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Enolases Are Highly Conserved
Fungal Allergens

Abstract
Background: Lack of  knowledge of  the ic lent i ty of  fungal  a l lergens st i l l  is  a
ntajor obstacle for  inrprovement of  d iagnosis and therapy of  a l lergies to rrroulds.
We have therefore further analyzed the allcrgens of the two moulds, AlÍernctrict
alternata and Cladosporium herbarun r and fbund that enolases (EC 4.2.1.1I ) are
major al lergens, at  least  of  the two fungal  specie s just  rnent ioned. Methods: The
enolases of Alternctria and Cladosporittm were cloned from cDNA libraries con-
structed from vegetative cells of the two moulds by irrrmunological screening
with sera from selected patients allergic to the rnor,rlds. The two enolases were
expressed as recombinant nonfusion proteins and used for detern-rination of the
incidence of  a l lergy to enolase among a cohort  of  pat ients.  Resul ts:  Sequencing
of the two enolases showed very close relationships with other known fungal
enolase sequences. Cornpet i t ion exper i r -nents r-rs ing inrmunoblots of  the recombi-
nant nonfusion proteins showed near ly cornplete ident i ty of  the epi topes on both
enolases. Serum frorn a patient reactive to Clarlosltrtrium enolase reacted equally
well with the enolases of l/rernario, Suc'churom.rces and Cundida. About 50'%
each of tlre sera from patients reactive to Cluclosporiunt and Alternariu were
strongly react ive to the recornbinant enolases. Conclusions: Enolases are there-
fore considered to be highly conserved major fungal  a l lergens.
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Introduct ion

Eno lase  (EC 4 .2 .1 .11)  i s  a  h igh ly  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 household enzyme. Interest ingly,
enolases have been recognized as fLrngal allergens before.
The enolase front Cladospurium herburunr was previously
cloned, sequenced and expressed as a recombinant protein
by us [] . The two enolases of Sac charom.yc:es cerevisiae 12,
3] and the single enolase of C-crndidu ulbic'crns [4, 5], a well-
known human pathogen, were also ident i f ied as al lergens
by the IgE immunoblot  technique. The enolase of  C. atbi-

cans was recent ly c loned and sequenced [6] .  In addi t ion,
location of Candiclu enolase in a cell wall fraction and in the
periplasmic space (or culture medium), respectively, has al-
so been reported tZ 8], which could be important for the
sensi t izat ion of  pat ients.

We are presenting here the sequence of the newly cloned
A. alternala enolase that has been sequenced and expressed
as a nonfusion recombrnant protein.  We show that the epi-
topes on the two enolases of Clatlo.sporium and Alternarict
are near ly ident ical  and that the recombinant enolases of
Cladosporiunt and Alternaria and the enolases in extracts
from Sac'churont.t,ces and Conclicla cross-react with pa-
t ients '  IgE. Immunological  cross-react iv i ty of  enolases
seems to be wel l  correlated with sequence simi lar i ty.
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Materials and Methods

Cloning und Expression of the Enolase of A. altemata
The enolase of C. herharum was cloned as previously described

|].  Using the Clut losporium enolase-encoding cDNA as a probe, we
screened an A. alternala cDNA expression l ibrary in the phage vector,
lambda-ZAP. After isolat ion of a posit ive clone, the insert was re-
cloncd by the PCR into rhe vecror pMWl72 [ l ]  and sequenced by the
dideoxy method. For immunoblot analy sis, Alternaria enolase was ex-
pressed in Escherichia col i  I l ] ,  separated by SDS-PAGE, transferred to
a polyvinyl idene dif luoride (PVDF) membrane and tested with na-
t l cn t s ' sc ru tn .

I nt nt u n o I o g i t' a I C r o s.s - Re a c, t i v i tt, h e tu, e e n C I aclospori um a n d
A l t e rna r i a  Eno lase
Afìer separation and blott ing of an extract of E. cori  cei ls express-

tng (-lutlosporiunt enolase. the protein band corresponding to the re-
conlbinanÌ enolase was cut out and incubated with patients'  serum.
1'hc dcplctcd serum was then used to clecorate anA. ulrernata orolein

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

Enolase, an Allergen in Different Fungi
For test ing IgE reactivi ty to enolase in dif ferent moulds, protein

extracts of A. alternuta, C. albicans, and .S. cerevisiae and purified
Clado.sporirlri enolase were electrophoresed, blotted and incubated
with patient serum according to standard immunological procedures.

Alignntent und Dendrogrum of Enolase Sequences of
Variotts Species
The enolase sequences uscd for the al ignment were obtained from

the SWISS-PROT databank. For carrying out the al ignment the GCG
(Genetics Computer Group) sofiware package was used. The under-
lying algori thm is a simpli f icat ion of the progressive al ignment meth-
od of Feng and Dooli t t le. The al ignment and consensus sequence for
the f ive fungal cnolases was improved manually. The dendrogram was
calculated using the Pi leUp program in the GCG software package .

l t 5Enolases as Fungal  A l lergens I n t A r c h  A l l t ' r g v  l r r t t n u n o l  1 9 9 7 . 1  l - - ì . I  l 4  |  l 7
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Fig.2. Unrooted dendrogratl  of known cnolase sequences. The

scale designates average pcrcent identi ty betwcen two sequences or
groups of sequences as indicatcd by the bifurcations.

Results and Discussion

Figure I shows the multiple sequence alignment and the

consensus sequence of the five presently known fungaleno-

lase sequences. Protein sequences der ived from the exper i -

mentally determined cDNA sequences are shown. It is 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 systernatics (l ike ascomycetes

on the one hand and fungi imperfecti on the other hand).

Any pairwise comparison of these sequences reveals at least

77oÀ amino acid identit ies (compare fig. 2).

Figure 2 shows the dendrogram calculated for the known

enolase protein sequences. The fungi form a group wellsep-

arated from the three other major kingdoms (prokaryotes,

p lan ts  and ar r ima ls ) .  In  thc  an i t t ia ls ,  the  c t to lasc  l ì rn r i l y  s l t l i t s
into threc iso-farni l ics,  so thart ,  f ì l r  instarrcc,  thc beta-cnolas-

es of  c l i f  fcrent specics c lustcr  togcther and are nlorc c losclr

related than, say,  humatt  bcta- ancl  ganì l r ta-etrolasc.  Bascci

on these seqLrence ct-rr t tpar isons. we do r tot  cxpcct thc hu-
lxan enolases to rcact  wi th pat ier t ts '  IgE,.  I Iowcvcr.  th is has

not been tested exper i t t tcntal ly.
We present herc two imtnunological  exper intcrr ts that

seem to agree very nicely wi th thc above seqLlcnce cotts ic l -

erat ions (data not shown in detai l ) :

First ,  serunl  f ionr a typical  pat ient  d isplayin-e al lcrgic rc--

actions to both C'lucktspot' iunt and Altertruriu was deplctecl

by pre- incubat ion wi th reconrbinant C ludospot ' i t t t t r  er to lasc

bound to PVDF str ips.  This t reatment resul ted in cor lp lctc

disappearance of  the enolase-speci f ic  band (br.r t  no ot l tcr '

bands) f rom an IgE immunoblot  of  a total  prote in cxtract  o l '

Alternaria. The reverse experiment was also perfonred artcl

resul ted in substant ia l  reduct ion of  the enolase-speci f ic

band frorn an extract of Clctdosporiunt. These results indi-

cated near ly complete ident i ty of  the IgE-binding epi topes

on the two enolases which is not surpr is ing as their  arnir to

acid sequence ident i ty is 89" .

The second exper iment was blot t ing protein extracts

from Candida (a clinical isolate from a patient with a skirl

infection) , S. ceret,isiue (a standard laboratory strain), A. ul-

Íernata (our previoulsy descr ibed strain) [ l ]  and as a con-

trol, pure recombinant CludosStrtrium enolase onto PVDF

and decorat ing i t  wi th IgE fronr the satne al lergic pat ient  as

above, who was ktrown to recognize the enolases frorrr ,4/-

ternaria and Cludosporium. The resulting irtrrtrunoblot

showed bands of  about equal  intensi ty at  exact ly thc satr lc

molecular weight (46-48 kD) in al l  four fungi .

We tested the purified recornbinant Cladosltrtrium enolase

in IgE imn-runoblots with abor-rt 50 patients sensitizedto Clu-

dosporiunl. Thus it was revealed that enolase is the seconcl

most impor-tant allergen of this tnould, with Inore than 50%r of

those patients reacting positively. Similar experiments with

pure recombinant enolase of Alternaritt are under way.

In conclusion, enolase was found to be a highly cot l -

served major allergen of all fungi investigated here. If i t can

be conf i rmed that enolase in Candida tZ 8] ,  and possibly in

several  a l lergenic fungi ,  is  not exclusively located in the cy-

toplasm but also in the periplasrr-ric space, this could all-ìollg

other factors explain the dorninant role of  th is al lergen.
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