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PoorPoor biological activity o/N-glycan reactive IgE 

Abstract t 

Background::  IgE antibodies against plant N-glycans have frequently been 

reportedd to be of limited clinical relevance. The explanation of their poor biological 

activityy is not clear. Aim: The aim of this study was to investigate the role of 

epitopee valency and IgE antibody affinity in the biological activity of IgE-binding 

plantt N-glycans. Methods: Two putative N-glycosylation sites were introduced into 

thee house dust mite allergen Der p 2 by site-directed mutagenesis. Expression of 

mutantt Der p 2 was performed in tobacco cells to facilitate substitution with typical 

plantt N-glycans. Bromelain-derived N-glycans were covalently linked to BSA to 

formm neoglycopeptides with multiple IgE-binding glycans. Immune-reactivity of 

mutantss and neoglycopeptides was assessed by immunoblotting and RAST/RAST-

inhibition.. Biological activity was investigated using stripped basophils that were 

resensitizedd with combinations of two Der p 2 specific chimeric mouse/human 

monoclonall  IgE antibodies and anti-N-glycan IgE. Results: Der p 2 was 

successfullyy mutated and expressed in tobacco, resulting in substitution with 

fucose/xylose-carryingg IgE-binding N-glycans. Histamine-release tests showed that a 

combinationn of a peptide epitope and a carbohydrate epitope on Der p 2 is a poor 

triggerr for histamine release. Two peptide epitopes have significantiy higher 

biologicall  activity. Three to four glycans on neoglycopeptides are capable of 

triggeringg strong mediator release though only at concentrations > 100 times higher 

thann needed for peptide epitopes. RAST inhibition assays with mono-glycosylated 

bromelainn and poly-glycosylated neoglycopeptides revealed that the monovalent 

structuree has a 10-fold lower inhibitory potency at equal molar concentrations of N-

glycans.. This difference was lost when the physical link between the glycans on the 

neoglycopeptidess was broken by protease-digestion. Conclusion: The poor 

biologicall  activity of anti-CCD IgE is explained by low intrinsic affinity of the 

interactionn between IgE and glycoprotein. 
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Introductio n n 

IgEE antibodies against N-linked carbohydrate structures on plant or insect 

glycoproteinss were first described around 2 decades ago (ll They are found in serum 

off  many patients sensitized to (multiple) pollen and/or insect venom. IgE antibodies 

directedd to plant N-glycans are extremely cross-reactive between pollen, plant foods 

andd invertebrate animals (1_5). The structural basis of this cross-reactivity7 has been 

elucidatedd by several groups (5~,,}). Complex N-glycans from plants and invertebrate 

animalss have two characteristics not found in mammals: an a [1,3]-linked fucose to the 

proximall  N-acetylglucosamine and a P[l,2]-xylose linked to the core mannose. Plant 

andd invertebrate glycoproteins have been reported to harbor either one or both 

substitutionss ft11-17). Rabbits immunized with plant glycoproteins like horseradish 

peroxidasee were shown to produce xylose-and fucose dependent IgG antibodies (18). 

Moree recently, it was established that human IgE antibodies could be directed to both 

monosaccharidess as well (5;1923). 

Everr since their discovery, the biological activity (i.e. clinical relevance) of IgE 

antibodiess against cross-reactive carbohydrate determinants (CCD) has been wavering 

(i;6;7;24;25)__ From the beginning it was clear that the broad spectrum of cross-reactivity 

displayedd by IgE against CCD, was not translated into clinical allergy for virtually all 

plantt foods (25 27). Van der Veen et al. (24) demonstrated that around 25-30% of patients 

withh grass pollen hay fever have a positive radio allergosorbent test (RAST) for peanut 

withoutt any history of clinical peanut allergy. They showed that these patients only 

hadd a positive skin prick test (SPT) for peanut at allergen doses exceeding the normal 

dosee for SPT by a factor 1000. This poor biological activity was also observed in in 

vitrovitro basophil histamine release tests. 

Off  course, lack of biological activity of IgE antibodies directed to CCD has 

implicationss for in vitro diagnostic tests for food allergy. These antibodies are 

frequentlyy at the basis of false positive RAST and CAP results for food allergy. We 

havee proposed to avoid detection of IgE against CCD by addition of protease-

digestedd pollen extract as inhibitor to tests for food-specific IgE (28). Recently, some 

publicationss have however questioned the lack of clinical relevance of carbohydrate-

specificc IgE antibodies (8_1°). Basically, these papers argue that molecules with multiple 

IgE-bindingg N-glycans can induce in vitro histamine release from basophils of patients 

withh established clinical food allergy, and that IgE anti-CCD is therefore of clinical 

relevance.. In these studies horseradish peroxidase and neo-glycopeptides (i.e. BSA 
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substitutedd with 3-4 bromelain-derived IgE-binding N-glycans) were used as reagents 

too trigger histamine release. Although the reported observations clearly demonstrate 

thatt IgE against CCD can induce histamine release, they do not really prove that these 

antibodiess are indeed instrumental in triggering clinical food allergy. The 

concentrationss needed to induce histamine release are relatively high (100 ng/ml to 

100000 ng/ml) '8 ]ll i compared to known major allergens (< 1 ng/ml to 100 ng/ml) (29 

32,: : 

Theree is no obvious reason why IgE antibodies against a carbohydrate 

epitopee would be different from IgE antibodies against peptide epitopes in their 

capacityy to trigger mediator release. Recently, it was shown that most IgE antibodies 

againstt the nomglycosylated and extremely cross-reactive allergen profilin are often of 

littl ee or no clinical relevance as well  (33i. The question remains why some IgE 

antibodiess do induce significant histamine release whereas others do not or only at 

highh allergen concentrations. Eor mediator release from mast cells and basophils 

efficientt cross-linking of high-affinity IgE receptors is needed. At least two IgE 

epitopess should be available on an allergen to achieve cross-Unking (27;-34). Recently, this 

wass elegantly confirmed in a study using two different mouse/human chimeric 

monoclonall  IgE antibodies directed to the major house dust mite allergen Der p 2 '1,5\ 

Onlyy when the two different specificities were combined to sensitize stripped 

basophils,, it was possible to induce histamine release with Der p 2. Sensitization with a 

singlee monoclonal IgE antibody against Der p 2 did not result in mediator release. 

Thiss is in line with the observation that mono-glycosylated bromelain does not induce 

aa positive SPT in patients with IgE antibodies against the glycan on this plant cysteine 

proteasee ((r-^. 

Too evaluate whether a combination of one peptide epitope and one 

carbohydratee epitope or two carbohydrate epitopes can induce histamine release, we 

aimedd at combining IgE anti-CCD with mouse/human chimeric monoclonal IgE 

antibodiess against single peptide epitopes on Der p 2. Der p 2, however, is a non-

glycosylatedd allergen without putative N-glycosylation sites. Therefore, we introduced 

twoo N-glycosylation consensus sequences into Der p 2 by site-directed mutagenesis 

andd expressed these mutants in tobacco plants aiming at substitution of Der p 2 with 

typicall  fucose/xylose-containing plant N-glycans. Not only the number of epitopes 

onn an allergen, but also affinity and avidity of the interaction between IgE and 

allergenn are of importance for efficient mediator release (2*>̂ 7;34)_ Therefore, we also 

investigatedd affinity/avidity as a possible factor in determining the efficacy of the 
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inductionn of mediator release by CCD. This was studied in histamine release tests and 

RASTT inhibition experiments with neoglycopeptides carrying multiple IgE-binding 

glycans.. The overall aim of this study was to evaluate how epitope valency and IgE 

affinity/avidityy together determine the (lack of) clinical relevance of specific IgE 

antibodiess against CCD. 

Materia ll  &  methods 

Site-directedSite-directed mutagenesis of Derp 2 

Derr p 2 cDNA was cloned by PCR from the Saccharomyces cerevisiae expression 

vectorr pSAYl reported by Hakkaart et al. (36). The 5' primer included a Xho I and a 

Kex22 cleavage site, the 3' primer a Xba I site. Xho I and Xba I sites were used to ligate 

thee Der p 2 cDNA into the Pkhia pastoris expression vector pPICZaA (Invitrogen, 

Sann Diego, Calif., USA). The construct was sequenced and contained two conservative 

mutationss in the codons for amino acids 49 and 50 compared to the published 

sequencee by Chua et al.(37). Since no amino acid changes were introduced, this clone 

wass used as template for site-directed mutagenesis. The following primers were used 

too introduce the necessary restriction sites for re-cloning into the P-select mutagenesis 

vectorr (Promega Benelux, Leiden, The Netherlands): 

GGGG^TTCTCrCTCG/4GAAAAGAGATCAAA (5' primer with EcoR I site) and 

AAA^L4GC7TGCGGCCGCTCAATCGCGG (3' primer with Hind III  site). Three 

independentt PCR products were ligated into the P-select vector, and transformed into 

DH5aa competent cells (Invitrogen). Blue/white screening and DNA sequencing was 

usedd for insert and sequence confirmation, after which the correct construct was 

isolatedd and transformed to JM109 (Invitrogen). Before infection with helper phage, 

thee JM109 clone was grown in TYP-medium under selection of tetracycline to an 

OD0000 nm of 0.5. Following infection, kanamycine was added for selection of helper 

phage-infectedd clones that were grown overnight. Isolation of assembled phages was 

performedd by removal of bacteria by centrifugation, followed by precipitation of the 

phagess by mixing 7.5 Mol/L ammonium acetate/40% PEG and the culture 

supernatantt (1:1) on ice. After a 30' incubation on ice, phages were collected by 

centrifugedd at 4°C. The pellet was re-suspended in 10 mMol/L Tris/1 mMol/L 

EDTA,, pH8. Site-directed mutagenesis was performed as described by the 

manufacturerr (Promega). In short, 100-150 ng SS phage DNA was combined with 
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phosphorylatedd mutation primers designed to obtain a single N-glycosylation 

consensuss sequence (Asn-X-Thr/Ser, X not being a proline) at amino acid positions 

10-12,, or one at positions 103-105, or a combination of both. The primers used were 

TGTT GCC AAT CAT ACA ATC AAA AAA GT, aiming at a glutamic acid to 

threoninee change at position 12 (E12T), and TCT GAA AAT GTT ACC GTC ACT 

GTTT AA, aiming at a valine to threonine change at position 105 (V105T). These 

positionss were chosen on the basis of the presence of an asparagine (not followed by 

aa proline) at positions 10 and 103, respectively. Furthermore, structure determinations 

reportedd for Der p 2 predicted these sites to be surface-exposed (38 4()). For obtaining a 

doublee mutant with two glycosylation sites, both primers were used simultaneously. 

Thee DNA obtained after the mutagenesis was precipitated and transformed to the 

repairr minus strain BMH71-18 mut S (Promega), which were plated on LB-Amp agar 

platess (Luria-Bertani medium). Positive clones were picked, grown and plasmid DNA 

wass isolated for transformation into JM109. These clones were subsequently used for 

DNAA sequencing to confirm the mutations introduced in the Der p 2 sequence. 

Restrictionn enzyme cleavage and ligation of Der p 2 and Der p 2 mutant cDNA 

Derr p 2 cDNA has an internal Nsi I restriction site formed by base pairs 213-

2188 (see figure 1), which separates both targeted mutation sites. Der p 2 cDNA ligated 

intoo the p-Select vector was cleaved using EcoR I and Nsi I, before and after site-

directedd mutagenesis, resulting in a 236 bp fragment coding for the N-terminal half of 

Derr p 2 and a linearized vector encompassing the C-terminal half. The EcoR I/Nsi I 

fragmentt carrying the mutation for a glycosylation site at amino acid positions 10-12 

wass subsequently ligated into the linearized vector with or without the mutation 

aimingg at introduction of a glycosylation site at amino acid positions 103-105. 

ExpressionExpression of Derp 2 mutants in Pichia pastoris 

Insertss coding for mutations at amino acid 12 or amino acid 105 or at both 

positions,, were cut from the p-Select vector with Xho I and Not I, and ligated into the 

PichiaPichia pastoris expression vector pPICZaA (Invitrogen). Following transformation to 

DH5a,, the constructs were checked by DNA sequencing. Correct clones were 

linearizedd with Sst I and transformed to GS115. Transformation and expression were 

performedd as described elsewhere (30;31). 
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DNADNA sequencing 

DNAA sequences were determined by automated sequencing (Applied 

Biosystems,, USA) using the DYEnamic™ ET terminator cycle sequencing premix kit 

(Amershamm Pharmacia Biotech, Inc., USA). 

ConstructionConstruction and expression of Derp 2 in tobacco cell cultures 

Forr expression in tobacco, the original leader-sequence of Der p 2 itself was 

usedd <37). This leader sequence was linked to the mutant and wild type Der p 2 cDNA 

byy PCR, using a primer that included the complete leader-sequence of Der p 2 

(S'GGGGGATCCATGATGTACAAAATTTTGTGTCTTTCATTGTTGGTCGCA A 

GCCGTTGCTCGTGATCAAGTCGATGTCAAAGATTG3').. Constructs were 

sequencedd and then used for sub-cloning into the tobacco vector pBLTI221. 

Subsequendy,, a fragment corresponding to the (mutant) Der p 2 sequence, the 

cauliflowerr mosaic virus 35S promotor and the nopaline synthase (NOS) terminator 

wass cut from this vector with EcoK I/Hind III  and inserted into the EcoR I/Hind III 

digestedd pBLTI121 binary vector for tobacco expression. The pBLTI221 and 

pBLTI1211 vectors originate from pBI221 and pBI 121 -derived plasmids (Clontech, 

Paloo Alto, USA), respectively, in which the GUS cassette has been substituted with a 

polylinkerr sequence (41). These plasmids contain the cauliflower mosaic virus 35S 

promotorr and the NOS terminator. 

Thee pBLTI121 wild type and mutant Der p 2 constructs were transformed 

intoo Agrobacterium tumefaciens (LBA4404), and then used to transform suspension-

culturedd cells of Nicotiana tabacum L (42). Transformants were selected in the presence 

off  kanamycin at 100 |ig/ml. Transformed calli were screened for (mutant) Der p 2 

expressionn by western blot analysis with Der p 2-specific rabbit antibodies (43). 

Selectedd transgenic calli expressing the protein of interest were then used to initiate 

transgenicc suspension-cultured cells, as described by Gomord et al. (42). Batch cultures 

weree maintained in 500 ml Erlenmeyer flasks containing 150 ml medium on an orbital 

shakerr at 170 rpm and 25°C in the dark. 

ExpressionExpression of Derp 2 and mutants in tobacco plants 

Forr expression in tobacco plants, leaf lamina of tobacco were cut in small 

fragmentss of 1 cm2. These fragments were inoculated in B medium (NH4NO3 825 
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mg/L,, KNO3 950 mg/L, CaCl2.2H20 220 mg/L, MgS04.7H20 185 mg/L, KH 2P04 

855 mg/L, ferric ammonium citrate 50 mg/L, ZnS04.7H20 1 mg/L, H3BO3 1 mg/L, 

MnS04.4H200 0.1 mg/L, CuS04.5H20 0.03 mg/L, AlCh 0.03 mg/L, NiCl2.6H20 0.03 

mg/L,, KI 0.01 mg/L, inositol 100 mg/L, calcium-panthotenate 1 mg/L, biotine 0.01 

mg/L,, nicotinamide 1 mg/L, pyndoxine 1 mg/L, thiamine 1 mg/L, saccharose 10000 

mg/L,, agar 7000 mg/L , pH 8.0) containing Agrobacterium tumefaciens bacteria 

transformedd with Der p 2 cDNA (see above). These bacteria originated from an 

overnightt culture in 2 ml of LB-medium after centrifugation for 10 min at 6000 rpm 

andd re-suspension of the pellet in 10 ml B medium. After 10 minutes incubation, the 

leaff  lamina fragments were placed on R4M0 medium (NH4NO3 1650 mg/L, KNO.3 

19000 mg/L, CaCl2.2H20 440 mg/L, MgS04.7H20 370 mg/L, KH2P()4 170 mg/L, 

ferricc ammonium citrate 50 mg/L, ZnS04.7H20 1 mg/L, H3BO3 1 mg/L, 

MnS04.4H200 0.01 mg/L, CuS04.5H20 0.03 mg/L, AICI3 0.03 mg/L, NiCl2.6H20 

0.033 mg/L, KI 0.01 mg/L, inositol 100 mg/L, calcium-panthotenate 1 mg/L, biotine 

0.011 mg/L, nicotinamide 1 mg/L, pyridoxine 1 mg/L, thiamine 1 mg/L, Indol-3-

aceticc acid 0.5 mg/L, benzyl adenin 1 mg/L, saccharose 20000 mg/L, agarose 7000 

mg/L,, pH 8.0) and inoculated 2 days in darkness at 28°C. These disks were then 

placedd on R4M0 medium containing kanamycin (100 mg/L) and cefotaxim (100 

mg/L),, and cultivated in growing chambers. After one or two months, buds were 

transferredd on B medium with the same antibiotics. 

ExtractionExtraction of tobacco haves 

Tobaccoo leaves were freeze-dried and ground with a mortar and pestle under 

liquidd nitrogen until a powder was obtained. Subsequently, the powdered leaves were 

extractedd in PBS (0.5-5 gram in 45 ml) for 4 hours at room temperature or overnight 

att 4"C. Particulate matter was removed by centrifugation and filtration. 

SDS-PAGESDS-PAGE I imnmnoblot analysis 

Culturee supernatants of P. pastoris, tobacco leaf extracts and affinity-purified 

Derr p 2 preparations were separated by SDS-PAGE on 4-12% gradient gels (Novex, 

Sann Diego, Calif, USA or Amersham Pharmacia Biotech) or 8-18% gradient gels 

(Excell  Gel, Amersham Pharmacia Biotech, Uppsala, Sweden) as described by the 

manufacturers.. Silverstaining of the 4-12% gels was performed according to the Bexel 

Biotechnologyy silverstaining kit protocol (Bexel Biotechnology, Union City, CA, USA), 
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andd of the 8-18% gels following the ExcelGel protocol. Western blotting was 

performedd by transferring the proteins to nitrocellulose membrane as described by the 

manufacturers.. Subsequently, blots were blocked with PBS/1% BSA (PBS-A). For 

detectionn of Der p 2, blots were incubated with either Der p 2 spedfic-polyclonal 

rabbit-antibodiess ^\ chimeric monoclonal mouse/human IgE antibodies 2B12 or 

aDpxx (44;45), mouse monoclonal antibody (mAb) 10E11 (46), or a mixture of two 

humann sera with Der p 2-specific IgE (pf 2/3). For detection of IgE-binding N-

glycanss sera with known anti-CCD reactivity were used (pf 41 and pf 192) W. For 

detectionn of xylose and fucose side chains, rabbit-anti-xylose and rabbit-anti-fucose 

antibodiess were used that were purified from a rabbit antiserum against horseradish 

peroxidasee (Sigma, St Louis, MO, USA) as described elsewhere (18). Detection of 

boundd antibodies was performed with 125I labeled sheep anti-rabbit IgG (HoRbl7, 

Sanquin),, 125I labeled goat anti-mouse IgG (GoMol7, Sanquin) or 125I labeled sheep 

anti-humann IgE (SH25, kindly provided by S.O. Stapel, Sanquin) depending on the 

naturee of the bound antibodies. For visualization of bound antibodies, blots were 

exposedd to autoradiographic film (Eastman Kodak Company, Rochester, N.Y., USA). 

Callii  were screened for mutant Der p 2 expression by SDS-PAGE 

/immunoblotting,, following a different protocol. Calli were suspended in pre-warmed 

bufferr (20 mMol/L Tris/1% SDS / 10% glycerol/2% p-mercaptoethanol, pH 6.8) 

andd boiled for 5 minutes. After centrifugation (15 minutes at 8000 g), supernatants 

weree analyzed by SDS-PAGE on 18% polyacrylamide gels under reducing conditions 

accordingg to Laemmli (47). After transfer to nitrocellulose, blots were incubated with 

polyclonal-rabbitt antiserum directed to Der p 2 (1:800). Horseradish peroxidase 

labeledd goat anti-rabbit IgG (1:3000) was used as a secondary antibody (Dako, 

Glostrup,, Denmark). 

QuantificationQuantification of Derp 2 by indirect RAST 

Forr an indirect RAST, 50 |ul of a mixture (1:1) of two Der p 2 positive sera 

(pff  2/3) were pre-incubated for 2 hours with serial dilutions of yeast culture 

supernatant,, tobacco cell culture supernatant or tobacco leave extract (50 |_d). 

Subsequently,, 0.5 mg Sepharose-coupled Der p 2-specific mAb aDpx ^ was added in 

aa final volume of 600 n.1 PBS/0.3% BSA /0 .1% Tween-20 (PBS-AT). After overnight 

end-over-endd rotation, unbound material was washed away, and 50 JL4.1 of  125Iabeled 

sheepp anti-human IgE (SH25) were added. After overnight incubation and washing, 
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boundd radioactivity was measured in a gamma-counter. Serial dilutions of a 2% (w/v) 

housee dust mite extract (CSL, Melbourne, Australia) with known Der p 2 content were 

usedd as standard curve. Der p 2 content in unknown samples were calculated by 

parallel-linee analysis. 

Affinity-purificationAffinity-purification of Derp 2 

Derr p 2 was purified from Pichia pastoris and tobacco cell culture supernatants 

andd tobacco leaf extracts by affinity-chromatography with Sepharose-coupled Der p 

2-specificc mAb aDpx C43). Incubation of affinity matrix and culture supernatants was 

performedd in PBS, elution of bound Der p 2 was done with 0.1 M glycine, pH 2.5. 

Elutedd Der p 2 was immediately neutralized with 1M Tris-HCl, pH 8.5 and dialyzed 

againstt PBS. Different batches of Sepharose were used for isolation of wild type and 

eachh mutant Der p 2 preparation. 

ConcanavalinConcanavalin A (ConA) affinity-purification 

Separationn of glycosylated and non-glycosylated Pichia pastoris expressed 

mutantt Der p 2 obtained after mAb-affinity purification was performed with 

Sepharose-coupledd ConA (Amersham Pharmacia Biotech). Purified mutant Der p 2 

wass applied to Sepharose-coupled ConA in a binding buffer containing 0.02 Mol/L 

Tris/0.55 Mol/L NaCl, pH 7.4. After washing out unbound material, elution of bound 

glycoproteinn was performed with 0.5 Mol/L methyl a- D-glycopyranosid (Fluka 

Chemiee AG, Buchs, Switzerland) in the same buffer. 

Endog/ycosidaseEndog/ycosidase H treatment 

Onee volume of protein (~5 |ig) was combined with 1 volume 100 mM 

ammoniumm acetate, pH 5.5, and a final concentration of 0.2% SDS, which was 

incubatedd for 10 minutes at 80°C. Subsequentiy, 1.5 mU Endo H (Boehringer, 

Mannheim,, Germany) was added and incubated at 37°C overnight. Endo H is active 

onn N-linked oligosaccharides of glycopeptides/proteins and cleaves only high-

mannosee structures and hybrid structures (AcNeu-Gal-GlcNAc). The results were 

analyzedd by SDS-PAGE (silverstaining). 
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SeparationSeparation of glycosylated and non-glycosylated Der p 2 by hydrophobic interaction 

chromatographychromatography (HIC) 

AA 1 ml High-Trap Phenyl Sepharose column (high sup), equilibrated in 1 

Mol/LL ammonium sulphate, was used on an AKTA Explorer (Amersham Pharmacia 

Biotech).. Binding of mutant Der p 2 was performed in 1 Mol/L ammonium sulphate, 

followedd by a 5 ml washing step. Elution of Der p 2 was performed using a linear 

gradientt (15 ml) from 1 Mol/L ammonium sulphate to H 2 0 at a flow rate of 0.8 

ml/min.. Throughout the whole procedure, 250 (il fractions were collected. 

SeparationSeparation of glycosylated and non-glycosylated Derp 2 by affinity-chromatography 

AA polyclonal rabbit-antiserum directed to buckwheat extract with high anti-

CCDD but negligible anti-profilin IgG titers was affinity-purified using Sepharose-

coupledd potato extract. The rationale behind this was to obtain an antibody reagent 

dominatedd by anti-CCD IgG. Buckwheat-potato crossreactive IgG antibodies were 

elutedd with 0.1 Mol/L glycine, pH 2.5. After dialysis, IgG antibodies were coupled to 

CNBr-activatedd Sepharose 4B (Amersham Pharmacia Biotech) at a concentration of 1 

mgg IgG to 100 mg Sepharose. This affinity-matrix was used for purification of 

glycosylatedd Der p 2 from mAb-affinity-purified mutant Der p 2 from tobacco leaf. 

Too this end, tobacco-leaf Der p 2 was incubated with Sepharose-coupled IgG anti-

CCDD in PBS for 2 hours. Glycosylated Der p 2 was subsequently eluted with 0.1 

Mol/LL glycine pH 2.5, and dialyzed and concentrated for further use. 

A.lkrgensA.lkrgens and neogjycopeptides 

DactylisDactylis glomerata grass pollen were extracted as described elsewhere (48). 

Naturall  Dae g 5 was affinity-purified from the extract using Sepharose-coupled mAb 

4B11 <49). Picbia pastoris-derived rDac g 5 was produced and purified as described earlier 
(30)) _ 

Bromelain-derivedd IgE-binding N-glycans were conjugated to BSA as described 

elsewheree (8;10). Resulting neoglycopeptides were substituted with 3-4 glycans per 

moleculee BSA. As a non-IgE-binding control, BSA was substituted with human fibrin-

derivedd N-glycans. 
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ProteinProtein measurement 

Proteinn concentrations were determined, using the BCA method as described 

bvv the manufacturer (Pierce, Rockford, 111., USA). 

InIn vitro histamine release assays 

Whitee blood cells were isolated from blood of a non-allergic donor by Percoll 

centrifugationn and stripped from IgE by lactic acid treatment as described elsewhere 
(5,I;5I).. Subsequently, cells were re-sensitized with human serum samples and/or 

chimericc mouse/human monoclonal IgE antibodies (2B12 or aDpx) ;vS:4^. Histamine 

releasee assays were performed with serial dilutions of Der p 2, BSA neoglycopeptides 

(substitutedd with bromelain-derived complex N-glycans or with fibrin-derived high-

mannosee N-glycans * ln)), Dactylis glomerata grass pollen extract or atfinity-purified 

nDacc g 5 (M)l Liberated histamine was measured essentially by the fluorometric 

methodd described by Siraganian f52). The protocol for blood donations for cell 

isolationn and HRA was approved by the medical ethical committee (MEC) of the 

Amsterdamm Medical Center under project number:MEC97/030. 

KASTKAST (-inhibition) 

Radioo allergosorbent test (RAST) was performed as described previously l4J. 

Briefly,, 100 jag of bromelain (Sigma), BSA neoglycopeptides (8;Hl^ or rDac g 5 "̂J were 

coupledd to 100 mg CNBr-activated Sepharose 4B (Amersham Pharmacia Biotech). 

Derr p 2 was coupled at a concentration of 250 fig per 100 mg. Sepharoses were 

suspendedd at a concentration of 2 mg/ml in PBS-AT. For RAST, 0.5 mg Sepharose 

wass incubated with 50 \A serum in a final volume of 600 jLll PBS-AT. After overnight 

incubation,, unbound material was washed out and 50 (il of  12,I-labeled sheep 

antibodiess against human IgE were added (SH25). Bound radioactivity was measured 

inn a gamma-counter after overnight incubation and washing. Results were expressed as 

internationall  units IgE per ml (IU/ml), which were calculated from a standard curve 

off  serial dilutions of chimeric mouse/human IgE (2B12) and Sepharose-coupled rDer 

pp 2 ("). 

Forr RAST-inhibition, 50 ul serum was pre-incubated for two hours with 50 u.1 

off  serial dilutions of bromelain, neoglycopeptide, proteinase K-digested IS> 
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neoglycopeptidee or nDac g 5, prior to addition of 0.5 mg Sepharose. The following 

stepss were identical to those described for RAST. 

SeraSera andmouse I'human chimeric antibodies 

Seraa were selected with specific IgE antibodies against CCD. This selection 

wass based on a positive RAST (>0.3 IU/ml) for proteinase K-digested grass pollen 

extractt (28) as well as for bromelain (6;7). Chimeric mouse/human IgE antibodies 

directedd against two non-overlapping epitopes of Der p 2, aDpx and 2B12 ^5), were 

producedd as described by Schuurman et al. ("). 

Results s 

ConstructionConstruction of Derp 2 mutants 

Site-directedd mutagenesis was used to introduce N-linked glycosylation 

consensuss sequences at two different sites in the major house dust mite allergen Der p 

2,, i.e. at positions 10-12 and 103-105 (figure 1). Both sites only needed two nucleotide 

changess to transform a glutamic acid (GAA) and valine (GTC) into threonine (ACA 

orr ACC), respectively. Site-directed mutagenesis resulted in a correct Der p 2 clone 

withh a glycosylation site at position 103. For the glycosylation site at position 10, the 

mutagenesiss was unsuccessful. The construction of a mutant with two glycosylation 

sitess resulted in positive clones with both mutations, but they all contained a deletion 

att base pair 318 (figure 1). To obtain correct clones for the 10-12 mutant and the 

doublee mutant, we made use of an Nsi I restriction site at base pairs 213-218 of the 

sequencee coding for Der p 2 (figure 1). The clone mutated at two positions with a 

deletionn at base pair 318 was cleaved with EcoR I and Nsi I, giving a 236 base pair 

fragmentt coding for the N-terminal half of Der p 2 with the E12T-mutation but 

withoutt the deletion. The vectors containing cDNA for wild type Der p 2 and Der p 2 

V105TT were linearized using the same restriction enzymes, after which the 236 base 

pairr fragment coding for the E12T-mutation was ligated into both linearized vectors. 

Sequencee analysis confirmed that this procedure resulted in correct clones coding for 

Derr p 2 E12T and the double mutant. 
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expressionexpression of Derp 2 mutants in P. pastoris: successful glycosy lation of Asn103 

Alll  three mutant Der p 2 constructs were expressed in P. pastoris strain GS115. 

SDS-PAGE/silverstainingg revealed that the introduction of Thrl05 resulted in 

productionn of a band at 14 kDa and one at 20 kDa 

(figuree 2a). Introduction of Thr l2 did not result in a 

bandd at 20 kDa, suggesting that AsnlO is not 

(effectively)) glycosylated. The double mutant gave 

twoo bands again at 14 kDa and 20 kDa. The nature 

off  the Der p 2 protein bands at 14 kDa and 20 kDa 

wass confirmed by 

immunoblott analysis with 
100 kDa 

Derr p 2-specific rabbit 

antibodiess (figure 2b). Wild 

typee and mutant Der p 2 were affinity-purified using mAb 

aDpxx (not shown). Treatment of affinity-purified V105T 

mutantt with Endo H resulted in disappearance of the 20 kDa 

band,, confirming the glycosylated nature of this Der p 2 

moleculee (figure 2c). Glycosylated Der p 2 was effectively 

separatedd from non-glycosylated Der p 2 by ConA affmity-chromatography, 

suggestingg that high-mannose glycans are present on the mutant molecules (figure 2d). 

300 kDa 

200 kDa 

Figur ee 2a-d: Characterization of expression results of mutant Derp 2 in Pichiapastoris 

Figur ee 2a: SDS-PAGE/silverstaining of Pichia culture supernatants. 

lanee lxulture supernatant before induction (t=0h); lane 2:mutant E12T (t=48h); lane 3: V105T (t=48h); 

lanee 4: double mutant (t=48h). The 10 kDa protein ladder (Life technologies) is shown in lane 5. The 

V105TT mutant and the double mutant both express two bands with apparent Mr of 14 kDa and 20 kDa, 

respectively-- Mutant E12T only shows one band at an apparent M r of 14 kDa, corresponding to the Mr of 

naturall  Der p 2. Figure 2b: SDS-PAGE immunoblot of Pichia mutant Der p 2 culture supernatants. 

Thee first panel shows detection of E12T (lane 1), V105T (lane 2) and the double mutant (lane 3) with 

rabbit-anti-Derr p 2 antibodies. The second panel, gives the same result for Der p 2-spccific human IgE 

antibodiess (mixture of pf 2 and 3). 
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Figur ee 2c: Endoglycosidase H treatment of Picbia-derived mutant V105T. Lane hprotein ladder; lane 

2:V105TT mutant without Endo H (-); lane 3: V105T mutant after Endo H treatment (+). Figure 2d: 

ConAA affiniry-chromatography of mutant V105T. Lane 1: flow through of Con A column clearly 

depletedd for 20 kDa glycosylated Der p 2; Lane 2: eluate containing purified glycosylated mutant Der p 2; 

lanee 3: 10 kDa protein ladder. 

ExpressionExpression of Der p 2 mutants in tobacco: evidence for glycosylation of slsnlO and 

Asn103 Asn103 

Transgenicc calli grown after Agrobacterium tumifaciens transformation of 

tobaccoo cells were screened for expression of Der p 2 by SDS-PAGE/immunoblot 

withh a Der p 2 specific polyclonal rabbit-antibody (figure 3a). All three mutants 

displayedd a Der p 2 band with the same apparent Mr as wild type Der p 2 (14 kDa). In 

addition,, the Thrl 05 mutant and the double mutant displayed a clear band at 17 kDa. 

AA weak band at similar M r was also detected for the Thrl 2 mutant. The double 

mutantt displayed a third weak band at 20 kDa. Together these results show that Asnl 0 

andd Asnl03 are both glycosylated, though the former with much lower efficacy. Since 

thee expression levels of Der p 2 measured by indirect RAST were low (< 100 ng/ml), 

Derr p 2 and mutants were also expressed in tobacco plants. 

Double-glycosyktedd Derp 2 

Mono-glycosylatedd Der p 2 

Non-glycosylatedd Der p 2 

Figur ee 3a-b: Characterization of 

expressionn of Der  p 2 mutants in 

tobacco. . 

Figur ee 3a: SDS-PAGE/immunoblot 

analysiss with polyclonal rabbit-Der p 2 antibodies was performed to screen for expression of Der p 2 in 

transgenicc calli. Lanes 1 to 4 show the E12T mutant, V105T mutant, wild type Der p 2 and the double 

mutant,, respectively. 
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Tobaccoo leaves were extracted and analyzed by SDS-PAGE/immunoblot with 

rabbitt antibodies against Der p 2 (figure 3b). Qualitatively, the results were similar to 

thosee observed for tobacco cell cultures, with the glycosylation of AsnlO being less 

efficientt than of Asnl03. Extracts of tobacco leaves contained 0.5 to 2.5 |ig/ml as 

measuredd by indirect RAST. Wild type Der p 2 and the three mutant molecules were 

affinity-purifiedd from tobacco leaf extracts, resulting in a yield of 50-250 pg/gram 

freeze-driedd leaves. 

Figur ee 3b: SDS-PAGE/silverstaining and immunoblot 

(rabbitt anti-Derp 2 antibodies) was performed on mutant 

Derr p 2 isolated from transgenic tobacco leaf extracts. 

Thee left panel shows the SDS-PAGE/silverstaining of 

affinity-purifiedd mutant Der p 2 isolated from tobacco leaf 

extracts.. Lanes 1-4 represent, mutant E12T, mutant V105T, the double mutant and molecular weight 

markers.. The expression of glycosylated E12T mutant is low, showing only a weak band, the V105T and 

thee double mutant both show a prominent glycosylated protein band. The right panel shows the SDS-

PAGE/immunoblott with rabbit-anti-Der p 2 IgG antibodies. Lane LE12T; lane 2: V105T; lane 3: double 

expressionexpression in tobacco introduces immune-reactive Nglycans carryingfucose and xylose 

Byy RAST, serum pf 41 (5) with IgE antibodies reactive with CCD but not with 

Derr p 2 was shown to bind strongly to affinity-purified V105T mutant from tobacco 

leavess but not to wild type Der p 2 from tobacco and yeast or to natural Der p 2 

(figuree 4). 

Figur ee 4: Tobacco substitutes Der  p 2 

mutantt  with IgE-bindin g glycans. 

Serumm pf 41 with an established IgE-

responsee to CCD but not to Der p 2 only 

bindss to tobacco-derived glycosylated 

mutantt V105T Der p 2 demonstrated by 

RAST. . 

variouss Der  p 2 preparations coupled to 

Sepharose e 

<*--

g g 

8 8 

6 6 

4 4 

2 2 

 nDer p 2 

 recDer p 2 tobacco 

HH recDer p 2 yeast 

 recDer p 2 103-105 
mutt tobacco 
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Thee introduction of IgE-binding N-glycans upon expression of mutant Der p 2 in 

tobaccoo was confirmed by immunoblot analysis with pf 41 (figure 5a, lane 3). To 

confirmm that glycans attached to mutant Der p 2 were indeed substituted with tvpical 

fucose/xylose-containingg complex N-glycans, 

affinity-purifiedd mutants were analyzed by SDS-

PAGE/immunoblottingg using rabbit-antibodies 

againstt fucose and xylose. Both tobacco-cell culture-

figuree 5a, lane 1 and 2) and tobacco leaf-derived 

mutantss (figure 5b) were shown to carry both 

monosaccharides. . 

Figur ee 5a-b: Detection of immune-reactive N-glycans carryin g 

fucosee and xylose 

Figur ee 5a: Affinity-purifie d tobacco cell culture-derived double mutant 

wass analyzed by SDS-PAGE/immunoblotting with rabbit-anti-xylose 

(lanee 1), rabbit anti-fucose (lane 2) and anti-CCD IgE antibodies (pf 41) 

(lanee 3), which confirmed the presence of both monosaccharides. Anti-

xylosee IgG antibodies demonstrated the presence of two glycans in a 

smalll  fraction of the double mutant. The glycosylated Der p 2 was also recognized by IgE anti-CCD (pf 

41).. Figur e 5b: Affinity-purifie d tobacco leaf extract-derived mutant E12T, V105T and double mutant 

weree analyzed by SDS-PAGE/immunoblotting with rabbit anti-fucose (first panel)-and xylose IgG 

antibodiess (second panel). The presence of immune-reactive xylose and fucose side chains on all three 

mutantt Der p 2 proteins was confirmed although the reactivity of anti-xylose with E12T was very weak. 

Rabbitt anti-fucose IgG antibodies also detected a faint second band in the double mutant, illustrating that 

tobaccoo leaves also expressed a small fraction of the double mutant with two N-glycans. 

SeparationSeparation of glycosylated and non-glycosylated mutant Derp 2 from tobacco leaves 

Expressionn of mutant Der p 2 resulted in variable mixtures of glycosylated 

andd non-glycosylated allergen. To separate both variants, affinity-purified V105T or 

E12T+V105TT Der p 2 was separated by HIC using a linear gradient from 1 Mol/L 

ammoniumm sulphate to water. SDS-PAGE/silverstaining revealed that glycosylated 

Derr p 2 started eluting from the column at >0.9 M ammonium sulphate (i.e. 

immediatelyy after the start of the gradient) and non-glycosylated at —0.75 M (figure 
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6a).. Fractions without significant non-glycosylated Der p 2 were pooled for further 

usee in histamine release tests. Separation of glycosylated and non-glycosylated Der p 2 

Mono-glycosylatedd Dp2 raut 103-105 

21.55 kDa 

14.44 kDa 

Startingg material mono- Non-glycosylated Dp2 mut 103-105 
glycosylatedd mutant 
103-1055 Der p 2 

wass also achieved by affinity-purification with an anti-CCD enriched IgG fraction of a 

rabbitt antiserum against buckwheat extract (figure 6b). This confirmed the highly 

cross-reactivee nature of IgG antibodies against CCD that are frequently found in anti-

seraa against plant extracts or glycoproteins. 

Mono-glycosylatedd Dp2 mut 103-105 

~~ " 
Figur ee 6a-b: Separation of glycosylated and 

non-glycosylatedd mutant Der  p 2 from tobacco 

leaves. . 

Figur ee 6a: Affinity-purifie d V105T mutant was 

separatedd by HIC and analyzed by SDS-

PAGE/silverstaining.. Lanes 2-16: fractions eluting 

betweenn 0.9 M and 0.6 M ammonium sulphate. 

Lanee 17: Molecular weight markers. Figure 6b: 

Separationn of glycosylated and non-glycosylated 

V105TT mutant by affinity-chromatography with 

anti-CCDD IgG antibodies coupled to Sepharose was 

analyzedd by SDS-PAGE/silverstaining. Lane 1: 

startingg material; lane 2: flow through containing non-glycosylated Der p 2; lane 3: fraction i.e. mono-

glycosylatedd Der p 2; lane 4: tobacco-derived wild type Der p 2; lane 5: yeast-derived wild type Der p 2 

andd lane 6: Molecular weight markers. 

"'' mm. 

288 kDa 

177 kDa 

144 kDa 

66 kDa 

33 kDa 

Non-glycosylatedd Dp2 mut 103-105 
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HistamineHistamine release assays 

ConA-purifiedd glycosylated Der p 2 from P. pastoris and HIC-purified mono-

glycosylatedd Der p 2 from tobacco leaves were used in histamine release tests 

followingg the stripped basophil protocol. When basophils were sensitized with a 

mixturee of chimeric mouse/human IgE antibodies 2B12 and aDpx, both glycosylated 

allergenss induced similar levels of histamine release as wild type non-glycosylated Der 

pp 2 (figure 7a). This implies that glycosylation did not hamper binding of both 

chimericc IgE antibodies to Der p 2. To investigate whether a combination of IgE 

againstt a single peptide epitope and a single carbohydrate epitope can also induce 

histaminee release, chimeric IgE antibody aDpx was replaced bv IgE anti-CCD (serum 

pff  41). This combination did not give histamine release with non-glycosylated Der p 

2,, and a significant but low response with mono-glycosylated Der p 2 (figure 7b). 

Sensitizationn of basophils with pf 41 alone did not result in release (figure 7c). 

40 0 

35 5 
v v 
88 30 
%% 25 

JJ 20 
II .5 
II 10 

0 0 

0,001 1 

0,011 0,1 
ug/mll  allergen 

in n 0,011 0,1 
ug/mll  allergen 

Figur ee 7a-c: Histamine release using 

chimericc monoclonal IgE and IgE anti-

CCD. . 

Figur ee 7a: Chimeric monoclonal IgPJ antibodies 

2B122 (4.5 IU/test) and aDpx (10.4 IU/test) 

weree used for sensibilization of basophils. Non-

glycosylatedd yeast-derived Der p 2 (O), 

glycosylatedd yeast-derived Der p 2 ) and 

tobacco-derivedd mono-glycosylated V105T 

mutantt (A) were used as allergens. All three 

allergenss induced a similar degree of histamine release. Figure 7b: A combination between anti-CCD 

IgEE antibodies (pf 41:2.2 IU/test anti-CCD IgE) and a monoclonal chimeric IgE antibody (2B12: 4.5 

3^=1 1 
0,011 0,1 

ug/mll  allergen 

11) ) 
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IU/test)) used for sensibilization of basophils, investigating whether a combination of anti-CCD IgE 

antibodiess and antibodies against a peptide epitope will induce histamine release. Tobacco-derived V105T 

mutantt (A ) gives a weak but significant histamine release. Tobacco-derived non-glycosylated Der p 2 ) 

doess not induce histamine release. Figure 7c: Anti-CCD antibodies alone do not induce histamine 

releasee with either non-glycosylated yeast-derived Der p 2 (O), glycosylated yeast-derived Der p 2 ) nor 

tobacco-derivedd mono-glycosylated mutant Der p 2 (A) . 

Too investigate whether glycoproteins substituted with multiple IgE-binding 

N-glycanss can induce efficient histamine release, basophils were sensitized with sera 

containingg IgE against CCD and stimulated with BSA substituted with 3-4 bromelain-

derivedd N-glycans (neoglycopeptide). For both sera tested, 20% histamine release was 

reachedd at BSA neoglycopeptide concentrations between 7 ng/ml and 100 ng/ml 

(figuree 8a/b and 8c/d). The maximum percent histamine release induced by BSA 

neoglycopeptidess ranged from 15% to 63%. For grass pollen extract, 20% histamine 

releasee was reached between 0.01 ng/ml and 0.1 ng/ml, and maximum release was 

higherr than observed for BSA neoglycopeptides. Also purified nDac g 5 had a higher 

potencyy to induce histamine release (20% histamine release was reached with < 0.5 

ng/ml)) than the BSA neoglycopeptide (figure 8c/d). 

0,0001 1 loo o 

s s 

ug/mll  allergen 

0,00011 0,01 1 
ug/mll  antigen 

100 0 

Figur ee 8a-d: Histamine release assay wit h a BSA neoglycopeptide. 

Figur ee 8a: Histamine release performed with anti-CCD-and grass pollen positive sera pf 192 (1.75 

IU/testt anti-CCD IgE and 18.3 IU/test IgE against grass extract). The histamine release obtained with a 

grasss pollen extract (o) was compared to the release obtained with the 3-4 glycans containing BSA 

neoglycopeptidee . To reach 20% histamine release either -0.01 ng/ml ( total grass extract) or 20 

ng/mll  (neoglycopeptide) was needed. No histamine release was obtained with observed with the control 
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neoglycopeptidee substituted with fibrin-derived glycans (D). Figure 8b: Histamine release performed 

withh anti-CCD-and grass pollen positive sera 2399CV (4.8 IU/test anti CCD IgE and 15.9 IU/test 

againstt grass extract). The histamine release obtained with a grass pollen extract (o) was compared to the 

releasee obtained with the 3-4 glycans containing BSA neoglycopeptide . To reach 20% histamine 

releasee either -0.01 ng/ml (total grass extract) or 7 ng/ml (neoglycopeptide) was needed. No histamine 

releasee was obtained with the control neoglycopeptide (o). 

1 1 

u u 
u u 
£ £ 
Ë Ë 

3 3 
£ £ 

90 0 

80 0 

70 0 

60 0 

50 0 

40 0 

30 0 

20 0 

10 0 

0 0 

0,0001 1 0,0011 0,01 0,1 1 
ug/mll  allergen 

0,0011 0,01 0,1 1 
ug/mll  allergen 

Id d 

Figur ee 8c: Histamine release performed with anti-CCD and grass pollen positive sera pf 192 (1.75 

IU/testt anti-CCD IgE and 2.4 IU/test IgE against nDac g 5). The histamine release obtained with 

affinity-purifiedd nDac g 5 ) was compared to the release obtained with the 3-4 glycans containing BSA 

neoglycopeptidee . To reach 20% histamine release —0.5 ng/ml (nDac g 5) is needed. The use of the 

neoglycopeptidee did not reach 20% histamine release even at concentrations as high as 10000 ng/ml. The 

optimumm release was found to be —13%. No histamine release was obtained with control 

neoglycopeptidess (o). Figure 8d: Histamine release performed with anti-CCD and grass pollen positive 

seraa 2399CV (4.8 IU/test anti CCD IgE and 12.1 IU/test IgE against nDac g 5). The histamine release 

obtainedd with nDac g 5(«) was compared to the release obtained with die 3-4 glycans containing BSA 

neoglycopeptidee . To reach 20% histamine release either less than 0.1 ng/ml (nDac g 5) or 7 ng/ml 

(neoglycopeptide)) was needed. No histamine release was obtained with control neoglycopeptides (D). 

IkAST-inhibition IkAST-inhibition 

Too find out whether avidity of the interaction between IgE anti-CCD and 

glycoproteinss can explain the observed lower potency to induce mediator release of 

suchh antibodies, RAST-inhibition tests were performed with mono-glycosylated 

bromelainn and neoglycopeptide carrying 3-4 glycans. IgE binding to Sepharose-
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coupledd bromelain was inhibited ~10 times more efficiently by neoglycopeptide than 

byy bromelain on a molar glycan basis (figure 9a). This difference was even higher 

whenn Sepharose-coupled neoglycopeptide was used for RAST-inhibition. When 

neoglycopeptidee was digested with proteinase K, its inhibitory potency decreased to a 

similarsimilar level as observed for bromelain, suggesting that multiple physically-linked 

glycanss (avidity) are crucial for efficient IgE binding (figure 9b). 

c c 
~ ~ 
'2. '2. 
1 1 £ £ 

100 0 
90 0 
80 0 
7(1 1 

fin fin 
so o 
40 0 
30 0 
20 0 
10 0 
00 ! 

0,011 0,1 1 10 
ug/mll  inhibitor 

Figur ee 9: RAST-inhibitio n 

Figur ee 9a: RAST-inhibition performed with mono-glycosylated bromelain coupled to Sepharose and 

anti-CCDD positive serum pf 192 (3 IU/ml IgE against bromelain, 11.7 IU/ml IgE against BSA 

neoglycopeptide).. BSA neoglycopeptide ) is approximately 10-fold more potent as inhibitor than 

mono-glycosylatedd bromelain . Figure 9b: RAST-inhibition performed with the BSA neoglycopeptide 

coupledd to Sepharose and the following inhibitors: BSA neoglycopeptide , proteinase K digested-BSA 

neoglycopeptidee (o) and mono-glycosylated bromelain . The inhibitory potency of the 

neoglycopeptidee decreases to the level observed for bromelain when the linkage between the glycans was 

destroyed. . 

Discussion n 

Thee major house dust mite allergen Der p 2 was successfully mutated into a 

proteinn with one or two putative glycosylation sites. Based on the structural data 

reportedd by Mueller et al., AsnlO and Asnl03 were selected as potential glycosylation 

sitess P8;39). They were surface-exposed and postulated not to interfere with the binding 

sitess of chimeric mouse/human monoclonal IgE antibodies 2B12 and aDpx (33;53). 

Basophilss sensitized with both chimeric IgE antibodies released histamine in response 

100 0 0,1 1 11 10 
ug/mll  inhibitor 

III 1(1 
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too glycosylated Der p 2 mutants, indicating that the epitopes for these antibodies were 

indeedd not affected. The degree of glycosylation of AsnlO and Asnl03 clearlv 

differed.. Upon expression in P. pastoris no detectable glycosylation of AsnlO was 

observed.. SDS-PAGE/silverstaining revealed that approximately 50% of the V105T 

mutantt and 50% of the double mutant was mono-glycosylated. Most likelv, the 

glycosylationn detected for the double mutant is exclusively targeted towards the 

Asnl03.. Expression in tobacco did result in low but significant substitution of AsnlO 

withh glycans in both mono- and di-glycosylated mutants. Based on immunoblot 

analysis,, certainly not more than 10% of the Der p 2 molecules having the E12T 

mutationn was estimated to be glycosylated. For the Asnl03, the degree of substitution 

wass > 50%i. The reason why AsnlO is less efficiently glycosylated than Asnl()3 is not 

known.. Expression levels of Der p 2 mutants in tobacco cell cultures were too low for 

efficientt purification of glycosylated allergen. Tobacco leaves produced low but 

sufficientt quantities of mono-glycosylated (Asnl03) Der p 2 for purification. 

Ann a[l,3]-linked fucose to the proximal N-acetylglucosamine and a f3[l,2]-

xylosee linked to the core mannose have been reported to be essential for IgE binding. 

Immunoblott analysis with fucose- and xylose-specific rabbit antibodies (18> confirmed 

thee substitution of tobacco-expressed glycosylated Der p 2 mutants with both 

monosaccharides.. An earlier study had demonstrated that human IgE antibodies can 

alsoo be specific for one of both residues <s>. Serum pf 41 wTas reported to be fucose-

reactive,, pt 192 xylose-reactive. In this study, IgE antibodies from pf 41 recognized 

thee glycans on Der p 2 confirming the presence of a fucose. The lack of binding 

observedd tor pf 192 points towards the presence of an a[1,6]-mannose linked to the 

coree mannose. This structure has been shown to sterically hinder xylose-recognition 

byy pf 192 5). The N-glycan attached to Asnl03 therefore most likelv resembles the 

structuree described for horseradish peroxidase ^4\ also not recognized by 

pff  192 (_,). Fucose/xylose containing bromelain-derived N-glycans conjugated to BSA 

doo not have an a[l,6]-mannose linked to the core mannose and are therefore 

recognizedd by pf 192. 

Thee mono-glycosylated Der p 2 molecule enabled us to investigate whether 

IgEE antibodies against plant N-glycans can contribute to the biological activity7 of 

allergenicc glycoproteins. For example, does recognition of the N-glycan at Asn9 of 

thee grass pollen group 1 allergens contribute to the biological activity of this molecule 

orr are peptide epitopes only responsible triggering mediator release. It is difficult to 

studyy this for an allergen like Lol p 1, because sera of grass pollen allergic patients 
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usuallyy contain a mixture of IgE specificities directed to CCD and multiple peptide 

epitopess on Lol p 1. The availability of monoclonal IgE antibodies against the house 

dustt mite allergen Der p 2, as well as glycosylated mutants of this allergen, allowed us 

too determine the biological activity of a combination of two defined peptide epitopes 

orr a combination of a single peptide and a single carbohydrate epitope. When 

replacingg one of the anti-peptide IgE antibodies by anti-CCD IgE, the maximum 

histaminee release with glycosylated Der p 2 decreased from 30% to the borderline 

valuee of 10%, but the concentration of the allergen needed for this optimum did not 

change.. It has to be stated however, that the amount of specific IgE against CCD 

usedd to replace the chimeric IgE antibody was almost 5 times lower than the amount 

off  chimeric antibody. Experiments with higher concentrations of anti-CCD IgE will 

havee to establish whether these antibodies indeed play a negligible role in the 

biologicall  activity of allergenic glycoproteins. 

Thee presence of two physically linked epitopes as a minimum requirement for 

inductionn of mediator release was confirmed by the observation that anti-CCD IgE in 

combinationn with mono-glycosylated Der p 2 did not result in histamine release. 

Thesee observations are in concordance with the lack of biological activity reported for 

mono-glycosylatedd bromelain in SPT ^7). When two different IgE specificities against 

peptidee epitopes on Der p 2 were combined (2B12 and CtDpx), histamine release was 

efficientlyy induced. These observations confirm earlier reports by Schuurman et al. (33). 

Thee double mutant designed in this study was expressed at too low levels to allow 

evaluationn of its biological activity. Preliminary experiments in which chimeric 

mouse/humann monoclonal IgGi antibodies against Der p 2 (33;33) were used to 

dimerizee mono-glycosylated Der p 2, revealed that this bivalent structure has poor 

biologicall  activity as well (data not shown). Neoglycopeptides carrying 3-4 glycans 

weree used to investigate the potency of poly-glycosylated molecules to induce 

mediatorr release. Neoglycopeptides clearly demonstrated biological activity, but at 

leastt 700-2000 fold higher allergen concentrations were needed as for grass pollen 

extract.. Since grass pollen extract is composed of both allergens and non-allergens, 

thee difference in biological activity of the neoglycopeptides and peptide allergens can 

bee assumed to be even larger. 

Thee most likely cause of the lower biological activity of anti-CCD IgE is low 

intrinsicc affinity. Only constructs with multiple N-glycans are capable of inducing 

significantt mediator release. RAST-inhibition experiments confirmed that N-glycans 

onn bromelain are, on a molar basis, at least 10 times less potent inhibitors of IgE 
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bindingg than those on the neoglycopeptides. As soon as the physical link between the 

glycanss on BSA was destroyed by protease-digestion this difference disappeared. 

Thesee results suggest that the low intrinsic affinity can be overcome by increasing the 

avidityy of the interaction. The lack of clinical relevance of anti-CCD IgE is therefore 

mostt likely explained by too low avidity of the interaction between IgE and most 

plantt glycoproteins. 

Acknowledgements s 

Wee thank W.R. Thomas for providing the Der p 2 clone and J. Schuurman 

andd G. Perdok for kindly providing the IgE and IgG chimeric Der p 2 antibodies. 

Thiss study was financially supported by Stallergènes S. A., Altadis, ANVA R and 

CNRS.. A travel grant was financially supported by NWO SIR 15-2759. 

184 4 



ChapterChapter 7 

Referencee List 

(1)) Aalberse RC, Koshte V, Clemens JG. Immunoglobulin E antibodies that 
crosss react with vegetable foods, pollen, and Hymenoptera venom. J Allergy 
Clinn Immunol 1981; 68(5):356-64. 

(2)) Koshte VL, Kagen SL, Aalberse RC. Cross-reactivity of IgE antibodies to 
caddiss fly with arthropoda and mollusca. J Allergy Clin Immunol 1989; 
84(2):: 174-83. 

(3)) van Ree R, Aalberse RC. Pollen-vegetable food crossreactivity:serological 
andd clinical relevance of crossreactive IgE. Journal of Clinical Immunoassay 
16,124-30;1993. . 

(4)) Aalberse RC, Akkerdaas J, van Ree R. Cross-reactivity of IgE antibodies to 
allergens.. Allergy 2001; 56(6):478-90. 

(5)) van Ree R, Cabanes-Macheteau M, Akkerdaas J, Milazzo JP, Loutelier-
Bourhiss C, Rayon C et al. Beta(l,2)-xylose and alpha(l,3)-fucose residues 
havee a strong contribution in IgE binding to plant glycoallergens. J Biol 
Chemm 2000; 275(15):11451-8. 

(6)) Mari A, Iacovacci P, Afferni C, Barletta B, Tinghino R, Di Felice G et al. 
Specificc IgE to cross-reactive carbohydrate determinants strongly affect the 
inn vitro diagnosis of allergic diseases. J Allergy Clin Immunol 1999; 
103(6):1005-11. . 

(7)) Mari A. IgE to Cross-Reactive Carbohydrate Determinants: Analysis of the 
Distributionn and Appraisal of the in vivo and in vitro Reactivity. Int Arch 
Allergyy Immunol 2002; 129(4):286-95. 

(8)) Fotisch K, Altmann F, Haustein D, Vieths S. Involvement of carbohydrate 
epitopess in the IgE response of celery-allergic patients. Int Arch Allergy 
Immunoll  1999; 120(l):30-42. 

(9)) Batanero E, Crespo JF, Monsalve RI, Martin-Esteban M, Villalba M, 
Rodriguezz R. IgE-binding and histamine-release capabilities of the main 
carbohydratee component isolated from the major allergen of olive tree 
pollen,, Ole e 1. J Allergy Clin Immunol 1999; 103(1 Pt l):147-53. 

(10)) Foetisch K, Westphal S, Lauer I, Retzek M, Altmann F, Kolarich D et al. 
Biologicall  activity of IgE specific for cross-reactive carbohydrate 
determinants.. J Allergy Clin Immunol 2003; lll(4):889-96. 

185 5 



PoorPoor biological activity ofK-glycan reactive IgE 

(11)) Fave L, Chrispeels MJ. Common antigenic determinants in the glycoproteins 
off  plants, molluscs and insects. 5, 245-56. 1988. Glycoconjugate J. 

(12)) Fave L, Johnson K.D., Sturm A., Chrispeels MJ. Structure, biosynthesis, and 
functionn of asparagine-linked glycans on plant glycoproteins. 75, 309-14. 
1989.. Physiologia Plantanum. 

(13)) Lerouge P, Fave L. Recent developments in structural analysis of N-glycans 
fromm plant glycoproteins. 34, 263-71. 1996. Plant Physiol. Biochem. 

(14)) Ohsuga H, Su SN, Takahashi N, Yang SY, Nakagawa H, Shimada I et al. The 
carbohydratee moiety of the bermuda grass antigen BG6Ü. New 
oligosaccharidess of plant origin. J Biol Chem 1996; 271(43):26653-8. 

(15)) Tretter V, Akmann F, Kubelka V, Marz L, Becker \VM. Fucose alpha 1,3-
linkedd to the core region of glycoprotein N-glycans creates an important 
epitopee for IgE from honeybee venom allergic individuals. Int Arch Allergy 
Immunoll  1993; 102(3):259-66. 

(16)) Wilson IB, Harthill JE, Mulli n NP, Ashford DA, Altmann F Core alphal,3-
fucosee is a key part of the epitope recognized by antibodies reacting against 
plantt N-linked oligosaccharides and is present in a wide variety of plant 
extracts.. Glycobiology 1998; 8(7):651-61. 

(17)) Ogawa H, Hijikata A, Amano M, Kojima K, Fukushima H, Ishizuka I et al. 
Structuress and contribution to the antigenicity of oligosaccharides of 
Japanesee cedar (Crvptomena japonica) pollen allergen Cry j I: relationship 
betweenn the structures and antigenic epitopes of plant N- linked complex-
typee glycans. Glycoconj J 1996; 13(4):555-66. 

(18)) Fave L, Gomord V, Fitchette-Laine AC, Chrispeels MJ. Affinit y purification 
off  antibodies specific for Asn-linked glycans containing alpha 1—>3 fucose 
orr beta l - > 2 xylose. Anal Biochem 1993; 209(l):104-8.t t 

(19)) Batanero E, Villalba M, Monsalve RI, Rodriguez R. Cross-reactivity between 
thee major allergen from olive pollen and unrelated glycoproteins: evidence of 
ann epitope in the glycan moiety of the allergen. J Allergy Clin Immunol 
1996;; 97(6):1264-71.' 

(20)) Petersen A, Vieths S, Aulepp H, Schlaak M, Becker WM. Ubiquitous 
structuress responsible for IgE cross-reactivity between tomato fruit and 
grasss pollen allergens. J Allergy Clin Immunol 1996; 98(4):805-15. 

(21)) Anliker MD, Reindl J, Vieths S, Wuthnch B. Allergy caused by ingestion of 
persimmonn (Diospyros kaki): detection of specific IgE and cross-reactivity 
too profilin and carbohydrate determinants. J Allergy Clin Immunol 2001; 
107(4):718-23. . 

186 6 



ChapterChapter 7 

(22)) Fotisch K, Fah J, Wuthrich B, Altmann F, Haustein D, Vieths S. IgE 
antibodiess specific for carbohydrates in a patient allergic to gum arabic 
(Acaciaa Senegal). Allergy 1998; 53(11): 1043-51. 

(23)) Yagami T. Allergies to Cross-Reactive Plant Proteins, latex-fruit syndrome is 
comparablee with pollen-food allergy syndrome. Int Arch Allergv Immunol 
2002;; 128(4):271-9. 

(24)) van d, V, van Ree R, Aalberse RC, Akkerdaas J, Koppelman SJ, Jansen HM et 
al.. Poor biologie activity7 of cross-reactive IgE directed to carbohydrate 
determinantss of glycoproteins. J Allergy Clin Immunol 1997; 100(3):327-34. 

(25)) van Ree R, Aalberse RC. Specific IgE without clinical allergv. J Allergy Clin 
Immunoll  1999; 103 (6): 1000-1. 

(26)) Thomas WR, Smith W How good are carbohydrates as allergens? Clin Exp 
Allergyy 2002; 32(5):658-61. 

(27)) van Ree R. Carbohydrate epitopes and their relevance for the diagnosis and 
treatmentt of allergic diseases. Int Arch Allergv Immunol 2002; 129(3): 189-
97. . 

(28)) van Ree R, Hoffman DR, van Dijk W, Brodard V, Mahieu K, Koeleman CA 
ett al. Lol p XI , a new major grass pollen allergen, is a member of a family of 
soybeann trypsin inhibitor-related proteins. J Allergy Clin Immunol 1995; 95(5 
Ptt l):970-8. 

(29)) Marknell DA, Niederberger V, Lehtonen P, Spitzauer S, Sperr WR, Valent P 
ett al. Molecular and immunological characterization of a novel timothy grass 
(Phleumm pratense) pollen allergen, Phi p 11. Clin Exp Allergy 2002; 
32(9):: 1329-40. 

(30)) van Oort E, de Heer PG, Lerouge P, Faye L, Aalberse RC, van Ree R. 
Immunochemicall  characterization of two Pichia pastoris-derived 
recombinantt group 5 Dactylis glomerata isoallergens. Int Arch Allergy 
Immunoll  J I D- 9211652 2001; 126(3):196-205. 

(31)) van Oort E, de Heer PG, van Leeuwen WA, Derksen NI , Muller M, 
Huveneerss S et al. Maturation of Pichia pastoris-derived recombinant pro-
Derr p 1 induced by deglycosylation and by the natural cysteine protease Der 
pp 1 from house dust mite. Eur J Biochem 2002; 269(2):671-9. 

(32)) Flicker S, Vrtala S, Steinberger P, Vangelista L, Bufe A, Petersen A et al. A 
humann monoclonal IgP2 antibody defines a highly allergenic fragment of the 
majorr timothy grass pollen allergen, Phi p 5: molecular, immunological, and 
structurall  characterization of the epitope-containing domain. J Immunol 
JIDD - 2985117R 2000; 165(7):3849-59. 

187 7 



PoorPoor biological activity ofN-glycan reactive IgH 

(33)) Wensing M, Akkerdaas JH, van Leeuwen WA, Stapel SO, Bruijnzeel-
Koomenn CA, Aalberse RC et al. IgE to Bet v 1 and profdin: cross-reactivity 
patternss and clinical relevance. J Allergy Clin Immunol 2002; 110(3):435-42. 

(34)) Aalberse RC, Kleine B, I, Stapel SO, van Ree R. Structural aspects of cross-
reactivityy and its relation to antibody affinity-. Allergy 2001; 56 Suppl 67:27-9. 

(35)) Schuurman J, Perdok GJ, Mueller GA, Aalberse RC. Complementation of 
Derr P 2-induced histamine release from human basophils sensitized with 
monoclonall  IgE: not only by IgE, but also by IgG antibodies directed to a 
nonoverlappingg epitope of Der p 2. J Allergy Clin Immunol 1998; 
101(3):404-9. . 

(36)) Hakkaart GA, Harmsen MM, Chua KY, Thomas WR, Aalberse RC, van Ree 
R.. Expression of the house dust mite allergen Der p 2 in the baker's yeast 
Saccharomycess cerevisiae. Clin Exp Allergy 1998; 28(l):45-52. 

(37)) Chua KY, Doyle CR, Simpson RJ, Turner KJ, Stewart GA, Thomas WR. 
Isolationn of cDNA coding for the major mite allergen Der p II by IgE 
plaquee immunoassay. Int Arch Allergy Appl Immunol 1990; 91 (2):118-23. 

(38)) Mueller GA, Smith AM, Williams DCJ, Hakkaart GA, Aalberse RC, 
Chapmann MD et al. Expression and secondary structure determination by 
NM RR methods of the major house dust mite allergen Der p 2. J Biol Chem 
1997;272(43):26893-8. . 

(39)) Mueller GA, Benjamin DC, Rule GS. Tertiary structure of the major house 
dustt mite allergen Der p 2: sequential and structural homologies. 
Biochemistryy 1998; 37(37):! 2707-14. 

(40)) Derewenda U, Li j , Derewenda Z, Dauter Z, Mueller GA, Rule GS et al. The 
crystall  structure of a major dust mite allergen Der p 2, and its biological 
implications.. J Mol Biol 2002; 318(1):189-97. 

(41)) Pagny S, Cabanes-Macheteau M, Gilliki n JW, Leborgne-Castel N, Lerouge P, 
Bostonn RS et al. Protein recycling from the Golgi apparatus to the 
endoplasmicc reticulum in plants and its minor contribution to calreticulin 
retention.. Plant Cell 2000; 12(5):739-56. 

(42)) Gomord V, Fitchette-Laine AC, Denmat LA, Michaud D, Faye L. 
Recombinantt proteins from plants:production and isolation of clinically 
usefull  compounds. 3, 155-64. 1998. Methods in Biotechnology. 

(43)) van der Zee JS, van Swieten P, Jansen HM, Aalberse RC. Skin tests and 
histaminee release with PI-depleted Dermatophagoides pteronyssinus body 
extractss and purified PI. J Allergy Clin Immunol 1988; 81 (5 Pt l):884-96. 

188 8 



ChapterChapter 7 

(44)) Schuurman J, Lourens TE, Perdok GJ, Parren PW, Aalberse RC. 
Mouse/humann chimeric IgE antibodies directed to the house dust mite 
allergenn Der p 2. Int Arch Allergy Immunol 1995; 107(l-3):465-6. 

(45)) Schuurman J, Perdok GJ, Aalberse RC. Mouse/human chimeric antibodies 
directedd to two nonoverlapping epitopes of the house dust mite allergen, 
Derr p 2. Int Arch Allergy Immunol 1997; 113(l-3):262-3. 

(46)) Hakkaart GA, Aalberse RC, van Ree R. Involvement of the N-terminus of 
Derr p 2 in IgE and monoclonal antibody binding. Int Arch Allergy Immunol 
1998;115(2):150-6. . 

(47)) Laemmli UK. Cleavage of structural proteins during the assembly of the 
headd of bacteriophage T4. Nature 1970; 227(259):680-5. 

(48)) van Ree R, van Leeuwen WA, Aalberse RC. How far can we simplify in vitro 
diagnosticss for grass pollen allergy?: A study with 17 whole pollen extracts 
andd purified natural and recombinant major allergens. J Allergy Clin 
Immunoll  1998; 102(2): 184-90. 

(49)) van Ree R, Clemens JG, Aalbers M, Stapel SO, Aalberse RC. 
Characterizationn with monoclonal and polyclonal antibodies of a new major 
allergenn from grass pollen in the group I molecular weight range. J Allergy 
Clinn Immunol 1989; 83(1):144-51. 

(50)) Knol EF, Kuijpers TW, Mul FP, Roos D. Stimulation of human basophils 
resultss in homotypic aggregation. A response independent of degranulation. 
JJ Immunol 1993; 151(9):4926-33. 

(51)) Kleine Budde IK , Aalbers M, Aalberse RC, van der Zee JS, Knol EF. 
Reactivityy to IgE-dependent histamine-releasing factor is due to monomeric 
IgE.. Allergy 2000; 55(7):653-7. 

(52)) Siraganian RP. Refinements in the automated fluorometric histamine 
analysiss system. J Immunol Methods 1975; 7(2-3):283-90. 

(53)) Schuurman J, Perdok GJ, Lourens TE, Parren PW, Chapman MD, Aalberse 
RC.. Production of a mouse/human chimeric IgE monoclonal antibody to 
thee house dust mite allergen Der p 2 and its use for the absolute 
quantificationn of allergen-specific IgE. J Allergy Clin Immunol 1997; 
99(4):545-50. . 

(54)) Yang BY, Gray JS, Montgomery R. The glycans of horseradish peroxidase. 
Carbohydrr Res 1996; 287(2):203-12. 

189 9 



PoorPoor biological activity ofX-glycan reactive IgE 

(55)) Schuurman }, Perdok GJ, Mueller GA, Benjamin DC, Yong TK, Chapman 
MDD et al. Mouse/human chimeric IgGl and IgG4 antibodies directed to the 
housee dust mite allergen Der p 2: use in quantification of allergen specific 
IgG.. Clin Exp Allergy 1997; 27(9):1095-102. 

190 0 


