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Type | allergy, an immunodisorder affecting almost
20% of the population worldwide, is based on the pro-
duction of IgE antibodies against per se harmless
allergens. We report the expression of hexahistidine-
tagged antibody fragments (Fabs) with specificity for
Bet v1, the major birch pollen allergen, in Escherichia
coli. The cDNA coding for the heavy chain fragment of
a mouse monoclonal anti-Bet v1 antibody, Bip 1, was
engineered by PCR to contain a hexahistidine-en-
coding 3’ end. The modified Bip 1 heavy chain cDNA
was co-expressed in E. coli XL-1 Blue with the Bip 1
light chain cDNA using the combinatorial plasmid
pComb3H. His-tagged recombinant (r) Bip1 Fabs
were isolated by nickel affinity chromatography and
rBip 1 Fabs without His-tag were purified via affinity to
rBet v1. rBip 1 Fabs with and without His-tag bound
specifically to rBet v 1 and, like Bet v 1-specific human
serum IgE and rabbit-anti rBet v1 antibodies, cross-
reacted with Betv1-related allergens in other plant-
species (alder, oak, hazelnut). We demonstrate the
usefulness of His-tagged rBip 1 Fabs (1) for the identi-
fication of pollen samples containing Bet v 1 by particle
blotting, (2) for the detection of Bet v 1-specific IgE anti-
bodies in human serum samples by sandwich ELISA
and (3) for the quantification of Bet v1 in solution.
Based on these examples we suggest to use rBip 1
Fabs for the detection of Bet v1 and Bet v1-related
allergens in natural allergen sources for allergy pre-
vention, as well as for the standardization of natural
allergen extracts produced for diagnosis and immu-
notherapy of birch pollen allergy.
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Introduction

Type | allergy is a genetically determined immunodisorder
which is based on the formation of IgE antibodies to in-
nocuous substances (allergens) (Kay, 1996). In sensitized
patients, allergen contact induces the crosslinking of ef-
fector cell-bound specific IgE antibodies and the release
of biological mediators (e.g., histamine, leukotriens),
which leads to the immediate symptoms of Type | allergy
(allergic rhinitis, conjunctivitis, asthma) (Segal etal., 1977).

Current forms of allergy diagnosis are based on the
detection of allergen-specific IgE antibodies in the patient
serum and on in vivo provocation (e.g. skin prick testing;
Lockey and Bukantz, 1998). While the symptoms of Type |
allergy can be controlled by pharmacological treatment,
allergen-specific immunotherapy represents the only
causative therapeutic approach (Durham and Till, 1998).
Immunotherapy is based on the administration of increas-
ing allergen doses in order to induce a state of allergen-
specific non-responsiveness. Although several defined
recombinant allergens have been produced for diagnostic
and therapeutic applications (Valenta and Kraft, 1995;
Valentaetal., 1998), current forms of allergy diagnosis and
immunotherapy are still performed with natural allergen
extracts. These extracts are prepared from allergen
sources (e. g. plant pollen, mites, moulds) and thus con-
tain a mixture of allergenic and non-allergenic compo-
nents. The allergen contents of such extracts therefore
need to be standardized with allergen-specific antibody
probes (Chapman, 1994; vanRee, 1997). Previously,
serum IgE from allergic patients or allergen-specific poly-
clonal rabbit antisera were used for the standardization of
allergen extracts whereas in the last years monoclonal an-
tibodies of defined epitope specificities were introduced
for this purpose (Chapman, 1998). Allergen-specific mon-
oclonal antibodies represent valuable tools for the detec-
tion of individual allergens in extracts and in the environ-
ment (Chapman, 1998). The measurement of allergens in
air samples, house dust and food represents the basis for
allergen avoidance and thus may reduce the frequency of
allergic symptoms in sensitized patients and, perhaps,
de novo sensitization.

Here we report the expression in E. coli and purification
of a hexahistidine-tagged Fab with specificity for one of
the most frequent environmental allergens, Bet v1 (Brei-
teneder et al., 1989). Bet v 1 represents the major allergen
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from birch pollen (Jarolim et al., 1989). It shares epitopes
with the major pollen allergens of trees belonging to the
order Fagales (Rohac et al., 1991) and with homologous
allergens in plant-derived food (fruits, vegetables and spi-
ces; Ebner et al., 1995; Jarolim et al., 1998). More than
95% of patients allergic to tree pollen, fruits and vegeta-
bles display IgE cross-reactivity to Betv 1, and approxi-
mately 60% of them react exclusively with this protein
(Jarolim et al., 1989).

His-tagged Bet v1-specific Fabs were constructed
using a mouse monoclonal anti-Bet v 1 antibody, Bip 1 as
atemplate (Laffer et al., 1996). We purified rBip 1 Fabs by
affinity chromatography to recombinant Bet v1 or to Ni?*
and compared their ability to react with Betv1 and Bet v 1-
homologous allergens. The usefulness of rBip 1 Fabs for
the identification of Bet v 1-containing pollen was studied
by particle blotting. We also investigated whether rBip 1
Fabs can be used to detect Bet v 1-specific IgE antibodies
in human serum samples and to determine Betv1 con-
centrations by sandwich ELISA in solution. Possible ad-
vantages of using recombinant His-tagged Bip 1 Fabs for
the standardization of allergen extracts and for environ-
mental allergen measurements are discussed.

Results

Analysis of the Bacterial Expression of rBip 1 Fabs

Correct assembly of the heavy chain fragment and light
chain in bacteria requires transport into the oxidizing en-
vironment of the periplasmic space (Better et al., 1988;
Skerra and Pliickthun, 1988). When we analyzed the pres-
ence of rBip1 Fabs in culture medium, periplasmic ex-
tract, soluble E. coli extract and the insoluble pellet frac-
tion of bacteria that were induced and grown for 5 hours or
overnight, we found that overnight growth leads to a re-
lease of rBip 1 Fabs into the culture medium most likely
due to rupture and death of bacteria (Figure 1A). The goat
anti-mouse Fab antiserum detected rBip 1 Fabs in the cul-
ture medium after overnight and much weaker after 5
hours induction with IPTG (Figure 1A: lanes A). rBip 1 Fabs
were abundantly detected in the periplasmic, soluble cel-
lular extract and the insoluble pellet fraction after 5 hours
and overnight induction (Figure 1A: lanes B, C, P). ELISA
analysis of the different fractions revealed that aliquots of
the 50 ml culture medium obtained after overnight induc-
tion contained more rBet v 1-reactive rBip 1 Fabs than ali-
quots of the 1 ml periplasmic and soluble E. coli fraction
(Figure 1B). The 1 ml periplasmic fraction and soluble cel-
lular extract obtained after 5 hours and overnight induc-
tion contained comparable amounts of rBetv 1-reactive
rBip 1 Fabs (Figure 1B). The insoluble bacterial pellet frac-
tion contained goat anti-Fab-reactive moieties of the cor-
rect molecular weight (Figure 1A: arrow indicates the po-
sition of the comigrating heavy chain fragment and light
chain at 25 kDa). Mechanical homogenization of induced
bacteria yielded soluble cellular extracts rich in functional
Fabs (data not shown).
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Fig.1 Detection of rBip 1 Fabs (A) and Detection of rBet v1-Re-
active Recombinant Fabs (B) in Bacterial Extracts.

(A) Nitrocellulose-blotted extracts (‘A’: culture medium obtained
after induction; ‘B’: periplasmatic E. coli fraction; ‘C’: soluble
E. coli extract obtained after freeze/thawing; ‘P’: insoluble pellet
fraction) obtained after five hours (5 h) or overnight (0.n.) induction
were detected with an alkaline phospatase-coupled goat anti-
Fab antiserum. The arrow indicates the position of light and heavy
chain fragments (25 kDa) which comigrate under reducing con-
ditions. (B) Aliquots of culture medium (‘A’), periplasmic extract
(‘B”) and soluble E. coli extract (‘C’) obtained after 5 hours (black
bars) or overnight induction (white bars) were exposed to ELISA
plate-coated rBet v 1. Bound Fabs were detected with an alkaline
phosphatase-coupled goat anti-mouse Fab antiserum and visu-
alized by color reaction. The amount of bound Fabs corresponds
to the OD (optical density) values displayed on the y-axis.

Purification of Soluble Bip 1 Fabs by Single
Step Affinity Chromatography

Recombinant Bip 1 Fabs without His-tag were purified by
single step affinity chromatography using Sepharose-
bound rBet v1 (Laffer et al., 1996). His-tagged rBip 1 Fabs
were purified by Ni?* chelation affinity chromatography.
Figure 2A shows the detection of goat anti-mouse Fab-re-
active moieties in nitrocellulose-blotted aliquots of total
extracts before exposure to the nickel matrix (lane T:
1.25%), unbound material (lane F: 1.25%), wash fractions
(lanes W1-W3: 1.25% of each) and eluted fractions (lanes
E1, E2: 10% of each). The comigrating heavy chain frag-
ment and the light chain were detected by the goat anti-
mouse Fab antiserum at 25 kDa in the total bacterial ex-
tract and in the elution fractions when separated under re-
ducing conditions (Figure 2A: lanes T, E1, E2). The assem-
bly of recombinant heavy chain fragments and light chains
to hetero- or homodimers is evident from the analysis of
the fractions separated by SDS-PAGE under non-reduc-
ing conditions (Figure 2B): the goat anti-mouse Fab react-



ed with bands of approximately 44 and 50 kDa in the ma-
terial eluted from the nickel matrix (Figure 2B: lanes ET1,
E2). While the 50 kDa band corresponds to the molecular
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Fig.2 Purification of Recombinant Bip 1-His Fab by Binding to
aNi**-Sepharose Matrix.

Total extract containing His-tagged rBip 1 (T) was incubated
overnight with Ni**-Sepharose matrix. Aliquots of the total extract
(T), unbound material (F), the wash fractions (W1-W3) and the
eluted fractions (E1+E2) were separated by SDS-PAGE under re-
ducing (A) or non-reducing (B) conditions and blotted onto nitro-
cellulose. rFabs were detected with an alkaline phosphatase-
coupled goat anti-mouse Fab antiserum. The molecular masses
are indicated in kDa on the left margin.
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Fig.3 Purification of rBip 1 Fabs and His-Tagged rBip 1.
Soluble (lanes S) and pellet fractions (lanes P) obtained after high-
speed centrifugation of 5 g purified rBip 1 Fabs without (A: Bip 1)
and with His-tag (B: Bip 1-His) were analyzed by SDS-PAGE un-
der reducing conditions and Coomassie Blue staining. Molecular
weights are indicated on the left margin.

Recombinant Bet v 1-Specific Antibody Fragments 41

mass expected for the disulfide bond-linked Fab hetero-
or homodimers, the 44 kDa band may result from degra-
dation

The analysis of the solubility of rBip1 and His-tagged
rBip 1 Fabs was performed by centrifugation of the puri-
fied material and subsequent SDS-PAGE and Coomassie
Blue staining. When purified rBip 1 Fabs and His-tagged
rBip1 Fabs were separated under reducing conditions,
the heavy chain fragments and light chains comigrated at
25 kDa. All recombinant Fabs were found in the soluble
supernatant fractions (Figure 3A, B: lanes S). The yields of
His-tagged rBip 1 Fab were typically in the range of 1-3
mg/liter culture (data not shown).

rBip 1 Fabs React with Natural Bet v1
and Bet v1-Homologous Allergens from Other
Plant Species

Bet v 1-related allergens occur in pollen of trees belonging
to the order Fagales and in plant-derived food (fruits, veg-
etables and spices) (Valenta and Kraft, 1996). We show
that rBip 1 Fabs as well as His-tagged rBip 1 Fabs react
with nitrocellulose-blotted natural Bet v1, with the major
alder pollen allergen, Ain g 1 (Breiteneder et al., 1992), and
to alesser extent with the major allergen of oak pollen, Que
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Fig.4 Crossreactivity of rBip 1 Fabs and His-Tagged rBip 1
Fabs with Natural Bet v1 and Bet v1-Homologous Allergens in
Different Plant Species.

Bip 1 Fabs without (Bip 1) and with His-tag (Bip 1-His) were tested
for their reactivity with nitrocellulose-blotted tree pollen (birch,
alder, oak, olive, poplar, cypress, chestnut) and hazelnut extract.
Bound Fabs were detected with an alkaline phosphatase-
coupled goat anti-mouse Fab antiserum.
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ai (Ipsenetal., 1990), and with a Bet v 1-related allergen in
hazelnut (Hirschwehr et al., 1992) at approximately 17 kDa
(Figure 4). No reactivity was observed to nitrocellulose-
blotted pollen extracts from olive, poplar, cypress and
chestnut, which reportedly do not contain Bet v 1-related
allergens (Figure 4). The reactivity profile of the recombi-
nant Bip 1 Fabs thus closely resembles that of IgE anti-
bodies of Betv1 allergic patients (Niederberger et al.,
1998) and rabbit-anti-Bet v 1 antisera.

rBip 1 Fabs Can Be Used to Detect Bet v 1-Containing
Polien Grains by Particle Blotting

Environmental measurements of pollen allergen loads are
currently performed by air sampling and analysis of pollen
morphology. We demonstrate that rBip1 Fabs can be
used for the immunological identification of pollen grains
containing Bet v1 or Bet v 1-related allergens by particle
blotting (Figure 5). Filter-bound pollen grains from birch,
timothy grass and mugwort released proteins after hydra-
tion which could be stained with Ponceau S (Figure 5A).
rBip1 Fabs specifically react with Betv1 which is ex-
pressed in birch-, but not in timothy grass- or mugwort
pollen (Figure 5B). A rabbit anti-Phl p 5 antiserum detects
grass- but not birch- or mugwort pollen grains (Figure 5C).

rBip 1 Fabs Allow the Detection of Bet v 1-Specific
IgE Antibodies in Sera by Sandwich ELISA

Allergen extracts used for current forms of in vitro allergy
diagnosis consist of difficult to define mixtures of various
unrelated allergens and non-allergenic moieties and thus
do not allow to measure IgE antibodies with specificity for
single allergen molecules. We demonstrate that rBip 1
Fabs can be used to specifically immobilize Bet v 1 but not
an unrelated allergen (timothy grass pollen allergen, Phl p
5)to solid phases (e. g. ELISA plates) (Figure 6). Serum IgE
from three birch pollen allergic patients reacted specifical-
ly with Betv 1 immobilized via rBip 1 Fabs (Figure 6, black
bars: 1-3), whereas no significant IgE binding was found
when serum from a non-atopic individual was used (Fig-
ure 6, black bar: N). When ELISA-plate bound rBip 1 Fabs
were incubated with a Bet v1-unrelated allergen (Phl p 5)
no significant levels of Bet v 1-specific IgE could be bound
from the serum samples (Figure 6, white bars: 1-3, N).

rBip 1 Fabs Allow the Detection of Betv1 in
Solution by Sandwich ELISA

Allergen extracts used for diagnostic and therapeutic pur-
poses need to be standardized regarding their allergen
contents. Figure 7 demonstrates that rBip 1 Fabs can be

B birch pollen
T timothy grass pollen

M mugwort pollen

Fig.5 Detection of Pollen Grains Releasing Bet v 1 by Particle Blotting.

Pollen grains from birch (‘B’), timothy grass (‘T’) and mugwort (‘M’) were dotted with a toothpick on nitrocellulose filters in the order indi-
cated. Released proteins were stained with Ponceau S (A: red spots). Released Bet v 1 was detected with His-tagged rBip 1 Fabs (B: pur-
ple spots), and Phl p 5 with a rabbit anti-Phl p 5 antiserum (C: brown spots).
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Fig.6 Sandwich ELISA for the Measurement of Bet v 1-Specific
IgE Antibodies in Sera.

ELISA plate-coated His-tagged rBip 1 Fabs were incubated with
rBet v 1 (black bars) or rPhl p 5 (white bars) and then exposed to
sera from three birch pollen allergic patients containing Bet v 1-
specific IgE antibodies (x-axis: 1, 2, 3) or serum from a non-atopic
individual (N). OD (optical density) values displayed on the y-axis
correspond to the amount of bound IgE antibodies.
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Fig.7 Sandwich ELISA for the Detection of Bet v1 in Solution.
ELISA plate-coated His-tagged rBip 1 Fabs were incubated with
increasing concentrations (x-axis: 0.01 =10 png/ml) of rBet v1 or
rPhl p 5. Bound rBet v1 was detected with a biotinylated rabbit
anti-Bet v1 antiserum. OD (optical density) values (y-axis) corre-
spond to the amount of bound Bet v 1.

used to immobilize specifically Betv1 out of solutions
containing different allergen concentrations. The amount
of biotinylated Bet v 1 —specific rabbit antibodies which re-
acted with rBip 1 Fab-bound Bet v 1 increased depending
on the concentration of Betv1 in solution (Figure 7). Dis-
solved Betv1 could be best detected in a concentration
range between 1-10 pg/ml whereas Phl p 5, an allergen
unrelated to Betv 1, was not detected (Figure 7).

Discussion

We report the expression of a mouse monoclonal IgG,
antibody, Bip 1, with specificity for the major birch pollen
allergen, Betv1 (Breiteneder et al., 1989), as His-tagged
rFab in E. coli. Betv1, a 17 kDa protein, is recognized by
IgE antibodies of more than 95% of birch pollen allergic
patients, and almost 60% of those react exclusively with
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this allergen (Jarolim et al., 1989; Niederberger et al.,
1998). Cross-reactivity of patients IgE with Betv 1-related
allergens present in pollen of trees belonging to the order
Fagales (alder, hazel, hornbeam, oak) (Niederberger et al.,
1998) and in plant-derived food (fruits, vegetables and
spices) (Ebner et al., 1995; Valenta and Kraft, 1996;
Jarolim et al., 1997) is the reason why most of the Betv1
allergic patients exhibit also clinical symptoms after con-
tact with various other plant species and their products.

The Betv 1-specific monoclonal antibody, Bip 1, recog-
nizes a discontinuous epitope on Betv 1 which is distinct
from the IgE epitopes but crossreacts with most of the
Betv1-related plant allergens (Laffer et al., 1996). We
therefore propose to use His-tagged rBip 1 Fabs for the
detection of Betv1 and Betv1-related allergens in air
samples to predict and estimate environmental allergen
loads (Schappietal., 1997; Acevedo et al., 1998; Ormstad
etal., 1998). rBip 1 Fabs may likewise be used to monitor
the contents of Betvi-related food allergens to select
fruits and vegetables with low allergen contents and to re-
veal the presence of Betv 1-related allergens in complex
food preparations. The detection of Betv1 and Betv1-re-
lated allergens with a well-described reagent (rBip 1 Fabs)
may thus represent a basis for preventive measures that
reduce the allergen exposure in sensitized individuals.
Perhaps more important, rBip 1 Fabs may be used for the
standardization of natural allergen extracts produced for
diagnosis and treatment of birch pollen allergy (Ramirez
et al., 1997; Weber et al., 1998). In this context it is worth
noting that the contents of Betv1 in pollen may greatly
vary depending on the tree species (Ahlholm et al., 1998)
and environmental factors affecting plant growth and
pollen maturation (Helander et al., 1997). The contents of
Betv 1-related allergens in plant food may likewise vary in
different parts of fruits and depending on the horticultural
species (Jensen-Jarolim et al., 1998) or treatment of the
food (Jankiewicz et al., 1996).

The suggestion to use His-tagged rBip 1 Fabs for the
detection of Betv1 and Betv1-related allergens is sup-
ported by our experiments which demonstrate reactivity
of rBip 1 Fabs with Betv1 and Betv1-homologous aller-
gens. Furthermore we exemplify the usefulness of rBip 1
Fabs for three practical applications.

First, we show that Bet v 1-releasing pollen grains can
be specifically detected by particle blotting. This principle
can be applied to detect Betv 1-containing pollen grains
on air sample filters and thus allows to monitor environ-
mental allergen loads. The measurement of environmental
allergen loads may be useful for preventive measures but
should also allow to correlate clinical symptoms in popu-
lations with local allergen loads in the course of epidemio-
logic studies.

Second, we demonstrate that Betv 1 can be specifical-
ly immobilized by rBip 1 Fabs to solid phases (e. g. ELISA
plates) thus allowing the measurement of IgE antibodies
to Betv1 and Betv 1-related allergens that are present in
complex allergen extracts. This principle is based on the
fact that rBip 1 Fabs recognize Betv 1 epitopes which are
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different from those detected by human IgE antibodies.

Finally, we demonstrate that rBip 1 Fabs can be used to
establish a sandwich ELISA for the detection and quantifi-
cation of Bet v 1 in solutions. This sandwich ELISA may be
used for the quantification of Betv 1 in extracts prepared
from various allergen sources as well as for the standard-
ization of natural allergen extracts used for diagnostic and
therapeutic purposes.

Recombinant allergen-specific Fabs can be produced
in a well-controlled manner avoiding expensive and labo-
rious tissue culture work and represent reagents with a
well-defined epitope specificity. Moreover, rFabs can be
modified by genetic engineering to facilitate their detec-
tion and, perhaps, to increase their affinity (Gram et al.,
1992; Laukkanen et al., 1995).

However, several disadvantages need to be considered
as well: 1. Monoclonal rFabs react with only one epitope
and thus may display weaker or no reactivity with less ho-
mologous proteins (e. g. weak reactivity of rBip 1 Fabs with
the Betv1-related hazelnut allergen). 2. Another disad-
vantage of rFabs expressed in bacteria is that not all of the
expressed heavy chain fragments and light chains may
form functional Fabs. In this context, we noted that a con-
siderable fraction of rFabs was produced as insoluble pro-
teins and that the amount of goat anti-mouse Fab-reactive
material did not always agree with the amount of Betv 1-
reactive material (Figure 1A, B). It should also be pointed
out that the expression system used delivered rather low
amounts of rFabs (approximately 1 -3 mg/I culture) which
required the construction of a His-tagged version of Bip 1
Fab that could be purified by single step Ni** chelation
affinity chromatography.

In conclusion, we believe that well-defined allergen-
specific Fabs may represent valuable reagents for envi-
ronmental allergen measurements, the standardization of
allergen extracts used for diagnosis and therapy (Valenta
et al., 1997). Allergen-specific Fabs which compete with
human IgE antibodies may perhaps be used for therapeu-
tical purposes in order to catch and immobilize allergens
on the surface of mucous membranes.

Materials and Methods

Materials

Pollen from birch, alder, oak, olive, poplar, cypress, chestnut,
mugwort and timothy grass were purchased from Allergon
(Valinge, Sweden). E.coli strain XL1-Blue was obtained from
Stratagene (La Jolla, CA, USA), and plasmid pComb3H was kind-
ly provided by Carlos F. Barbas, Scripps (La Jolla, CA, USA;
Barbas et al., 1991). pComb3H contains a human consensus
sequence to the amino-terminus of the heavy chain (EVQLLE),
and instead of the pelB leader peptide, the ompA sequence
was placed in front of the light chain. The vector is provided as
pComb3HSS form, containing a heavy chain stuffer of 300 bp and
a light chain stuffer of 1200 bp. Alkaline phosphatase-coupled
goat anti-mouse Fab antiserum was purchased from Pierce
(Rockford, IL, USA). An alkaline phosphatase-coupled mouse

monoclonal anti-human IgE antibody was obtained from
Pharmingen (San Diego, CA, USA).

Rabbit anti-Betv1 and rabbit anti-Phl p 5 antisera were ob-
tained by immunizing rabbits with purified recombinant Betv1
or Phl p 5 using complete and incomplete Freunds’ adiuvant
(Charles River, Kissleg, Germany). A ['?°[]-labeled donkey anti-
rabbit Ig antiserum was purchased from Amersham (Bucking-
hamshire, UK).

Purified recombinant allergens (rBetv 1, rBetv 2, rPhl p 5) that
were expressed in E. coli and purified as described (Valenta et al.,
1991; Vrtala et al., 1996; Hoffmann-Sommergruber et al., 1997),
were obtained from BIOMAY (Linz, Austria).

Methods

Expression of Soluble Recombinant Bip 1 Fabs E.coli
XL1-Blue cells containing the Bip 1 Fab-expressing pComb3H
plasmid (Laffer et al., 1996) were grown in SB medium containing
50 pg/ml ampicillin at 37°C up to an O.D.ggonm Of 0.6-1. After
induction with 3mm IPTG, cells were either incubated for five
hours or overnight at 32°C. Induced E.coli cells were harvested
by centrifugation at 1700 g for 15 min at 4 °C and culture medium
was stored at —20°C for analysis. Cells were resuspended in
phosphate buffered saline containing 100 pwg/ml polymyxin B
sulfate (Sigma, Steinheim, Germany), incubated for 2 min at room
temperature and centrifuged at 1700 g for 15 min at 4 °C to obtain
the periplasmic fraction in the supernatant. Soluble E. coli ex-
tracts were obtained by freezing and thawing of E. coli cells for
three times and recovering the supernatant after centrifugation
(1700 g for 15 min at 4°C). The insoluble pellet fraction was also
kept for analysis. Aliquots of each fraction (culture medium,
periplasmic extract, soluble E. coli extract and insoluble pellet
fraction) were analyzed by 12.5% SDS-PAGE (Fling and
Gregerson, 1986) and blotted onto nitrocellulose (Schleicher and
Schuell, Dassel, Germany) (Towbin et al., 1979). In addition to the
described fractionation, total cellular extracts were obtained by
homogenizing bacterial cell pellets in PBS containing 5 mm PMSF
with an ultraturrax (Ika, Stauffen, Germany). Nitrocellulose sheets
were blocked twice for 5 min and once for 30 min with TBST
(50mm Tris-HCI, 150mm NaCl, pH 7.5, containing 0.05% v/v
Tween 20) containing 0.5% (w/v) BSA at room temperature and
were then incubated for 2 hours with an alkaline phosphatase-
coupled goat anti-mouse Fab antiserum (Pierce) diluted 1:2500 in
TBST/0.5% (w/v) BSA. The nitrocellulose sheets were washed in
TBST and AP-buffer (100mm Tris pH 9.5, 100mm NaCl, 5mm
MgCl,). Bound Fabs were visualized by addition of NBT and BCIP
diluted in AP-buffer as described (Laffer et al., 1996).

Detection of rBet v 1-Reactive rBip 1 Fabs by ELISA  Purified
recombinant Betv1 (Hoffmann-Sommergruber et al., 1997), or,
for control purposes, rBet v 2 (Valenta et al., 1991), were coated
to ELISA plates (Greiner, Kremsmiinster, Austria) in 0.1 M sodium
bicarbonate pH 9.6 (10 ng/ml) overnight at 4°C. Plates were
washed twice with TBST containing 0.5% (w/v) BSA and blocked
with TBST containing 3% (w/v) BSA at 37 °C for three hours. After
blocking, 100 pl of culture medium, periplasmic extract and solu-
ble extract, respectively, were added to the wells and incubated
overnight at 4°C. Plates were then washed 5 times with TBST/
0.5% (w/v) BSA and incubated with the alkaline phosphatase
coupled goat anti-mouse Fab antiserum (Pierce) diluted 1:2500 in
TBST/0.5% (w/v) BSA at 37 °C for two hours. Plates were washed
five times and bound goat anti-Fab antibodies were visualized by
colour reaction using alkaline phosphatase substrate (Sigma).

Purification of rBip 1 Fabs via Affinity to Recombinant Bet v1
For the purification of rBip 1 Fabs without His-tag an affinity ma-
trix was prepared by coupling 4 mg of purified recombinant Bet v



1 to an Aminolink™ column (Pierce) according to the manifactur-
er's advice. Fab containing E. coli extract was cleared by centrifu-
gation at 25000 g and filtered (Macherey-Nagel, Diiren, Germany)
to remove debris prior to application to the affinity column. The
extract was applied to the column which was then washed exten-
sively with phosphate-buffered saline until no protein could be
detected in the wash fractions (photometry 280 nm). Bound rBip
1 Fabs were eluted with 100 mm Glycine-HCI, pH 2.7 and neutral-
ized in 1M Tris, pH 9.5. Ten 1 ml eluates were collected. Their pro-
tein contents were measured by photometry at 280 nm. Most rBip
1 Fabs were found in fraction 4 which was selected for testing the
solubility of the eluted proteins. For this purpose 50 pl of fraction
4 were centrifuged at 13000 g for 5 min. Pellet and supernatant
were analyzed by 12.5% SDS-PAGE under reducing conditions
and Coomassie Brilliant Blue staining (Bradford, 1976).

Construction and Expression of His-Tagged Bip1 Fabs A
cDNA of the Bip 1 heavy chain fragment containing a hexahisti-
dine-encoding DNA fused to its 3’-end was obtained by PCR am-
plification of the Bip 1 heavy chain cDNA with the following primer
pair: #2377 5' tac aac tag ttt aat ggt gat ggt ggt gat ggc tag tac aat
ccctggge 3, #2378 5' tac act cga gtc tgg agg tgg cc 3. The Spel
site is printed in italics and the Xhol site is underlined. The ampli-
fied PCR product was digested with Xhol and Spel, isolated by
preparative agarose gel electrophoresis and cloned into the Bip 1
Fab-expressing plasmid (Laffer et al., 1996) where the original Bip
1 heavy chain-encoding cDNA had been removed. For the pro-
duction of soluble His-tagged Bip 1 Fabs the gene lll sequence
was deleted by digestion with Spel and Nhel and religation to
yield a plasmid expressing His-tagged Bip 1 Fabs. E. coli XL1-
Blue cells containing the pComb3H plasmid expressing His-
tagged Bip 1 Fabs were grown in SB medium containing 50 pg/ml
ampicillin at 37 °C up to an O.D.ggonm Of 0.6—1. After an overnight
induction with 3mm IPTG at 32°C, cells were harvested by cen-
trifugation at 1700 g for 15 min at 4°C and stored at —20°C until
use. All molecular biological manipulations were performed as
described (Sambrook et al., 1989).

Purification of His-Tagged Recombinant Bip1 Fabs E. coli
cells (1g) containing recombinant His-tagged Bip 1 Fabs were
resuspended in 5 ml buffer A (50 mm NaH,PO,, 50 mm Na,HPOy,
300mm NaCl pH. 7.5, 5mm PMSF, 1mm Imidazol) containing
1 mg/ml lysozyme and incubated on ice for 35 min. The cells were
then homogenized for 1 min with an ultraturrax (IKA, Heidelberg,
Germany). The extract was incubated on’ice with 10 pg/ml
RNaseA (Boehringer-Mannheim, Mannheim, Germany) and 5 p.g/
ml DNase | (Boehringer-Mannheim) for 15 min and debris was
removed by centrifugation (16000 g, 15 min, 4 °C). The resulting
extract (Bip-His extract) was then mixed and incubated overnight
at 4°C with the Ni-NTA superflow matrix (Qiagen, Hilden, Ger-
many) that was equilibrated with buffer A. The Ni-NTA matrix con-
taining bound His-tagged Bip 1 Fabs was washed ten times with
buffer A containing 20 mm imidazole. His-tagged Bip 1 Fabs were
eluted twice with 0.5 ml buffer A containing 250 mm imidazole.
Fifty wl aliquots of each washing and elution fraction were ana-
lyzed by 12.5% SDS-PAGE under reducing and non-reducing con-
ditions and stained with Coomassie Birilliant Blue (Biorad, Rich-
mond, CA, USA) or blotted onto nitrocellulose and probed with an
alkaline phosphatase-coupled goat anti-mouse Fab antiserum.

Reactivity of Nitrocellulose-Blotted Bet v1 and Bet v1-Ho-
mologous Allergens with Anti-Bet v 1 Antibodies Hundred
mg of pollen from birch, alder, oak, olive, poplar, cypress, and
chestnut were homogenized in 5 ml SDS-sample buffer (Vrtala
et al., 1993) using an ultraturrax (Ika) and extracted by boiling for
5 minutes. Hazelnut extracts were prepared by grinding fresh
hazelnuts with a mill. Hundred mg of this powder were further
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homogenized in 5 ml SDS-sample buffer with the ultraturrax and
boiling. Boiled extracts were centrifuged at 12000 g for 5minina
bench centrifuge to remove insoluble debris. Fifty pl aliquots of
each supernatant were analyzed by SDS-PAGE and Coomassie
Blue staining. Comparable amounts of extracted proteins were
blotted onto nitrocellulose.

For the detection of Bet v1 and Bet v1-homologous allergens
by rBip 1 Fabs and His-tagged rBip 1 Fabs, nitrocellulose strips
were blocked twice for 5 min and once for 30 min with TBST
at room temperature and then incubated overnight with 1:1 in
TBST/0.5% BSA diluted bacterial extracts containing rBip 1 Fabs
(rBip 1 Fab: culture medium; His-tagged rBip 1: Bip-His extract) at
4°C. Membranes were washed with TBST/0.5% BSA and bound
rFabs were detected with an alkaline phospatase-coupled goat
anti-mouse Fab antiserum (Pierce).

Particle Blotting Pollen grains from birch, timothy grass and
mugwort were applied to a nitrocellulose filter in a defined order
using toothpicks. Filters were placed on water-soaked Whatman
paper for one hour to release allergens. Filter-bound proteins
were detected with Ponceau S as described (Sambrook et al.,
1989). Membrane-bound Bet v1 was detected with His-tagged
rBip1 and visualized with an alkaline phosphatase-conjugated
goat anti-mouse Fab antiserum as described forimmunoblotting.
The major timothy grass pollen allergen, Phl p 5, was detected
with a rabbit anti-rPhl p 5 antiserum diluted 1:2000 in TBST.
Bound rabbit antibodies were reacted with a horseradish peroxi-
dase-conjugated donkey anti-rabbit Ig antiserum (Amersham)
diluted 1:1000 in TBST and visualized with diaminobenzidine
substrate (Sigma) as described (Sambrook et al., 1989).

Sandwich ELISA for the Detection of Bet v1-Specific IgE
Antibodies Purified His-tagged rBip 1 Fabs were diluted in
0.1 M sodium bicarbonate (1 wg/ml) and coated to ELISA plates
(Greiner) overnight at 4°C. Plates were washed three times with
PBSTT [PBS containing 0.1% (v/v) Tween, 0.01% (w/v) thimeros-
al] and blocked with PBSTT 1% (w/v) BSA at room temperature
for four hours. After blocking, wells were incubated overnight at
4°C with 100 pl aliquots containing either rBet v 1 or, for control
purposes, rPhl p 5 dissolved in PBS, 0.01% (w/v) thimerosal,
0.1% (w/v) BSA at a concentration of 10 ng/ml. Plates were then
washed three times with PBS/0.01% (w/v) thimerosal and incu-
bated with sera from birch pollen allergic patients or a non-atopic
person diluted 1:2 in TBST/0.5% (w/v) BSA overnight at 4°C.
Bound human IgE antibodies were detected with an alkaline
phosphatase-conjugated mouse monoclonal anti-human IgE
antibody (Pharmingen) diluted 1:1000 in TBST. Optical densities
corresponding to the amounts of bound IgE antibodies were
measured in an ELISA reader (Dynatech) at 405 nm and represent
mean values of duplicate determinations with an error of less than
5%.

Sandwich ELISA for the Determination of Bet v1 in Solution
Purified His-tagged rBip 1 Fabs were coated to ELISA plates and
plates were washed and blocked as described for the sandwich
ELISA. Wells were then incubated with 100 pl aliquots of recom-
binant allergens (rBet v1, rPhl p 5) at different concentrations
(10 ng/ml, 100 ng/ml, 1 ug/ml, 10 pg/ml) diluted in PBS/0.01%
(w/v) thimerosal, 1% BSA at 4 °C overnight. Plates were washed
with PBSTT three times and incubated with a biotinylated rabbit
anti-rBet v 1 antiserum diluted 1:1000 in PBS/0.01% thimerosal,
0.1% BSA at 4°C overnight. Bound rabbit antibodies were de-
tected with peroxidase-conjugated streptavidin [0.125 ng/ml in
PBS/0.01% (w/v) thimerosal, 0.1% (w/v) BSA] for three hours at
room temperature. Plates were washed with PBS/0.01% (w/v)
thimerosal and reacted with ortho-phenylendiamin substrate
(Sigma). Optical densities were determined at 490 nm and
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represent results of duplicate determinations with an error of less
than 5%.
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