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Almost 90% of grass pollen-allergic patients are sensitized against group 5 grass pollen allergens. We isolated a monoclonal human
IgE Fab out of a combinatorial library prepared from lymphocytes of a grass pollen-allergic patient and studied its interaction
with group 5 allergens. The IgE Fab cross-reacted with group 5A isoallergens from several grass and corn species. By allergen gene
fragmentation we mapped the binding site of the IgE Fab to a 11.2-kDa N-terminal fragment of the major timothy grass pollen
allergen Phl p 5A. The IgE Fab-defined Phl p 5A fragment was expressed iBscherichia coliand purified to homogeneity. Circular
dichroism analysis revealed that the rPhl p 5A domain, as well as complete rPhl p 5A, assumed a folded conformation consisting
predominantly of an « helical secondary structure, and exhibited a remarkable refolding capacity. It reacted with serum IgE from
76% of grass pollen-allergic patients and revealed an extremely high allergenic activity in basophil histamine release as well as skin
test experiments. Thus, the rPhl p 5A domain represents an important allergen domain containing several IgE epitopes in a
configuration optimal for efficient effector cell activation. We suggest the rPhl p 5A fragment and the corresponding IgE Fab as
paradigmatic tools to explore the structural requirements for highly efficient effector cell activation and, perhaps later, for the
development of generally applicable allergen-specific therapy strategiesThe Journal of Immunology,2000, 165: 3849-3859.

disease that is based on the formation of IgE Abs againsgeneral, basically two types of IgE epitopes have been identified.
harmless Ags (allergens) affects almost 500 million peo-Epitopes that consist of a stretch of few contiguous amino acids are
ple worldwide (1). Allergic patients exhibit immediate type symp- termed “continuous epitopes” (7). Epitopes composed of at least
toms (allergic rhinitis, conjunctivitis, asthma, dermatitis, and ana-two nonadjacent domains of the molecule that are brought into
phylactic shock) when allergens cross-link effector cell (mast cellclose proximity within the folded molecule are named “discontin-
basophil)-bound IgE Abs and thus induce the release of biologiuous epitopes” (7). IgE epitopes of several relevant allergens, e.g.,
cally active mediators (histamine, leukotrienes) (2). To behave athe major birch pollen allergen Be 1 (8), the calcium-binding
an allergen, an Ag must contain at least two binding sites for IgEpollen allergens, Bev 3 (9), Ba v 4 (10, 11), Php 7 (12), Aln g
Abs (IgE epitopes) (3). 4 (13), Bar 1 (14), and parvalbumin (15), belong to the discon-

With the implementation of molecular biological technigues to tinuous type. Continuous IgE epitopes were identified on several
the field of allergen characterization, the sequence, nature, angtass pollen allergens, e.g., major rye grass pollen allergens Lol p
three-dimensional structure of several important allergens have (16) and Lo p 5 (17), major timothy grass pollen allergen Phl p
been revealed, and we begin to understand how IgE Abs recognize (18, 19), and velvet grass allergen|Hd (20).

Investigations on the three-dimensional structure and IgE
epitopes of major allergens have recently gained great attention as
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Oslo, NorwayInstitute of Immunology, University of Vienna, Vienna, Austria; and determine the allergenic activity of a given protein, it turned out
:Deparl_tmem of Allergy and Clinical Immunology, Monash Medical School, Prahran,that proper folding and high propensity to refold after denaturation

ustralia
are frequent features of potent allergens (12, 13, 15, 22-25).
o o ) To obtain monoclonal IgE Abs with specificity for major aller-
The costs of publication of this article were defrayed in part by the payment of page h d lgE bi ial lib f |
charges. This article must therefore be hereby maddahrtisemenin accordance gens we have constructed an g. COFT? Inatorial library from lym-
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T ype | allergy, a genetically determined hypersensitivity allergens at a molecular level (4—6). As for B cell epitopes in
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up to 60% of grass pollen-specific IgE, it induces strong IgE re-as described (39). For control purposEscoli cultures were transformed
sponses in experimental animal systems, and exhibits a surprisirigth a construct expressing an IgE Fab with specificity for a Phl p 5A-

potency to activate allergic effector cells and to elicit immediatetnrelated allergen. Fab containifig coli extracts were prepared as de-
scribed (39).

type skin and qasal reactions (27-30; V. Niederberger ‘?‘nd R. Complete recombinant IgG1 Abs containing the Fab-derived variable
Valenta, unpublished data). By allergen gene fragmentation weegions were obtained by expression in mammalian cells. cDNAs coding
identified a Phl p 5A domain that contains the binding site for thefor the heavy and light chain variable region of the IgE Fab were amplified

human monoclonal IgE Fab. The IgE Fab-defined Phl p 5A frag-Tom the IgE Fab-expressing pComb3H plasmid using the VNKBprim-
er: CGG GAT CCG_TGC ATT CCG AGG TGC AGC TGC TCG AG;

ment was exp_ressed Esc_herl_chla coli purified to homogeneity, 3'VH primer: CGG GAT CCG AG TAC GAC TCA CCT GAA GAG
and characterized regarding its secondary structure contents, the{cG GTG ACC AT) and VK (3VK primer: CGG AAT TCG TGC ATT
mal stability, and refolding capacity by circular dichroism (ED) CCG ACA TCC AGA TGA CCC AGT CTC CAT CTT CC; 3/K primer:
analysis. IgE binding, basophil histamine release, and skin prickcGG AAT TCA CGT ACGTTC TAC TCA CGT TTG ATT TCC ACC
testing revealed that the fragment represents an important allerger]) Primer pairs, respectively. These primer pairs contained Bsml (under-
: - . L .ZTined) and BsiWI (italics) restriction sites to allow subcloning of the VH
domain _for most grass pollen-allergic patients anq exhibits h'grbroducts into plasmid pLNOH2 and of the VK product into plasmid
allergenic activity. We suggest the three-dimensional structurLNOK (40). The correct insertions of the Fab-derived cDNAs coding for
analysis of the interaction of the rPhl p 5A domain and its corre-heavy chain and Iight chain variable regions int_o the plasmids were con-
sponding IgE Ab for the elucidation of the structural requirementsfirmed by sequencing of the constructs. Plasmids pLNOH2 and pLNOK
for hiahly efficient effector cell activation allowed transient coexpression of the Fab-derived variable regions as IgG1
ghly ’ heavy chain and light chain, respectively, after cotransfection into COS-7
cells (40). Supernatants of transfected COS-7 cells were checked for the
. presence of human IgG1 Abs with specificity for the recombinant Phl p 5A
Mate_rlals a_nd MethOdS fragment by ELISA as described (28).
Materials, patients’ sera, and Abs The concentrations of Phl p 5A fragment-reactive IgE Fabs and the
complete 1IgG1 were determined by ELISA in duplicate determinations.

. YRecombinant ELISA plate-bound Phl p 5A fragment was exposed to serial
g;gsssé dc?rrgr?%h;ggh ?&ggzkysl\?vlggggszgsWvé?gitéI?:ccigja:‘lrzoemwgrraesz%?z dilutions of E. coli extracts containing the IgE Fab to culture super-

) : ’ C o ) =77~ natants with the complete IgG1 Ab and, to establish reference curves, to
p°"?”'§!§f9'° patients who were characterized by case history, skin pmlfjifferent concentrations of purified reagents purified via affinity to the al-
testing,"-labeled anti-human IgE Abs (RAST), and by testing with re .00 >6) ‘Bound Fabs and IgG1 Abs were detected with an AP-conju-
combinant gr;]rass pollen a}lllergeilns as dzsfcrlbed (31|‘| 32). _Sedrglgron; allergy ated goat anti-human Fab antiserum (Pierce, Rockford, IL). The concen-
patients without grass pollen allergy and from nonallergic individuals were;,_ . 3 ' .
included as negative controls. A rabbit anti-rPhl p 5A antiserum was Ob_tranons of Fab and IgG1 in the extracts were calculated according to the

tained by immunization of a rabbit with purified rPhl p 5A using CFA reference curves established with the affinity-purified materials.
(Charles River, Kissleg, Germany). %&9-labeled donkey anti-rabbit Ig Mapping of the binding site of the human IgE Fab using
antiserum was purchased from Amersham (Buckinghamshire, U.K.). :
Mouse mAbs BG6 and Bo9 with specificity for Phl p 5A and Phl p 5B, 'ecombinant allergen fragments

respectively, are described (33). An alkaline phosphatase (AP)-coupled random fragment expression library prepared from sonicated Lol p 5A
rabbit anti-mouse 1g&IgM antiserum was purchased from Jackson Im- and Lol p 5B cDNAs in phage gt11 was screened with serum IgE from
munoResearch (West Grove, Pa.). RAST were obtained from Pharmacigrass pollen-allergic patients to identify IgE-reactive allergen fragments

Pollen from timothy grass, sweet vernal grass, oat, Bermuda grass, r

(Pharmacia Diagnostics, Uppsala, Sweden). (17). A gtll clones expressing IgE-reactive fragments of the major rye
grass pollen allergens Lol p 5A and Lol p 5B, and for control purposes,
Preparation of pollen extracts, recombinant allergens, and phage containing unrelated cDNAs (clones 29, 31, and 87) or empty wild-

type phage (clone 0) were probed for reactivity with the recombinant hu-
man IgE Fab. In briefi. coli Y1090 were grown overnight in LB medium
One hundred milligrams of natural pollen of each grass and corn speciesontaining 0.4% w/v maltose and @/ml ampicillin, harvested by cen-
were separately resuspended in 5 ml SDS-sample buffer and homogenizé&gfugation (3000 rpm, 10 min, 4°C), and resuspended in 1:10 vol of 10 mM
with an ultraturrax (IKA, Stauffen, Germany) for 1 min, boiled for 5 min MgSQ,. E. coli were then dissolved in 0.6% w/v agarose and plated as
at 95°C, and centrifuged at 14,500 rpm in a bench fuge for 5 min to removesonfluent lawn onto LB plates containing 50 mg/L ampicillin. One-micro-
insoluble materials (34). Comparable amounts of extracted proteib@Q liter aliquots of phage lysates containingl0® PFUs were dotted onto the
wng/cm) were separated by a preparative 14% SDS-PAGE under reducinglates. Plates were incubated at 43°C until plaques became visible and
conditions and blotted onto nitrocellulose (35-37). Recombinant Phl p 5Aprotein synthesis was induced by overlay with 10 mM IPTG-soaked nitro-
and rPhl p 6 were expressed i coli BL21 (DE3) and purified as de- cellulose filters for an additional 3—4 h at 37°C. The phage clone that
scribed (25, 28). Recombinant Phl p 5B and a recombinant fragment com-eacted with the IgE Fab was identified by immunoscreening, and the cor-
prising the 136 C-terminal amino acids of Phl p 5B were express&d in responding phage DNA was isolated (41). The cDNA encoding the Fab-
coli using plasmid pMalc and purified as described (38). reactive Lol p 5B fragment was PCR amplified from phage DNA usigg
forward: 5-CGG _GAT CCC GGT TTC CAT ATG GGG ATT GGT

: : GGC-3 and Agtll reverse: 5CGC GGA TCC CGT TGA CAC CAG
EXpreSS.Ion ofa reco.mbmant human IgE.Fab a”?"."". complete ACC AAC TGG TAA TG-3' primers containing interndarH| sites (un-
Fab-derived recombinant human IgG1 with specificity for derlined). The PCR product was cut witanHI, gel-purified, subcloned
Phl p 5A into plasmid pUC18, and sequenced (41, 42).

allergen fragments

A human IgE Fab (clone 5) with specificity for the major timothy grass Multiple sequence alignment and secondary structure prediction
pollen allergen, Phl p 5A, was obtained from an IgE combinatorial I|braryOf Phl p 5A- homologous allergens

constructed from lymphocytes of a grass pollen-allergic patient (26).
cDNAs coding for IgE Fds and light chains were obtained by RT-PCRSearch between the deduced amino acid sequence of the rLol p 5B frag-
from lymphocyte-derived RNA and recombined in plasmid pComb3H. Thement and protein databases was made using the FASTA program of the
phage expressing a human Phl p 5A-specific IgE Fab was isolated Vi&CG package (43). Multiple sequence alignment was produced with

panning to ELISA plate-bound Phl p 5A. Soluble Phl p 5A-specific re- CLUSTAL W (44) and, if necessary, edited by hand. Protein secondary

combinant IgE Fabs were produced by removing $ipg andNhe frag-  structure and solvent accessibility predictions were made using the PHD
ment from the original pComb3H construct. The resulting plasmid con-program on the EMBL PredictProtein server (45, 46).

struct was transformed int&. coli XL-1 Blue and expressed in liquid

culture (LB medium containing 50 mg/L ampicillin) after addition of iso- Two-dimensional PAGE and immunoblotting

ropyl-B-thiogalactopyranoside (IPTG) to a final concentration of 1.5 mM
propy- g by ( ) Two-dimensional PAGE was performed according to@set al. (47). The

proteins were immediately blotted onto nitrocellulose membranes. The de-
3 Abbreviations used in this paper: CD, circular dichroism; AP, alkaline phosphatasetermination of pl and m.w. was achieved by the use of a marker protein test
IPTG, isopropyl-thiogalactopyranoside; RAST?9-labeled anti-human IgE Abs.  mix 9 (Serva, Heidelberg, Germany) and low range SDS-PAGE standards
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(Bio-Rad, Richmond, CA), respectively. Nitrocellulose sheets containingThermal stability followed by CD

timothy grass pollen extract separated by two-dimensional electrophoresis . )

were blocked twice for 5 min and once for 30 min with TBST (50 mM Tris, | "ermal denaturation of the rPhl p 5A fragment was monitored by record-

150 mM NaCl, pH 7.5, containing 0.1% viv Tween 20) containing 0.5% N9 the elllptlcny at 222 nm while heating at _50 C/h with a computer-

wiv BSA at room temperature. The membranes were then probed witigontrolled circulating water bath. The re_verS|b|I|ty of thg unfolding process

serum IgE (diluted 1:10 in TBST/0.5% wiv BSA) from the grass pollen- Was checked by measuring the restoration of the CD signal upon cooling at

allergic patient used for the construction of the IgE combinatorial library 50°C/h to the starting temperature (20°C). The fraction of folded protein

(26), with the recombinant human IgE Fab (bacterial periplasmic extractV@S calculated a = 1 — U, whereU = (0, — 0,)/(0y — 0), Oy

diluted 1:1 in TBST/0.5% wiv BSA) and with culture supernatants from S the ellipticity of the protein in the native state, afi, is that of the

hybridomas secreting mouse mAbs with specificity for Phl p 5A (BG6) or dena’iured protein. FororPhI p 5A fragme), was assumed equal @;,,

Phl p 5B (Bo9) diluted 1:10 in TBST/0.5% w/v BSA overnight at 4°C. at 90°C and®,, at 20°C.

Membranes were washed two times for 15 min and once for 30 min with o .

TBST/0.5% wiv BSA. Bound human IgE Abs were detected with RAST IgE binding experiments

T e (0 Sodhm hosplte B ¥ serum I i spciy forcomplee (P p 54 and the 1P p 54

overnight. Bound IgE Fabs were visualized with an AP-coupled goat anti_fragment was quantified by RA_ST-baseq experiments. .TO ensure Ag ex-

human Fab antiserum (Pierce) diluted 1:5000 in TBST/0.5% w/v BSA, and*®5S: 8.9 a||qu(_)ts of eac_h_ protein were |mr_nob|||z_ed to nitrocellulose un-

bound mouse Abs were detected with an AP-conjugated rabbit anti-mous%ef‘r nondenaturing cpndlt|o_ns by dot blqttlng. N|troce||u_los_e-boun.d er)-

Ig antiserum (The Jackson Laboratory, Bar Harbor, ME) diluted 1:2000 intc"S Were exposed in duplicate to two difierent serum dilutions (1:4, 1:8)

TBST/0.5% wiv BSA. prepared in buffer A as described for t\N0-d|menS|onal b!qts. Bound IgE

Abs were detected with RAST (Pharmacia) and quantified by gamma

. . counting in a gamma counter (1277 Gammamaster; LKB, Wallac, Gaith-

Reactivity of serum IgE and the recombinant monoclonal humanerspurg, MD). Resuilts represent means of duplicate determinations with

IgE Fab with rPH p 5 isoforms/fragments variations 0f<10%, and the percentage of Phl p 5A-specific IgE bound by

. - the rPhl p 5A fragment is displayed (Table I).
Nitrocellulose membranes containing comparable amountsy(m pre-

parative SDS-PAGE) of blotted recombinant allergens (rPhl p 5A, rPhl p
5B, the N-terminal Phl p 5A fragment, and a C-terminal Phl p 5B fragment)
were blocked in buffer A and incubated with 1:5 in buffer A-diluted sera The influence of the human IgE Fab, a corresponding bivalent IgG1 Ab,
from grass pollen-allergic patients, and for control purposes, with serumand a polyclonal rabbit anti-rPhl p 5A antiserum on the binding of patients
from an allergic patient without grass pollen allergy and serum from ajgE Abs to the rPhl p 5A fragment was investigated by ELISA competition
nonatopic individual overnight at 4°C. In addition, blots were incubated experiments. Purified rPhl p 5A fragment was coated to ELISA plates
with bacterial extracts with and without the recombinant IgE Fab. After (Greiner, Kremsrinster, Austria) in 0.1 M sodium bicarbonate pH 9.6 (1

washing, bound human IgE Abs were detected witfi-labeled anti- |, q/ml) overnight at 4°C. Plates were washed twice with TBST containing
human IgE Abs (Pharmacia) and bound IgE Fabs with an AP-coupled goaj 505 w/v BSA and blocked with TBST containing 3% w/v BSA at 37°C

anti-human Fab antiserum (Pierce). for 3 h. ELISA plate-bound rPhl p 5A fragment was preincubated overnight

at 4°C with in TBST-diluted bacterial lysate containing §/ml of the
Expression and purification of the rPhl p 5A allergen fragment recombinant human Phl p 5-specific IgE Fab or, for control purposes, with

) . ) bacterial lysates containing a recombinant IgE Fab specific for a Phl p
A recombinant rPhl p 5A fragment equivalent to the Fab-reactive Lol p SBsa.ynrelated allergen. In similar experiments, ELISA plate-bound rPhl p

fragment (Fig. €) was obtained by inserting the cDNA coding for amino 5 fragment was preincubated with culture medium without (control) or
acid 56-165 of Phl p 5A into plasmid pET17b and expressing the allergenyjth 1.5 ,g/ml of a recombinant bivalent Phl p 5A-specific IgG1, a rabbit
domain inE. coli BL 21(DE3). Transformed bacteria were grown in liquid 5nt-rpn) p 5A antiserum or, for control purposes, with the preimmune
culture to an OBy, n,of 0.6-0.8, and protein synthesis was induced by the serym of the rabbit, diluted 1:100 in TBST. After preincubations, plates
addition of IPTG to a final concentration of 0.5 mM. Cells were harvested,yere washed five times in TBST containing 0.5% w/v BSA and L00-

by centrifugation, suspended in 25 mM imidazole, pH 7.4, 0.1% Triton 5jiquots of patients’ sera (diluted 1:5 in TBST containing 0.5% w/v BSA)
X-100, lysed for 30 min at room temperature by the addition of lysozymeyere added to the wells overnight at 4°C. Plates were then washed five
(20 nglg cells), and by three to four cycles of freeze-thawing. DNA in the times with TBST/0.5% wiv BSA and incubated with an AP-coupled mouse
bacterial extract was digested by the addition of DNase | (0.1 mg/g cellshnti-human IgE mAb (PharMingen, San Diego, CA) diluted 1:1000 in
and incubation for 20 min at room temperature. The extract was then cenrgsT/0.50 w/v BSA at 37°C for 2 h. Plates were washed five times and
trifuged for 20 min at 18,000 rpm to remove insoluble materials. Addition pound anti-human IgE Abs were visualized by color reaction using AP
of ammonium sulfate (40-60% w/v) to the supernatant enriched the rPhtpsrate (Sigma, St. Louis, MO). Optical densities corresponding to the
p 5A fragment in the protein precipitate. The pellet was resuspended in 3mounts of bound IgE Abs were measured in an ELISA reader at a 405-nm
ml 10 mM sodium phosphate buffer, pH 7, and desalted via Sephadex Pkyayelength (Dynatech, Denkendorf, Germany). To avoid plate-to-plate
10 columns (Pharmacia). The eluate was applied to a Sp-Sepharose columgiapilities, experiments were performed for the serum of each in dupli-
(Pharmacia) in 10 mM sodium phosphate buffer, pH 7, and eluted with &4te on the same plate, and results were recorded at the same time point.
0-0.5 M NaCl gradient. Fractions containing30% pure rPhl p SA frag-  The percentage of inhibition of IgE binding was calculated from the mean
ment were dialysed against 10 mM Tris, pH 10, and loaded onto a DEAEQD yalues measured with or without addition of competitor according to

cellulose-Sepharose column (Pharmacia). rPhl p 5A fragment was purifieghe following formula: % inhibition= 100 — OD,ier X 100/ODug e
to homogeneity by elution with a 0—0.5 M NaCl gradient. Fractions con- (Table 11).

taining a homogenous rPhl p 5A fragment preparation were lyophilized,

resuspended in Aqua bidest. and desalted using Sephadex PD 10 COIumrBSasophil histamine release assays
The protein concentration was determined using the protein extinction co-
efficient according to (48). Mass spectroscopic analysis was performed opieparinized blood samples were obtained by venipuncture from six grass

ELISA competition experiments

a triple quadrupole mass spectrometer (API Ill; PE-SCIEX, Ontario, pollen-allergic patients and, for control purposes, from a nonatopic indi-

Canada). vidual after informed consent was given. Granulocytes were isolated by
dextran sedimentation and histamine release experiments were performed

CD analysis as described (49). In brief, enriched basophils were exposed to different

concentrations of purified rPhl p 5A, the recombinant Phl p 5A fragment,
CD spectra were recorded on a Jasco J-710 spectropolarimeter fitted wifipp) p 6, or a monoclonal anti-human IgE Ab for 30 min at 37°C. Then,
a thermostatted cell holder and interfaced with a Neslab RTE-110 watege|is were centrifuged at 4°C and the cell-free supernatants were recovered.
bath. The instrument was calibrated with a 0.1% aqueous solution of d-10rjistamine released in the cell-free supernatants was determined by RIA
camphor-sulfonic acid. Results were expressed as mean residue ellipticifymmunotech, Marseille, France) and is expressed as the percentage of total
(©) (X 107° deg x cn¥ X dmol ), at a given wavelength. Far-UV CD  histamine determined after cell lysis (49).
spectra were recorded in quartz cuvettes (Hellma; Mullheim, Baden, Ger- ) ]
many). Spectra were recorded with 0.1-nm resolution and resulted fron$kin prick testing
averaging 10 scans. Final spectra were corrected by subtracting the corre-
sponding baseline spectrum obtained under identical conditions. All meaAfter informed consent was obtained from three grass pollen-allergic pa-
surements were performed in MilliQ water, pH 7.2. tients and one nonallergic individual, skin prick tests were performed on
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FIGURE 1. A, Localization of clones representing IgE-reactive fragments of Lol p 5A and Lol p 5B (clones 11B1P8)p 5A- and Lol p 5B-derived

clones, Lol p 5-unrelated (clones 29, 31, 87) and a phage clone without insert (clone 0) were immobilized to a nitrocellulose filter in the order given an
probed with the recombinant human IgE F&h.Alignment of the amino acid sequence of the Fab-reactive domain from Lol p 5B (clone 81) with the
sequences of homologous allergens from timothy grBste(m pratengeand Kentucky Bluegras$?pa pratensis The allergen designations and gene

bank accession numbers are displayed on the left side. Dashes indicate identical amino acids and dots represent gaps.

the forearms of the patients as described (8). Individuals were pricked wittskin reactions were recorded 20 min after testing by photography and by
20-ul aliquots of solutions containing different concentrations (125, 25, transferring the ballpoint pen-surrounded wheal area with a scotch tape to
5,1, and 0.2ug/ml) of purified rPhl p 5A fragment and rPhl p 5A diluted paper. The mean wheal diameters displayed in Table Il were determined
in 0.9% sodium chloride. For control purposes, histamine, NaCl, timothyas follows:DM = (D1 + D2)/2. D1 and D2 represent the maximal lon-
grass, and birch pollen extract (ALK, Horsholm, Denmark) were used. Thegitudinal and transversal diameters, respectively, in millimeters.
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Table I. IgE binding capacity of complete rPhl p 5A and the rPhl p 5A Table Il. Inhibition of patients’ IgE binding to rPhp 5 fragment
fragment

% Inhibition of IgE binding

cpm rPhl p
Patient No. cpm rPhl p 5A 5A fragment % Patient IgE-Fab Rabbit
No. aPhlp 5 IgGl gaPhl p 5 garPhl p 5
1 607.4 111.6 18.4
2 1933.2 284.0 14.7 1 3.7 24.0 73.9
3 435.2 169.5 38.9 2 12.8 25.6 83.5
4 1635.5 347.2 21.2 3 4.3 14.6 87.2
5 2550.4 2425 9.5 4 10.4 36.5 85.3
6 790.0 318.6 40.3 5 20.6 29.4 79.7
7 4240.9 1379.3 325 6 17.3 36.8 87.6
8 724.9 108.0 14.9 7 15.1 16.4 79.8
9 7399.1 1616.9 21.9 8 4.4 0.4 88.7
10 1044.9 109.6 10.5 Mean 11.1 22.9 83.2
11 2712.4 440.5 16.2
12 604.7 268.5 44.4
13 939.6 129.0 13.7
14 1287.8 487.0 37.8 Lol p 5B, and Poa p 5 isoforms exhibited the highest degree of
15 1485.8 492.0 331 sequence homology, whereas Phl p 5B, Lol p 5A, and Phl p 6
ig 3‘;?"3'3 %gi 3?2 lacked several amino acids (FigC)L Therefore, we used the clone
18 1734.0 136.0 78 81-defined Lol p 5B sequence to produce the corresponding
19 1018.3 197.9 19.4 domain of the timothy grass pollen allergen Phl p 5A as recom-
20 1507.8 443.5 29.4 binant protein (Fig. €, second line).
21 660.0 157.8 23.9
gg ggigg 1823-2 ggf The recombinant human IgE Fab reacts with an N-terminal
24 1144.9 584.9 51.1 fragment of Phl p 5A
25 499.7 184.7 37.0 The cDNA coding for the Phl p 5A fragment corresponding to the
ﬁf 71%2303 %%?1 21-% clone 81-defined Lol p 5B fragment (FigClsecond line) was
Ngr?gllergics ' ’ ' PCR-amplified from the Phl p 5A-encoding cDNA (27) and in-
27 19.8 24.2 serted into plasmid pET17b. The N-terminal rPhl p 5A fragment
28 14.6 22.6 was produced in the cytoplasm Bf coli as soluble protein and
could be purified to homogeneity. In SDS-PAGE purified rPhl p
5A fragment migrated at 11 kDa, and the matrix-assisted laser
desorption and ionization time-of-flight analysis of the purified
Results rPhl p 5A fragment revealed the presence of a major peak at 11.2
Mapping of the binding site of a recombinant human IgE Fab  kDa (data not shown).
specific for group 5 grass pollen allergens Next we tested sera from grass pollen-allergic individuals and

IgE-reactive phages were isolated from an available cDNA Iibrarythe recombinant IgE Fab for reactivity to nitrocellulose-blotted
expressing recombinant Lp 5 fragments as described (17). These 'Phl p 5A, rPhl p 5B, the N-terminal rPhl p 5A fragment compris-
phage clones (Fig.A, clones 11-123) and for control purposes, ing the clone 81-defined portion (FigC}, and a 136-aa-long C-
phage clones containing cDNAs unrelated td po5 (Fig. 1B, terminal recombinant fragment of rPhl p 5B. Sera from all seven
clones 29, 31, and 87) or wild-type phage (clone 0), were tested fograss pollen-allergic patients displayed IgE reactivity to rPhl p 5A
reactivity with the recombinant human IgE Fab (FigAlandB). ~ and B (Fig. 2,A andB, lanes 1-J as well as to the recombinant
One of the Lol p 5-derived fragment clones (Fid, klone 81)

reacted with the IgE Fab. Clone 81 represented an N-terminal frag-

ment comprising amino acid 36-141 of the mature Lol p 5B (Fig. Table lll. Immediate type skin reactions induced with rPhl p 5A and
1C, top line). Notably, two other Lol p 5B-derived clones (clone the rPhl p 5A fragment

120: FGTATNKAFVEGLASGYADQSKNQLTSKLDAALKLA

YEAAQGATPEAKYDAYVATLTEALRVIAGTLEVHAVKPA GfaSSF',’aOt'i'gr?tsA”e'gic “I‘r?gif;‘:'j;gilc
AEEVKVGAIPAAEVQLIDKVDAAYRTAATAANAAPAND, aa

77-189; clone 123: SGKATTEEQKLIEKINAGFKAAVAAAAVV A B c D
PPADKYKTFVETFGTATNKAFVE GLASGYADQS, aa 36-97), rPhl p 5 fragment jeg/m)

which together covered the entire sequence defined by clone 81, 155 95 125 ND 0
did not react with the IgE Fab. This finding would indicate that the 25 55 120 125 0
Fab recognizes a conformational epitope that requires most of the 5 50 11.0 55 0
clone 81-defined sequence. The clone 81-defined Lol p 5B frag- (1)2 ‘é‘g ;73'% i'g %
ment corresponded to an N-terminal fragment of f°B (timothy rPhi p 5 ug/ml) ' ' ’
grassPhleum pratenge which is highly homologous to group 5 125 9.5 95 ND 0
allergens from velvet gras#iflcus lanatuy Kentucky Bluegrass 25 55 105 12.0 0
(Poa pratensis Canary grassRhaseolus aquaticiiswheat Hor- 5 50 95 65 0
deum vulgarg and group 6 allergens from timothy grass. The (1).2 ;"‘g i’% i’_g %
secondary structure prediction of the clone 81-defined Lol p 5B Timothy grass 100 105 120 0
fragment indicated that it consists almost exclusively of can Birch 0 3.0 7.0 0
helical secondary structure, which is composed by feinelices Histamine 70 80 45 5

(data not shown). Within the clone 81-defined fragment, Phl p 5A NaCl 0 0 0 0
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FIGURE 2. Serum IgE reactivity and binding of the recombinant human
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FIGURE 3. The recombinant human IgE Fab reacts specifically with
natural Phl p 5A but not Phl p 5B isovariants in two-dimensionally sepa-
rated timothy grass pollen extract. Two-dimensionally separated timothy
grass pollen extract was blotted onto nitrocellulose and probed with serum
IgE from a Phl p 5-allergic patienAj with the recombinant human IgE
Fab (clone 5A) B) and with mouse mAbs with specificity for rPhl p 58X

or rPhl p 5B D). Molecular masses and isoelectric points are indicated in
the left margin and at the top, respectively.

allergen fragments (Fig. Z; andD, lanes 1-J. The recombinant
human IgE Fab reacted with complete rPhl p 5A and the N-ter-
minal recombinant rPhl p 5A fragment, but did not bind to rPhl p
5B or the C-terminal rPhl p 5B fragment (Fig. 2:D, lane «Phl

p 5). Bacterial extracts without the recombinant human IgE Fab
did not react with blotted rPhl p 5 isoforms nor with their frag-
ments (Fig. 2,A-D, lane Q. Sera from a birch pollen-allergic
patient without grass pollen allergyafe A and a nonatopic in-
dividual (lane N contained no IgE Abs to any of the blotted pro-

IgE Fab with isoforms and recombinant fragments of the major timothy€iNS (Fig. 2,A-D). Our finding, that the recombinant human IgE
grass pollen allergen, Phl p 5. Nitrocellulose-blotted complete rPhl p 5AFab reacts specifically with an epitope on the N-terminal fragment

(A) and rPhl p 5B B) as well as of a N-terminal rPhl p 5AC] and a
C-terminal rPhl p 5B fragmenf)) were exposed to serum IgE from 7 grass
pollen-allergic patientslgnes 1-J, from an allergic individual without
grass pollen allergyldne A, from a nonatopic individualldne N, the
bacterial extracts withlgne aPhl p 5 or without (ane © recombinant
human IgE Fab. Bound IgE Abs were detected wit-labeled anti-

human IgE Abs and the human IgE Fab with an AP-conjugated goat anti-
human Fab antiserum. Molecular masses are displayed in kilodaltons in the
left margin.



The Journal of Immunology

IgE-Fab oPhl

©

kDa

Tris
Zeam
Phl p

§
o

FIGURE 4. The recombinant human IgE-Fab cross-reacts with natural
group 5 allergens from different grass and corn species. Nitrocellulose-
blotted grass pollen extracts (Ant o: sweet vernal grass; Ave s: oat; Cyn d:
Bermuda grass; Lol p: rye grass; Phr c: common reed; Poa p: Kentucky
Blue grass; Sec c: rye; Tri s: wheat; Zea m: maize, Phl p: Timothy grass)
were exposed to the rFab. Bound rIg Fabs were detected with an AP-
coupled goat anti-human Fab antiserum. Molecular masses are indicated in
kilodaltons in the right margin.
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of rPhl p 5A, is confirmed by experiments performed with two-
dimensional separated natural timothy grass pollen extract (Fig. 3,
A-D). Serum IgE from a grass pollen-allergic patient reacted with
natural Phl p 5A (38 kDa) and Phl p 5B (32 kDa) pl variants (Fig.
3A). The recombinant human IgE Fab (Fid)3as well as a Phl p
5A-specific mouse moAb BG6 (FigC) reacted exclusively with
the natural Phl p 5A pl variants at 38 kDa. The pl variants at 32
kDa were identified as being Phl p 5B-derived by a Phl p 5B-
specific mouse moAb Bo9 (Fig[3.

The recombinant human IgE Fab cross-reacts with group 5
allergens from various grass and corn species

To investigate whether the recombinant human IgE Fab cross-re-
acts with natural group 5 allergens from different grass and corn
species, nitrocellulose-blotted natural pollen extracts from several

grass and corn species were tested (Fig. 4). The IgE Fab reacted

strongly with group 5 allergens in timothy grass, Kentucky Blue-
grass, rye grass, and rye, and exhibited weaker reactivity to 30-kDa
moities in common reed and wheat (Fig. 4). No reactivity was
observed with pollen extracts from monocots reportedly lacking or
containing low levels of group 5 allergens (sweet vernal grass, oat,
Bermuda grass, and maize) (32). Thus the recombinant human IgE
Fab detected a cross-reactive epitope in group 5 allergens from
various grass and corn species.

CD analysis of purified rPhl p 5A, the rPhl p 5A fragment, and
rPhlp 6

The far UV CD spectrum of rPhl p 5A taken at 20°C (Fig\)3s
characterized by two broad minima at 207 and 221 nm. Similarly,
rPhl p 5A fragment shows two broad minima at 208 and 222 nm
and a maximum at 191 nm (FigBp The far UV CD spectra of
rPhl p 5A, the rPhl p 5A fragment, and rRh6 recorded at 20°C,
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indicate a commou helical protein fold (Fig. ®). This finding is . . - o
in agreement with the PHD secondary structure prediction perFIGU.RE S .Far'umav'OIet ?D analys'sg'.Pum'ed rphlp SAat 20 C
. . continuous line) and at 20°C after cooling from 90°C (dashed line).

formed on the multiple sequence alignment of group S allergen , Purified rPhl p 5A fragment at 20°C (continuous line), at 90°C (dotted
and Phl p 6 (data not shown). line) and at 20°C after cooling from 90°C (dashed line). Spectra are ex-

Thermal denaturation of rPhl p 5A was monitored by CD spec-pressed as mean residue ellipticit]]. C, Thermal denaturation) and
troscopy and showed a biphasic unfolding curve (data not shown)ooling () of rPhl p 5A fragment expressed as fraction of folded protein.
whereas the unfolding transition of the rPhl p 5A fragment wasD, Comparison of rPhl p 5A (dashed line), rPhl p 5A fragment (continuous
monophasic and highly cooperative with a melting point-@2°C  line), and rPhp 6 (dotted line) at 20°C.
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A HIGHLY ALLERGENIC DOMAIN DEFINED BY A HUMAN MONOCLONAL IGE ANTIBODY

The IgE Fab-defined rPhl p 5A fragment represents a frequently
recognized allergen domain containing several IgE epitopes

When we analyzed sera from 58 grass pollen-allergic individuals
and from three nonatopic persons for the presence of rPh p 5A and
rPhl p 5A fragment-specific IgE, we found that 44 sera (76%)
displayed IgE reactivity with rPhl p 5A and the rPhl p 5A fragment
(data not shown). The IgE binding capacity of complete rPhl p 5A
and the rPhl p 5A fragment was analyzed in detail for 26 Phl p
5A-reactive sera in a quantitative RAST-based assay using two
different serum dilutions (1:4 and 1:8). Using the 1:8 serum dilu-
tions, we found that the rPhl p 5A fragment bound between 7.8 and
51.1% (mean: 24.0%) of the Phl p 5A-specific IgE (Table I). Sim-
ilar results were obtained for the 1:4 serum dilutions, indicating
that 5-42.1% (mean: 20.6%) of Phl p 5A-specific IgE was directed
against the fragment (data not shown).

The percentage of rPhl p 5A-specific Abs bound by the rPhl p
5A domain corresponded to its size but suggested that it contains
binding sites for IgE Abs with other specificities in addition to the
Fab-defined epitope. This assumption was supported by competi-
tion experiments. The IgE Fab and a complete bivalent IgG1 Ab
generated by expressing the variable region of the Fab fused to a
human IgG1 constant region were used>A000-fold excess to
serum IgE (1.5ug/ml). Preincubation of the rPhl p 5A fragment
with the IgE Fab and the complete recombinant bivalent 1gG1
derived from the Fab inhibited IgE binding of eight sera to a low
degree (Fab: 3.7-20.6% inhibition; mean, 11.1%; IgGL1l:
0.4-36.8%; mean: 22.9%) (Table Il). By contrast we found that
polyclonal anti-Phl p 5A IgG Abs profoundly (73.9-88.7%; mean,
83.2%) inhibited IgE binding of the same eight sera to the rPhl p
5 fragment (Table II).

Complete rPhl p 5A and the recombinant Phl p 5A fragment
strongly induce histamine release from basophils of sensitized
patients

Exposure of basophils from four grass pollen-allergic patients
to purified rPhl p 5A and the rPhl p 5A fragment resulted in
maximal histamine release already at very low allergen concen-
trations (10* pg/ml). Therefore, both proteins were further
diluted and exposed to basophils of a patient containing IgE
Abs against complete rPhl p 5A and the rPhl p 5A fragment, but
not to rPhl p 6 (Fig. 8). In this patient, the rPhl p 5A fragment
and rPhl p 5A started to induce histamine release at concentra-
tions between 10%¢ and 10 ** ug/ml and between 104 and
10~ *2 ug/ml, respectively (Fig. A). The fact that the rPhl p 5A
fragment more potently induced histamine than complete rPhl p
5A was of note because quantitative IgE binding tests showed
that in this patient only 19.5% of Phl p 5A-specific IgE were
directed against the Phl p 5A fragment. rPhl p 6, a structurally

Induction of histamine release with complete rPhl p 5A, related allergen, did not induce histamine release even at 10

the rPhl p 5A fragment and rPhl p 6. Granulocytes from two grass g/ml (Fig. 6A).

pollen-allergic patientsA andB) and a nonatopic individualQ) were
incubated with various concentrations of the allergens or a monoclon
anti-human IgE Ab X-axis). Histamine release is expressed as percen

age of total histamine on thgaxis.

Next we used complete rPhl p 5A, the rPhl p 5A fragment,

i.lamd rPhl p 6 tocompare the IgE binding capacity of allergens

with similar structural fold but different IgE binding capacity
with their ability to induce histamine release. Parallel RAST
measurements and basophil histamine release experiments were
performed in the same patient (FigB We found that com-
plete rPhl p 5A bound-5-fold more IgE Abs than the rPhl p 5A

(Fig. 5C). The characteristics of the CD spectra recorded for thefragment and was-1000-fold more active in inducing basophil
thermal denaturation and cooling of the rPhl p 5A fragment andhistamine release (Fig.B6 data not shown). rRtp 5 fragment
rPhl p 6 were very similar (data not shown). Cooling of rPhl p 5A bound 2.7-fold more IgE than riPlp 6 and appeared 100-fold
and the rPhl p 5A fragment, which had been subjected to thermahore active in the basophil histamine release assay (Bg. 6
denaturation, yielded an almost complete refolding of the mole-data not shown). Although complete rPhl p 5A as well as the
cules (Fig. 5A-C).

rPhl p 5A fragment induced a comparable maximal histamine
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release 0f~53%, a maximal histamine release of no more than13, 15, 22-25). Therefore, stability and refolding capacity may

32% was achieved by rPPp 6 (Fig. 8). Anti-human IgE Abs  be relevant features of potent allergens as they may facilitate

were less active than rPPlp 6 but induced a higher maximal the survival of these proteins in the environment and in the

histamine release in this patient (FigB)6 Neither complete target organs of atopy and thus allow them to elicit and maintain
rPhl p 5A nor the rPhl p 5A fragment induced histamine releaseallergic immune responses. This assumption would be also sup-
from basophils of a nonatopic person up to a concentration oported by the finding that food allergens exhibit high resistance

10 wg/ml, whereas the monoclonal anti-human IgE Ab yieldedagainst low pH and digestive enzymes (52).

a dose-dependent histamine release (FE). 6 The rPhl p 5A fragment represents an important allergenic
protein domain because it was recognized by IgE of almost 80%
of grass pollen-allergic patients. Several experiments suggest

rPhl p 5A and the rPhl p 5A fragment induce immediate type  that the rPhl p 5A domain contains several IgE epitopes and

skin reactions in grass pollen-allergic patients thus exhibits high allergenic activity. Quantitative IgE binding

To further investigate the in vivo allergenic activity of rPhl p 5A €Xperiments showed that the rPhl p 5A fragment bound between

and the rPhl p 5A fragment, skin prick tests were performed (Table/ -8 @nd 51.1% (mean: 24%) of Phl p 5A-specific IgE Abs. In

I1l). Three grass pollen-allergic patients and one nonallergic indi-2ddition to the IgE Fab-defined epitope, several other IgE

vidual were skin prick tested with five concentrations of purified €PItoPes must be present on the rPhl p 5A fragment because

rPhi p 5A fragment and with the complete rPhl p 5A allergen. In N€ither the IgE Fab nor a complete recombinant bivalent IgG1
all grass pollen-allergic patients, but not in the nonallergic indi-AP: obtained by genetic engineering of the Fab-derived variable

vidual, all concentrations of the rPhl p 5A fragment, as well as Ofreg_ions to 1gG1 constant do_m_ains, inhibited s_ignificantly IgE
the complete allergen, induced immediate type skin reactions (Ta_a-‘m"”:)hI p 5A fragment re_actlvny. Both competl_tor_s were used
ble Ill). The recombinant Phl p 5A fragment elicited skin reactions'" €XxCess to IgE but achleveq OT"V moderate inhibition (Fab:
that were similar (A) or sometimes even stronger (B, C) than thosé‘l'l%; IgG1: 2,2'9,%) of IgE b_'”‘?'“g to the fragment, whereas
elicited by complete rPhlp 5A over the whole range of concentra—pmycIOnaI gG inhibited IgE binding almost completely (Table

tions in all three grass pollen-allergic patients. Timothy grass and(lr?' Bhe pr_eselnce of Tgveralhott:t?r (;rols?-reacftlt\ée IgE epltoptzs_ on
birch pollen extract elicited immediate type skin reactions in the € domain also explains why the deietion ot the corresponding

sensitized patients but not in the nonatopic individual. HistaminegoTr?merEm tthe Plhl P SB 'Sc(l)ft?]rml’ vahI:)c_hdyvas not re_fognlge(?
elicited a wheal reaction in all three atopic and in the nonallergic y the Fab, strongly reduced the Igt binding capacity and al-
lergenic activity of Phl p 5B (53).

person. Although the rPhl p 5A fragment comprised only approxi-
mately one-third of the complete rPhl p 5A allergen we found
. . that the recombinant allergen domain exhibited high allergenic
Discussion

o ) ) ) activity when tested for its capacity to elicit histamine release
We report the characterization of a highly allergenic domain ofg. -, basophils as well as immediate type skin reactions. The
the major timothy grass pollen allergen, Phl p 5A, which con- pp| 5 5 fragment accounted only fer20% of the complete
tains the binding site for a human monoclonal IgE Ab. The yjiergens IgE binding capacity but elicited comparable imme-
corresponding recombinant human Ige Fab was isolated from gjate skin reactions in all three grass pollen-allergic patients.
combinatorial library constructed from lymphocytes of a grassyye chose the basophil histamine release assay to evaluate the
pollen-allergic patient (26). The rPhl p 5A fragment representsyiergenic activity of the rPhl p 5A fragment in more detail for
an alanine-rich protein domain that occurs as a highly conyyg reasons 1) serum-derived IgG Abs or factors are less likely
served segment in group 5 allergens from various grass ang jnfluence the release of histamine from isolated granulocytes
corn species. The fact that certain group 5 isoallergens (e.gthan skin reactions; and 2) for the in vitro histamine release
rPhl p 5B (40) and Lol p 5A) (50) as well as Phl p 6, a struc- tests, allergens can be diluted to extremely low concentrations
turally related low m.w. timothy grass pollen allergen (51, 25), in protein-containing buffers avoiding loss of allergen due to
lacked several amino acids present in the Phl p 5A domain maydsorption to the tubes.

explain the ability of the IgE Fab to discriminate Phl p S5A from  The rphl p 5A fragment induced histamine release already at
Phl p 5B, Lol p 5A, and Phl p 6. However, the IgE Fab cross-very low concentrations (102 ug/ml). Interestingly, we found
reacted with group 5 allergens from grass and corn species rehat the fragment induced in one donor (Figd)6histamine
portedly containing group 5 allergens, indicating that the de-release at a lower concentration than the complete allergen. The
fined epitope-containing domain represents a highly crosstatter finding is in agreement with a previous study reporting

reactive structure. that proteolytic cleavage of Ph 5 in nasal secretions increased
When we analyzed the rPhi p 5A fragment by CD, we foundthe allergenic activity of the molecule (40).
that the allergen domain consisted exclusivelydielical sec- As yet we cannot provide a definitive explanation for the high

ondary structure, in agreement with the secondary structure preallergenic potency of the rPhl p 5A allergen domain, but the
diction and preliminary nuclear magnetic resonance analysis opossibility that aggregation of the fragment might have been
the isolated protein module. In fact, nuclear magnetic resonancgesponsible for the strong biological activity seems unlikely be-
analysis of the rPhl p 5A domain indicates that it consists ofcause neither CD measurements nor native PAGE and gel fil-
four a helical bundles that are connected by short loops on topration provided evidence for the formation of aggregates. Al-
(A. Pastore and R. Valenta, unpublished data). Although theernatively we suggest that a favorable arrangement/geometry
secondary structure of the rPhl p 5A domain differs from that ofof IgE epitopes on the rPhl p 5A domain may be responsible for
several other allergens analyzed to date (reviewed in 5, 6), théhe efficient cell activation. In this context it has been reported
protein module as well as the complete rPhl p 5A allergenthat cross-linking of only a small proportion of effector cell-
showed a remarkable tendency to refold after thermal denatuound IgE can yield maximal responses (54). Furthermore, it
ation. The ability to refold after denaturation was also reportedhas been shown that upon cross-linking the high affinity IgE
for several other important allergens from plants and fish (12yreceptor becomes associated with rafts, representing membrane
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microdomains (55-57). Thus it may be speculated that optimag1.

structural arrangement of IgE epitopes contributes to highly ef-
ficient cross-linking of FeRI and influences membrane clus-

tering and signal transduction.
In conclusion, we suggest the rPhl p 5A domain together with
its corresponding IgE Fab as paradigmatic tools for the analysigs.

of structural requirements for highly efficient effector cell acti-
vation. This example may perhaps also teach us general straj;
egies to inactivate the allergenic activity of major allergens and
retain their immunogenicity for specific immunotherapy.

25.

References

1.

2.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

. Valenta, R.,, S. Almo, T. Ball,
P. Eibensteiner, S. Flicker, S. Vrtala, S. Spitzauer, et al. 1998. The immunoglob2g.

Kay, A. B. 1997 Allergy and Allergic Disease8lackwell Science, Oxford, U.K.

Beaven, M. A., and H. Metzger. 1993. Signal transduction by Fc receptors: the Fc
e Rl case.mmunol. Today 14:222.

. Segal, D. M., J. D. Taurog, and H. Metzger. 1977. Dimeric immunoglobulin E

serves as a unit signal for mast cell degranulatirac. Natl. Acad. Sci. USA
74:2993.

of allergic disease<Curr. Opin. Immunol. 7:751.

C. Dolecek, P. Steinberger, S. Laffer,

ulin E-allergen interaction: a target for therapy of type | allergic disedsés.
Arch. Allergy Immunol. 16:167.

. Valenta, R., S. Vrtala, S. Laffer, S. Spitzauer, and D. Kraft. 1998. Recombinant

allergensAllergy 53:552.

. Berzofsky, J. A. 1985. Intrinsic and extrinsic factors in protein antigenic struc- 30.

ture. Science 229:923.

. Vrtala, S., K. Hirtenlehner, L. Vangelista, A. Pastore, H. G. Eichler, W. R. Sperr,

P. Valent, C. Ebner, D. Kraft, and R. Valenta. 1997. Conversion of the major
birch pollen allergen, Bet v 1, into two nonanaphylactic T cell epitope-containing
fragments: candidates for a novel form of specific immunotherg®lin. Invest.
99:1673.

22.

26.

A HIGHLY ALLERGENIC DOMAIN DEFINED BY A HUMAN MONOCLONAL IGE ANTIBODY

Valenta, R., S. Vrtala, M. Focke-Tejkl, A. Bugajska-Schretter, T. Ball,
A. Twardosz, S. Spitzauer, H. Grlund, and D. Kraft. 1999. Genetically engi-
neered and synthetic allergen derivatives: candidates for vaccination against type
| allergy. Biol. Chem. 380:815.

Laffer, S., L. Vangelista, P. Steinberger, D. Kraft, A. Pastore, and R. Valenta.
1996. Molecular characterization of Bip 1, a monoclonal antibody that modulates
IgE binding to birch pollen allergen, Bet v 1. Immunol. 157:4953.

Mittermann, ., J. S. Fetrow, D. L. Schaak, S. C. Almo, D. Kraft, E. Heberle-Bors,
and R. Valenta. 1998. Oligomerization of profilins from birch, man and yeast.
Profilin, a ligand for itself?Sex Plant Prod 11:183.

. DeMarino, S., M. A. Castiglione Morelli, F. Fraternali, E. Tamborini, G. Musco,

S. Vrtala, C. Dolecek, P. Arosio, R. Valenta, and A. Pastore. 1999. An immu-
noglobulin-like fold in a major plant allergen: the solution structure of Phe p2
from timothy grass pollenStructure 7:943.

Vrtala, S., S. Fischer, M. Grote, L. Vangelista, A. Pastore, W. R. Sperr, P. Valent,
R. Reichelt, D. Kraft, and R. Valenta. 1999. Molecular, immunological, and
structural characterization of Phl p 6, a major allergen and P-particle-associated
protein from timothy grassRhleum pratensepollen.J. Immunol. 163:5489.
Steinberger, P., D. Kraft, and R. Valenta. 1996. Construction of a combinatorial
IgE library from an allergic patientl. Biol. Chem. 271:10967.

27. Vrtala, S., W. Sperr, |. Reimitzer, R. van Ree, S. Laffer, W. Dll&étuP. Valent,

H. Rumpold, D. Kraft, O. Scheiner, and R. Valenta. 1993. cDNA cloning of a
major allergen from timothy gras®lileum pratengepollen: characterization of
the recombinanPhl p V allergen.J. Immunol. 151:4773.

28. Vrtala, S., M. Susani, W. Sperr, P. Valent, C. Dolecek, D. Kraft, and R. Valenta.
. Valenta, R., and D. Kraft. 1995. Recombinant allergens for diagnosis and therapy P

1996. Immunologic characterization of purified recombinant timothy grass pollen
(Phleum pratenseallergens (Phl p 1, Phl p 2, Phl p 8). Allergy Clin. Immunol.
97:781.

Vrtala, S., T. Ball, S. Spitzauer, B. Pandjaitan, C. Suphioglu, B. Knox, W. Sperr,
P. Valent, D. Kraft, and R. Valenta. 1998. Immunization with purified natural and
recombinant allergen induces mouse IgG1 antibodies that recognize similar
epitopes as human IgE and inhibit the human IgE-allergen interaction and aller-
gen-induced basophil degranulatiah.Immunol. 160:6137.

Heiss, S., V. Mahler, R. Steiner, S. Spitzauer, C. Schweiger, D. Kraft, and
R. Valenta. 1999. Component-resolved diagnosis (CDR) of type | allergy with
recombinant grass and tree pollen allergens by skin testingvest. Dermatol.
113:830.

31. Valenta, R. S. Vrtala, C. Ebner, D. Kraft, and O. Scheiner. 1992. Diagnosis of

grass pollen allergy with recombinant timothy graBhleum pratensepollen
allergensint. Arch. Allergy Immunol. 97:287.

32. Niederberger, V., S. Laffer, R. Fohl, D. Kraft, H. Rumpold, S. Kapiotis,

. Seiberler, S., O. Scheiner, D. Kraft, D. Lonsdale, and R. Valenta. 1994. Char-

acterization of a birch pollen allergen, Bet v 3, representing a novel clasgéf Ca
binding proteins: specific expression in mature pollen and dependence of pa-
tients’ IgE binding on protein-bound €4 EMBO J. 13:3481.

Twardosz, A., B. Hayek, S. Seiberler, L. Vangelista, L. Elfman, H.nmd,
D. Kraft, and R. Valenta. 1997. Molecular characterization, expressi@sa-

erichia coli, and epitope analysis of a two EF-hand calcium-binding birch pollen 34.

allergen, Bet v 4Biochem. Biophys. Res. Commun. 239:197.

Engel, E., K. Richter, G. Obermeyer, P. Briza, A. J. Kungl, B. Simon, M. Auer,
C. Ebner, H. Rheinberger, M. Breitenbach, and F. Ferreira. 1997. Immunological

and biological properties of Bet v 4, a novel birch pollen allergen with two 35.

EF-hand calcium-binding domain3. Biol. Chem. 272:28630.

Niederberger, V., B. Hayek, S. Vrtala, S. Laffer, A. Twardosz, L. Vangelista,
W. R. Sperr, P. Valent, H. Rumpold, D. Kraft, K. Ehrenberger, R. Valenta, and
S. Spitzauer. 1999. Calcium-dependent immunoglobulin E recognition of the
apo- and calcium-bound form of a cross-reactive two EF-hand timothy gra353

pollen allergen, Phl p . 7FASEB J. 13:843. 7.

Hayek, B., L. Vangelista, A. Pastore, W. R. Sperr, P. Valent, S. Vrtala,
V. Niederberger, A. Twardosz, D. Kraft, and R. Valenta. 1998. Molecular and
immunologic characterization of a highly cross-reactive two EF-hand calcium-
binding alder pollen allergen, Aln g 4: structural basis for calcium-modulated IgE
recognition.J. Immunol. 161:7031.

Okada, T., . Swoboda, P. L. Bhalla, K. Toriyama, and M. B. Singh. 1998.
Engineering of hypoallergenic mutants of the Brassica pollen allergen, Bra r 1,
for immunotherapyFEBS Lett. 434:255.

Bugajska-Schretter, A., M. Grote, L. Vangelista, P. Valent, W. R. Sperr, 40.

H. Rumpold, A. Pastore, R. Reichelt, R. Valenta, and S. Spitzauer. 2000. Puri-
fication, biochemical, and immunological characterisation of a major food aller-

gen: different immunoglobulin E recognition of the apo- and calcium-bound 41.

forms of carp parvalbuminGut 46:661.

Esch, R. E., and D. G. Klapper. 1989. Isolation and characterization of a majof2.

cross-reactive grass group | allergenic determinkial. Immunol. 26:557.

Ong, E. K., R. B. Knox, and M. B. Singh. 1994. Mapping of the antigenic an
allergenic epitopes dfol p VB using gene fragmentatioMol. Immunol. 32:295.
Ball, T., S. Vrtala, W. R. Sperr, P. Valent, M. Susani, D. Kraft, and R. Valenta.
1994. Isolation of an immunodominant IgE-hapten from an epitope expression
cDNA library: dissection of the allergic effector reactiah. Biol. Chem. 269:
28323.

Ball, T., T. Fuchs, W. R. Sperr, P. Valent, L. Vangelista, D. Kraft, and R. Valenta.

1999. B cell epitopes of the major timothy grass pollen allergen, Phl p 1, revealedg.

by gene fragmentation as candidates for immunother@pgEB J. 13:1277.

Schramm, G., A. Bufe, A. Petersen, H. Haas, M. Schlaak, and W. M. Becker47.

1997. Mapping of IgE-binding epitopes on the recombinant major group | aller-
gen of velvet grass pollen, rHol | 3. Allergy Clin. Immunol. 99:781.

33.

q43

45,

R. Valenta, and S. Spitzauer. 1998. IgE antibodies to recombinant pollen aller-
gens (Phlp 1, Phl p 2, Pp 5 and Bet v 2) account for a high percentage of grass
pollen-specific IgEJ. Allergy Clin. Immunol. 101:258.

Petersen, A., W. M. Becker, and M. Schlaak. 1994. Epitope analysis of isoforms
of the major allergen Rip 5 by fingerprinting and microsequencinglin. Exp.
Allergy 24:250.

Vrtala, S., M. Grote, M. Duchene, R. van Ree, D. Kraft, O. Scheiner, and
R. Valenta. 1992. Properties of tree and grass pollen allergens: reinvestigation of
the linkage between solubility and allergenicityt. Arch. Allergy Immunol. 102:

160.

Bradford, M. M. 1976. A rapid sensitive method for quantitation of microgram
quantities of protein utilizing the principle of protein-dye bindidgal. Biochem.
72:248.

36. Fling, S. P., and D. S. Gregerson. 1986. Peptide and protein molecular weight

determination by electrophoresis using a high-molarity Tris buffer system without

urea.Anal. Biochem. 155:83.

Towbin, H., T. Staehelin, and J. Gordon. 1979. Electophoretic transfer of proteins
from polyacrylamide gels to nitrocellulose sheets: procedure and some applica-
tions. Proc. Natl. Acad. Sci. USA 76:4350.

38. Bufe, A., K. Gelhar, G. Schramm, M. Schlaak, and W. M. Becker. 1998. Aller-

genic activity of a major pollen allergen is elevated in the presence of nasal
secretionAm. J. Respir. Crit. Care Med. 157:1269.

39. Flicker, S., S. Laffer, P. Steinberger, B. Alhani, Y. Zhu, M. L. Laukkanen, K.

Keinanen, D. Kraft, and R. Valenta. 2000. Engineering, purification and appli-
cations of His-tagged recombinant antibody fragments with specificity for the
major birch pollen allergen, Bet v Biol. Chem. 381:39.

Norderhaug, L., T. Olafsen, T. E. Michaelsen, and |. Sandlie. 1997. Versatile
vectors for transient and stable expression of recombinant antibody molecules in
mammalian cellsJ. Immunol. Methods 204:77.

Sambrook, J., E. F. Fritsch, and T. Maniatis. 1988lecular Cloning: A Lab-
oratory Manual Cold Spring Harbor Laboratory Press, Cold Spring Harbor, NY.
Sanger, F., S. Nicklen, and A. R. Coulson. 1977. DNA sequencing with chain-
terminating inhibitorsProc. Natl. Acad. Sci. USA 74:5463.

Devereux, J., P. Haeberli, and O. Smithies. 1984. A comprehensive set of analysis
programs for the VAXNucleic Acids Res. 12:387.

44. Thompson, J. D., D. G. Higgins, and T. J. Gibson. 1994. CLUSTAL W: improv-

ing the sensitivity of progressive multiple sequence alignment through sequence
weighting, position-specific gap penalties and weight matrix chdiceleic Ac-

ids Res. 22:4673.

Rost, B., and C. Sander. 1993. Prediction of protein secondary structure at better
than 70% accuracyl. Mol. Biol. 232:584.

Rost, B., and C. Sander. 1994. Combining evolutionary information and neural
networks to predict protein secondary structireoteins 20:216.

Gag, A.,, W. Postel, and S. Gither. 1988. Two-dimensional electrophoresis: the
current state of two-dimensional electrophoresis with immobilized pH-gradients.
Electophoresis 9:531.



The Journal of Immunology

48.

49.

50.

51.

52.

53.

von Hippel, P. H., and S. C. Gill. 1989. Calculation of protein extinction coef-
ficients from amino acid sequencknal. Biochem. 182:319.
Valent, P., J. Besemer, M. Muhm, O. Majdic, K. Lechner, and P. Bettelheim.

1989. Interleukin 3 activates human blood basophils via high-affinity binding 54,

sites.Proc. Natl. Acad. Sci. USA 86:5542.

Ong, E. K., I. J. Grifiith, R. B. Knox, and M. B. Singh. 1993. Cloning of a cDNA
encoding a group V (group IX) allergen isoform from rye-grass pollen that dem—55
onstrates specific antigenic immunoreactiviBene 134:235.

Petersen, A., A. Bufe, G. Schramm, M. Schlaak, and W. M. Becke. 1995. Char-
acterization of the allergen group VI in timothy grass pollen (Phl p 6). Il. cDNA
cloning of Pt p 6 and structural comparison to grass grougnt. Arch. Allergy
Immunol. 108:55.

Astwood, J. D., J. N. Leach, and R. L. Fuchs. 1996. Stability of food allergens to
digestion in vitro.Nat. Biotechnol. 14:1269.

Schramm, G., H. Kahlert, R. Suck, B. Weber, H. T:v@uW. D. Muler,
A. Bufe, W. M. Becker, M. Schlaak, L."gar, O. Cromwell, and H. Fiebig. 1999.

57.

3859

“Allergen engineering”: variants of the timothy grass pollen allergen Phl p 5b
with reduced IgE-binding capacity but conserved T cell reactivityymmunol.
162:2406.

MacGlashan, D., and L. M. Lichtenstein. 1983. Studies of antigen binding on
human basophils. I. Antigen binding and functional consequercdmmunol.
130:2330.

. Field, K. A., D. Holowka, and B. Baird. 1995. &I-mediated recruitment of

p53/58™ to detergent-resistant membrane domains accompanies cellularsignal
ling. Proc. Natl. Acad. Sci. USA 92:9201.

56. Field, K. A., D. Holowka, and B. Baird. 1997. Compartmentalized activation of

the high affinity immunoglobulin E receptor within membrane domaingiol.
Chem. 272:4276.

Field, K. A., D. Holowka, and B. Baird. 1999. Structural aspects of the
association of FeRI with detergent-resistant membranek Biol. Chem.
274:1753.



