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Abstract Even though carrot allergy is common in Europe,
the amount of different allergens in carrots is still unknown
due to a lack of methods for quantitative allergen measure-
ments. The current study aimed at the development of
quantitative ELISA tests for the known carrot allergens,
namely Dau c 1.01, Dau c 1.02, and Dau c 4 in pure carrot
extracts. Monoclonal antibodies targeting the major carrot
allergen isoforms Dau c 1.01 and Dau c 1.02 were
generated and combined in sandwich ELISA with rabbit
antisera against Api g 1, the celery homologue of Dau c 1.
A competitive ELISA for the carrot profilin Dau c 4 was
based on a polyclonal rabbit antiserum. The three ELISA
tests were allergen-specific and displayed detection limits
between 0.4 and 6 ng allergen/ml of carrot extract. The
mean coefficient of variation (CV) as a means of intraassay

variability of the Dau c 1.01, Dau c 1.02 and Dau c 4
ELISA tests was 8.1%, 6.9%, and 11.9%, and the mean
interassay CV 13.3%, 37.1% and 15.6%, respectively.
Target recovery ranged between 93 and 113%. In conclu-
sion, the specific, accurate and reproducible quantification
of three important carrot allergens may help to identify less
allergenic carrot varieties, as well as to standardize the
amount of allergens in extracts used for carrot allergy
diagnosis.
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Abbreviations
AP Alkaline phosphatase
HRP Horseradish peroxidase
Ig Immunoglobulin
mAb Monoclonal antibody
MTP Microtitre plate
TBS Tris-buffered saline
TMB 3,3′,5,5′- Tetramethylbenzidine

Introduction

The structural homology between allergenic pollen proteins
and specific food proteins often results in pollen-associated
food allergies, caused by cross-reactive IgE antibodies that are
primarily induced by the pollen allergens. In fact, 50–80% of
birch pollen allergic patients also develop food allergy to
fruits, nuts, and vegetables [1].

A population study that investigated the prevalence of
adverse reactions to foods in Berlin, Germany, showed by
means of skin prick testing that most allergic subjects are
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sensitized to apple, followed by hazelnut, and carrot [2].
Based on the results of this study, a general food allergy
prevalence of 3.6% among the German population was
extrapolated [2]. Nearly 55% of these food allergic patients
reacted to vegetables, mainly to carrots and celery, which
both belong to the Umbelliferae family (Apiaceae) and are
phylogenetically closely related. Others reported a 30% rate
of sensitization of food allergic subjects to celery in France
[3] and around 40% to celery and up to 20% for carrots in
Switzerland [4].

For Central Europe, carrot allergy was estimated to occur
in approximately 25% of food allergic individuals [5]. The
most frequent symptoms belong to the so-called oral allergy
syndrome, merely mild allergic reactions, such as pruritus,
tickling, and swelling of the oral mucosa. However, also
cases of more severe allergic reactions to carrots have been
described, displaying symptoms such as urticaria, angioe-
dema, and even dyspnea and anaphylaxis [6–14].

In the majority of cases, Dau c 1, the major carrot
allergen, was identified as the causative allergen. It belongs
to the pathogenesis related protein 10 (PR-10) family,
showing high sequence identity and structural homology to
the birch pollen major allergen Bet v 1 [15]. Two isoforms
of the homologous carrot allergen are known, namely Dau c
1.01 and Dau c 1.02, that only share around 50% amino
acid sequence identity to each other and around 40% with
Bet v 1, respectively. In contrast, the isoform Dau c 1.01 is
81% identical with the major allergen of celery, Api g 1.01,
and Dau c 1.02 shows approximately 95% identity with its
homologue in celery, Api g 1.02.

Another important carrot allergen is Dau c 4, a member
of the pan-allergenic protein family of profilins [16], which
has been shown to bind IgE of around 20% of carrot-
allergic individuals [6]. Dau c 4 shows a high level of
amino acid sequence identity with many other plant
profilins, including the celery profilin Api g 4 (91%) and
the birch pollen profilin Bet v 2 (81%), respectively.

A limited number of methods for the detection and
quantification of individual allergens in pollen [17, 18] or
food extracts [19, 20] have been developed and published
within the last years.

Despite the large number of carrot-allergic subjects in
Europe, there is still a lack of quantitative methods to
determine the amount of the known allergens in carrot.
Consequently, the portion and ratio of single allergens in
carrots or extracts thereof is largely unknown.

Thus, this paper deals with the development and
validation of ELISA tests for the quantification of the
carrot allergens Dau c 1 and Dau c 4, respectively.
Previously, it was shown that the isoforms of Dau c 1
[21] or its homologues in celery [22] display a distinct
pattern of IgE reactivity. Hence, we further aimed at
developing specific ELISAs to distinguish in a quantitative

manner between the two isoforms Dau c 1.01 and Dau c
1.02 of the carrot major allergen Dau c 1.

Material and methods

Recombinant carrot allergens for ELISA standardization

The isoforms of the major carrot allergen Dau c 1, i.e., Dau
c 1.0104 (GenBank accession No. Z81362) and Dau c
1.0201 (accession No. AF456481), as well as the carrot
profilin Dau c 4 (GenBank accession No. AF456482), were
expressed in Escherichia coli and purified as previously
described [21]. All three recombinant allergens were highly
pure and, for each protein, circular dichroism spectroscopy
indicated a characteristic content of secondary structure
elements (data not shown).

Antibodies

Production of Dau c 1 specific mouse mAbs

Five- to six-week-old female mice (BALB/c, Harlan–Win-
kelmann, Borchen, Germany) were immunized six times i.p.
biweekly with 1.0 μg/dose of an equimolar mixture of rDau c
1.0104 and rDau c 1.0201 using alum as adjuvant. At week
12, sera were collected, and the IgG response was determined
as previously described [23]. Four mice with high IgG-titres
were sacrificed, spleen cells were collected and hybridomas
were generated by conventional hybridoma technology using
X63Ag8.653 cells (DSMZ, Germany) as fusion partner and
peritoneal macrophages of Balb/c mice as feeder cells [24].
Antibody production by hybridomas was screened by
ELISA and clones were selected according to their ability
to distinguish between the two Dau c 1 isoforms. Briefly,
microtitre plates were coated with either 0.5 μg/ml rDau c
1.0104 or rDau c 1.0201. Hybridoma cell culture super-
natants were applied at a dilution of 1:3 and isoform-specific
IgG was detected with a horseradish peroxidase (HRP)-
conjugated goat anti-mouse IgG antibody (Sigma A3673)
and 3,3′,5,5′- tetramethylbenzidine (TMB) as the colorimetric
substrate (details below).

Finally, two out of six isolated monoclonals were used
for the development of sandwich ELISA tests specific for
Dau c 1.01 and Dau c 1.02, respectively (Table 1).

Rabbit antibodies

For the immunological detection of Dau c 1, two previously
generated rabbit antisera against Api g 1, the celery
homologue of Dau c 1, one specifically recognizing isoform
Api g 1.01 and the other isoform Api g 1.02, were available.
Furthermore, a polyclonal rabbit antiserum, raised against a
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mixture of recombinant Api g 1.01 and Api g 1.02, that
recognizes both isoforms of Api g 1, as well as a polyclonal
rabbit antiserum generated against Lol p 12, the profilin of
perennial ryegrass, were applied in this study (Table 1).

Extraction of carrot samples

Two independent carrot samples (A and B) of the variety
“Fuellhorn” were purchased at a local German retailer. Using
a vegetable processor (“Cuocojet”, GAM S.G.I., Igea Marina,
Italy), carrots from each sample were cut into 3 mm slices and
immediately frozen in liquid nitrogen. The quick-frozen carrot
disks were ground under liquid nitrogen to a powder by an
analytical mill (Grindomix GM 200, Retsch GmbH&Co.KG,
Haan, Germany) in a pre-cooled beaker.

Five grams of frozen carrot powder was suspended in
10 ml PBS buffer (10 mM, pH 7) and extracted by
overhead rotation for 1 h at 4 °C. Extracts were clarified
by 30-min centrifugation at 10,000×g and 4 °C, and by
additional supernatant filtration through 5- and 1.2-μm
cellulose acetate filters. Instantly shock-frozen aliquots
were either stored at −80 °C or lyophilized and stored
at −20 °C.

Protein quantification of allergen standards and carrot
extracts

Total protein of carrot extracts or recombinant allergen
standards was quantified according to the method of
Bradford [25] with a commercial ready-to-use reagent
(Roti-Nanoquant protein assay solution, Carl Roth,
Karlsruhe, Germany).

Sandwich ELISA for Dau c 1.01

Unless otherwise noted, all incubations were carried out for
1 h at room temperature using 100 μl volumes per
microtitre plate (MTP) well. All dilutions following the
coating step were done with incubation buffer (PBS, 0.05%
Tween 20, 0.1% BSA) and all washings between the

incubation steps with PBST (PBS, 0.05% Tween 20) at
ambient temperature.

A sheep anti-mouse Ig secondary antibody (Chemicon
AP 302, Millipore GmbH, Schwalbach, Germany) diluted
in PBS was coated at 180 ng per well to a flat-bottom
microtitre plate (Maxisorb, NUNC, Wiesbaden, Germany).
Afterwards, a 1:10 dilution of the Dau c 1.01 specific
monoc lona l an t ibody (mAb) m3 supe rna t an t
(corresponding to an amount of 230 ng mAb) was
transferred to the plate and incubated over night at 4 °C.
Following a threefold serial dilution and 1 h incubation of
the standards (rDau c 1.0104 starting from 700 ng/ml) and
of the carrot extracts, the Dau c 1.01 specific sandwich was
established by a combination with the polyclonal rabbit
anti-Api g 1.01+1.02 serum diluted 1:10.000. An HRP-
conjugated goat anti-rabbit IgG antibody (Sigma A0545;
1:20.000 diluted) was used for detection. Colorimetric
staining with TMB diluted in citrate buffer (210 mM, pH
3.95) was stopped after 10 min by the addition of 50 μl 3 M
H2SO4. Optical densities (ODs) were read at 450 nm wave
length in a SpectraMAX 340PC microtitre plate reader and
the data calculated by Softmax Pro software version 2.4.1
(Molecular Devices, Munich, Germany). Between incuba-
tion steps, plates were washed four times for 5 min with
300 μl PBST per well.

Sandwich ELISA for Dau c 1.02

The Dau c 1.02 ELISA was performed as described for the
Dau c 1.01 ELISA, except that the Dau c 1.02 specific mAb
m9 supernatant (diluted 1:20) was used as catching
antibody, rDau c 1.0201 as standard (starting from
2000 ng/ml) and the specific rabbit anti-Api g 1.0201
serum (Phadia-2), diluted 1:10,000 as detector antibody,
respectively.

Competitive ELISA for Dau c 4

Each MTP well (Maxisorp, NUNC) was coated with
recombinant Dau c 4 at 10 ng per 100 μl of PBS for 1 h

Table 1 Specificity of the monoclonal antibodies and polyclonal antisera used in this study

Designation Species Immunogen Specificity to carrot allergens

Allergen Protein family

mAb m3 Mouse rDau c 1.0104+1.0201 PR10-Bet v 1-hom. Dau c 1.01

mAb m9 Mouse rDau c 1.0104+1.0201 PR10-Bet v 1-hom. Dau c 1.02

Phadia - 1 Rabbit rApi g 1.0101 PR10-Bet v 1-hom. Dau c 1.01

Phadia - 2 Rabbit rApi g 1.0201 PR10-Bet v 1-hom. Dau c 1.02

anti-Api g 1.01+1.02 Rabbit rApi g 1.01+1.02 PR10-Bet v 1-hom. Dau c 1.01+1.02

anti-Lol p 12 Rabbit natural Lol p 12 Profilin Dau c 4
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at RT. The wells were then blocked for 1 h with 200 μl of
PBST containing 1% BSA. Except for the buffer blanks,
50 μl of threefold serial dilutions of rDau c 4 (starting from
1000 ng/ml) and carrot extracts were simultaneously
transferred to the plates. The competitive reaction was
started by the immediate addition of 50 μl rabbit anti-Lol p
12 serum (diluted 1:10,000) to all wells, and the MTP was
incubated over night at 4 °C. Detection of bound rabbit IgG
was done as described for the Dau c 1-specific ELISA tests.
All dilution and washing steps were done as described
above for the Dau c 1.01-specific ELISA.

Specificity testing of the ELISA

The specificity of each ELISA was tested by comparing a
threefold serial dilution of the specific allergen applied for
the standard curve, and of the other two carrot allergens.
Serial dilutions started from 2000 ng/ml in case of Dau c
1.01 or Dau c 1.02, and from 1,000 ng/ml in case of Dau c
4, respectively. Specificity was analyzed at concentrations
between 3 ng/ml and up to 2,000 ng/ml, respectively.

Furthermore, a purified glycopeptide with the glycan
structure M0XF [Manα1-6(Xylβ1-2)Manβ1-4GlcNAcβ1-
4(Fucα1-3)GlcNAc], known to be common on many plant
glycoproteins [21, 26, 27], was additionally tested for
cross-reactivity in the above-mentioned range.

Determination of LOD, LOQ, and precision

For the determination of the limits of detection (LOD) and
quantification (LOQ) of non-competitive ELISA, the mean
concentration of target allergen was calculated that corre-
sponded to the average OD of multiple blanks plus three
and six times the standard deviation of the mean OD of the
blanks, respectively. For the competitive ELISA, we
calculated these limits of target allergen from the OD at
zero inhibition (B0) reduced by threefold or sixfold the
standard deviation of the mean B0 value. Moreover, the
LOQ required a precision for duplicate quantification with a
coefficient of variation (CV) of ≤20%, which was met at an
OD difference of six times the standard deviation in
comparison to the blank OD. The working range of the
ELISA tests was defined between the LOQ and the highest
concentration of the standards allowing duplicate quantifi-
cation at ≤20% CV.

Further, Dau c 1.01, Dau c 1.02, and Dau c 4 were
quantified repeatedly either on the same MTP (intraassay
precision) or on different days (interassay precision) from
aliquots of one carrot total protein extract that was used as
in-house reference (sample B). To ensure stability through-
out the investigations, each aliquot was lyophilized, stored
at −80 °C and only thawed and analyzed once. As a
measure of precision, the inter- and intraassay variability

was expressed as %CV that was determined as the ratio of
the standard deviation and the average of the repeated
quantifications, and expressed as percentage.

Reproducibility testing of the extraction method

The reproducibility of the extraction method was investi-
gated by the simultaneous analysis of 4 independent sample
grindings of one carrot sample (sample A, trade name
“Fuellhorn”). From each ground carrot sample, total protein
was extracted twice and the concentration of Dau c 1.01,
Dau c 1.02, and Dau c 4 was measured for each extract in
duplicate by the specific ELISA tests. For each grinding
(nos. 1–4) the average of quantified allergen was calculated
from the corresponding duplicate extracts.

Allergen recovery from carrot extracts in ELISA

For determination of the accuracy of the quantification of
carrot extracts, extracts were spiked with increasing
amounts of the recombinant carrot allergens. For identifi-
cation of the optimal measuring range, the allergen
concentrations of these extracts were pre-quantified and
suitable steps of dilution were chosen prior to spiking with
the corresponding allergens.

In the case of the Dau c 1.01-ELISA, the extract had to
be diluted 1:80 and the spiking was done by adding 3.3,
6.6, or 9.9 ng/ml of rDau c 1.0104 to the carrot extract. For
the Dau 1.02-ELISA, the recombinant allergen was added
in concentrations of 80, 160, or 240 ng/ml to the 1:30
diluted carrot extract, and the recovery study in the Dau c
4-ELISAwas done by spikings of 3, 6, or 9 ng/ml rDau c 4,
respectively, into a 1:120 diluted carrot extract. The mean
recovery over the spiking range was calculated as the ratio
between quantified and spiked allergen, represented by the
slope of the corresponding linear regression curve, and
expressed in percent.

Electrophoresis and immunoblotting

Carrot extract (20 μg total protein/cm preparative gel slot)
was separated by SDS-PAGE [28] and transferred to
nitrocellulose membranes by semi-dry electrotransfer [29].
For total protein detection, the membrane was stained with
Ponceau S (Sigma P3504) according to the manufacturer’s
instructions, and afterwards blocked with blocking buffer
(Tris-buffered saline (TBS), 0.3% Tween 20) two times
15 min. The preparative part of the membrane was cut into
identical strips of 3 mm width prior to the detection of the
carrot allergens by the specific antibodies. The blocked
membrane strips were incubated overnight either with mAb
(1:10 diluted in incubation buffer [TBS, 0.05% Tween 20,
0.1% BSA]) or with the rabbit antisera (diluted 1:10,000).
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Following 1 h of incubation with biotinylated rabbit anti-
mouse IgG (SIGMA B8520, diluted 1:2,500) or biotiny-
lated goat anti-rabbit IgG (DAKO E0432, diluted 1:2,500),
the colorimetric detection was done by 30 min incubation
with AP-labeled streptavidin (CALTAG SA1008, diluted
1:3000) using 5-bromo-4-chloro-3-indolyl phosphate/nitro
blue tetrazolium as substrate. Between incubation steps,
membrane stripes were washed three times 10 min with
TBST (TBS, 0.05% Tween 20).

Results and discussion

Characterization of antibodies in immunoblot analysis

The immunoblot analysis (Fig. 1) with antibodies specific
for carrot allergens (Table 1) showed that the extraction
method was suitable for the detection of the known carrot
allergens, namely Dau c 1.01, Dau c 1.02 and Dau c 4. The
mouse mAb m3 (lane 3) and mAb m9 (lane 4) clearly
detected a single protein at the expected molecular mass

range of around 16 kDa. Also, the rabbit antisera raised
against the mixture of Api g 1.01 and Api g 1.02 (lane 7),
against Api g 1.01 (lane 8) or Api g 1.02 (lane 9)
demonstrated specific binding to proteins in the range of
the molecular mass of Dau c 1.

Some weaker reactivities to other carrot proteins may
result from minor unspecificities of the rabbit antisera.
However, because the highly specific mouse mAbs are
used as catching antibodies in sandwich assay design,
weak unspecific binding to other carrot proteins is
unlikely to affect the final assay performance (see
below).

More unspecific binding was observed for the rabbit
anti-Lol p 12 antiserum which was used for the Dau c 4
inhibition ELISA. This serum strongly detected proteins at
the molecular mass range of carrot profilin (14 kDa), but
also at least two other bands at higher molecular masses
(Fig. 1, lane 10).

Fig. 1 Immunoblot analysis of carrot extract with specific antibodies
derived from monoclonal mouse hybridoma (lanes 1–4) and poly-
clonal rabbit antisera (lanes 5–10). MP: total protein stain (Ponceau S)
of marker (M) and carrot extract (P), lane 1 buffer control, lane 2
irrelevant mouse mAb PN-t (anti-peanut Ara h 1), lane 3 mAb anti-

Dau c 1.0104 (“m3”), lane 4 mAb anti-Dau c 1.0201 (“m9”), lane 5
buffer control, lane 6 rabbit normal serum, lane 7 rabbit anti-Api g
1.01 and 1.02, lane 8 rabbit anti-Api g 1.01, lane 9 rabbit anti-Api g
1.02, lane 10 rabbit anti-Lol p 12

Table 2 Specificity testings of the developed ELISA tests

ELISA Allergen Dau c 1.0104 Dau c 1.0201 Dau c 4

Dau c 1.0104 +a − −
Dau c 1.0201 − + −
Dau c 4 − − +

CCD (M0XF)b − − −

a + specific recognition, − no reactivity at the investigated concentrations
bM0XF glycan structure Manα1–6(Xylβ1–2)Manβ1–4GlcNAcβ1–4
(Fucα1–3)GlcNAc

Table 3 Determination of the interassay variation of the developed
ELISA using carrot extract from sample B, expressed as percentage of
variation coefficient (% CV)

ELISA ng allergen/ml

Dau c 1.0104 Dau c 1.0201 Dau c 4

na 23 25 35

Mean [ng/ml] 2795.6 341.7 635.0

Standard deviation 370.7 126.8 99.1

% CVb 13.3 37.1 15.6

a n no. of independent measurements
b % CV - Mean variation coefficient=Standard deviation/Mean*100
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Selection and combination of antibodies in ELISA

In preliminary investigations, the mouse and rabbit anti-
bodies were tested for sensitivity to the recombinant
reference proteins. Besides the ability to detect low
amounts of allergen, also the signal intensity of the
colorimetric detection was considered for the reason of
assay robustness. In the case of Dau c 1.01 and Dau c 1.02,
mouse and rabbit antibodies were combined to develop
specific sandwich ELISA tests. For the immunological
detection of isoform Dau c 1.01, the rabbit antiserum
against celery Api g 1.0101 turned out to be less qualified
than the polyclonal rabbit antiserum anti-Api g 1.01+1.02
against both isoforms (data not shown), and thus the latter
(Table 1) was used in the Dau c 1.01-specific sandwich
ELISA.

Despite testing of two other profilin-specific antibodies,
it was not possible to find a suitable pair of antibodies for a
Dau c 4-specific two-site ELISA (data not shown). Hence,
the highly profilin reactive rabbit anti-Lol p 12 antiserum
was used for the development of a competitive ELISA test.

High specificity of the developed ELISA tests

As shown in Table 2, all three ELISA tests are highly
specific for their particular target allergen and did not show
any cross-reactivity above the limit of detection to the other
two carrot allergens or to the carbohydrate determinant
M0XF, that is frequently found in the plant kingdom,.
Because of its known occurrence at many high molecular
weight glycoproteins of various plants [26, 27] the
recognition of this glycan would otherwise lead to false
positive results of the ELISA.

There was no need for further testing of other potential
(cross-) reactive food or pollen allergens because these ELISA
tests are designed for the investigation of carrot extracts only.

LOD, LOQ, and precision of the developed ELISA tests

By repeated measurements of recombinant reference curves
in combination with 12–80 blank or B0 buffer (PBS)
control samples the mean LOD was determined at 0.4 ng/
ml for Dau c 1.01, 6 ng/ml for Dau c 1.02, and 0.7 ng/ml
for Dau c 4, and the mean LOQ at 0.8 ng/ml for Dau c 1.01,
11 ng/ml for the Dau c 1.02, and 1.3 ng/ml for Dau c 4,
respectively. For quantification of Dau c 1.01 the average
working range was between 0.8 and 100 ng/ml, for Dau c
1.02 between 11 and 1800 ng/ml, and for Dau c 4 between
1.3 ng/ml and 1,000 ng/ml, respectively.

The reproducibility of the ELISA measurements was
tested by repeatedly quantifying one single carrot extract
(sample B) used as in-house reference either on the same
microtitre plate or on different days. Furthermore, various

pre-defined extract dilutions, ranging from 2 to 2,200, were
repeatedly measured with all three assays. From these
results, the intraassay variabilities were calculated to be
8.1%, 6.9%, and 11.9% for the Dau c 1.01-, Dau c 1.02-
and the Dau c 4-specific ELISA, respectively.

Table 3 summarizes the interassay variation, expressed
as percent of coefficient of variation, for all 3 ELISA tests.
In more than 20 repetitions, the quantification of Dau c 1.01
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Fig. 2 Representative curves for the quantification of a Dau c 1.01, b
Dau c 1.02, and c Dau c 4, using the recombinant allergens as
standards (left set of curves) and the in-house reference carrot extract
B (right set of curves). All curves were normalized against their
individual maximum OD (%ODmax) to allow visual comparison of
the curve features
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and Dau c 4 was precise with variation coefficients of 13–
16%. In the case of the Dau c 1.02 quantification, the
interassay precision was somewhat lower (Table 3). None-
theless, this precision was still considered sufficient to
clearly discriminate between substantial differences in the
allergen content in carrot extract samples.

For a direct comparison of the ELISA tests that were
performed at different days, the OD values of the
reference curves were normalized against the maximum
OD value, which again was calculated by the reader
software as one characteristic curve parameter. Doing so,
the comparison of various reference curves showed only
minor deviations and thus demonstrated assay robustness
(Fig. 2a–c). Moreover, both the recombinant reference
protein and the natural allergen from carrot extract
demonstrated parallel dilution curves (Fig. 2), i.e., com-
parable binding properties, for all three specific ELISA
tests. This was also demonstrated by the overall good
recovery results (below).

The preparation of carrot extracts was highly reproducible

The amount of allergen present in one carrot sample was
determined by averaging the results of two independent
protein extracts simultaneously derived from one grinding.
The average of four independent grindings is displayed in
Table 4: the mean value for Dau c 1.01 was 2,336 ng/ml,
having a variability of 8.4% CV. The average quantified
amount of Dau c 1.02 was 1314 ng/ml, with a variability of
14.7% CV. Dau c 4 was extracted and quantified at a mean
of 905 ng/ml with a variability 14% CV. Thus, all three
carrot allergens were quantified with less than 15%
inaccuracy. Since part of the observed inaccuracy would
be due to variations in the ELISA method, the results
strongly suggest that the allergen extraction method was
highly reproducible.

Recovery studies

Co-extracted components of the extract could influence the
accuracy of the quantifications of the target proteins. This
potential influence of the carrot matrix on the allergen
quantification in extracts was investigated by spiking
experiments with increasing amounts of the recombinant
allergens and repeated quantification.

Based on the method of standard addition, the amount
of quantified allergen was plotted against the amount of
spiked allergen and the linear response calculated by
linear regression. Thereby, the slopes of the graphs
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Fig. 3 Standard addition for determination of allergen recovery from
carrot extracts of a Dau c 1.01 or Dau c 4, and b Dau c 1.02

Table 4 Reproducibility of the grinding and extraction method using
carrot extract from sample A, expressed as percentage of variation
coefficient (% CV)

Grinding no. ng allergen/ml

Dau c 1.0104 Dau c 1.0201 Dau c 4

1 2509.5 1079.1 792.3

2 2051.0 1469.6 913.2

3 2341.5 1231.9 834.4

4 2440.7 1476.6 1078.5

Mean Value 2335.7 1314.3 904.6

Standard deviation 201.9 193.7 126.3

% CV 8.6 14.7 14.0

Each grinding was quantified from duplicate extractions

Table 5 ELISA accuracy expressed as mean recovery (%) and
determined by the slope of linear regression between quantified and
spiked allergen within the indicated spiking range

Allergen % Recovery At extract dilution Spiking range

Dau c 1.0104 93.1 1:2200 3.3–10 ng/ml

Dau c 1.0201 112.5 1:30 80–240 ng/ml

Dau c 4 107.2 1:120 3–9 ng/ml
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represented the average recovery within the range of
spiked allergen.

The regression results from the standard addition
methods of the Dau c 1.01, Dau c 1.02 and Dau c 4 ELISA
tests are shown in Fig. 3a and b.

For all three ELISA tests, recoveries of 93–113% percent
were obtained in the low concentration range (Table 5).
This demonstrates the comparably good detection of both
the natural and the recombinant allergens and the accurate
quantification of individual allergens in carrot extracts with
the specific ELISA tests.

Concluding remarks

So far, several antibodies have been generated with
specificities to pollen or food allergens. Due to the
recognition of different epitopes, they were used either in
sandwich ELISAs for allergen quantification or for the
detection of homologous proteins or even isoforms in the
various plants [17, 18, 30, 31].

To our knowledge, this is the first study dealing with the
development of specific assays for the quantification of two
different isoforms, Dau c 1.01 and Dau c 1.02, of a major
food allergen, Dau c 1, from carrot.

The need for quantification of allergens in carrot is
clearly given by several cases of severe allergic symptoms
[8–12] or even life-threatening reactions [7, 13] after
contact or ingestion of carrots.

The major carrot allergen, Dau c 1, is recognized by the
IgE of more than 85% of carrot-allergic patients [6, 21].
Besides the dominant isoform Dau c 1.01, also the less
abundant isoform Dau c 1.02 is known to bind IgE of many
carrot-allergic patients. Furthermore, IgE to Dau c 1.0201
has been found to be highly specific for clinically relevant
sensitization [21].

Taking into account the high specificity, good allergen
recovery, and precision of these newly developed ELISA
tests, it is now possible to reproducibly and accurately
quantify the amount of Dau c 1.01, Dau c 1.02, and Dau
c 4 in carrot extracts. As an example, we quantified Dau
c 1.01, Dau c 1.02, and Dau c 4 in two independent
commercial carrot samples at 467 and 559 μg, 68 and
263 μg, and 127 and 181 μg per 100 g of carrot,
respectively. Between the two carrot samples, the amount
of Dau c 1.01 and Dau c 4 was similar, but differences
were observed in Dau c 1.02 concentration. The amount
of isoform Dau c 1.02 was clearly below that of isoform
Dau c 1.01. The limited number of independent sample
data does not allow further conclusions but demonstrated
applicability of the ELISA tests for quantification of
individual allergens and even isoforms. Thus, these
ELISA tests are of potential value for the quantification

of carrot allergens in a more systematic approach. This
includes the standardization of in vitro diagnostic carrot
extracts, as well as the quantification of allergens in
different carrot varieties, enabling the identification of
ones with reduced allergen content which may be less
likely to cause allergic reactions in sensitized individuals.
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