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Abstract

Background: Lack of knowledge of the identity of fungal allergens still is a
major obstacle for improvement of diagnosis and therapy of allergies to moulds.
We have therefore further analyzed the allergens of the two moulds, Alternaria
alternata and Cladosporium herbarum and found that enolases (EC 4.2.1.11) are
major allergens, at least of the two fungal species just mentioned. Methods: The
enolases of Alternaria and Cladosporium were cloned from ¢cDNA libraries con-
structed from vegetative cells of the two moulds by immunological screening
with sera from selected patients allergic to the moulds. The two enolases were
expressed as recombinant nonfusion proteins and used for determination of the
incidence of allergy to enolase among a cohort of patients. Results: Sequencing
of the two enolases showed very close relationships with other known fungal
enolase sequences. Competition experiments using immunoblots of the recombi-
nant nonfusion proteins showed nearly complete identity of the epitopes on both
enolases. Serum from a patient reactive to Cladosporium enolase reacted equally
well with the enolases of Alternaria, Saccharomvees and Candida. About 50%
cach of the sera from patients reactive to Cladosporium and Alternaria were
strongly reactive to the recombinant enolases. Conclusions: Enolases are there-
fore considered to be highly conserved major fungal allergens.
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cans was recently cloned and sequenced [6]. In addition,
location of Candida enolase in a cell wall fraction and in the

Enolase (EC 4.2.1.11) is a highly expressed key enzyme
of glycolysis and gluconeogenesis in all prokaryotic and eu-
karyotic cells that is needed for the conversion of glycer-
ate-2-phosphate to phosphoenolpyruvate and vice versa. It
is therefore a cytoplasmic houschold enzyme. Interestingly,
enolases have been recognized as fungal allergens before.
The enolase from Cladosporium herbarum was previously
cloned, sequenced and expressed as a recombinant protein
by us [1]. The two enolases of Saccharomyces cerevisiae |2,
3] and the single enolase of Candida albicans [4, 5], a well-
known human pathogen, were also identified as allergens
by the IgE immunoblot technique. The enolase of C. albi-

periplasmic space (or culture medium), respectively, has al-
so been reported [7, 8], which could be important for the
sensitization of patients.

We are presenting here the sequence of the newly cloned
A. alternata enolase that has been sequenced and expressed
as a nonfusion recombinant protein. We show that the epi-
topes on the two enolases of Cladosporium and Alternaria
are nearly identical and that the recombinant enolases of
Cladosporium and Alternaria and the enolases in extracts
from Saccharomyvces and Candida cross-react with pa-
tients’ [gE. Immunological cross-reactivity of enolases
seems to be well correlated with sequence similarity.
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Fig. 1. Multiple amino acid sequence alignment of five fungal enolases. The single letter code for the standard
proteinogenic amino acids is used. The consensus indicates that the amino acid residue is identical in at least three

sequences.

Materials and Methods

Cloning and Expression of the Enolase of A. alternata

The enolase of C. herbarum was cloned as previously described
[1]. Using the Cladosporium enolase-encoding cDNA as a probe, we
screened an A. alternata cDNA expression library in the phage vector,
lambda-ZAP. After isolation of a positive clone, the insert was re-
cloned by the PCR into the vector pMW172 [1] and sequenced by the
dideoxy method. For immunoblot analysis, Alternaria enolase was ex-
pressed in Escherichia coli [1], separated by SDS-PAGE, transferred to

a polyvinylidene difluoride (PVDF) membrane and tested with pa-
tients’ serum.

Immunological Cross-Reactivity between C ladosporium and
Alternaria Enolase
A After separation and blotting of an extract of E. coli cells express-
g Cladosporium enolase, the protein band corresponding to the re-
cpmbinam enolase was cut out and incubated with patients’ serum.
The depleted serum was then used to decorate an A. alternata protein

Enolases as Fungal Allergens

blot. A similar procedure was performed with recombinant Alternaria
enolase and the depleted serum was applied to blotted protein extract
of Cladosporium.

Enolase, an Allergen in Different Fungi

For testing IgE reactivity to enolase in different moulds, protein
extracts of A. alternata, C. albicans, and S. cerevisiae and purified
Cladosporium enolase were electrophoresed, blotted and incubated
with patient serum according to standard immunological procedures.

Alignment and Dendrogram of Enolase Sequences of

Various Species

The enolase sequences used for the alignment were obtained from
the SWISS-PROT databank. For carrying out the alignment the GCG
(Genetics Computer Group) software package was used. The under-
lying algorithm is a simplification of the progressive alignment meth-
od of Feng and Doolittle. The alignment and consensus sequence for
the five fungal enolases was improved manually. The dendrogram was
calculated using the PileUp program in the GCG software package.

Int Arch Allergy Immunol 1997:113:114--117
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Fig. 2. Unrooted dendrogram of known enotase sequences. The
scale designates average percent identity between two sequences or
groups of sequences as indicated by the bifurcations.

Results and Discussion

Figure 1 shows the multiple sequence alignment and the
consensus sequence of the five presently known fungal eno-
lase sequences. Protein sequences derived from the experi-
mentally determined cDNA sequences are shown. Itis obvi-
ous that the fungal sequences show a very high degree of
amino acid identity, even among fungi that are not close rel-
atives according to current systematics (like ascomycetes
on the one hand and fungi imperfecti on the other hand).
Any pairwise comparison of these sequences reveals at least
77% amino acid identities (compare fig. 2).

Figure 2 shows the dendrogram calculated for the known
enolase protein sequences. The fungi form a group well sep-
arated from the three other major kingdoms (prokaryotes,

116 Int Arch Allergy Immunol 1997 113:114- 117

plants and animals). In the animals, the enolase family splits
into three iso-families, so that, for instance, the beta-enolas-
es of different species cluster together and are more closely
related than, say, human beta- and gamma-enolase. Basca
on these sequence comparisons, we do not expect the hu-
man enolases to react with patients’” Igk. However, this has
not been tested experimentally.

We present here two immunological experiments that
seem to agree very nicely with the above sequence consid-
erations (data not shown in detail):

First, serum from a typical patient displaying allergic re-
actions to both Cladosporium and Alternaria was depleted
by pre-incubation with recombinant Cladosporium enolase
bound to PVDF strips. This treatment resulted in complete
disappearance of the enolase-specific band (but no other
bands) from an [gE immunoblot of a total protein extract of
Alternaria. The reverse experiment was also performed and
resulted in substantial reduction of the enolase-specific
band from an extract of Cladosporium. These results indi-
cated nearly complete identity of the IgE-binding epitopes
on the two enolases which is not surprising as their amino
acid sequence identity is 89%.

The second experiment was blotting protein extracts
from Candida (a clinical isolate from a patient with a skin
infection), S. cerevisiac (a standard laboratory strain), A. al-
ternata (our previoulsy described strain) [1] and as a con-
trol, pure recombinant Cladosporium enolase onto PVDF
and decorating it with IgE from the same allergic patient as
above, who was known to recognize the enolases from A/-
ternaria and Cladosporium. The resulting immunoblot
showed bands of about equal intensity at exactly the same
molecular weight (4648 kD) in all four fungi.

We tested the purified recombinant Cladosporium enolase
in IgE immunoblots with about 50 patients sensitized to Cla-
dosporium. Thus it was revealed that enolase is the second
most important allergen of this mould, with more than 50% of
those patients reacting positively. Similar experiments with
pure recombinant enolase of Alternaria are under way.

In conclusion, enolase was found to be a highly con-
served major allergen of all fungi investigated here. If it can
be confirmed that enolase in Candida {7, 8], and possibly in
several allergenic fungi, is not exclusively located in the cy-
toplasm but also in the periplasmic space, this could among
other factors explain the dominant role of this allergen.
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