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An optical biosensor was used to develop both
direct and sandwich immunoassays for the
detection of proteins from milk, eggn hazelnut,
peanut, shellfish, and sesame in food samples.
Affinity-purifíed polyclonal antibodies raised
against the proteins were immobilized on the
biosensor chip. Food samples were injected and
the proteins that bound to the antibodies on the
surface were detected by a shift in the resonance
angle. By adding a second antibody in a sandwich
assay, matrix effects could be svercome and the
sensitivity and selectivity enhanced. Detection of
allergen levels down to 1-12.5 prg/g in food
samples was demonstrated for the various assays.
Good agreement of results was also obtained from
parallel analysis with alternative immunoassays,
i nclud i ng rocket i m mu noe lectrophoresis, enzyme
immunoassay, and immunoblotting. The present
study demonstrates that the sensifivity of the
described biosensor technique is comparable to
the most sensitive enzymed-llnked immunosorbent
assays"

-g-lood allergies replesent an important health problem in

[-{ industrializecl counhies. The prevalence of the total
-E- population sufferìng from clinically ploven food allergy
is lloio, Among children, the prevalence is even larger, with
qr to 8-10% being allergic. The symptoms of food allergy
nmy lange frorn mild urticaria, eczema. nalrsea, aud vorniting
to life-tlileatening anaphylactic shock. In the United States.
allergic reactions to hidden allergens in food have been
estinrated to cause approximately 150 deaths per year (l ). In
Slveden, with a population of almost 9 rnillion, I to 2 deaths
per year are caused by foocl allergy (2).

Allergic people must shictly avoicl the consumption of the
allergenic food. However, studies have demonstrated that
alleryic reactions can occur even when people are awale of their
aller-gy and endeavor to avoid the causative food. The rurdeclaled
presence of an allergenic substance in a food thereforc poses a
rnajor risk in eliciting a rcaction within this population (3).

Reliable detection and quantif'ication rnethods for food
allergens are necessary in order to ensure compliance with
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food labeling and to improve consumer protection (.1).
However', the detection of allergens in food products miglrt be
diffrcult. as they arc often present only in minute arnounts.
Different food matrixes tnay also be clrailenging for the
detection system.

Currently, there are several possible methods frrr the
cletection of allergens in food (5), although most rnethods are
based on specific antibodies, and developrnent of new assays
is often limited by lack of conllercial antisera. Currently, the
enzyme-linked inununosorbent assay (ELISA) technique is
the most comnonly used rnethod, and our ainr has lreen to
evaluate the potential of a surface plasmon resonance
(SPR)-based sensor system for food allergen analysis.

Experimental

I nstru ments and Reagenfs

(a) Biosensor:-Biacore Q SPR inshlment (Biacore AB,
Uppsala, Sweden) with cornputer-controlled pllmps and
autosanrpler.

(b) Ser.ror c/ups.-CM5 and CM3 (resealch grade;
Biacore AB).

(c\ B$fer components.-Surfactant P 20 and HPS-EP

[10 mM HEPES (M-(2-hydroxyethyl)pipenzine-
M-(2-ethanesulfonic acid))l pH 7.4.0.15 M NaCl, 3 rnM
EDTA (ethylenediarninetetraacetic acicl), 0.005% (v/r,)
Surfactant P20 (Biacore AB).

(,tl) Chemical reugents.-Amine coupling kit containing
100 nrM NHS (l/-hydroxysucciniuride), 400 rnM EDC

[N-etliyl-ÀI-(3-dirrcthylarninopropyl) carbocliirnide hydro-
chloride], and I M ethanolamiire, pH 8.5 (Biacore AB).

(e) P o lyvi r ry,| gm rs I i d o ne ( P lrP ).-l 5 0 kDa ( S igrna-Al drich,
Stockholm, Srveden).

(f\ Columns.-HiTraprna protein G and HiTlap
N HS-activated hi gli perfontrance (HP) colurnns (Amershanr
Biosciences, Uppsala, Sweden).

Antiserum

Beta-lactoglobulin from cow's millc and ovomuocoid and
conalburnin (ovotransfenin) from hen's egg white
(Sigma-Aldrich) were nsed for production of antisera by
irununization of rabbits. Hazelnr.rtproteins (range 15-30 kDa,

with a dorninating barrcl of 18 kDa) were purifieci from
irazelnuts, peauut proteins (main proteirr of 43 kDa, minor
proteins af 32 and 34 kDa, respectively) fi'om peanuts ancl
sesame proteins from sesame seeds using the sarne
teclurique (6) prior to imnrr"rnization of rabbits. The antiserurn



to sesame seeds was not rnonospecific to orre protein; it
shorved reactivity to several proteins fiom sesarne seeds with
rnolecular masses ranging fi'on-r 10 to 70 kDa. The clorninating
bands had rnolecular nrasses of 2 I ancl 30 kDa, respectively, as
revealed by inururroblotting.

Crab meat tropornyosin was isolated by several
precipitation and puri{ication steps (7) before being
itrununized into I rabbit for ptoduction of immure serwr.
Antisenrm against tropomyosin was also produced in eggs by
irurnurizing laying hens.

Specific rabbit imrnunoglobulin G (IgG) fiom the immune
sera, as'*'ell as antibodies fiom egg yolk Ig! were isolated by
immtrnoaffi nity chrornatography on NHS-activated Hil'rap
cohunns, coupled with the respective proteins. In some of the
initiaì experiments, total IgG obtained by purification r.vith
protein G was used. Tlre optical density of the eluate r.vas
nteasured at 280 run and the protein concentration in the
pooled eluate was calculated with a conversion factor of 1.5
(unpublished data, 2004).

lmmabilization of the Sensor Sufface

The affrnity-pruified antibodies were covalently bound to
tìre carboxyrnethylated dexhan layer of a CM3 chip or.
initially, a CM5 chip, using the amine-coripling method urder
insfi'ument contlol at a florv rate of 5 pLl/min. The sensor chilt
srutbce rvas activated rvitli a mixturc of NHS and EDC
(1:1, v/v) for 7 mirr. The purified antibody solution, diluted to
a concenhation of about 50 pg^xl- in l0 rnM sodiurn acetate,
pH 4, was injectecl for 7 urin, fbllowed by a 7 min injection of
etlianolamine to block rernaining active sites. Newly prepared
surfaces were washed with 3 short pulses of regeneration
solution before use. The maxinrum binding capacity (Rn'n*)
was determined by injecting high concentrations of the
allergen on the antibody-imrnobilized sur{aces.

Table 1. Preparation of antibody-coated sensor surfaces
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Sample Preparation

Homogenized food sarnples (0.5*3.0 g) were exhacted for
60 rnin at 37oC in an ultrasonic bath witli 8 url sarnple buffer
(?0 mM Tris, pl{ 8,7, 150 rnM NaCl) ancl then further diluted
to l0 mL in the same buffer. The exfiacts were centriftlged at
30 000 x g for i0 min at 4"C. The supernatants were collected
and fi"ullier diluted, 10- to 100-fold, in nurning butTer prior to
analysis.

Eiosensor Analysis

Extracts of foocl wel'e injected l-2 min (flow rate,
40 prllrnin) over the sensor surface and immobilized with
puriÍ-recl specific antibodies; the allergen was directly
quantified frorn the total sample binding (8). To extend the
method to a sandwich assay fonnat, arl approxirnately
l0-40 prg/rnl solution of a second antibody was subseqirently
injected (60 s, 10 plAnin) and the total binding response of
the second antibody was used to quantify the allergen. Before
the injection of the second antibody, a 60 s pulse of rrurning
bufTbr was introdr.rced to wash away loosely bound rnaterial.
hijection of acid solution (0.1 M HCl, pH 2) rvas used for
legeneration of the surface between sarnples. A continuous
ruming buffer consisting of 20 mM Tris, pH 8.7, 150 rnM
NaCl, A.A5% Tween-20 was used in all assays except the
tropornyosin assay, in urhich HPS-EP buffer was used.

Results and Discussion

Surface Preparation

The binding of antibodies to frurctionalize tlie surface was
monitored in real time as an incrcase in refractive index.
Antibody irmnobilization levels ranged fi'or"n approxirnately 3
to 5 ng, as estimated fi'orn irnmobilizatioir response levels of
3200-3900 response units (RU; 9). The maximum binding
capacity fol allergens of surfaces immobilized with specific
affurity-purified IgG ranged from220 to 700 RU, while that of

Protein Molecular weight, kDa
Affinity purification
of the antibodiesa

lmmobilized
antibody, RUb

Maximum protein
bindìngc, RU

Conalbumin

Peanut

Sesame

Tropomyosin

Corylin

Sesame

Tropomyosin

77

2 1 , 3 0

39

1 B

2 1 , 3 0

39

Specific lgG

Specific lgG

Specifìc lgG

Specific lgG

Specific lgG

Total lgG

Total lgG

? o ? 7

3300

2260

2241

2204

2739

3270

700

320

440

273

220

9B

1 6

Antibodies were affinity-purified on a HiTrap column, coated with the respective proteín (specifìc lgG)or on a protein G column (total lgG)
before immobilization.
RU = Response units.

Relative response Íot a 2 min injection (flow rate, 40 pL/min) of a 10 pg/ml of the respective protein solution. For tropomyosin, a 20 pg/ml
solution was used.
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Figure 1, Direct calibration curves for conalbumin
(egg), sesame, peanut, corylin (hazelnut), and
tropomyosin (crab meat) proteins. All protein solutions
were injected for 2 min, except tropomyosin, which was
injected for 60 s (flow rate, 40 prl/min).

surfaces coated with total IgG wele corrsiderably lower,
rauging fiom 16 to 98 RU (Thtrle l).

Direct Binding

Respouse curves from direct binding of allergens to
imrnobilized affirrify-pr.rrified antibodies againsr the egg white
protein conalbumill, sesame seed protein, peanut protein,
hazelnut protein (corylín), and crab meat trollomyosin were
conshuctecl (Figrrre l). Very sirnilar cluves r.vere obtained for
all allergens except hopomyosin, rvhich showed a very low
respollse.

Initially, antiboclies of the IgG fi"action against ovomucoid,
B-lactoglobr.rlin, and lrazelnut protein purified on a protein C
affurity colunu were inunobilized on sensor surfaces to
evaluate the versatility of the technique. However,
perfonnance was imprnved by irnniobilizing arrtibodies
isolated via affinity columns coupled with the respective
protein, yielcling an increase in the sensor response of
approximately 50% (8), an effect also reported for a direct
binding imrnunoassay (BtA; 8) assay for soy protein (10).

Using a purifiecl antibody not only increased the nunrber of
specific binding sites on tlie strface, but also decreased
nonspecific binding interferences derived fi.orn food exh.acts.
A plausible explanation is that tlre nonspecific interactiorrs
were mainly due to adsorption to the bulk of the antibody
immobilized to the dextran surface, because dextran itself is
inert to most types of chemical interactiorrs with food sanrple
corllporrents. A possible fi.rrther improvement rnight be to
iuunobilize srnaller specific antibody dornains, e.g., fi.agment
antigen-binding (Fab) {i'agments,

Sandwich Format

In the saudwjch fonnat, a second antibody was injected
subsequent to the sarnple. In general. the sarne polyclonal
antibodies as used for irnmobilization were successfi.rlly Lrsed
as second antibodies. The potential advautage of using a
diftblent antibody for the second binding was tested in the

tropomyosin assay by using IgY antibodies fi'om egg yolk in
cornbination with a rabbit IgG antibody surface. Because
curves for both antibody rypes were essentially equivalent
(data not shown), a single antibody preparation was
considered suitable to perfomr a sandwich assay.

The binding of the second antibodywas proportional to the
direct assay response, except in the low concentmtion range
where background binding added to the sandwich assay
resllonse. This was due to nonspecific snrface binding of the
second antibody, scen in Figure 2 as a positive iritercept on the
response axis. Although the concentration of the second
arrtibody solution used for tropomyosin (17 prg/rnl-) was
cornpamble to tlie concentrations for peanut and sesame
(12 and 40;-rg/rnl., respectively), the rcsponse of the sandwich
assay relative to the direct assay rvas considerably higher for
troponryosin for unlorolvn reasons.

Specificity of the Antiserum

All antisera produced were tested for specificity and
cr:oss-reactivity by use of the biosensor instrument. As an
example. the peanut assay was tested against other legumes,
hee nuts, and other food ingredients, both in direct and
sandwich assay fonrrats. Legumes and tree nuts (1 g) rvere
extracted as described with 10 rr-rl. Tris br"rffer. pH 8.7,
containing 150 mM NaCl, and centrifiiged; the supernatants
were then injected over the peanut antibody-irnmobilized
sensor surface. Virtually all samples crùss-reacted to sone
degree in the direct binding assay (Table ?); only soy (beans
and isolate) significantly cross-reacted in the sandwich
assay: while the response for kidney beans, coconut, almond,
and hazelnut were analytically negligible. These results
showed that, by using a second antibocly in a sandwiclr

ú peanut

a sesame
Otropomyosin
r 2nd peanut
tZnd sesame
o 2nd tropomyosin

0 0.2 0.4 0.6  0 .8  1

Concentration {pg/mL)

Figure 2. Direct (open symbols) and sandwich (solid
symbols) calibration curye$ for peanut, sesame, and
tropomyosin (crab meat) proteins. Dilutions used for
secondary antibodies were 1:100 for peanut and
tropomyosin, which corresponded to 12 and 17 pg/mL,
respectively. For sesame, a dilution of 1:25 (40 pg/ml)
was used.
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Peanuta

Soy isolate

Soy bean

Fenugreeka

Green pea

Lupin

Chick pea

Red lentil

Black eye bean

[idlrgy- Fean

1 70000

49

27

1 0

ND"

ND

ND

ND

ND

0.5

Table 2. Background from cross-reacting species in the
biosensor assay for peanut. To estimate the background,
I g of each species was extracted in 10 rnl buffer and
analyzed against a peanut protein calibration curve

Direct binding assay, Sandwich assay, pg/g
Species prgig peanut peanut
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sandwich assays. Nonspecitìc binding was generally
associatecl with lorv affinity intelactions that were slorvly
dissociated after sample injection, potentially leading to an
mrderestinration of the analyte concentrations in the sandwich
assay. This r.r'as partly overcorlle by injecting an erha pulse of
mming buffer before the second antibocly injection. This
sh'aregy, combinecl ivith the use of affìnify-purified
antiboclies, resultecl in a r:elative recluction of nonspecific
bincling frorn fbod samples to acceptable levels.

Sevelal other nteans of reducing the nonspecific binding
have been evaluateci (8). Thus, substihrting serlsor clrip CM5
rvith a CN43 variant incoqrorating a thinner dexhan layer
decreased the nonspecific binding of dark chocolate, as did
increasing buffel pH and concentration of sodiurn chlotide,
despite recluction ol' the specific binding by these buffer
modifications (unpublished data, 2005).

Assays for Nuts in Chocalate

The lìrnit of detection (LOD) for the hazelnut assay was
calculated to approxirnal.ely 5 prg/g in chocolate. rvhen
samples were diluted 100 times befble analysis. The LOD was
in the same range as corrmlercially available liits for hazelnuts.
Sirnilar levels were also reported from analysis of hazelnut
proteins in olive oil (11). Results r.r,ith the lteanut assay
discussed below shorvecl that it was possible to analyze
sarnples that were diluted only l0-fold, tliereby inrproving the
LOD approximately 5 tinres. This uright also be applicable to
thc hazelnut assay.

Model chocolate samples, spiked r,vith peanut butter, r,vere
produced and a comparison was nrade between SPR
iurmlinoassal,, rockct inmtttnoelecúopfuoresis (RIE: l2), and
3 commelcially availalrle eÍìzyme irnmunoassays (EiAs;
Lrnpublished data, 2005). Tlie RIE assay detected peanut
proteins doq'n to 70 prg/g. The SPR imrnunoassay extended
tlre nreasurement range dor.vn to I pg/g, the Ridascreen
enzyrne inununoassay (R-Biophann, Danr-rstadt, Germany)
exhibited sirnilar sensitivity, ancl the Biol{it peanut assay kit
(Tepnel BioSysterls. Deeside, Flintshite, UK) il,as even lnore
sensitive. The present assay is approxirnately 100 tirnes rnore
sensitive than that previously reported for: analysis of peanut
proteins on a miniaturizecl SPR systern {13).

Clrocolate sarnples are often contamiuated with trcc nuts,
(e.g., hazelnuts), and with peamrts, a sihration wlrich dernands
methods forregulatory analysis of tlrose allelgens in chocolate
matrixes. Dark chocolate has been found especially
challenging. largely because of high levels of tannins which
bind to all kinds of proteirrs, includin-e antibodies, thereby
decreasing recovery of allergenic proleius cluring extraction
ancl potentially binding to the arrtibody-coatecl snrface during
analysis. The best way of reducing the high nonspecific
bincling for dark cliocolate extlacts rvas the addition of PVP
during extraction (14) as previously used fbr exhactiou of
active eruynres fiorn plarit extracts. This also greatly
increased recovery of both hazelnut and peanut pr:oteins fi'onr
chocolate samples.

1 1 0000

>100Ó

>100ò

437

72

h4

56

3ó

1 ?

Tree nuts

Walnut

Pecan

Almond

Pistachio

Cashew

Brazi lnut

Hazelnut

65

AN

58

51

35

35

ND

ND

3.8

ND

ND

ND

0.4_*-_ _ 'tI

Others

Nutmeg

Coconut

Sesame

Pine kernel

>1 000

69

25

23

ND

t . o

ND

1

u The peanut extract was further diluted to give a quantitative result.
Fenugreek extract was diluted because of its viscosity.

b Samples with concentrations assígned as >100 indicate that the
level was above the measurement range with the sample dilution
used.

" ND = Not detected.

approach, very specifìc biosensor irnrnunoassays were
achieved.

Nonspecific Binding by Food Matrix Components

A range of food saruples (bread, pasfa, biscuits, ice crearl.
milk chocolate, dark cirocolate, and surirni products) were
tested fbr tlre presence of allergens. Several prodncts
contained c{Jmpolieuts that bound nonspecifically to the
antibody-coated surfaces, resulting in faIse-positive results in
the direct assay fonrat, which could be gr:eatly reduced lry
using the sandwich assay format. Horvever: rliniutizing
nonspecific binding also irnprovecl the perfomrance of
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Table 3. The biosensor sandwich assay for tropomyosin, compared with 2 other antibody-based assays, RIE and
EIAA

Amount of crabmeat in
surimi. % TropomyosÍn,D ptglg BlA,c pg/g RlE, prgig ElA, pg/g

100

2.5

0.5

4.25

0j25

0.0625

20000

1000

500

100

50

25

12.5

9700

530

300

60

29

1 6

1 0

17500

950

330

120

60

40

30

1 560

340

OU

30

1 3

3.6

Samples of surírni were mixed with different amounts of crabmeat, ranging from 0 to 100% and analyzed for the presence of tropomyosin in
the biosensor sandwich assay. The results were compared with those obtained after analysis of the same samples with RIE and ElA,
estabfìshed in the laboratory^
The amount of tropomyosin was calculated as follows: The crab meat consisted of 1U2O% proteíns and tropomyosin constituted 10% of
those proteins.
Sandwich assay.

Assay for Egg in Pasta

Pasta is often contalninated with egg protein fi'om the
processing of egg pasta in the same equipment. Pasta samples
were analyzed for the presence of conalburnin, an egg white
protein, and the results were compared rvith those obtained by
analyzirrg the same samples for another egg white protein,
ovalbumin, by RIE. The result for positive samples in tlie
biosensol assay ranged fiom 0.?9 to 6.8 pglg conalbumin. All
samples positive in the biosensor imrntmoassay were also
positive in the RIE assay,

Assay for Sesame Seed

Another allergen requiring declaration by European
legislation is sesame seed (4). Analysis by SPR in a sandwich
assay showed high sensitivity and selectivity for sesame seed
proteins. Sesanre seed protein could be detected at a level of
0.125 pg/ml, con'esponding to l?.5 Ve/g ín solid food
(e.g., bread and biscuits) in both direct and sandwich assays.
The detection level could be comparcd with iinmunoblotting,
a laborious technique that detected I pg/g sesame seed protein
in purified solutions.

Assay for Crustaceans

Crustaceans ale a cominon cause of severe food rcactious
in Europe. By raisitg antibodies to the major allergen in
crustaceans, tropotxyosin, the presence of cnrstaceans in food
items can be confiolled by inununoassays. In tlris SPR study,
different solutions of h'opomyosin were injecteci over tlie
sensor surface, and the lorvest concenh-ation detected was
0.2 pglgkopornyosin. Although the response for trypomyosin
in the direct assay was quite low (Figure 1). the response in the
sandwich assay was about twice as high as in tlie other assays.
In model products, a level of 0.0639/o crab meat in surimi
could be detected, cortesponding to a tropornyosin

concentration of l0 pdg (Table 3). A similar detection level
was obtained with RIE.

Gonclusions

There aÍe several advantages inherent in using biosensor
imntunoassays for allergen detection arrd quantification. Shott
analysis time, normally less than 10 min per sample, is one of
the rnain advantages. The possibility of measuring specific
molecular interactions h real time is a further advantage that
caru:ot be ftilfilled by other irnmunotechlriques, e.g., ELISA.
There is no need to label the antibody witl-r chrornogenic,
fluorescent. or radioactive labels, as the cletection and
quantification are directly detertrined by measuring the
changes in lefractive index associated with binding. The irigh
degee of automation is arrother advantage, allowing
continuous analysis by loading a great rrnmber of sanrples at
the same time. In addition, currently available lriosensor
insh'uments enable simultarreous detection of several analyes
in the same exhact by parallel analysis in different flow
charuels.
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