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Characterization of a novel Candida albicans 29 kDa IgE-binding
protein — purification, cDNA isolation and heterologous

expression of Cand a 3

Background: Candida albicans has been implicated in human allergic disorders.
However, many of its immunoglobulin E (IgE)-reacting components have not
yet been identified. The purpose of the present study is to characterize a novel
29 kDa IgE-binding protein from C. albicans.

Methods: The 29 kDa protein was partially purified and its tryptic digests sub-
jected to mass spectrometric analysis. The cDNA encoding this protein was
isolated and heterologously expressed in Escherichia coli. Monoclonal antibodies
(MoAbs) were raised against the 29 kDa protein purified from C. abicans
extracts.

Results: We isolated a 29 kDa IgE-reacting component from C. albicans. The
protein was digested on-gel with trypsin and the masses of the resulting frag-
ments were determined in a MALDI-TOF mass spectrometer. The data were
searched against protein sequences deduced from the C. albicans genome. An
open reading frame that possibly encodes the 29 kDa IgE-reacting component
was identified. The cDNA corresponding to the open reading frame was isolated.
It encodes a 236 residues protein that has 62% sequence identity to that of a
hypothetical protein (YDRS533c) from Saccharomyces cerevisiae. Conserved
domain search suggests that the encoded protein belongs to the ThiJ/Pfpl family.
The cDNA isolated was inserted into a pQE-30 vector for protein expression in
Escherichia coli. The recombinant protein can react with IgE antibodies in sera
from asthmatic patients and two MoAbs that were generated against the purified
native 29 kDa protein from C. albicans.

Conclusions: We identified and cloned a novel 29 kDa IgE-reacting component
(Cand a 3) from C. albicans. The recombinant proteins produced from this clone
and the MoAbs prepared may be useful in the standardization of diagnostic
extracts. They are also instrumental in elucidating the role of C. albicans in
clinical allergy.
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Molds including yeasts are causative agents of human
allergic disorders. Candida albicans has been proposed as
oneofthemoldsthatplayaroleinbronchialasthma,allergic
rhinitis, chronic urticaria and atopic dermatitis (1-8).
Candida albicans is a representative allergen in routine
diagnostic panels that detect the presence of immunoglob-
ulin E (IgE) antibodies to allergenic yeasts. However,
C. albicans is a common human commensal and its role as
an allergen is still controversial. To better understand the
allergic significance of C. albicans, it is essential to differen-
tiate IgE-binding proteins of C. albicans and to prepare well-
characterized and standardized allergenic extracts.
Immunoblotting results indicate that C. albicans has over
40 components that react with human IgE antibodies

(5, 9-14). The 46 kDa enolase is an important allergen
of C. albicans (9, 10, 12, 15, 16) and its cDNA has been
isolated. A 44 kDa acid protease (8, 17), a 40 kDa
alcohol dehydrogenase (18), a 43 kDa phosphoglycerate
kinase, a 37 kDa aldolase (12), and two components of 27
and 29 kDa (9, 11) have also been reported as allergens of
C. albicans. Among these Candida proteins, the 29 kDa
component is a major allergen with an IgE-binding
frequency of 64% (11, 14). However, detailed informa-
tion about this major Candida allergen is still lacking. In
this study, we partially purified a 29 kDa IgE-binding
protein from C. albicans. The cDNA encoding this
protein was isolated and expressed in Escherichia coli.
In addition, two monoclonal antibodies (MoAbs) against
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this IgE-reacting Candida component were also gener-
ated. In addition to identify a new gene product of
C. albicans, information at molecular level, recombinant
proteins prepared and MoAbs generated will be useful in
clarifying the allergenic significance of C. albicans.

Material and methods
Serum samples

Serum samples were collected from adult patients with bronchial
asthma and attended the allergy clinics at Veterans General Hospi-
tal-Taipei. Their mean age was 53 with a range of 18-74 years. These
asthmatic subjects had a clinical history of intermittent and revers-
ible airway obstruction and were diagnosed according to the state-
ment provided by the American Thoracic Society (19). The presence
of IgE antibodies in these serum samples against C. albicans was
determined by the Pharmacia CAP system (RAST FEIA; Pharmacia
AB, Uppsala, Sweden). The results were expressed as RAST class
ranging from 0 to 6 according to the suggestions of the manufacturer.

Crude preparations of C. albicans

Candida albicans strain CCRC21538 was obtained from the Food
Industry Research & Development Institute, Hsinchu, Taiwan.
Crude extracts of C. albicans were prepared essentially as described
by Farley et al. (20). Briefly, the C. albicans strain was grown in a
liquid medium containing glucose (15 g/l), (NH4),SO4 (1.0 g/l),
KH,PO,4 (2.0 g/l), CaCl,2H,0 (0.05 g/1), MgSO47H,0 (0.05 g/1),
biotin (25 ug/l), and peptone (1.0 g/l). Incubation was carried out
with shaking at 28 °C for 18 h. The yeast culture was diluted
(1 : 40) with the liquid medium and cultured under the same con-
dition for another 18 h. The yeast cells were collected and immersed
in chloroform for about 12 min and mixed with an equal volume of
water. The suspension was adjusted to pH 7.5 and stored at 4°C for
24 h. After centrifugation (9000 g for 10 min), the supernatant was
adjusted to pH 5.0 and incubated at 28°C for 15 h with constant
stirring. The preparation was then subjected to centrifugation
(9000 g for 10 min) and the clear supernatant was designated as the
crude extracts.

Purification of the 29 kDa IgE-binding protein

The crude extracts of C. albicans were dialyzed against 50 mM Tris-
HCI, pH 8.0, for 18 h at 4°C. The sample was loaded onto a DEAE
cellulose column (DE SepraSorb; Sepragen Corporation, Hayward,
CA) that has been pre-equilibrated in the same buffer. The column
was eluted with a step gradient of 0.1, 0.2 and 0.3 M NaCl. Frac-
tions containing IgE-reacting proteins with a molecular mass of
29 kDa were pooled. The protein content of the partially purified
preparation was determined by the dye-binding method of Bio-Rad
(Richmond, CA).

Identification of the 29 kDa C. albicans protein

Proteins in the combine fractions from the DEAE cellulose column
were further separated by sodium dodecyl sulfate-polyacrylamide gel
electrophoresis (SDS-PAGE). The 29 kDa C. albicans protein was
excised from the gel and digested with trypsin as outlined by Chern
et al. (21). The resulting peptides were extracted from the gel slice
accordingly and further desalted with a ZipTip pipette tip (Millipore,
Bedford, MA) before MALDI-TOF mass spectrometric analysis.
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The masses of the peptides were determined on a Bruker
(Bruker-Daltonics, Bremen, Germany) REFLEX III time-of-flight
mass spectrometer equipped with a SCOUT source and delayed
extraction. The peptide ions were detected in positive ion reflector
mode. The instrument was calibrated with angiotensin II
(1045.53 amu), human adrenocorticotropic hormone fragment
18-39 (2464.19 amu) and somatostatin 28 (3145.52 amu) as
external standards. The samples were prepared with nitrocellulose
and o-cyano-4-hydroxycinnamic acid as matrix (22). Peptide
masses obtained were searched against the data bank of C. albi-
cans at the Standford Genome Technology Center using the
Mascot program (23).

Isolation of the 29 kDa protein cDNA

The cDNA of the 29 kDa C. albicans protein was isolated with
reverse transcriptase-polymerase chain reaction (RT-PCR). Total
RNA was extracted from mid-log-phase (A540, ~0.5) C. albicans
cells grown with constant shaking at 25°C in a liquid synthetic
medium (24) containing glucose (1.25%, wt/vol) as the carbon
source. Cells were disrupted by sonification (six 1-min pulses) in the
presence of a Trizol-reagent (Life Technologies, Inc., Grand Island,
NY) and kept on ice between pulses. Total RNA was extracted
according to the instructions provided by the manufacturer. The
first-strand ¢cDNA was synthesized with reverse transcriptase
[Moloney murine leukemia virus reverse transcriptase (MMLYV-
RT); Stratagene, La Jolla, CA] and oligo-(dT) as primer. The
primers (Table 1) were designed according to the sequence of
orf6.1991.prot (nucleotides 38154525, 711 bp, 236 aa) within
contigb—2034 (11561 bp) that is in the databank of C. albicans.
Primer 273 contains the BamHI restriction site plus nucleotides that
encode the putative N-terminal eight amino acid residues
(VKVLLALT) of the 29 kDa protein (Fig. 2). Primer 275 contains
a Sall restriction site and sequence that encompasses nucleotide
713-738 of the cDNA encoding the C. albicans 29 kDa protein
(Fig. 2). The PCR product was gel purified, sub-cloned into the
pGem-Teasy vector (Promega, Madison, WI) and transformed into
E. coli IM109 competent cells. The plasmid DNA was purified and
the nucleotide sequence of the cDNA insert was determined with
an ABI 377 automatic sequencer (Applied Biosystems, Foster City,
CA).

The initiation codon of the 29 kDa ¢cDNA was confirmed by
RT-PCR. The template cDNA in the reaction was synthesized with
MMLV-RT and primer 294. Primer 294 was constructed according
to the internal sequence (nucleotides 541-558 in Fig. 2) of the
product obtained in the previous PCR reaction. The RT-PCR
experiment was carried out with primers 293 and 284. The forward
primer 293 was synthesized according to nucleotides 3788-3806 of
the contig6-2034 (nucleotides —27 to -9 from the ATG codon in
Fig. 2). The reverse primer 284 was constructed according to the

Table 1. Primers for polymerase chain reactions

Name Nucleotide sequence in 5" to 3’-end orientation
Primer 273 5’-CGGGATCCGTCAAAGTTTTACTCGCTCTTAC-3

Primer 275 5-ACGCGTCGACTTAATTACATTCAAAAGCAGCAATTA-3’
Primer 294 5’-CATAATGTCGGTAACACC-3

Primer 293 5-ACTTCCAATCAATAATAAC-3’

Primer 284 5'-TATTATAAACAGTAGTAG-3"

AP 5-GGCCACGCGTCGACTAGTACT-(dT)16-3’

Primer 282 5-GGTGTTACCGACATTATG-3’
5BamHI-Eno-Ca CGGGATCCTCTTACGCCACTAAAATC
3Pstl-Eno-Ca AACTGCAGTTACAATTGAGAAGCCTTTTG
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Figure 1. Immunoglobulin E immunoblot reactivity in sera
from 16 asthmatic patients (panel B, strips one to 16) against the
29 kDa (part I) and the enolase (part II) proteins from Candida
albicans. The Coomassie blue-stained protein profiles of the
purified native 29 kDa protein and the recombinant enolase
allergen from C. albicans on polyvinylidene difluoride blots were
shown in panel A of part I and part II, respectively. Results
using serum sample from a normal healthy control were shown
in strip 17 of part I and part II. Results of Pharmacia CAP test
of these 16 serum samples to C. albicans were shown in part III.
nd, Not done.

internal sequence (nucleotides 392-409 in Fig. 2) of the cDNA
fragment obtained in the previous PCR.

The template cDNA used for the 3’-rapid amplification of cDNA
end (RACE) was synthesized by MMLV-RT using oligo-(dT) as
primer. The primers used in the reaction were primers AP and 282.
Primer AP (Table 1) contains the sequence of oligo-(dT). Primer
282 corresponds to nucleotides 541-558 of the cDNA obtained in
the previous PCR. Products from the PCR and the RACE reaction
were purified individually, sub-cloned, transformed and sequenced
as described above.

Preparation of recombinant proteins

The 29 kDa protein of C. albicans was expressed as 6xHis-tagged
protein according to the manufacturer’s instructions (Qiagen Inc.,
Valencia, CA). The coding region of the 29 kDa protein (excluding
the N-terminal methionine) was amplified through PCR as des-
cribed above. The PCR experiment was carried out with primers
273 and 275. The PCR product was separated by agarose gel elec-
trophoresis and purified with a QIAquick gel extraction kit (Qiagen,
Hilden, Germany). It was then restricted with BamHI and Sall then
ligated into the pQE-30 vector after re-purification. The resulting
vector was transformed into E. coli JM109 and M15. The recom-
binant protein expressed in E. coli M15 was affinity-purified under
denaturing condition with a Ni-NTA resin column (Qiagen)
according to the manufacturer’s instructions.

In this study, the enolase of C. albicans was also prepared as a
6xHis-tagged protein essentially as described above. The first-strand

29 kDa IgE-binding protein of C. albicans

cDNA of C. albicans was synthesized as mentioned above. The
primers used in the PCR amplification of the cDNA for the
C. albicans enolase were 5BamHI-Eno-Ca and 3Pstl-Eno-Ca.
The forward primer SBamHI-Eno-Ca contains the BamHI restric-
tion site in addition to the sequence encoding the N-terminal six
amino acid residues (SYATKI) of the C. albicans enolase (25). The
reverse primer 3PstI-Eno-Ca has a Pstl restriction site, a stop codon
and encodes the C-terminal six amino acid residues (nucleotide
number 1302-1322) of the C. albicans enolase (25).

Development of MoAbs

Monoclonal antibodies against the 29 kDa protein were prepared
essentially as previously described (26). The purified 29 kDa
protein in complete Freund adjuvant (Difco Laboratories,
Detroit, MI) was used in intra-peritoneal immunization of BALB/c
mice. A booster immunization with the same antigen preparation
in incomplete Freund adjuvant (IFA; Difco) was administered
2 weeks later. Two more booster immunizations with antigens in
IFA were delivered 1 week apart. Three days before fusion, the
mice received a tail vein injection of antigens prepared in phos-
phate buffer (10 mM, pH 7.2). Spleen cells from immunized
animals were then fused with murine plasmacytoma NS-1 cells in
the presence of polyethylene glycol (MW 1500 Da; Boehringer
Mannheim, Mannheim, Germany). Hybrid cells secreting anti-
bodies were screened by enzyme-linked immunosorbent assay
(ELISA) and/or SDS-PAGE-immunoblot using the purified pro-
tein as antigen. Hybridomas producing antibodies against the
purified protein were sub-cloned at least twice by limiting dilu-
tions and further expanded. The isotype of the MoAbs was
determined with ELISA and class-specific antibodies (Southern
Biotechnology Associates, Inc., Birmingham, AL).

Gel electrophoresis and immunoblotting

Purified native and recombinant 29 kDa proteins and crude
C. albicans extracts were separated by SDS-PAGE. The proteins
were transferred electrophoretically onto polyvinylidene difluoride
(PVDF) membranes (0.45 um, Millipore, Bedford, MS). The
membranes were blocked with 1% skim milk, then incubated either
with diluted human serum samples (1 : 5 dilution in Tris-buffered
saline, pH 7.5 with 0.05% Tween 20 and 1% skim milk) for 16 h at
4°C or with culture supernatant from hybridoma cells at room
temperature for 1 h. The human IgE antibodies were probed with
alkaline phosphatase-conjugated monoclonal anti-human IgE
antibodies (Pharmingen, San Diego, CA) for 1 h at room tem-
perature. The blot was then developed with a substrate solution of
carbonate buffer (0.1 mol/l NaHCO;, pH 9.8, and 1.0 mmol/l
MgCl,) containing 0.35 mmol/l 5-bromo-4-chloro-3-indolyl-phos-
phate and 0.37 mmol/l p-nitroblue tetrazolium chloride for about
30 min. Serum samples from healthy laboratory personnel were
used as negative controls. Low molecular weight standards (Phar-
macia, Uppsala, Sweden) were used to estimate the molecular mass
of the protein components.

Monoclonal antibodies from hybridoma cells were detected with
horseradish peroxidase labeled goat anti-mouse IgG (H-+L)
(Jackson ImmunoResearch Laboratories, Inc., West Grove, PA).
The MoAbs on the PVDF membrane were visualized by developing
the blot in a substrate solution of acetate buffer (50 mmol/L, pH
5.0) containing 2 mmol/l 3-amino-9-ethyl-carbazole (Sigma,
St Louis, MO) and 0.01% (v/v) hydrogen peroxide for about 5 min.
A culture supernatant containing MoAb against house dust mite
allergen Der p 7 (26) was used as a negative control.

1159



Chou et al.

ACTTCCAATCAATAATAACTATTCAAA

ATG GTC AAA GTT TTA CTC GCT CTT ACT

MV K v L L

TCT TAT AAC GAA ACT TTT 72

E T F

TAC AGT GAC GGT AAA AAG ACT GGT GTT

Y s D G K K
E A L

CAT CCT TTT GAA GTA TTC AGA AAA AAG

TTC GTT GTT GAA GCT TTA 117

HP F E v F
i Q L
GCT TCT GAA ACA GGT ACT TTT GGA TGG
AS E T G T F
s Y v
CCA GAT TTT TTG AAT GGT GAA GAT AAA
PD F L N el E
D N v
AAT TCT GAA TTC AAT GTT GCT TTG AAA
N S E F N v A
K A s

GAT CTT GAT CCA AAT GAT TAT GAT ATC

DL D P N D
S A G

CAT GGT ACT TTA TTT GAT TAT CCA CAT

HG T L F D
L Q K

GGG TAT GAA ATC CAA CTT 162

GAT GAT CAT AGT GTC GTC 207

GAA ATT TTC GAT AAT GTC 252

D K E I F

AAT TTG AAA AAA GCT TCT 297

L K N L K
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F E c N *

CTAAATAAATAGGGCATACAAAGGGTGTGGATTTAGTTAGATTTAGTAAAGAAATATAAAT 811
AATCTATCACAGTATTTTATTCTTGGTGTGGTAGTAGGTTAAAAAAAAAAAAAAAAAAAAA 872

Figure 2. The nucleotide and the deduced amino acid sequences (GenBank accession number AY136739) of the 29 kDa immuno-
globulin E-binding protein from C. albicans. Amino acid residues correspond to those depicted from mass spectrometric analyses are
in bold letters and underlined. Two amino acid residues that are different from those deduced from the databank at the Stanford

Genome Technology Center are marked with asterisks.

Results
Protein purification

A 29 kDa component that reacts with IgE antibodies in
sera from asthmatic patients was partially purified from
the crude extracts of C. albicans with a DEAE column.
The 29 kDa IgE-reacting proteins were eluted from the
anionic column with 0.1-0.2 M NaCl. Fractions contain-
ing this protein were pooled and analyzed with SDS-
PAGE (panel A of part I, Fig. 1). The 29 kDa protein is
the major component in the preparation. A panel of 16
serum samples from asthmatic patients was used to
demonstrate the IgE-binding reactivity of the 29 kDa
protein. All these samples showed positive Pharmacia
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CAP test to C. albicans (Fig. 1, part III), and nine (56%)
of them demonstrated IgE-binding to the 29 kDa protein
(strips one to nine, panel B of part I, Fig. 1). Among these
nine positive serum samples, sera no. 1, 5, 7 and 8 also
have IgE-immunoblot reactivity to recombinant enolase
(strips 1, 5, 7 and 8 of panel B, part II, Fig. 1). In
addition, serum no. 9 showed strong IgE-binding to the
29 kDa protein but negative IgE reactivity to the enolase
(strip 9, panel B of parts I and II, respectively). However,
serum no. 16 has strong IgE-binding to enolase and
negative reactivity to the 29 kDa protein (strip 16, panel
B of parts II and I, respectively). Serum from a normal
laboratory volunteer showed negative IgE reactivity to
both antigens tested (strip 17 of panels I and II, part B).



|dentification of the 29 kDa IgE-reacting protein

Components in the partially purified fractions recovered
from the DEAE column were further separated by SDS-
PAGE. The 29 kDa protein that has been shown to be
positive for human IgE-binding was excised from the gel
and subjected to trypsin digestion. The molecular masses of
the resulting peptides were determined by MALDI-TOF
mass spectrometry and the results were searched against
the C. albicans genomic sequence deposited at the Stanford
Genome Technology Center. We identified the 29 kDa
protein as the gene product of orf6.1991.prot (nucleotides
3815-4525 of contig6-2034). The mass spectrometric data
are summarized and compared with the deduced amino
acid sequence derived from orf6.1991.prot in Table 2. We
have detected eight peptide fragments encompassing 121
residues. With the exception of two fragments, the deriva-
tions between the observed and theoretical molecular
masses of the peptides are well below 100 ppm. Therefore,
although the peptides recovered represent only 51% of the
deduced sequence, we can easily pick out orf6.1991.prot as
the gene encoding the 29 kDa protein that we observed on
the polyacrylamide gel. Tentatively, we conclude that the
gene product from orf6.1991.prot is the protein that reacts
with human IgE antibodies.

cDNA isolation and sequencing

An 872bp c¢DNA (GenBank accession number
AY136739) corresponding to the 29 kDa C. albicans
protein was isolated. Its nucleotide and deduced amino
acid sequences are shown in Fig. 2. The ‘AATATA’ and the
‘AATAAT sequences are located 44—49 and 38—43 nucle-
otides upstream of the poly A tail, respectively. They
possibly represent the polyadenylation signal of the cDNA
isolated. Translation of this transcript probably initiates at
the first AUG codon as shown in Fig. 2. The open reading
frame encodes a 236 amino acids polypeptide with a
calculated molecular mass of 25 834 Da including the
initiation methionine. The theoretical molecular mass is
lower than that estimated by electrophoretic mobility.
Amino acid residues corresponding to those depicted from

Table 2. MALDI-TOF mass spectrometric analysis of the tryptic digests from the
29 kDa IgE-reacting protein

Monoisotopic mass of

molecular ion

Residues Sequence Theoretical Observed Deviation (ppm)
150-156  TGEPLIK 757.40 758.39 13
121-128  IATTVYNK 909.50 909.46 44
213-224  IVTGVNPQSAVK 121269  1212.48 66
22-37  TGVFVVEALHPFEVFR 1846.98  1846.65 43
4-20  VLLALTSYNETFYSDGK 192095 192157 323
160-178 ITGFTDIGEDILGVTDIMK 2037.13 2037.59 226
129-149 GGVVSAVCHGPAIFENLNDPK ~ 2124.05  2123.94 47
192-212 EGATYIEPEGPWDNFTVTDGR  2354.05  2353.97 34

29 kDa IgE-binding protein of C. albicans

MALDI-TOF analysis are in bold type and underlined
(Fig. 2). Between the sequence in the databank and that
determined by us, we observed nucleotide substitution at
three bases resulting in transposition of two amino acid
residues (asterisked residues in Fig. 2). They are N and D
deduced from the databank and H and N determined in our
sequence, respectively. Two cysteines and two potential
N-glycosylation sites were also identified on the 29 kDa
C. albicans protein (Fig. 3).

Protein databank search with the deduced amino acid
sequence revealed that the 29 kDa C. albicans protein has
62% sequence identity with that of the hypothetical
protein YDRS533c from the yeast Saccharomyces cere-
visiae (accession no. S69588) (Fig. 3). One cysteine was
conserved in both sequences. The Saccharomyces
YDRS533c protein has a potential N-glycosylation site
that was found to be different from those in the 29 kDa
Candida protein. Conserved domain search indicated
that the 29 kDa protein has significant alignments to the
ThiJ/Pfpl family (pfam01965).

Characterization of the recombinant polypeptide

The 29 kDa protein was expressed as a His-tagged
recombinant protein. The protein was recovered from
inclusion bodies and purified under denaturing condition.
The apparent molecular mass of the purified recombinant
protein was 30 kDa (Fig. 4, strip 1 of panel B). It was
recognized in immunoblotting by IgE antibodies in two
serum samples from asthmatic patients (Fig. 4, strips 2
and 3 of panel B). Both sera also showed IgE-immuno-
blot reactivity to the purified native 29 kDa protein
(Fig. 4, strips 2 and 3 of panel A). Enzyme color
reactivity was not detected when a normal control serum
sample was used (Fig. 4, strip 4 of panels A and B). The
Allergen Nomenclature Sub-Committee has designa-
ted this IgE-reacting 29 kDa protein of C. albicans as
Cand a 3 allergen.

Development of MoAbs

Two stable hybridoma clones (MoAb 1 and MoAb 23)
were selected after limited dilution. Both antibodies have
positive ELISA (data not shown) and immunoblot
reactivity to the native and the recombinant 29 kDa
protein (Fig. 4, strips 5 and 6 of panels A and B,
respectively). Enzyme color reactivity was not detected
when a culture supernatant with a MoAb against mite
allergen Der p 7 was used (Fig. 4, strip 7 of panels A and
B). The isotype of MoAbs 1 and 23 determined with
ELISA are IgM, x and IgGl1, «, respectively (data not
shown).

Identification of the 29 kDa protein in C. albicans extracts

Monoclonal antibodies 1 and 23 reacted with a 29 kDa
component in the C. albicans extracts prepared in our
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Cand a 3 MV--KVLLALTSYNETFYSDGKKTGVFVVEALHPFEVFRKKGYEIQLASE 48
YDR533c MAPK.......... DV..... Ao, NT...E.F.VDFV.. 5C
Cand a 3 TGTFGWDDHSVVPDFLNGEDKEIFDNVNSEFNVALKNLKKASDLDPNDYD 9¢
YDR533c ..K....E..LAK..... Q.ETD.K.KD.D..KT.AKI.TPKEVNAD. .Q 10¢C
Cand a 3 IFFGSAGHGTLFDYPHAKDLQKIATTVYNKGGVVSAVCHGPAIFENLNDP 14¢
YDR533c WAL Koo.o.. D..SEI.AN....A......... DG.T.K 15¢C
Cand a 3 KTGEPLIKGKKITGFTDIGEDILGVTDIMKKGNLLTIKQVAEKEGATYIE 19¢
YDR533c ...R.LUELLSLLL L Vv..T....DS.L.AK..A.VED..K.Y..K.LA 20C
Cand a 3 PEGPWDNETVTDGRIVTGVNPQSAVKTAEDVIAAFECN 23€
YDR533c V... .DYST....L...... A..HS..VRS.D.LKN 237

Figure 3. Alignment of the amino acid sequences of Cand a 3 (the 29 kDa protein from Candida albicans) and YDR533c (a hypo-
thetical protein from Saccharomyces cerevisiae, accession no. S69588). Amino acid residues on YDRS533c that are identical to those of
Cand a 3 are presented with dots. The cysteine residues are in bold type letters. The potential N-glycosylation sites are underlined.

A B

Figure 4. Reactivity of immunoglobulin E (IgE) antibodies and
monoclonal antibodies (MoAbs) to the purified native (panel A)
and the recombinant Cand a 3 (panel B). Strips 1 show the
Coomassie blue-stained protein profiles of the native (panel A)
and the recombinant (panel B) Cand a 3. Strips 2 and 3 repre-
sent IgE-immunoblot reactivity to the 29 kDa proteins in sera
from two asthmatic patients. Strips 5 and 6 represent immu-
noblot reactivity of MoAbs 1 and 23 to Cand a 3, respectively.
Strips 4 and 7 in both panels represent negative controls using
serum obtained from a healthy laboratory volunteer and a
culture supernatant with a MoAb against Der p 7 mite allergen,
respectively.

laboratory as shown in strips 2 and 3 of Fig. 5,
respectively. Sera from two asthmatic patients with IgE
immunoblot reactivity against the purified native
29 kDa Candida protein (data not shown) also have
IgE-binding reactivity to the 29 kDa component in the
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Figure 5. Immunoblot reactivity of monoclonal antibodies
(MoAbs) 1 and 23 and immunoglobulin E antibodies to com-
ponents in the Candida albicans crude extracts. Strip 1 shows the
Coomassie blue-stained protein profile of the C. albicans crude
extracts. Strips 2 and 3 are immunoblot reactivity of MoAbs 1
and 23 to components of the C. albicans extracts, respectively.
Immunoglobulin E reactivity in sera from two asthmatic pa-
tients is shown in strips 5 and 6. Strips 4 and 7 represent neg-
ative controls using a culture supernatant with a MoAb against
Der p 7 allergen and serum obtained from a healthy laboratory
volunteer, respectively.

crude C. albicans extracts (Fig. 5, strips 5 and 6).
However, immunoblot reactivity of MoAbs 1 and 23 to
components in a commercially available C. albicans
extract (Greer, Lenoir, NC) was not detectable (data
not shown). For negative controls, immunoblot reac-
tivity was not detected when a culture supernatant with
a MoAb against Der p 7 mite allergen (Fig. 5, strip 4)
and a serum sample from a normal volunteer (Fig. 5,
strip 7) were used.



Discussion

The contributory role of C. albicans to clinical symptoms of
allergy still remains unclear. Inadequate knowledge on the
molecular identity of IgE-reacting proteins is undoubtedly
one of the major reasons. In this study, we isolated a
29 kDa IgE-binding protein from the crude extracts of
C. albicans. The purified protein reacted with IgE antibod-
ies in nine (56%) of 16 asthmatic sera with positive CAP
tests to C. albicans. It indicates that the 29 kDa component
may be an important allergen of C. albicans. It correlates
with the findings of Savolainen et al. (11, 14) thata 29 kDa
protein in the crude fungal extracts of C. albicans appeared
to be a major IgE-binding component (64% frequency) as
analyzed by immunoblotting.

Data from mass spectrometric analysis of the tryptic
peptides from the 29 kDa protein were searched against the
C. albicans genomic sequence. A cDNA encoding for this
protein was identified, isolated and expressed in E. coli. The
open reading frame of this cDNA encodes a 236 amino
acids polypeptide with a calculated average molecular mass
of 25 834 Da including the initiator methionine. Kozak
(27) has identified ACCATGG as the optimal sequence for
translation initiation by eukaryotic ribosomes. The most
highly conserved position in that motif is the purine at the
-3 position (three nucleotides upstream from the ATG
codon). Approximately 97% of vertebrate mRNAs have a
purine, most often A, in that position (27). In addition, a G
at the +4 position appears to be important for efficient
translation (28). In this study, the AUG codon is embedded
in the Kozak sequence. In augmentation, we observed a
tryptic peptide with molecular mass match with that of the
sequence covering residues four to 20 (Table 2). These data
imply that protein translation initiates at the first AUG and
the protein does not have a signal peptide. Discrepancies
between the nucleotide sequences obtained in this study
and those in the data bank can be the results of sequencing
errors or the presence of isoforms of this 29 kDa protein.

Sequence alignment revealed that the deduced amino
acid sequence of the 29 kDa Candida protein has a 62%
sequence identity to a S. cerevisiae hypothetical protein
(YDR533c). Conserved domain search indicates that the
29 kDa protein belongs to the ThiJ/Pfpl family protein.
Members of the ThiJ/Pfpl family include proteins
involved in RNA-protein interaction regulation, thiamine
biosynthesis, Ras-related signal transduction and prote-
ase activity. We have not detected proteolytic activity
when casein (0.5%) was used as substrate for the 29 kDa
Candida protein (data not shown). Thus, the biological
function of this newly identified Candida protein is
presently unknown and needs further study.

In this study, we generated two MoAbs by immunizing
BALB/c mice with the purified 29 kDa Candida protein.
The antibodies generated reacted with the purified and the
recombinant proteins, and also a 29 kDa IgE-reacting
protein in crude extracts of C. albicans prepared in our
laboratory. However, these MoAbs cannot detect a

29 kDa IgE-binding protein of C. albicans

29 kDa band in a commercially available C. albicans
extract used for clinical diagnostic purposes. Conse-
quently, the MoAbs generated and the recombinant
29 kDa protein prepared in this study are useful as reagents
in the standardization of clinical diagnostic extracts.

The clinical impact of this 29 kDa protein remains
unknown. Savolainen et al. (11, 14) observed a prevailing
allergen of 29 kDa among adolescent/adult atopic sub-
jects with predominantly atopic eczema and asthma. The
29 kDa protein reported by these authors might be the
same Cand a 3 characterized in this study.

Savolainen et al. (10) also reported that the 46 kDa
enolase protein is the most important allergen of
C. albicans in a population of asthmatic children. Ten
(77%) of 13 patients analyzed have IgE reactivity against
the 46 kDa allergen (10). However, IgE reactivity to the
29 kDa C. albicans protein was detectable only in one
(8%) of these 13 patients (10). As for adolescent/adult
atopics (11, 14), the frequency of IgE reactivity to the
29 kDa allergen was 64% while the frequency of IgE
binding to the 46 kDa C. albicans allergen was in the
41-50% range. A similar finding was observed in this
study. We found IgE antibodies in nine (56%) of 16 serum
samples obtained from adult asthmatic patients when
purified 29 kDa protein was used as antigen. Among the
same 16 samples, only five (31%) showed apparent IgE
reactivity to the recombinant enolase protein (Fig. 1).

Similar findings were observed in studies of IgE
responses to mite allergens. O’Brien and Thomas (29)
examined IgE-specific immune reactivity to the purified
Der p 1 and Der p 2 allergens by radioimmune dot-blot,
and to components of Dermatophagoides pteronyssinus by
immunoblotting. Their results showed that positive IgE
responses to the purified Der p 1 and Der p 2 were found
in 79% of children, whereas reactivity was only present in
23 and 19%, respectively, of adults (29). In children, the
majority of the IgE reactivity was directed to Der p 2
(17 of 19, 89%) or a 100 kDa fraction. However,
reactivities were generally directed to other fractions in
adults and Der p 2 was recognized in only 58% (15 of 26)
of the patients. The significance of the discrepancy
observed in IgE reactivity to allergens in different age
groups needs further study.

In conclusion, we identified a novel C. albicans gene
product that reacts with IgE antibodies. Results obtained
at molecular level suggest that the 29 kDa IgE-reacting
protein belong to the ThiJ/Pfpl protein family. Recom-
binant 29 kDa proteins prepared and specific MoAbs
generated in the present study will provide reagents that
are important for research and clinical purposes.
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