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Sammanfattning 
 

Jordnötsallergi är en typ av födoämnesallergi där drabbade personer ofta får en mycket 
allvarlig reaktion om de utsätts för allergen, även i små mängder. Det finns inget effektivt 
sätt att förebygga uppkomsten av dessa reaktioner annat än att helt undvika jordnötter i 
kosten. Att på ett tidigt stadium kunna påvisa en eventuell allergi är viktigt och 
examensarbetet syftade till att utvärdera en metod för detta där allergent protein användes 
för att analysera patientens antikroppar. Den skiljer sig från dagens metod som använder en 
jordnötsmix med många olika proteiner. 
 
Strategin var att producera proteinet Ara h 2, en viktig allergen komponent i jordnöt, i 
bakterier. Genen för Ara h 2 tillverkades syntetiskt och klonades in i bakterierna. Efter 
skörd och rening studerades proteinet i ett kliniskt analyssystem, UniCAP 100, med 
avseende på dess förmåga att binda antikroppar. Resultat visade att bakterieproducerat Ara 
h 2 kan binda jordnötsspecifika antikroppar i samma utsträckning som naturligt Ara h 2 
från jordnöt. 
 
 
 
 

Examensarbete 20 p i Molekylär bioteknikprogrammet 
Uppsala universitet april 2004 



    

  1 

TABLE OF CONTENTS 

1 INTRODUCTION.......................................................................................................................... 2 
1.1 Type 1 allergy......................................................................................................................... 2 

1.1.1 Occurrence and basic mechanisms.................................................................................. 2 
1.1.2 Treatment......................................................................................................................... 2 
1.1.3 Diagnosis ......................................................................................................................... 3 

1.2 Allergen reagents for diagnosis ............................................................................................ 3 
1.3 Peanut allergy ........................................................................................................................ 4 
1.4 Peanut allergens..................................................................................................................... 4 
1.5 Aim of the project.................................................................................................................. 4 

2 MATERIAL AND METHODS ..................................................................................................... 5 
2.1 Bioinformatics........................................................................................................................ 5 
2.2 Laboratory equipments and reagents used......................................................................... 5 
2.3 DNA manipulation, analysis and cloning ............................................................................ 6 
2.4 E. coli cultivation and expression......................................................................................... 7 
2.5 Protein purification and analysis ......................................................................................... 7 

2.5.1 Raw material preparation ................................................................................................ 7 
2.5.2 Immobilized metal ion affinity chromatography (IMAC)............................................... 7 
2.5.3 Size exclusion chromatography (SEC)............................................................................ 7 
2.5.4 Protein concentration....................................................................................................... 7 
2.5.5 SDS-PAGE...................................................................................................................... 7 

2.6 Immunochemical analysis, UniCAP assay .......................................................................... 7 
2.7 Statistical analysis.................................................................................................................. 8 

3 RESULTS....................................................................................................................................... 9 
3.1 Synthetic gene design ............................................................................................................ 9 
3.2 Cloning and expression....................................................................................................... 11 
3.3 Purification........................................................................................................................... 13 

3.3.1 Recombinant Ara h 2a (construct AH2a-2C) ................................................................ 13 
3.3.2 Recombinant Ara h 2b (construct AH2b-2C)................................................................ 15 

3.4 Analysis of purified protein by SDS-PAGE and SEC...................................................... 15 
3.5 Analysis of IgE antibody binding....................................................................................... 16 

4 DISCUSSION .............................................................................................................................. 18 

5 ACKNOWLEDGEMENTS.......................................................................................................... 20 

6 REFERENCES............................................................................................................................ 21 
 



    

  2 

1 INTRODUCTION 

1.1 Type 1 allergy 

1.1.1 Occurrence and basic mechanisms 
Type 1 (atopic) allergy is an immunological disorder in which the normal tolerance to common envi-
ronmental and dietary substances is lost and exposure or intake causes either local or systematic 
inflammatory reactions. The disease is a health problem of growing importance, with an increase in 
prevalence during the past decades, especially in the industrialized world 1. Symptoms of immu-
noglobulin E (IgE)-mediated allergy range from sneezing, rhinitis, conjunctivitis, hives and eczema to 
asthma and (rarely) anaphylactic reaction upon contact with the offending allergen source. A hallmark 
of type 1 allergy is the formation of IgE-antibodies directed to distinct proteins (allergens) present in 
allergen source materials such as pollens, house dust mites, cat or dog epithelial sheddings, or foods. 
During the initial sensitization step the allergen is presented to T helper type 2 cells (Th2) via antigen 
presenting cells (APC). Th2 cells then initiate a signaling pathway involving different cytokines, 
particularly IL-4, that stimulate B cell mediated production of specific IgE. Following sensitization, 
re-exposure to allergen leads to binding and cross-linking of the specific IgE antibodies bound to the 
surface of basophils and mast cells causing these cells to release inflammation mediators such as 
cytokines, histamines and leukotrienes (Fig. 1). These substances are involved in different aspects of 
the acute phase reaction occurring within the first seconds to minutes, as well as in recruiting inflam-
matory cells that will drive the delayed phase of the allergic reaction. 

 
Fig. 1. Main characteristics of the immunological events of type 1 allergy.
 A: During the sensitization phase allergen presentation to Th2 cells by 
APC initiates a signaling pathway, involving IL-4, which leads to B cell 
activation and IgE antibody production.    
 B: In the sensitized individual, exposure to allergen leads to cross-
linking of mast cell associated IgE, which triggers release of inflammation 
mediators.        
   The picture is reproduced with permission from the author 2. 

  

1.1.2 Treatment  
Two principally different ways of treating allergic disease are available: suppression of symptoms by 
pharmacological medication or allergen immunotherapy. Drugs that reduce symptoms of allergy 
include antihistamines, antileukotrienes and corticosteroids. They may be administered either topically 
by inhalation or systemically by oral administration. Common to them is that they do not act to modify 
the immune deviation that underlies the disease and following withdrawal, symptoms may reappear 
upon allergen exposure. In contrast, allergen immunotherapy is a disease-modifying treatment, 
comprising injections with increasing doses of allergen extract, which has the potential to confer a 
long-lasting effect. Thus, allergen immunotherapy is allergen-specific and curative in nature. 
Disadvantages include lengthy schemes of injections (years), frequent and unpredictable lack of 
therapeutic effect and risk of acute side effects requiring rescue medication. One type of treatment 
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does, however, not exclude the other and many patients have a medical history including both, and 
may receive a combination of pharmacological and immunological treatments simultaneously. 
Regardless of the selected therapeutic method, a key element of successful management of allergic 
disease is allergen avoidance. Examples of measures of allergen avoidance include: frequent vacuum-
cleaning, use of qualified vacuum-cleaning equipment, use of air-filtering devices, removal of dust-
collecting textiles, use of special bedcovers, elimination of pet animals and dietary elimination.  

1.1.3 Diagnosis 
Common to both allergen immunotherapy and allergen avoidance is that they aim to deal with the par-
ticular allergen sources which cause allergic reactions in the affected individual. For this reason, 
allergen-specific diagnosis is a critically important part of disease management. Two methods of 
detecting allergen sensitization are widely used in clinical practice: skin prick test (SPT) and specific 
IgE determination. In the SPT procedure, the patient�s skin reactivity to suspected allergens is tested 
on the forearm, by applying a drop of allergen extract and superficially puncturing the epidermal layer 
of the skin at that site using a lancet. After 15 minutes the presence and size of a red and swollen area, 
the wheal, are recorded. Allergen-specific IgE measurement is performed by in vitro immunoassay 
analysis of a serum specimen drawn from the patient. The assay comprises two main reaction steps: 1) 
incubation of serum sample with allergen extract whereby specific antibodies bind to their target, and 
2) detection of bound IgE using a labeled anti-IgE antibody. The binding and detection steps are inter-
laced with washing steps to remove unbound serum antibodies and unbound detection antibody, 
respectively. In most common routine assays for specific IgE the allergen extract is immobilized on a 
solid phase; either adsorbed on a plastic surface or covalently bound on activated cellulose.  
The detection antibody may be 
labeled radioactively or by 
conjugation to a reporter 
enzyme. The latter is the most 
common and requires a 
development reaction in which 
a substrate is converted to a 
fluorescent product by the 
reporter enzyme activity, such 
that the level of fluorescence 
readout is proportional to the 
amount of specific IgE present 
in the serum sample analyzed. 
The UniCAP technology util-
izes the principle described 
above and has been the system 
of choice for this project (Fig. 
2).  

 

1.2 Allergen reagents for diagnosis 
Natural allergen extracts used for diagnosis and treatment of allergy contain a vast variety of compo-
nents, are biochemically undefined and cumbersome to standardize with respect to their allergen 
content 3. Only a limited number of proteins present in an allergen source are responsible for the 
extract�s allergenic activity and these proteins may represent a small or large proportion of the total 
bulk of protein in the extract. The use of purified allergen components in specific IgE assays presents 
several potential advantages over crude extracts. First, by their nature, they allow a higher level of 
reagent definition and standardization. Secondly, they will allow the reagent composition of the assay 
to be precisely controlled. Further, the use of panels with single allergen components will allow the 
sensitization pattern on specific allergen level to be determined 4, 5. While an extract-based test may 
contain a low or variable amount of a particular allergen component 6, an assay based on pure allergen 
components can be designed to ensure adequate quantities of all relevant components. Further, some 
IgE-binding components present in an extract, which may carry low diagnostic value as IgE-binders or 
even act to reduce the significance of a positive test result, can be omitted from an assay based on 

 
Fig. 2. Overview of the principle of the UniCAP immunoassay (Pharmacia 
Diagnostics), a fluorescent-enzyme immunoassay (FEIA) type system. The 
course of events is started by the addition of serum containing specific IgE 
and ended with the quantification of fluorescence. Reprinted with 
permission from Pharmacia Diagnostics. 
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selected pure components. A large number of allergenic proteins from different organisms have been 
identified and characterized to date. Many of these have also been produced as recombinant proteins 
using E. coli 7or other hosts, although not always in a soluble form and with a demonstrated correct 
folding. An area which is currently attracting intense interest, and where significant progress is 
anticipated and needed, is that of food allergens. Diagnosis of food allergy is plagued by difficulty of 
different kinds, both clinically and technically, with respect to the quality of food allergen extracts. At 
the same time, accurate diagnosis of food allergy is particularly important because of the potential 
seriousness of allergic food reactions and meaningful because of the possibility of avoiding the 
offending food.  

1.3 Peanut allergy 
One of most serious and increasingly prevalent food allergies in western societies is peanut allergy 8, 
considering the occurrence of anaphylactic and even fatal reactions, reliable diagnosis of peanut 
allergy is of utmost importance. While in vitro tests for peanut-specific IgE are not known to suffer 
from the otherwise common sensitivity problem of food allergy tests, peanut extract tends to give rise 
to unspecific or clinically irrelevant binding of IgE 9. Attempts have been made to solve this problem 
by the use of allergen components purified from peanut extract, but only with partially successful 
outcome 10. Certain observations have been made which suggest that recombinant peanut allergens, 
produced as unmodified proteins in E. coli, may open possibilities of obtaining a diagnostic reagent 
with improved assay properties. 

1.4 Peanut allergens 
Peanut belongs to the legume family which also includes soybean and pea. Its seed storage tissue 
contains a fatty mixture of oil and proteins, where storage proteins is a dominant group. Eight peanut 
proteins have been classified as allergens 11 and named according to the standard nomenclature Ara h 
1 � 8 12. Ara h 1, 2, 3 and 4 are considered major allergens in peanut 4, 13, 14, i.e. a majority of peanut 
sensitized individuals show a positive reaction in a diagnostic test based on those, where Ara h 2 is the 
single most potent allergen 15. Ara h 2 is a glycoprotein and has sequence homology with the seed-
storage proteins of the conglutin family 13. It is relatively heat stable, partly due to stabilizing disulfide 
bonds, and is active as an allergen in both raw and roasted peanut 16. Ara h 2 exists in two isoforms, 
with molecular weights of 16.6 and 18.0 kDa, respectively, mainly differentiated by a 12 amino acid 
insertion17.  

1.5 Aim of the project 
The aim of the project was to generate and diagnostically evaluate recombinant Ara h 2. A synthetic 
gene encoding Ara h 2 was designed and assembled, based on the known amino acid sequence of the 
allergen. The synthetic gene was inserted into expression vectors and the resulting constructs trans-
formed into a bacterial strain suitable for expression. Purification of expressed protein was developed 
utilizing suitable chromatography methods. Finally, the recombinant allergen was immunologically 
characterized and its potential utility as an immunoassay reagent examined using the ImmunoCAP 
technology. 
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2 MATERIAL AND METHODS 

2.1 Bioinformatics 
The bioinformatic search engine Entrez 18 was used for retrieving amino acid sequences of Ara h 2. 
Retrieved sequences were compared by multiple alignment using the function �Pileup� included in the 
Wisconsin package version 10.1 19. Signal peptide prediction was performed using SignalP 20. A 
consensus amino acid sequence was backtranslated and edited manually by using the functions; 
Stemloop, Map, Codonfrequency and Backtranslate, all included in the Wisconsin package. 
Oligonucleotides, PCR primers for cloning and sequencing were designed and purchased from 
Invitrogen.  

2.2 Laboratory equipments and reagents used. 
Suppliers of materials and equipment used in this project are shown in Table 1. Program settings with 
reactions conditions for thermocycler reactions are shown in Table 2 and composition of buffers and 
media in Table 3. 

Table 1.Suppliers of materials and equipment used. 
Product Manufacturer 

UniCAP 100, immunoassay system Pharmacia Diagnostics, Uppsala, Sweden 

Pfu quick ligase 
Pfu turbo polymerase 
XL1-Blue MR, E. coli strain 

Stratagene, La Jolla, CA, USA 

MetaPhor agarose Bioproduct, Rockland, ME, USA 

Wizard PCR Preps, DNA Purification Kit 
Wizard DNA clean-up kit 

Promega, Madison, WI, USA 

Streptavidin-conjugated magnetic beads (M-280) Dynal AS, Skøyen, Norway 

Endonucleases: 
NdeI, XhoI and HindIII 
Quick ligation kit 

New England BioLab, Beverly, MA, USA 

pET23a(+), plasmid vector 
BL21, E. coli strain 

Novagen, Madison, WI, USA 

TempliPhi DNA Amplification Kit 
Superdex 75 XK50/100 
Superdex 75 HR 10/30 
Chelating Sepharose HP XK50/20  
ÄKTA 100 explorer air 
FPLC system 
LMW gel filtration calibration kit 

Amersham Biosiences, Uppsala, Sweden 

Thermo sequenase radiolabeled terminator cycle 
sequencing kit USB, Cleveland, OH, USA 

Synthetic oligonucleotides 
NuPAGE, precast SDS-PAGE gels  

Invitrogen, Carlsbad, CA, USA 

EmulsiFlex-C5 homogenizer Avestin, Ottawa, Canada 

Vibra cell VC100, sonifier Sonics & Materials, Newtown, CT, USA 

Celloluse ester filter Millipore, Billerica, MA. USA 

Coomassie Stain Imperial Chemical Industries, London, 
UK 

Cary 50 Bio, UV spectrophotometer Varian, Palo Alto, CA, USA 

Polytron mixer  Kinematics, Luzern, Switzerland 

PCR express, thermal cycler Hybaid, Ashford, UK 

Amicon ultrafiltration cell Millipore corporation, Bedford, MA, 
USA 
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2.3 DNA manipulation, analysis and cloning 
In order to generate a complete synthetic gene, top strand 
oligonucleotides were joined together in a single-tube 
reaction (Table 2, Ligation 1). Following ligation, top 
strand DNA was amplified by PCR (Table 2, PCR 1). The PCR products served as template for 
amplification of the complete gene, which was purified using the Wizard PCR Preps DNA Purification 
Kit. All PCR products were analyzed by agarose gel electrophoresis on 1.2% agarose gels in TAE 
buffer (Table 3). The shorter isoforms of Ara h 2 was assembled using the longer isoform as template 
in a �mutational� PCR were an alternative top strand oligonucleotidewas used lacking a 12 amino acid 
insertion. The amplified products from the assembly reaction were cleaved with restriction enzymes 
and incompletely digested DNA was removed by capture on streptavidin-conjugated magnetic beads. 
The DNA was then purified with Wizard DNA clean-up kit and ligated into a digested, de-
phosphorylated vector using a Quick Ligation kit. The cloning vectors carried a T7 polymerase-
promoter and an ampicillin resistance gene. Plasmids were transformed into E. coli strain XL1-Blue 
MR, made competent using a RbCl method21. The transformation process involved an adhesion step 
on ice, were the plasmids were allowed to attach to the cell walls, followed by heat shock in 42°C for 
90s. After one hour of growth in non-selective medium, to allow phenotypic expression of the 
resistance marker, cells were plated on ampicillin-containing plates and incubated overnight. A 
transformant screen was performed by examining the presence and size of vector insert with colony 
PCR (Table 2). Plasmids were purified from overnight cultures in 2YT medium (Table 3) by alkaline 
lysis 22 with SDS  and the presence of cloning sites was confirmed by analysis of endonuclease treated 
plasmids using agarose gel electrophoresis. In order to confirm the sequence of the synthetic gene, 
plasmid DNA was amplified using TempliPhi DNA Amplification Kit. The amplified DNA served as 
template for sequencing reactions using Thermo Sequenase Radiolabeled Terminator Cycle 
Sequencing Kit and [α-32P] ddNTPs. The sequencing reactions were then separated by PAGE and gels 
developed by autoradiography. All plasmids constructs were sequenced on both strands across the 
entire insert and insert-vector junctions. All reactions were performed using supplied buffers and 
manufacturers� recommendations.  

 

 

 

 

Table 2. Thermocycler program settings and reaction condi-
tions.      
 

Ligation 1 In a 100 µl reaction: 1.7 µM per top strand oligo, 0.6 µM per bottom 
 strand  oligo, 1 U Pfu quick ligase  

 Program settings: 5 min at 95°C; 12 cycles of 1 min at 95°C, 1 min at 
 57°C. 
 

PCR 1 In a 50 µl reaction: 0.2 mM dNTP, 0.25 µM forward and  reverse 
 primer,  10% DMSO, 1 µl template and 1.5 U Pfu , Turbo polymerase.  

 Program settings: 5 min at 95°C; 25 cycles of 1 min at 95°C, 1 min at 
 55°C, 1  min 30 s at 72°C; 7 min at 72°C. 
 

PCR 2 In a 50 µl reaction: 0.2 mM dNTP, 0.25 µM forward and  reverse 
 primer,  10% DMSO, 1 µl template and 1.5 U Pfu Turbo polymerase. 

 Program settings: 5 min at 95°C; 15 cycles of 1 min at 95°C, 1 min at 
 55°C, 1  min 30 s at 72°C; 7 min at 72°C. 
 

Colony PCR In a 50µl reaction: 0.2 mM dNTP, 0.25 µM forward and  reverse 
 primer, 1 µl template and 1.5 U Taq polymerase.  

 Program settings: 2 min at 95°C; 30 cycles of 1 min at 95°C, 1 min at 
 55°C, 45 s at 72°C. 

Table 3. Composition of buffers and 
media. 
2YT 1.6%(w/v) Tryptone  
 1%(w/v) Yeast Extract 
 0.5%(w/v) NaCl 
 100 µg/ml ampicillin  
 25 µg/ml kanamycin, pH 7.5. 
LB 1%(w/v) Tryptone 
 1%(w/v) Yeast Extract 
 1%(w/v) NaCl   
 100 µg/ml ampicillin  
 25 µg/ml kanamycin pH 7.5 
Tris-HCl Tris aminomethane  
 adjusted to pH 8.0 with HCl.  
Buffer 1 20 mM Tris-HCl 
 0.5 M NaCl  
 5 mM Imidazol  
 6 M Guanidine hydrochloride 
 5 mM β-mercaptoethanol. 
Buffer 2 20 mM Tris-HCl 
 0.5 M NaCl  
 20 mM Imidazole 
 6 M urea   
 5 mM β-mercaptoethanol. 
Buffer 3 20 mM Tris-HCl 
 0.5 M NaCl  
 20 mM Imidazole  
 5mM β-mercaptoethanol. 
Buffer 4 20 mM Tris-HCl 
 0.5 M NaCl  
 5 Mm β-mercaptoethanol. 
TAE buffer 40 mM Tris-Acetate 
 2 mM EDTA  
  pH 8.5.  
MBS7.6 20 mM MOPS  
 0.5 M NaCl pH 7.6. 
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2.4 E. coli cultivation and expression 
Strains of E. coli overexpressing the recombinant Ara h 2 (rAra h 2) protein were established by 
transforming purified plasmid to E. coli strain BL21, containing the T7 RNA polymerase-providing 
plasmid pT7POL23 23, 24. Expression was tested by growing 3.5 ml cultures in LB-medium (Table 3) 
in 30°C until mid log phase (OD ~0.8) followed by 42°C induction. A fractionation experiment to 
determine the solubility was performed and involved the following steps: disintegration of cells by 
sonication 80 x 1.5 s at 40 W (Vibra cell VC100 with a 2 mm probe) on ice; centrifugation (16 000 x g 
at 4°C, 15 min); boiling (95ºC 5min) of supernatant and resuspended pellet in loading buffer with 0.1 
M β-merkaptoethanol providing reducing conditions; and finally analysis by SDS-PAGE. To generate 
material for protein purification, 4 liters of shaking culture was made by inoculating 2YT medium 
(Table 3) with 40 ml of overnight E. coli culture, and grow at the conditions specified above. The cell 
paste recovered after centrifugation (12 000 x g, 10 min) was stored at -70°C until use.  

2.5 Protein purification and analysis 

2.5.1 Raw material preparation 
Raw material from expression culture was thawed and resuspended in 100 ml cold of Buffer 3 (Table 
3). Lysis of the cells was performed by using an EmulsiFlex-C5 homogenizer set to operate at a mid-
pulse pressure of 13 kPa. The homogenized suspension was centrifuged (22 000 x g, 30 min, 4 °C) and 
the pellet thoroughly extracted using a Polytron mixer in 100 ml of Buffer 1 (Table 3), followed by 
sonication 6 x 10 s at 40 W using a Vibra cell VC100 with a 6 mm probe on ice. After subsequent 
centrifugation (18 000 x g at 4°C, 2 * 30 min), the supernatant was decanted and filtered sequentially 
through 1.2 µm and 0.45µm cellulose ester filters prior to chromatography.  

2.5.2 Immobilized metal ion affinity chromatography (IMAC) 
An XK50/20 column with 60 ml Chelating Sepharose HP was charged with 40 ml of 0.1 M Ni2+ and 
equilibrated with Buffer 1 (Table 3). Protein was applied to the IMAC column and unbound material 
was washed out with Buffer 2 (Table 3). The immobilized protein was then subjected to a renaturing 
gradient from 6 M (Buffer 2, Table 4) to 0 M urea (Buffer 3, Table 3) over 10x total column volume 
(Vt). Finally the protein was eluted with a gradient from 20 mM to 500 mM imidazole in Buffer 4 
(Table 3) over 10x Vt. Fractions containing recombinant protein were identified by SDS-PAGE and 
pooled.  

2.5.3 Size exclusion chromatography (SEC) 
After concentration the IMAC pool was subjected to preparative gelfiltration using a Superdex 75 
XK50/100 column equilibrated and eluted with MBS7.6 (Table 3). Fractions containing rAra h 2 were 
identified by SDS-PAGE, pooled and further analyzed with respect to purity and aggregation by SDS-
PAGE and analytical SEC. Analytical SEC was performed using a Superdex 75 HR 10/30 calibrated 
with a LMW gel filtration calibration kit including: albumin, 67 kDa; ovalbumin 43 kDa; 
chymotrypsinogen A 25 kDa; ribonuclease A 13.7 kDa. The protein concentration was determined 
from absorbance at 280 nm using a calculated extinction coefficient of 0.69. 

2.5.4 Protein concentration 
Purified protein preparations were concentrated using an Amicon filtration cell, fitted with a 
regenerated cellulose membrane with a molecular cut-off of 10 000. 

2.5.5 SDS-PAGE 
SDS-PAGE was performed using NuPAGE precast Bis-Tris gels and Mark 12 was used as molecular 
weight standard. Reducing conditions were obtained by the addition of β-mercaptoethanol to the 
sample with a final concentration of 50 mM. Proteins were visualized by staining gels with Coomassie 
Stain according to the manufacturer�s recommendations.  

2.6 Immunochemical analysis, UniCAP assay 
Purified proteins were coupled to a solid phase using proprietary in-house methods. A titration was 
performed in order to determine the protein concentration required for functional saturation of the 
solid phase. Protein concentrations ranged from 0.01 to 25 µg/ml. The allergen evaluation involved 31 
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sera, IgE-reactive to the regular peanut extract-based ImmunoCAP (allergen code: f13). Three 
negative control serum samples were used, either �as is�, or with the addition of myeloma IgE to 1000 
or 10 000 kUA/l respectively. ImmunoCAP analyses were performed using a UniCAP 100 instrument 
and standard reagents according to the manufacturer�s recommendations. 

2.7 Statistical analysis 
For comparison of UniCAP results, a nonparametric (Spearman) correlation was used. In a pair-wise 
comparison of two different allergens tested on the same set of sera, all values are uncontrolled, thus a 
correlation is more appropriate rather than a linear regression. The limited number of sera tested is not 
expected to have Gaussian distribution, thus a Spearman correlation that, unlike a standard (Pearson) 
r-correlation, does not make the Gaussian assumption was preferable. 
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3 RESULTS 

3.1 Synthetic gene design 
Several entries in the protein database Entrez contained the complete amino acid sequence of the two 
isoforms Ara h 2.02 and Ara h 2.01. In this report, these will be referred to as Ara h 2a and Ara h 2b, 
respectively. After removal of multiple identical entries, five unique sequences were used in a multiple 
alignment. Differences between these sequences occurred mainly in the N- and C-terminal parts. The 
alignment revealed a 12-residue insertion distinguishing the isoform Ara h 2a, and two single amino 
acid substitutions at positions 61 
and 163 (Fig. 3). 

The sequence used as template 
for the synthetic gene was based 
on accession number AAN77576 
17. To identify and exclude a pos-
sible signal peptide, the SignalP 
program was used. According to 
the prediction, the first 21 resi-
dues form a putative signal pep-
tide (Fig. 4), the removal of 
which was confirmed by N-
terminal sequencing of natural 
Ara h 2 (nAra h 2, data provided 
by Håkan Larsson and Lars 
Mattsson, not shown). Back-
translation of AAN77576 with 
the signal peptid excluded was 
performed by using a E. coli 
codon preference table. The 
sequence was then manually 
edited, by shifting codon syno-
nyms, in order to reduce the risk 
of oligonucleotidedimerization 
due to repeats and formation of 
secondary structures such as 
stemloops, which could hamper 
the gene assembly process. The 
synthetic gene design included 
division of the gene into 17 oli-
gonucleotides (Table 4). To be 
able to assemble both isoforms 
from a limited set of 
oligonucleotides, two alternative 
top strand oligonucleotides, 
AH2a/TS3 and AH2b/TS3, were 
designed to either include or ex-
clude the 12-residue insertion 
that differentiates the two Ara h 
2 isoforms. However, this 
approach did not accommodate 
the difference between the iso-
forms in position 41 and 143 
(equivalent to positions 61 and 
163 in the primary translation 
product, Fig. 3). The synthetic 
gene and the deduced aminoacid 

           1                                                     50 

{AAK96887} MAKLTILVAL ALFLLAAHAS ARQQWELQGD RRCQSQLERA NLRPCEQHLM 

{CAC41202} MAKLTILVAL ALFLLAAHAS ARQQWELQGD RRCQSQLERA NLRPCEQHLM 

{AAN77576} MAKLTILVAL ALFLLAAHAS ARQQWELQGD RRCQSQLERA NLRPCEQHLM 

{AAO61750} ~~KLTILVAL ALFLLAAHAS ARQQWELQGD RRCQSQLERA NLRPCEQHLM 

{AAM78596} ~~~LTILVAP ALFLLAAHAS ARQQWELQGD RRCQSQLERA NLRPCEQHLM 

 

            51                                                    100 

{AAK96887}  QKIQRDEDSY ERDPYSPSQ. .......... .DPYSPSPYD RRGAGSSQHQ 

{CAC41202}  QKIQRDEDSY ERDPYSPSQ. .......... .DPYSPSPYD RRGAGSSQHQ 

{AAN77576}  QKIQRDEDSY GRDPYSPSQD PYSPSQDPDR RDPYSPSPYD RRGAGSSQHQ 

{AAO61750}  QKIQRDEDSY GRDPYSPSQD PYSPSQDPDR RDPYSPSPYD RRGAGSSQHQ 

{AAM78596}  QKIQRDEDSY GRDPYSPSQD PYSPSQDPDR RDPYSPSPYD RRGAGSSQHQ 

 

            101                                                   150 

{AAK96887}  ERCCNELNEF ENNQRCMCEA LQQIMENQSD RLQGRQQEQQ FKRELRNLPQ 

{CAC41202}  ERCCNELNEF ENNQRCMCEA LQQIMENQSD RLQGRQQEQQ FKRELRNLPQ 

{AAN77576}  ERCCNELNEF ENNQRCMCEA LQQIMENQSD RLQGRQQEQQ FKRELRNLPQ 

{AAO61750}  ERCCNELNEF ENNQRCMCEA LQQIMENQSD RLQGRQQEQQ FKRELRNLPQ 

{AAM78596}  ERCCNELNEF ENNQRCMCEA LQQIMENQSD RLQGRQQEQQ FKRELRNLPQ 

 

            151                                                   200 

{AAK96887}  QCGLRAPQRC DLDVESGG~~ ~~~~~~~~~~ ~~~~~~~~~~ ~~~~~~~~~~ 

{CAC41202}  QCGLRAPQRC DLDVESGGRR PRIPPILTGS RSRRHQSPYG NRRYSAMCLL 

{AAN77576}  QCGLRAPQRC DLEVESGGRD RY~~~~~~~~ ~~~~~~~~~~ ~~~~~~~~~~ 

{AAO61750}  QCGLRAPQRC DLEVESGG~~ ~~~~~~~~~~ ~~~~~~~~~~ ~~~~~~~~~~ 

{AAM78596}  QCGLRAPQRC DLEVESGGRD RY~~~~~~~~ ~~ 

Fig. 3. Multiple alignment of the five entries containing the amino acid 
sequence of Ara h 2.01 (AAK96887 and CAC41202) and Ara h 2.02 
(AAN77576, AAO61750 and AAM78596). The sequence of AAN77576 
(bold) was used as template for the design of recombinant Ara h 2. 
Differences, in addition to the 12-residue insertion distinguishing the two 
main isoforms, are shown in red. 

 

Fig. 4.  Signal peptide prediction using SignalP 20. The highest Y score 
denotes the most probable signal peptide cleavage site. The signal 
peptide is identified by the S score, where values greater than 0.5 is a 
signal peptide. In the case of Ara h 2, the first 21 amino acids are 
predicted to be a signal peptide (underlined). sequence of the two isoforms is

shown in figure 5. 
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Table 4. The synthetic oligonucleotides used for the construction of the two isoforms of Ara h 2. 5� phos-
phorylation was induced to enable ligation of top strands (TS) and the biotinylation was used together with 
streptavidin-conjugated magnetic beads in purification steps. The alternative top strand oligonucleotides 
AH2a/TS3/P and AH2b/TS3/P were used for the construction of Ara h 2a and Ara h 2b, respectively. 

Designation Length Modification Sequence 

AH2/TS1/Bio 66 5�-Biotinylation 5�- ATG CGT CAG CAG TGG GAG CTG CAG GGT GAT CGC CGT  
 TGT CAG TCC CAG CTT GAA CGT GCT AAC CTG-3� 

AH2/TS2/P 75 5�-Phophorylation 
5�- CGT CCG TGC GAG CAG CAC CTG ATG CAG AAA ATC CAG 
 CGT GAC GAA GAC AGC TAC GGT CGC GAC CCG TAC TCT
 CCA-3� 

AH2a/TS3/P 74 5�-Phophorylation 5�- TCT CAG GAC CCA TAT TCC CCT TCT CAA GAC CCG GAT 
 CGT CGT GAT CCA TAC TCT CCG TCT CCG TAC GAC CGT-CG-3� 

AH2b/TS3/P 38 5�-Phophorylation 5�- TCT CAG GAC CCA TAT TCC CCG TCT CCG TAC GAC CGT 
 CG-3� 

AH2/TS4/P 83 5�-Phophorylation 
5�- TGG TGC AGG CTC CTC CCA ACA CCA GGA ACG TTG CTG 
 TAA CGA ACT GAA CGA ATT CGA GAA CAA CCA GCG TTG 
 CAT GTG CGA AG-3� 

AH2/TS5/P 78 5�-Phophorylation 
5�- CGC TGC AGC AGA TCA TGG AAA ACC AGT CCG ATC GCC 
 TCC AGG GTC GTC AGC AGG AAC AGC AAT TCA AAC GTG 
 AAC TGC-3� 

AH2/TS6/P 80 5�-Phophorylation 
5�- GCA ACC TGC CGC AGC AGT GTG GTC TGC GCG CTC CAC 
 AGC GTT GTG ACC TGG AAG TTG AAA GCG GTG GCC GTG 
 ACC GTT AC-3� 

AH2/BS1 29 None 5�- TGC TCG CAC GGA CGC AGG TTA GCA CGT TC-3� 

AH2/BS2 31 None 5�- AAT ATG GGT CCT GAG ATG GAG AGT ACG GGT C-3� 

AH2/BS3 30 None 5�- AAT ATG GGT CCT GAG ATG GAG AGT ACG GGT C-3� 

AH2/BS4 30 None 5�- TGA TCT GCT GCA GCG CTT CGC ACA TGC AAC-3� 

AH2/BS5 30 None 5�- CTG CGG CAG GTT GCG CAG TTC ACG TTT GAA-3� 

AH2/sq-F1 19 None 5�- ATC TCA GGA CCC ATA TTC C-3� 

AH2/sq-F2 20 None 5�- TCA TGG AAA ACC AGT CCG AT-3� 

AH2/F-Nd/Bio 29 5�-Biotinylation 5�- AGG ATC CAT ATG CGT CAG CAG TGG GAG CT-3� 

AH2/R-H/Bio 30 5�-Biotinylation 5�- GTC ATC TCG AGG TAA CGG TCA CGG CCA CCG-3� 

AH2/R-X/Bio 31 5�-Biotinylation 5�- GTC ATA AGC TTA GTA ACG GTC ACG GCC ACC G-3� 

PET-F* 25 5�-Biotinylation 5�- GCG AAA TTA ATA CGA CTC ACT ATA G-3� 

PET-R* 23 5�-Biotinylation 5�- GGT TAT GCT AGT TAT TGC TCA GC-3� 

*Vector primers used for PCR amplification, had been previously designed in the laboratory.  

M  R  Q  Q  W  E  L  Q  G  D  R  R  C  Q  S  Q  L  E  R   A   20 – AH2a 
M  R  Q  Q  W  E  L  Q  G  D  R  R  C  Q  S  Q  L  E  R   A   20 – AH2b 
ATGCGTCAGCAGTGGGAGCTGCAGGGTGATCGCCGTTGTCAGTCCCAGCTTGAACGTGCT 60 
 

N  L  R  P  C  E  Q  H  L  M  Q  K  I  Q  R  D  E  D  S  Y   40 – AH2a 
N  L  R  P  C  E  Q  H  L  M  Q  K  I  Q  R  D  E  D  S  Y   40 – AH2b 
AACCTGCGTCCGTGCGAGCAGCACCTGATGCAGAAAATCCAGCGTGACGAAGACAGCTAC 120 
 

G  R  D  P  Y  S  P  S  Q  D  P  Y  S  P  S  Q  D  P  D  R   60 – AH2a 
G  R  D  P  Y  S  P  S  Q  D  P  Y  S  P    54 – AH2b 
GGTCGCGACCCGTACTCTCCATCTCAGGACCCATATTCCCCTTCTCAAGACCCGGATCGT 180 
 

R  D  P  Y  S  P  S  P  Y  D  R  R  G  A  G  S  S  Q  H  Q   80 – AH2a 
                  S  P  Y  D  R  R  G  A  G  S  S  Q  H  Q   68 – AH2b 
CGTGATCCATACTCTCCGTCTCCGTACGACCGTCGTGGTGCAGGCTCCTCCCAACACCAG 240 
 

E  R  C  C  N  E  L  N  E  F  E  N  N  Q  R  C  M  C  E  A   100– AH2a 
E  R  C  C  N  E  L  N  E  F  E  N  N  Q  R  C  M  C  E  A   88 – AH2b 
GAACGTTGCTGTAACGAACTGAACGAATTCGAGAACAACCAGCGTTGCATGTGCGAAGCG 300 
 

L  Q  Q  I  M  E  N  Q  S  D  R  L  Q  G  R  Q  Q  E  Q  Q   120– AH2a 
L  Q  Q  I  M  E  N  Q  S  D  R  L  Q  G  R  Q  Q  E  Q  Q   108– AH2b 
CTGCAGCAGATCATGGAAAACCAGTCCGATCGCCTCCAGGGTCGTCAGCAGGAACAGCAA 360 
 

F  K  R  E  L  R  N  L  P  Q  Q  C  G  L  R  A  P  Q  R  C   140– AH2a 
F  K  R  E  L  R  N  L  P  Q  Q  C  G  L  R  A  P  Q  R  C   128– AH2b 
TTCAAACGTGAACTGCGCAACCTGCCGCAGCAGTGTGGTCTGCGCGCTCCACAGCGTTGT 420 
 

D  L  E  V  E  S  G  G  R  D  R  Y                           152– AH2a 
D  L  E  V  E  S  G  G  R  D  R  Y                           140– AH2b 
GACCTGGAAGTTGAAAGCGGTGGCCGTGACCGTTAC     456 

Fig. 5.  DNA sequence of the synthetic Ara h 2 genes and the deduced amino acid 
sequence of the two isoforms. The underlined nucleotides encode the 12-mer insertion 
unique to Ara h 2a. 
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TS1                TS2              TS3a             TS4        TS5            TS6

BS1              BS2               BS3              BS4         BS5                 

TS1                TS2              TS3a             TS4        TS5            TS6

BS1              BS2               BS3              BS4         BS5                 

TS1                TS2              TS3a             TS4        TS5            TS6

BS1              BS2               BS3              BS4         BS5                 BS1              BS2               BS3              BS4         BS5                 

rAra h 2aM- -LEHHHHHHrAra h 2aM- -LEHHHHHH

rAra h 2aMASHM- -LEHHHHHHrAra h 2aMASHM- -LEHHHHHH

rAra h 2aMRGSHM- -LEHHHHHHrAra h 2aMRGSHM- -LEHHHHHH

rAra h 2bMASHM- -LEHHHHHHrAra h 2bMASHM- -LEHHHHHH

1

2

3

4

3.2 Cloning and expression 
DNA fragments encoding rAra h 2a 
were generated by ligating top strand 
oligonucleotides, brought to correct 
order by the bridging bottom strand 
oligonucleotides (Fig. 6a). However, no 
full-length product was generated by 
the subsequent PCR reaction, possibly 
as a result of incomplete ligation of the 
top strand oligonucleotides. Additional 
PCR reactions were therefore 
performed with primers selected to 
amplify subregions of the gene. Two 
overlapping fragments TS1->BS5 and 
TS3a->TS6 (Fig. 6a), together repre-
senting the entire Ara h 2 sequence, 
were used in a mutual extension reac-
tion which created a template for a PCR 
with flanking primers. This approach 
resulted in a PCR product of the 
expected size (~450 bp), which was 
cloned in a pET23a(+)-derived vector.  

DNA sequencing revealed sequence 
substitutions and deletions in several 
candidates and the screening process 
continued until a correct sequence was 
found. This candidate was further used 
as template for the preparation of four 
different pET23(+) based construct all 
designed to direct the expression of a C-
terminal hexa-histidine tag (Fig. 6b): 
AH2a-1C, the Ara h 2a isoform with a 
initiator methionine; AH2a-2C, 
encoding the initiator sequence MASH; 
AH2a-3C, encoding the initiator 
sequence MRGSHM; and finally AH2b-
2C, the Ara h 2b isoform encoding the 
initiator sequence MASH.  

 

Fig. 6a. The principle of assembly of a synthetic gene from top 
and bottom strand oligonucleotides. First, an annealing reaction is 
performed where top strand oligonucleotides are brought together 
in the correct order by the bridging bottom oligonucleotides 
followed by enzyme-mediated ligation forming a continuous top 
strand. The assembled top strand is amplified using PCR.  

 

 

 

 

Fig. 6b. Schematic overview of the four constructs made;   
1. AH2a-1C, 2. AH2a-2C, 3. AH2a-3C and 4. AH2b-2C. The 
coloured blocks represent the Ara h 2 gene and additional 
modifications including initiator sequences and C-terminal hexa-
histidine tags are shown in the figure. 

Annealing 

Ligation 

Assembled 
top strand 

PCR 
amplification 
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Transformation of DNA constructs into the E. coli expression strain was followed by studies of 
temperature-induced expression. There was a moderate expression of AH2a-1C and a fractionation 
experiment revealed the expressed protein to be completely insoluble (Fig. 7, lane 2*). The AH2a-2C, 
however, showed a higher expression level but also with an insoluble protein product (Fig. 7, lane 2), 
which was also true for AH2a-3C (data not shown). The corresponding construct containing the rAra h 
2b gene, AH2b-2C, also showed a good expression level according to a time-course analysis (Fig. 8), 
again resulting in accumulation of an insoluble protein. Cell culturing of the two strains, AH2b-2C and 
AH2a-2C, in 4-liter scale gave approximately 30 g of cells each, of which one third was used for 
protein purification.  

 

   

                 

 

         
 

Fig. 7. SDS-PAGE analysis of soluble (lane 
1) and insoluble proteins (lane 2 ) in heat 
induced in BL21-cells containing the AH2a-
2C and AH2a-1C* constructs. 

 Fig. 8. Time-course analysis of rAra h 2b expres-
sion by SDS-PAGE. Samples were drawn from a 
0.5 L flask culture and run under reducing condi-
tions. 
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3.3 Purification 

3.3.1 Recombinant Ara h 2a (construct AH2a-2C) 
Harvested cells were resuspended in Tris-buffer and after lysis and centrifugation, the pellet and the 
supernatant were analyzed by SDS-PAGE (Fig. 9). Results confirmed that the rAra h 2a protein was 
insoluble, i.e. located in the pellet. IMAC was used as the first purification step, a method that utilizes 
the hexa-histidine tag on the protein. SDS-PAGE analysis of samples of the cell extract and the IMAC 
column flow-through (Fig. 10) indicated quantitative binding of the protein to the Ni2+-charged 
separation medium. The chromatogram obtained from the imidazole gradient-based elution of rAra h 
2a displayed a broad peak with two maxima (Fig. 11). The decision on which fractions to use for the 
subsequent preparative SEC was based on SDS-
PAGE analysis (Fig. 12) and analytic SEC (Fig. 
13) of a several IMAC fractions. A pool of 
selected fractions was concentrated from 170 to 
100 ml, and further purified on a preparative SEC 
column. According to the resulting chromatogram, 
rAra h 2a was separated into two peaks, tentatively 
regarded as monomeric and dimeric forms of the 
protein (Fig. 14). Fractions containing the 
monomeric form were pooled and resulted in a 
protein solution, which gradually developed an 
opalescent (milky) appearance, particularly upon 
storage in 4°C, suggesting protein precipitation. 
Despite a substantial initial yield, only 5.5 mg of 
purified rAra h 2a from a 10.5 g cell pellet, at a 
concentration of 80 µg/ml, remained after several 
days of storage. N-terminal sequencing of the first 
15 residues of the protein showed the predicted 
sequence, however lacking the initiator 
methionine (data not shown).  

 

 

 

  

 

Fig. 9. SDS-PAGE analysis 
of supernatant (lane 1) and 
pellet (lane 2) after homog-
enization and centrifugation 
of rAra h 2a expressing cells 
resuspended in Tris-buffer. 

 

 Fig. 10. SDS-PAGE 
analysis of rAra h 2b-
containing protein ex-
tract loaded on the 
IMAC-column (lane 1) 
and column flow-
through (lane 2).  
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Fig. 11.  Chromatogram from the elution step of the rAra h 2a purification by IMAC
further analysed by SDS-PAGE and analytical SEC are indicated by arrows. The fra
bars were pooled and subjected to preparative SEC.  
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Fig. 12.   SDS-PAGE analysis of protein 
containing fractions from the rAra h 2a puri-
fication by IMAC under reducing conditions. 
15µl sample was loaded to each well. 

Fig. 13.  Analytical SEC of three rAra h 2a-
containing IMAC fractions (Fig. 11). The major 
peak eluted at a volume corresponding to a 
calibrator molecular weight of 20 kDa. 

 
 

Fig. 14. Preparative SEC of rAra h 2a. Red markings indicate the fractions pooled and analyzed 
immunologically on UniCAP. The major peak has a retention volume similar to nAra h 2, thus sepa-
rated as a monomer, whereas the minor peak is separated as a dimer. 

 

 
 

Fig. 15. Chromatogram from separation of rAra h 2b by preparative SEC. The red markings indi-
cate the fractions pooled and immunologically analyzed in UniCAP. 
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3.3.2 Recombinant Ara h 2b (construct AH2b-2C)  
The procedures used for purification of rAra h 2b were the same as for the rAra h 2a isoform, and the 
results showed that there was no significant difference in the outcome of the purification either except 
for a greater yield, 66 mg, of rAra h 2b. The result from IMAC (not shown) was similar to rAra h 2a 
and Figure 15 shows the chromatogram from the preparative SEC. The major peak was pooled and 
resulted in a solution with a protein concentration of 150 µg/ml. No sign of precipitation was 
observed. N-terminal sequencing of the protein showed the predicted sequence (data not shown), but 
as for rAra h 2a, without the initiator methionine. 

3.4 Analysis of purified protein by SDS-PAGE and SEC 
The pool of fractions containing the monomeric form of the protein was analyzed by SDS-PAGE 
under reducing and non-reducing conditions (Fig. 16) and by analytic SEC (Fig. 17). According to the 
SDS-PAGE gel, non-reducing conditions seem to favor a faster protein migration. The chromatogram 
from analytic SEC shows that nAra h 2 is eluated 0.35 and 0.55 ml after rAra h 2a and rAra h 2b, 
respectively. 

 

   

Fig. 16. SDS-PAGE analysis of 
the pool from the preparative SEC 
of rAra h 2b (1) and rAra h 2a (2) 
under reducing(r) and non-
reducing (o) conditions.  

 Fig. 17. Analytic SEC on a calibrated Superdex 75 HR10/30 
column. Molecular weight and elution volume of the four calibrator 
proteins are shown in the figure. 
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3.5 Analysis of IgE antibody binding 
A titration experiment, where the 
allergen concentration ranged from 
0.01 to 25 µg/ml, was performed for 
both Ara h 2 isoforms. Figure 18 
shows that IgE binding does not in-
crease with an allergen concentration 
greater than 5 µg/ml for both selected 
sera, this concentration was therefore 
considered saturating for the allergen 
coupling. A concentration of 32 
µg/ml used in the coupling for the 
serum testing ensured allergen excess 
on the experimental ImmunoCAP. 
According to CAP-results from test-
ing of 31 peanut-reactive sera, rAra h 
2a displayed IgE binding from all but 
five of these (Fig. 19). All three 
negative controls showed responses 
below the cut-off level.  

 
 
 

 

Fig. 19. Analysis of IgE binding to rAra h 2a and peanut extract-based ImmunoCAP (f13). The 31 
sera used were selected for a specific IgE response on f13 above 10 kUA/l. Three negative control 
sera (n1, n2 and n3) were tested on rAra H 2 ImmunoCAP. These consisted of a pool with negative 
sera where n2 and n3 had the addition of myeloma IgE with a concentration of 1000 or 10 000 kUA/L 
respectively. The 0.35 kUA/L cut-off level is indicated by the dot line. 
 

 

Fig. 18. Titration curve for rAra h 2a and rAra h 2b. IgE binding 
properties of ImmunoCAP with allergen concentrations ranging from 
0.01 to 25 µg/ml were tested for serum number 4 and 30. 
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Testing of the same set of sera with rAra 2b gave a partially divergent result. The correlation plot (Fig. 
20) showed a good agreement between the recombinant isoforms except for 6 sera, which had a much 
higher response for rAra h 2a. The statistical comparison, that was performed to quantify the level of 
agreement, showed a Spearman correlation factor of 0.88. In previous experiments, performed by Lars 
Mattsson, natural Ara h 2 was purified from peanut extract and tested on the same set of sera. A com-
parison of IgE binding to nAra h 2 and rAra h 2b showed a close correlation (Fig. 21), with a 
Spearman correlation factor of 0.97. The comparison of nAra h 2 and rAra h 2a resembled the rAra h 
2a-rAra h 2b comparison with a Spearman correlation factor of 0.79. 

 

Fig. 21. Correlation between specific IgE values for nAra h 2 
and rAra h 2a or rAra h 2b (n=31). The Spearman correlation 
coefficient for rAra h 2a-nAra h 2 was 0.79 and 0.97 for rAra h 
2b-nAra h 2. 0.35 kUA/L cut-off is indicated by the red lines. 

 

 

Fig. 20. Correlation between specific IgE values for rAra h 
2a and rAra h 2b (n=34). The Spearman correlation coeffi-
cient was 0.88. The red lines indicate the 0.35 kUA/L cut-off. 
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4 DISCUSSION 

Within the scope of a Masters degree project it was possible to construct genes for, express and purify 
the two recombinant isoforms of the major peanut allergen Ara h 2. The recombinant proteins showed 
strong specific IgE binding properties when analyzed by Pharmacia Diagnostics UniCAP system, well 
comparable to natural Ara h 2 purified from peanut extract. 

Since the first report describing Ara h 2 14, this major allergen has been well characterized with respect 
to biochemical and IgE-binding properties. The protein exists as two main isoforms and several entries 
showing the complete amino acid sequence are available in protein databases. Immunological evalua-
tion of both isoforms was of interest, but for practical reasons rAra h 2a was used as a template for the 
design of a synthetic gene, from which the shorter isoform could then be derived. Several different 
candidates clones of rAra h 2a were processed in parallel of which one had the correct nucleotide se-
quence. Clones with incorrect sequence contained deletions and substitutes that may either have been 
present in the synthetic oligonucleotides or introduced during PCR amplification, although a proof-
reading DNA polymerase, Pfu turbo, was used in all PCR amplification. 

The recombinant isoform Ara h 2b possesses two differences in amino acid sequence compared to the 
natural Ara h 2.01. The glutamate-aspartate substitution at position 143 is not expected to have a major 
effect on the folding of the protein due to the similar biochemical properties of these amino acids, 
while the glutamate-glycine difference at position 41 conferred a local charge alteration. However, the 
results obtained from analytic SEC and ImmunoCAP experiments showed good agreement with nAra 
h 2 (Fig. 17 and 21) and revealed no impact on biochemical or immunological properties by the two 
substitutions.  

While designing the synthetic Ara h 2 gene, manual editing of the backtranslated protein sequence was 
performed to adjust the codon frequency to an E. coli like distribution. Due to variation in codon bias 
among different species, adaptation of the codon frequency of the foreign gene may serve to minimize 
the risk of tRNA depletion during translation, something that may be a true bottleneck 25. In addition 
to a well-designed coding sequence, high-level expression also requires an optimal choice of expres-
sion system. From the AH2a-1C construct, where the Ara h 2 gene was inserted without any initiating 
sequence other than the methionine codon ATG, a moderate expression level was observed. In con-
trast, recombinant Ara h 2a and Ara h 2b cloned into a vector coding for the initiating sequence 
MASH expressed well. A consensus sequence analysis of highly expressed E. coli genes26 predicts the 
initiator sequence MASH to be favorable for high expression.  

The results obtained from IMAC showed that the hexa-histidine tagged proteins had an affinity to the 
Ni2+ charged column without detectable loss of protein in the column flow-through. SDS-PAGE of the 
fractions containing rAra h 2a suggested that the late-eluting fractions contained a higher proportion of 
aggregations (Fig. 12 and 13). A plausible explanation would be that protein aggregates need a higher 
imidazole concentration to elute due to multiple affinity points to the column.  

The chromatograms from preparative SEC showed that IMAC pools of both rAra h 2 isoforms 
contained multiple aggregation forms. The major peaks were separated at elution volumes similar to 
nAra h 2, i.e. consistent with a monomeric state, whereas the minor peaks were separated as probable 
dimers. The higher concentration of rAra h 2b explains the more pronounced peaks on the chroma-
togram (Fig. 14 and Fig. 15). Fractions containing the monomeric protein were pooled and further 
analyzed on SDS-PAGE and SEC. The proteins migrated faster on SDS-PAGE gels under non-
reducing conditions than under reducing conditions. This could be explained by the presence of 
disulfide bonds in rAra h 2a and rAra h 2b, the disruption of which by reducing agent would give the 
protein a more extended configuration. According to the calibration with defined marker proteins, the 
slight difference in elution volume (0.35 and 0.55 ml) on analytic SEC compared with nAra h 2 
corresponds to a molecular weight difference of 2.3 and 3.8 kDa for rAra h 2a and rAra h 2b 
respectively. This could be partly explained by the addition of an initiator sequence and a hexa-
histidine tag on the recombinant protein, which adds ~1.5 kDa to its mass, but also suggests that the 
natural form may have a somewhat more compact folding. 

The rAra h 2a solution tended to precipitate, a problem the shorter isoform did not seem to suffer 
from. This difference was accentuated when the solutions were exposed to +4°C. The issue of low 
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solubility of recombinant solution is not unique and there are many ways to deal with it. Within the 
scope of this project it was not possible to thoroughly penetrate this problem, but preliminary observa-
tions suggest that higher pH, higher salt concentration and the presence of glycerol could reduce 
precipitation. 

Both rAra h 2 isoforms showed good results when analyzed by UniCAP, with responses that had a 
strong positive correlation to peanut extract-based immunoCAP (f13) and nAra h 2 for most of the 31 
sera tested. The consistently lower responses for Ara h 2 (both the purified and recombinant) 
compared to f13 is expected since most peanut sensitized individuals tend to react to several allergens 
4, and by testing the specific IgE response to a single allergen only a part of the total IgE directed to 
peanut is detected. The fact that six sera were below the cut-off value of 0.35 kUA/l for rAra h 2a but 
scored positive on f13 may therefore reflect IgE reactivity to other peanut allergens. Previous studies 
using diagnostic reagents based on peanut extract have shown that they frequently give rise to positive 
results in subjects with no clinical reactivity to peanut 27. Hence, it is possible that some of the f13 
positive sera used in this study originate from such individuals. Therefore, in the absence of clinical 
information, a negative IgE test result for rAra h 2 on a f13 positive serum is not necessarily 
unfavorable from a diagnostic point of view. 

More surprising is the discrepancy between rAra h 2a and rAra h 2b responses. Six sera stand out by 
having a much higher rAra h 2a value compared to rAra h 2b. It is not due to a defect of the rAra h 2b 
since also nAra h 2 show low responses for these sera. Instead, the data suggest the presence of an 
unique epitope structure on the longer isoform. Interestingly, Chatel et al 17 predicted the longer iso-
form to be a more potent allergen because of an extra IgE binding motif (DPYPS) contained within the 
12-residue insertion of Ara h 2a. This motif was experimentally determined by epitope mapping 28 and 
exists in three copies in rAra h 2a but only in two copies in rAra h 2b (Fig. 22). Although the extra 
continuous epitope could cause a higher IgE-binding capacity of rAra h 2a, it is not obvious how an 
epitope repetition alone could explain the observed difference with a few very divergent sera. The 
result instead raise the possibility that new, composite epitope may be formed in rAra h 2a, or that the 
12-residue insertion induces a structural alteration of the protein, exposing epitope structures that are 
hidden in rAra h 2b. Epitope mapping has only been made on the shorter isoform so these results must 
not be over-interpreted in the context of epitopes on rAra h 2b. Moreover can the presence of the hexa-
histidine tag on the recombinant protein potentially alter its IgE binding properties. Additional 
experiments with N-terminal hexa-histidine tagged protein and untagged proteins are necessary to 
exclude histidine tag related artifacts. 
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Fig. 22. Amino acid sequence of the two recombinant proteins rAra h 2a and rAra h 2b. Resi-
dues marked green originates from the expression vector and residues marked blue denotes 
the 12-residue insert that characterizes the Ara h 2a isoform. The two red colored residues are 
deviating from the corresponding native protein. Brown and blue underlining shows location of 
major IgE binding epitopes and IgE binding motif, DPYSP, respectively. 

  
Further studies regarding diagnostic utility of rAra h 2 need to include analysis of samples from clini-
cally documented patients as well as more extensive immunological experiments. Prior to such 
studies, however, the solubility issue of rAra h 2a needs to be addressed. 
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