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Summary

This study examined the effect of iron deprivation and sub-inhibitory concentrations of
antifungal agents on yeast cell surface antigen recognition by antibodies from patients
with Candida infections.

Separation of cell wall surface proteins by sodium dodecyl-polyacrylamide gel
electrophoresis (SDS-PAGE) and immunological detection by immunoblotting, revealed
that antigenic profiles of yeasts were profoundly influenced by the growth environment.
Cells grown under iron-depleted conditions expressed several iron-regulated proteins that
were recognized by antibodies from patient sera. An attempt to characterize these proteins
by lectin blotting with concanavalin A revealed that some could be glycoprotein in nature.
Furthermore, these proteins which were located within cell walls and on yeast surfaces,
were barely or not expressed in yeasts cultivated under iron-sufficient conditions. The
magnitude and heterogeneity of human antibody responses to these iron-regulated
proteins were dependent on the type of Candida infection, serum antibody class and
yeast strain. Hydroxamate-type siderophores were also detected in supernatants of iron-
depleted yeast cultures. This evidence suggests that Candida albicans expresses iron-
regulated proteins/glycoproteins in vitro which may play a role in siderophore-mediated
iron uptake in Candida albicans.

Sequential monitoring of IgG antibodies directed against yeast surface antigens during
immunization of rabbits revealed that different antigens were recognized particularly
during early and later stages of immunization in iron-depleted cells compared to iron-
sufficient cells.

In vitro and in vivo adherence studies demonstrated that growth phase, yeast strain and
growth conditions affect adhesion mechanisms. In particular, growth under iron-
depletion in the presence of sub-inhibitory concentrations of polyene and azole
antifungals enhanced the hydrophobicity of C.albicans.

Growth conditions also influenced MICs of antifungals, notably that of ketoconazole.
Sub-inhibitory concentrations of amphotericin B and fluconazole had little effect on
surface antigens, whereas nystatin induced profound changes in surface antigens of yeast
cells. The effects of such drug concentrations on yeast cells coupled with host defence
mechanisms may have a significant affect on the course of Candida infections.

Key words: Candida albicans, iron, adherence, sub-inhibitory concentrations, surface
antigens
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PREFACE

It has been established that bacteria growing in vivo, during infection possess different
characteristics from those organisms growing in vitro (Brown and Williams, 1985b;
Dalhoff, 1985). Nutrient limitation, particularly iron, growth rate, biofilm formation and
the presence of sub-inhibitory concentrations of antibiotics are factors known to alter the
surface composition of bacteria, and consequently influence it's interaction with the host
(Brown and Williams, 1985b).

Cell walls of Candida albicans are the site of initial contact between the organism and
it's environment. The cell wall surface is important in the mediation of adherence in
colonization and invasion of tissue and presentation of antigens to the host, however,
surface characteristics remain largely undefined. In contrast to extensive studies
concerning the role of iron in bacterial infections, little is known about the ability of
Candida to sequester iron in vivo, nor about the effects that an iron-restricted
environment may have on its surface characteristics and biological properties.

In an attempt to establish growth conditions in vitro, so as to mimic more closely
those in vivo, this study looks at the effects of iron-deprivation on the surface
composition and properties of C.albicans and relates the significance of these effects to

the host-Candida interaction.

16



1. INTRODUCTION

1.1. Importance of C.albicans as a pathogen

1.1.1. Taxonomy

The treatise of Lodder and Kreger-van Rij (1952), and subsequently that of Lodder
(1970) are generally accepted as the basis fv;)r the taxonomy of C.albicans. The genus
Candida is characterized as including white asporogenous yeasts capable of forming
pseudohyphae. These yeasts are frequently found classified among the 'Fungi
Imperfecti'.

Until recently, there were few valuable criteria for distinguishing strains of
C.albicans. Hasenclever and Mitchell (1961) demonstrated the existence of two
serological groups of C.albicans, serotypes A and B. Within the genus, species are
characterized primarily on colonial morphology, carbohydrate utilization, and -
fermentation patterns (Odds, 1979). Subsequently, Odds and Abbott (1980) reported a
method of strain differentiation based on growth characteristics that are variable within
the species. Although the system has yielded valuable information with regard to the
epidemiology of candidosis, the method has not found widespread acceptance.

Serological methods have often been applied to the taxonomy of pathogenic yeasts
(Jonssen, 1955), although they are still far from routine in yeast identification. However,
such tests are currently receiving increasing attention (Taguchi e al., 1979) in view of
the potential value of monoclonal antibodies for identification and serotyping of Candida

species (Polonelli and Morace, 1986). Five presumptive serotypes have been reported by
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examining the pattern of cross-reaction of a single monoclonal antibody (Polonelli and
Morace, 1986) and immunoblotting has been successfully used as a novel sensitive
typing method for differentiating Candida isolates to allow early identification of an
outbreak (Lee ez al., 1986).

Although it is known that the medically important Candida species may be divergent
genetically (Meyer and Phaff, 1972), their identification on the basis of phenotypic
properties is not always simple (Rippon, 1982). Several workers have explored methods
based on genotypic properties by molecular probing with the C.albicans actin gene
(Mason et al., 1987; Alsina et al., 1988). This molecular probe provided definitive
identification of Candida species and suggested its potential use when standard methods

do not allow a precise identification.

1.1.2. Morphology
C.albicans is often referred to as a "dimorphic fungus". However, this description
oversimplifies the many subtle changes of morphology the fungus can undergo.
C.albicans cells of several morphologies frequently coéxist in any particular
environment.

C.albicans yeast cells are ovoid to almost spherical, varying in size from 2.7 x 2um
to 10 x 6um (Bedell ez al., 1980), and reproduce by budding. The daughter buds often
remain attached to the mother cells until stationary phase, at which time cells accumulate

as singlets (Soll and Bedell, 1978). Pseudohyphae are essentially elongated yeast cells

18



varying from 2 to S5um in diameter and 26 to 30pm in length. They arise by an acropetal
budding process (distinct from yeast cell budding) and remain unseparated, sometimes
giving an appearance of a filamentous cell chain that is often narrow enough to be
confused with a true hypha. True hyphae, which conversely elongate continuously and
lay down septa at intervals behind the growing tip, are almost perfectly cylindrical cells.

Chlamydospores are thick-walled, highly refractile spheres approximating 10pum in
diameter. They emerge from specialized "suspensor cells" which are elongated yeast cells
that branch from hyphae or pseudohyphae (Szaniszlo er al., 1983; Odds, 1985).
Although yeast cells are the easiest form to grow in vitro, pseudohyphae often occur as
minority components of yeast and hyphal cultures, and some true hyphae and
pseudohyphae may appear in the same mycelium. In addition, hyphal cultures almost
always ultimately generate some budding cells. Despite the coexistence of the different
morphological forms, the strongest predilection of C.albicans is to grow in the yeast

form, therefore, mycelia may be considered a transient form in vitro (Odds, 1985).

1.1.3. Epidemiology and infection

It is generally considered that C.albicans has a world wide distribution although some
reports suggest that infection with C.albicans occurs more frequently in tropical climates
(Hall and Larsh, 1985). Candida species are endogenous as normal flora on
mucocutaneous regions and in alimentary tracts of humans and other animals (Do Carmo-

Sousa, 1969). Yeasts have been recovered from the mouth, gastrointestinal tract and
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vagina of humans; with the incidence of C.albicans increasing in patients (Table 1.1.).

Table 1.1. Recovery of C.albicans from patients and normal individuals.

Site of recovery Description of subjects % C .albicans recovered
from total yeast flora*
Oral cavity Normal 10.3
Hospital patients 42.9
Anorectal tract Normal 14.6
Patients 22.0
Vagina Normal 7.8
Patients without vaginitis 14.9
Patients with vaginitis 25.7

* Figures compiled from data cited by Odds (1979).

Candidosis is the most opportunistic fungal infection in humans (Odds, 1979;
Rippon, 1982). Seven species, C.albicans, C.guilliermondii, C.krusei,
C.parapsilosis, C.pseudotropicalis, C.stellatoidea, and C.tropicalis, as well as
Torulopsis glabrata, are recognized as the principal medically important yeasts. The most
common aetiological agent is C.albicans, however, C.tropicalis (Hurley and Winner,
1962) and C.parapsilosis (Winner and Hurley, 1964) have been incriminated in systemic
candidosis. C.albicans is usually present as a harmless asymptomatic commensal but can
be manifest as an opportunistic pathogen when the balance between host defences and
yeast commensalism is breached. Predisposing factors to infection include mechanical
trauma, hormonal changes, prolonged steroid therapy, and underlying immunologically
compromised disease (Table 1.2.). Many tissues and organs may be involved in

candidosis, thus, clinical manifestations are usually divided into two groups: superficial
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and systemic candidosis.

Table 1.2. General classification of localized and systemic factors that predispose

humans to candidosis.

Classification of Explanation Examples

predisposing factors

Natural factors 1. Infectious, idiopathic Microbial infections,
congenital or other endocrine disorders,
debilitating diseases and defects in cell-mediated
disorders. immunity.

2. Digressions from normal Pregnancy, infancy
physiological status.

Dietary factors Excess or deficiency of Carbohydrate-rich diets,
foodstuffs that may alter vitamin deficiencies.
the composition of the
endogenous flora.

Mechanical factors 1. Trauma Burns
2. Local occlusions or Wearing dentures,
maceration of tissues. Thumb-sucking.

Iatrogenic medical 1. Treatment with drugs Antibiotics, cortico-

factors that alter the composition steroids.
of the endogenous microbial
flora or suppress host
defences against infection
2, Surgical procedures, or Bowel resections,
introduction of mechanical heart valve replace-

devices and prostheses.

ments, indwelling
catheters.

1.1.3.1. Superficial candidosis

Superficial candidosis involves epithelial and cutaneous surfaces, in particular the

respiratory, uro-genital, and gastrointestinal tracts. Although oral thrush is the best
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known form of mouth infection mediated by Candida, it is also recognized that Candida
is an important aetiological agent of denture stomatitis, some cases of angular cheilitis,
leukoplakia, and possibly other types of oral disease. The incidence of oral thrush is no
more than 5% among neonates in Britain and North America (Taschdjian and Kozinn,
1957; Kozinn et al., 1958; Dunn, 1962), whilst Candida-associated denture stomatitis
may be found in 60% of elderly denture wearers (Budtz-Jorgensen et al., 1975).

Newborn infants are probably susceptible to Candida infection because of their
immature immune system (Odds, 1979). Among adults, oral thrush may appear as a
consequence of predisposition to infection in a number of clinical situations e.g. cancer or
topical oropharyngeal therapy with steroids (Table 1.2.). Oropharyngeal thrush may
sometimes spread to adjacent mucosa of the digestive and respiratory tracts, and is often
associated with Candida infections of cutaneous sites.

Studies prior to 1930 suggested that vaginal thrush was an uncommon and mild
infection (Winner and Hurley, 1964), however improved methods of identification for
Candida have subsequently confirmed that vaginal thrush is a common occurrence.
Although there is a marked variation in epidemiological data on vaginal thrush, studies
have shown some consistency (Pumpianski and Sheskin, 1965; Jennison, 1966). These
studies reveal that the incidence of vaginal thrush is about 20% among women attending
venereal disease clinics in England and Wales, but an incidence rate for thrush of 4.4 to
5% is the consensus figure from studies of women outpatients between 1965 and 1973.

Pregnancy is a predisposing cause of vaginal candidosis. Vaginal carriage of yeasts is
greater in pregnant than in non-pregnant women, and several studies demonstrate that the
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carriage rate increases markedly in the third trimester of pregnancy, with an abrupt
decline in the immediate post-partum period (Odds, 1979). Oral contraceptives containing
oestrogen enhance the susceptibility of the vagina to yeast overgrowth, which may in turn
lead to symptoms of vaginal candidosis (Lapan, 1970; Anyon et al., 1971).

The natural distribution of Candida in the body suggests a predilection for moist
habitats, hence any situation that involves occlusion or maceration of the skin or mucous
surfaces, so as to raise the local humidity, may predispose to yeast overgrowth and
infection. The occlusive effects on the vagina of nylon underwear and tights have been
cited as factors that contribute to vaginal candidosis (Bull, 1969; Hurley, 1975).
Treatment with broad spectrum or multiple narrow spectrum antibiotics have been
considered to exacerbate vaginal thrush (McVay and Sprunt, 1951; Caruso, 1964), and to
increase vaginal yeast carriage (Barlow and Chattaway, 1969; Davis, 1969). However,
despite a strong consensus view in favour of antibiotic enhancement of yeast carriage, the
relationship between antibiotic therapy and candidosis is far from proven unequivocally.

Diabetes mellitus predisposes to vaginal candidosis, but the mechanism by which
diabetes increases host susceptibility to candidosis remains unclear. It has been proposed
that high blood and enhanced tissue glucose levels (Knight and Fletcher, 1971), and the
availability of vaginal glycogen (Ryley, 1986), may promote the growth of Candida in
diabetics. Furthermore, it has been found that polymorphs from diabetics show reduced
killing activity towards C.albicans (Raith et al., 1983), suggesting impaired phagocytic

function.
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Little is known about the pathogenesis of recurrent and chronic vaginal candidosis,
although several factors are recognized as predisposing to recurrent infection (Sobel,
1982). Nevertheless, most women with recurrent candidal vaginal infections have no
identifiable risk factor (Sobel, 1985). It has been suggested that true vaginal relapse due
to incomplete eradication of the initial vaginal infection appears to be responsible for a
large percentage of recurrent episodes. However, the reason for the specific susceptibility
of these women to recurrent symptomatic episodes of vaginitis is unclear. Vaginal
reinfection also occurs and may be more important in women with less frequent
recurrences (Sobel, 1986).

The majority of cutaneous Candida infections tend to arise in intertriginous areas and
various factors have been implicated as predisposing to cases of cutaneous candidosis,
including diabetes (Arao and Inoue, 1973) and corticosteroid therapy (Borman and
Pittlekow, 1967). However, local occlusion and maceration are clearly the most
significant and usually the only factors involved in the aetiology of disease.

Although Candida infections of the mouth or vagina may occasionally spread to
involve skin adjacent to these sites, candidosis of mucous membranes and skin are
essentially localized infections. However, chronic mucocutaneous candidosis (CMC) is
the exception. CMC is a relatively uncommon manifestation of candidosis characterized
by the development of chronic, often widespread, infections of skin, nails, and mucous
membranes. Onset is usually in infancy or early childhood, potentially a wide range of

underlying disorders and diseases can be associated with cases of CMC; including
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idiopathic hypothyroidism and hypoadrenocortism, multiple endocrinopathies and
diabetes mellitus (Odds, 1979). Genetic predisposition to CMC has been reported in a
number of cases (Miller, 1946; Satenstein, 1946).

Deficient T-cell immunity has been implicated as the major host factor responsible for
CMC (Kirkpatrick and Smith, 1974). A particularly interesting feature of CMC is that it
rarely spreads to the gastrointestinal or respiratory epithelial surfaces, and has never been
found to disseminate to deep organs, yet CMC patients possess defective cellular

immunity to Candida.

1.1.3.2. Systemic candidosis

Systemic candidosis may arise as localized primary diseases, with a single organ
affected, or as disseminated candidosis (septicaemia) in which Candida is spread via the
bloodstream to invade multiple organs. A review of a series of autopsy and clinical
studies performed between 1954 and 1978 (Bodey and Fainstein, 1985) (Table.1.3)
clearly indicated that the frequency of disseminated candidosis has increased substantially
during the past two decades.

Disseminated candidosis is primarily a disease of immunocompromised individuals,
such as patients with acquired immunodeficiency syndrome (Mildvan er al., 1982), and
debilitated patients (Barrett ez al., 1957; Loﬁria et al., 1962; Dennis et al., 1968; Pillay
et al., 1968; Triger et al., 1981). It is especially common among patients with

haematological malignancies and organ transplants. The majority of systemic infections
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Table 1.3. Frequency of systemic candidosis from some autopsy and clinical studies*

Years Underlying Source Total Percentage with
disease population candidosis
1954-1958 Acute leukaemia Autopsy 157 7
1959-1964 5 ’ 3 297 20
1957-1962 Leukaemia Multiple 205 1
1959-1969 Burn wound Blood 783 2
1970-1971 " 4 . 284 14
1962-1965 Numerous . 185 5
1962-1965 Renal transplant Autopsy 51 24
1963-1974 Numerous Y 2616 1
1963-1970 " 4 2714 0.1
1971-1975 = : 1325 1.2
1964-1971 Burn wound Blood 427 5
1966-1972 Acute leukaemia Multiple 494 7
1968-1970 : : Autopsy 65 12
1972-1973 Cancer Blood 364 7
1972-1973 ® Autopsy 88 18
1973-1976 Marrow transplant Blood 60 66
1975-1977 Numerous i 500 6
1977 & iy 2316 4.8
1977-1978 Haematological e 89 21

* Table compiled from data cited by Bodey and Fainstein (1985).

represent disseminated candidosis. The infection may present itself as meningitis,
endocarditis, pneumonia, arthritis, peritonitis, laryngitis, endophthalmitis, or urinary tract
infections. Single organ infections occur infrequently and usually arises from
haematogenous dissemination.

Several authors, including Stone ez al. (1974) have indicated that the most important
route by which candida septicaemia may arise is by persorption of yeasts from the gut
into the bloodstream. It is probable that yeasts may also gain direct access to the
bloodstream from exogenous sources. In particular, widespread use of in-dwelling
intravascular catheters has led to a dramatic increase in the frequency of candida
septicaemia (Curtis and Fowler-Bergfeld, 1969; Portnoy et al., 1971; Hill ez al., 1974;
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Bodey and Fainstein, 1985).

1.2. Cell wall composition and ultrastructure

Although different studies on cell wall (Cw) composition in C.albicans have revealed
some quantitative variation in constituents, they agree qualitatively that the wall comprises
mainly glucan (polymers of glucose) and mannan (polymers of mannose) with lesser
amounts of chitin (polymers of acetyl glucosamine), protein and lipid (Kessler and

Nickerson, 1959; Chattaway et al., 1968; Odds, 1979).

1.2.1. Mannans

Several groups of investigators have anal}zcd the C.albicans mannan structure, and all
have found that mannan is organized into an inner-chain, outer-chain, and base-labile
oligomannosides (Fig.1.1.) (Bishop er al., 1960; Sunayama and Suzuki, 1970; Phaff,
1971; Suzuki and Usuyama, 1971).

The mannan backbone is composed of a(1—6)-linked mannose residues with side
branches 2-7 sugar residues in length. Antigenic specificity is determined by the outer-
chain region (Sakaguchi ez al., 1967; Suzuki and Sunayama, 1969; Sunayama and
Suzuki, 1970). The side chain mannose residues in the outer-chain region range from
mannobiose to mannohexaose in serotype B and to mannoheptaose in serotype A, with
some evidence for even longer oligomers in the latter (Bishop er al., 1960; Suzuki and
Sunayama, 1969). The predominant linkage in the side chains is 0.(1—2), but a small

proportion of o(1—3)-linkages occur in the mannotetraose type A and in the
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mannopentaose and mannohexaose of both serotypes in ratios of o(1—2)-linkages to
a(1—3)-linkages of 2:1, 3:1, and 4:1, respectively (Suzuki and Sunayama, 1969;
Sunayama and Suzuki, 1970). The inner-chain region connects the c(1—6) backbone to
structural proteins through N,N'-diacetylchitobiosyl-asparagine glycopeptide bonds.
Alkali-labile oligomannosides are joined directly to the structural protein via
hydroxyamino acid ester bonds between mannose residues and serine or threonine of the
peptide moiety (Farkas, 1979). Therefore, it appears that differences between mannans of
C.albicans serotypes A and B reside in the degree of branching, the length of side chains
and the proportion and position of a(1—3)-linkages in the side chains (Sunayama and
Suzuki, 1970; Suzuki and Usuyama, 1971; Kogan et al., 1988).

The method of preparation influences the molecular weight (MW) of mannan (Peat et
al., 1961; Nakajima and Ballou, 1974). Mannan isolated by borate-acetyl trimethyl-
ammonium bromide complexation, avoiding high pH, has a MW of 133Kd, while further

exposure of this mannan to dilute alkali reduces the size to 40Kd.

1.2.2. Glucans

Glucans are considered to be major constituents of the Cw microfibrillar structure
(Farkas, 1979). In C.albicans they consist of long chains of B(1—6)-linked
glucopyranose residues with B(1—3)-linked side chains (Bishop et al., 1960; Yu et al.,
1967). As the linear sequences develop, the B(1—3)-linkages of glucan associate to form
fibrils that increase the strength of the wall. Linkages between glucan and protein or

between mannan and glucan in the intact wall have been investigated. Kessler and
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Nickerson (1959) revealed their association with proteins in an alkali-insoluble fraction
and with glucomannoproteins in the soluble fraction. Soluble glucan-mannan complexes
have been isolated from defatted walls with dilute alkali, and the glucans present were
bound to a peptide moiety by N-glycosidic linkages (Kessler and Nickerson, 1959; Reiss
et al., 1974). These complexes have been shown to be antigenic (Masler e al., 1966;

Reiss et al., 1974).

1.2.3. Chitin

Chitin exists as insoluble fibrils composed of long, unbranched chains of homopolymers
of N-acetyl-D-glucosamine joined by B(1-—4)-linkages (Reiss, 1985). Despite being a
minor component of the Cw, it plays a critical role in cell division. The importance of
wall chitin in maintaining structural integrity of C.albicans is demonstrated by the
requirement for both glucanases and chitinases for the preparation of protoplasts from
this yeast (Domanski and Miller, 1968). This suggests that chitin and B-glucans are more

significant structural Cw components than mannans.

1.2.4. Proteins

A structural role for proteins is clearly demonstrated by the impossibility of causing Cw
lysis by action of polysaccharases alone, in spite of a large proportion of polysaccharide
in the wall. Complete lysis requires previous or simultaneous degradation of wall
proteins with proteinases or reducing agents, which split disulphide bridges between

protein molecules (Chattaway et al., 1976). Consequently, proteins in Cw are found as
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linkages between polysaccharide, as functional enzyme units within a polysaccharide
matrix or as autonomous enzymes (Poulain er al., 1985).

Mannans consistently carry a protein moiety whose mode of linkage has been
described above (Odds, 1979; Poulain et al., 1985; Reiss, 1985). These glycoproteins,
as well as mannans and glucans are immunogenic, however, it is not known to what
extent the antigenic specificities are modulated by proteins attached to rﬁmnans. In
addition to their structural role, some of the Cw proteins have been identified as enzymes;

e.g. acid phosphatases and two B-glucanases (Poulain ez al., 1985).

1.2.5. Lipids
There are lipid components in the Cw (Bianchi, 1967), but they constitute a small
proportion of the wall composition, and their structure and role in the Cw remains to be
determined.

The general model of the organization of the Cw seems to be one of superficial layers
of protein microfibrils extending from the periphery of the wall which are loosely
attached to readily soluble mannans. These mannans are embedded in an interwoven

network of fine fibrils of B(1—3) glucans and chitin (Odds, 1985; Reiss, 1985).

1.2.6. Ultrastructure
Several workers have used electron microscopy to reveal the precise location of principal
wall components. In electron micrographs, the Cw appears as a structure of variable

thickness with several layers of different electron densities. Most investigators have
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described five layers in the Cw (Djaczenko and Cassone, 1972; Cassone et al., 1973;
Howlett and Squier, 1980), whereas Poulain er al. (1978) demonstrated eight layers, but
this conclusion was based on examination of cells grown for different times on different
media which may exaggerate the number of layers (Szaniszlo et al., 1983; Odds, 1985).

Cw layers alter in number, composition, and thickness with age of C.albicans yeast
cells, and with growth environment (Djaczenko and Cassone, 1972; Cassone et al.,
1979). The layered appearance of the Cw in electron micrographs suggests the wall is
composed of stratified material of different chemical composition. However, Odds
(1985) supported the view that ultrastructural stratification is partly false and layers
observed in electron micrographs reflect proportional, not absolute changes in Cw
composition. Conversely, Poulain ez al. (1978, 1985) revealed by cytochemical staining
methods that different layers in the Cw contain different dominant polysaccharides.

The outermost fibrillar layers of the wall appear to consist of mannans and proteins
(Cassone et al., 1978; Odds, 1985; Poulain ez al., 1985). The middle layers contain
predominantly glucans, however mannans and glucans span throughout most of the wall

structure. The innermost region of the wall contains chitin and proteins.

1.3. Antigenic variation

There is much evidence that the composition of the bacterial surface is profoundly
influenced by growth environment (Ellwood and Tempest, 1972; Gilbert and Brown,
1978; Costerton and Marrie, 1983; Brown and Williams, 1985 a and b). Growth rate and

nutrient limitation have a considerable affect on the biochemistry of cell envelopes. These
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factors may play an important role in bacterial susceptibility to antibiotics (Finch and
Brown, 1975; Dalhoff, 1985) and host defences (Brown and Williams, 1985b), thus
influencing pathogenicity. The flexibility in both structure and composition of bacterial
cell envelopes confers a distinct survival advantage in a changing environment.

Phenotypic variation induced by changes in the growth environment can alter the
antigenicity of bacteria. During infection, organisms are exposed to host immune
defences, while host temperature and nutrient availability will vary. Hence, it has been
shown that bacteria grown in vivo differ profoundly from their counterparts in vitro
(Brown and Williams, 1985b; Dalhoff, 1985).

By analogy with bacterial cell envelopes, the Cw of C.albicans is the site of initial
interaction between organism and its environment. The wall maintains the structural
shape which characterizes each growth form of the fungus and is part of a permeability
barrier. The cell surface is important in the mediation of adherence in colonization and
invasion, and presentation of antigens to the host, yet the surface moieties and their
antigenic determinants remain largely undefined. Furthermore, the definition of surface
components and their antigenic determinants is essential to an understanding of structural
and functional relationships of the Cw in host-parasite interactions and in maintenance of
morphological states and permeability (Chaffin et al., 1988).

An enhanced understanding of surface epitopes and the production of monoclonal
antibodies (MAbs) against surface antigenic determinants could also facilitate the

development of serological tests specific for a morphological form of growth.
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