streptococcus salivarius (Weerkamp et al, 1986). Some of
these structures might be involved in adhesion (Weerkamp et al,
1986) or the coaggregation with other oral genera {(Handley et .al,

1985).

Staining of £.faecalis with ruthenium red failed to reveal any
surface fibrils, but did reveal a ruthenium red staining layer
surrounding the cell wall. The technique showed that there was a
considerable . difference between horse serum and brain heart
infusion grown cells. The brain heart infusion ceells produced a
smooth uniform ruthenium red staining layer overlying the cell
wall, whereas by contrast horse serum grown cells showed an
irregular layer with large patches of stained material seen on the
surface and between adjacent ce]ls.//jhis material is probably

polysaccharide as ruthenium red fis known to form electron dense
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precipitates with carboxyl and hydfé&yl;grggps 1Q;the presence of
osmium . tetroxide and = acidic (Lu%&}' 1971) and neutral
polysaccharides (Brooker, 1879) are stained in this way. It is
possible that the dense material adhering to the horse serum grown

cells originates from serum, but this seems unlikely given the

vigorous.-washing -the cells received;griér"// " Further
studies on the sensitivity to proteases and periocdate are needed

to confirm the .layers .pelysaccharide nature.
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Serodiaanosis of F.faecalis endocarditis using an enzyme

1inked ‘immunosorbent assay (ELISA)

Despite the advent of antimicrobial chemotherapy infective
endocarditis (I.E.) remains a difficult condition to both diagnose

‘?aféf%ﬁ?KSU% (Hayward

and treat and still carries a mortality
1873a, Wilson ‘and Geraci 19831énd”ﬁéﬁséﬁéféei)f"*Tﬁéré7hés bean a

decline in developed countries in the number of cases due to o<

haemolytic ("Viridans") streptococct which carry a low mortality
of 6% {Bayliss et al, 1983) and an increase in the number of cases
due to enterococci with a mortality of about 14% (Bayliss et al,
1983). " The increase in the number of cases due to enterococci 1s
especially prominent in the e]der?y’(Wesby%'197§).‘*Current trends

indicate a rise in the mean age of endocarditis patients, which is

partly due to the increased agéfbfffhéiéépuﬁ%thﬁ’ﬁufiaTéo due to
a decrease in the occurrence bflfheuméchiﬁéa%ﬁ‘diéease in the
young and the earlier surgical correétioh' éf congenital heart
defects. Thus the incidence of E£nterococcus faecalis endocarditis
is becoming more prevalent, and is especially difficult to treat
requiring a combination of penicillins, aminoglycosides and]o?
glycopeptide antibiotics (for example vantomycin)' for sevsral
weeks, with attendant side effects (wjlson~and-Gefééﬁ, 1385). An
increasing threat to successful therapy is. the. emergence of
resistance ﬁo these agents (ﬁederék%—Samoraj and -Murray, 1983,

Uttley et al, 1988).

Thus identification of the causative organism isolated from the
blood of patients with J.E. is of paramount importance for the
selection of appropriate treatment (Haywaré,/1973b). Confirmation

is made by cultures of blood Sam§}é§,lbut in up to 10% of cases

AN




these may be negative (Bayliss i eta 1983)thus new rapid
techniqués\' to reliably confirm or exclude E.faecalis in I.E. and
which might also be useful in assessing therapeutic response would
be of great clinical value.  Three spemes specific protein
antigens have previously been descmbed,mthmolecMar weights of
37, 40 and 73 kdaltons, whii/‘/t:/ﬁv’/é’r,e}i StrongWexpressed following
growth in serum (Lambert et al i‘,1’9,':8/6?/"'221/{&8//’?;1'?tcﬁf/;s:oﬁ”?’ét’fﬁ:a‘x";987),
These antigens appear to be specific to E.faecalis and looking at
the IgG response, antibodies towards ftﬁémﬁ are found in patients
with E.faecalis endocarditis, but not with endocarditis
due to o\th\er\strebtococ\oi\ (Aitchison et al 1987). H’owev’e’r the
western blotting methods used to establish the :spécif“icit‘y of the
antibodies towards ‘these anti’géns/i:/;é;r;é not :CB:hven%ent for
application as a routine serod1agnos1c tést fo/r E.faecalis

endocarditis. It was therefore dercided troi deye_]op an- ‘enzyme-

1inked 1immunoscrbent assay (ELISA) ‘based on the 37 40 and 73

kdalton antigens.
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Extraction and partial gurificatibb;ofgthg 73, 40 and 37

kda1ton antigens

Since the antigen:z liad been

when grown in serum and also

grown in horse serum. Previous experiments had shown that the

Serum.  was

antigenic profile of strain EBH1 grown in horse

identical to that cof EBH1 grown inyngrmﬂ1‘h§mgqaserum {data. not

shown) . In order to extract the 73, 40 and 27 kdalton antigen:s
from the cells they were treated with the detergent sodium lauroyl
sarcosinate (sarkosyl). This = procedure. ~had been shown &y

Jenkinson (1986) to remove surface pfétéins from the cell as well

as LTA, polynucleotides and polysaccharides:

To partially purify the 72, 40 and 37 kdalten antigens the methcd
of ammonium sulphats precipitation was used. This method is baszed

onn the fact that at high salt concentrations proteins differ in

[$e]

e

ro

solubility (Scopes, 1 Before precipitation with ammonium
ulphate nuclear material was precipitated by the additicn of 1%
w/v streptomycin sulphate {Glaxo). Precipitation with ammonium

sulphate was then carried out usin

0

progressive partial saturation

P

concentrations of 0, 30, €0 and 380

The salting-out of the protgfns from the sarkosyl extract was
investigated by subjecting the dialysed precipitates and aisc ths
90% supernatant to S0S-PAGE followed by blotting . conto
nitrocellulose, with detection of the antigen by probing with the

serumof an F.faecalis T.E. patient with a high titre to the 40 and

hed
U)

37 kdalton antigens. The results can be seen in Figure 20.
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can be seen the sarkosyl extract fr6ﬁ1whéle,ceils éhgws a complex
pattern of proteins. It would be expeétéd‘tﬁat the addition of
the streptomycin sulphate would precipjtaté out -~ much- high
molecular weight material plus a 1ar§é;bﬁdp6%tioh of antigens,

made up of the characteristic antigenic pattérn Of,E,féecalis. As

can be seen from the blot ihé'fi and 37

deposited mainly in the 96
these partially purified ant

the ELISA test for serodiagnosis

Gy e s

i
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Figure 20

Western blot of E.faecalis antigen preparations probed

with sera from a high titre FE.faecalis endocarditis
patient and protein A - peroxidase. Lanes are: sarkosy]
extract from whole <cells, (1), ammonium sulphate
precipitates from the sarkosyl extract at 30% (2),
60% (3), and 90% saturation (4); supernatant remaining

after 90% ammonium sulphate precipitation (5).



Development of an enzyme 11nked?immuhdsorbentfassay (ELISA)

The antigen.solution produced was used as the basis of the ELISA
test:  In.order to optimise the ELISA, a t@hcént;ation of antigen
was ‘decided upen: by using a checkequagd;fgstxga;ELLSA microtitre
nlates (Dynatech Immulon): =The antigen'SOJUtﬁdh/was tested in- a
range ‘of dilutions from the concentrated solution and then diluted
with’ carbonate -buffer down to a concentration of 1:1000. The
solutions were then tested against dilutions of the serum of an
endocarditis patient; pooled normal human serum (the patients pre=
immune serum was not-available and so the negative cohtrol was the
pooled ncrmal human serum) and monospecific antiserumraised to the
40> and:37 ~kdalton-antigens. ,Other}QOntrOléausgdajncluded wells
with ® no 'sera -added to them; and also wells with no -antigen
solutien coéting them: The“di1utjonwofzthgzgonjugate to: beused

was also varied in-order to optimise the assay results.

i
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Endocarditis serodiagnosis trial

The trial'which consisted of the investigation of sera from 36
patients ‘was conducted completely blind, so that even the number

of E.faecalis endocarditis samples present was unknown.

In® fact of 'the 36 patients, 16 had £ faecalis endocarditis

tconfirmed by positive blood cultures); 10 had endocarditis caused
by ~a ‘range of Gram-positive organisms and 10 had E. faecalis
infections other ‘than endocarditis.  The precise details of the

samples are summarised in table 10.

The trial investigated the level of IgG in the serum samples using
a titre of serum from 1:50 to 1:3200. 1IgG is the most abundant
species of immunoglobulin (Ig) in normal human serum, comprising
80% of the total 1Ig content, and is probably the major
immunoglobulin to be synthesised during the secondary reasponse

(Roitt, 1971).

Interpretation of ELISA results varies from study to. study.
Studies with Gram-positive bacteria have used Ess0 0.1 (van de
Ridn .et. al, 1986)‘and Esso 0.2 (Jacob et al, ié&S). Here the
serum titre to reduce the absérbahcé to 0.1 was used. The titre
taken to give a positive resgjtrﬁas 1:100 andrwas,determined by
investigation of the sera of a‘rangercf patients with £.faecalis
endocarditis, and noting the weakest response. A summary of the
results of the blind trial can be seen expréssed as a scatter plot
in Figure 21, Tﬁe serum titres of the patients can ‘be seen

plotted in Figures 22 to 40. 1In some cases the readings after thes

first dilution of the serum of 1:50 were so low as to be




unreadable and a titre to give an Easo 5? O‘1iwas estimated as no
graph was plottable (patients 4, 13, 14, 15, 16, 17, 20, 21, 22,

25, 27, 28, 39, 30, 34 and 35). Background colour developed for

pooled normal human serum was alsc <0.05 for a 1:100 dilution
15/16 . serum . samples from E,fagcgLigagggggg£Qj§1§:/patients gave
positive results, with titres ranging from 1:100 to 1:10,000 (only
patient 31 gave a false negative result) 2/10 patients with
E.faecalis infections other than endocarditis gave false positive
results (patients. 18 .and. .36). Patjeqtn1&ihad a chronic urinary
tract infection and patient 36 had osteomyelitis. 1/10 patients
with endocarditis due to organisms.other than E.faebalfs gave a

positive result, (patient 23) the infecting organism in this case

being a nutritionally variant streptecoccus {NVS).
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Table-10

Serum samples used in the ELISA trial

Sera from Patients with £.faecalis néﬁgéésééiated'with/lE
i-x E.faecalis from drainage site ¢ =

1 x E.faecalis bronchial washings

1 x E.faecalis from nephrostomyxf1uidrii

2%’ E.faecalis from peritoneal dia]ysié*f]uid

1 X E.faecalis wound swab

;2~x étfaecalfs urinary tract infection (UTI)

1 x E.faecalis osteomyelitis

Sera ~from -patients with IE caused by organisms ?bther

E.faecalis

1 x S.mitis IE

1 x S.pbovis IE

2 x S.sanguis IE

1 x S.aureus 1E

1 x S.epidermidis 1E

1 x S.mitior IE

1 x=B=haemolytic strep IE

1 X' nutritionally variant streptdco?@uéé{NyS)f

Sera from patients with E.faeéa?jé%IE;?i};'
16.x E.faecalis IE patients

. Control serum

a'negative control of pooled normal human serum was used

Lthan
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Figure 21 igG levels to E.faecajis specific antigens in sera
from patients with: A, E.faecalis endocarditis; B, E.faecalis
infections other than endocarditis; and C, endocarditis
caused by organisms other than E.faecalis. Reciproéél titres
are the dilutions of sera required to reduce the colour to an

;ébsgyban%é at 450 nm of 0.1. Values greater than 100 are

considered positive.
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Blind trial patient 11 ( E.faecalis IE) Figure 31 g
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Blind trial patient 26 ( Efaccalls IE)  Figure 37

0.200 =

E L
3

©

§ 0.100 ~

: O-OOO 1 = s saaalle - = /
1:50 1:100 - 1200 :
Serum titre

Blind trial patient 29 (fhaemolytic strep IE)  Figure 38
i 0.050 4

0.030 +

0.020 = e 4 \ s

Absorbancé at 450nm

0.010 ¥ v ¥ . v —
1:50 1:100 1200

Serum t’rgre

Blind trial patient 32 ( Efaecalis IE)  Fioure 35
0.600 ~

0.500 A
:
0.400 -

0:300

4

0.:200 4

0.100 5

Absorbance: at 450nm

-0.000 | iEnen. Y i G SUEN | ¥ | R T 4 Y N
1:50 . 1:100 1:200 1:400 1:8001:16001:3200

Serum titre

=153 -




(
}’\
;
|

i

Blind trial patient 36 ( E.faecalis osteomyelitis ) rigure 40
1.000 ~ YT T T e

<

0.800 =

0.600 4

0.400 +

<

Absorbance at 450nm

0.200 -

0.000

b i M ] Ed ¥ v 2| =5

150 1:100 1:200 = 1:400 1:800 1:1600
Serumiitre -

- 154 -




4

Longitudinal study of 1IgG, iqﬁéfaﬁé; TgA levels in four

E.faecalis endocarditis patients

The  production of ‘human immunoglobulins (Ig’s) 1in response to
infection with F£.faecalis was studiedzusTnéﬁthe same ELISA system
as was-used in the blind trial. In normal human serum IgG is the
most -abundant immunoglobulin (comprising 80% of the total Ig
content), (Roitt, 1971).  Two other major human Ig classes, IgA
andIgM comprise 13% and 6% respectively IgM is a high mclecular
weight antibody which is involved in the early stages of infection
and#is vwconfined to »the bloodstream. Itds th1§ Ig which is
therefore #1ikely to participate 7in the ‘immunclogical response to
E:faecalis upon its entry into the bloodstream and throughout the
ensuing bacteraemia: T R

IgA; although also present in serum appears selectively in the
sero-mucous:secretions:such as saliva; tears; nasal: fluids,sweat,;
colostrum andzsecretions—of the: lung; ‘genito=urinary and:gastre-~
intestinal ‘tracts. = It is thus 1ikely to come into contact with
E.faecalis in its natural habitat of the gut. ~IgG is the major Ig
to'be ‘synthesised during the secondary immune response. For these
reasons. IgG, IgA, and IgM were considered as. being important in
the human response to E£.faecalis. = The Iongitudfn§7 study of 4
E.faecalis endocarditis patients are shown in table 11, These
serial  titres of the differentr immunoglobulin types show some
interesting features. The serum samples in the study were taken
after _clinical diagnosis of endocarditis and the start of
antibiotic therapy. The long exposure to antigen released from a
cardiac. vegetation during the course of ~endocarditis would be
expected to induce an 1gG respaonse, and indeed the levels of IgG

for the 4 patients were genera}1y far higher than IgM or TgA.

=4bhri




Samples taken earlijer in the/écﬁrgsiaf;fhé iﬁféction might well
show higher IgM responées; For pat{eﬁt/i, I1gG levels remained
high for several months, with low but detectable levels of IghM and
IgA. - This patient had had E}faecaYigfehqpégrdjtis on two previous
occasions - and appeared"ﬁQ;Lhéyé7ik§tgjned;iaiiﬁjgh IgG  titre
throughout. . The reductfqnsi1n m0nth§/é;ahéi?S;CQincideg with the
clinical - deterioration of the::paﬁieht;/ir Pat%gnt/ 2 showed a
dramatic . rise in-IgG with 9???6§P9”d}09: risgstajn IgM and IgA
around 8 months after diagnosis;gf}EQfaeﬁa]fs:gndocarditis. This
may:-be -caused .by ..a. major release Of*anfigén from the site of
infection, .giving -a  subsequent immune response. Patieﬁf 3
produced..a significant IgM responsg/ﬁéi@qqﬁh 2, a correspondingly
large -increase .in. IgG, anq,ai§}jghtly }cggr igA,fesponse, In
contrast ‘to this, patient 4 showgd g,yéry;iéwiggﬁzrégpagse, and no
detectable .level of. TgA. Thgﬁg areino,vaio@sfeﬁpﬂanaﬁéons for
the different patterns of antjbody re;pgnse:in‘the/%our patients
studied. +.Presumably major 1nf1uehpgs,upon the/amqqnt of antigens
released - into. circulation from the site of 1nféction are the

duration: and extent -of the infections, and the outcome  of

antibiotic therapies.
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Discussion of section 3.2

The results of ‘the blind trial using the 73, 40 and 37 kdalton
antigen in an ELISA system, confirm%fhé‘gé?daiagnosic potential of
these antigens in E.faecalis endocarditis. The results showed a
94% success rate for positives (15/1655?5‘Qéiaéuééegé‘rate (9/10)
for negatives with endocarditis caused by éfﬁeﬁgbféaﬁfsms and an
80% success rate (8/10) for negatives with E.faecalis infections
other than endocarditis. The E.faecé77§?eﬁdota}d1tis patient who
failed to give a positive result had transitional cell carcinoma
of the bladder and this ma]ignancy and/or therapy with adriamybin
could have contributed to the poor//{mmuhe' response to the
infection. ~ Of the three false positives shown in the trial, the
highest titre (1:1200) was found iﬁféé}ﬁm fféﬁ>3”pat1ent with
E.faecalis osteomyelitis, This site of infection and its
protracted nature are analogous to the conditions of infective
endocarditis, where prolonged release 6f;;éntigen from the
infection 'site could be responsible for thé*high IgG response of

the patient.

The 'second false positive was given by a serum sample from a
patient with an E.faecalis urinary f?ééti¥n?éé£idn;CWhich gave a
titre of 1:180. The 1nfectiohfhaa?5é?§§sféa ?6? ééVeFa1 months,
Western blotting showed that the féééf%éh was against the 73 and
37 kdalton “antigens (personal communication, E G Smith, East
Birmingham Hospital, Birmingham, EngTéndS?ﬁ Once more it seems
likely that 1in this case prolonged release of antigen from the
site Qf\thE”infeCtion had given a detectable IgG response. No
sera - from “the other E.faecalis iﬁ?ééfidﬁé (drainage site,

bronchial washings, peritoneal d{éT§§i§?%]u{éf1hephrbstomy fluid,
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wound i swab, ‘bhlood “culture and uriﬁéryét?aét’gaVé*pégitive titres
of "1:100  or greater.” This could be because these infections were
“not’ of a sufficiently long duration to elicit an IgG response -Or
that: the antigens are produced particularly strongly by organisms
when they infect specific sites (although this is not supported by
the “fact that only the chronic urinary tract infection showed a
positive result, whilst a negative result was given with the serum
of a:patient with another UT1 not of achronic nature). “Previous
worki-has shown that all strains of E.faecalis from whatever source
are' capable of expressing the antigens (Aitchison et al 1987) with
novomajor «differences: between western blot  profiles between
E.faecalis< strains from endocarditis and those  from other
infections: Guzman et al (1989). however have recently reported
significant differences ~in  adhesive - properties between
ennacaraIets straiis o : / foLTaeE s
infections: The endocarditis st iC tter t rardi
heart cells than did the SiraiQS”ffdm;

but associated Tless efficiently wit uman neutrophils. The

‘association ‘with neutrophils was further reduced following growth

y subculture in brain
heart infusion it would not pression of the
specific antigens, which

It.-seems - more  likely

nutritionall:

B0, NVSare.

. Atory recovery
supplementation of media with - y

rains were
(Carey et 'al, 1975;




found as pathogens causing endocarditis and otitis media. They
are responsible for 5-10% of case of streptococcal endocarditis
(Roberts et al 1979; Bouvet et al 1982; Wilson and Geraci, 1985).
Van de Rijn and George {(1984) showed that there are several
serological types of NVS grouped according to expression of
surface proteins, and that as well as possessing serotype specific
proteins the serotypes of the NVS share several common antigens
with other viridans streptococci. It 1is possible that the NVS
possessed some similar antigenic determinants to E.faecalis. The
NVS strains studied by van De Rijn and George appeared to possess
surface proteins in the 73 and 37 kdalton region. Western
blotting studies showed that the NVS giving the false positive
result produced a number of antigens, including bands of 73 and 40
kdalton which were detected by sera from the NVS patient, but not
by seré ffom an E.faeca7is endocarditis patient {(personal
communication; E G Smith, East Birmingham Hospital, Birmingham,

England).

Some workers believe the penicillin G sensitivity of NVS to be
similar to that of other viridans streptococci (Wilson and Geraci,
1985). Others however believe these organisms to be more
difficult to treat than usual viridans streptococci and that
either combination therapy with an aminoglycoside and penicillin
(Carey et al, 1977; Feder et al 1980; Roberts et al 1973) or
vancomycin with an aminoglycoside (Bouvet et al, 1985) should be
used. If the latter is in fact the case then a false positive for
an NVS in a clinical situation would have no i1l effect on the
patient as the treatment selected for the E.faecalis endocarditis

would be equally appropriate against resistant NVS.
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The wvalue of a ‘rapid serodiagnestic test: for ‘diagnosis  of
E.faecalis» IE +is' “indisputable. The ddeal’” way 'todiagnose
streptococcal endocarditis 1is  to- isolate the organism from the
blood stream (Shafi and Heimer, 1982) but this is not always the
most appropriate or most rapid way. ~Traditional blood culture
techniques may take a matter of days to ddentify the infecting
agent - and also fall “short  in culture negative <cases of
endocarditis or<those where:organisms are isolatedfrom only one
of several blood cultures. A serological method of diagnosis is
thus an @obvious  progression: A “test involving the use of 'a
fluorescent  antibody for  diagnosis of wviridans streptococcal
endocarditis was used by Shansun and Hince, (1978), but although
itoshadadvantages® im terms o of o rapidity it was found.of «1ittie
value 1in culture negative cases. The serodiagnosis of E.faecalis
endocarditis  ~using» thes technigue - of  immunoblotting ~was  first
attempted by Aitchison ‘et wal,  (1987) ~using “the -serological
response ¢of "patients ‘to the 73, 40 and 37 Kkdalton antigens.

Whilst rthis method: gave promising results it is not a convenient

method for routine wuse, also no attempt was made to quantify the

amount of antibody to the antigens present in patients sera (this
couldihave been measured using the . technigue of strip blotting and
increasing dilutions of 'sera, but would be guite time consuming):
Thus this ‘technigue, whilst showing the cbvious serodiagnostic
potential of the species specific antigens had severe limitations
regarding routine use. Having partially purified the antigens it
was obviously more convenient to use them as the basis of an
enzyme linked immunosorbent assay (ELISA). As can be seen from
the results this has great potential for the serodiagnhosis of
E. faccalis endocarditis, -and could possibly be even further

improved by more rigorous purification of the antigens for example
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by FPLC. It can also be used to investigate serial serum samples
of patients taken throughout the course of their infection. There
are no obvious explanations for the different patterns of antibody
response shown in the four patients studied here although extent
and duration of infection and outcome of antibiotic therapy would
almost certainly influence this. Further longitudinal studies are
obviously needed to correlate antibody Jlevels with patient
response to therapy. @ It would also be useful to measure antigen
levels or 1immune complexes. Espersen et al, (1988) have shown
that detection of staphylococcal antigen in urine offers a rapid

method for diagnosis of Staphylococcus auresus endocarditis.

Independent studies on enterocococcal endocarditis by Burnie et al
(1987) " have identified a ‘number of other E.faecalis protein
antigens which show promise for exploitation in serodiagnosis.
Using the immunoblotting technigue they found strong IgM responses
in endocarditis patients to bands of 112, 88-80 and 45-47 Kk dal
and strong IgG responses to the 88-30 and 45-47 antigens. The
relationship of these antigens to the 73, 40 and 37 Kdalton
antigens remains to be established. Allowing for . different
estimates - of molecular weights, .the. 45-47 - bands  might -“be
equivéWent to the 40-and 37 bands. The 112 and 88-90 bands: found
by Burnie et al (1987) are not seen-on the immunoblotting system
used here, possibly reflecting different growth conditions or

method of antigen preparation.
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TABLE 1 LG saelglervdnd: T g devels - an o

endocarditis patients at intervals shown after diagnosis of infection

Reciprocal FLISA titre

onth/day 1/8 i1 13 716 T e\ e T2 Ve e 3 2518
g6 6000 6000 6500 5800:© 26000 ===:7500:+ 6000 ~6500: - = 2000 1600
[qH 400 250 360 300 = ==2:300 200 =° 200500 200 =30 30
IgA 125 60 SH] 150 150 106 - 2100 10 15 450
Patient 2
Reciprocal ELISA titre
Month/day /11 2/3 e 326 §/14 9/3 917 10/3
g6 100 750 800 10000 8000 9000 = =:-7000
TgH 120 90 15 500 =500 3500 200+
IgA 20 25 75 420 500 380 220
Patient 3
Reciprocal ELISA titre
anth/day {14 21 518 5
148G 3500 4000 1200 8080
Tgho o £50 3200 800 550
Ightovwes 800 1200 £00 o
Patient 4
ReciprocalebldShstitress 28 wolee o 0
Honth/day 1130 6/28 10/30 19738
146 3000 1200 3000 1500
Tgh 84 65 85 25
LgA 0 0 ¢ 0

' Reciprocal titres are the dilutions of sera required to reduce the

colour to an absorbance at 450 nm of 0.2.
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Binding of plasma proteins to Enterococcus faecalis

Binding of Fibronectin (FN) to. Enterococcus faecalis

Gram-positive . cocci possess receptors for a variety of plasma
proteins; for example vitronectin (camplement S protein) to groups
A and -G .streptococci - (Wiegand- et -—al = 1988); -laminin  to
Staphylococcus - aureus (Lopes et -al, 1985); -albumin to group & and
G . Streptococci . (Myre  and Kronvall, 1980b); -and Fibronectin -to
Staphylococcus aureus (Kuusela; 1978). At present tbe natureof
only a-few of the receptors has heen characterised and little is
known -of - the biological significance of such binding, although it

is. presumed to play a role in microbial pathogenicity.

The group D enterococcus E.faecalis dis implicated in 10-15% of
cases .of .endocarditis (Wilson - and - Geraci, 1983) and- has  a
particular. affinity for heart valve tissue compared with other
streptococci . and..staphylococci (Scheld and Mandell, 1984). A
crucial . step . .in. the.  pathogenesis. of  infective .endocarditis
involves. adherence of circulating bacteria to components of the
damaged cardiac valve surfaces. Binding of serum proteins to the
bacteria could influence adherence to the valve and endothelium:
Fibronectin (FN) s .a. 440,000 dalton glycoprotein found in a
soluble form . in. blood plasma in the extracellular matrix of
connective tissue and basement membranes of mammalian cells
(Yamada .and Olden, 1978). ‘Recent attention has been given to its

role as an adhesin in the pathogenesis of infective endocarditis

(Scheld et al, 1985).




Evidence supporting this includes the factffhat FN 1is exposed on
the surface of damaged heart endothelial tissue and thus provides
a potential site at which bacteria possessing specific FN
receptors ‘can bind {(Kerenyi et al, 1985).  In a previous study
(Myrhe 'and Kuusela, 1983) on binding of human FN to streptococci
of ‘groups A, C and G it was reported that group D streptococci
also bind FN, although to a lesser extent than the other groups
studied. No attempt was made however to guantify the degree of
binding with respect to the number of moclecules bound per cell and
the affinity of binding or to characterise the binding site.  Here
the ‘binding® of " FN - to ‘an  endocarditis isolate (EBH1) of
Enterococcus faecalis was investigated, using a direct binding

assay.

7THé”afFéc£ﬁ5{nagng éssay 1§ auwé}j'és£éﬁiished technique which
provides reproducible quantitative data. @ It has been used
extensively in the study of binding between human serum proteins
and” microorganisms (Myhre and Kronvall, 1977 and 1980a). The
protein to be investigated is labelled with a suitable isotope (in

this case the ¥ -emmitting 1251 was used). The test was carried

out ‘with trace amounts of Jlabelled FN mixed with E.faecalis

(strain. EBH1). After an incubation step the intact bacterial
organisms were separated from the non bound protein by
centrifugation and the radioayiivtﬁffaésoeiated with the pellet
was determined. Thus a binding isotherm of bound FN against free
FN was plotted (Figure 41) and from this using Scatchard analysis

(Scétchard, 1949) a Scatchard plot was constructed (Figure 42).




i

The Scatchard plot obtained was linear (correlation coefficient =

0.97) indicating the existence of one type of binding site on the : £
cell surface and no co-operativity in the binding process. from |

the intercept of - the Scatchard plot, the number of molecules FN

bound per bacterial cell was calculated and from the gradient the

association of the binding was determined.

Calculation of the number of molecules of FN bound per cell

By regression analysis the line of best fit for the Scatchard plot

was found, and when y = 0, x was predicted to equal 9.58
e 9.58 pgEN/10'0 cells

M.wt of FN = 440,000

from Avagadro’s number, 440,000g contains 6 x 1023 molecules

1g = 6 x 1023 molecules of FN

4.4 x 103

1ug = 6 _x 1023 molecules of FN

4.4 x 101

9.58ug FN/cell = 9.58 x 6 x 1023 x _1_molecules/cell

: 4.4 x 101 iﬁfh Sis
= 1,306 molecules/cell

F Ak ééch\baéteria1 cell binds approximately 1,300 molecules of

FN.
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Calculation of the association constant

This can be calculated from the slope of the Scatchard plot.

Slope = =1

where k is the dissociation genstant

- 0,01086 = -1

=
i

90.91 ug/ml

k = 2.07 x 10-7M Bl AR

The association constant = 1

= 4.8 x 108M-1

Thus it was determined that the cells could bind a maximum of

1,300 molecules of FN per cell, with 'n,assogiationgpﬁnstant of

4.8 x 100M- 1,

Other strains of E.faecalis investigated showed a similar level of

binding (see table 12).
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Figure 41

Binding of FN to whole cells of g.f?ggaiiséEgﬂlzin PBS, pH 7.2,

ihr contact at 20°C expressed as an jsotherm.
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Figure 42

B1nd1ng of FN to whole cel]s of E faecalvs EBH1 in PBS, pH 7.2, 1

hr contact at 20°C expressed as. a Scatchard p]ot :
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\ Tab1e 12

Binding of fibronectin ‘to various strains and clinical isolates —of

E. faecalis

Organism sntemnmer o beessamount.bound

(u9/101° cells) [% totall

E.faecalis . . EBH1 | 9:58 [16]
(endocarditis EBH2 . 785 . [30]

E.faecalis SFBG ... 1069 [18]
(urinary tract 177 axtrmesidd Slen s 2 pa[24]

isolates) 741 ey 1205 Lae o [22]

E.faecalis . .~ . NCTC 5957 12.00 [20]
(reference SFZ 9:00 [15]

strains)

Binding was measured after 1hr exposyre of 1iml of GD 5 cells (1.3 x 10'°
cells) of each strain to 2ug '251 FN. Results are expressed as the amount

of FN bound and the % of the total amount which bound [% total].
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Partial characterisation of the FN receétor of E.faecalis

The effects of severa) pretreatments of cells or FN upon binding
were investigated “in order to partially characterise the FN
receptor of E.faecalis. These pre-treatments and their effects on
binding are summarised in table 13 and the pretreatments
themselves are detailed in method section 2.2.3.11.3. In order to
determine if there was any involvement of lipoteichoic acid (LTA)
in the binding process the 1251 labelled FN was pretreated with
LTA before its addition to the organism in the binding experiment.
Several concentrations of LTA were used and the results are’
summarised in table 13. If FN was binding to “E.faecalis LTA,
pretreatment of FN with LTA would be expected to decrease binding
to the cells.. The LTA pretreatment however had no effect upcn the
binding .of the FN. The experiment was also repeated using LTA
prepared by the alternative extraction method of Hamada et al
(1985) (donated by E J Aitchison) and this too showed no
significant decrease jn binding of the FN (data not shown). . The
effect of pretreating the E.faecalis cells with group D antiserum
{(Sigma) was also investigated. The Lancefield group specific
antigen of the group D streptococci is now recognised as membrane
teichoic acid (LTA). (Wicken et al 1963) and thus this pretreatment
of the cells with group D antiserum before addition of 1251 FN
also characterised the possible involvement of LTA in the binding
process. Once again as can be seen in table13 no effect was seen

indicating that binding of FN to £.faecalis does not appear to

involve LTA.




In ‘order to discover 4f the 40 and 37 kda1ton species specific
protein antigen of F.faecalis were involved in the binding of FN,
purified monospecific antisera raised to these antigens was added

to the cells before the addition of the fibronectin. If these

proteins  were _significantly involved = in. FEN  binding - then

pretreatment of the cells with antisera to them would be expected

to decrease the binding but this was not in fact the case and no

effect was seen.

The pretreatment of the cells with trypsin also showed no effect
\ onvphe binding process, and bound FN was not displaced by addition
of excess FN. However, heating to 80 or 100°C, exposure to

protease or periodate did reduce the FN binding. (see table 13).
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Table 13

The effects of pretreatments of cells or FN upon binding of FN to

E.faecalis EBH1, 1 hr contact in PBS at 20°C.

Pretreatment of cells: ¥FN Binding
none S 00
trypsin D L g
protease K ‘ 62
BSA 107
periodate | 83
60°C 80
80°C 81
to0'c o e
group D antiserum T
40/37Kdal antiserum 100

LTA pretreatment of FN:

10ig LTA/20u1 labelled FN 105
20pg LTA/20u1 labelled FN ‘ 97
30pg LTA/20u1 labelled FN ' g8
40pg LTA/20u1 labelled FN 06

20ug/m1 unlabelled FN added .
to cells after binding of

labelled FN A 10

Pretreatment conditions as described in Materials and Methods. FN
binding was measured after exposure of iml of OD 5.0 cells to 2ug
125T-FN for thr. Results are the means of 3 separate experiments
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Binding of human serum albumin to E£.faecalis

Albumin 1is present in high concentrations in serum (40mg/ml).
Previous studies. have shown that group C and G streptococci

possess. specific albumin binding sites (Myhre and Kronvall 1980b).

Binding of albumin to E.faecalis strain EBH1iyé§ investigated by
addition of 1251 labelled albumin gp;?ée11 suspensions, thus
facilitating the construction of a Binding isotherm (Figure 43).

Scatchard analysis was used and a Scatchard plot constructed

(Figure “44) The 1linear Scatchard plot cbtained for the albumin

binding site on E.faecalis showed that there was no co-operativity

in sthe binding process. Calculations from the Scatchard plot

showed that each  £.faecalis cell bound a maximum. of. 50,000
malecules of albumin with aemuqh;JOWfoafffﬁjty than that of the

FN binding (association constant of 10.8 x 103 M~1.

Effect of LTA on binding of E.faecalis to serum albumin

It has previously been demonstrated that streptococcal LTA binds
to serum albumin (Simpson et al, 1980) and so the effect on
binding of pre-incubation of albumin with LTA was ijnvestigated

(Table 14).

The results showed that although LTA did reduce the binding it did
not completely inhibit 1it, thus indicating the involvement of

other sites in the binding process.
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Figure 43

Binding of albumin to whole cells of £.faecalis EBH1 in PBS pH

7.2, 1 hr contact at 20°C expressed as an isotherm.
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Figure 44

Binding of albumin to whole cells of £.faecalis EBH1 in PBS pH

7.2, 1 hr contact at 20°C expressed as a Scatchard plot.




Table 14

Effect of pre-treatment of a]bummwﬂ;h LTA upon binding of

albumin to E.fasecalis EBH{

Amount of LTA added pg/ml solution % control value

" 7

Binding was measured after 1hr exposure of

(0.1pg/ml) to LTA, before addition of iml £ fzecalis

107 cetis/ml). Results are expressed as

value (o LTA added to the alhb
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3.3.5 Investigation of cell surface hydrophobicity of E.faecalis

using bacterial adherence to hydrocarbon

Bacterial adherence to hydrocarbon (BATH) is a method of measuring
the hydrophobicity of bacterial cells. The more hycdrophobic the
cells the greater the partitioning into the hydrocarbon layer
(Rosenberg et al, 1980). The hydrocarbon used here was
hexadecane, and the effect of several pretreatments of 1m1 of EBH1
cells (0Ds70 1.0) for 30 minutes as 37°C was investigated. The
pretreatments were as follows: FN (Sigma) at a concentration of

20nM and also 30nM ; bovine serum albumin (Sigma)
at 4 and 4Cmg/ml cells; group D antiserum (Wellcome) at 40 ul/m]l
cells; guinea pig serum at 40ul/ml cells and guinea pig serum
previously heated to 56°C for 30 minutes at 40up1/ml cells. The
effect on surface hydrophobicity of these pretreatments is
summarised in Figure 45,

As can be seen the addition of fibronectin had no effect on
tre surface hydrophobicity of the cell. Work by Courtney et a7
(1985a) showed that human pilasma fibronectin inhibited the
adhererce to hydrocarbon of the group A streptococci,
Streptococcus pyogenes in a dose dependent manner. They also
showed that pretreatment of the fibronectin with LTA blocked the
binding of FN to S.pyogenes cells and abolished its ability tc
inhibit the adherence 1in a dose dependent manner. This data
pointed tc the fact that fibronectin binds to the LTA of group A
streptococci, preventing it from interacting with the hexadecane
phase. The pretreatment of fibronectin with LTA obviocusly
abolished this effect. Looking at the group D streptococci,
concentrations of 20nM and 30nM of FN were incubated with the

cells for 30 minutes at 37°C. Courtney et
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figure 45

Surface hydrophobicity of E£.faecalis EBH1 measured by BATH.
Results are expressed as X of original 0D of cells in the aqueous
phase after vortex mixing with hexadecane (see Materials and
Methods). Cells in 1 and 3-9 were grown in Difco brain heart
infusion, cells in 2 were grown in Lab M brain heart infusion.
Cells were pretreated with: 3, guinea pig serum; 4, heat-
inactivated guinea pig serum; 5, group D antiserum; 6, bovine
serum albumin (0.4mg/ml); 7, bovine serum albumin (4mg/m1); 8,

fibronectin (10ug/m1); 9, fibronectin (13.3ug/m1).



al (1985a) saw a significant decrease in the surface

hydrophobicity of S.pyogenes cells with concentrations of FN above
15nM. However, in the case of the £.faecalis EBH1 cells no effect

could b seen,  indicating  that binding of FN to arcup D

e}

streptococci does not involve LTA.

When the cells were pretreated with group D antisemum (Wellzome) a
decrease 1in surface hydrophobicity was seen. The hydrophobicity
of group A streptococci is thecught to be due to inverted surface
LTA {Micrner et al, 1923), thus if this is also the case for group
0 streptococci pretreating the cell with group D antiserum would

be expected to "block™ LTA and thus decrease hydrophobicity.

Any possible effects by compliement upon surface hydrophobicity
were investigatad by pretresating the cells with guinea pig serum
for 30 minutes at 27°C. A control was set up using guinea pig
serum pretreated for 30 minutes at 56°C to destroy any complement
activity. The results show a decrease in hydrophobicity in both

cases indicating that whatever the reason for this it was not

mediated by complement.

The effect of albumin on hydrophobicity was alsoc investigated at
concentrations of 0.4mg/ml and 4mg/ml cells. Previous findings by
Simpson et al (1$80) shcwed Ehat albumin binds to streptococcal
LTA, and the pretreatment did indeed give results shcowing a
decrease in hydrophcbicity. The ccncentration of albumin in human
serum is 40mg/m] and thus it can be seen that even in much smaller
concentrations than thcse seen physiologically, albumin has a

The
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definite effect on the hydrophobicity of £.faecalis.

concentration of albumin showing the effect is so small that it is
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possibly this which was having the efféétfwh_witﬁe guinea pig sera

was added to the cells, and could also be what caused the decrease
in surface hydrophobicity when the cells were pretreated with

group D antiserum:




Discussion of section 3.3

The results shew that £, faecalis binds significant amounts of FN
which might contribute to the pathogenicity of the organism in
endocarditis. The fact that heating to 80 or 100°C, expcsure to
protease K or periodate reduce FN binding suggests that FN binds
to sites composed of protein and carbohydrate. The maximum number
of FN molecules bound pesr cell (1,300) and the association
constant (4.8 x 108 M-') compare with values of 7,500
mclecutes/cell and 5.6 x 10% M-' respectively for Staphylococcus
aureds , which posesszs a specific FN binding protein (Proctor,
Mosher and Olbrantz, 1982), LTA alone does not appear to be
involved, since pre-incubation of the labelled FN with LTA or of
the cells with group D antiserum (anti-LTA) had nc effect.
E.faecalis therefore differs from group A Streptococcus pyogenes
wnich binds FN via LTA asscciated with M protein on the cel)
surface, thus mediating adhesion to mammalian cells {Beachey et
al, 1983). The binding did not appear to involve the 40 and 37
kdalton species specific antigen, although recent reports have
indicated a 41 kdalton protein in S.pyogenes which binds plasmin
(personal communication, C C Broder, University of Florida). It
is possible that this could be related to the 40 kdalton

£.faccalis protein, and future work 1looking at the binding of

rr

.faecalis to the serum protein, plasmin, and its possible

m

invelvement in the pathogenesis of endocarditis would be of

considerable interest.

Binding of albumin was of a much lower affinity then binding
of FN (association constant 10.8 x 103 M-').  Previous studiec

nave shown that group C and G streptococci possess specific albumin



binding sites (Myhre and Kronvall, 1980b), ééét?y identified as
part “of ‘the protein G component of the wall (Sjobring et al;
1988) 0 By comparison, the binding of albumin to group D

streptocccei has been considered to be i ificant (Wideback and

Kronvall, 1882), however thefb%ﬂdidéfg p to 50,000 molecules of

albumin per cell of EnfaeCanSjﬁmasﬁﬂbe:'f 4/ ance in vivo
especially with respect to,cei1s,causfhg 2 bactéraemia/prior to
adherence to heart endothelial tissue. In addition to altering
the surface properties of the cells;rthéSeV?oOse1y/beund molecules
might shield surface antigens from the host immune ~system, and
‘thereby account for the simple antigenic profiles reported for in

vivo grown cells (Dalhoff, 1985).

The Tinear Scatchard plot obtéihédffgnﬁa1bUmiﬁzbihding?1nd?cated
the existence of one type of&bindihg%ﬁiteidniE,faecalfs;« It has
previously® been demonstrated that LTA binds te -serum albumin
(Simpsen. et al, 1980). * Pre-incubation of albumin with LTA did

reduce the binding, but did not completely inhibit it.

BATH '‘measurements show that a?bumin,/hagf a ‘great  effect Upon
surface hydrophobicity, causing a considerable decrease when
oresent.«in only very smal1,concentnatfén§, probgb}y/szbinding to
the LTA on the cell surface. *SéﬁdﬁngfoffEN hgwgﬁé?;haé}ﬂo ceffect
upon cell surface hydrophobigityQi ,1% Seems?ik§i§?€§at the FN-
bacteria interaction involves a specific :reéegfb{, rather than

non-specific hydrophobic interactions.

The anQerwangN receptors on S.aureus has heen shown to correljate
with dinvasiveness (Proctor et al, 1984).  Work has also been

performed with S.sanguis where an §8.sanguis mutant, Jlacking EN
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binding ability was shown in an animal model to be far less

virulent than a strain that could bind EN. The number of animals

developing the disease with the mutant strain was negligible (at-a

Tow: inoculum no disease was shown) and _vegetations were
examined far fewer mutant strai acteria were bound than FN
binding bacteria (personal communication, J H Lawrence, Truman VA

Hospital).

Further work is needed to determine thg;rgTe'Of'FN,fa}bumin and
other .plasma proteins 1in  the pathogenesis : of E.faecalis
endocgrdﬁtis~and tO'characterfserspecific bacterial receptors of
those 1ﬁvo1ved in: the pathogenesié;of?thezdﬁseaée¢a‘Use of mutant
strains ‘of  E.faecalis 1ack}hg;“§be2%abjﬁity}1to, bind FN and/or
albumin and work with animaT’fmédélé‘aé,fhv/thé',S:SénQUfs spﬁdy
would establish their reXative?éénffibutionsgtb?the?Viru1éheé of

£.faecalis in endocarditis.




Concluding remarks

Surface: proteins of Gram-positive bacteria have been recognised

for some time as being of considerable importance in infection and

the initial main aims of this project were

to investigate the localisation of species specific protein

antigensiof Enterococcus faecalis:

“to purify them and look at their potential as the basis for a
 rapid serodiagnostic test for E.faecalis endocarditis, and to
consider their ‘possible role in the pathogenesis of the

diseasey; salong with other factors: =

The: growth of “E:faecalis in différent’media?énd/iﬁéfeffect’on both
the cells’ appearance (as examined by electron micrographs of
ruthenium red stained and sectionedfcelTSQfandéthe~protein'antigen
profile (as® finvestigated using SDSQPAGE;fénd immunoblotting
techniques) was studied and both were shown to be markedly
influenced by the growth envirconment. Growth in serum was deemed
to most closely =mimic in vivo grOwth'conditions, reflecting an
environment similar to that which the imicrOOPgénismS woufd
encounter during bacteraemia, preceding Go1bnfsationjch the

endocardium.

The: Jocalisation of the 40 and 37&%kdéﬂion _species spegific
antigens of E.faecalis was investigated by electron microscopy
with = immunonegative stéining using purified = monospecific
antiserum. The technique showed/thaﬁ?theépurifﬁed IgG from the
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monospecific antiserum to these anti the surface of

E.faecalis, the amount binding being unaffected by the phase of

growthiat which the cells were taken.

Negative: staining of cells with methy?am1ne tungstate skowed the

fEGCa7IS cells,

presences of fimbriae on thea»sunfaseéref zsgme;é
grown 1in both serum and bfainéhehr%fihfusﬁangiétthQUQh the degree
of fimbriation-was shown to;deﬁend eﬁithe:phasé;ofﬁgrewﬁh;at which
the cells:were taken to be 1nve$tf§até§;?ééA¥sﬁgnjfddént number
(approximately ©35%) of cells taken in eafli%Togarithmﬁc phase were
fimbriate; with: the value falling to around 25% in mid-log phase
and\és\1ow as 5% in stationary phase. Due to the fine structgre
of ‘the F.faecalis fimbriae thevaereénot,Viéibleaafter incubation
with santiserumin  the ’immﬁnenégaiivevéstéjaing‘;techniques.
However,  no: wvariation 1n;;jéﬁeilfﬁ§;;§f:;ﬁeﬂis; with monospecific
antiserum was seen according%toftheﬁképhasejaf growth (in<fact al
cells wexamined ishowed surface labelling ~Qhateyer their - growth
phase); thus strongly implying thatvthelAO and¥37:kda1ton antigens
are not part.of the fimbriae, although they are clearly exposed on

the surface of intact cells.

Attempts were made to detecﬁ'su}faée fﬁbr11s, sihéiar to those
seen 'in -certain oral streptococciﬁin%thfngseations/by;ruthenium
rad. sstaining. A1th0ugh - surface fibrils were _detected;

cohsiderable differences were seen between ce11§ gvcwn in horse
serum and those grown in brain heart,}nfuswon;f Iﬂ the ‘horse serum
grown cells, ?arge 1rregu1ar patches of stained mater1a1 were seen
on<th&wce}l urface and between adjacent cells, compared to a
smooth uniform 1ayer surrounding the BHI grown cells. The nature

of the material adhering to the>horsé,Serumégégwh50e¥}s is. as yet

“8b




unknown. - It is unlikely to have originated fﬁbm/:hefserﬁm due to

the r1gor0us wash1n9 the cells underwent’before app1y1ng to the

gr1ds and durwng sta1n1ng, but this cannot tota11y be d?sccunted

Regarding £.faecalis in 1nfect1ve endacard1,; /??1b0tentia1 of

using the 73, 40-and 37 kda?ton ant1gcrs was 1nvest19ated as the

basis of a serod1aqnost1c test ‘or E faeca77s IE Infect1ve

endocarditis is both a dwfficult cond1t1on to dﬁagrose and treat

and carries a morta11ty of up to 30%, iE}faeca77s endocard1t1s is
particu1ar1y difficult to treat, being insensitive to the
ant1b1ot1c reg1men used agawnst the penicillin sensitive viridans
streptooocc1 Treatment requ1res a comb1nat1on of pen1c1111ns,
aminoglycosides and/or g]ycopept1de ant1b10t1cs such as. vancomycin
for several weeks -with //attendan; ;éiag?? effebts Thus
1dent1f1cat1on of the causa£1v;;organ1sﬁ/from the u1ooa of the
patient 1is of the utmost 1mp§}taﬁcé/jfo;z the se1eCL1on of
appropriate treatment. The Anc1dence of cﬁ1ture/ﬁegat1ve cases
from blood cultures. and the 1ength of x;1we 1nv01ved in such
cultures show the obvious value of a rap1d tes’r to either confirm

or exclude E. faeca77s in 1nfect1ve endocard1t1s, especwal]y if

th1s might also be useful in assess1ng therapeut1c response.

To this end the partial purificatioh of the antigens/was achieved
by precipitation with 90% ammon1um Su1phqte after the major
antigens were released from horse serum grown be118 by 1 sarkosvT
and 1mM EDTA. Based on these extracted and part1a11§ purified
ant1géns, an ELISA assay was deve1oped and 1ts performance
eva]uated 1n’a b?tnd tr131 The results of the trial were Qéfy
encourag1ng,\91v1ng a- 94% succeqs rate for pos1t1ves (15/16), s

90% success rate (9/10) for negat?ves w1nh endocard1t1s caused by
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other organisms and an 80% success raté7(8/i0) fér/negatives with

E.faecalis infections other -than endocarditis. These -results
might possibly be further improved by more rigorous purification
of the antigens, thus givina a rapid and convenient serodiagnostic

test for £.faecalis endocarditis.  The ELISA assay was also used

in a longitudinal study investigating 14G, IgA/and IgM levels 1in
serial serum samples of four endocarditis patients, and whilst
further longitudinal studies are obviously needed this may in the

future be useful in monitoring patient responss to therapy.

Recarding the pathogenesis of £.faecalis endocarditis, the binding
of the serum proteins fibronectin and albumin to the bacteria was

investigated, ard in the case of fibronectin the receptor was
partially characterised. The 40 and 37 kdalton antigens did not
appear toc be involved in the binding of FN, and Yikewise LTA also
appeared to play no role. Binding for both fibronectin and
albumin was cf reasonably low affinity, thus meaning that the
material surrounding horse serum grown cells revealed by ruthenium
red staining 1is almost certainly not either of these serum
components. However, it showed that many molecules. of these
proteins bind to cells and amongst other effects these Jloosely
bound molecules might shield surface antigens from the host - immune

system.

Thus 1in conclusion, of the protein'antigens investigated the 40
and 37 kdalten antigens. have been shown tbr Ee exposed on the
surface of the:cells, although thay-are apparently not part of the
E.faecalis fimbriae seen on some cells. The partially purified
73, 40 and 37 kdalton antigens showed great success as the basis

of a serodiagnostic test for E.faecalis endocarditis although no
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1ink  between . these aﬂtigéns;faeé:lé agéd/sis ﬁha§ yet been
established. To take this work a stégé%¥ﬁfihef ?t would be of
great clinical benefit to produce ansEL'SA<th~comaﬁiSingpSQecieﬁ

specificrantigens from a range of;Gramrpesiti¥é7Organisms, if such

antigens could be found. &Thjéntestecauldétbéﬂ’he;'éedfiagdiscover

guickly. and efficient?y’thé;tausa]‘organismf?h,egdccardiiisﬁ
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