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GeneralGeneral Introduction 

Allergy y 

Allergyy is defined as an abnormal immune reaction to a foreign antigen, 

whichh can lead to damage of host tissue. Four different mechanisms of allergy have 

beenn identified, namely type I (immediate), type II (cytotoxic), type II I (immune 

complex)) and type IV (delayed). The first three are mediated by humoral mechanisms 

(antibodies),, and only type IV is cell-mediated. In ail cases, a first exposure to antigen 

wil ll  induce a primary immune response. This process is referred to as sensitization. 

Re-exposuree to the same antigen will then lead to an allergic reaction of the activated 

immunee system. The scope of this thesis is limited to type I immune responses. 

Aboutt 20 % of the general population in the developed world suffer from this type I 

allergicc reactions V\ and the prevalence is increasing rapidly. Allergv is therefore 

sometimess called the epidemic of the 21st century. 

Inn type I allergy a first exposure to an antigen (allergen) signals the immune 

systemm to produce IgE-antibodies specific against the allergen encountered. These 

antibodiess will bind to mast cells and basophils that express a high-affinity IgE 

receptorr called FceRI. This receptor is a member of the immunoglobulin superfamily 

andd plays a central role in type I allergy (2). Upon re-exposure, allergens can be 

capturedd by these receptor-bound allergen-specific IgE antibodies, thereby possibly 

cross-linkingg two or more FceRI receptors. Efficient cross-linking of receptors is the 

signall  for mast cells and basophils to degranulate and secrete inflammatory mediators 

likee histamine, serotonin and leukotrienes (̂ . This degranulation of mast cells and 

basophilss is the trigger of an allergic reaction. These cells are therefore also referred 

too as the effector cells of the type I allergic response. For efficient cross-linking of 

FceRII  receptors an allergenic structure should carry at least two epitopes (valency of 

thee interaction) that are recognized by IgE antibodies with sufficiently high affinity 

<4;3).. Mostly, this will involve two or more different epitopes on a single allergen 

molecule,, but upon dimerisation of an allergen one repeating epitope can also meet 

thee requirements for cross-linking. 

Thee allergens involved in type I allergy can be subdivided in several 

categories:: environmental indoor (e.g. mites and moulds) and outdoor allergens (e.g. 

grass-- and tree pollen), insect venoms (e.g. bee and wasp venom), foods (e.g. nuts, 

milk,, egg, fish and fruits), occupational allergens (e.g. latex and industrial enzymes), 

andd drugs (e.g. penicillin and anesthetics). Symptoms induced by exposure to these 

allergenn sources can be divided on the basis of the target organs that are affected. 
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Airbornee allergens like pollen and house dust mite obviously cause symptoms of the 

respiratoryy organs. They typically cause allergic rhinitis and asthma. They can, 

however,, also affect the eyes (conjunctivitis). Ingestion of allergens is more likely to 

causee gastrointestinal problems like cramps, diarrhea and vomiting, but also local 

symptomss of the oral cavity The latter clinical presentation is often referred to as the 

orall  allergy syndrome (OAS). Food allergens, however, can also affect less obvious 

targett organs like the skin (acute dermatitis, eczema or (contact)-urticaria) and the 

cardiovascularr system. Cardiovascular problems can be limited to a moderate drop in 

bloodd pressure, but can also lead to a full-blown anaphylactic shock and ultimately 

death.. Drugs and insect venoms are also known to be capable of affecting multiple 

targett organs. The topic of this thesis is limited to two of the most important inhalant 

allergenn sources: grass pollen and house dust mites. 

Grasss pol len allergens 

Inn temperate latitudes, pollen from Poaceae grasses like Dactylis glomerata 

(orchardd grass), Lolium perenne (rye grass), Poa pratensis (Kentucky blue grass), Phleum 

pratensepratense (timothy grass) and Holcus lanatus (velvet grass) are a major cause of seasonal 

atopicc allergy. The allergens identified so far vary in 

apparentt molecular mass between 6 and 60 kDa, and 

encompasss a variety of structurally different proteins. To 

datee eleven grass pollen allergens have been identified (6). 

Thesee allergens were given their names following the rules 

off  the IUIS allergen nomenclature committee. This system 

assignss Arabic numbers to newly discovered allergens in 

orderr of discovery, in combination with the first three 

letterss of the family name (e.g. Lol for Lolium) and the first 

letterr of the species name (e.g. p for perenne), e.g. Lol p 1 

forr the first allergen identified from Lolium perenne grass 

pollen.. When subsequently homologous allergens from 

otherr species are identified, they obtain the same number, 

e.g.. Dae g 1 for Dactylis glomerata or Phi p 1 for Phleum pratense. The last one to be 

addedd was group 13 from Phleum pratense, Phi p 13 t7). Group 8 has mysteriously 

vanished,, and nobody really knows which allergen this is supposed to be. Group 9 is 

noo longer in use either, because it turned out to be identical to the group 5 allergens. 
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Thiss explains why the numbering has reached group 13, while only eleven 

designationss are now recognized. Among these groups, group 1 and group 5 are the 

mostt important ones (SA:\ 

GroupGroup 1 grass pollen allergens 

Groupp 1 grass pollen allergens are highly allergenic and homologous 

glycoproteinss with an apparent molecular mass (Mr) of 28 to 37 kDa on SDS-PAGE 

02-i5)__ More accurate estimations of the Mr of group 1 allergens were obtained by mass 

spectrometryy and vary between 26-28 kDa (16;1"). The first group 1 allergen was 

identifiedd in 1965, when it was purified from Ijolium perenne grass pollen 08). 

Immunochemicall  characterization of these grass pollen group 1 allergens showed that 

upp to 95% of grass pollen sensitized patients showed IgE-reactivity to these proteins, 

leadingg to their classification as major allergen (i6;i9-22)_ A m a j o r allergen is generally 

definedd as an allergen recognized by at least 50% of a population allergic to an 

allergenn source, e.g. grass pollen. 

Thee most common physico-chemical purification strategies for isolation of 

groupp 1 allergens include hydrophobic interaction chromatography (HIC). This 

methodd has been reported as an efficient way to separate group 1 allergens from the 

otherr main major allergens, the group 5 allergens (see below). In high salt 

concentrationss (typically 1 molar ammonium-sulphate), group 5 allergens have been 

shownn to bind to hydrophobic matrices like e.g. Phenyl Sepharose, whereas the group 

11 allergens are not retarded (23). The 'flow through' of the column will therefore 

containn most of the group 1 allergens which are usually further purified by size 

exclusionn chromatography (SEC) (22<24-26) (this thesis). 

Ass soon as purified group 1 allergens became more widely available, specific 

antibodyy reagents followed rapidly <27 29). In particular monoclonal antibodies proved 

helpfull  tools in the purification and detailed characterization of these allergens. They 

alsoo allowed the study of the intracellular localization of group 1 allergens in pollen. 

Monoclonall  antibodies and specific IgE antibodies in combination with immunogold 

labelingg and light and/or electron microscopy (3°-33) revealed that these proteins are 

predominantlyy localized in the cytoplasm of pollen. More recently, the first group 1 

allergenss were cloned and expressed as recombinant proteins (î ;22;34 36) Analysis of 

theirr primary structure revealed that they share up to 70% homology with plant 

proteinss called expansins. These proteins were isolated first from cucumber seedlings 

andd subsequently from other plant tissues, where they were found to be associated 
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withh cell growth through their ability to achieve loosening of the cell wall (37 38). 

Subsequently,, comparable activity was demonstrated for grass pollen group 1 allergens 

(39-40))) suggesting that these allergens are indeed involved in cell wall loosening 

necessaryy for plant cell growth, cell separation and fertilization (38). Their activity was 

shownn to be specific for grass cell walls (monocotyledons) <39). To date, there are two 

categoriess of plant expansins, a-expansins and [3-expansins (39). Together with their 

homologouss expressed in vegetative tissues (non-flowering seedlings), group 1 

allergenss have been named the (3-expansins. The mechanism by which expansins 

achievee loosening of cell walls has not yet been completely elucidated. Grobe et al. 

studiedd the Phkum pratense group 1 allergen Phi p 1 and proposed cysteine proteinase 

activityy (papain- and cathepsin-like) as a possible mechanism. Indeed, natural and 

recombinantt Phi p 1 were claimed to possess such proteolytic activity (4142). Yet 

anotherr hypothesis suggested the cell wall loosening activity to be mediated by 

weakeningg the non-covalent bonds between key wall polysaccharides <38). Cell turgor or 

externall  forces would then further dislocate the polysaccharides in the cell wall and 

wouldd give space to for example, penetration of the pollen rube (40). 

Whenn Lol p 1 was first identified, two smaller allergens (Mr around 11 kDa) 

weree also purified and characterized. These allergens, Lol p 2 and Lol p 3 (95-98 

aminoo acids), were shown to be highly homologous (40% identity) to the C-terminal 

977 amino acids of Lol p 1 (43>. The exact relation between group 1 and group 2 and 3 

allergenss has not yet been elucidated. Recently, a group 2 member, Phi p 2, was cloned 

andd expressed as recombinant protein t44). This allowed the allergen to be crystallized 

andd its three-dimensional structure to be determined by X-ray crystallography (45). 

Modelingg of the C-terminal part of Lol p 1, based on this structure of Phi p 2, 

suggestedd Lol p 1 to have a C-terminal domain with close to identical structure (46). 

Moree recently, the complete structure of a group 1 allergen, Phi p 1, has been 

elucidatedd by Fedorov et al. (PDB code IN 10). The structure of Phi p 1 was indeed 

shownn to contain a C-terminal domain that can hardly be distinguished from Phi p 2. 

Onee of the reasons why it took relatively long to obtain a complete X-ray 

crystallographicc structure of the group 1 allergens has been the problems encountered 

inn producing correctly folded recombinant group 1 allergens. Many attempts have 

beenn made in several expression systems like E.coti, yeast and tobacco, but with 

differingg success. Expression of group 1 allergens from Bermuda grass pollen (Cyn d 

1)) in E.coli did not result in an IgE-binding protein, in contrast to a yeast-derived 

productt that was shown to be recognized by IgE antibodies on immunoblot (34). 
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Expressionn of group 1 allergens from velvet grass (Hoi 1 1), timothy grass (Phi p 1) 

andd rye grass (Lol p 1) in E.coli did result in recombinant proteins that were reactive 

withh group 1-specific IgE antibodies. The first two recombinant proteins were 

comparedd with their natural counterparts in inhibition experiments (— 5̂-36̂  

recombinantt Lol p 1 was used as a reagent in immunoCAP assavs compared with a 

totall  rye grass extract r!6). Up till now, the inhibitory potency of the recombinant 

allergenn was reported to be inferior to that of the natural homologue {21l Explanations 

forr the reduced IgE reactivity of recombinant group 1 allergens from E.coli may be 

thee absence of glycosylation or differences in folding due to a lack of correct 

disulphidee bridge formation '^\ Other problems reported by several groups are the 

lackk of stability and solubility of group 1 recombinant proteins <48-49). Eukaryotic 

expressionn systems like yeast, insect cells, mammalian cell-lines or plants could 

potentiallyy circumvent these shortcomings. However, expression in the yeast 

SaccharomjcesSaccharomjces cerevisiae was shown to produce hyper-glycosylated proteins, which could 

againn influence immune reactivity and immunogenicity (-5{yK In this thesis, cloning and 

expressionn of Dae g 1 was attempted in the yeast Pichia pastoris that displays less 

extremee hyper-glycosylation. 

GroupGroup 5 grass pollen allergens 

Inn 1967 and 1978 allergens with an apparent Mr of 15 kDa were described as 

antigenn B and antigen 25, respectively f51-52). We now know that these antigens are in 

factt fragments of the group 5 allergens (this thesis). The major grass pollen group 5 

allergenss are known as non-glycosylated, highly homologous proteins, which were 

reportedd to migrate as a doublet on SDS-PAGE with an apparent Mr between 25 and 

333 kDa (H»-i 123:53-54)_ As described for the group 1 allergens the vast majority of grass 

pollenn allergic patients (about 85%) has specific IgE antibodies against group 5 

allergens,, thus also classifying this group of proteins as major allergens 00;12;22;23,53;55)_ 

Ass mentioned above, group 1 and group 5 allergens can be separated by HIC, 

e.g.. on a Phenyl Sepharose column. Group 5 allergens tend to bind to Phenyl 

Sepharosee in high salt. Elution with water (this thesis) or more hydrophic media like 

50%% ethylene glycol (23) were reported to release group 5 proteins from the column. 

Thee first monoclonal antibodies were produced almost 15 years ago, allowing rapid 

affinity-purificationn (23;53;56:57)i Furthermore, the localization of group 5 allergens was 

facilitatedd using such antibody reagents. Lol p 5 and Phi p 5 were mainly detected in 
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thee amyloplasts or starch granules ^2>5*), although cytoplasmic localization of group 5 

hass also been described <33). 

Cloningg of numerous group 5 allergens revealed that they form a more 

diversee group of proteins than the group 1 allergens, with sequence homologies 

varyingg between 55% and 85%. From single grass species multiple isoforms were 

clonedd (Ï2;48;59-60)I Some isoforms from Phleum and Lolium clearly differed in length and 

weree subsequendy designated as the a-and b-form of group 5 (W>i-63) -phe existence of 

isoformss with significandy different length fits well with the earlier reports of group 5 

allergenss migrating as a doublet on SDS-PAGE d" ii;23;53-54) (tni s thesis). The two 

variantss from Phleum (a and b) were shown to differ considerably in amino acid 

sequencee (up to 30%), including some deletions and insertions, with Phi p 5a being 

thee larger protein. Confusingly, the a- and b-terminology in Lolium is the opposite of 

thatt of Phleum. In this case, the larger protein is the b-form. 

Upp to date no consensus has been reached about the functional role of group 

55 allergens. On the basis of sequence homologies and the X-ray crystallographic 

structuree of recombinant Phi p 5b expressed in E. coli, Bufe et al. proposed a role as 

RNAsee (f,2;64). This recombinant reagent was demonstrated to spontaneously degrade 

too a C-terminal peptide of -13 kDa with a strong tendency to dimerize (64). This 

dimerizedd C-terminal peptide is composed of a four-alfa-helical structure similar to 

thee square bundle of cytochrome c (65). Furthermore, it was shown that both the C-

terminall  peptide and the whole molecule indeed possess RNAse activity. The RNAse 

activityy has lead to the suggestion that these allergens might play a role in pathogen 

defensee (('2l The primary structure of the C-terminus of Phi p 5b was shown to 

containn a cysteine, which could explain its tendency to dimerize. Devoid of a cysteine, 

Phii  p 5a was not found to dimerise (66). Bufe et al. proposed another mechanism for 

thee observed dimerisation of the C-terminus of Phi p 5b. They showed that mutation 

off  a tyrosine in the sequence of rPhl p 5b prevented dimerisation. They, therefore, 

postulatedd that this particular amino acid is involved in the formation of dimers <65). 

Thee mechanism of this dimerisation through the presence of a tyrosine was not 

furtherr discussed. Dimer formation has also been reported for whole group 5 

moleculess in natural preparations of Lol p 5, Phi p 5 and Dae g 5 (u><> 2* 7) (this thesis). 

Thee observation that recombinant Phi p 5b tends to produce a C-terminal 

splitt product <64) is in line with the detection of group 5-related peptides of similar size 

inn grass pollen extracts. As mentioned above, molecules of similar sizes were originally 

isolatedd as new grass pollen allergens f51 52) and were later identified as group 5 
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fragments.. The C-terminal half of rPhl p 5b, reported by Bufe et al., was shown to 

harborr virtually all IgE-binding potency of the complete allergen (65). Earlier, Singh et 

al.. made two recombinant Lol p 5 peptides representing the N-and C-terminus of Lol 

pp 5, also showing that IgE-reactivity was mainly present in the C-terminal half of the 

proteinn (58). Others, however, have mapped an IgE Fab to an 11.2 kDa N-terminal 

fragmentt of Phi p 5a (68). This 11.2 kDa N-terminal fragment was cloned and 

expressedd in E. coli and was compared to the whole allergen for IgE reactivity. It was 

demonstratedd that the N-terminal half of Phi p 5a also has IgE-binding properties <68). 

Bufee et al. have shown that internal sequence homology exists in the complete Phi p 

5bb molecule (46% identity). These internal sequence homologies indicate that the N-

terminall  half of the molecule resembles the structure of its C-terminal half <65). This 

wass confirmed by nuclear magnetic resonance spectroscopy of the N-terminal half of 

Phii  p 5a (66). These results show a globular domain consisting of a 4-helix bundle, 

resemblingg the structure of the C-terminal peptide of Phi p 5b. In line with this intra-

molecularr structural homology, IgE antibodies affinity-purified from the C-terminal 

peptidee were shown to bind to the N-terminal part of the molecule (65). The nature of 

thee group 5 fragments observed in grass pollen extracts has never been really 

identified.. In this thesis, the different molecular forms of natural Dae g 5 have been 

studiedd in detail. 

Inn concordance with the homologies described between group 1, 2 and group 

3,, the N-terminal half of group 5 allergens share a sequence homology of up to 50% 

withh the 13 kDa group 6 allergens (69-70). 

Thee production of recombinant group 5 allergens was more successful than 

reportedd for the group 1 allergens. E.«>//-derived group 5 allergens have been reported 

fromm Lol p 5 (a, b or c) (58:63:67̂ phi p 5 (a or b) (60-62;7i-72)}  po a p 5 a\ Hoi 1 5 W and 

Phaa a 5 f75). All were reported to have similar IgE binding potencies as their natural 

counterpartss This was also true for Pichiapastoris-derived Dae g 5 (this thesis). 
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Housee dust mite allergens 

Togetherr with grass pollen allergens, house dust mite (HDM) allergens are the 

mostt important inhalant allergens. Sensitization and exposure to house dust mite 

allergenss is a significant risk factor for the development of asthma W. Of the 

differentt house dust mite species, Dermatophagoides pteronyssisnus is 

onee of the most common ones C77). To date 19 groups of 

allergenss have been identified from various house dust mite 

speciess (78). Their biochemical functions vary from enzymes like 

cysteinee proteases (group 1), serine proteases (group 3, 6 and 9) 

andd a-amylase (group 4) to an anti-microbial peptide (group 19). 

Thee group 1 (Der p 1) and group 2 (Der p 2) allergens were classified as the major 

allergens,, 80% to 90% of the mite sensitized patients have IgE antibodies to these two 

proteinss C79-82). 

GroupGroup 1 house dust mite allergens 

Thee major group 1 allergen from the house dust mite (HDM) species 

DermatophagoidesDermatophagoides pteronyssinus was the first mite allergen to be described C79). This 

allergenn was originally called PI, but is now known as Der p 1. It was described as a 

glycoporteinn migrating at an apparent Mr of approximately 25 kDa (83-85). HDM 

allergenss are the most important indoor allergens and Der p 1 was shown to reach 

concentrationss up to 10 (ig/g of house dust (86;87). Epidemiological studies 

demonstratedd that 100 ng/g is already associated with sensitization (77;88); a nd the risk 

increasess with increasing dose. IgE antibodies against mite allergens like Der p 1 are a 

riskk factor for the development of asthma C76). Der p 1 is produced in the mite gut and 

excretedd in mite fecal particles found in house dust (89). These observations pointed 

towardss a digestive function of this allergen <90). This could indeed be confirmed after 

thee primary structure of Der p 1 was elucidated (91;92). The complete sequence was 

obtainedd after the molecular cloning of the allergen by Chua and Thomas (93). 

Sequencee homologies of group 1 HDM allergens were found with cysteine proteases 

likee papain and actinidin (83;93;94). Der p 1 was shown to contain the typical active site of 

aa cysteine protease, and this enzymatic activity was indeed confirmed for Der p 1 by 

Chuaa et al. <93). Later the identification of Der p 1 as a cysteine protease was 

confirmedd by several other groups (95-i°i). 
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Basedd on the X-rav crvstallographic structures ot other cysteine proteases 
Ill2;l "3),, a Der p 1 model was designed. According to this model, Der p 1 has two 

globularr domains, an N- and a C-terminal domain. These two domains are proposed 

too be connected bv a flexible loop formed by the central region of the primary 

sequence.. The catalytic site was proposed to be located within the cleft between the 

domainss f'n-lu4). This model still awaits confirmation by X-rav crystallography or NMR. 

Ass mentioned for the major grass pollen group 1 allergen, recombinant 

expressionn of Der p 1 proved to be a difficult task. Several attempts have been made 

too produce an IgE-reactive and en/ymaticallv active recombinant protein. First in 

H.coJiH.coJi - 'W^ followed by several eukaryotic expression systems like Saccharomyces 

cerevisiaecerevisiae <U)('\ Drosophila cells ; , i r ; , mammalian cells um' and Pichia pastori's <u^u') (this 

thesis).. The primary sequence of Der p 1 is comprised of a leader or pre-sequence, a 

pro-sequencee that is typically found in the immature precursor form of many 

enzymes,, and the mature sequence '^. The first attempts to express Der p 1 in H.coli, 

weree performed using exclusively the mature sequence linked to a fusion protein. In 

thee first attempt, Der p 1 was expressed as a fusion partner to fj-galactosidase, but 

significantt IgE reactivity- could not be demonstrated (l>4l Subsequently, the mature 

allergenn was expressed in bacteria as a fusion protein with glutathione-S-transferase or 

GST,, and studied for IgE and IgG binding reactivity7. This recombinant allergen was 

shownn to bind IgE in 50% of the Der p 1-positive sera (UlS). Expression of mature 

Derr p 1 in a prokaryotic system proved to be difficult. Pro-Der p 1 expressed in the 

veastt Saccharomyces cerevisiae was preferentially found intracellularly, making 

solubilizationn and renaturation necessary. Furthermore, it was shown to contain 28 

extraa amino acids, 23 of which belonged to the pro-sequence, but 5 were residual 

aminoo acids from the expression vector. However, dot blot experiments with 11 sera 

didd show IgE-reacrivity to this recombinant. This was the first time that Der p 1 was 

expressedd without a large fusion protein (lnf>). Der p 1 expression in Pichia, mammalian 

cellss and Drosophila were all performed as pro-enzymes. These studies all reported high 

levell  expression and comparable IgE binding of the recombinant and its natural 

counterpartt (this thesis) 0,r-109). For none of these constructs spontaneous maturation 

wass reported. An exception to this lack of maturation was reported by Best et al. (11°). 

Theyy also expressed the pro-allergen, and claimed that it was spontaneously processed 

duringg expression, thus releasing the mature allergen. Others have so far not 

confirmedd this observation. 
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Althoughh expression of the pro-allergen has been shown to be a good 

alternativee for expression of the mature allergen, the pro-allergen of course lacks 

enzymaticc activity. Efforts have been made to find a way to remove the pro-sequence 

fromm these recombinants, aiming at the production of an enzymatic ally active mature 

allergen.. A method for the removal of the pro-sequence was known from 

observationss made in relation to the maturation of other cysteine proteases, like 

procathepsinn B (H1) and papain (!12). Their pro-enzymes were reported to auto-

catalyticallyy cleave off their pro-sequence under acidic conditions. This method was 

shownn to be successful for Der f 1, the homologous allergenic enzyme from 

DermatophagoidesDermatophagoides farinae (i«>;n.vii5)_ Jacquet et al. have recently reported successful 

maturationn of recombinant pro-Der p 1, expressed in the yeast Pichiapastoris (W)\ 

Whetherr maturation of Der p 1 is desirable for all potential future 

applicationss is doubtful. There are several reasons why an enzymatically inactive pro-

enzymee would probably be a better choice for application in allergen-specific 

immunotherapy. . 

Thee proteolytic activity of Der p 1 was described to cleave CD23 and CD25. 

Cleavagee of these receptors was shown to be pro-allergenic (116X Cleavage of 

membranee bound CD23, the low-affinity IgE-receptor present on B-cells, was shown 

too influence the regulation of IgE synthesis. By increasing the concentration of 

solublee CD23, IgE synthesis would be up-regulated (117). CD25 is the a-subunit of the 

11-22 receptor (118). IL-2 is needed for optimal growth and proliferation of the Theiper 1 

(Thl)) subset. Cleavage of this receptor by Der p 1 could therefore impair the growth 

off  Thl cells. Decrease of Thl activity would have a bias towards pro-allergenic Theipcr 

22 (Th2) responses, and thus would increase the risk of allergic sensitization >U6). 

Finally,, Der p 1 was shown to loosen tight junctions in the respiratory epithelium (11<J), 

wheree it was shown to induce inflammatory cytokines (9'J). Whether these biological 

effectss of Der p 1 also occur in vivo still has to be demonstrated, since most 

experimentss described above were performed after artificial pre-activation of the 

groupp 1 allergen with 5 mM of cysteine. Thereof, expression of pro-Der p 1 as a 

candidatee for application in immunotherapy seems to have preference over the mature 

activee enzyme. Expression of this molecule in P. pastoris-was part of this thesis. 
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GroupGroup 2 house dust mite allergens 

Thee group 2 allergens of house dust mites were characterized as 14 kDa non-

glycosylatedd proteins. Der p 2, the group 2 allergen of D. pteronyssinus, was reported to 

bee recognized by IgE antibodies of approximately 80% of HDM allergic patients (8°-
H2).. Der p 2 was identified shortiy after Der p 1 (12°), and was first cloned by Chua et al. 

(121).. Der p 2 has a 17 amino acid signal peptide and the mature protein is 129 amino 

acidss long f121). The sequence contains 6 cysteines, which form 3 disulphide bridges 

(122)) The concentration of Der p 2 in house dust is similar to that of Der p 1 023;i24) j t 

hass been reported that a higher concentration of Der p 2 can be found in whole body 

mitee extracts than in spent culture medium (125). This is in contrast, to the fecal 

allergenn Der p 1. The biological function of Der p 2 is still unknown, however some 

sequencee homologies have been found with a family of epididymal proteins (]26\ 

Structurall  comparison with a member of this family, the human HE1 protein (127), 

wouldd locate Der p 2 to the reproductive tract of the mite and a possible function in 

reproduction.. Another possible function has been suggested for the highly 

homologouss (87%) group 2 allergen of Dermatophagoides farinae, Der f 2. Der f 2 was 

foundd to bind to the surface of some bacteria, suggesting a function in pathogen 

defensee (128). 

Thee tertiary structures of Der p 2 <129) and Der f 2 (128) were obtained by 

nuclearr magnetic resonance (NMR), showing a structure consisting of p-sheets folded 

intoo a single immunoglobulin domain, with structural similarities to the third and 

fourthh domain of the tissue transglutaminase coagulation factor XIII . Der p 2 was 

furtherr reported to share structural homology with the hornworm ers\G gene (13°), a 

proteinn from moths possibly involved with molting. More recently, the crystal 

structuree of Der p 2 was resolved, showing that Der p 2 contains 10 j3-strands and a 

shortt one turn helix, with an overall tertiary fold of two anti-parallel P-pleated sheets 

overlyingg each other, and forming an internal cavity. These results have suggested that 

Derr p 2, due to its hydrophobic cavity, could function as a lipid-binding protein 0-M). 

Recendy,, the human Der p 2 homologue HE1 (see above) was found to be associated 

withh lysosomal transport of cholesterol (132). 

Groupp 2 allergens have been expressed in several expression systems without 

tooo many problems. Recombinant Der p 2 was expressed in E. coll as a fusion protein 

withh GST, with a yield of approximately 10 mg/L. IgE reactivity was shown with 22 

outt of 24 Der p 2 positive sera (,33). Der f 2 was also expressed in E.coli with 

comparablee yield and IgE-reactivity (134). A non-fused secreted Der p 2 recombinant, 
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wass obtained by expression in the baker's yeast Saccharomyces cerevisiae (135). This 

recombinantt was shown to be very similar to its natural counterpart, regarding its IgE-

reactivityy and biological activity. Because of the good experience with the expression 

off  Der p 2 in various expression systems, this allergen was chosen for site-directed 

mutagenesiss experiments (this thesis), aiming at the introduction of two N-

glycosylationn sites (see below). 

Cross-reactivee carbohydrate determinants 

Glycoproteinss in plants and invertebrate animals carry complex N-linked 

glycanss that typically differ on two positions from mammalian N-glycans: an a (1,3)-

linkedd fucose on the proximal N-acetylglucosamine and/or a P (l,2)-linked xylose on 

thee core-mannose 036-143) _ 

Thesee monosaccharides make plant and 

invertebratee glycoproteins highly immunogenic in 

mammals.. Immunization of rabbits with plant 

glycoproteinss has been reported to result in 

antibodyy responses that are at least partly directed 

too these complex N-glycans. Specificity for the 

typicall  fucose and xylose was indeed confirmed 

andd these activities could be separated by affinity-

chromatographyy (144). About two decades ago 

Aalbersee et al. (145) published a paper on human IgE antibodies with specificity for 

(periodate-sensitivee and heat-resistant) carbohydrate determinants. These antibodies 

weree found in sera of patients with pollen allergies or with allergies for bee or wasp 

venom,, and were shown to be highly cross-reactive between pollen, insect venom, 

vegetablee foods and foods of invertebrate origin (i46;i47)_ Therefore these sugar 

epitopess were often referred to as cross-reactive carbohydrate determinants (CCD) 

(145;148)__ The specificity of glycan-reactive IgE antibodies was further analyzed in detail 

byy various groups (i40;i49-i53)) revealing that both xylose and fucose are essential as was 

earlierr reported for hyper-immune rabbit-antisera (144) against plant glycoproteins. 

Typicall  plant glycoproteins carrying such complex N-glycans are pineapple stem 

bromelainn and horseradish peroxidase (HRP). Bromelain carries a single N-glycan, 

HRPP at least six. These glycoproteins are readily available and are now widely used for 

thee study of IgE responses against plant N-glycans. The prevalence of glycan-specific 

Uïdd .u"i. 
Sromotiin.. BSO 

Mm0Mm0JJ 1 
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IgEE antibodies in subjects with sensitization to multiple pollen and vegetable foods 

wass reported to be up to > 70% ci-*3;i54j_ 

AA striking feature of glycan-reactive IgE antibodies is their apparent lack of clinical 

relevancee (5;155). Pollen-allergic patients demonstrate positive in vitro diagnostic tests for 

plantt foods without having clinical food allergy <145J. Van der Veen et al. (!56J studied a 

groupp of pollen allergic patients with a positive RAST for peanut. None of these 

patientss had clinical peanut allergy and peanut skin prick tests were negative at allergen 

concentrationss used in routine practice. It was shown that the vast majority of these 

patientss recognized peanut on the basis of IgE cross-reactivity to plant glycans. 

Peanutt RASTs were almost completely inhibited by Proteinase K-digested grass pollen 

extract,, demonstrating that recognition of peanut was dominated by IgE antibodies 

againstt protease-resistant carbohydrate structures. In vitro histamine release tests and 

skinn prick tests revealed that around 1000-fold higher peanut allergen concentrations 

weree needed for biological activity than in case of patients with true clinical peanut 

allergy.. It is still a question why these IgE antibodies have so poor biological activity 
;155;15" ' ) i i 

Efficientt mediator release is dependent on the presence of multiple epitopes 

onn a single allergenic structure and on the affinity of the IgE-allergen interaction. A 

combinationn of these factors most likely lies at the basis of the observed lack of 

biologicall  activity of glycan-specific IgE antibodies (4;5;158). Several groups have tried to 

elucidatee the role of carbohydrate-specific IgE antibodies in the induction of 

mediatorr release, i.e. in triggering an allergic response (I56;i59-i6i) fhe monovalent 

glycoproteinn bromelain does not induce positive skin tests in subjects with glycan-

reactivee IgE antibodies (154;162). This observation follows the general perception of the 

mechanismm of induction of mediator release from mast cells and basophils. 

Surprisingly,, Batanero et al. (,6°) reported strong histamine release using monovalent 

N-glycanss isolated from the major olive pollen allergen. This observation suggested 

thatt a single glycan of approximately 1.5 kDa could cross-link at least two IgE 

antibodiess on an effector cell. In general, however, the presence of at least two glycans 

onn a single protein is thought to be a minimal requirement for the induction of 

mediatorr release ({(>^. The observation reported by Mari et al. that HRP (at least 6 

glycans)) but not bromelain (one glycan) induced a positive skin prick test fits with this 

schemee (154). Fötisch et al. used a neoglycopeptide to study the biological activity of 

glycan-specificc IgE antibodies. N-glycans isolated from bromelain were covalently 

linkedd to bovine serum albumin (BSA). In subjects with clinical celery- (159) or tomato-
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allergyy <161), they demonstrated that these neoglycopeptides induced histamine release. 

Onn the basis of these observations, these authors now tend to designate IgE 

antibodiess against CCD as clinically relevant, at least in a sub-selection of those 

subjectss that have sugar-reactive IgE antibodies. This implies that the suggestion to 

avoidd detection of CCD-specific IgE antibodies in diagnostic tests for food allergy 

wouldd result in false-negative diagnoses. There remains, however, some considerations 

thatt deserve attention. The original observations of Aalberse et al. <145) and van der 

Veenn at al. <156) showing that cross-reactivity exclusively based on CCD-reactive IgE is 

rarelyy if ever translated into clinical food allergy has so far not really been refuted. The 

experimentss with neoglycopeptides showing biological activity of N-glycan reactive 

IgEE from subjects with established clinical food allergy, are technically sound but no 

reall  proof for their clinical relevance <5). It was not convincingly shown that the 

patientss were exclusively reacting to CCD in the foods they were allergic to. The 

clinicall  symptoms could still be induced by other structures in the respective foods. 

Neoglycopeptidess are artificial constructs that might favor biological activity in 

basophill  histamine release tests. Whether foods contain allergenic molecules with 

similarr characteristics remains unclear. A glycoprotein isolated from tomato, [3-

fructofuranosidase,, with four putative glycosylation sites, and HRP were used as a 

naturall  examples of polyvalent glycoproteins giving clear histamine release C161). On 

thee basis of complete loss of biological activity when non-glycosylated recombinant 

(3-fructofuranosidasee or deglycosylated HRP were used, the authors conclude that 

glycanss are essential for the induction of histamine release. Probably this conclusion is 

correct,, but no proof is given that the recombinant and deglycosylated proteins are 

correctlyy folded. 

Inn summary, under specific assay conditions IgE 

antibodiess against CCD are indeed capable of inducing 

histaminee release. Their clinical relevance though remains 

controversiall  (5). The exact reasons why very specific 

constructss are needed to achieve biological activity are still 

obscure.. In this thesis, a model system was developed to 

studyy the role of epitope valency and IgE affinity in the 

inductionn of mediator release by CCD. To this end, the 

naturallyy non-glycosylated house dust mite allergen Der p 2 was mutated so as to 

harborr two putative glycosylation sites. To achieve substitution with typical plant N-

glycans,, the construct was expressed in tobacco plants. 
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Ai mm of this study 

Forr approximately a century now, diagnosis and treatment of type I allergic 

diseasess has been performed with products based on almost crude extracts of the 

allergenn sources involved. These extracts are biologicals with a complex and variable 

composition.composition. Only some of the components are relevant allergens. Consequently, 

diagnosiss and treatment are carried out with variable quantities of relevant (major) 

allergenss and a lot of irrelevant material. This practice has been named for frequent 

false-negativee and false-positive diagnoses. The most frequently described IgE-binding 

structuress implicated in false-positive in vitro diagnoses are complex N-glycans on plant 

glycoproteins.glycoproteins. Variable composition of allergen products can potentially also cause 

decreasedd efficacy (when doses of major allergens are too low) or safety (when doses 

off  major allergens are too high) of immunotherapy. Therefore, allergy research has 

focusedd for several decades now on the identification, purification and 

characterizationn of major allergens of the most important allergen sources. To 

improvee the quality of allergen products, immunoassays were developed to specifically 

measuremeasure most of these major allergens. Allergen products can now be defined with 

respectt to their major allergen content. Improvement is still needed in evaluating the 

isoformisoform specificity of major allergen immunoassays. Knowledge about the major allergen 

compositionn is certainly not synonymous to control of the major allergen quantities in 

ann extract. For this, biological products are just too variable. Some allergen 

manufacturerss decrease the variability of their products by mixing batches. 

Alternatively,, extracts could be spiked with purified major allergens to achieve 

reproducibility.. This requires detailed knowledge on the physico-chemical characteristics of major 

allergensallergens and the development of efficient purification strategies. Alternatively, molecular 

biologyy could offer a solution. Over the past fifteen years, many major allergens were 

clonedd and expressed as recombinant proteins. In the near future, such molecules are 

expectedd to replace the current generation of allergen products based on crude 

extracts.. In diagnostic tests, recombinant allergens are already in use, though at a 

modestt scale and mainly by the research community. Introduction of recombinant 

allergensallergens for treatment of allergic diseases will certainly accelerate their use as diagnostic tools. 

Soo far, most recombinant allergens have been produced in the prokaryotic expression 

systemm E. coli. For several allergens, this system has proven to lack the right post-

translationaltranslational machinery for the production of correctly folded and fully immune-reactive recombinant 

molecules.molecules. Various alternative eukaryotic expression systems are now easily accessible to the 
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researchh community. One of them is the yeast P. pastoris, another that has gained 

increasingg interest is tobacco. 

Thiss thesis deals with several of the aspects described (in italics) above. 

Chapterr 2 and 3 evaluate strategies to purify the two major allergens of Dactylis 

glomerataglomerata grass pollen, Dae g 1 and Dae g 5. The existence of different isoforms and 

thee evaluation of assays for the detection of both allergens are discussed in these 

chapters.. Both allergens were also cloned and expressed in the yeast Pichia pastoris 

(chapterr 2 and chapter 4). In chapter 5, the expression in Pichia pastoris of the major 

DermatophagoidesDermatophagoides pteronyssinus house dust mite allergen Der p 1 and its detailed 

characterizationn is described. In chapter 6, a drawback of post-translational 

modificationss of recombinant proteins in this yeast is discussed. The effect of the 

additionn of mannose-rich O- and N-linked glycans on the specificity of diagnostic 

testss is investigated. Finally, the topic of IgE-binding plant N-glycans is studied by 

applicationn of a model system. In chapter 7, the mutagenisis of naturally non-

glycosylatedd Der p 2 into a glycosylated molecule is described. This mutant was 

expressedd in tobacco plants to substitute the molecule with typical IgE-binding plant 

N-glycans.. Furthermore, it is described how this model system is used to evaluate the 

biologicall  activity (clinical relevance) of IgE antibodies against plant N-glycans. 
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