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Abstract—Preliminary work showed that a 14-kDa allergen with a pl of 9 was recognized by more
than 60% of sera from Dactylis glomerata (Dac g) pollen-allergic individuals. The N-terminal amino
acid sequence of this Dac g allergen was determined by Edman degradation and compared with that
of Lol p 3, a major allergen of Lolium perenne. A sequence identity of 65% was found, suggesting
that the Dac g allergen could be the homologue of Lol p 3 and therefore named Dac g 3. We report
the cloning and sequence analysis of a cDNA encoding the Dac g 3 pollen allergen. The recombinant
allergen (rDac g 3) expressed in plasmid vector pGEX-2T contained IgE-reactive epitopes found in
its natural counterpart, and induced histamine release from basophils of Dac g-allergic individuals,
confirming that the recombinant protein has biological properties similar to the pollen extracted
allergen. Computer analyses showed that, in spite of a high degree of sequence homology, even closely
related allergens such as Dac g 3 and Lol p 3 have dissimilar predictive secondary structures and
potential different antigenicity. Because it possesses the properties of the native counterpart, rDac g
3 could be a relevant tool for molecular studies in allergy. Copyright © 1996 Elsevier Science Ltd.
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INTRODUCTION

Studies performed on recombinant allergens and their
corresponding peptides during the past few years have
already contributed to unravelling the immunochemical
nature of allergenic epitopes present on the molecules of
natural allergens. Recent advances in the field of cellular
immunology have led to new insights into the molecular
mechanisms operating in allergy, and introduced new
hypotheses for more specific immunotherapeutic
approaches. Previous work revealed cross-reactivity
between B epitopes of natural allergens from the same
species (van Ree ef al., 1994) and between B epitopes of
allergens from different related species of grass pollen

*Service d’Immuno-Allergie, Institut Pasteur 25-28, rue du
Docteur Roux 75724, Paris, Cedex 15 France. e-mail:
clobert@ pasteur.fr

Abbreviations: Dac g, Dactylis glomeraia;, rDac g 3, recom-
binant Dac g 3 protein without glutathione-S-transferase;
s.p. Dac g 3, semi-purified natural Dac g 3; IEF, isoelectric
focusing; GST, glutathione-S-transferase; a.p. anti-rDac g
3, affinity-purified anti-rDac g 3 antibodies; RACE, rapid
amplification of ¢cDNA ends; CSDS, cycle sequencing of
double-stranded DNA system; GST-Dac g 3, recombinant
fusion-protein Dac g 3 before thrombine cleavage; GCG,
Genetics Computer Group; Dac g 3, genomic DNA of Dac

g3.

(Knox et al., 1989; Klysner ef al., 1992). Cross-reactivity
has also been demonstrated at the level of T cell epitopes
by studies on human T cell responses (Baskar ez al., 1992).
Furthermore, several allergens are expressed in forms
differing from each other by limited sequence variations,
and which have been termed ‘““variants”. Some of these
variants show distinct biochemical and antigenic proper-
ties (Perez et al., 1990; Griffith er al., 1991). This has led
to the classification of a group nomenclature based on
structural and immunological homologies. The biological
importance of most pollen allergens is still unknown
except for allergens related to profilins (Valenta et al.,
1991a) or to Ca?* binding protein families (Seiberler et
al., 1994).

Approximately 20% of the population in developed
countries suffers from IgE-mediated atopic diseases
(Wiithrich, 1989). Wind-pollinated species of grasses con-
tribute significantly to this seasonal atopic allergy
(Thomas, 1991). In temperate latitudes, pollen from Dac
g represents a major allergen contribution, together with
pollen from Phleum pratense and Lolium perenne (Baldo
et al., 1982).

One basic allergen of Dac g has been characterized and
partly purified in our laboratory. More than 65% of
sera from Dac g pollen-allergic patients recognize this
allergen, which can therefore be considered as a major
one (Marsh ef al., 1986; WHO/IUIS, 1994). Comparison
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of the N-terminal amino acid sequence with that of Lol
p 3 (Ansari et al., 1989) suggested that this Dac g allergen
is the homologue of Lol p 3, and thus this allergen is
referred to as Dac g 3. The latter was cloned and char-
acterized for its immunochemical and biological activi-
ties. It is the second cloned Dac g pollen allergen, after
Dac g 2 (Roberts et al., 1993).

In the present paper, cloned Dac g 3 is shown to contain
IgE-reactive epitopes found in its natural counterpart
and to elicit histamine release from basophils of Dac
g-allergic individuals, confirming that the recombinant
protein has biological properties similar to the natural
protein. Predictive structural and antigenic properties of
groups 2 and 3 of Dac g and Lol p 3 pollen allergens have
also been compared.

Dac g 3 might be part of a panel of relevant recom-
binant allergens which will serve as future tools for the
study of grass pollen allergy.

MATERIALS AND METHODS

Preparation of semi-purified Dac g 3 (s.p. Dac g 3) from
water-soluble pollen extract

Preparative isoelectric focusing (IEF) was carried out
on Dac g pollen hydrosoluble extract according to Mech-
eri et al. (1985) and the band containing Dac g 3 was
eluted and applied to an FPLC column (Superose 12;
Pharmacia Biotech, Uppsala, Sweden). Fractions were
analysed by SDS-PAGE.

Selection of patient sera

Thirty grass-pollen-sensitive patients were selected as
previously described (Batard er al., 1993). One serum
from an allergic patient without sensitivity to Dac g 3,
and another from a non-allergic individual were selected
for control experiments.

Affinity purification of rabbit anti-rDac g 3 antibodies

The purified recombinant allergen was immobilized on
a 2-cm? nitrocellulose membrane strip and incubated for
2hr in diluted sera of the rDac g 3 immunized rabbits.
The bound antibodies (affinity purified or a.p. anti-rDac
g 3) were eluted with 1 ml of 0.2M glycine pH2.5 and
neutralized with Tris base 2 M.

RNA isolation from Dac g pollen

Total RNA was isolated from 5g of Dac g pollen
(Allergon AB; Engelholm, Sweden, batch 010989902)
according to a technique previously described (Walsh er
al., 1989).

Cloning and sequencing of Dac g 3 cDNA

The s.p. Dac g 3 was separated by SDS-PAGE and
transferred to a poly (vinylidene-difluoride) membrane
(PVDF) for N-terminal microsequencing and enzymatic
digestion. After HPLC separation, one peptide, the
absorbance profile of which suggested an amino acid
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composition similar to the Lol p 3 C-terminal peptide,
was chosen for sequencing. The obtained sequence con-
firmed the C-terminal position of the chosen peptide.
Then, the oligonucleotides corresponding to the N- and
C-ends of the protein were synthesized. A general codon
usage of the plants (Murray et al., 1989) was followed to
choose certain codons. For others, a mixture of oli-
gonucleotides was used and inosine was introduced at
the four-fold degeneracy positions. First strand cDNA
was synthesized from 1 ug of total RNA from the Dac g
pollen using 2 pmol of the P2 primer, 1 ul (200 units) of
Superscript  reverse transcriptase (Gibco Eragny,
France), 2 ul of 10 x corresponding buffer, 1 ul of 10 mM
of each deoxynucleoside triphosphate (dNTPs) and 2 ul
of 0.1 M dithiothreitol according to the manufacturer’s
instructions. PCR was performed in a volume of 50 ul.
The sample contained 0.4 units (0.08 ul) of GoldStar
DNA polymerase from Eurogentec (Seraing, Belgium),
and the appropriate buffer was supplemented with
1.5mM MgCl,/0.2 mM of each dNTPs, 1 uM each of the
P1 and P2 primers and 10 pl of the first strand synthesis
mixture. The samples were subjected to 35 cycles of
amplification consisting of the following steps: 1 min 30's
at 94°C, 1 min 30s at 55°C, 1 min at 72°C, followed by a
final incubation at 72°C for 10 min. About 15ng of the
purified PCR product were used for the TA cloning pro-
cedure according to the supplier’s protocol (TA cloning
kit containing the pCR 2 vector, from Invitrogen, San
Diego, U.S.A.). DNA sequences of two clones were deter-
mined by double-stranded sequencing carried out with
Sp6 and T7 promoters and using Sequenase (U.S. Bio-
chemicals, Cleveland, U.S.A.). Based on these sequences,
a number of oligonucleotides were synthesized, some of
them containing an Eco RI restriction site added for
cloning purposes (Fig. 1). All oligomers were synthesized
by Eurogentec.

3’-End amplification with 3'- RACE (rapid amplification of
¢DNA ends system)

Dac g 3 3’-end amplification was performed with our
gene-specific primer P3 and the amplification primer pro-
vided with the 3' RACE system (Gibco BRL, Life Tech-
nologies, Gaithersburg, U.S.A.). PCR amplification of
the cDNA was performed with the GoldStar DNA poly-
merase according to the supplier’s protocol.

S’-End amplification with 5-RACE system

First strand cDNA synthesis was initiated from our
sequence-specific P2 primer. After purification as rec-
ommended by the manufacturer, an oligo-dC anchor
sequence provided with the system was added to the 3'-
end of the cDNA using the terminal deoxynucleotidyl
transferase and dCTP. PCR amplification was carried
out using our nested (internal) gene-specific P4 primer
and the anchor primer provided with the system.

Isolation of DNA from pollen

Isolation of DNA was performed using the CTAB
(hexadecyltrimethylammonium bromide) procedure as



Characterization of rDac g 3

799

Pee—{_] Pad—{_] Pz:z_{:l
———t — 1> es
3
Name Sequence
P1 5'-AAGGTIACITTCAAA/GGTA/C/T/IGGAA/GAAGGG
P2 5'-CTCIGGIGTGTAIGTIGTICCGAT
P'1 5'-TTTgaattcGTGTGAAGGTGACC
P2 5'-TTTgaattcATCACTCGGGGGT
P3 5-CGTCAGCACGGCTCCGAG
P4 5-TCCTCATGCCACCCTT
P5 5-CGTTTCATGTCCAAGGGT
P6 5-TACTCGGAGCCGTGCTGACG

Fig. 1. Schematic location of oligonucleotide primer hybridization sites for amplification and sequenc-
ing and sequence of corresponding oligonucleotides. The degenerated nucleotides are shown in
small caps. I, inosine. Eco R restriction sites are shown in lower-case letters.

described (Doyle and Doyle, 1987). About 300 ng of this
DNA was submitted to PCR amplification with P'1 and
P’2 primers under the same conditions as described
earlier.

Direct sequencing of PCR products with the CSDS system
(cycle sequencing of double stranded DN A)

PCR products of 3’- and 5’-amplifications were pur-
ifled after a separating step on NuSieve agarose gel, as
already described. In a first step, radioactivity was trans-
ferred to the 5’-end of the sequencing primer using the
T4 polynucleotide kinase and [y-*P]ATP (DuPont de
Nemours, NEN products, Les Ulis, France). Sequencing
reactions were performed according to the CSDS system
(Gibco BRL). The P35 primer was used for 3-RACE
PCR product sequencing, and P6 for the 5-RACE PCR
product sequencing. For genomic DNA from pollen, the
sequence was determined by CSDS carried out with either
the P’'1 or P'2 primer.

Expression and purification of the recombinant antigen
rDac g3

The coding sequence corresponding to the Dac g 3
protein was cloned into a pGEX-2T vector (gene fusion
system from Pharmacia) which offers a thrombin rec-
ognition site for cleaving the allergen from the fusion
product which is GST. After cloning in the DHS, an
Escherichia coli strain, clones were assayed for protein
fusion expression. One of the expressing clones was
sequenced with the 5" pGEX sequencing primer to ensure
the absence of any mutation. The fusion protein was
expressed and purified as described in the supplier’s pro-
tocol using a column of glutathione Sepharose 4B (Phar-
macia). This fusion protein (GST-Dac g 3) was used
in some experiments. Thrombin (Bochringer Mannheim
GmbH, Sandhofer Strasse 116, Mannheim, Germany)
cleavage was performed on the fusion protein bound to
the column matrix. The purity of the digestion product
was evaluated on SDS-PAGE gel performed on the Phast
system (Pharmacia), followed by silver staining (Blum et
al., 1987). Identical preparations (without the cleavage
step) were done with the product of pGEX-2T without
the insert to obtain GST alone.

Computing studies

These were carried out with the sequence analysis soft-
ware package version 7.1 of GCG (Genetics Computer
Group Inc., Madison, WI).

Immunochemical comparisons between native and rDac g
3 by competition assay

After SDS-PAGE of hydrosoluble Dac g polien
extract and blotting on nitrocellulose, a band of 10-cm
length and 1-mm width, corresponding to Dac g 3 was
cut out and divided into identical fragments. In fact this
band was containing both Dac g 2 and Dac g 3 allergens,
due to their similar apparent molecular mass.

Sera from 18 Dac g 3-sensitive patients and from two
non-allergic individuals were diluted 1:5 in phosphate
buffer containing 1% bovine serum albumin/0.1% Tween
20 (PBST BSA) and incubated with rDac g 3 (250 gl of
dilution and 20 ug of rDac g 3) at 4°C overnight. The
adsorbed sera were diluted 1:2 and checked for antibody
depletion. The completely depleted sera were then incu-
bated overnight with a fragment of blocked nitro-
cellulose. The amount of bound IgE (B) was determined
with ®I-labelled anti-human IgE (Pharmacia RAST kit)
and counted in a gamma counter LKB Gamma master
1277. A ten-fold dilution of sera before depletion was
incubated with the same corresponding piece of nitro-
cellulose at 4°C overnight, and the total labelled anti-
human IgE (C) was counted. The percentage of inhibition
was calculated using the following formula: % inhibition
= 100 x [(A-B)/A] where A represents the IgE bound
with undepleted sera the value of which was (C-B) in
cpm.

SDS-PAGE

Samples (67 pg of rDac g 3 and an equivalent of 1.6 mg
of extracted pollen) treated with SDS and f-mer-
captoethanol were separated on a 15% T, 4% C acryl-
amide gel and transferred on a CNBr-activated
nitrocellulose filter (Batard et al., 1993).

Two-dimensional separation

Two-dimensional separation of hydrosoluble extract
corresponding to 800 ug of Dac g pollen and blotting
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were performed according to Leduc-Brodard er al.,
1994.

Immunoglobulin detection

IgE detection was performed as described earlier (Bat-
ard er al., 1993). Patient sera were diluted 10 times in
PBST BSA a.p. Anti-rDac g 3 rabbit antibodies were
used at a 1:20 dilution and anti-s.p. Dac g 3 mouse anti-
bodies were diluted 1:100 in the same buffer.

Inhibition ELISA

The ELISA protocol followed the general procedure
of Voller ez al. (1978). Maxisorb microtitre plates (Nunc,
Rockville, Denmark) coated with s.p. Dac g 3 (2 ug/ml)
were incubated with a 2:1 mixture of increasing rDac g 3
or 8.p. Dac g 3 or GST concentrations and patient sera.
IgE antibodies bound to solid-phase s.p. Dac g 3 were
measured with polyclonal equine antibody anti-human
IgE (Sanofi Diagnostics Pasteur, Chaska, U.S.A.) biot-
inylated. Bound anti-IgE was revealed by the addition of
alkaline phosphatase-conjugated streptavidin (Amer-
sham, Little Chalfont, Buckinghamshire, England)
diluted 1:5000. Bound enzyme was detected with [ mg
x ml~" of p-nitrophenyl-phosphate-disodium (Sigma, St
Louis, MO, U.S.A.). Absorbance was measured using a
test wavelength of 405nm and a reference wavelength of
630 nm. The percentage of inhibition was calculated using
the following formula: % inhibition = 100 x [(A-B)/A],
where A represents absorbance without the inhibitor and
B absorbance with the inhibitor.

Histamine release

The basophil histamine release sensitivities of grass-
pollen allergic patients were assayed with GST alone,
GST-Dac g 3, rDac g 3 and s.p. Dac g 3. Histamine
release experiments were performed as described earlier
(Mayetal., 1970; Le Mao et a/., 1980). Histamine content
was measured by the fluorometric method described by
Lebel (1983).

RESULTS

Amplification, cloning and sequencing of cDN A coding for
the Dac g 3 allergen

RT-PCR (PCR following synthesis of the first cDNA
strand using reverse transcriptase) carried out on Dac g
pollen RNA using the Pl and P2 degenerated oli-
gonucleotides amplified a single band of 300bp. After
cloning of this PCR product in the pCR 1l vector, two
clones were obtained, the sequences of which were ident-
ical. Based on this information, several oligonucleotides
were designed, some of them having a restriction site for
cloning purposes in the pGEX-2T expression vector (Fig.
1). Dac g 2 sequence data (Roberts er al., 1993) were
taken into account when choosing Dac g 3 internal oli-
gonucleotides without homology with Dac g 2. High
G+ C content was calculated (60%) as usual for plant
DNA. The Dac g 3 cDNA encoded a lysine-rich putative
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protein (12.4%) containing 96 amino acid residues with-
out cysteine, the calculated molecular mass of which was
10.925kDa. The sequence lacked asparagine sequons
(Asn-x-Ser/Thr) required for N-glycosylation (Fig. 2).
Two couples of repeated sequences were found. The first
was located at the 5-end and near the 3’-end (Fig. 2,
single underlined sequences), whereas the second was
situated between nucleotides 115 and 125 and at the very
end of the sequence (Fig. 2, double underlined sequences).

Sequencing of the 3'- and 5'-ends of the Dac g 3 cDNA

Using the P3 primer, a band containing 450 bp was
amplified using the 3 RACE system.

Cycle sequencing of the PCR product using the P5
primer led to obtaining the Dac g 3 3’-end sequence, and
showed the existence of an additional Glu amino-acid
residue before the stop codon. This residue was lacking
in the C-terminal trypsic peptide. At several positions,
the sequence following the stop codon presented two or
three bands at the same level (data not shown), indicating
that at least three different matrices were simultaneously
sequenced. This suggested polymorphism within the
polyadenylation consensus site.

A PCR product 400 bp long was obtained using the 5'-
Race system. The P6 primer chosen for the cycle sequ-
encing of the PCR product gave a sequence at which
no Met codon was shown at the 5’-end of the cDNA,
suggesting the presence of a putative signal peptide before
the first Val residue identified by micro-sequencing of the
5 N-terminal peptide. Several bands at the same level
found in the signal peptide sequence suggested poly-
morphism in this region. The whole amino acid sequence
was impossible to determine, because at least three matr-
ices interfered. Nevertheless, Ala, Cys and Ala were ident-
ified without ambiguity at positions —3, —2 and —1,
respectively, and it can be assumed that the prevalent
structure constituted by the other amino acid residues
was hydrophobic.

The oligonucleotide sequences constructed using the
codon preference in plants and the real sequences
obtained by 3" and 5 RACE were found to be very
similar. This feature could explain why amplification of
a single band was easily achieved at the first PCR ampli-
fication.

Sequence of the Dac g 3 genomic DN A

A 300-bp band was amplified using the P'l and P2
primers, indicating that the Dac g 3 gene has no intron.
The sequence of the purified PCR product was carried
out with the CSDS system in the two orientations. There
was no evidence of polymorphism in this part of the Dac
g 3 gene sequence.

Computer analyses

The investigation carried out using the GenBank data
base provided an indication of significant homology
between nucleotide sequences of Dac g 3, and four other
mRNA from different plant allergens, Lolium perenne
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GTG AAG GTG ACC TTC AAG GTG GAG AAG GGT
v XK v T F K VvV E K G
61/21

AAG TAC ACC AGG CCA GGG GAC ACC CTT GCG
K ¥ T R P G D T L A
121/41

GAG TGG GAG CCC CTG ACG AAG AAG GGC AAC
E W E P L T K X G N
181/61

ACT GGC CCC TTC AAC TTC CGT TTC ATG TCC
T G P F N F R F M s
241/81

GIC ATC CCC ACC GCC TTC AAG ATC GGC ACC
v I P T A F K I ¢ T

801

31/11

TCC GAC CCC AAG AAG CTG GIT CTC GAC ATC
s D P K K L VvV L D I
91/31

GAG GIT GAG CTC CGT CAG CAC GGC TCC GAG
E vV E L R Q@ H 6 s E
151/51

CTG TGG GAG GTG AAG AGC TCC AAG CCG CTC
L W E VvV K S8 8 K P L
211/71

ARG GGT GGC ATG AGG AAC GTC TTC GAC GAG
K 6 6 M R N VvV F D E
271/91

ACC TAC ACC CCA GAG GAG TGA

T Y T P E E *

Fig. 2. Dac g 3 ¢cDNA nucleotides and inferred amino acid sequences. The GenBank accession
number for Dac g 3 is U25343. Repeated sequences are single and double underlined.

(Lol p 2), Phleum pratense (Phl p 1, 2), Holcus lanatus
(Hol11), and Dac g 2.

Figure 3 shows the sequences of Dac g 3, Dac g 2 and
Lol p 3. With the GA P program which uses the algorithm
of Needlman and Wunsch (1970), we found 92.6% simi-
larity and 84.2% identity between Dac g 3 and Lol p 3.
When matching Dac g 3 and Dac g 2, the percentage
value was 78.7 for similarity and 65.9 for identity (the
gap weight was 3.00 and the length weight was 0.1).
However the PLOTSTRUCTURE program which plots
the measurements of secondary structure in a two-dimen-
sional squiggly representation, predicted important con-
formational differences between these three proteins
(data not shown).

The antigenic index for the same three allergens was
calculated as defined by Jameson-Wolf (Jameson and
Wolf, 1988) in the PEPTIDESTRUCTURE program.
Five main antigenic regions were predicted for Dac g 3.
Dac g 2 had five similar regions plus one, and Lol p 3
lacked the fifth antigenic site, whereas it presented an
important site at the C-terminal end of its molecule. These
data are reported as a panel of graphs in Fig. 4, which
shows the composition and location of the predicted sites.

Characterization of s.p. Dac g 3

After two different steps of purification we only
obtained a semi-purified product, s.p. Dac g 3. On a
SDS-PAGE gel, contaminations were undetectable by

Coomassie staining, but using the serum of mouse immu-
nized with the s.p. Dac g 3, on Western blot, we detected
an additional 13-kDa band that was, in fact, Dac g 10
(Fig. 5, lane 1, lower band). Dac g 10 is a cytochrome C-
like protein with a pl >9 poorly recognized by IgE of
Dac g 3-sensitive patients.

Antigenic/allergenic characterization of rDac g 3

Both native (upper band on lane 1, Fig. 5) and recom-
binant (lane 2, Fig. 5) proteins showed an apparent
molecular mass of 14kDa, and thus presented the same
dramatic difference with the calculated molecular weight
of 10.925.

A total of 67% of the 30 patient sera assayed contained
IgE directed against native and rDac g 3 proteins (Fig. 6,
A and B). The reactivity of the native protein correlates
with that of the recombinant protein; for example, Dac
g 3 specific IgE is missing in sera 21 and 28, as well with
hydrosoluble antigen as with the rDac g 3.

Because Dac g 3 and Dac g 2 have approximately the
same apparent molecular mass, the band cut from the
transferred membrane and used for the competition assay
was containing both proteins. Results of IgE inhibition
studies using rDac g 3 vs blotted Dac g 3 are shown in
Table 1. For four sera, 100% of the IgE directed against
the blotted Dac g 3 were captured by the recombinant
counterpart; nine sera were inhibited between 60 and
90%, and five sera showed inhibition of between 40 and

1 50

Dac g 3 . VKVTHHRVEK GSD 4] D| IKYTRPGDTL AEVELRQHGS EEWEPLTKKG
Lol p 3 .@ IKYTRPGDTL AEVELRQHGS EEWE KG
Dac g 2 EABVTFTVEK GSDEXNLALE| IKYNKHGHsM| aEVELKEHGS [N]

51 99
Dac g 3 N.LWEVKSHK PLTGPFNFRF |MSKGGMRNVF DEVIPTAFKI|GTTYTPEE|.
Lol p 3 N.LWEVKSHK PLTGHMNFRF |LSKGG DEVIPT GRIryTPEYN
Dac g 2 DG SOK_PLKGPFNFRF |USEKGMRNVE PRDFKV GTTYHPEE|

Fig. 3. Homologies of Dac g 3 with Lol p 3 and Dac g 2. Alignment of deduced amino acid sequence

of Dac g 3 with reported sequences of Lol p 3 (An
Identical residues are indicated by boxes. Dac g

sari et al., 1989) and Dac g 2 (Roberts ¢t al., 1993).
2 and Dac g 3 sequences are deduced amino acid

sequences whereas Lol p 3 sequence was determined by automated Edman degradation of the protein.
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20 40 60 80
EKGSDPK PGD KKG KSSKPL KGGM A
VEKGSDEK KEGD EHGSN LKKNGD IKSDKPL KGM B
KGSD PGD KKG KGGM GK.PEYN C
1 2 3 4 5 6 7

-1.7
Fig. 4. Graphs of the antigenicity index of Dac g 3 (4), Dac g 2 (B) and Lol p 3 (C) allergens. The
three graphs are from the PLOTSTRUCTURE study from GCG, which makes secondary structure
predictions for peptide sequences and measures the antigenic index according to Jameson-Wolf. The

position and sequence of the corresponding predicted antigenic sites are shown above the graphs.

60%. We demonstrated that the incomplete inhibition of
sera was due to their positivity for a specific epitope of
Dac g 2 on the Western-blotted band. For this purpose,
three sera negative against Dac g 10 were chosen among
the incompletely inhibited sera (sera 17, 10 and 19) and
assayed in an ELISA inhibition test using the s.p. Dac g
3 protein (contaminated with Dac g 10) as a reference.

: s.p. Dacg3
rDac g 3

KDa

94
67
43

30

20

Fig. 5. Immunoblot of s.p. Dac g 3 (lane 1) and rDac g 3 (lane

2). Anti-s.p.-Dac g 3 mouse antibodies detected two principal

bands corresponding to Dac g 3 and Dac g 10, and a non-

identified weak band (lane 1). Lane 2: The immunodetection by

a.p. anti-rDac g 3 rabbit antibodies shows that Dac g 3 (upper

band in lane 1) and rDac g 3 (lane 2) have the same molecular
mass.

As expected, nearly total inhibition was obtained with
the three sera (Fig. 7).

Two-dimensional
reactivity

analysis  of  immunological  cross-

The a.p. anti-rDac g 3 rabbit antibodies were assayed
on Dac g proteins separated by two-dimensional elec-
trophoresis. Dac g 3 and Dac g 2 were detected as two
distinct spots, whereas Dac g 1 appeared weakly (arrow,
Fig. 8). These results show the cross-reactivity of Dac g
1,2 and 3.

Histamine release

The recombinant allergen, as well as the same allergen
linked to GST, elicited histamine release responses similar
to that triggered by s.p. Dac g 3 (data not shown). These
dose responses displayed the bell-shaped curves observed
with other allergens (Lichtenstein and Osler, 1964;
Valenta et al., 1993). GST alone presented no significant
histamine release effect. Among the three Dac g-sensitive
patients studied, two displayed positive histamine release
results, whereas the third presented negative results in the
dose range of allergen concentrations tested. Basophils
from a normal control and from an allergic individual
without sensitivity to Dac g also gave negative results.

DISCUSSION

In the present paper we report the molecular cloning,
sequencing and expression of a cDNA encoding a major
allergen from Dac g. As we expected at the beginning of
this work, the clone we isolated was homologous to the
Lol p 3 pollen allergen in Lolium perenne, and was there-
fore called Dac g 3. This clone has the same sequence as
genomic DNA, which is devoid of introns.

Whatever the sequencing technique used (the Sanger
procedure after cloning or the DNA cycle sequencing),
no variations were found between the different sequence
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(a)
kDa
43 —
30 —
20 —
14 —
(b)
1 5 10 15 20 25 30 32
Fig. 6. Comparison of patient IgE reactivity with natural (a) and recombinant allergens (b) on
Western blot. Strips 1-30 were tested with IgE from sera of patients with Dac g-allergy, and 31 with
serum from a non-allergic patient. a.p. anti-rDac g 3 rabbit antibodies were used to identify rDac g
3 (arrow, lane 32). In (a) the arrow localizes Dac g 3 and Dac g 2 which have the same apparent
molecular mass. Sera nos. 27-31 were assayed in histamine release and sera 10, 17 and 19 were tested
for inhibition of IgE binding in ELISA.
Table 1. Percentage inhibition by rDac g 3 of anti-Dac g 3 1gE from sera of 18 patients
Sera 1 2 4 5 9 10 11 13 14 16 17 19 22 23 24 26 27 30
% Inhibition 100 100 79 8 78 78 77 70 100 47 53 41 100 68 88 55 67 38

Sera from Dac g 3 sensitive patients were completely depleted in rDac g 3 antibodies. The remaining IgE directed against Dac g

3 were detected on Western-blotted Dac g 3 from hydrosoluble extract, with '*I-labelled anti-human IgE.

readings of the mature protein. There appears to be no
variant of the Dac g 3 mature protein, but we cannot
exclude the existence of a poorly represented variant.
The analysis shows two short repeated sequences (Fig.
2). However, this feature did not disturb amplification

® GST
0O GSTDacg3
4 s.p.Dacg3

% inhibition
n
(=1
I

1. J | ’
0.001 0.01 0.1 1 10

pg/ml
Fig. 7. The ability of GST-Dac g 3 to inhibit IgE binding on
coated s.p. Dac g 3 was assayed with sera from three patients
(10,17,19).s.p. Dac g 3 and GST were used as controls. Because
the results were nearly identical for the three sera, the figure
shows only the curve obtained with serum 17.

performed with the N-terminal primer because the
repeated stretch was located at the 3’-end of the Dac g
3 sequence. Furthermore, CSDS using P6 primer was
performed with high hybridization stringency to prevent
mismatches.

As methionine was not found at the N-terminal end of
the protein, we assume that amino acid residues located
before Val belong to a putative signal peptide. Results
obtained from sequencing of the 5’-amplification product
showed several bands at the same level (data not shown)
as it is obtained in simultaneous sequencing of different
matrices. Under these conditions, only three amino acids
were identified without ambiguity at positions —1, —2
and —3 (Ala, Cys, Ala, respectively). For the other pos-
itions, different amino acids were possible. We can only
assert that the general aspect of the putative signal pep-
tide was hydrophobic. Furthermore, the —1 and —3
rule for the prediction of a sequence cleavage site which
imposes small and neutral amino acid at these positions
(von Heijne, 1984) was adhered to, because Ala was ident-
ified in both positions.

Sequencing of the 3’-end amplification product of the
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Fig. 8. Two-dimensional polyacrylamide gel electrophoresis of water-soluble extract from Dac g

pollen. Sample corresponding to 800 ug of pollen, was subjected to IEF (pH 3.5-10) in acrylamide in

the first dimension and SDS-PAGE with the Tris-Tricine buffer system in the second dimension.

Proteins were blotted onto activated nitrocellulose and immunodetected with a.p. anti-rDac g 3 rabbit

antibodies. Arrow: Dac g 1 (pI =6, 35kDa). Dac g 2 (pI=5.3, 14kDa), Dac g 3 (pI=9, 14kDa). The

spots in the region of >43kDa from acidic to basic region are probably artefacts due to insoluble
material.

Dac g 3 ¢cDNA revealed an additional Glu at the last
position before the stop codon. This amino acid residue
was missing in the sequenced C-terminal peptide and
consequently, the corresponding codon could not be
introduced in the P2 primer. The recombinant Dac g 3
protein is therefore truncated from one Glu residue and
contained an additional Arg residue at the N-terminal
end, due to the P’l structure (see Fig. 1). rDac g 3 is
therefore more basic than its natural counterpart when
compared by isoelectric focusing (data not shown). Like
the 5-end sequence, the polyadenylation consensus
sequence presents several bands at the same level sug-
gesting polymorphism in this region. Because this special
feature was not shown in the sequence from P35 to stop
codon, and sequence from P6 to the first Val codon, we
can exclude that primer degradation and/or inap-
propriate hybridization stringency were involved. Then
we assume that the putative signal peptide and the poly-
adenylation site are polymorphic.

The Dac g 3 sequence was compared with those found
in the GenBank data base. Significant homologies were
found with six other plant allergens (Lol p 2, Phl p 2, Phl
p 1, Holl1,Dacg?2, and Lol p 1a). The function of these
pollen allergens is not yet known. However, the finding
that similar proteins are present in the pollen of several
grasses suggests that they may be important for these
sexual plant cells. None of the short similarities found
with other sequences could be considered significant.

Computer studies showed that, in spite of 84% identity
and 92.6% similarity, Lolp 3 and Dac g 3 present impor-
tant differences in their predicted secondary structure
(data not shown) and at the level of the predicted anti-
genic sites (Fig. 4). One Dac g 3 predicted site located

between amino acid positions 55 and 58 is absent in Lol
p 3. and the general antigenic index of Lol p 3 is lower
than that of Dac g 3. Furthermore, an additional pre-
dicted antigenic site figures at the very C-terminal of Lol
p 3, just following a hydrophobic region which does not
existin Dac g 3. Itis situated in the stretch of the sequence
coding for the antigenic peptide described by Esch and
Klapper (1989) and which van Ree et al. (1994) dem-
onstrated to be responsible for the immunological cross-
reactions between Lol p 1, Lol p 2 and Lol p 3.

A comparison of Dac g 2 and Dac g 3 with the GAP
system showed 64.5% identity and 78% similarity. At
the level of the Dac g 2 antigenicity, good conservation
of the five antigenic sites predicted in Dac g 3 was
observed, with an additional site localized between resi-
dues 39 and 41. The existence of this supplementary anti-
genic site may explain why some patient sera still
recognized the 14-kDa band (containing Dac g 3 and Dac
g 2) in Western-blot even after incubation with an excess
of rDac g 3 (see Table 1).

The main difficulty encountered when comparing the
immunological properties of rDac g 3 with its natural
counterpart lies in the failure to obtain enough of the
completely purified natural allergen due to similar molec-
ular mass and/or isoelectric point. The protein purified
by chromatography was contaminated by Dac g 10, and
only a few micrograms were available. Furthermore, the
band cut off from the blotted membrane and used for
IgE inhibition studies was containing Dac g 2, which has
the same apparent molecular mass as Dac g 3. In spite
of these contaminations, the use of two complementary
inhibition assays enabled us to assert that rDac g 3is a
good replica of the natural allergen and that, indeed, Dac
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g 2 possesses specific additional epitope(s) as suggested
by computer analyses.

Antibodies elicited in rabbits by rDac g 3 injections and
immuno purified on rDac g 3 revealed a cross-reaction
between Dac g 2, Dac g 3, and Dac g | on a two-dimen-
sional separation of the Dac g proteins. In the case of the
Lol p allergen, van Ree et al. (1994) demonstrated that
immunological cross-reactions between Lol p 1, 2 and 3
were due to the presence of an antigenic site located in
the Esch peptide at the C-terminal part of the molecules.
Because the Dac g 1 sequence is still unknown we cannot
propose any hypothesis about the cross-reactivity
between Dac g 1, 2 and 3.

CONCLUSIONS

rDac g 3 is a valid recombinant allergen: it has a struc-
ture similar to the natural allergen, apparently possesses
all the IgE-reactive epitopes and is well expressed in E.
coli. This is not the case for all the recombinants which
are often not glycosylated, are incorrectly folded, weakly
recognized by IgE antibodies or poorly synthesized in E.
coli. Because it is necessary to have available a wide range
of allergens for diagnostic purposes, we believe that the
use of combinations of recombinant allergens instead of
natural crude extracts (Valenta er al., 1991b; Olsen and
Mohapatra, 1994) will be a difficult task. Furthermore,
in spite of important intra- and inter-species similarities
and cross-reactivities, it has been shown in this work that
even closely related allergens such as Dac g 2 and Dac g
3 presented theoretically predicted and experimentally
observed different antigenicity.

Nevertheless, recombinant allergens might be advan-
tageous when natural allergens are present in low con-
centrations in extracts, or are unstable. The addition of
the corresponding recombinant allergens could improve
the natural extract.

Because it is possible to obtain small recombinant pep-
tides and to introduce mutations in recombinant DNA
molecules, biologically active recombinant replicas of
allergens such as Dac g 3 should help to gain better insight
into the cellular and molecular bases of allergy.
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