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Thiss thesis focuses on the application of biotechnology to the field of allergy 

diagnosticss and allergen-specific immunotherapy. Allergen extracts have been used for 

thee diagnosis and treatment of type I allergies for almost a century now, but over the 

pastt two decades developments in the field of biotechnology have opened up new 

avenues.. The introduction of monoclonal antibody technology has revolutionized the 

characterizationn and standardization of allergen extracts and has facilitated easy ways 

too purify and characterize major allergens. Recombinant technology was introduced to 

thee field of allergen research towards the end of the eighties, enabling large scale and 

reproduciblee production of well-defined major allergens. Throughout the nineties 

severall promising eukaryotic expression systems wrere introduced that facilitated post-

translationall modifications needed for production of well-folded and immuno-reactive 

recombinantt allergens. Most recently, techniques to mutate recombinant molecules 

weree applied to decrease the allergenicity of recombinant allergens. Together these 

developmentss have moved the allergy field towards monoclonal antibody-based 

standardizationn of allergen products, and towards the development of (recombinant 

orr natural) major allergen-based products. This thesis deals with several topics related 

too the introduction of biotechnology into the field of allergen research, such as 

monoclonall antibody-based allergen standardization (chapters 2 and 3), purification of 

majorr allergens (chapters 2 and 3), production of recombinant allergens in eukaryotic 

expressionn systems like yeast (chapters 2, 4, 5, 6 and 7) and plants (chapter 7), the 

glycosylationn of recombinant allergens in these expression systems and its influence 

onn their applicability in diagnostic tests (chapters 6), and the role of plant N-glycans in 

thee biological activity of glycoprotein allergens (chapter 7). 

Inn chapter 2 methods for the purification and measurement of the major grass pollen 

allergenn Dae g 1 are evaluated. It is shown that various Dae g 1 allergens with differing 

molecularr masses can be isolated from Dae g grass pollen extracts. It was 

demonstratedd that extraction of Dactylis glomerata grass pollen, depending on the 

presencee or absence of saline in the extraction medium, results in a different Dae g 1 

composition.. Without saline an important variant of Dae g 1 is not extracted. 

Comparisonn of different immunoassays for the measurement of group 1 allergens 

revealedd that some assays did not detect this biologically active variant. It was further 

shownn that an N-terminally-truncated variant of Dae g 1 can be removed by 

hydrophobicc interaction chromatography. Extraction in H2O, followed by 
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hydrophobicc interaction and size-exclusion chromatography was shown to be an 

efficientt way to produce a homogeneous Dae g 1 preparation. Such strategy can be 

usedd as alternative to the problematic expression of Dae g 1 in Picbiapastoris. 

Inn chapter 3 it was demonstrated by size exclusion chromatography that the group 5 

majorr grass pollen allergen, Dae g 5, appears predominantly as a dimeric structure. 

Thiss was also true for the C-terminal half of the molecule, which was shown to make 

upp a significant fraction of the Dae g 5 content of Dactylis glomerata pollen extract. As 

wass demonstrated for group 1, group 5-specific immunoassays for standardization of 

grasss pollen extracts were shown to have different sensitivities for the dimer of the C-

terminall half of Dae g 5. Since this molecular variant of Dae g 5 displayed only poor 

biologicall activity, assays that do not detect this structure might be better suited for 

standardizationn purposes. 

Inn chapter 4 the production of recombinant Dae g 5 in the yeast Picbia pastoris is 

reported.. In contrast to the natural allergen, the recombinant allergen was shown to 

bee glycosylated by the yeast. Since the sequence of Dae g 5 did not harbor putative N-

glycosylationn sites, it was concluded that the allergen is O-glycosylated. This post-

translationall modification did not interfere with the IgE reactivity of patients with IgE 

antibodiess against Dae g 5. IgE responses to natural and recombinant Dae g 5 were 

foundd to be closely correlated in RAST-(inhibition) and histamine release assays. 

Chapterr 5 describes the expression of the major house dust mite allergen Der p 1 in 

PicbiaPicbia pastoris. It was shown that the pro-sequence of this cysteine protease is a 

prerequisitee for expression. Spontaneous maturation was negligible. When the allergen 

wass deglycosylated, maturation was observed. Maturation was also induced by 

additionn of affinity-purified natural Der p 1, suggesting that the mechanism of 

maturationn is auto-cleavage. The IgE reactivity of the recombinant pro-enzyme 

correlatedd well with that of the natural allergen, but there was a two-fold difference in 

IgEE titers in favor of the natural allergen. 

Inn chapter 6 the glycosylation of recombinant Dae g 5 by Picbia pastoris was further 

characterized.. It was shown that the allergen carries multiple small mannose-

dominatedd O-glycans. The introduction of these glycans did not disturb recognition 

byy Dae g 5-specific IgE, but was shown to introduce recognition by IgE antibodies 

foundd in a significant share of ABPA patients with mould-specific IgE. This problem 

off false-positive serology was also observed for IgG antibodies. A majority of the 

serumm samples of healthy individuals tested, had IgG antibodies to O-and N-linked 
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glycanss on Pichiapastoris expressed glycoproteins. These antibodies were inhibited with 

mannose-containingg carbohydrate structures. 

IgE-bindingg N-glycans from plants are the topic of chapter 7. The major house dust 

mitee allergen was successfully mutated resulting in the introduction of two N-linked 

glycosylationn sites. Upon expression in tobacco plants, the allergen was shown to be 

glycosylatedd at both sites but with clearly different efficacy. When mono-glycosylated 

Derr p 2 was used in histamine release tests it was shown that a combination of two 

monoclonall IgE antibodies against peptide epitopes on Der p 2 gaye significant 

mediatorr release. Replacement of one of these monoclonals by anti-carbohydrate IgE 

resultedd in a significant drop in histamine release, indicating that IgE against N-

glycanss has a significantly lower biological activity. This was confirmed by histamine 

releasee tests with neoglycopeptides carrying 3-4 IgE-binding N-glycans. These 

moleculess did trigger significant histamine release, though at least 100-fold higher 

allergenn concentrations were needed compared to non-carbohydrate allergenic 

structures.. The explanation of the poor biological activity of anti-carbohydrate IgE 

wass demonstrated to be low intrinsic affinity of the interaction between IgE and 

glycan. . 

Inn summary, it was shown that Pichia pastoris can effectively produce allergens 

(Daee g 5 and Der p 1) for application in diagnostic test and immunotherapy. In some 

cases,, purification of the natural allergen might be a more promising alternative (Dae 

gg 1). For pharmaceutical application of purified natural and recombinant allergens, 

homogeneity -- and reproducibility of the preparation are important. In case of 

recombinants,, isoform variability is of course avoided. The study on Dae g 1 offers a 

strategyy to minimize heterogeneity of a purified natural allergen as well. A 

homogeneouss recombinant Der p 1 preparation will most likely require mutation of 

thee active site of this cysteine protease to avoid variable degrees of maturation of 

pro-enzymee to mature enzyme by autocleavage. Although glycosylation is sometimes 

neededd for correct folding of recombinant proteins, it was demonstrated that it can 

alsoo give rise to loss of specificity of diagnostic tests. This was shown for both yeast 

andd plant expressed recombinant allergens. Detection of IgE antibodies against plant 

glycanss in diagnostic tests should preferably be avoided, because their biological 

activityy is negligible. Removal of glycosylation sites by site-directed mutagenesis can 

offerr a solution to these problems. Alternatively, new generation B.co/i expression 

systemss that facilitate correct disulfide bridge formation and protein folding can 

producee recombinant allergens that lack unwanted glycans. All together, the results 

194 4 



ChapterChapter 8 

reportedd in this thesis illustrate that for application of major allergens in diagnostic 

testss and therapy, each allergen requires its own approach. This can vary from 

purificationn of natural allergens to expression of wild type recombinant allergens or 

mutantss in prokaryotic or eukaryotic expression systems. 
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