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Abstract t 

Background::  Production of soluble well-folded recombinant group 1 allergens has 

provedd to be difficult. Purified natural group 1 allergens could be an alternative for 

applicationn in immunotherapy. Objectives: Cloning and expression of recombinant 

Daee g 1, purification of natural Dae g 1 and immunochemical characterization of 

thesee molecules. Methods: Dae g 1 was cloned by PCR/RACE protocols, and 

expressedd in the yeast Picbia pastoris. Hydrophobic interaction chromatography (HIC), 

sizee exclusion chromatography (SEC) and/or affinity-chromatography were used to 

purifyy Dae g 1 from Dactylisglomerata extract. Purified Dae g 1 variantss were analyzed 

byy N-terminal sequencing. Immune-reactivitv of purified Dae g 1 was assessed bv 

threee new sandwich ELISAs, and by competitive RIA, RAST-(inhibition) and in vitro 

basophill  histamine release tests. Results: Dae g 1 was cloned, revealing up to 98 % 

aminoo acid sequence homology to other group 1 allergens. Expression in Picbia pastoris 

resultedd in immune-reactive but partially degraded Dae g 1. Purification of natural 

Daee g 1 revealed that at least three variants exist, with an apparent molecular mass 

(Mr)) on SDS-PAGE of: 33 kDa (HMr), 30 kDa (IM r) and 28 kDa (LM r). Extraction of 

IM rr Dae g 1 required 0.9% saline, whereas the other two variants were also extractable 

inn water. The N-terminus of HM r and IM r Dae g 1 differ at two positions, but both 

sharee high sequence similarities with other group 1 allergens. LM r Dae g 1 was shown 

too be N-terminally truncated, lacking the first 30 amino acids. The non-retarded 

fractionn of HIC commonly used in group 1 purification protocols does not contain 

thiss LM r variant. IM r Dae g 1 was poorly recognized in two of three sandwich ELISAs 

andd competitive RIA, but demonstrated similar biological activity compared to HM r 

Daee g 1. Conclusions: Natural Dae g 1 variants can be separated by extraction of 

pollenn in the presence or absence of saline followed by HIC and SEC. Thus purified 

Daee g 1 is an alternative to recombinant group 1 allergens. 
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Introductio n n 

Groupp 1 allergens from helium perenne (rye grass) pollen were among the first 

allergenss to be identified and purified. In 1966, Marsh et al. published a paper on the 

purificationn of three allergens, Lol p 1, 2 and 3, at that time designated rye I, II and II I 

(').. Group 1 allergens from other grass species like e.g. Phleum pratense & were 

subsequentlyy also extensively studied(3;4). Together with group 5 allergens (58\ group 1 

allergenss are known as the most important major allergens from grass pollen. The 

prevalencee of recognition by IgE antibodies from grass pollen allergic patients is > 

90%% P-i3). 

Physico-chemicall  purification protocols for group 1 allergens usually include 

aa hydrophobic interaction chromatography (HIC) step e.g. Phenyl or Butyl Sepharose 

04).. This proved to be an efficient way to separate group 5 allergens from group 1 

allergens.. In high salt (typically 1 mol/L ammonium sulfate), group 1 allergens were 

shownn to be in the non-retarded fraction together with the closely related group 2 and 

33 allergens. Under these conditions, group 5 allergens are bound to the hydrophobic 

matrixx <14). 

Thee first group 1 allergens to be cloned were Lol p 1 <1S) and Phi p 1 (16). Both 

allergenss were shown to harbor a single N-glycosylation site at position 9 of the 

primaryy structure. Earlier studies on natural group 1 allergens had already revealed 

thatt they are indeed glycoproteins P;'";'8). Several other group 1 allergens were also 

clonedd like Hoi 1 1 <19), Cyn d 1 (2°), Pha a 1 <21) and Poa p 1 (Ace. Nos. CAA10345), 

revealingg that group 1 allergens are a highly conserved group of glycoproteins. The 

sequencee homologies within the subfamily Pooideae range between 89% and 98% 

fi5;i6;i9;2i)__ Even a (sub)-tropical grass like Cynodon dacty/on (2°) shares about 71% 

sequencee homology with the temperate grasses. 

Moree recently, group 1 allergens were proposed to be involved in the process 

off  cell wall loosening on the basis of their homology with a plant protein family called 

expansinss (22-2y). Indeed, recombinant Lol p 1 was shown to posses in vitro cell wall 

looseningg activity7 (24'25). The exact mechanism of this activity7 is still debated. Grobe et 

al.. proposed cysteine proteinase activity to be responsible (26"27). Li and Cosgrove gave 

ann alternative explanation, they reported that group 1 allergens can weaken the non-

covalentt bonds between key wall polysaccharides <23-5). 

Recently,, the X-ray crystallographic structure of Phi p 1 was elucidated (PDB 

codee 1N10). The C-terminal domain proved to be almost indistinguishable from the 

39 9 



CharacterisationCharacterisation of natural Dae g 1 variants 

structuree reported for Phi p 2 (28). Group 2 allergens share 40% sequence identity with 

thee C-terminal half of group 1 allergens. The N-terminal half of Phi p 1 was shown 

too share structural homologies to double-psi beta barrel or endoglucanases as 

predictedd by SCOP The availability of the structures of group 1 and 2 allergens will 

furtherr facilitate elucidation of the relation between both allergen groups and their 

respectivee functions. 

Expressionn of group 1 allergens as recombinant molecules has proven to be 

difficult .. Taking into account that correct formation of disulfide bridges (7 cysteines, 

33 disulphide bridges) and glycosylation of the allergen are most likely important for 

thee integrity and stability of the protein, these problems are no surprise. So far, Lol p 

11 was expressed in E.coli and was shown to have decreased IgE-binding potency 

comparedd to its natural counterpart <12). Phi p 1 expressed in E.coli has been used in 

manyy in vitro and in vivo studies and was reported to have similar immune-reactivity as 

naturall  Phi p 1 (16). However, RAST and RAST-inhibition analysis revealed that this 

recombinantt molecule also has significantly lower IgE-binding potency than its natural 

counterpartt (13). One of the problems we observed for recombinant Phi p 1 is its poor 

solubilityy after lyophilization (unpublished observations). Because of the problems 

encounteredd when expressing group 1 allergens in E.coli  ̂ several groups have 

attemptedd to use the yeast Pichia pastoris as an eukaryotic alternative, with differing 

successs rates. For Cyn d 1, expression in Pichia improved immune-reactivity when 

comparedd to the E.̂ //-derived molecule (2°). For Phi p 1, no such improvement was 

reportedd upon expression in yeast (29). 

Recombinantt allergens are frequently proposed as alternatives for allergen 

extractss in diagnosis and immunotherapy of type I allergies. Efficient and 

reproduciblee production of recombinant molecules is a prerequisite for such 

approachess to be successful. So far, results obtained with the expression of 

recombinantt group 1 allergens are still not fully satisfying. 

I tt was the aim of this study to clone and express the group 1 allergen of Dactylis 

glomerataglomerata grass pollen in Pichia pastoris. In view of the expected problems, we 

investigatedd whether an efficient purification protocol for natural group 1 allergens 

mightt serve as an alternative. Grass pollen is readily available as source material and 

efficientt purification protocols have been reported. In this study, therefore, 

purificationn of natural Dae g 1 was evaluated as an alternative strategy for 

recombinantt expression of group 1 allergens. 

40 0 



ChapterChapter 2 

Materia ll  &  methods 

CloningCloning and expression of Dae g 1 

Totall  RNA was extracted from Dactylis glomerata (Dae g) grass pollen (ALK , 

Horsholm,, Denmark) using TRIzol (Life Technologies, Gaithersburg,Md, USA) 

followingg the manufacturer's instructions. cDNA was generated with Superscript 

RNaseHH Reverse Transcriptase (Life Technologies) following the manufacturer's 

instructionss and PCR was performed with primers (Life Technologies) designed on 

thee basis of expected homologies to the group 1 allergen from ljolium perenne pollen, 

Loll  p 1. Complete 5' and 3' ends of Dae g 1 were obtained with 5' and 3' RACE 

systemss (Life Technologies), respectively. Primers were constructed to obtain clones 

forr both the mature- and the pre-allergen of Dae g 1. DNA sequences were 

determinedd by automated sequencing (Applied Biosystems IncFoster city,CA, USA) 

usingg the DYEnamic™ ET terminator cycle sequencing premix kit (Amersham 

Pharmaciaa Biotech., Inc. Calif, Foster City, USA), according to the manufacturer's 

instructions.. Clones were only regarded as genuine if sequences were confirmed in 

twoo or more independent PCRs. Amino acid alignments were performed in ClustalW 

analysiss (3°) with protein sequences of group 1 allergens incorporated from the 

Genbankk database (31). The DNA and amino acid sequences of a recombinant pre-

allergenn (pre-Dac g 1) and mature Dae g 1 allergen were submitted to the Genbank 

databasee (accession numbers: AY241677 and AY241676, respectively). 

cDNAA coding for mature Dae g 1 was cloned into the pPICZaA vector in 

framee with the a-factor pre-pro-secretion signal sequence from Saccharomyces cerevisiae. 

Byy using this vector (pPICZaA), recombinant proteins are secreted into the medium. 

Transformationn of Pichia pastoris strains KM71 and SMD1168H (PEP4 mutant, 

deficientt in protease A, HIS4+) was carried out as described by the manufacturer 

(Invitrogen,, San Diego, Calif., USA). Selection of positive clones and expression of 

thee recombinant Dae g 1 proteins was performed as described previously (32;33). 

MonoclonalMonoclonal antibodies 

Balb/cc mice (Charles River, Germany) were immunized subcutaneously with 

200 Hg Lol p 1 in complete Freund's adjuvant. The Lol p 1 fraction used was purified 

byy HIC and SEC from water extracted ljolium grass pollen. The immunization was 

followedd by two subcutaneous (at 4 and 8 weeks) and one intravenous (at 12 weeks) 
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boosterr with 20 îg with the same material in incomplete Freund's adjuvant. Four days 

later,, the spleen was removed and B-cells were isolated. Hybridization was performed 

accordingg to the method of Kohier and Milstein (34;35) with some modifications (^\ 

Antibody-producingg hybridoma's were screened by radio-immunoassay with 

Sepharose-coupledd goat-anti-mouse IgG (GoMol7; Sanquin, Amsterdam, The 

Netherlands)) and ,25I-labeled Lol p 1. Cloning was performed by repeated limiting 

dilution.. This procedure resulted in 3 monoclonal antibodies (mAbs), 7E7, 2C4 and 

1B8. . 

HydrophobicHydrophobic interaction chromatography (HIC) 

DactylisDactylis glomerata pollen was extracted at neutral pH in demineralized water 

(Daee g H20) or PBS (Dae g PBS) as described previously <13) (14). After dialysis against 

PBS,, ammonium sulphate was added to a final concentration of 1 mol/L. This extract 

(1000 to 200 ml of ~1 mg/ml) was then applied to a Phenyl Sepharose (Amersham 

Pharmaciaa Biotech. AB, Uppsala, Sweden) column, equilibrated in 1 Mol/L 

ammoniumm sulphate. Under these conditions group 1 allergens have been reported to 

bee in the flow through of the HIC column <14). Bound proteins were eluted from the 

columnn using water. 

St\eSt\e exclusion chromatography (SEC) 

Afterr dialysis against PBS, the flow-through of the HIC column was 

concentratedd to a volume of 5 ml (~2 mg/ml protein), and subsequently applied to an 

ACAA 54 (BioSepra SA, Cergy-Saint-Christophe, France) SEC column with a volume 

off  -450 ml (o24 mm, h 1030 mm). Elution of the column was subsequently 

performedd in PBS and fractions of ~2 ml were collected. Calibration of this column 

wass performed with the following reference proteins: ribonuclease A (13.7 kDa), 

chymotrypsinee (25 kDa), ovalbumine (43 kDa), albumine (67 kDa) and blue dextran 

(20000 kDa) (LMW gel filtration calibration kit, Amersham Pharmacia Biotech Inc, 

Piscataway,, USA). Molecular masses (Mr) of grass pollen allergens were subsequently 

calculatedd from a formula obtained through extrapolation of the calibration proteins 

byy logarithmic regression: y = -71.821Ln(x) + 445.16, R2 = 0.9379. 

42 2 



ChapterChapter 2 

AffinityAffinity chromatography of Dae g 1 

Affinit yy purification of Dae g 1 was performed with a group 1-specific 

monoclonall  antibody coupled to Sepharose. To this end, 1 mg purified mAb 7E7 was 

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

Grasss pollen extracts, HIC flow-through or water eluate and SEC fractions were 

incubatedd with this affinity matrix in 20 mM Tris-HCl at pH 7 or 8. Elution of the 

boundd proteins was performed with 0.1 Mol/L glycine, pH 2.5. Finally, samples were 

dialyzedd against PBS and stored at -20 °C. 

SDS-PAGESDS-PAGE and immunoblotting 

Proteinss were separated by SDS-PAGE (4-12%) (NOVEX, San Diego, USA) 

ass described by the manufacturer and silverstained according to the ExcelGel protocol 

(Amershamm Pharmacia Biotech AB) or Bexel Biotechnology silverstaining kit protocol 

(Bexell  Biotechnology, Union City, CA, USA). Western blotting was performed by 

transferringg the proteins to nitrocellulose membrane as described by the manufacturer 

(NOVEX).. Subsequendy, blots were blocked with PBS/1% BSA (PBS-A) and 

incubatedd with group 1-specific mAb 7E7 and 1B8 (this study) or with mAbs 21.4 and 

SVV 24.64 (kindly provided by Robert Esch) f37), polyclonal rabbit-antibodies (rabbit-

antii  Lol p 1 or C-terminus specific rabbit-anti Lol p 1) f38;30) or human serum samples 

withh group 1 -specific IgE. After washing, blots were incubated overnight with I25I -

labeledd goat anti-mouse IgG (GoMol7), sheep anti-rabbit IgG-antibodies (HoRbl7) 

orr sheep anti-human IgE antibodies (SH25, kindly provided by S.O. Stapel, Sanquin) 

(alll  three originating from Sanquin), respectively. Subsequently, blots were exposed to 

auto-radiographicc film (Eastman Kodak Company, Rochester, New York, USA). 

GlycanGlycan detection by Con A binding 

SDS-PAGEE separated purified Dae g 1 was electroblotted onto nitrocellulose 

membranee followed by an overnight incubation in 20 mMol/L Tris/0.9% NaCl/0.1% 

Tween-200 (TBS-T). Subsequently, the blot was incubated with Concanavalin A (25 

Mg/ml)) in TBS-T with 1 mMol/L MgCl2 and 1 mMol/L CaCl2 for 90 min. After 

washingg with the same buffer, the membrane was incubated with horseradish 

peroxidasee for 60 min. (50 |ig/ml) (Sigma, St. Louis, MO, USA) (4(l). Glycoprotein 

bandss were visualized with 1 tablet (10 mg) of diaminobezidine-tetrahydrochloride 
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(DAB)) in 40 ml H2O (Kem-En-Tec, Copenhagen, Denmark). The reaction was started 

withh 40 ui of 30% H2O2. The reaction was stopped by washing the blots in H2O. 

IS-terminalIS-terminal sequencing 

Affinity-purifie dd Dae g 1 was separated by SDS-PAGE and electroblotted 

ontoo polyvinylene difluoride (PVDF) membrane. Blots were stained with 0.1% 

Coomassiee R-250 in 50% methanol. Bands with apparent Mr of 33 kDa, the high 

molecularr mass (HMr) Dae g 1 band, 30 kDa or intermediate Mr (IM r) and the 28 kDa 

orr low M t Dae g 1 (LM r), were excised and sequenced on a Perkin Elmer/Applied 

Biosystemss 476A gas-phase sequencer (Sequentie Centrum Utrecht, Utrecht, The 

Netherlands). . 

Radio-labeling Radio-labeling 

Purifiedd HM r Dae g 1 and IM r Dae g 1 (both 10 fig) were radiolabeled with 
125II  using the chloramine-T method . Radio-labeled allergen and free iodine were 

separatedd by size-exclusion chromatography (ACA 54) (BioSepra). 

CompetitiveCompetitive Radioimmunoassay (RL4) 

Inn a competitive RIA (13;38), 50 ul of rabbit anti-Lol p 1 (1:500) O4) was pre-

incubatedd for 2 hours at room temperature with 50 JJ.1 of serial dilutions of inhibitor 

(HM rr Dae g 1 or IM r Dae g 1). Subsequendy, 0.5 mg Protein A Sepharose (Amersham 

Pharmaciaa biotech AB) and 50 ui of  125I-labeled HM r Dae g 1 or IM r Dae g 1 were 

addedd in a final volume of 350 \i\ PBS/0.3% BSA/0.1% Tween-20 (PBS-AT) and 

incubatedd overnight at room temperature. After washing, bound radioactivity was 

measuredd in a y-counter. Results were expressed as percentage inhibition relative to an 

uninhibitedd value. For the uninhibited value, polyclonal rabbit-antibodies were pre-

incubatedd with PBS-AT instead of inhibiting allergen. 

GroupGroup 1-specific sandwich EUSA 

AA grass pollen group 1 mAb-based sandwich ELISA was developed with 

mAbb 7E7 as capturing antibody at 2 Jig/ml in coating buffer (50 mM sodium 

carbonate,, pH 9.6). As detection antibody, biotinylated mAb 1B8, diluted to 40 ng/ml 
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inn PBS/1% BSA/0.05% Tween-20 (blocking buffer), was used. Allergen samples were 

alsoo diluted in blocking buffer. For detection of bound antibodies, streptavidin-

horseradishh peroxidase conjugate (Amersham Biosciences, Litde Chalfont, 

Buckinghamshire,, England) was used at a 1:1000 dilution. After each step, plates were 

washedd with PBS/0.05% Tween-20. All incubations were performed at 37°C for one 

hour,, with the exception of the conjugate step, which lasted 30 minutes. Color 

developmentt with 2,2'-azinobis-3-ethylbenzthia2olinesulfonic acid (Sigma) in 0.1 

Mol/LL sodium citrate, pH 4.0 was performed in the dark at room temperature for 30 

min.. The reaction was stopped by adding 2% oxalic acid (Sigma) after which the 

absorbancee was measured at 414 nm. 

Twoo additional sandwich ELISAs were developed. The detection antibody 

1B88 was replaced by either a polyclonal rabbit-antibody against Lol p 1 (1:10000) or a 

polyclonall  rabbit-antibody raised against a synthetic C-terminal peptide of Lol p 1 

(1:100).. In diis case, goat anti-rabbit IgG conjugated with horseradish peroxidase 

(Amershamm Life Science) was used as conjugate at a 1:2000 dilution. All other steps 

weree identical. 

RAST-RAST- (inhibition) 

Radioo allergosorbent test (RAST) was performed as described previously (41). 

Briefly,, the HM r Dae g 1 molecule and the IM r Dae g 1 molecule were coupled to 

CNBr-actdvatedd Sepharose 4B at 100 |ag per 100 mg Sepharose. Per test, 0.5 mg 

Sepharosee and 50 \i\ of human serum were incubated overnight in a final volume of 

3000 |_il PBS-AT. Subsequently, unbound material was washed away and 50 fil of  125I-

labeledd sheep anti-human IgE (SH25) were added. After overnight incubation and 

washing,, radioactivity was measured on a y-counter. The results were expressed in 

internationall  units/ml (IU/ml) of IgE, which were calculated using a standard curve 

off  a human/mouse chimeric IgE antibody directed to Der p 2 and Sepharose-coupled 

rDerr p 2 (42). A result greater than 0.3 IU/ml was regarded as positive. 

Forr RAST-inhibition (41), a 2 hour pre-incubation of 50 ul of a grass pollen 

positivee serum pool (n>100, > 3 IU/ml) and 50 ul of serial dilutions of HM t Dae g 1 

orr IM r Dae g 1 was allowed, prior to addition of Sepharose-coupled Dae g 1. For the 

uninhibitedd control, the serum pool was pre-incubated with PBS-AT instead of 

allergen.. The rest of the procedure was identical to the RAST. 
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InIn vitro histamine release assays (HRA) 

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 

(43;44)) Subsequently, cells were re-sensitized with human sera (n=l l ) selected on a 

positivee RAST (> 3 IU/ml) for group 1 allergen. Histamine release was performed 

withh purified natural HM r Dae g 1 and IM r Dae g 1. Liberated histamine was 

measuredd by the fluorometric method essentially as described by Siraganian <45). The 

protocoll  for blood donations for cell isolation and HRA was approved by the medical 

ethicall  committee (MEC) of the Amsterdam Medical Center under project number 

MEC97/030. . 

ProteinProtein concentrations 

Proteinn concentrations were determined, using the BCA method (Pierce, 

Rockford,, ill. , USA) as described by the manufacturer with BSA as a reference protein. 

Sera Sera 

Fromm sera submitted for routine in vitro allergy diagnostics, 22 sera were 

selectedd based on specific-IgE antibodies directed to grass pollen group 1 allergens 

(>0.33 IU/ml). For RAST-inhibition, a serum pool composed of >100 grass pollen 

reactivee sera (>3 IU/ml) was used. 

StatisticalStatistical analysis 

RASTT results for HM r Dae g 1 and IM r Dae g 1 were compared by Spearman 

rankk correlation. Responses of both molecules in sandwich ELISA and competitive 

RIAA were compared by parallel-line analyses. The results obtained by the histamine 

releasee assays were compared in Student's /-test after log-transformation. 
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Results s 

CloningCloning and expression of Dae g 1 

Daee g 1 was cloned from Dactyiis glomerata pollen by PCR in conjunction with 

5'' and 3' RACE protocols. As reported for other group 1 allergens, a 720 bp insert 

wass obtained. In addition, a 75 bp signal sequence was found. The deduced amino 

acidd sequence of mature Dae g 1 showed 96%, 97% and 98% homology to Lol p 1, 

Phii  p 1 and Hoi 1 1, respectively (figure 1). As reported for these three group 1 

homologues,, Dae g 1 showed a putative N-glycosylation site at position 9. 

Expressionn of Dae g 1 in Pichiapastoris strain KM71 and SMD1168H resulted 

inn one weak protein band of the expected apparent Mr around 30 kDa (calculated Mr 

266 kDa), as judged by SDS-PAGE/silverstaining. The predominant protein band with 

ann apparent Mt of —50 kDa was also present in culture supernatants before induction 

off  expression (figure 2a). Immunoblot analysis using group 1-specific antibodies 

(humann IgE, mAb 7E7 and rabbit anti-Lol p i ) ,, identified a variety of protein bands 

(betweenn 14 kDa and 62 kDa) not identified on SDS-PAGE/silverstaining, thereby 

illustratingg the lack of homogeneity of the expressed recombinant allergen (figure 2b). 

Positivee staining with culture supernatants sampled at T=0h was not observed (data 

nott shown). To minimize potential degradation by yeast proteases, expression was also 

performedd in the protease-deficient Pichia strain SMD1168H. Expression results in 

thiss protease deficient strain did slighdy reduce the amount of degradation products 

(nott shown), but expression levels (~3 mg/L), as judged by competitive RIA, and 

ELISAA were 6-fold lower than production in KM71 (~20 mg/L) (data not shown). 
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UĴ ^ o Sf o 

o.. a CL a 

>>>->--
___ X X X 

OO O O U 

___ X X X 

>> > > > 
cccc tr Q_ __ 

o.. o : Ü : C_ 

_.. Ü. u.; -u 

OO o O :_: 

_ii  _j -ti-i 

LUU LU LU LU 

_ jj  LU LU LU 

XX x _- _< 

<< < LO < 

LUU r.- LU LU 

COO 03 CO < 

l _ _ 

o o 

< < 
X X 

!*
a a 

< < 
X X 

h-h-

Q Q 

< < 
X X 

j _ _ 

c_ _ 

< < 
X X 

ïï Sï Sï 5Ï 

CD D 

LU U 

CL L 

— — 
> > 
O O 

L U U 

> > 
UJ J 

O O 

LU U 

Q . . 

— — 
> > 
a a 

LU U 

LL--

LU U 

(_

U J J 

CL L 

— — 
> > 
O O 

LU U 

< < 
ÜJ J 

o o 

UJ J 

a a 

-* * 
> > 
o o 

U J J 

< < 
U J J U i i 

CO O 

X X 

*_. . 
CD D 

CD D 

LU U 

|_ _ 
f f 

> > 
EC C 

> > 
L_ _ 

Ü_ _ 

CL L 

O O 

j --

- J J 

__ _ 
Q Q 

o_ _ 

t --

> > 
cc c 

< < 

LU U 

CO O 

i i . . 

CD D 

Ö Ö 

U J J 

*. . 
l - t t 

>
cc c 

> > 
j r --

u _ _ 

CL L 

O O 

l --

i i i 

X X 

o o 

CL L 

f --

Q Q 

1 1 

ÜJ J 

t --

X X 

i _ _ 

CD D 

CD D 

UJ J 

H--

*--
>--
CE E 

> > 
h --

U --

a a 

o o 

t --

_ J J 

X X 

o o 

CL L 

,_ _ 
a a 

--
a__ cc 

<< < 

Ü J J 

CS S 

¥ ¥ 

m m 
CD D 

O O 

Ü J J 

h --

K K > > 
t r r 

> > 
H --

U . . 

CL L 

CD D 

t --

_ J J 

X X 

Q Q 

CL L 

L_ _ 

> > 
CC C 

s ï ï 

> > 
< < 

OO CD CD CD 

a a 
M M 

C C 

™ ™ 

c c 
c c 
o o 

J3 3 

--

_b b 

-5 5 
rt rt 
O O 

q q 

rt rt 
-L. ' ' 

^ ^ 
5 5 
u u 

o o 

5 5 
u u 

I I 
1 1 

e--

—̂ ^ 
cx< < 

3 3 
— — a a 

<5 5 

a a 

3 3 
n n 

i r r 

C C 
u u 
0 0 
0 . . 
l ï ï 

0 0 

Li Li 

c c 

Sr r 

-=: : 
LJ J 

L--

t o o 

TJ J 

a a — — ... . 

_ _ 
L_ _ LJ J 

v v 
z z 

a j j 

J3 3 

H H 

Sicc Q 3 3 SS E .11 I 
BHH < 

http://LL.U_LL.LL


ChapterChapter 2 
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Figur ee 2: SDS-PAGE/silverstaining and Immunoblot 

Figur ee 2a: SDS-PAGE/silverstaining with PiV&a-derived culture supernatant, 48 hours after induction of 

expressionn of recombinant Dae g 1. Lanes 1-4 represent, 10 kDa protein ladder, culture supernatant T= 

Ohh (before induction), recombinant Dae g 1 expressed in strain KM71, recombinant Dae g 1 expressed in 

strainn SMD1168H, respectively. Figure 2b: SDS-PAGE-immunoblot with Pkhia-derived culture 

supernatant,, 72 hours after induction of expression of recombinant Dae g 1. Lanes 1-3 represent, 

immunostainingg with human IgE, mAb 7E7 and rabbit anti-Lol p 1, respectively. No staining was 

obtainedd with culture supernatants sampled at T=0h (before induction, data not shown). 

PurificationPurification of natural Daeg 1: influence of extraction buffers 

DactylisDactylis glomerata pollen was extracted in either water (Dae g H2O) or PBS 

(Daee g PBS) at neutral pH (neutralized with NaOH). Both extracts were separated by 

HIC.. The non-retarded fraction was subsequendy separated by SEC. The Dae g H2O 

preparationn eluted in three main peaks, the Dae g PBS in four (figure 3). Peak 

fractionss were analyzed by immunoblotting with a group 1-specific mAb 7E7 for the 

presencee of Dae g 1 (not shown). The first peak, further purified by affinity-

chromatographyy in both cases revealed Dae g 1 reactivity at an apparent Mr of 33 kDa 

(figuree 3, immunoblot lane 1). On SEC this peak eluted at a Mf of —34 kDa. The extra 

peakk observed for Dae g PBS also showed Dae g 1 reactivity (figure 3, immunoblot 

lanee 2), but at an apparent Mr of 30 kDa. On SEC this peak eluted at a Mr of ~28 

kDa. . 
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1000 120 140 160 180 200 220 240 260 280 300 320 340 360 380 400 420 440 

elutionn in ml 

Figur ee 3: Size exclusion chromatography 

Daee g HiO (-o-) and Dae g PBS (-•-) grass pollen extracts pre-purified by Phenyl Sepharose were 

separatedd by SEC, resulting in 3 and 4 protein peaks, respectively. The first overlapping protein peaks 

elutingg at approximately 280 ml were found to include HM r Dae g 1 (lane 1 immunoblot with mAb 7E7). 

Thee second protein peak at approximately 324 ml, only present in salt extracts, was found to include IM r 

Daee g 1 (lane 2 immunoblot with mAb 7E7). 

PurificationPurification of natural D ac g 1: not allDae g 1 is in the non-retarded fraction after HIC 

Proteinn bound to Phenyl Sepharose from Dae g H2O extract was eluted with 

water,, and the eluate was subsequentiy analyzed by immunoblotting with mAb 7E7 

(nott shown). This revealed the presence of two Dae g 1 bands at apparent Mr of 33 

kDaa and 28 kDa, suggesting that not all 33 kDa Dae g 1 is in the flow-through after 

HI CC and that a third variant of the allergen exists. All three variants, HM r (33 kDa), 

IM rr (30 kDa), and LM r (28 kDa) were affinity-purified using mAb 7E7. The first two 

weree isolated from SEC peaks of Dae g PBS. LM r Dae g 1 was purified as a mixture 

withh HM r from the Phenyl Sepharose eluate of a Dae g H2O extract. 

50 0 



ChapterChapter 2 

SDS-P-AGE/'immunoblottingSDS-P-AGE/'immunoblotting and Con A binding 

Thee three affinity-purified Dae g 1 preparations (HMr, IM r and HM r+LM r) 

weree separated by SDS-PAGE and analyzed by immunoblotting (figure 4). All three 

Daee g 1 variants were strongly recognized by IgE antibodies, mAb 7E7 and polyclonal 

rabbitt anti-serum against Lol p 1. IM r Dae g 1 was recognized by mAb SV24.64 but 

nott by mAbs 1B8 and MF21.4, or the polyclonal rabbit anti-serum raised against the 

Loll  p 1 C-terminal peptide. In contrast, mAb SV24.64 failed to bind to LM r Dae g 1. 

HM rr and IM r Dae g 1 were both strongly stained by Con A, LM r only faintly (not 

shown). . 

HM r Dg l l 

IM r Dg l l 

H M r D g l + L M r D g l l 

Figuree 4: Immunoblot with HM„ IMr and LMr natural Dae g 1 

HM rr Dae g 1 is shown in the first lane of each panel, IM r Dae g 1 in the second lane and a combination 

off  HM rDac g 1 and LM r Dae g 1 in the third lane (upper band is HM, Dae g 1, lower band is LM rDac g 

1),, respectively. All three were immunoblotted with: human serum IgE (first set), mAb 7E7 (second set), 

mAbb SV24.65 (third set), mAb 21.4 (fourth set), mAb 1B8 (fifth set), rabbit anti-Lol p 1 (sixth set) and 

rabbitt anti-Lol p 1-C-terminus (seventh set). 

N-terminalN-terminal sequencing 

Thee first 10 N-terminal amino acids were determined of the three Dae g 1 

variantss (figure 1). HM r Dae g 1 and IM r Dae g 1 showed N-terminal sequences 
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typicall  for group 1 allergens: IPKVPPGPNI and IAKVPPGANI, respectively. The 

HM rr sequence fully agrees with the cloned sequence of Dae g 1 and the natural (29' 

andd cloned sequence <16) of Phleum pratense. The substitution of a proline to alanine at 

positionn 2 of the IM r sequence was previously reported for Hoi 1 1 (19) and Lol p 1 

(15;46)__ f h e Pro to Ala substitution at position 8 was not seen before. The LM r molecule 

hadd a completely different N-terminal sequence: GAGPKDNGGA. This sequence is 

foundd 31 amino acids downstream of the N-terminus, indicating that this Dae g 1 

variantt is N-terminally truncated. 

MajorMajor allergen immunoassays: competitive RIA versus sandwich ELJSA 

HM rr Dae g 1 and IM r Dae g 1 were analyzed by competitive RIA using rabbit 

polyclonall  anti-serum raised against Lol p i <14) and with radio-labeled HM r or IM r 

Daee g 1, respectively. HM r Dae g 1 was at least 10 and 3 times more potent as 

inhibitorr than IM r Dae g 1, respectively (figure 5a and b). Both Dae g 1 variants were 

alsoo analyzed in three different sandwich ELISAs. HM r Dae g 1 was detected in all 

threee ELISAs with mAb 1B8, rabbit anti-Lol p 1 or rabbit anti-C-terminal peptide as 

detectingg antibodies (figure 6a-c). In contrast, IM r Dae g 1 was detected when rabbit 

anti-Loll  p 1 was used, but 16 times less efficient than HM r Dae g 1 (figure 6b). 

1000 100 

.22 60 

!SS / 

11 40 / ^^  / 

// % 60 

.e e 
11 40 
£ £ 

:oo \ / • 20 

oo U — = = * * 0 
0,11 1 10 o, 

ug /mll Dae g 1 

Figuree 5a-b: Competitive RIA with HM, and IMr Dae g 1 

Figuree 5a: HM r natural Dae g 1 125I labeled with inhibitors HM r Dae g 1 (o) and IM r Dae g 1 (•). 

Showingg that IMr Dae g 1 is a less potent inhibitor of the binding of 125I labeled HM r Dae g 1, differing 

att least a factor 10. Figure 5b: IMr natural Dae g 1 125I labeled with inhibitors HM r Dae g 1 (o) and IMr 

11 10 
ug/mll Dae g 1 
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Daee g 1 (•). Showing that HM, Dae g 1 is still 3-fold more potent in inhibiting 125I labeled IM t compared 

too IMr Dae g 1. 

2,5 5 
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3 3 

2,5 5 
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1,5 5 
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0,5 5 
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0,001 1 0,011 0,1 1 
ug/mll Dae g 1 

10 0 

Figuree 6a-c: Three group 1 grass pollen-specific sandwich ELISA's 

Figuree 6a: mAb 7E7 and 1B8 based sandwich ELISA. Detection with group 1-specific mAb 1B8 

underestimatess the amount of IMr Dae g 1 (•). Differing at least a factor 100 in sensitivity with the 

detectionn of HM r Dae g 1 (o). Figure 6b: mAb 7E7 and rabbit anti-Lol p 1 based sandwich ELISA. 

Replacingg the detecting mAb 1B8 with polyclonal rabbit-anti-Lol p 1 improvess the detection of IMr Dae 

gg 1 (•), although a difference of 16-fold remains in favor of HM r Dae g 1 (o). Figure 6c: mAb 7E7 and 

rabbitt anti-Lol p 1 C-terminus based sandwich ELISA. Detection of HM, Dae g 1 (o) and IMr Dae g 1 

(•)) with a Lol p 1 C-terminus-specific rabbit anti-Lol p 1 antibody, shows almost no detection of IMr 

Daee g 1, differing at least 100-fold in the detection of HM r Dae g 1. 
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biologicalbiological activity: RAST- (inhibition) and histamine assaysassays (HRA) 

Seraa from grass pollen-sensitized subjects (n=22) were tested in a RAST for 

specificc IgE antibodies against HMr and IM r Dae g 1. Responses to both molecules 

weree shown to closely correlate: Rs=0.9117 (figure 7). 

mo o Figuree 7: RAST with 22 grass-

pollen-positivee sera 

IgEE responses to HM r versus IM r 

naturall  Dae g 1, expressed in IU/ml 

(Rs=0.9117). . 

11 10 100 

Daee g 1 HMr IU/ml 

RAST-inhibitionn revealed a difference of a factor 2 (figure 8b) till 4 (figure 8a) 

inn IgE-binding potencies, depending on the molecule coupled to Sepharose. 

Therefore,, this assay seems to be most useful to give an estimation of the relative 

importancee of both variants in a Dactylisglomerata extract. 
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Figuree 8a-b: RAST-inhibition with a grass pollen positive pool serum 

Figuree 8a: RAST-inhibition with HM t Dae g 1-coupled to sepharose, and HM r (O) and IM r ( • ) as 

inhibitingg allergen. Showing an approximately 4-fold difference in favor of HM r Dae g 1 compared to 

IMii Dae g 1. Figure 8b: RAST-inhibition with IMr Dae g 1-coupled to Sepharose, and HMr (O) and IMr 

( • )) as inhibiting allergen. Showing an approximately 2-fold difference in favor of IMr Dae g 1 compared 

too HM r Dae g 1. 

Inn HRA, HMr Dae g 1 and IMr Dae g 1 were evaluated for their biological 

activity.. Both Dae g 1 molecules induced significant release of histamine (on average 

50%)) (figure 9). To compare the biological activity of both Dae g 1 variants individual 

allergenn concentrations needed for 20% histamine release were calculated. In a pared 

student'ss /-test analysis these concentrations did not show significant differences 

(p>0.2). . 

Figuree 9: Histamine release 

assays s 

HMrr (O) and IMr ( • ) natural Dae g 1 

weree compared for histamine 

releasingg capabilities with grass 

pollenn group 1-positive sera (n=10). 

Thee average histamine releases of 

thesee 10 sera are shown, the error 

barss represent standard errors. 

Discussion n 

Daee g 1 was successfully cloned by PCR, based on expected homology with 

Loll p 1. Sequence comparison between Dae g 1 and the other available primary 

structuress of group 1 has further contributed to the picture of a group of proteins 

thatt share a very high degree of homology (>95% identity). The variability is much 

higherr among group 5 allergens. This suggests an evolutionary stable function of the 

groupp 1 allergens. Most likely, group 1 allergens belong to a group of proteins called 

expansins,, which are involved in the process of cell wall loosening <47). 
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Ass was reported for other group 1 allergens, expression of recombinant Dae 

gg 1 proved to be difficult. Expression in Picbiapastoris strain KM71 and SMD1168H, a 

protease-deficientt strain, resulted in a variety of protein bands. Some bands 

correspondedd to the expected Mr on SDS-PAGE immunoblot of around 30 kDa, 

otherss showed an apparent Mr of 49 kDa or more. Smaller fragments were also 

observed,, with apparent Mr of ~20 kDa, as observed by immunoblot with rabbit anti-

Loll  p 1 (figure 2, lane 2). The expression in a protease-deficient strain did not improve 

thee stability of the protein. Although rDac g 1 with the correct Mr is detected on 

immunoblott with mAb 7E7, affinity-purification with the same mAb coupled to 

Sepharose,, so far has not resulted in a detectable amount of protein. Perhaps by using 

anotherr mAb for affinity-chromatography or physico-chemical techniques, these 

resultss can be improved. 

Consideringg that the three-dimensional structure of the N-terminal domain is 

stabilizedd by several disulfide bridges, this domain is possibly not folded correcdy in 

thee recombinant system and readily degraded. Extensive glycosylation and/or 

dimerizadonn could explain the higher bands observed on immunoblot. However, so 

farr we have not yet identified the nature of the multiple bands present in the Pichia 

culturee supernatant. 

Wee also studied the natural group 1 allergen from Dactylis glomerata, Dae g 1, 

becausee it might serve as an alternative to recombinant Dae g 1. It was demonstrated 

thatt this allergen has at least three variants, differing in apparent Mr on SDS-PAGE: 33 

kDaa (HMr), 30 kDa (IM r) and 28 kDa (LM r), respectively. LM r Dae g 1 was shown to 

lackk the first 30 amino acids of the full-length structure of Dae g 1. MAb SV 24.64 

didd not recognize this Dae g 1 variant on immunoblot. Previously, Esch and Klapper 

alreadyy mapped the binding of this mAb to a site near the N-terminus {?1\ In contrast, 

theirr mAb MF21.4 was shown to bind to a C-terminal peptide of group 1 allergens 

(37,48)) j n o u r study, this mAb did not recognize IM r Dae g 1, suggesting that this Dae g 

11 variant is C-terminally changed or truncated. In agreement with this last hypothesis 

iss the observation that rabbit antibodies raised against a synthetic peptide spanning the 

lastt 25 C-terminal amino acids of Lol p 1, also did not bind to IM r Dae g 1. The third 

antibodyy lacking binding to IM r Dae g 1, mAb 1B8, is most likely directed to the same 

C-terminall  epitope as MF21.4. 

Concanavalinn A binding to HM r and IM r Dae g 1 demonstrated the 

glycosyladonn of both Dae g 1 variants. N-terminal sequencing also strongly suggested 

N-glycosylationn of the asparagine at position 9. No amino acid could be detected at 
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thiss site, which is known to occur in N-terminal sequencing when amino acids are 

modifiedd (fosforylation or glycosylation). LM r Dae g 1, missing the first 30 amino 

acidss and thus the putative N-glycosylation site at position 9, was only weakly shown 

too bind to Con A. Possibly, O-glycosylation plays a role for group 1 allergens as well as 

N-linkedd glycosylation. For several pollen allergens O-glycosylation has indeed been 

demonstratedd (50 54). 

Bothh HM r and IM r had very similar IgE binding potencies and biological 

activities.. This implies that both variants should be detected in standardization 

protocols.. Clearly, the non-IgE based assays used in this study (two competitive RIAs 

andd three sandwich ELISAs) had preference for detection of HM r Dae g 1. The 

differencee in sensitivity of detection varied from a factor 3 for the competitive RIA 

withh radio-labeled IM r to at least a factor 100 for both ELISAs with C-terminus 

specificc detecting antibodies. RAST-inhibition with IM r coupled to Sepharose proved 

too be the most suitable assay for standardization purposes as only a two-fold 

differencee was observed between both variants. Apparentiy, the binding sites 

recognizedd by these Dae g 1 specific-IgE antibodies are not as much influenced by 

theirr differences as the mAbs and rabbit anti-sera used in this study. 

Althoughh the results suggest that IM r is C-terminally truncated, IM r Dae g 1 is 

nott simply a breakdown product of HM t appearing after extraction. The smaller 

variantt was also extracted sequentially from pollen with PBS, i.e. after extraction of 

HM rr Dae g 1 with water (data not shown). 

Thee observation that HM r Dae g 1 covers the IgE response to IM r Dae g 1 

andd vice versa, implies that either one of these variants may serve as a candidate to 

replacee recombinant group 1 allergens in allergy diagnostics and immunotherapy. The 

mostt likely choice would be HM t Dae g 1, because it has the most complete primary 

structure.. Extraction in water has proven to be a simple method to prevent IM r Dae g 

11 from going into solution. The extraction will still contain both HM r and LM r Dae g 

1,, but HIC will remove the truncated LM r Dae g 1 molecule, leaving HM, Dae g 1 in 

thee non-retarded fraction. Finally, SEC will result in a homogeneous preparation of 

HM rr Dae g 1 that can be used as an alternative to recombinant group 1 allergens. 
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