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SUMMARY

Recovery from disseminated candidosis is associated with seroconversion to a
47 kDa breakdown product of the Heat Shock Protein (HSP) 90 of Candida
albicans. Cloning, sequencing and epitope mapping has allowed the delineation of
the immunodominant epitopes LKVIRKNIVKKMIE and STDEPAGESA.
Monoclonal and polyclonal antibodies specific to these epitopes are used to show
that all strains of C. albicans tested produce HSP 90 in both the yeast and mycelial
phases. Homologous proteins are demonstrated in Saccharomyces cerevisiae,
Candida parapsilosis and Corynebacterium jeikeium but not in Torulopsis glabrata.
Evidence is presented for the existence of two distinct HSP 90s in C. albicans. The
first of these is expressed constitutively whilst the second is produced on heat
shocking the yeast from 23 to 37 °C.

INTRODUCTION

In mammalian systems it is becoming increasingly obvious that a family of
proteins with an apparent molecular weight of 90 kDa on SDS-PAGE electro-
phoresis and pronounced homology at DNA and protein levels plays a vital role
in cell function. They have been implicated in steroid receptors including the
receptors for progesterone, oestrogen, androgen and glucocorticoid [1-6].

These 'heat shock proteins' (HSP 90) were originally recognized in the yeast
Saccharomyces cerevisiae [7] as two genes HSP 82 and HSC 82. Mutants with
defects in both genes are not viable, whereas possession of either of the two genes
alone is sufficient for growth at normal temperatures [8].

A similar gene has been identified and cloned from Candida albicans [9]. A
47 kDa antigenic breakdown product has been implicated in human infection.
Patients who recovered from disseminated candidosis, patients with oral
candidosis and AIDS and patients with chronic mucocutaneous candidosis had
antibody against it [10-12]. Epitope mapping was performed by the Geysen
technique, in which multiple overlapping peptides covering the whole length of the
derived amino acid sequence were synthesized on polyethylene pins [13]. This
showed that patients who recovered from disseminated candidosis and patients
who had AIDS and oral candidosis each produced antibody against a peptide of
sequence LKVIRK which was 315 amino acid residues from the carboxy
terminus. Seroconversion to the 47 kDa antigen and recovery from infection was
associated with the production of antibody against this epitope. Antibody against
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the epitope DEPAGE which was eight amino acids from the carboxy terminus of
the protein was associated with a positive immunoblot against the 40 kDa band
of C. albicans.

The delineation of exact epitopes within candidal HSP 90 makes it possible to
generate antibodies against synthetic peptide epitopes which can be neutralized
by adsorption with the corresponding peptide. This paper reports monoclonal and
polyclonal antibody production against the epitope LKVIRKNIVKKMIE and
polyclonal antibody production against the epitope STDEPAGESA. These
reagents are then used to define the temperature at which C. albicans expresses
HSP 90 and the degree of cross-reaction with homologous antigens produced by
the yeasts S. cerevisiae, Candida parapsilosis and Torulopsis glabrata. Previously,
hyperimmune antiserum against C. albicans cross-reacted well with C. parapsilosis
on immunoblots and detected circulating C. parapsilosis antigen by reverse
passive latex agglutination (RPLA) [14, 15]. In contrast it cross-reacted poorly
with T. glabrata on immunoblots and failed to detect circulating T. glabrata
antigen (15, 16].

False positive reactions for C. albicans antigen have been detected during
infection due to Corynebacterium jeikeium [17]. The level of antigen correlated
with the successful treatment of the infection by vancomycin and seroconversion
to an antigenic band at 52 kDa [17, 18]. This suggests that the circulating
immunodominant antigen in C. jeikeium infection is homologous to Candidal HSP
90. The monoclonal and polyclonal antibodies described here demonstrated HSP
90 in C. jeikeium.

METHODS

Organisms
The strains of C. albicans in this study were: (1) a clinical isolate, previously

cloned, which was responsible for the outbreak of systemic candidosis at the
London Hospital [9, 10, 19]; (2) the serotype A strain NCPF 3153; (3) the serotype
B strain NCPF 3156 and (4) the outbreak strain from the Belfast neonatal unit
[20]. Both the C. parapsilosis and the Corynebacterium jeikeium were previously
described clinical isolates [18, 21]. The T. glabrata was strain XCPF 3240 and the
yeast S. cerevisiae was strain Si50.

Media
Yeasts were grown overnight at 23, 30 or 37 °C, on glucose/peptone agar

containing 2% (w/v) Bacto Dextrose, 1% (w/v) Bacto Peptone and 2% (w/v)
Bacto Agar (Difco). The mycelial form of C. albicans was obtained by growth in
a defined minimal medium supplemented with amino acids as described by Lee
and colleagues [22]. Corynebacterium jeikeium was cultured on Columbia blood -
agar (Oxoid), at 23 or 37 °C for 48 h aerobically.

Microbial antigen preparation
Organisms on plates were harvested in sterile distilled water. The cell suspension
was centrifuged at 6000 g for 20 min. The pellet was resuspended in its own
volume of sterile distilled water and placed inside an Xpress (LKB). It was
fragmented at — 20 °C and centrifuged at 12000 g for 20 min. The supernatant
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fpressate') was collected and stored at —20 °C. It was standardized to a protein
concentration of 10 mg ml"1.

1m munoblotting

Each microbial pressate was heated at 100 °C for 2 min with cracking buffer
(2-6% sodium dodecyl sulphate, 1-3% 2-mercaptoethanol, 6% glycerol, 0-2%
bromophenol blue, 50 m i Tris hydrochloride, pH 6*8). Thirty ju\ of pressate was
loaded into each well of a 10% (w/v) polyacrylamide slab gel. Electrophoresis was
performed at a constant current of 40 mA. Transblotting onto nitrocellulose, in a
buffer containing 20% methanol, 25 mM Tris, 192 mM glycine, pH 8-3, was carried
out as previously described [10, 11]. The nitrocellulose was blocked overnight at
4°C in 3 % (w/v) bovine serum albumin (BSA) in buffered saline (0-9% XaCl,
10 mM Tris, pH 7-4). It was incubated at room temperature for 2 h with primary
antibody (monoclonal antibody at 1:250 or rabbit antisera at 1:40) diluted in
buffered saline containing 3 % BSA, 0-05% (v/v) Tween 20. After washing five
times for 30 min in 0-05 % Tween 20, 0-9 % XaCl, the nitrocellulose was incubated
for 1 h with alkaline phosphatase conjugated anti-mouse or anti-rabbit IgG
immunoglobulin (Sigma) as appropriate. Again after washing, the nitrocellulose
was incubated for 15 min with a buffer (100 mM Tris hydrochloride, pH 9-5,
100 mM XaCl, 5 mM Mg Cl2) containing, per 10 ml, 66 /i\ of nitro-blue
tetrazolium (XBT) and 33 /i\ of 5-bromo-4-chloro-3-indolylphosphate (BCIP).
XBT and BCIP were each made up to 0-05 g ml"1 in 70% X,X-dimethyl-
formamide.

Antibodies, where appropriate, were cross-absorbed with the corresponding
synthetic peptide (50 /^g/ml) at 4 °C overnight.

The following molecular weight markers were obtained from Amersham
International (Prestained Rainbow Markers): myosin 200 kDa; phosphorylase b
92-5 kDa; bovine serum albumin 69 kDa; ovalbumin 46 kDa; carbonic anhydrase
30 kDa; trypsin inhibitor 21-5 kDa; and lysozyme 14-3 kDa.

Babbit antisera

Hyperimmune antiserum against C. albicans was prepared by the subcutaneous
injection of three Xew Zealand White rabbits with 25 mg C. albicans pressate
mixed with 1 ml Freund's complete adjuvant. The pressate was prepared from the
outbreak strain from the London Hospital. Immunization was repeated at 14 days
and serum collected at 28 days. The three hyperimmune antisera were examined
separately.

Peptides LKVIRKXIVKKMIE and STDEPAGESA were synthesized on an
ABI peptide synthesizer model 431A and each conjugated through cysteine to
keyhole limpet haemocyanin (KLH). Xew Zealand White rabbits were injected
subcutaneously with peptide (100/d of 1 mg/ml) with 0-2 ml Freund's complete
adjuvant. A further injection was given 14 days later and sera collected at 28 days.

Monoclonal antibodies

An IgG mouse monoclonal antibody (CA-STR7-1) was raised against the
LKVIRKXIVKKMIE-KLH conjugate. Balb/c mice were first injected sub-
cutaneously with 50 ju,g immunogen in sterile Complete Freund's Adjuvant, and
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Table 1. Identification of potential HSP 90 homologues with antibody probes

Antibody probe: species

Antigen
detected
(kDa)

C. albicans
92
47
40
C. parapsilosis
52
T. glabrata
55
S. cerevisiae
84
47
Cor. jeikeium
86
52

LKVIRKNIVKKMIE
A

( \

Mouse Rabbit
monoclonal antiserum

+ +
+ +
— —

+ +

— —

+ +
— +

— +

STDEPAGESA
Rabbit

antiserum

+
—
+

—

—

—
—

—

Pressate
Rabbit

antiserum

+

+

+

—

+

—

then injected intraperitoneally with 50 fig immunogen in Incomplete Freund's
Adjuvant at intervals of 14 days until seroconversion. Fusion was performed 4
days later after a final immunization of 50 fig immunogen intravenously in sterile
physiological saline. Fusion, hybridoma screening, clonal selection and antibody
analysis were performed according to standard protocols [23]. Screening for
antibody against HSP 90 was by immunoblotting with C. albicans for antibody
against the 47 kDa and 92 kDa bands. Positive hybridomas were re-cloned and re-
assayed.

RESULTS

Yeasts
The rabbit hyperimmune antisera raised against the pressate of the outbreak

strain of C. albicans grown at 37 °C, detected numerous antigenic bands when
immunoblotted against pressates prepared from all four strains of C. albicans
grown at 23 or 37 °C. Fig. 1 shows the results of the three hyperimmune rabbit
antisera. Many bands, including those at 40 and 47 kDa, were present in pressates
prepared from yeasts grown at 23 or 37 °C, indicating that they were constitutive ly
expressed. The bands at 92 and 60 kDa appeared predominantly at 37 °C but not
23 °C indicating that they were heat inducible. The three rabbit antisera also
reacted with a 52 kDa band in C. parapsilosis and bands at 84 and 47 kDa in S.
cerevisiae. They did not cross-react with the 55 kDa antigen of T. glabrata (Table
1).

The rabbit hyperimmune antiserum raised against LKVIRKNIVKKMIE
detected bands at 92 and 47 kDa in the yeast and mycelial phases of all four
strains of C. albicans tested. Fig. 2 shows the antibody reaction before cross-
absorption with LKVIRKNIVKKMIE and Fig. 3 confirms the disappearance of
the bands at 92 and 47 kDa after cross-absorption. Fig. 2 demonstrates a
corresponding band at 52 kDa for C. parapsilosis and the lack of activity against
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Fig. 1. Immunoblots of the C. albicans pressates (the London Hospital, outbreak
strain) prepared from the yeast grown at 23 °C (lanes 1, 3 and 5) or 37 CC (lanes 2, 4
and 6) probed with three different hyperimmune rabbit antisera (lanes 1 and 2, rabbit
1 ; lanes 3 and 4, rabbit 2; lanes 5 and 6, rabbit 3).

T. glabrata. The band at 52 kDa in C. parapsilosis was removed by cross-
absorption with the peptide. This antiserum also recognized bands at 84 and
47 kDa in S. cerevisiae, as did the rabbit antiserum raised against the pressate
(Table 1).

The rabbit antiserum raised against STDEPAGESA detected bands at 40 and
92 kDa in all four C. albicans strains. This was independent of whether the strain
was in the yeast or mycelial phase but in the case of the 92 kDa band dependent
on heat shock. The 40 kDa band was expressed constitutively. The 92 kDa band
was absent in yeasts grown at 23°, present weakly at 30 °C and strongly at 37 °C.
Both the 92 kDa and the 40 kDa bands were removed by cross-absorption of the
antiserum with the synthetic peptide. No such neutralizable bands were present
in S. cerevisiae, T. glabrata or C. parapsilosis with this rabbit antiserum.

The monoclonal antibody probe (CA-Str7-1) confirmed the constitutive
expression of the 47 kDa antigen in all strains of C. albicans tested. This was
independent of both growth temperature and whether the strain was in the yeast
or mycelial phase. It detected a 92 kDa band in isolates which were grown at 30
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92
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Fig. 2. Immunoblots, probed with rabbit antiserum to LKVIRKNIVKKMIE, of C.
albicans in the yeast phase (lanes 1-3) and the mycelial phase (lanes 6-8) prepared from
the London Hospital outbreak strain (lanes 1 and 6), strain NCPF 3153, serotype A
(lanes 2 and 7), and strain XCPF 3156, serotype B (lanes 3 and 8). Also shown, in the
yeast phase, is T. glabrata (lane 4) and C. parapsilosis (lane 5).

92

47

1 2 3 4 5 6 7 8
Fig. 3. As Fig. 2 but the rabbit antiserum has been cross-absorbed with

LKVIRKXIVKKMIE.

and 37 °C but not at 23 °C (Fig. 4). Both bands were neutralizable by cross-
absorbing the monoclonal antibody with the corresponding peptide. An additional
band at 34 kDa was also detected by the monoclonal antibody.

In the case of S. cerevisiae no reaction was seen with the monoclonal when the
yeast was grown at 23 °C but a band at 84 kDa was detected in yeasts grown at
37 °C. C. parapsilosis demonstrated a constitutively expressed band at 52 kDa. T.
glabrata showed no reaction (Table 1).
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92
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Fig. 4.1mmunoblots of C. albicans probed with the monoclonal antibody CA-Str7-1.
Pressates were prepared from the London Hospital outbreak strain, in the yeast phase,
grown at 23 °C (lane 1), 30 °C (lane 2) and 37 °C (lane 3). Also shown is C. albicans
NCPF 3153 in the yeast (lane 4) and myeelial (lane 5) phases grown at 37 °C.

52

1 2 3 4 5 6 7

Fig. 5. Immunoblots of C. jeikeium probed with monoclonal antibody CA-Str7-1
(lanes 1 and 2), rabbit antiserum against LKVIRKNIVKKMIE (lanes 3 and 4). rabbit
hyperimmune C. albicans antiserum (lane 5) and rabbit antiserum against STDEP-
AGESA (lanes 6 and 7) both before (lanes 1, 3 and 6) and after (lanes 2, 4 and 7) cross-
absorption with the corresponding peptides.
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Corynebacterium jeikeium
The rabbit hyperimmune antiserum against the pressate of C. albicans reacted

with a band at 52 kDa. The Corynebacterium jeikeium 52 kDa band reacted with
the rabbit sera raised against LKVIRKNIVKKMIE and STDEPAGESA and the
monoclonal antibody CA-Str7-1 (Fig. 5). In each case this reactivity was
neutralized by cross-absorption with the corresponding synthetic peptide. The
rabbit serum against LKVIRKNIVKKMIE also detected a band at 86 kDa which
could be removed by cross-absorption with the peptide (Table 1). The band at
52 kDa was present when the organism was grown at 23 or 37 °C whilst that at
86 kDa was only present at the higher temperature.

DISCUSSION
The monoclonal and polyclonal antibodies confirmed the ubiquity of HSP 90

and its breakdown product at 47 kDa in all the strains of C. albicans tested. The
expression of the 47 kDa band was constitutive, being present at 23 and 37 °C, and
independent of whether the strain was in the mycelial or yeast phase. The
apparent heat inducibility of the 92 kDa band suggests the existence of two
separate HSP 90's in C. albicans. The simplest explanation is that the first of these
two HSP 90's is expressed at 23 and 37 °C and breaks down on a SDS-PAGE gel
to a 47 kDa product. The second is only induced when the yeast is grown at 30 or
37 °C and is stable on electrophoresis, giving a band at 92 kDa. Two HSP 90's
have been identified in S. cerevisiae, mouse, man, chicken and the mould Achlya
ambisexualis [7, 8, 24-27]. In both the mouse and the A. ambisexualis they are
thought to have different functions. In S. cerevisiae the deletion of one HSP 90
gene leaves the yeast viable whilst mutants with defects in both genes are non-
viable. The mammalian homologue, which shares 60% identify, can effectively
complement the double mutant [8].

Heat shock proteins at 84-85, 46-48 and 38-43 kDa have also been
demonstrated by Dabrowa and Howard (1984) [28], being produced when C.
albicans is heat shocked from 23 to 37 °C. They also showed that a germination
deficient strain (300-SG) failed to produce the 46-48 kDa antigen [29]. Immuno-
blotting the HSPs with a rabbit candidal antiserum gave inconclusive results
which were thought to be because the serum detected both HSPs and proteins
normally synthesized by the cells [29]. The present study with rabbit candidal
hyperimmune antiserum demonstrated an immunogenic heat inducible band at
92 kDa whilst that at 47 kDa was expressed constitutively. The inducibility of the
92 kDa band was confirmed by the polyvalent and monoclonal antibodies against
LKVIRKXIVKKMIE and the polyclonal rabbit serum against STDEPAGESA.
This latter serum also detected a further 40 kDa breakdown product of HSP 90
which was expressed constitutively.

The original dissection of the antibody response in disseminated candidosis
identified six patterns (A—F) of response on immunoblots [10]. Response A
occurred in patients infected by the strain causing the outbreak of systemic
candidosis at the London Hospital. The antibody response was to 10 bands
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including those at 92, 47, 40 and 34 kDa which the present study has demonstrated
as being part of the HSP 90 complex. The band at 47 kDa was common to all six
patterns of response and antibody against the 92 kDa was found in five of them.
Response B which was the commonest outside the outbreak had antibody to
bands at 92, 47 and 40 kDa. Affinity chromatography with the rabbit
hyperimmune serum raised against C. albicans and the sera of patients with
disseminated candidosis confirmed the presence of circulating candidal HSP 90
[11]. Direct antigen detection by a dot-blot immunoassay further showed that this
cytoplasmic antigen of C. albicans circulated in disseminated disease [30]. In
invasive candidosis, C. albicans HSP 90 circulates as both native HSP 90 and as
its breakdown products of which the most important is the 47 kDa. The antibody
response against immunoblots of C. albicans in patients who recover from
disseminated candidosis is dominated by this HSP 90 complex. In these patients
with antibody, 92% have it to the 47 kDa band and 27% to the 92 kDa [11].

In cases of C. parapsilosis infection recovery is associated with seroconversion
to a 52 kDa antigen and circulating antigen can be detected by a RPLA test with
hyperimmune serum raised against C. albicans [14, 21]. The present study
suggests that this is due to a high degree of similarity between the HSP 90s of C.
albicans and C. parapsilosis and that HSP 90 is again a dominant circulating
antigen in infection due to C. parapsilosis. T. glabrata shows no cross-reaction with
the HSP 90 antibody probes, a negative RPLA test in invasive disease and a lack
of cross-reaction between the hyperimmune anti C. albicans serum and the
immunodominant 55 kDa antigen of T. glabrata [16].

Infection with C. jeikeium has been associated with a false positive RPLA
against C. albicans during the early stage of infection. Seroconversion to a C.
jeikeium band at 52 kDa was demonstrated on recovery [17, 18]. The antibody
probes against the HSP 90 of C. albicans cross-reacted with this band indicating
that this was a breakdown product of C. jeikeium HSP 90. The cross-reaction
occurred with the rabbit hyperimmune antiserum against the C. albicans pressate
and the antibodies against LKVIRKXIVKKMIE and the carboxy terminal
STDEPAGESA epitope. The carboxy ends of HSP 90s, where the sequences are
known, tend to be the least conserved between species. Therefore this degree of
cross-reactivity between the 52 kDa antigen of C. jeikeium and the 47 kDa antigen
of C. albicans, demonstrating a high degree of homology at their carboxy ends,
suggests a close similarity in the circulating peptides during infection. The rabbit
serum against LKVIRKXIVKKMIE differed from the monoclonal in that it also
detected a neutralizable band at 86 kDa in the Corynebacterium jeikeium pressate.
This, in conjunction with the results from examining S. cerevisiae, suggests that
the two antibodies, although raised against the same peptide, detect slightly
different epitopes.

These results emphasize the importance of bacterial and fungal HSP 90 during
systemic infection. The role of circulating HSP 90 in the pathogenesis of disease
is presently unclear. It may mimic human HSP 90, which has been implicated in
steroid receptors as well as being a possible 'molecular chaperon'. It is involved
in the assembly and disassembly of proteins into higher-order structures [31]. It
may also be present in such large amounts as to exert a function of its own.
Interestingly in a mouse model of fatal candidal infection protection could be
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produced by serum from patients who had recovered from disseminated candidosis
and by a mouse monoclonal antibody to HSP 90 [32]

The HSP 90 of $. cerevisiae showed a high degree of homology with that of C.
albicans, yet S. cerevisiae is generally believed to be non-pathogenic for mammals
[9]. This is probably due to the far poorer ability of 8. cerevisiae to colonize the
gastrointestinal tract and other organs [33] rather than small differences in HSP
90 itself. In 8. cerevisiae increasing the level of HSP 90 alone, by introducing the
HSP 90 gene on a multicopy plasmid vector, does not lead to thermal tolerance
[34]. Therefore, although it is heat inducible, it does not alone account for thermal
tolerance and may play other roles in the physiology of the cell. In A.
ambisexualis, a water mould with sexual reproduction, HSP 90 has been identified
as part of the steroid receptor complex and is induced by the female steroid
hormone antheridiol [25]. When added to vegetatively growing cultures of the
male mating type, antheridiol induces formation of distinctive antheridiol
branches. These reports, in association with the observation of a lack of the
46-48 kDa antigen in a germination defective variant of C. albicans [29], suggest
HSP 90 may be involved in the reproduction of yeasts.

ACKNOWLEDGEMENTS
R.C.M. is a Wellcome Senior Research Fellow. I thank Professor J. Burnie and

Dr K. Price for help with production of the mouse monoclonal antibody and
rabbit antisera, and Applied Biosystems, Warrington for the generous gift of the
peptides.

REFERENCES
1. Catelli MG, Binart N. Jung-Testas I, et al. The common 90-kd protein component of non-

transformed "8S' steroid receptors is a heat-shock protein. EMBO J 1985; 4: 3131-5.
2. Joab I, Radanyi C, Renoir M, et al. Common non-hormone binding component in non-

transformed chick oviduct receptors of four steroid hormones. Nature 1984; 308: 850-3.
3. Redeuilh G, Moncharmont B, Secco C, Baulieu EE. Subunit composition of the molybdate-

stabilized ' 8-9S' non-transformed estradiol receptor purified from calf uterus. J Biol Chem
1987; 262: 6969-75.

4. Sanchez ER, Toft DO, Schlesinger MJ, Pratt WB. Evidence that the 90-kDa phospho-
protein associated with the untransformed L-cell glucocorticoid receptor is a murine heat
shock protein. J Biol Chem 1985; 260: 12398-401.

5. Sanchez ER. Housley PR, Pratt WB. The molybdate-stabilized glucocorticoid binding
complex of L-cells contains a 98-100 kdalton steroid binding phosphoprotein and a
90 kdalton nonsteroid-binding phosphoprotein that is part of the murine heat-shock
complex. J Steroid Biochem 1986; 24: 9-18.

6. Sanchez ER, Meshinchi S, Tienrungroj W, Schlesinger MJ, Toft DO, Pratt WB.
Relationship of the 90-kDa murine heat shock protein to the untransformed and
transformed states of the L cell glucocorticoid receptor. J Biol Chem 1987; 262: 6986-91.

7. Farrelly PW, Finkelstein DB. Complete sequence of the heat shock-inducible hsp90 gene of
Saccharomyces cerevisiae. J Biol Chem 1984; 259: 5745-51.

8. Picard D, Khursheed B, Garabedian MJ, Fortin MG, Lindquist S, Yamamoto KR. Reduced
levels of hsp90 compromise steroid receptor action in vivo. Nature 1990; 348: 166-8.

9. Matthews R, Burnie J. Cloning of a DNA sequence encoding a major fragment of the 47
kilodalton stress protein homologue of Candida albicans. FEMS Microbiol Lett 1989: 60:
25-30.

10. Matthews RC, Burnie JP, Tabaqchali S. Immunoblot analysis of the serological response in
systemic candidosis. Lancet 1984; ii: 1415-18.

https://doi.org/10.1017/S0950268800048925 Published online by Cambridge University Press

https://doi.org/10.1017/S0950268800048925


HSP 90, yeasts and C. jeikeium 283

11. Matthews RC. Burnie JP, Tabaqchali S. Isolation of immunodominant antigens from sera
of patients with systemic candidiasis and characterization of serological response to
Candida albkans. j 'c i in Microbiol 1987; 25: 230-7.

12. Matthews R, Burnie J. Smith D. Clark I, Midgley J, Conolly M. Candida and AIDS:
evidence for protective antibody. Lancet 1988; ii: 263-5.

13. Matthews R, Burnie JP, Lee W. The application of epitope mapping to the development of
a new serological test for systemic candidosis. J Immunol Methods 1991: in press.

14. Burnie J. A reverse passive latex agglutination test for the diagnosis of systemic candidosis.
J Immunol Methods 1985; 82: 267-80.

15. Burnie JP. Matthews RC, Fox A, Tabaqchali S. Use of immunoblotting to identify
antigenic differences between the veast and mvcelial phases of Candida albicans. J Clin
Pathol 1985; 38: 701-6.

16. Matthews RC. Lee W, Donohoe MS, Damani XX. Burnie JP. Torulopsis glabrata
fungaemia: clinical features and antibody response. Serodiag Immuno Infect Dis 1990; 4:
209-16.

17. Burnie JP. Matthews RC. Recent laboratory observations in the diagnosis of systemic
fungal infection: Candida and aspergillus. In: Holmberg K, Meyer R. ed. Diagnosis and
therapy of systemic fungal infections; Xew York: Raven Press, 101—13.

18. Clark I. Burnie JP. Coke AP, Matthews RC. Characterization of the antibody response in
Corynebacterium jeikeium septicaemias. Epidemiol Infect 1990: 105: 229-36.

19. Burnie JP. Odds FC, Lee W. Webster C. Williams JD. Outbreak of systemic Candida
albicans in intensive care caused by cross infection. BMJ 1985; 290: 746-8.

20. Lee W, Burnie JP, Matthews RC. Oppenheim BO. Hospital outbreaks with yeasts. J Hosp
Infect 1991; 17: (Supplement A).

21. De Belder MA, Walker JD. Burnie JP, Rothman MT. Survival after rupture of the
oesophagus and subsequent candidal endocarditis: use of new serological methods in
management. European Heart J 1989; 10: 858-62.

22. Lee KL, Buckley HR, Campbell CC. An amino acid liquid synthetic medium for the
development of mvcelial and yeast forms of Candida albicans. Sabouraudia 1975: 13:
148-53.

23. de St Groth F, Scheidegger D. The production of monoclonal antibodies: strategy and
tactics. J Immunol Methods 1980; 35: 1-21.

24. Hickey E, Brandon SE, Smale G, Lloyd D, Weber LA. Sequence and regulation of a gene
encoding a human 89-kilodalton heat shock protein. Mol Cell Biol 1989; 9: 2615-26.

25. Brunt SA, Riehl R, Silver JC. Steroid hormone regulation of the Achlya ambisexualis 85-
kilodalton heat shock protein, a component of the Achlya steroid receptor complex. Mol Cell
Biol 1990; 10: 273-81.

26. Radanyi C. Renoir JM, Sabbah M, Baulieu EE. Chick heat-shock protein of J/r = 90000.
free or released from progesterone receptor, is in a dimeric form. J Biol Chem 1989; 264:
2568-73.

27. Moore SK. Kozak C, Robinson EA, Ullrich SJ, Appella E. Murine 86- and 84-kDa heat
shock proteins, cDXA sequences, chromosome assignments, and evolutionary origins. J
Biol Chem 1989; 264: 5343-51.

28. Dabrowa X. Howard DH. Heat shock and heat stroke patients observed during germination
of the blastoconidia of Candida albicans. Infect Immun 1984; 44: 537-9.

29. Zeuthen ML. Howard DH. Thermotolerance and the heat-shock response in Candida
alhicans. J Gen Microbiol 1989; 135: 2509-18.

30. Matthews R, Burnie J. Diagnosis of systemic candidiasis by an enzyme-linked dot
immunobinding assay for a circulating immunodominant 47-kilodalton antigen. J Clin
Microbiol 1988; 26: 459-63.

31. Hardesty B, Kramer G. The 90000 dalton heat shock protein, a lot of smoke but no function
as yet. Biochem Cell Biol 1989; 67: 749-50.

32. Matthews RC, Burnie JP. Howat D. Rowland T, Walton F. Autoantibody to heat shock
protein 90 can mediate protection against systemic candidosis. Immunol 1991. In press.

33. Douglas J. Adhesion to surfaces. Tn: Rose AH. Harrison JS, eds. The yeasts. Academic
Press. 1987: 2: 239-80.

34. Finkelstein DB. Strausberg S. Identification and expression of a cloned yeast heat shock
gene. J Biol Chem 1983; 258: 1908-13.

https://doi.org/10.1017/S0950268800048925 Published online by Cambridge University Press

https://doi.org/10.1017/S0950268800048925

