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Immunoglobulin E  (IgE)-medi-
ated allergic diseases have become a
serious health problem in industrialized
countries (1,2). Routine diagnosis of
allergic conditions is based on clinical
history, skin test reactivity, and serum
IgE determinations against the offend-
ing agents (3). Both skin test reactivity
and determinations of serum IgE levels
reflect directly on the quality of the al-
lergen extracts used (4). Depending on
the exact content of a single allergen in
the extract and on the sensitization pat-
tern of the patient, discrepant diagnostic
results can be obtained using commer-
cial allergen preparations. Unfortu-
nately, most of the extracts used for di-
agnosis are not standardized (5,6). The
biochemical nature and content of the
allergenic components are unknown;
therefore, the allergenicity of different
extracts cannot be compared. The ap-
plication of modern molecular biology
techniques in allergology allowed for
the cloning and molecular characteriza-
tion of major and minor allergens (7)
shown to be powerful reagents for the
in vitro and in vivo diagnosis of allergic
conditions (4). However, in the major-
ity of cases, reagents allowing for the
quantification of individual allergens in
commercial allergenic products are still
lacking. Monospecific antibodies raised
against allergens would substantially
facilitate improved quality control and
standardization of allergen extracts and
lead to the development of more consis-
tent products for clinical use (6,8) .

Recombinant immunoglobulin gene
libraries cloned in phage or phagemid
vectors are an in vitro simulation of
antibody repertoires, allowing for the
production of antibodies in prokaryotic
hosts without immunization or the use of
animals (9). The fast-increasing number
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of recombinant allergens and the need
for sensitive reagents for their detection
prompted us to implement high-through-
put technologies (10) for the rapid selec-
tion of allergen-specific antibodies.

Starting from “single pot” naive hu-
man antibody libraries that have been
previously described (11), we performed
parallel selections of phage carrying
functional, binding single-chain frag-
ment variables (scFvs) against different
recombinant allergens.

Phage antibody libraries were pro-
cessed and enriched using a prototype
pin-based magnetic particle processor
(ThermoLabsystems, Helsinki, Finland)
combined with liquid-handling robots
(KingFisher®; ThermoLabsystems) (10).
The magnetic particle processor is an
automated device that enables the parallel
handling of up to 96 individual screenings
using 96 magnetic pins that correspond
to the position of a 96-well microplate.
The magnetic particle processor has a
head that consists of two slide-in hold-
ers in standard microplate format that
are equipped with up to 96 pin-based per-
manent magnets in rows of eight and the
corresponding number of polypropylene
caps. The head can be moved along the
X-, y- and z-axis (up and down). Mov-
ing the whole head along the y-axis, the
magnets covered with the plastic caps can
be inserted into a prefilled plate contain-
ing magnetic particles that are attracted
and hold in position until the magnets
are pulled from the caps. By moving the
head along the x-axis, the particles can
be transferred to new plates for washing
steps and finally resuspended by pulling
the magnets from the caps. Every move-
ment of the head and slide-in holders is
software-driven and can be controlled
with respect to speed, position, and time
by user-defined protocols.

Different recombinant allergens
(Table 1) were expressed in Esch-
erichia coli and affinity-purified by
immobilized metal affinity chroma-
tography (IMAC) (12). Prior to load-
ing, magnetic particles [10 pL/250 pg
nickel-nitrilotriacetic acid (Ni-NTA)
Silica Beads; Qiagen, Hilden, Ger-
many] were washed twice for 10 min
in PBST [phosphate-buffered saline
(PBS), 0.1% Tween® 20 (Fluka, Bu-
chs, Switzerland)] and subsequently
loaded by incubation for 1 h at room
temperature in 200 pL purified protein
(100 pg/mL in PBS). Allergen-loaded
magnetic particles were washed twice
in PBST, and the remaining free
binding sites were blocked for 1 h at
room temperature with PTM (PBS,
1% Tween 20, and 2% skimmed milk
powder). Blocked, protein-loaded
magnetic particles and scFv-carry-
ing phage were co-incubated for 1 h
at room temperature and subjected to
20 automated washing steps using the
robotic device to decrease unspecific
phage. After washing, the particles car-
rying bound phage were released into
microplate wells containing 200 uL log
phase E. coli TG1 cells and incubated
for 30 min at room temperature for in-
fection. Phage titration was performed
as previously described (13), and the
plates were shaken overnight at 37°C
to generate phage for further rounds of
affinity selection. After 4-5 rounds, af-
finity-enriched phage were subjected to
further investigation.

Phage ELISAs were performed in
MaxiSorp® ImmunoPlates (Nalge Nunc
International, Roskilde, Denmark).
Recombinant allergens (400 ng in 150
uL PBS/well, pH 7.4) were coated over-
night at 4°C or 2 h at room temperature.
Blocking was performed with PTM for
at least 3 h at room temperature or at 4°C
overnight. After washing with PBST,
1010 scFv-carrying phagemid particles
[colony-forming unit (cfu)] in 150 puL
PTM were applied to the first well and
serially diluted at a 1:1 ratio throughout
the plate. Alternatively, the allergens
were diluted in the same way, starting
from 1 pg protein in 150 uLL. PBS applied
in the first well. In these experiments, the
amount of scFv phage particles was kept
constant (approximately 5 x 10° cfu/
well). After washing, bound phage was
detected with a horseradish peroxidase
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Table 1. Overview of Recombinant Allergens Used for Enrichment

®
Allergen Organism Function? (klg;)a Ac(ciz:sBiz:kNo.a scFv Clones ELISAP
Aspfi Aspergillus fumigatus Ribotoxin 16.8 S39330 1-1,1-7,1-11 1.6
Aspf3 A. fumigatus Peroxisomal membrane 18.5 u58050 n.d. <0.05
protein 20
Aspf4 A. fumigatus Unknown 30.0 AJ001732 4-3, 4-11 0.4
Aspf6 A. fumigatus Manganese superoxide 245 U53561 n.d. <0.05
dismutase
Aspf8 A. fumigatus P2 protein 111 AJ224333 8-1, 8-4, 8-6 1.4
Aspf9 A. fumigatus Unknown 32.3 AJ223327 9-9, 9-11 0.6
Asp f 11 A. fumigatus Cyclophilin 19.6 AJ006689 11-4 0.8
Aspf15 A. fumigatus Putative serine 15.9 AJ002026 15-2, 15-3, 1.2
protease 15-5, 15-9
Alta?2 Alternaria alternata Enolase 45.0 us2437 n.d. 0.6
Betv 1 Betula verrucosa Pathogenesis-related 17.5 X15877 n.d. 1.5
protein
scFv, single-chain fragment variable; n.d., not determined.
aAccording to Reference 11.
bAbsorbance values of the selected polyclonal phage populations. Background absorption was determined against the
unrelated rAsp f 1 allergen and was <0.05 in all cases.

(HRP)-conjugated anti-M13 monoclo-
nal antibody (Amersham Biosciences,
Buckinghamshire, UK) diluted 1/5000
in PTM (1 h at room temperature) and
visualized with 2’,2’-azino-bis(3-ethyl-
benz-thiazoline-6-sulphonic acid) diam-
monium salt (Sigma, St. Louis, MO,
USA) in 0.05 M citric acid, following
the manufacturer’s recommendations.
Developed plates were read in a Vmax®
ELISA Microplate Reader (Molecular

Devices, Sunnyvale, CA, USA) at 410
nm. Parallel high-throughput selection
of scFv-displaying phage from a human
naive repertoire library was performed
using 10 recombinant allergens that
had been derived from different sources
(Table 1). In eight cases (80%), the poly-
clonal enrichment of allergen-specific
scFv-displaying phage was obtained,
and the selected scFv mixtures were
shown to bind concentration depend-
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Figure 1. ELISA assays with 2-fold serially diluted enriched polyclonal phage against different
recombinant allergens. BG represents the background obtained with phage from the unselected library
to the solid phase coated rAsp f 15 allergen. Similar background values were obtained with all allergens

(data not shown).
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ently to the allergen used for selection in
ELISA (Figure 1), indicating a high rate
of success confirmed by ELISA analyses
of monospecific phage-rescued ran-
domly picked colonies (Table 1). Simple
binding to plastic surfaces or blocking
agents was excluded, which illustrated
a concentration-dependent decrease of
the absorbance values in ELISA, where
the wells were coated with decreas-
ing amounts of allergen diluted 1:1
throughout the plate, starting from 1 ug
protein applied in the first well. In these
experiments, the amount of scFv phage
particles was kept constant (5 x 10° cfu/
well; data not shown).

For inhibition experiments, a con-
stant amount of phage (5 x 10° cfu)
were preincubated with soluble recom-
binant allergen in decreasing concen-
trations in a separate, blocked ELISA
plate for 30 min at room temperature.
After this preincubation step, the phage-
allergen mixture was transferred to
blocked ELISA plates coated with 400
ng recombinant allergen per well and
processed as described earlier.

Inhibition experiments were per-
formed with polyclonal phage (data not
shown) as well as monoclonal phage to
confirm allergen specificity. Figure 2
shows that for scFv phage raised against
rAsp f 15, increasing allergen concentra-
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Figure 2. Specific inhibition of phage binding to solid phase coated antigen by increasing concen-
trations of antigen in fluid phase. Competition ELISA of Asp f 15-specific single clone phage (¢, H,
A, X), polyclonal Asp f 15-specific phage population (—), and as a negative control, the polyclonal Asp
f 15 phage population (@) inhibited with soluble recombinant Asp f 1.

tions in fluid phase reduce specific bind-
ing of the scFv-displaying phage to solid
phase coated allergen in a concentration-
dependent manner, which demonstrates
the specificity of the antigen-antibody in-
teraction. rAsp f 1, an unrelated protein/
allergen used as a negative control, was
unable to influence the binding capacity
of the rAsp f 15-specific phage, further
confirming the specificity of the reaction.

In summary, we showed the rapid
selection of allergen-specific scFv from
naive human antibody libraries in a high-
throughput format. The validation of the
enriched libraries in polyclonal solid
phase ELISA and ELISA inhibition ex-
periments showed the specificity of the
selected phage populations for their tar-
gets in 8 of 10 cases (Figure 1) confirmed
at the single clone level, as exemplified
for rAsp f 15-specific phage in Figure 2.
These results showed that combinatorial
antibody libraries displayed on the phage
surface are suitable for the rapid isolation
of specific binders against virtually any
allergen, as also shown for other antigens
(9). The amplification and screening of
phage surface displayed antibody librar-
ies performed at high-throughput using
pin-based magnetic particle proces-
sors will facilitate the characterization,
quality control, and standardization of
allergen extracts, which will lead to the
development of more consistent products
for clinical use. However, the use of
automated magnetic particle processor
technology for the selection of antigen-
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specific phage has several advantages
compared to manual screening. At the
current state of development, the auto-
mated setup enables the simultaneous
selection of up to 96 samples, in which
phage selection and amplification be-
tween selection rounds are performed
in microplates. Except for the prefilling
of microplates, the technique does not
involve liquid handling or user interven-
tion because all washing and incubation
conditions can be reproducibly custom-
ized independently of experimental
skills. Finally, the magnetic particle
processor is pin-based and modular and
can therefore be easily integrated into
larger robotic solutions based on the
same principle (14), enabling the indus-
trial screening of high-density arrays to
rapidly generate oligoclonal mixtures of
target-binding molecules.
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