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Abstract
Background: On SDS-PAGE grass pollen group-5 aller-
gens migrate as a doublet with an apparent molecular
mass (Mr) of 25 kDa. Immunoblot analysis revealed addi-
tional group 5 reactivity at double and half this Mr. The
aim of this study was to investigate these group 5 molec-
ular entities and to compare their allergenicity and be-
havior in quantitative immunoassays. Methods: Group-
5-specific monoclonal antibodies were produced and
used for the development of a group-5-specific sandwich
ELISA. Affinity-purified Dac g 5 was separated by SDS-
PAGE/Western blotting; individual bands were analyzed
by N-terminal sequencing. Size exclusion chromatogra-
phy (SEC) in conjunction with group-5-specific ELISA,
competitive RIA and RAST inhibition were used to ana-
lyze the size distribution of Dac g 5. Basophil histamine
release assays were used to assess biological activity.
Results: The lower band of the typical group 5 doublet

was identified as a truncated form lacking the typical
group 5 N-terminus ADL/AGY, observed in the upper
band. The 12-kDa peptide was shown to be the C-termi-
nal half of Dac g 5 (amino acid 127 onwards). SEC in con-
junction with competitive RIA revealed that around 45%
of Dac g 5 is represented by the 12-kDa peptide. Both the
C-terminal half and the whole allergen dimerize under
nondenaturing conditions. In competitive RIA and RAST
inhibition both forms are equally well detected. In con-
trast, the half molecule is poorly recognized in sandwich
ELISA and displays negligible biological activity in baso-
phil histamine release tests with purified IgE. Conclu-

sions: These observations stress the need to evaluate the
performance of allergen standardization protocols in de-
tail, with special attention to allergen size distribution.

Copyright © 2005 S. Karger AG, Basel

Introduction

Sensitization to grass pollen allergens is one of the most
common causes of inhalant allergies. To date, grass pollen
allergens are divided into 11 groups [1–5], of which group
1 and group 5 have been identified as the most important.
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Several group 5 molecules have already been purified
and/or cloned [6–14] and are described as a group of non-
glycosylated, highly homologous proteins with an appar-
ent molecular mass (Mr) on SDS-PAGE of 25–33 kDa
[15–17]. By immunoblot analysis, group 5 allergens were
shown to migrate as a doublet around this Mr, and both
bands showed IgE-binding capacities [4, 5, 18]. Matthie-
sen and Lowenstein [4] were the first to designate this
doublet of natural Phl p 5 as the a-form and b-form with
an approximate Mr of 32 and 29 kDa, respectively. N-
terminal microsequencing of these two bands revealed
some amino acid exchanges, but both started with the
characteristic group 5 N-terminal sequence (ADL/AGY).
These results were confirmed by Petersen et al. [19]
although slightly higher Mr were reported for both forms.
Other studies, however, suggested the existence of N-ter-
minally truncated group 5 allergens [16, 20]. Another
characteristic of group 5 allergens was revealed by immu-
noblot analysis where group 5 activity was also found at
approximately double its Mr (F49 kDa) and half its Mr

(F12 kDa) [5, 14, 21, 22]. The nature of these group-5-
related structures has not yet been completely elucidated.
Matthiesen and Lowenstein [4] concluded from size ex-
clusion chromatography (SEC) experiments that Phl p 5
exists in two molecular forms, one of 47 kDa and one of
25 kDa. On SDS-PAGE, the 47 kDa fraction appeared as
a doublet around 25 kDa, suggesting to be a mixture of
Phl p 5a and Phl p 5b. The 25-kDa fraction had an appar-
ent Mr of 12 kDa and was thought (but not confirmed) to
be a degradation product [5]. Another indication for the
existence of a group 5 degradation product was reported
by Bufe et al. [23]. They observed the spontaneous
appearance of a C-terminal peptide of around 12 kDa
after Phl p 5b expression in Escherichia coli. From X-ray
crystallographic analysis it was concluded that this C-ter-
minal peptide crystallized as a dimer. Upon resolubiliza-
tion, this dimer showed similar allergenicity compared
with the whole allergen [23, 24]. Recently, this C-terminal
dimer was shown to consist of four ·-helices. The authors
also pointed to significant internal homology between the
C- and the N-terminal halves of Phl p 5, and suggested
similar structural features for both halves, possibly facili-
tating dimerization. Bufe et al. [23] have also demon-
strated that IgE antibodies affinity-purified from the C-
terminal peptide also recognize the N-terminal half of the
molecule [24].

Grass pollen extracts are widely used for allergy diag-
nosis (e.g. skin prick test, radioallergosorbent test; RAST)
and allergen-specific immunotherapy. Variability in the
composition of such extracts is a problem inherent in bio-

logical products. Purified major allergens were already
proposed and tested as alternatives for those extracts sev-
eral decades ago [25, 26]. Although molecular biology has
facilitated the production of recombinant versions of ma-
jor allergens, recombinant products are not yet available
on the market to replace current extract-based products. It
is thus important that major allergens present in grass
pollen are consistently measured in standardization pro-
tocols. Over the past decades immunoassays based on
monoclonal antibodies (mAb) have been developed for
most major allergens. Those assays are powerful tools for
standardization purposes. In some cases though, it has
been demonstrated that the assays are too specific, failing
to detect individual isoforms [27–30].

It was the aim of this study to characterize the nature of
the heterogeneous mixture of Dac g 5 molecular entities
(doublet, dimers and 12-kDa peptide). To the best of our
knowledge it is not known whether a so-called ‘a’- and ‘b’-
form comparable to Phl p 5 exist in Dactylis group 5 aller-
gens nor are the characteristics and allergenicity of those
different molecular entities known. Furthermore, differ-
ent standardization assays were compared to investigate
their suitability for standardization of Dac g 5 molecules
in crude and purified preparations.

Materials and Methods

Purification of Group 5 Allergens
Group 5 allergens were affinity-purified, either directly from pol-

len extracts or from Phenyl Sepharose (Amersham Pharmacia Bio-
tech AB, Uppsala, Sweden) retarded fractions, with a group-5-spe-
cific mAb (4B1) as described elsewhere [18]. In the latter case, pollen
extracts were incubated with Phenyl-Sepharose in 1 mol/l ammoni-
um sulfate. Under these conditions group 5 allergens have been
reported to bind to Phenyl Sepharose [18]. Elution of group-5-
enriched fractions was achieved with water, and was followed by
dialysis against PBS. Recombinant Dac g 5.01 was affinity-purified
from Pichia pastoris culture supernatant as described elsewhere
[14].

Monoclonal Antibodies
Balb/c and B-10 mice (Charles River, Germany) were immunized

subcutaneously with 10 Ìg affinity-purified Phl p 5 in Montanide
adjuvant ISA-50 (Seppic, Paris, France). The immunization was fol-
lowed by two subcutaneous (4 and 8 weeks after immunization,
respectively) and one intravenous booster (administered 4 days
before the removal of the spleen) with 10 Ìg Phl p 5 in Montanide
adjuvant. Hybridization was performed according to the method of
Köhler and Milstein [31, 32] with some modifications [33]. Anti-
body-producing hybridomas were screened by a radioimmunoassay
with Sepharose-coupled goat-anti-mouse IgG (GoMo17, Sanquin,
Amsterdam, The Netherlands) and 125I-labeled affinity-purified Lol
p 5. By using Lol p 5 instead of Phl p 5, screening was deliberately
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biased towards cross-reactive group 5 mAbs. Cloning was performed
by repeated limiting dilution. This procedure resulted in 6 Balb/c-
derived mAbs (2C8, 11D11, 13D9, 18B11, 14C2 and 19F9) and 2
B-10-derived mAbs (1G6 and 8E2).

Group-5-Specific mAb-Based Sandwich ELISA
A specific mAb-based sandwich ELISA was developed for quan-

tification of group 5 allergens in grass pollen extracts. The ELISA was
developed with three mAbs that were selected on the basis of their
recognition profile of group 5 isoforms on immunoblot after separa-
tion of a grass pollen extract by 2D electrophoresis [34]. These 2D
profiles showed that mAb 14C2 was able to bind to acidic as well as
basic isoforms, in contrast to 13D9 and 8E2 which were shown to
bind with a preference for the basic or acidic isoforms, respectively.
mAb 14C2 was chosen as capturing antibody with a coating concen-
tration of 2 Ìg/ml in coating buffer (50 mM sodium carbonate, pH
9.6). Both 13D9 and 8E2 were biotinylated and used as detecting
antibodies each with a concentration of 125 ng/ml in blocking buffer
(PBS, 1% BSA, 0.05% Tween-20). Dilutions of grass pollen extracts
and affinity-purified samples were also made in blocking buffer.
Streptavidin-horseradish peroxidase (Amersham Biosciences UK
limited, Little Chalfont, UK) was used as a conjugate, diluted 1:2,000
in blocking buffer. After each step the plates were washed with PBS,
0.05% Tween-20. All incubations were performed at 37 °C for 1 h,
with the exception of peroxidase conjugate, which was incubated for
30 min. Color development with ABTS [2,2)-azinobis(3-ethylbenz-
thiazolinesulfonic acid), Sigma, St. Louis, Mo., USA] in substrate
buffer (sodium citrate, pH 4.0) was performed in the dark at room
temperature for 30 min. The reaction was stopped by adding 2%
oxalic acid (Sigma) and the absorbance measured at 414 nm.

In addition, a homologous sandwich ELISA was developed using
mAb 13D9 as catching (coat 2 Ìg/ml) and biotinylated detecting anti-
body (250 ng/ml). The assay was further performed as described
above.

SDS-PAGE/Silver Staining and Immunoblotting
Proteins were separated by SDS-PAGE (4–12%) (Novex, San

Diego, Calif., USA) as described by the manufacturer (under reduc-
ing or nonreducing conditions) and silver stained according to Bexel
biotechnology silver staining kit protocol (Bexel Biotechnology,
Union City, Calif., USA). Western blotting was performed by trans-
ferring the proteins to nitrocellulose membrane as described by the
manufacturer (Novex). Subsequently, the blots were blocked with
PBS-A (PBS, 1% BSA) and incubated with group-5-specific mouse
mAbs 4B1 [18], 14C2, 13D9 and 8E2 or polyclonal rabbit antibodies
[18] and 3 human sera with group-5-reactive IgE antibodies. After
washing, the blots were incubated overnight with 125I-labeled goat
anti-mouse IgG (GoMo17), sheep anti-rabbit IgG (HoRb17) or sheep
anti-human IgE antibodies (SH25, Sanquin), respectively. After
washing, blots were exposed to an autoradiographic film (Eastman
Kodak Company, Rochester, N.Y., USA).

N-terminal Sequencing of Dac g 5
Affinity-purified nDac g 5 was separated by SDS-PAGE and elec-

tro-blotted on polyvinylene difluoride membrane. Blots were stained
with 0.1% Coomassie R-250 in 50% methanol. The bands corre-
sponding to the Dac g 5 doublet (around 25 kDa) and the F12-kDa
peptide were excised and sequenced on a Perkin Elmer/Applied Bio-
systems 476A gas-phase sequencer.

Size Exclusion Chromatography
SEC was performed on an ACA 54 (Biosepra SA, Cergy-Saint-

Christophe, France) SEC column equilibrated in PBS (column vol-
ume F450 ml, diameter 24 mm, height 1,030 mm). D. glomerata
extract, or a fraction thereof enriched in group 5 allergens by prepu-
rification on a Phenyl Sepharose column, was loaded on to the SEC
column in a volume of 5 ml in PBS (F2 mg/ml). Elution of the col-
umn was subsequently performed in PBS and fractions of F2 ml (40
droplets) were collected.

In order to determine the molecular size(s) of Dac g 5, the ACA 54
column was calibrated with the following proteins in PBS: ribonu-
clease A (13.7 kDa), chymotrypsine (25 kDa), ovalbumin (43 kDa),
albumin (67 kDa) and dextran blue (2,000 kDa) (LMW gel filtration
calibration kit, Amersham Pharmacia Biotech Inc., Piscataway, N.J.,
USA). Based on protein determinations (Pierce) of all fractions, the
following elution pattern was observed: dextran blue (F155 ml), al-
bumin (F182 ml), ovalbumin (F210 ml), chymotrypsin (F330 ml)
and ribonuclease A (F378 ml). The Mr were calculated on the basis
of the elution volumes of Dac g 5 using a formula obtained through
extrapolation of the calibration proteins (trendline calculated by log-
arithmic regression: y = –63.829 ln(x) + 392.78, R2 = 0.9271.

Radio-Labeling
Purified nDac g 5 (25 Ìg) was radio-labeled with 125I using the

chloramine-T method. Radio-labeled allergen and free iodine were
separated by size exclusion chromatography (ACA54). The 125I-
labeled nDac g 5 gave an elution pattern of three distinct peaks with
decreasing Mr. The third peak (C-terminal peptide) was used in com-
petitive RIA [14].

Competitive RIA 
In a competitive RIA [35, 36], 50 Ìl of a rabbit anti-group 5 anti-

body (1:3,000) [18] was preincubated for 2 h at room temperature
with 50 Ìl of serial dilutions of the inhibitor (nDac g 5 and fractions
obtained by SEC). After incubation, 250 Ìl Protein A Sepharose
(2 mg/ml; Amersham Pharmacia Biotech AB) and 50 Ìl of 125I-
labeled nDac g 5 were added, followed by incubation overnight at
room temperature. After washing, bound radioactivity was measured
using a gamma counter. Results were expressed as percentage inhibi-
tion relative to an uninhibited value. For the uninhibited value, poly-
clonal rabbit antibodies were preincubated with PBS-AT instead of
inhibiting allergen.

RAST Inhibition
RAST inhibition was performed as described previously [37].

Preincubation (2 h) of 50 Ìl of a grass-pollen-positive serum pool
(n 1100, 13 IU/ml) with 50 Ìl of serial dilutions of nDac g 5 (1 ng/
ml–10 Ìg/ml) or SEC fractions (0.37 ng/ml–30 Ìg/ml total protein),
was performed before addition of nDac g 5 coupled to Sepharose
(100 Ìg–100 mg) [14]. After incubation overnight, unbound material
was washed away and 50 Ìl of 125I-labeled sheep anti-human IgE (SH
25, Sanquin) were added. After incubation overnight and washing,
percent binding of radioactivity was measured using a gamma coun-
ter. The results were expressed as international units per milliliter.
They were calculated using a standard curve of serial dilutions of a
human/mouse chimeric IgE antibody directed to Der p 2 and Sepha-
rose-coupled rDer p 2) [38].
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Fig. 1. a, b Group-5-specific mAb-based sandwich ELISA and
group5-specific competitive RIA. a Group-5-specific ELISA with Phl
p 5 mAbs cross-reactive with D. glomerata extracts (j) and natural
affinity-purified Dac g 5 ($). b Competitive RIA with a group-5-
specific rabbit polyclonal antibody. Dac g total grass pollen extract
(j) and affinity-purified nDac g 5 ($) were used as inhibitors of
125I-labeled Dac g 5 (C-terminal peptide) label.

In vitro Histamine Release Assays
White blood cells were isolated from blood of a nonallergic donor

by Percoll centrifugation and stripped from IgE by lactic acid treat-
ment as described elsewhere [39, 40]. Subsequently, cells were resen-
sitized with affinity-purified group-5-specific IgE. To this end, serum
was incubated (2 h rotation) with rDac g 5.02 coupled to Sepharose.
The Sepharose was subsequently washed with PBS to remove un-
bound material and the group-5-specific IgE was stripped from the
Sepharose with 0.1 M glycine, pH 2.5. The IgE-containing fractions
were immediately neutralized by addition of 1 M Tris-HCl pH 8.5. A
RAST was performed to measure the yield of group-5-specific IgE in
affinity-purified fractions. Histamine release was tested with purified
nDac g 5 and SEC fractions representing the high- and low-Mr peaks
of nDac g 5. Liberated histamine was measured essentially by the
fluorometric method described by Siraganian [41]. The protocol was
approved by the medical ethical committee of the Amsterdam Medi-
cal Center under project No. MEC97/030.

Fig. 2. a, b SDS-PAGE/silver staining and immunoblot with affini-
ty-purified nDac g 5. a Lanes 1 and 2 represent SDS-PAGE/silver
staining of affinity-purified nDac g 5 and a 10-kDa protein ladder,
respectively. b Immunoblot performed with 3 group-5-positive sera
155, 166 and 200, in lanes 1–3, respectively. Lanes 4, 6–8 were blot-
ted with group-5-specific mAbs 4B1, 14C2, 13D9 and 8E2, respec-
tively. Lane 5 was blotted with a group-5-specific rabbit polyclonal
antibody and lane 9 represents the Seeblue plus 2 protein marker
(Novex).

Protein Concentrations
Protein concentrations were determined, using the BCA method

as described by the manufacturer (Pierce, Rockford, Ill., USA).

Statistical Analysis
Parallel line analysis was performed on ELISA and competitive

RIA results to calculate the specific group 5 allergen content in
unknown samples.

Results

Group-5-Specific mAb-Based Sandwich ELISA
An mAb-based sandwich ELISA was developed that

detected group 5 allergens in D. glomerata extracts, illus-
trating that the selected anti-Phl p 5 monoclonals were
cross-reactive (fig. 1a). Surprisingly, when affinity-puri-
fied Dac g 5 (either isolated from whole extract or Phenyl-
Sepharose-enriched fractions) was tested, a much lower
plateau was reached at higher allergen concentrations
than with pollen extract, and the linear part of the curve
was shorter. This discrepancy was not observed in the
group-5-specific competitive RIA (fig. 1b).
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Fig. 3. Alignment of grass pollen group 5 and group 6 protein sequences. Identical amino acids between these aller-
gens are depicted in light gray, or dark gray. Cysteines that are present in Dac g 5.01, Lol p 5a, Phl p 5b and Lol p 5c
are delineated. The tyrosines (Y52) possibly involved in dimerization are shown in bold letters. Hypervariable regions
in the sequences of these group 5 allergens are boxed with black lines. The N-terminal sequences of the upper, lower
and 12-kDa band of natural Dac g 5 are also delineated in black. The lower band of the doublet of nDac g 5 can be
aligned at two sites as is shown. The pre-sequences of Lol p 5c and Dac g 5 are also compared.

SDS-PAGE/Silver Staining and Immunoblot
The purity of affinity-purified nDac g 5 was assessed

by SDS-PAGE/silver staining (fig. 2a). Immunoblot anal-
ysis of affinity-purified nDac g 5 under reducing condi-
tions showed that 3 mAbs (4B1, 14C2 and 13D9), a
group-5-specific polyclonal rabbit anti-serum and serum
IgE recognize both bands of the 25-kDa doublet, the 12-
kDa band and to a lesser extent a band at Mr 49 kDa. Only
mAb 8E2 displays a much narrower band around the 25-
kDa doublet, suggesting selective recognition of its lower
Mr band (fig. 2b).

N-Terminal Sequencing of nDac g 5
N-terminal sequences were obtained from both bands

of the Dac g 5 doublet and the 12-kDa peptide. The upper
protein in the doublet contained the following 10 N-ter-
minal amino acids: ADAGYTP)AAA (P) corresponds to
hydroxyproline). This sequence corresponds with those of
two cloned Dac g 5 isoforms [14] and with several N-
terminal sequences reported for natural group 5 allergens.
The lower band in the doublet revealed the following
sequence: A/GYTP)ATP)AAA, which could be aligned
with some group 5 sequences slightly downstream from
the N-terminus (fig. 3).
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Fig. 4. a, b Competitive RIA and sandwich ELISA. a Competitive
RIA on ACA 54 fractions of total extract ()) and Phenyl-Sepharose-
enriched extract (P). b Sandwich ELISA on ACA 54 fractions of
total extract ()) and Phenyl Sepharose enriched extract (P).
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Fig. 5. a, b Group-5-specific competitive RIA and group-5-specific
mAb-based sandwich ELISA with ACA 54 fractions. a Competitive
RIA comparing the inhibiting potencies of affinity-purified nDac g 5
($) and SEC fraction 56 of the 49-kDa peak (o) and fraction 110 of
the 30-kDa peak (j) with 125I nDg 5 (C-terminal peptide) label.
b Sandwich ELISA comparing the dose-response curves of affinity-
purified nDac g 5 ($), SEC fraction 56 of the 49-kDa peak (o) and
SEC fraction 110 of the 30-kDa peak (j).

The N-terminal sequence of the 12-kDa fragment gave
a 100% match with the reported protein sequences of
rDac g 5.01 and rDac g 5.02 [14], starting at amino acid
127 of the mature recombinant protein: AEEVPAAKI-
PAGEL (fig. 3).

SEC: Dac g 5 Forms Dimers
D. glomerata extract as well as a fraction thereof prepu-

rified by hydrophobic interaction chromatography (Phe-
nyl Sepharose), were separated by SEC and fractions were
analyzed by competitive RIA and sandwich ELISA. In
both immunoassays the existence of a 49-kDa and a 30-
kDa form was observed (fig. 4a, b). The analysis revealed
that the ratio between these forms shifted in favor of the
lower-Mr variant by purification over Phenyl Sepharose.
Furthermore, the ELISA showed a preference for the 49-
kDa form compared with the competitive RIA. To further
characterize the ratio of the 49- and 30-kDa fractions,
affinity-purified Dac g 5 (from whole extract) was frac-

tionated by SEC. Dose-response curves of fractions from
the 49- and the 30-kDa peak overlapped in competitive
RIA (fig. 5a). In contrast, the ELISA did not efficiently
detect the 30-kDa peak (fig. 5b). Therefore, the ratio
between the 49- and 30-kDa molecular forms of Dac g 5
were based on the results obtained by competitive RIA.
Dac g 5 in total extract was calculated to be composed of
55% of the 49-kDa and 45% of the 30-kDa form. Almost
the same ratio was observed for affinity-purified Dac g 5
(56% vs. 44%). However, after purification over Phenyl
Sepharose, the share of the 30-kDa variant appeared to
increase to 92%.

Several SEC fractions including both Mr variants were
analyzed by SDS-PAGE/silver staining under reducing
(fig. 6a) and nonreducing conditions (fig. 6b). Reduction
did not have significant impact on the apparent Mr of sep-
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Fig. 6. a–d SDS-PAGE/silver staining, immunoblot of SEC fractions
and homologous sandwich ELISA. a SDS-PAGE silver staining (re-
ducing conditions) of fractions collected after SEC. Lanes 1–10
represent affinity-purified Dac g 5, SEC fractions collected at 162,
182, 212, 222, 242, 282, 302, 312 and 332 ml and a mark 12 protein
ladder (Novex), respectively. b SDS-PAGE silverstaining (nonreduc-
ing conditions), representation of nDac g 5 and SEC fractions as

described in a. Lane 12 represents the See blue plus 2 protein marker
(Novex). c Immunoblot (mAb 4B1) of SEC fractions collected at 162,
182, 212, 222, 242, 282, 302, 312 and 332 ml shown in lanes 1–9,
respectively. Lane 10 represents the See blue plus 2 protein marker
(Novex). d Homologous group-5-specific sandwich ELISA with
nDac g 5 ($) and rDac g 5.01 (–).

arated fractions, suggesting that disulfide bridges are not
instrumental in dimerization. Immunoblot analysis re-
vealed that the fractions containing the 49-kDa form cor-
respond to a protein band exclusively detected at an
apparent Mr of approximately 25 kDa. The 30-kDa form
corresponds to a protein band exclusively detected at
12 kDa under reducing conditions (fig. 6c). This suggests
that both forms of Dac g 5 observed in SEC are dimers of
the complete molecule and of the C-terminal half mole-
cule, respectively. Further support for dimerization was
obtained by detection of Dac g 5 in a homologous mAb-
based sandwich ELISA (fig. 6d).

Allergenic Potency of Different Molecular Forms of
Dac g 5
In RAST inhibition with a group-5-reactive serum

pool, 49- and 30 kDa fractions showed very similar poten-
cies to inhibit the binding of IgE to affinity-purified nDac
g 5 (fig. 7a). In contrast, the biological activity of the
30 kDa peak was shown to be minor in comparison with
the 49-kDa peak when affinity-purified IgE (n = 2) was
used to stimulate the basophils (fig. 7b).
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Fig. 7. a, b RAST inhibition and histamine release assay. a RAST
inhibition of affinity-purified nDac g 5 ()), fraction 56 from the 49-
kDa peak (o) and fraction 110 from the 30-kDa peak (j) are shown.
The amount of specific Dac g 5 activity in the tested samples (comp.
RIA) is displayed as Ìg/ml. Results are expressed as IU/ml IgE.
b Histamine release assay: Affinity-purified nDac g 5 ($), fractions
56/58 of the 49-kDa peak (d) and fractions 95/110 of the 30-kDa
peak (j). The amount of specific Dac g 5 is expressed in nmol/ml.
The release was calculated as percentage from total histamine
release. The stripped cells (negative control) showed a release of 3.3%
(not shown).

Discussion

The present study has shown that D. glomerata pollen
extract contains almost identical quantities of the whole
Dac g 5 allergen and of its C-terminal half. Physicochemi-
cal purification strategies for group 5 allergens involving
hydrophobic interaction chromatography [18] seem to
enrich in the C-terminal half molecule. This suggests that
a fraction of the whole molecule of Dac g 5 binds with
higher affinity to Phenyl Sepharose than the C-terminal
fraction and may not efficiently elute from the column
with water. Whether a fraction of Dac g 5 is still bound to

the Phenyl Sepharose that might be eluted with more
hydrophobic buffers (e.g. ethylene glycol) was not investi-
gated. Indeed, Suck et al. [42] have reported that the a-
form of Phl p 5 is retained on Phenyl-Sepharose when elu-
tion is performed with water. It is therefore possible that a
similar phenomenon occurs for D. glomerata and that this
results in enrichment for the C-terminal peptide.

Our study has clearly shown that both the whole mole-
cule and its C-terminal peptide behave as dimeric struc-
tures under nondenaturing conditions as was shown by
SEC and homologous ELISA. The mechanism for dimeri-
zation is still unknown, but the absence of a difference on
SDS-PAGE between reducing and nonreducing condi-
tions suggests that disulfide bridges are not involved.
Although, a cysteine has been reported in the cloned Dac g
5 sequence. Bufe et al. [43] suggested that a tyrosine
present in the rPhl p 5b C-terminal peptide might be
involved in dimerization (position 52 of the C-terminal
fragment).

The existence of breakdown products of roughly half
the molecular mass has been reported before [5, 18, 44],
but this is the first time that the exact nature of this group
5 C-terminal peptide (start at aa 127) has been revealed
for the natural allergen of Dac g 5. For recombinant Phl p
5, Bufe et al. [22, 23] reported that the C-terminal half of
the allergen appears spontaneously after expression in
Escherichia coli, and that this peptide has RNAse activity.
Whether the C-terminus of Dac g 5 is generated posttrans-
lationally, by proteolytic activity, or whether the peptide
has its own gene is not known. So far, there are no reports
showing that the natural allergen is degraded to its C-
terminal half, except for two recombinant Phl p 5 prod-
ucts [23, 45]. Maglio et al. [45] reported a time-dependent
degradation of the N-terminus of rPhl p 5a. All group 5
allergens cloned so far, a-, b- and c-forms, have very simi-
lar N-termini starting with the typical ADL/AGY se-
quence. The difference in length of their primary se-
quences is explained by gaps in four hypervariable regions
of the molecule further downstream (framed in black in
figure 3). Whether the existence of clones with variable
length is the explanation for the observed doublet of
group 5 allergens is not really clear. Some N-terminal
sequence analyses of natural group 5 allergens have shown
that both bands start with an identical sequence, support-
ing that the difference in apparent molecular mass has to
be found elsewhere in the molecule [5, 19, 46]. However,
our study with natural Dac g 5 suggests that the lower
band of the typical group 5 doublet is a N-terminally trun-
cated form of the allergen, as identified by N-terminal
sequencing. Earlier reports confirm the existence of group
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5 allergens starting slightly downstream of the usual
ADL/AGY N-terminus [16, 20].

It was shown by RAST inhibition that the C-terminus
of Dac g 5 covers virtually the whole epitope spectrum of
the anti-Dac g 5 response. The observation by Bufe et al.
[24] that IgE antibodies affinity-purified from the C-ter-
minal part of rPhl p 5b are also able to recognize the N-
terminal part of the molecule is concordant with this
observation. In our study, the C-terminus of nDac g 5
showed lower biological activity in histamine release
assays than the whole molecule. It cannot be completely
ruled out that the use of affinity-purified IgE is involved
in the decreased histamine release. The lower biological
activity of the C-terminal peptide of Dac g 5 is in contrast
with the histamine-releasing potency of the C-terminus of
rPhl p 5b, which was similar to the whole recombinant
molecule [23]. If the decreased biological activity of the
C-terminus of nDac g 5 is confirmed with additional sera,
this implies that the C-terminal half of Dac g 5 might be
used as a hypoallergenic structure in group-5-specific
immunotherapy.

Standardization of allergenic extracts is an important
part of quality control procedures for allergen manufac-
turers. This study has demonstrated that RAST inhibition
detects biologically active and less active forms of Dac g 5
equally well. The same was true for a competitive RIA

using radiolabeled C-terminus of Dac g 5. In contrast, a
mAb-based sandwich ELISA demonstrated a strong pref-
erence for the biologically active dimer of the complete
allergen. These differences are important observations for
allergen standardization.

In summary, this study has clearly demonstrated that
Dac g 5 has various molecular appearances. The doublet
characteristic for group 5 allergens exists as a dimer and is
constituted of two proteins with different Mr and N-ter-
minus. The 12-kDa peptide present in D. glomerata
extracts also exists as a dimer and was found to represent
the C-terminus of Dac g 5. Both the whole molecule and
the C-terminal peptide were shown to have diverging bio-
logical activities and were variably detected in immu-
noassays for standardization. Heterogeneity is not unique
to Dac g 5. Therefore, we suggest to include the size exclu-
sion profiles of allergens in the process of evaluation and
validation of assays for allergen standardization.

Acknowledgements 

We thank Fridolin van der Lecq and others for their quick and
excellent work on the protein sequences (Sequentie centrum,
Utrecht, The Netherlands). This study was financially supported by
Stallergènes SA, Altadis, ANVAR and CNRS.

References

1 Suck R, Petersen A, Hagen S, Cromwell O,
Becker WM, Fiebig H: Complementary DNA
cloning and expression of a newly recognized
high molecular mass allergen phl p 13 from
timothy grass pollen (Phleum pratense). Clin
Exp Allergy 2000;30:324–332.

2 Mourad W, Pelletier G, Boulet A, Islam N, Val-
et JP, Hebert J: Allergenicity and cross-reactiv-
ity of rye grass pollen extracts revealed by
monoclonal antibodies. J Immunol Methods
1986;89:53–59.

3 Weber RW, Nelson HS: Pollen allergens and
their interrelationships. Clin Rev Allergy 1985;
3:291–318.

4 Matthiesen F, Lowenstein H: Group V aller-
gens in grass pollens. II. Investigation of group
V allergens in pollens from 10 grasses. Clin Exp
Allergy 1991;21:309–320.

5 Matthiesen F, Lowenstein H: Group V aller-
gens in grass pollens. I. Purification and charac-
terization of the group V allergen from Phleum
pratense pollen, Phl p V. Clin Exp Allergy
1991;21:297–307.

6 Singh MB, Hough T, Theerakulpisut P, Avjio-
glu A, Davies S, Smith PM, Taylor P, Simpson
RJ, Ward LD, McCluskey J: Isolation of cDNA
encoding a newly identified major allergenic
protein of rye-grass pollen: Intracellular target-
ing to the amyloplast. Proc Natl Acad Sci USA
1991;88:1384–1388.

7 Silvanovich A, Astwood J, Zhang L, Olsen E,
Kisil F, Sehon A, Mohapatra S, Hill R: Nucleo-
tide sequence analysis of three cDNAs coding
for Poa p IX isoallergens of Kentucky bluegrass
pollen. J Biol Chem 1991;266:1204–1210.

8 Vrtala S, Sperr WR, Reimitzer I, van Ree R,
Laffer S, Muller WD, Valent P, Lechner K,
Rumpold H, Kraft D: cDNA cloning of a major
allergen from timothy grass (Phleum pratense)
pollen; characterization of the recombinant Phl
pV allergen. J Immunol 1993;151:4773–4781.

9 Suphioglu C, Singh MB: Cloning, sequencing
and expression in Escherichia coli of Pha a 1
and four isoforms of Pha a 5, the major aller-
gens of canary grass pollen. Clin Exp Allergy
1995;25:853–865.

10 Vrtala S, Susani M, Sperr WR, Valent P, Laffer
S, Dolecek C, Kraft D, Valenta R: Immuno-
logic characterization of purified recombinant
timothy grass pollen (Phleum pratense) aller-
gens (Phl p 1, Phl p 2, Phl p 5). J Allergy Clin
Immunol 1996;97:781–787.

11 Schramm G, Petersen A, Bufe A, Schlaak M,
Becker WM: Identification and characteriza-
tion of the major allergens of velvet grass (Hol-
cus lanatus), Hol l 1 and Hol l 5. Int Arch Aller-
gy Immunol 1996;110:354–363.

12 Gehlhar K, Petersen A, Schramm G, Becker
WM, Schlaak M, Bufe A: Investigation of dif-
ferent recombinant isoforms of grass group-V
allergens (timothy grass pollen) isolated by
low-stringency cDNA hybridization–antibody
binding capacity and allergenic activity [pub-
lished erratum appears in Eur J Biochem 1997
Nov 15;250(1):222]. Eur J Biochem 1997;247:
217–223.

13 Schramm G, Bufe A, Petersen A, Schlaak M,
Becker WM: Molecular and immunological
characterization of group V allergen isoforms
from velvet grass pollen (Holcus lanatus). Eur J
Biochem 1998;252:200–206.



122 Int Arch Allergy Immunol 2005;136:113–122 van Oort/Dieker/de Heer/Peltre/Aalberse/
van Ree

14 van Oort E, de Heer PG, Lerouge P, Faye L,
Aalberse RC, van Ree R: Immunochemical
characterization of two Pichia pastoris-derived
recombinant group 5 Dactylis glomerata isoal-
lergens. Int Arch Allergy Immunol 2001;126:
196–205.

15 Klysner S, Welinder KG, Lowenstein H, Mat-
thiesen F: Group V allergens in grass pollens.
IV. Similarities in amino acid compositions
and NH2-terminal sequences of the group V
allergens from Lolium perenne, Poa pratensis
and Dactylis glomerata. Clin Exp Allergy 1992;
22:491–497.

16 Roberts AM, van Ree R, Emly J, Cardy SM,
Rottier MM, Walker MR: N-terminal amino
acid sequence homologies of group V grass
pollen allergens. Int Arch Allergy Immunol
1992;98:178–180.

17 Fahlbusch B, Muller WD, Diener CH, Jager L:
Detection of cross-reactive determinants in
grass pollen extracts using monoclonal anti-
bodies against group IV and group V allergens.
Clin Exp Allergy 1993;23:51–60.

18 van Ree R, Clemens JG, Aalbers M, Stapel SO,
Aalberse RC: Characterization with monoclon-
al and polyclonal antibodies of a new major
allergen from grass pollen in the group I molec-
ular weight range. J Allergy Clin Immunol
1989;83:144–151.

19 Petersen A, Becker WM, Schlaak M: Charac-
terization of isoforms of the major allergen Phl
p V by two-dimensional immunoblotting and
microsequencing. Int Arch Allergy Immunol
1992;98:105–109.

20 Walsh DJ, Matthews JA, Denmeade R, Max-
well P, Davidson M, Walker MR: Monoclonal
antibodies to proteins from cocksfoot grass
(Dactylis glomerata) pollen: isolation and N-
terminal sequence of a major allergen. Int Arch
Allergy Appl Immunol 1990;91:419–425.

21 Suphioglu C, Mawdsley D, Schappi G, Gruehn
S, de Leon M, Rolland JM, O’Hehir RE: Mo-
lecular cloning, expression and immunological
characterisation of Lol p 5C, a novel allergen
isoform of rye grass pollen demonstrating high
IgE reactivity. FEBS Lett 1999;462:435–441.

22 Bufe A, Schramm G, Keown MB, Schlaak M,
Becker WM: Major allergen Phl p Vb in timo-
thy grass is a novel pollen RNase. FEBS Lett
1995;363:6–12.

23 Bufe A, Betzel C, Schramm G, Petersen A,
Becker WM, Schlaak M, Perbandt M, Dauter
Z, Weber W: Crystallization and preliminary
diffraction data of a major pollen allergen.
Crystal growth separates a low molecular
weight form with elevated biological activity. J
Biol Chem 1996;271:27193–27196.

24 Rajashankar K, Bufe A, Weber W, Eschenburg
S, Lindner B, Betzel C: Structure of the func-
tional domain of the major grass-pollen aller-
gen Phlp 5b. Acta Crystallogr D Biol Crystal-
logr 2002;58:1175–1181.

25 Norman PS, Winkenwerder WL, Lichtenstein
LM: Immunotherapy of hay fever with ragweed
antigen E: Comparisons with whole pollen ex-
tract and placebos. J Allergy 1968;42:93–108.

26 Osterballe O: Immunotherapy with grass pol-
len major allergens. Allergy 1982;37:379–388.

27 Hakkaart GA, Chapman MD, Aalberse RC,
van Ree R: Immune-reactivity of recombinant
isoforms of the major house dust mite allergen
Der p 2. Clin Exp Allergy 1998;28:169–174.

28 Smith AM, Benjamin DC, Derewenda U,
Smith WA, Thomas WR, Chapman MD: Se-
quence polymorphisms and antibody binding
to the group 2 dust mite allergens. Int Arch
Allergy Immunol 2001;124:61–63.

29 van Ree R: Isoallergens: A clinically relevant
phenomenon or just a product of cloning? Clin
Exp Allergy 2002;32:975–978.

30 Park JW, Kim KS, Jin HS, Kim CW, Kang DB,
Choi SY, Yong TS, Oh SH, Hong CS: Der p 2
isoallergens have different allergenicity, and
quantification with 2-site ELISA using mono-
clonal antibodies is influenced by the isoallerg-
ens. Clin Exp Allergy 2002;32:1042–1047.

31 Kohler G, Milstein C: Continuous cultures of
fused cells secreting antibody of predefined
specificity. Nature 1975;256:495–497.

32 Kohler G, Milstein C: Derivation of specific
antibody-producing tissue culture and tumor
lines by cell fusion. Eur J Immunol 1976;6:
511–519.

33 Astaldi GC, Janssen MC, Lansdorp P, Willems
C, Zeijlemaker WP, Oosterhof F: Human en-
dothelial culture supernatant (HECS): A
growth factor for hybridomas. J Immunol
1980;125:1411–1414.

34 Brodard V, David B, Gorg A, Peltre G: Two-
dimensional gel electrophoretic analysis with
immobilized pH gradients of Dactylis glomera-
ta pollen allergens. Int Arch Allergy Immunol
1993;102:72–80.

35 van Ree R, van Leeuwen WA, Aalberse RC:
How far can we simplify in vitro diagnostics for
grass pollen allergy? A study with 17 whole
pollen extracts and purified natural and recom-
binant major allergens. J Allergy Clin Immunol
1998;102:184–190.

36 van Ree R, van Leeuwen WA, van den Berg M,
Weller HH, Aalberse RC: IgE and IgG cross-
reactivity among Lol p I and Lol p II/III. Identi-
fication of the C-termini of Lol p I, II, and III as
cross-reactive structures. Allergy 1994;49:254–
261.

37 Aalberse RC, Koshte V, Clemens JG: Immuno-
globulin E antibodies that cross-react with veg-
etable foods, pollen, and Hymenoptera venom.
J Allergy Clin Immunol 1981;68:356–364.

38 Schuurman J, Perdok GJ, Lourens TE, Parren
PW, Chapman MD, Aalberse RC: Production
of a mouse/human chimeric IgE monoclonal
antibody to the house dust mite allergen Der p
2 and its use for the absolute quantification of
allergen-specific IgE. J Allergy Clin Immunol
1997;99:545–550.

39 Knol EF, Kuijpers TW, Mul FP, Roos D: Stim-
ulation of human basophils results in homotyp-
ic aggregation. A response independent of de-
granulation. J Immunol 1993;151:4926–4933.

40 Kleine Budde IK, Aalbers M, Aalberse RC, van
der Zee JS, Knol EF: Reactivity to IgE-depen-
dent histamine-releasing factor is due to mono-
meric IgE. Allergy 2000;55:653–657.

41 Siraganian RP: Refinements in the automated
fluorometric histamine analysis system. J Im-
munol Methods 1975;7:283–290.

42 Suck R, Hagen S, Cromwell O, Fiebig H: Rapid
and efficient purification of Phleum pratense
major allergens Phl p 1 and group 2/3 using a
two-step procedure. J Immunol Meth 1999;
229:73–80.

43 Bufe A, Uhlig U, Scholzen T, Matousek J,
Schlaak M, Weber W: A nonspecific, single-
stranded nuclease activity with characteristics
of a topoisomerase found in a major grass pol-
len allergen: Possible biological significance.
Biol Chem 1999;380:1009–1016.

44 Lowenstein H: Isolation and partial character-
ization of three allergens of timothy pollen.
Allergy 1978;33:30–41.

45 Maglio O, Saldanha JW, Vrtala S, Spitzauer S,
Valenta R, Pastore A: A major IgE epitope-con-
taining grass pollen allergen domain from Phl p
5 folds as a four-helix bundle. Protein Eng
2002;15:635–642.

46 Petersen A, Becker WM, Schlaak M: Epitope
analysis of isoforms of the major allergen Phl p
V by fingerprinting and microsequencing. Clin
Exp Allergy 1994;24:250–256.


