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InadvertentInadvertent elution of IgE by allergen in the RAST 

Abstrac t t 

Background:: The use of bovine serum albumin (BSA) to block non-specific binding in 

immunochemicall  assays is widespread. Whereas previous studies had indicated that soluble 

allergenn present during the incubation with anti-IgE in the RAST did not affect bound IgE, 

thiss was re-investigated in the current study using IgE elution from BSA induced by 

solublesoluble BSA as a test system. 

Methods:: Sepharose-coupled BSA (0.08, 0.4, 2, or 10 ug BSA/test) was incubated 

overnightt with serum, and washed five times. Before addition of radioactive anti-IgE, the 

Sepharosee was incubated with different concentrations of soluble BSA (0, 12, 60, 300, or 

15000 ug/test). The effect on IgE binding was investigated for various incubation periods (t 

== 0, l ,2 ,4 ,20h). 

Results:: Incubation in buffer without BSA did not change IgE binding (<1.5 IU IgE/ml 

serum).. Soluble BSA eluted IgE antibodies from immobilized BSA up to 85%. If the BSA 

densityy on the solid phase was > 2 ug /test, elution efficiency was dependent both on the 

levelss of immobilized BSA and soluble BSA. At lower densities, the dissociation was only 

dependentt on the concentration of soluble BSA. The time needed to obtain 50% IgE elution 

(tvJJ was less if the density of immobilized BSA decreased. Below the critical density (3.5 

ngg BSA/mm2 solid phase), t,/2 (45 minutes) was independent of the coating density. 

Probablyy all IgE antibodies are monovalently bound below this density. 

Conclusion:: Dissociation of IgE from immobilized protein in the presence of soluble 

proteinn should be taken into account, particularly when IgE to mammalian serum albumin 

iss involved (milk, meat, animal dander). 

Introductio n n 

Thee radioallergosorbent test (RAST) ' is a well-established method for allergy 

diagnosis.. The principle is based on the detection of IgE binding to allergen on a solid 

phasee by labeled anti-human IgE. The latter reagent is often diluted in a buffer containing 

bovine,, sheep, or horse serum. If the solid phase contains some immunoglobulin G (IgG), 

IgGG in heterologous serum needs to be present to prevent binding of labeled anti-human 

IgEE via bivalent human antibodies directed to heterologous IgG. If heterologous IgG would 

noo be present, falsely high RAST results are obtained2. Serum albumin blocks non-specific 

binding.. Bovine serum albumin (BSA) is a wide-used blocker in, for example, ELISAs and 

immunoblottingg experiments. 

Inn the current study, we analyzed the IgE binding to BSA. IgE antibodies to 

albuminn have been shown to be in large part responsible for allergy to for instance bovine 

andd ovine meat3'4, cow's dander 5 and cow's milk 5. In a BSA-RAST the incubation with 
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labeledd anti-IgE is also performed in the presence of heterologous serum and soluble BSA. 

Noo inference on IgE binding was expected by this BSA based on a study by van Milligen et 

alal 6, in which IgE binding to the major cat allergen Felis domesticus (Fel d 1), and Fel d 1 -

peptidess was investigated. Fel d 1-bound Sepharose (0.25-0.5 ug/test) was incubated 

overnightt with serum, and after extensively washing, it was shown that IgE was not eluted 

byy incubation with soluble Fel d 1 (2.4 ng) for 16 hours. Only IgE bound to low affinity 

FelFel d 1 -peptides (8 fig/test) was eluted by Fel d 1. For RAST inhibition experiments, in 

whichh serum is preincubated with the allergen before addition to Sepharose, less protein is 

neededd to inhibit binding. In such a pre-incubation protocol, IgE binding to Fel d 1 was 

inhibitedd for >95% by 2.4 ug of Fel d 1. 

Inn this paper we present data showing unexpectedly that soluble BSA added after 

incubationn of BSA-allergosorbent with serum eluted IgE bound to immobilized BSA. It 

wass investigated at which levels of soluble and immobilized BSA this elution became 

significant.. Moreover, it was analyzed in what time 50% of IgE antibodies was eluted. 

Materia ll  and method s 

Material s s 
Bovinee albumin fraction V (Boehringer Mannheim, Heidelberg, Germany); human serum 

albuminn (HSA) (CLB, Amsterdam, the Netherlands); fetal calf serum (FCS) (Bodinco, 

Alkmaar,, the Netherlands); Tween-20 (Merck, Darmstadt, Germany); EDTA (Siegfried 

Synopharm,, Switzerland); NaN3 (Merck, Darmstadt, Germany); CNBr-activated Sepharose 

(Pharmaciaa Fine Chemicals, Uppsala, Sweden). 

Buffer s s 
BSA-sheep:BSA-sheep: PBS with 3 mg/ml BSA, 0.5% (v/v) sheep serum, 4.5% (v/v) bovine serum, 

0.2%% Tween-20, 10 mM EDTA, 0.05% NaN3. 

HSA-sheepHSA-sheep Ig: PBS with 100 ug/ml HSA, 20 ug/ml sheep Ig, 0.1% Tween-20, 0.06% 

NaN3.. Sheep Ig was purified using caprylic acid described by McKinney et al.7. 

HSA-PBS:HSA-PBS: PBS with 3 mg/ml HSA, 0.2% Tween-20, 10 mM EDTA, 0.05% NaN3. 

Plasm aa sample s 
Plasmaa samples were derived (Haemonetics Plasma Collection System, Haemonetics 

Corporation,, Braintree, MA) from volunteers, after informed consent. Plasma samples #163 

andd #151 were defibrinated by recalcification and dialyzed. Plasma #163 (total IgE: 2500 

IU/ml)) was positive for IgE to common inhalant allergens (house dust mite, grass pollen, 

birchh pollen, cat dander, dog dander, and Alternaria), and to bovine serum albumin (RAST 

scoree 5; >35 IU/ml). Plasma sample #151 (total IgE: 1600 IU/ml) was used as negative 
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controll  in the BSA-RAST. This plasma was positive for IgE to house dust mite, grass 

pollen,, birch pollen, cat dander, dog dander, Alternaria, and Aspergillus. 

Labelin g g 
Affinity-purifie dd sheep anti-human IgE (M1294, CLB, Amsterdam) was labeled by the l25I 

chloramine-TT method 8 except that after iodination and reduction HSA was used as carrier 

proteinn instead of BSA. Labeled anti-IgE was diluted in PBS/0.3% HSA/ 0.01 M EDTA/ 

0.05%% NaN3) and stored at -20 °C. 

FCS-RAST T 
FCSS (1.7 mg protein) was coupled to 100 mg CNBr-activated Sepharose 8, after which the 

Sepharosee was suspended at 4 mg/ml in HSA-PBS. The RAST was performed as described 

previouslyy 8*9. Human serum (50 ul) was incubated overnight with FCS-Sepharose (250 ul). 

Afterr washing five times, l25I-labeled sheep anti-human IgE was added in the presence of 

5000 ul BSA-sheep Ig, HSA-sheep Ig, or HSA-PBS, and incubated overnight. After four 

timess washing bound radioactivity was determined, and expressed as percentage of added 

counts.. The experiments were performed in duplicate. 

BSA-RAS T T 
BSAA was coupled to CNBr-activated Sepharose 8 in different densities: 16 ug, 80 jig, 400 

ug,, and 2000 fig BSA per 100 mg Sepharose. Sepharose was suspended at 2 mg/ml in 

HSA-PBS.. BSA-Sepharose was incubated with human serum (50 ul per 0.5 mg Sepharose) 

whilee rotating overnight. After five times washing, 500 ul of HSA-sheep Ig containing 0 

fig/ml,, 24 (ig/ml, 120 |ig/ml, 600 jig/ml, or 3000 (ig/ml BSA was added to the Sepharose 

(finall  volume 700 ul) which was incubated for different time periods (0, 1, 2, 4, or 20 h). 

Next,, Sepharose was washed five times, and incubated overnight with radioactive IgE in 

5000 ul HSA-sheep Ig. Tests without addition of HSA-sheep Ig (t=0) were performed in 

tenfold,, the other tests in duplicate. Bound radioactivity was converted to international 

unitss (IU) IgE per ml serum using as calibration system mouse/human chimeric antibodies 

directedd to Der p 2 in combination with Sepharose-coupled mite extract10. 

Calculatio nn of BSA densit y on Sepharos e 
CNBr-activatedd Sepharose consists of beads with an average diameter of 110 urn. 

Assumingg that Sepharose beads are smooth spheres, the surface of one bead is 38000 um2. 

Perr test 0.5 mg Sepharose (3000 beads) was used, which corresponds to a surface area of 

1144 mm2. Thus, 0.08 |j.g, 0.4 ug, 2 ug, or 10 jag BSA per 0.5 mg Sepharose corresponds to 

0.77 ng, 3.5 ng, 18.5 ng, and 87.7 ng per mm2 respectively. Obviously, these values are 

overestimated,, because the surface area is clearly larger than that of smooth spheres. 

Moreover,, no allowance have been be made for incomplete coupling. 
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Result s s 

BSAA and HSA in FCS-RAST 
Ass one of the control tests for experiments described elsewhere ", we performed 

RASTT experiments in which IgE antibodies to FCS were analyzed. We discovered that 

solublee BSA, the main component of FCS, present during the incubation with radioactive 

anti-IgE,, affected the IgE binding. In figure 1 is shown that IgE binding decreased after 

incubationn of radioactive anti-IgE in BSA-containing buffer compared to buffer with HSA. 

Too avoid binding of human IgG antibodies to bovine IgG on the Sepharose, sheep and/or 

bovinee immunoglobulin needs to be added to the buffer. This is illustrated by the results 

withh negative control plasma #151. When this plasma was incubated with anti-IgE in HSA-

PBSS in the absence of sheep and/or bovine immunoglobulin, significant binding of '25I 

sheepp anti-IgE to FCS-Sepharose was observed. This binding which was abolished by 

additionn of sheep immunoglobulin. 

Figur ee 1: Effect of soluble BSA on IgE 
bindingg to BSA on solid phase. IgE binding 
wass investigated using the FCS-RAST. 
Plasmaa samples #163 (containing IgE to 
BSA)) and #151 (negative control) were 
incubatedd with FCS-Sepharose. After 
overnightt incubation, IgE binding was 
detectedd with 125l-labeled sheep anti-human 
IgE,, diluted in BSA-sheep Ig, HSA-PBS, or 
HSA-sheepp Ig buffers. 

Dose-dependenc yy of IgE elutio n 
Thee elution of BSA-specific IgE antibodies by soluble BSA was studied in more 

detaill  in the BSA-RAST. After incubation of plasma #163 with different densities of BSA 

onn the Sepharose, different concentrations of soluble BSA were added. The incubation was 

performedd for 20 hours before radio-labeled anti-IgE was added. The results are shown in 

figuree 2A. When 2 ug or 10 ug immobilized BSA per test was used, the elution was both 

dependentt on the density of immobilized BSA and concentration of soluble BSA. 

However,, with lower densities of immobilized BSA (<0.4 ug), the dissociation was only 

dependentt on the concentration of soluble BSA (figure 2B). The amount of IgE antibodies 

elutedd from 0.08 ug, 0.4 ug, 2 ug, and 10 ug immobilized BSA/test by 1.5 mg soluble BSA 

expressedd as percentage of initially IU/ml bound IgE was 76%, 79%, 83%, and 85% 

respectively. . 
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Figur ee 2: Dissociation of IgE 
fromm immobilized BSA by 
differentt concentrations of 
solublee BSA. The incubation 
withh soluble BSA was 
performedd for 20 hours. (A) 
IgEE antibodies of plasma 
#1633 fixed to different 
densitiess of BSA coupled to 
Sepharosee were eluted by 
variouss concentrations of 
solublee BSA. (B) The elution 
off IgE antibodies by soluble 
BSAA expressed as 
percentagee of IgE binding in 
thee absence of soluble BSA. 
bBSA:: bound BSA; sBSA: 
solublee BSA. 

Kineticss of dissociation 
Thee elution of IgE antibodies from Sepharose-coupled BSA by different 

concentrationss of soluble BSA was determined as a function of time. In figure 3 results are 

shownn with BSA coupled at four densities. Short incubation times were effective only with 

lowerr densities of immobilized BSA. IgE antibodies were not significantly eluted in time 

byy buffer without BSA: the concentration of bound IgE to 0.08 ug, 0.4 ug, 2 ug, and 10 ug 

coupledd BSA per test was at t=0 and t=20 respectively 2.9 and 2.5 IU/ml serum, 8.3 and 8.2 

IU/mll  serum, 13.9 and 14.9 IU/ml serum, and 16.9 and 15.7 IU/ml serum. 

Thee kinetics of the dissociation of IgE from Sepharose-bound BSA by soluble BSA was 

investigatedd in more detail. In figure 4A the exponential phase of the amount of IgE 

antibodiess eluted from immobilized BSA is shown. The time needed to elute 50% of IgE 

antibodiess (tVi) in this first phase was plotted against the density of immobilized BSA 

(figuree 4B). The critical density, below which the X,A is independent of the density of 

immobilizedd BSA, was estimated to be approximately 3.5 ng BSA per mm2. 
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Figur ee 3: Elution of IgE antibodies in BSA-RAST by soluble BSA as a function of time. After incubation 
withh plasma #163, BSA-Sepharose was incubated with soluble BSA in different concentrations (1500 
ng/testt (solid circle), 300 ^g/test (open circle), 60 u.g/test (solid triangle), and 12 ng/test (open triangle)) for 
differentt time periods. The elution in IgE is depicted as percentage of IgE binding at t=0. The amount of 
BSAA bound to Sepharose per test: (A) 80 ng, (B) 0.4 u.g, (C) 2 ug, and (D) 10 ug. 
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Figur ee 4: (A) Logarithmic transformation of dissociation of IgE antibodies bound to immobilized BSA by 
solublee BSA. After overnight incubation of plasma #163 with BSA-Sepharose, IgE was eluted by the 
additionn 1500 ng soluble BSA. Coupled BSA per test: 0.08 ng (open triangles), 0.4 ug (solid triangles), 2 
l̂ gg (open squares), 10 ng (solid squares). (B) The time needed to reduce IgE binding with 50% (tV4) in the 
exponentiall phase plotted against density of BSA on the solid phase. 
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Discussio n n 

Inn current study we unexpectedly found that soluble allergen, added after 

incubationn of allergen-specific IgE with allergosorbent, elutes IgE antibodies. The 

influencee of soluble allergen on IgE binding in the RAST is, of course, well-established 

whenn allergen is preincubated with serum. RAST inhibition experiments with antigen are 

basedd on this principle n. Van Milligen et al. 6 showed that concentrations of the allergen 

Feldl,Feldl, capable to inhibit IgE binding in an inhibition RAST, did not influence IgE binding 

whenn added after the binding of IgE to immobilized Fel d 1. IgE antibodies did not elute 

fromm Fel d 1 on solid phase (0.25-0.5 ug/0.5 mg Sepharose; 2-4 ng/mm2) in the presence of 

2.44 ug soluble Fel d 1. However, based on the results of the current study, IgE elution was 

expectedd only at higher levels of soluble Fel d 1. We found that 12 ug soluble BSA is 

requiredd to decrease IgE binding to 0.4 ug immobilized BSA with 25%. 

Inn this paper the elution of IgE by soluble allergen was described only for one 

plasmaa sample. This is not an unique property of this particular plasma sample. With two 

otherr sera containing BSA-specific IgE, IgE elution was also found in the BSA-RAST: 

respectivelyy 3.2 and 5.8 IU IgE/ml serum were bound in the absence of soluble BSA, 

whereass this was 0.5 and 1.3 IU IgE/ml respectively if soluble BSA was present (data not 

shown). . 

Itt was confirmed in the current report that sheep IgG should be present during 

incubationn with radioactive sheep anti-IgE in a FCS-RAST. It has been described 

previouslyy for RAST experiments with allergen extracts containing sheep or cow IgG such 

ass meat, milk or dander 2. If bivalent antibodies to bovine or ovine IgG are present in 

humann serum, false-positive results may be obtained by binding of these human antibodies 

withh one antigen-binding site to IgG on Sepharose, and with the other site to radioactive 

sheepp anti-human IgE. The results of our FCS-RAST were surprising, since IgG was 

expectedd to be low in fetal serum (according to the manufacturer: y-globulin < 0.5% of 

totall  protein). 

Wee showed that binding of IgE bound to immobilized BSA was not significantly 

influencedd (<1.5 IU IgE/ml serum) by incubation in buffer without BSA for 20 hours. IgE 

antibodiess might be monovalently or bivalently bound to immobilized BSA. If IgE binding 

wass bivalent in our tests, full dissociation is not easily accomplished in buffer because the 

IgEE antibodies that dissociate with one of the antigen-binding sites from BSA are likely to 

rebindd before the second site dissociates. However, in the presence of soluble BSA 

«associationn of the first site is prevented, and after dissociation of the second antigen-

bindingg site, the IgE antibody will be released from the Sepharose. The binding of IgE to 

BSAA might also be monovalent. However, this may seem incompatible with the 

requirementt for soluble BSA to dissociate the complex. IgE antibodies elute in the presence 

off  soluble BSA, which indicates that IgE and immobilized BSA occasionally dissociate. 
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Thus,, for monovalent binding elution in the absence of BSA was also expected. However, 

IgG44 antibodies, which are functionally monovalent 8B, also require soluble BSA for 

dissociation,, whereas no elution was induced in only buffer (data not shown). The lack of 

dissociationn in buffer may be explained by assuming the presence of an "unstirred layer". 

Ann antibody is assumed to have three possible states: (i) bound, (ii) unbound in a negligible 

distancee from the antigen, and (iii ) freely diffusing in the medium. In the second state, 

rebindingg of IgE antibodies is more likely than diffusion from the "unstirred layer" into the 

medium.. However, soluble BSA wil l prevent reassociation. 

Thee dissociation of IgE described in the current study can not completely be 

explainedd by assuming bivalent binding of IgE antibodies, since the dissociation time ( t j 

didd not change below 3.5 ng BSA per mm2. These results suggest that all IgE binding is 

monovalentt below this critical density. Thus, in case of a high concentration of 

immobilizedd BSA, most IgE is bound bivalently and dissociates slowly, whereas at a low 

concentrationn of immobilized BSA, most IgE is bound monovalently and dissociates 

rapidlyy in the presence of soluble BSA. The critical density of 3.5 ng BSA/mm2 is 

equivalentt to one BSA molecule per 32 nm2 (mean distance between molecules on a bead 

surfacee of 114 mm2: 6.1 nm). The maximal distance between two antigen binding sites of 

ann antibody, which is 150 A (15 nm), is approximately 2.5 times this value. However, only 

approximatelyy 10% of coupled proteins is available for antibody binding, because some 

proteinss are bound in antibody-inaccessible pores of the Sepharose (data not shown). If this 

correctionn factor is included in the calculations, one accessible BSA molecule might be 

presentt per 320 nm2 (distance between two BSA molecules: 19 nm), which is around the 

criticall  density for bivalent or monovalent binding. 

Posnerr et al. I4 also found a rapid and a slow phase in case of IgE dissociation. 

Thiss group monitored the dissociation of bivalent ligand-bivalent receptor aggregates in 

solution.. Dissociation of a bivalent ligand with two identical 2,4,-dinitrophenyl (DNP) 

groupss from fhiorescein-labeled monoclonal DNP-specific murine IgE was promoted by 

monovalentt ligand. In this system two types of IgE-ligand aggregates were formed, linear 

chainss and closed chains, consisting of at least trimers of IgE. A rapid and a slow 

dissociationn component were found. It was postulated that the fast phase was induced by 

dissociationn of monovalently bound IgE. 

Itt seems that it was not possible to elute all IgE antibodies. Approximately 15% of 

IgEE antibodies were not eluted in the presence of 1.5 mg soluble BSA. Why some IgE 

antibodiess were bound in a reversible way, while others apparently irreversibly, is not 

known.. Possibly secondary changes of the antibody-allergen complex lead to a tighter 

interaction.. This hypothesis might be verified by varying the incubation times of IgE with 

immobilizedd BSA in the elution experiments. 
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Inn the experiments described in the current study, soluble BSA was removed by 

washingg before incubation with radioactive anti-IgE. In a "standard" RAST, soluble BSA is 

presentt during this labelling step. Since anti-IgE will also bind eluted IgE, the RAST results 

mightt even be more disturbed in these experiments. In this paper we showed that soluble 

BSAA dissociates BSA-specific IgE antibodies from immobilized BSA in the RAST. 

Presumably,, a similar effect occurs in immunoblot experiments. Thus, the effect of soluble 

BSAA should be taken into account to avoid underestimation of the IgE antibody levels to 

BSAA and cow's milk, meat or dander. Moreover, since BSA is cross-reactive with serum 

albuminn from other animals (such as sheep, cat, dog and horse), soluble BSA may also 

influencee RAST results for these components. 
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