
Sensors and Actuators B 173 (2012) 585– 590

Contents lists available at SciVerse ScienceDirect

Sensors  and  Actuators  B:  Chemical

journa l h o mepage: www.elsev ier .com/ locate /snb

Immunosensing  with  artificial  antibodies  in  organic  solvents  or  complex  matrices

Romana  Schirhagl ∗, Jianjin  Qian, Franz  L.  Dickert
Department of Analytical Chemistry and Food Chemistry, University of Vienna, Währingerstrasse 38, 1090 Vienna, Austria

a  r  t  i  c  l  e  i  n  f  o

Article history:
Received 27 April 2012
Received in revised form 12 June 2012
Accepted 9 July 2012
Available online 21 July 2012

Keywords:
Quartz crystal microbalance (QCM)
Molecular imprinting
Microfluidic
Hormons
Virus
Protein

a  b  s  t  r  a  c  t

The  detection  of analytes  in  complex  matrices  without  labour  intensive  sample  preparation  is an  impor-
tant goal  in  analytical  chemistry.  In this  article  we  would  like  to  address  this  issue by  transferring  the
selectivity  of  natural  antibody  in  a cheap,  robust  and  reusable  polymer,  employing  a  double  imprinting
protocol.  Antibodies  with  the desired  selectivity  were  used  as  template  to  generate  imprinted  polymer
particles.  These  antibodies  were  added  to  a  prepolymer  and  particles  were  precipitated.  After  the anti-
bodies  were  removed  from  the  particles,  cavities  remained  which  reproduce  size,  shape  and  surface
chemistry  of the  antibodies.  In  a second  imprinting  step  the  particles  with  cavities were  pressed  into  a
second  polymer.  After  the  second  polymer  has  cured  the particles  can  be  removed  leaving  positive  struc-
tures behind  that react  with  the  desired  antigen.  Such  a  sensitive  coating  was  applied  to  the  surface  of
a  quartz  crystal  microbalance  and  incorporated  into  a  microfluidic  chip.  An  immunosensor  for  estradiol
was fabricated  having  six  times  higher  affinity  to its  antigen  than  to  structurally  related  molecules.  The
measurements  can  also  be  performed  after  an  extraction  into  an  organic  solvent  which  improves  the
detection  limit  greatly  and  would  not  be possible  for natural  antibodies.  The  feasibility  of  the  method  for
complex  matrices  was shown  by  detecting  viruses  in  plasma  or allergenic  protein  in  bread  extract.

© 2012 Elsevier B.V. All rights reserved.

1. Introduction

Immunosensing has become a standard technique for all kinds
of different analytes. Molecularly imprinted polymers (MIPs) are
an interesting alternative since they are more robust and cheaper
as their natural counterparts. Such polymers are successfully used
as stationary phases in chromatography [1,2], as catalysts [3],  as
drug delivery vehicles [4],  to induce crystallization [5,6] or as
sensor materials [7–9]. MIP  based selective materials have been
developed for analytes ranging from ions [10] or small molecules
[11–14], proteins [15], viruses [16] to even entire cells [17]. While
excellent selectivities have been achieved for small molecules [18],
fabricating reliable MIPs for biomolecules is still an issue. One
main problem in imprinting with biomolecules is that the stan-
dard imprinting approach (a template molecule is simply added to
the prepolymer [19,11]) does not work due to large molecule sizes.
Large molecules would simply be irreversibly trapped into the poly-
mer. To address this problem, surface imprinting was  developed
[20]. Using imprinted nanoparticles is one approach to increase the
surface area of the imprinted polymer [21–23].  Recently, methods
for double imprinting were developed to transfer the selectiv-
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ity of natural antibodies or enzymes to a polymer [24–27] (see
Fig. 1).

To this end, nanoparticles are printed with antibodies. The poly-
mer  is allowed to cure and the particles are washed to remove the
antibody. These nanoparticles are adhered on a stamp and used
for a second imprinting process leading to a polymeric antibody
copy. Compared to previously shown surface imprinting methods,
double imprinting leads to a significantly increased surface and
thus more binding sites. Furthermore, the recognition mechanism
is different than in conventional imprinting. In contrast to conven-
tional imprinting where the whole template is recognized, double
imprinted surfaces (as natural antibodies) recognize epitopes (sub-
structures of a molecule) [28]. This is believed to be favourable for
recognition of large and complex biomolecules [29]. This method
has so far only been used for aqueous solutions. In this article we
extended the method to different analytes as well as more rele-
vant matrices as plasma or food samples. We  employ the principle
of polymeric antibody copies to detect the following bioanalytes:
sesame protein, which has been recognized as an increasingly fre-
quent and potentially serious allergen [30] and estradiol and its
structural analogues, which are serious pollutants due to their
influence on the hormonal system [31]. Furthermore, we present a
new way to pre-concentrate and measure hormons in an organic
solvent. It has to be noted that some authors also call imprinting
with two different template molecules double imprinting [32]. In
contrast the presented technique consists of two imprinting steps
instead of one step with two  templates.
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Fig. 1. Principle of artificial antibodies. A prepolymer is precipitated in presence of
natural antibody to obtain imprinted nanoparticles. The immunoglobulin is washed
out by centrifuging and the resulting particles are adhered on a stamp. The stamp
is  pressed into a prepolymer on a quartz microbalance and the polymer is allowed
to  cure. When the stamp is removed, a copy of the natural antibody remains.

2. Experimental details

2.1. Materials

We purchased all chemicals in analytical grade or highest syn-
thetic purity from Fluka, Merck and Sigma Aldrich. Commercial
food samples were taken from local shops. Food protein extracts
were prepared by soxhlet extraction from food samples as shown
elsewhere and the concentration was determined by a Bradford
assay [33]. 10 mg  of food sample were grinded thoroughly and
extracted with 50 ml  of n-hexane for 18–20 h. The sample was  dried
over night and diluted in PBS. The samples were centrifuged and
the supernatant was taken. The protein concentrations were tested
photometrically by Bradfordtest. Human rhinoviruses were gener-
ously donated by the group of Prof. Blaas (University of Vienna). We
obtained blood samples that served as a matrix for virus sensing
from the Austrian Red Cross. The only sample preparation that was
performed on the blood samples was a centrifugation to remove the
majority of the blood cells. Anti sesame protein immunoglobulin
Y from eggs laid by immunized chicken was extracted accord-
ing to the procedure published by McKinney and Parkinson [34].
Anti estradiol, anti-rhinovirus and anti insulin antibodies (purified
monoclonal) were purchased from Santa Cruz Biotechnology. For
microfluidic chip fabrication the elastomer kit from sylgard was
used.

2.2. Double imprinting

For measurements with antibody copies, imprinted parti-
cles were synthesized. To this end, 50 mg  methacrylic acid,
20 mg  vinylpyrollidone and 60 mg  dihydroxyethylenebisacry-
lamide (DHEBA) are dissolved in 800 �l of water at 70 ◦C. The
solution is neutralized (to a pH of 7) to retain the antibodies natural
conformation and 1.5 mg  sodiumperoxydisulfate are added to start
the reaction. During that step the prepolymer also has time to cool
to room temperature. After mixing the solution thoroughly differ-
ent amounts of natural antibody (3.8% is optimal) are included and
the mixture is pre-polymerized under UV-light for 30 min. The pre-
polymer (20 �l/ml) is dropped into acetonitrile during fast rotation
and stirred over night. Complexes between the antibody and the
nascending polymer are successively formed by self-assembling.
Thus, it is crucial to choose monomers that complement the chem-
ical moieties on the template molecules [35,36]. In the presented
case, we believe that the main binding mechanism is governed by
the formation of hydrogen bonds and by hydrophobic interactions.
This is in agreement with what has been reported for different

Fig. 2. Optimization of antibody(Ab) consumption. Sensors were produced for each
concentration and the response to the antigen (sesame protein in this case) at dif-
ferent concentrations was determined. 3.8% of the polymer mass was found to be
ideal.

biosamples [37–39].  At the same time the polymer is crosslinked
which guarantees that the polymeric cavity preserves the shape
of the antibody. The solution is centrifuged at 2000 rpm for 5 min
and the acetonitrile is removed. The presence of the immunoglob-
ulin in the pellet was detected by non-specific protein labelling
with dansylchloride [40]. To remove the antibody from the cavities
the pellet is redispersed in distilled water. After another centrifu-
gation (2000 rpm for 5 min) the antibody can be detected in the
supernatant. The washing procedure is repeated twice and the
absence of the antibody in the pellet is verified by labelling with
dansylchloride. After drying the stamp is pressed into a polymer
(same composition as the polymer for particles but with 30 mg  of
DHEBA instead of 60 mg  and 1:2 diluted in water) on the measur-
ing electrode of a QCM. The reference electrode is also coated with
polymer and printed with the non imprinted particles.

2.3. Measuring setup

For the QCM-measurements we  use dual electrode geometry
(one measuring and one reference electrode). These structures
were screen printed with gold paste (from Heraeus) onto quartz
discs (10 MHz, AT-cut, 15.5 mm diameter) and burned at 400 ◦C for
3 h. Electrodes oriented towards the aqueous phase are grounded
and have 5 mm in diameter whereas electrodes oriented to the gas
phase are 4 mm in diameter. To minimize the length of diffusion
paths (and thus reducing sensor response times) the quartz sensor
is incorporated into a microfluidic chip. To this end, the quartz plate
and the connecting electrodes are sandwiched between two PDMS
layers. Both are equipped with a measuring chamber placed right
on top or underneath the electrodes. The top layer has an inlet and
an outlet whereas the bottom layer only consists of a chamber that
is filled with air and allows oscillation of the quartz sensor.

3. Results and discussion

3.1. Preliminary control experiments

An important preliminary parameter is the amount of antibody
starting material that is used. Fig. 2 shows that 5 mg  which corre-
sponds to 3.8% leads to the highest sensor responses and thus is the
optimal antibody concentration.
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