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Abstract

Allergic symptoms in sensitized individuals are caused by proteins named allergens. We report here the cloning and the production of the
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yclophilin Bet v 7, one of the birch pollen allergens. Recombinant Bet v 7 wasproduced in bacteria and used to raise a rabbit anti-B
antiserum. With this antiserum we detected cyclophilin A in several pollen species and we demonstrated immunological cross

mong those plant cyclophilins A by immunoblot and ELISA inhibition experiments. However, we could not detect cyclophilins in ex
nimal or mould origin with our anti-Bet v 7 antiserum. By inhibition experiments with purified mould cyclophilins, we confirmed the ab
f cross-reactivity between plant cyclophilins and non-plant cyclophilins. In addition, our results indicate that the level of immun
ross-reactivity correlates with the level of sequence identity among the cyclophilin A family. This allowed us to define the plant cy
sub-family as being immunologically distinct, which might have implications at the clinical level in the allergy practice.
2005 Elsevier Ltd. All rights reserved.
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. Introduction

Birch (Betula verrucosa) pollen is a major cause of aller-
ic symptoms in early spring in Northern countries. Allergy
an be defined as an IgE-driven pathogenic response of the
mmune system towards otherwise innocuous proteins named
llergens. In birch pollen several allergens have been iden-

ified. The major allergen is Bet v 1, related to the PR-10
roup of pathogenesis-related proteins, recognized by more

han 95% of birch pollen allergic patients (Breiteneder et
l., 1989). This allergen is highly involved in allergic cross-
eactions between pollen and foods (Vieths et al., 2002).
ther birch pollen allergens are known, like the birch pro-
lin Bet v 2 (Diez-Gomez et al., 1999; Valenta et al., 1991),

∗ Corresponding author. Tel.: +32 16 34 61 37; fax: + 32 16 34 60 35.
E-mail address: pascal.cadot@med.kuleuven.ac.be (P. Cadot).

two calcium-binding proteins, Bet v 3 and Bet v 4 (Seiberle
et al., 1994; Twardosz et al., 1997), a protein of the reducta
family, Bet v 6 (Karamloo et al., 2001), and a pectin esteras
Bet v 8 (Mahler et al., 2001). The description and charact
ization of new allergens is more than the mere constru
of a catalog. This indeed brings new tools for diagnosis
therapy of allergic diseases, and new clues to unrave
mechanisms of allergy development and perpetuation.

We identified the birch pollen allergen Bet v 7 and
demonstrated that this allergen is a cyclophilin (Cadot et al.
2000) of the cyclophilin A subgroup. The cyclophilins A a
phylogenically well-conserved proteins of about 18–20
to which several intracellular functions have been attribu
They have been reported as chaperones (Freskgard et al
1992; Gothel and Marahiel, 1999), and were also said
exert some nuclease activity (Montague et al., 1997), or
to be involved in mRNA splicing (Horowitz et al., 2002).

161-5890/$ – see front matter © 2005 Elsevier Ltd. All rights reserved.
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Furthermore, members of the cyclophilin A family have
been shown to be chemoattractants for certain immune cells
(Sherry et al., 1992; Xu et al., 1992). Last but not the least,
cyclophilin A is known as the intracellular ligand for the
immunosuppressive drug cyclosporin A (Handschumacher
et al., 1984).

In plants, cyclophilins have been demonstrated to be
stress-induced proteins whose synthesis is enhanced after
various stimuli, including wounding or chemical exposition
(Kullertz et al., 1999; Marivet et al., 1992, 1994). This fur-
ther emphasizes the “chaperone-like” function of cyclophilin,
protecting proteins from degradation and preventing aggre-
gation, two phenomena that occur during stress. The exact
function of cyclophilins in pollen is not known. Most recently,
it has been shown that a member of the cyclophilin A family
is released from the pollen cytoplasm of higher plants into
the extracellular environment under certain unfavorable con-
ditions, which leads to irreversible inhibition of germination
(Yokota et al., 2004). Interestingly, alkaline pH is one of those
unfavorable conditions described byYokota et al. (2004), and
we demonstrated in a previous study that cyclophilins can be
extracted from birch pollen in much higher amounts when the
pH of the extraction medium is above 7.5 (Cadot et al., 1995).

Our description of Bet v 7 wasalso the first report of
a cyclophilin as an allergen in pollen, whereas allergenic
cyclophilins had already been described in the moulds
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among various plant cyclophilins. All possible combina-
tions of those primers have been assessed by PCR am-
plification of the KL-5-M library under the following
conditions: 95◦C for 3 min, 35 cycles consisting in 30 s at
94◦C, 30 s at 57◦C and 1 min at 72◦C, 10 min at 72◦C.
Only the following combination gave rise to amplifi-
cation: 5′-TTCCA(C + T)CG(A + T + G)GTGATCCC-3′
forward primer with 5′-CC(C + T)TC(A + C + G)AC(A + G)
AC(C + T)TGACC-3′ reverse primer. Nested-PCR was
carried out on the resulting PCR fragment with the
same reverse primer as above and 5′-TTCATGTG(C + T)
CA(A + G)GG(A + C)GG(C + T)GA-3′ forward primer. The
fragment was purified out of an agarose gel and cloned with
pCR-Script Amp SK(+) cloning kit (Stratagene, La Jolla,
CA). Positive clones were selected by blue-white screening
and controlled by PCR screening using the vector-specific
M13-forward and -reverse primers (Stratagene). Plasmids
were purified from overnight cultures and subjected to
sequencing with the M13 primers using an ABI 310 auto-
mated fluorescent sequencer (Applied Biosystems, Foster
City, CA). This allowed us to determine an internal DNA
sequence of Bet v 7.

In the meantime, all inserts of the cDNA library KL-5-M
have been amplified using the following lambda gt22A-
specific primers: 5′-ATTGGTGGCGACGATCCTGGAG-3′
and 5′-CAGACCAACTGGTAATGGTAGCG-3′. To de-
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silocybe cubensis, Aspergillus fumigatus, andMalassezia
urfur. Those were named Pci c 2, Asp f 11, and Mal
espectively (Appenzeller et al., 1999; Horner et al., 19
indborg et al., 1999). The two latter cyclophilins and th
uman cyclophilin A have been shown to share IgE-bin
pitopes, responsible for immunological cross-react
Flückiger et al., 2002). Those putative cross-react
pitopes have been determined by homology modelling
rediction of solvent-exposed amino acid residues (Roy et
l., 2003). However, despite their high sequence homol
ot all cyclophilins of group A seem to be immunolo
ally cross-reactive. Indeed, theEchinococcus granulosus
yclophilin A was shown to share IgE epitopes with nei
al f 6 nor the human cyclophilin A (Ortona et al., 2002).
We here report the cloning of Bet v 7, the birch cycloph

nd its expression in a heterologous system. We also st
he immunological cross-reactivity between Bet v 7 and cy-
lophilins from different phylogenic origins.

. Materials and methods

.1. Determination of the coding sequence of Bet v 7

The cDNA library KL-5-M is a kind gift of Dr. J. Kan
asj̈arvi (University of Kuopio, Finland). This phage libra
as been constructed in lambda gt22A from ozone-exp
irch leaves (Kiiskinen et al., 1997). Eight degenera

orward primers and three degenerate reverse pri
ave been designed from the most consensual sequ
 s

ermine the 5′- and 3′-termini of the Bet v 7 coding
equence, the resulting PCR product (AAI fraction)
hen subjected to PCR amplification using the same ve
pecific primers as above and the following Bet v 7-spe
rimers designed from the previously determined inte
equence of Bet v 7: 5′-TGGCGAGTCCATCTACGGCG-3′
PC003BPCyP) and 5′-TCCACGACCTGGCCGAACAC-3′
PC004BPCyP). Nested PCR was carried out on the res
CR products with the vector-specific primers and the
7-specific primers 5′-GTGTTCGGTCAGGTCGTGGA-3′

PC002BPCyP) and 5′-CGCCGTAGATGGACTCGCCA-3′
PC001BPCyP), respectively. After purification, the dif
nt DNA fragments that had been obtained were subje

o multiple sequencing reactions with the vector-spe
rimers and the Bet v 7-specific primers PC001BP
nd PC002BPCyP. All results of the sequencing reac
ere aligned together to determine the full coding sequ
f Bet v 7. Thereafter, the sequence was confirmed
sing primers covering the two extremities of the Bet
oding sequence (Betv7IF and Betv7IR). Those primers
ncluded restriction sites for further insertion of the Bet
NA sequence into a vector.

.2. Cloning, expression and purification of rBet v 7

By using the AAI fraction as template, PCR was car
ut with the primer Betv7IF, which corresponds to
eginning of the Bet v 7 coding sequence flanked w
n NdeI restriction site, and Betv7IR, covering the end

he Bet v 7 coding sequence together with aBamHI site.
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The product was digested with the respective restriction
endonucleases, ligated into the expression vector pET-15b
(Novagen- EMD Biosciences, Darmstadt, Germany), which
encodes for a (His)6-tag and a thrombin cleavage site, and
amplified in DH5-� cells. Positive clones were selected by
PCR screening and the Bet v 7 sequence was controlled by
sequencing. After purification, the positive vectors were used
for transformation ofEscherichia coli BL21-CodonPlus
strain (Stratagene). Single colony was grown at 37◦C in
LB broth, and protein expression was induced by addition
of isopropyl-d-thio-galactopyranoside (IPTG) to a final
concentration of 1 mM. After 3 h of culture, the cells were
harvested by centrifugation. The cell pellet was redissolved
in phosphate buffer at pH 7.8, imidazole 50 mM, with a
protease inhibitor cocktail (Roche, Basel, Switzerland)
and sonicated to lyse the cells. After centrifugation, the
supernatant was filtered through a 0.45-�m membrane and
loaded through a nickel-charged sepharose column (Hi-Trap
Sepharose, Pharmacia Biotech). Gradient elution was carried
out from 50 to 500 mM imidazole. The purity of the fusion
protein was checked on Coomassie blue-stained SDS-PAGE
gel. Alternatively, we obtained a non-fusion protein by
enzymatic cleavage of the purified rBet v 7 with biotinylated
thrombin (Novagen), according to the manufacturer’s
instructions. The biotinylated thrombin was later removed
from the mixture by using streptavidin-agarose gel.
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trans-Ala-Pro conformation of succinyl-Ala-Ala-Pro-Phep-
nitroanilide (sAAPFn, Sigma, St Louis) a chromogenic artifi-
cial peptide, is cleaved by chymotrypsin. Approximately 80%
of the peptide is in this conformation at equilibrium and will
be almost immediately cleaved by the enzyme. The remaining
20% must undergo the relatively slow process of isomerisa-
tion from cis to trans before it can be cleaved. Cleavage can
be followed by measuring absorbance at 390 nm at 2-s inter-
vals in a spectrophotometer (Ultrospec plus 4054, Pharmacia
Biotech, Sweden). The presence of a molecule with rotamase
activity, which facilitates thecis–trans isomerisation, can be
detected by the acceleration of the rate of peptide cleavage.
Our assays were carried out in HEPES buffer 35 mM, pH 8.0,
with 2�M chymotrypsin and 10�M sAAPFn. To inhibit ro-
tamase activity, 1�M cyclosporin A was first added to the
mixture.

2.6. Tissue distribution of Bet v 7

Fresh anthers and buds were harvested on a local silver
birch tree and immediately frozen in liquid nitrogen. RNA
was extracted from plant tissues ground with sand in liq-
uid nitrogen by using an RNA extraction kit (RNeasy plant
kit, Qiagen Benelux, Venlo, The Netherlands). Next, cDNA
was prepared with Superscript Pre-amplification System (In-
V car-
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.3. Cloning and production of the tomato cyclophilin

The pCG19 plasmid that contains the tomato cyclop
TomCyP) coding sequence (Gasser et al., 1990) is a kind
ift from Prof. C. Gasser (University of California, Dav
A). This construct, however, did not include any fus

ag to facilitate protein purification. Therefore, we deci
o transfer the TomCyP coding sequence into the pET
xpression vector. For that, plasmids were purified f
vernight cultures and digested withNdeI and BamHI
estriction endonucleases before ligation into pET-
nd amplification in DH5-� cells. The positive plasmid
ere used for transformation of BL21-CodonPlus c
fterwards, the expression and purification of rTomCyP
arried out with the same procedure as that for rBet v 7

.4. Purification of natural Bet v 7 (nBet v 7)

Natural Bet v 7 waspurified as already described (Cadot
t al., 2000). Briefly, birch pollen extracts were prepared at
.5. Afterwards, basic proteins in the extract were purifie

on exchange in bulk DEAE-Sephacel at pH 8.5. The resu
upernatant containing nBet v 7 wassubjected to hydrophob

nteraction chromatography in phenyl sepharose from w
Bet v 7 could be eluted.

.5. Rotamase assay

Rotamase activity was assayed by a modification
he method ofFischer et al. (1984). In this assay, th
itrogen, Carlsbad, CA) before PCR amplification was
ied out with the Bet v 7-specific primers PC003BPCyP
C004BPCyP. The presence of a PCR product was then

rolled in agarose gel.

.7. Polyclonal antiserum to Bet v 7

Two white New Zealand rabbits were immunized w
on-fusion rBet v 7 with a standard protocol. Blood was tak
0 d after the first and the second boosters. A pool was
f all four hyperimmune blood samples.

.8. Allergens and allergen extracts

The mould cyclophilins rAsp f 11 and rMal f 6 were kindly
iven by Prof. R. Crameri (SIAF, Davos, Switzerland). T
olecule rBet v 2 waspurchased from Biomay (Linz, Au

ria).
Birch, ryegrass (Lolium perenne), and mugwor

Artemisia vulgaris) pollen extracts, Cladosporium
erbarum andAlternaria alternata extracts were prepared
lready described (Cadot et al., 1995). English oak (Quercus
obur), hazel (Coryllus avellana), alder (Alnus glutinosa),
nglish plantain (Plantago lanceolata), orchardgras

Dactylis glomerata), Kentucky bluegrass (Poa pratensis)
ollen extracts, cat fur, dog fur, mite (Dermatophagoides
teronyssinus and D. farinae), Fusarium culmorum, As-
ergillus niger andA. fumigatus extracts—all were obtaine
rom HAL (Haarlem, The Netherlands).
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2.9. ELISA inhibition

To perform ELISA inhibition, two polystyrene microtiter
plates (Maxisorp, Nunc, Roskilde, Denmark) were coated
overnight at 4◦C. The detection plate was coated with
0.5�g/ml rBet v 7 in 0.02 M PBS, pH 8.0. The inhibiting
plate was coated with rBet v 7, rTomCyP, rAsp f 11, rMal f 6 or
rBet v 2 (negative control) starting from 10�g/ml in 0.02 M
PBS pH 8.0 and then serially diluted 1/4 in the same coating
buffer. After coating, free binding sites were blocked with
PBS–BSA 2% for 1 h at room temperature. Rabbit polyclonal
anti-Bet v 7 diluted 1/50,000 in PBS–BSA 0.5%–Tween-20
0.05% was added to the inhibiting plate and allowed to
bind for 1 h at room temperature. The pre-incubated sera
were then transferred to the detection plate and incubated
for 1 h at room temperature. The remaining Bet v 7-specific
antibodies were then detected with peroxidase-labeled swine
anti-rabbit immunoglobulins (DAKO, Glostrup, Denmark)
diluted 1/2000, and visualized after addition of the peroxi-
dase substrate TMB in citrate buffer and reading at 450 nm
after addition of sulphuric acid. All washes were made
with PBS–Tween-20 0.05%. Negative controls consisted of
pre-immune rabbit serum diluted 1/50,000. Percentage of
inhibition was calculated from the absorbencies values of the
serial dilutions of rBet v 2 arbitrarily corresponding to 0%
inhibition.
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of 18294 Da. The sequence displays the classical secondary
structure of cyclophilins (Galat, 1999; Roy et al., 2003).
Translation of the sequence showed a match with the pep-
tide sequences determined on purified nBet v 7 (Cadot et al.,
2000). Since nBetv 7 had been purified from birch pollen
where the cDNA library originated from birch leaves, this
result is an indication that the same cyclophilin isoform is
present in both pollen and leaves. Comparison of the protein
full-length Bet v 7 with other known amino acid sequences
of plant and mould cyclophilins is shown inFig. 1. The full
amino acid sequence of Bet v 7 shows up to 91%, 87%, 86%
and 85% identity with the cyclophilins of Madagascar peri-
winkle (Catharanthus roseus), kidney bean (Phaseolus vul-
garis), foxglove (Digitalis lanata), and tomato (Lycopersicon
esculentum), respectively. There is much less identity with
Mal f 6 and Asp f 11, 61% and 58%, respectively. It is note-
worthy that the N- and C-terminal parts are more subjected to
amino acid variations than the internal part of the sequences,
the latter being probably more involved in the construction
of the enzymatic domain. At positions 49–55, the Bet v 7
sequence contains the typical seven amino acid insert of the
plant cyclophilin A family (Galat, 1999; Gasser et al., 1990;
Kinoshita and Shimazaki, 1999).

3.2. Tissue distribution of Bet v 7
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.10. SDS-PAGE immunoblotting

SDS-PAGE in reducing conditions was carried out in 1
olyacrylamide gels with 5% stacking gels. After the r
roteins were electro-transferred onto a polyvinylidene
uoride membrane (Immobilon-P, Millipore, Billerica, M
SA) in transfer buffer composed of 25 mM Tris, 192 m
lycine, and 20% methanol. The membrane was
locked in PBS containing defatted dried milk (PBS-NFD
; 2%) before overnight incubation at 4◦C in rabbit anti-Be
7 polyclonal antiserum diluted in PBS-NFDM 0.1

0.05�l of rabbit antiserum/sample lane). To reveal bind
peroxidase-labeled swine anti-rabbit immunoglob

DAKO) diluted in PBS-NFDM 0.1% (1�l/sample lane
as used before incubation in TMB. Immunoblot inhibitio
ere carried out as follows: 50�g per sample lane o
urified rBet v 7, rTomCyP or rAsp f 11 was incuba

or 1 h at room temperature with the rabbit antise
efore application onto the blotting membrane as desc
bove.

. Results

.1. Full coding sequence of Bet v 7

The full coding sequence of Bet v 7 has been determin
EMBL AJ311666). It consists of 519 nucleotides that yie
protein of 173 amino acids with a deduced molecular m
By PCR amplification of cDNA from mRNA of fresh
ollected birch anthers, we could ascertain the presen
et v 7 in anthers (not shown). This was expected as
7 was first purified from pollen. Furthermore, we de
ined the coding sequence of Bet v 7 cloned from anther
nd confirmed that the entire sequence was identical t
ne obtained from birch leaves, which further corrobor

hat the same gene is expressed in both tissues. Wit
ame procedure, we also found expression of Bet v 7 in birch
uds. This is in accordance with the findings of others
yclophilin A is found in all tissues investigated for a giv
rganism (Gasser et al., 1990; Ryffel et al., 1991), which adds
o the universality and the importance of the role playe
he cyclophilin A family.

.3. Recombinant expression of Bet v 7 and TomCyP in
. coli

Recombinant Bet v 7 wasfound both in the cytoplasm
he bacterial cells and in inclusion bodies. For convenie
nly the intra-cytoplasmic rBet v 7 waspurified and used i

urther experiments. On Coomassie blue-stained SDS-P
els (Fig. 2), highly pure rBet v 7 with His-tag appeared wi
molecular mass of 21 kDa (calculated from the seque

0,095 Da). After removal of the tag by thrombin digest
Bet v 7 migrated as an 18-kDa band (Fig. 2).

In a further step, we checked the enzymatic activities o
hree types of Bet v 7, namely nBet v 7, rBet v 7-(His)6, and
Bet v 7 (Fig. 3). We could demonstrate that all three polyp
ides exert rotamase activity with calculated specific activ
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Fig. 1. Multiple sequence alignments of Bet v 7 and other cyclophilins. Amino acids conserved in all seven cyclophilins are shown on a black background;
amino acids conserved in the plant cyclophilins and Mal f 6 but not in Asp f 11appear on a dark grey background. Amino acids specific for all five plant
cyclophilins are shown on a light grey background.

kcat/KM of 6.08× 105 M−1s−1, 12.08× 105 M−1s−1, and
17.05× 105 M−1s−1 at 20◦C, respectively. Those values
are lower, differing approximately by a factor 10–20, than
already published data on cyclophilin kinetic parameters
(Berriman and Fairlamb, 1998; Fischer et al., 1984; Harrison
and Stein, 1990; Kofron et al., 1991). However, to our
knowledge, our data are the first on a plant cyclophilin, and

Fig. 2. Coomasie blue-stained SDS-PAGE gel showing purified rBet v 7-
( ss
m

enzymatic activities might be different between the plant
and animal proteins for the substrate sAAPFn. As already
observed for nBet v 7 (Cadot et al., 2000), the rotamase
activity of rBet v 7 wastotally inhibited by cyclosporin A but
not by FK506. This latter molecule is the specific inhibitor
of another class of immunophilins, the FK-binding proteins,
which, conversely, are not inhibited by cyclosporin A.

Recombinant TomCyP was purified the same way as rBet
v 7. Recombinant TomCyP exerts a cyclosporin A-sensitive
rotamase activity withkcat/KM = 11.15× 105 M−1s−1 (for
rTomCyP-(His)6) (data not shown).

3.4. Cross-reactivity studies with other plant species

To detect cyclophilins in other plant species, an anti-Bet
v 7 antiserum was raised in rabbits. InFig. 4, we can see
that this antiserum recognizes one protein only, at around
18 kDa, in a birch pollen extract. This band actually con-
tains three polypeptides, which indicates the presence of
three Bet v 7 isoforms with slightly different molecular
masses in birch pollen. This is consistent with results of
our previous work where we detected by IEF immunoblot-
ting three Bet v 7 isoforms with three different isoelec-
tric points (Cadot et al., 2000). Here as well, in addition,
the rabbit antiserum detected three polypeptides with differ-
e im-
m cted
His)6 (A), and rBet v 7 after removal of the His-tag (B). Molecular ma
arkers are visible on lane M in kDa.
nt isoelectric points in a birch pollen extract by IEF
unoblotting (not shown). Further, the antiserum rea
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Fig. 3. Rotamase assay (see Section2) with no (squares), 5 nM (triangles), 10 nM (asterisks), 50 nM (solid dots), and 75 nM (open circles) nBet v 7 (a), rBet v
7-(His)6 (b), and rBet v 7 (c). In (d), the linear dependence of the enzymatic activity (first-order rate constant) as a function of enzyme concentration is depicted
for nBet v 7 (open squares), rBet v 7-(His)6 (black diamonds), and rBet v 7 (crosses).

with all three purified Bet v 7 forms, namely nBet v 7,
rBet v 7-(His)6, and rBet v 7, and with rTomCyP (Fig. 4).
This cross-reactivity between the birch and the tomato cy-
clophilin was further confirmed by ELISA-inhibition exper-
iments in which it is demonstrated that incubation of the
antiserum with rTomCyP inhibits the reactivity to rBet v 7
(Fig. 5).

By using this rabbit anti-Bet v 7 antiserum, we next
studied the presence of Bet v 7 homologues in other pollen
species. As shown inFig. 6, the presence of proteins of the
cyclophilin A family was ascertained in all pollen extracts
tested. Like in birch pollen, several cyclophilin bands were
clearly detected in alder (A. glutinosa of the Betulaceae
family) and hazel (C. avellana of the Corylaceae family)
pollen. However, only one band was visible in the oak (Q.
robur) pollen extract. This might indicate that only one Bet
v 7-like isoform is present in this pollen species, or only one
oak cyclophilin isoform among several cross-reacts at the
immunological level with Bet v 7. It is tempting to correlate
those results with the phylogenic relationships. Indeed, the
gendersAlnus and Coryllus are considered closer to birch
than Quercus; hence, cyclophilins more closely resemble
Bet v 7 in theformer than in the latter. This, however, is not
supported by the rest of our data showing more than one

cyclophilin A bands in extracts from Gramineae pollen (D.
glomerata – cock’s foot;P. pratensis – meadow grass), and
P. lanceolata – English plantain (weed pollen), which are
all pollen species phylogenically remoter from birch than
Quercus.

In immunoblot inhibition experiments, after pre-
incubating the rabbit antiserum with Bet v 7 or TomCyP,
we could observe that the reactions to the cyclophilin bands
in different pollen extracts were inhibited (Fig. 7). This
further supports the existence of general imunological
cross-reactivity among plant cyclophilins A. In addition, the
anti-Bet v 7 antiserum allowed us to detect two cyclophilin A
bands in extracts from leek (Allium porrum) and French bean
(P. vulgaris) (results not shown). Such result is interesting,
as it suggests that the cyclophilin A proteins can be involved
in food pollen cross-allergies in patients.

3.5. Cross-reactivity studies with non-plant species

We next attempted to detect Bet v 7-like proteins in aller-
genic extracts from moulds (C. herbarum, A. alternata, A. fu-
migatus, A. niger, F. culmorum), invertebrates (D. pteronyssi-
nus, D. farinae), and mammals (cat fur, and dog fur). No
band could be detected with our anti-Bet v 7 antiserum in any
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Fig. 4. SDS-PAGE immunoblot showing the reactivity of the anti-Bet v 7 rabbit anti-serum with (A) rBet v 7-(His)6, (B) rBet v 7, (C) nBet v 7, (D) a complete
birch pollen extract, (E) rTomCyP, (F) rAsp f 11, and (G) rMal f 6. Markers (M) are indicated on the left side in kDa.

of those extracts (not shown). This was rather unexpected,
as some mould cyclophilins are known to be present in aller-
genic extracts. For example, Asp f 11 should be detected in
ourA. fumigatus extract. Although the quality of the extracts
can be questioned, it cannot be excluded that non-plant
cyclophilins are not immunologically cross-reactive with
Bet v 7.

To confirm the different antigenic properties of the mould
cyclophilins, rAsp f 11 and rMal f 6, two recombinant mould
cyclophilins fromA. fumigatus andM. furfur, respectively,
were used. First, on immunoblot, rMal f 6 was recognized
by the rabbit anti-Bet v 7 antiserum, but this was not so for
rAsp f 11 (Fig. 4). Such result corroborates the absence of
reactivity of the antiserum with a completeA. fumigatus

F se
( ted
w side.

Fig. 6. SDS-PAGE immunoblot showing the reactivity of the anti-Bet v 7
rabbit antiserum with (A) a birch pollen extract, (B) a hazel pollen extract,
(C) an alder pollen extract, (D) an oak pollen extract, (E) a plantain pollen
extract, (F) a cock’s foot pollen extract, and (G) a meadow grass pollen
extract. Markers are shown on lane M in kDa.
ig. 5. Inhibition of antibody binding to rBet v 7 coated on a solid pha
ELISA inhibition). The anti-Bet v 7 rabbit antiserum was pre-incuba
ith increasing concentrations of the molecules indicated on the right
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Fig. 7. SDS-PAGE immunoblot inhibition experiment. Anti-Bet v 7 rabbit antibodies were used to probe extracts of birch pollen (1), hazel pollen (2), meadow
grass pollen (3), plantain pollen (4), cock’s foot pollen (5), and oak pollen (6). (a) No inhibition; (b) inhibition by rBet v 7; (c) inhibition by rAsp f11; (d)
inhibition by rTom CyP. Markers (M) are indicated on the left side in kDa.

extract, as mentioned above. Next, we used ELISA inhibition
to determine whether Bet v 7, Asp f 11 and Mal f 6 do
share common epitopes.Fig. 5shows that the binding of the
anti-Bet v 7 polyclonal antibodies can be inhibited on the
rBet v 7-coated plate by pre-incubation with rBet v 7 to a
much lower extent by rMal f 6, but not at all by rAsp f 11
(similar to the negative control rBet v 2). The fact that rMal
f 6 is able to slightly inhibit the binding of the polyclonal
anti-Bet v 7 proves that it shares at least one epitope with the
birch pollen cyclophilin, which corroborates the detection
of rMal f 6 on immunoblot (Fig. 4). However, the ELISA
inhibition also shows that most of the rBet v 7 epitopes seem
to be absent on rMal f 6. We also performed immunoblot in-
hibition experiments, by pre-incubating the rabbit antiserum
with rAsp f 11. We then observed that the cyclophilin bands
in different pollen extracts were not inhibited by the mould
cyclophilin (Fig. 7). This shows that the absence of immuno-
logical cross-reactivity of Asp f 11 is not limited to Bet v 7,
but can probably be extended to all plant cyclophilins.

4. Discussion

We have cloned Bet v 7, the birch pollen cyclophilin, and
produced it in a bacterial system of expression. The recom-
binant protein was characterized and used in cross-reactivity
s rom
t up A
m ical
c , and
a less
d
c
H car-
r act

in immunoblotting experiments and found no band. Because
special extraction conditions are needed to yield Bet v 7 in
a birch pollen extract (Cadot et al., 1995), most commercial
extracts do not contain it, which might explain the negative
results in the paper in question. Whether Bet v 7 and the
carrot cyclophilin A are cross-reactive still remains to be de-
termined.

Plant cyclophilins do not seem to show high cross-
reactivity with moulds and animal cyclophilins, as observed
in our immunoblots and ELISA experiments. Interestingly,
mould and human cyclophilins have been shown to be highly
immunologically cross-reactive (Flückiger et al., 2002; Roy
et al., 2003), but no data were available on possible cross-
reactivity with plant cyclophilins. Another study showed that
theE. granulosus cyclophilin does not cross-react with either
the human cyclophilin or Mal f 6 (Ortona et al., 2002). How-
ever, whether theE. granulosus cyclophilin is cross-reactive
with any plant cyclophilin A is not known.

According toGalat (1999), a common feature of all plant
cyclophilins of group A described so far is a 7–8-amino acid
insert (seeFig. 1). The mould and animal cyclophilins of
group A lack such insert, which might account for struc-
tural differences leading to the diminution or the absence of
cross-reactivity observed with the anti-plant cyclophilin A
antiserum. According to the 3D-model of the cyclophilins
(Galat, 1999), the part of the sequence containing that insert
w ite,
w ase
a sert.
W f 11
d
F sert
a een
� r the
C s in
tudies, together with other recombinant cyclophilins. F
hese studies, it appears that the plant cyclophilins of gro
ay constitute a distinct subgroup with high immunolog

ross-reactivity, as demonstrated with rBet v 7, rTomCyP
ll other pollen cyclophilins tested. One paper neverthe
emonstrated that a 20-kDa cyclophilin of carrot (Daucus
arota) is not cross-reactive with Bet v 7 (Fujita et al., 2001).
owever, the authors used patient sera reacting with the

ot cyclophilin to probe a commercial birch pollen extr
ould not take part in the folding of the enzymatic active s
hich could explain that plant cyclophilins do exert rotam
ctivity despite the structural differences due to this in
hen comparing the sequences, it is obvious that Asp

iverges more from the plant cyclophilins than Mal f 6 (see
ig. 1). In addition, it also contains an extra amino acid in
t position 14–18 that might perturb the hinge region betw
-sheet I and�-sheet II and some extra amino acids nea
-terminal part. This might account for bigger difference
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3D-structure between Asp f 11 and the plant cyclophilins. In-
terestingly, the results of our ELISA inhibition experiments
also point in the same direction since Mal f 6 was able to
inhibit the binding to Bet v 7 slightly, which was not the case
for Asp f 11. In this regard, the cyclophilin A family seems
to exemplify the link between sequence, 3D-structure, and
immunogenicity.

Deduced from the ribbon diagrams of the human cy-
clophilin A (Galat, 1999) and Mal f 6 (Roy et al., 2003),
we hypothesized that the plant seven-amino acid insert is
surface-exposed as a protruding loop, making it an ideal
candidate as an epitope. To challenge this hypothesis, we
used three overlapping oligopeptides (KGNGRSGKP, GRS-
GKPLHY, PLHYKKSSF; Eurogentec, Herstal, Belgium),
covering the whole insert sequence of Bet v 7 and its
flanking regions in ELISA and immunoblotting inhibition
experiments. For comparison, equimolar concentrations of
Bet v 7 and oligopeptides were used. However, none of the
oligopeptides was able to inhibit, even to a low extent, the
binding of the antibodies to rBet v 7 in ELISA, or to rBet v 7
and other pollen cyclophilins in immunoblots. This suggests
that the eight-amino acid insert is not an epitope. Therefore,
it might be that this insert is not accessible for antibody
binding, which implies that it does not protrude from the
protein structure. Indeed, a plant-specific protruding loop is
expected to be very immunogenic in mammals. If it does not
p hole
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h hilin
A
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