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Biosensing with surface plasmon 
resonance---  how it all started 

Bo Liedberg, Claes Nylander* & Ingemar Lundstr6m 

Laboratory of Applied Physics, Department of Physics and Measurement Technology, Link6ping University, 
S-581 83 Link6ping, Sweden 

Abstract: A subjective description is given of how the development of surface 
plasmon resonance for immunosensing began. The main differences between 
the initial experiments and a commercially available instrumentation are 
pointed out. For the practical use of surface oriented methods for biosensing 
it is noted that the arrangements around the optical system itself, such as the 
sensing chip or sample cell, are most important. It is concluded that the 
instrumentation developed can be used not only for immunosensing but also 
for "real time biospecific interaction analysis" in general. It is pointed out 
that the use of surface plasmon resonance for detection is only one possibility 
and that many new (optical) methods for real time biospecific interaction 
analysis have been and will be developed. 

I N T R O D U C T I O N  

To our knowledge the use of surface plasmon 
resonance for biosensing purposes was first dem- 
onstrated in 1983 by Liedberg et al., although at 
this time it had already been used for several 
years to study organized organic mono- and 
multilayers on metal surfaces (Pockard et al., 
1978; Swalen et al., 1980). A practical and 
commonly used method by which to excite 
the surface plasmon was initially suggested by 
Kretschmann (1971). In this method light falls 
through a glass (prism) under total reflection 
conditions and onto a metal film evaporated onto 
the glass. At  the beginning of the 1980s our  group 
demonstrated that surface plasmon resonance in 
the Kretschmann configuration is well suited for 
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both gas and biomolecular sensing purposes 
(Nylander et al., 1982/83; Liedberg et al., 1983). 
As a result of these initial observations Pharmacia 
of Sweden became interested in using surface 
plasmon resonance as an instrumentation to be 
developed for the study of interactions between 
biomolecules. A project  was initiated at Pharma- 
cia in 1984 and in 1986 a separate company, 
Pharmacia Biosensor, was formed for the devel- 
opment  of new biosensor technology. These 
developments resulted in the launch of BIAcore  
in 1990 and BIAlite in 1994. Such instrumentation 
can, for example, be used for real time biospecific 
interaction analysis without the use of labelled 
molecules. In the present communication we 
would like to describe the development  of surface 
plasmon resonance for biosensing purposes by 
discussing work carried out in Sweden over the 
past decade or so. 
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HOW IT ALL BEGAN 

At the physics department in Link6ping Univer- 
sity we were asked to develop laboratory exercises 
for the undergraduate students. One idea was 
to build a simple set-up to demonstrate the 
phenomenon of surface plasmon resonance. We 
had at that time developed a quartz crystal 
microbalance sensor for anaesthetic gases 
(halogenated hydrocarbons) based on a silicone 
oil as the sensing layer (Kindlund and Lundstr6m, 
1982/83). As part of this research we sought to 
discover whether the refractive index changes 
that must occur in the silicone oil on the 
adsorption of the anaesthetic molecules could 
give rise to appreciable shifts of the surface 
plasmon resonance angle. The study showed that 
as a measurable parameter surface plasmon 
resonance performed quite well compared with 
a commercial instrumentation based on the quartz 
crystal microbalance (Nylander et al. 1982/83). 

At the Laboratory of Applied Physics we used 
ellipsometry to study the adsorption of organic 
molecules on solid surfaces. Furthermore we had 
already used such techniques both for biosensing 
purposes (Arwin and Lundstr6m, 1987; 1988) 
and for detailed studies of macromolecular inter- 
actions at surfaces (J6nsson et al. ,  1982; Elwing 
et al.,  1987). With this background knowledge 
we decided to try immunosensing with surface 
plasmon resonance; this resulted in a paper which 
was published in 1983 (Liedberg et al.) .  Before 
we describe this initial experiment, a very brief 
description of the physics of surface plasmon 
resonance will be given. 

SURFACE PLASMON RESONANCE 

A surface plasmon is a charge density wave 
occurring at the interface between a metal and 
a dielectricum. A surface plasmon can be excited 
by light as demonstrated in Fig. la. At the 
surface plasmon resonance angle the energy and 
momentum (along the interface) coincide for the 
incident photon and the charge density wave. 
The photon energy is then transferred to the 
charge density wave. This phenomenon can be 
observed as a sharp dip in the reflected light 
intensity (Fig. lb). The dielectric function of the 
metal should have a (large) negative real part at 
the chosen wavelength of the light. Surface 
plasmon resonance (SPR) occurs therefore in the 
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Fig. I. (a) Schematic drawing o f  the experimental set- 
up used in our initial experiments. The light source 
was a He-Ne laser (632.8 nm) and the detector a 
photodiode. (b) Calculated reflectance curves for  three 
metals in air. Metal thicknesses 56 nm (Ag); 48.5 nm 

(Au), and 8.5 nm (Al). 

visible region in so-called free electron-like metals 
such as silver and gold. Furthermore, the thick- 
ness of the metal film should be a fraction of 
the wavelength. 

Outside the metal there exists an evanescent 
electric field, a field that decays exponentially 
with distance from the metal surface with a decay 
length of the order of 0.2 to 0.3 of the wavelength 
of light. This evanescent field interacts with the 
close vicinity of the metal. Changes in the optical 
properties of this region will therefore influence 
the (SPR) angle, which is the basis of the use of 
SPR for (bio-)sensing purposes. 

THE INITIAL IMMUNOSENSING 
EXPERIMENT 

A silver film evaporated onto a microscope slide 
was used as the sensing surface, and a goniometer 
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arrangement with a photodiode as a light detector 
was used to measure the position of the resonance 
angle. An antigen (an immunoglobulin in this 
case) was spontaneously adsorbed on the silver 
surface. The subsequent binding of an antibody 
(a-IgG) was detected as shown in Fig. 2. In order 
to monitor the SPR-angle shift more directly the 
change in photocurrent at a given resonance angle 
was detected upon injection of the antibodies (Fig. 
3a). From the (maximum) slope of such curves 
a calibration curve was constructed (Fig. 3b). 
The sample cell used consisted of a channel 
(approx. 2 ram) formed between the sensing 
surface and a second glass slide. With this setup 
it was possible to determine a-IgG concentrations 
down to about 0.2/xg/ml. 

The simplicity of the experimental set-up and 
the reasonable sensitivities obtained using our 
non-optimized equipment made SPR an interest- 
ing candidate for the basis of a practical immuno- 
sensor. 

PHARMACIA BIOSENSOR, BIAcore AND 
BIAlite 

At the beginning of the 1980s Pharmacia became 
interested in the possibilities of biosensor tech- 
nology and a decision was made to investigate 
the possibility of developing methods for the 
direct detection (without labels) of biomolecular 
interactions. In 1984 a project investigating the 
use of surface plasmon resonance for biosensing 

purposes was initiated. Researchers were 
employed from both the Laboratory of Applied 
Physics and the Swedish Defense Research Insti- 
tute in Umeh, where studies of biomolecular 
interactions were also undertaken (J6nsson et 
al., 1985). In 1986 a company called Pharmacia 
Biosensor was formed to develop, produce and 
market a product for real time biospecific interac- 
tion analysis. A large effort was made to provide 
an instrumentation that would be easy to use-- 
a regenerable sensing chip to which biomolecules 
could be coupled using known coupling chemistr- 
ies. Furthermore an efficient liquid handling and 
a small sample cell were developed to make 
kinetic analysis possible. The first products were 
launched in 1990; namely the instrument BIAcore 
and sensing chips that had a dextran layer on 
top of the metal surface as a sensing matrix. This 
development has been described by J6nsson et 
al. (1991) and J6nsson and Malmqvist (1992). 
Recently a new instrument, BIAlite, has been 
introduced, which has the same analytical per- 
formance as BIAcore, but where the sample 
handling is manual and not computer-controlled 
as in a BIAcore. 

The performance of the commercial instrumen- 
tation (for immunosensing) is summarized in Fig. 
4. The comparison between Fig. 3 and 4 speaks 
for itself. The commercial development has 
increased the sensitivity and accuracy of SPR 
for biosensing purposes by several orders of 
magnitude. However, as described later, the most 
interesting application may not be to determine 
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Fig. 2. Experimental results showing the adsorption of a protein molecule, an antigen (IgG) and the subsequent 
binding of its antibody (anti-lgG). The experiments were performed on a silver film, 60 nm thick (from Liedberg 

et al., 1983). 
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Fig. 3. (a) Kinetics of the antibody binding to a layer 
of spontaneously adsorbed antigens at different antibody 
concentrations measured as the change in reflected light 
at a given angle of incidence close to the resonance angle. 
(b) Calibration curve constructed for the maximum 
derivative of the curves in (a) (from Liedberg et al., 

1983). 

concentrations but to follow biospecific interac- 
tions in real time. 

There are of course many differences between 
the commercial instrumentation and our initial 
experimental set-up. A few of the most important 
ones are briefly described below (see also Fig. 
5). 
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INITIAL EXPERIMENT VERSUS 
DEVELOPED INSTRUMENTATION 

Sensing surface 

Pharmacia Biosensor uses a hydrogel, a carboxy- 
methylated dextran layer, on the surface of 
a gold film as the matrix for biomolecular 
interactions. The dilute dextran layer, about 
100 nm thick in swollen form, utilizes the evan- 
escent field in an efficient way and provides the 
sensing surface with carboxyl groups to which 
biomolecules can be coupled using known tech- 
niques (JOnsson et al., 1991). Since the dextran 
layer contains 97 to 98% water, interaction 
between the covalently bound molecule and the 
other molecule in an interaction pair will take 
place in a more native surrounding than interac- 
tions that would otherwise take place directly on 
the metal surface. Furthermore, it is possible to 
provide an extended matrix, even if it is dilute, 
with more coupling sites per unit area than a 
bare surface and thereby increase the sensitivity 
of the method (L6f~s et al., 1991; Liedberg et 
al., 1993). The matrix is also regenerable, for 
example, through the use of a buffer of low pH 
which desorbs all but the covalently bound 
biomolecules from the matrix. The dextran mol- 
ecules are attached to the gold surface by a 
linker layer consisting of alkane thiols. This use 
of self assembled monolayers appears to be one 
of the first commercial applications of such 
layers spontaneously formed on gold (LOf~s and 
Johansson, 1990). 

Sample cell and microfluidic system 

A very important development concerns the 
liquid handling and sample delivery to the sensing 
surface. By using micromachining methods an 
integrated microfluidic cartridge was fabricated, 
which contains sample and buffer loops, and 
which together with the sensing chip automatically 
forms a sample cell 50 ~m high and 0.5 mm wide 
with a volume of 60 nl. This enables very efficient 
and accurate delivery of the analyte to the sensing 
surface making (non-diffusion limited) kinetic 
studies possible (Sj61ander and Urbaniczky, 
1991). The microfluidic cartridge is made of 
silicone rubber. The valves controlling the liquid 
flow are operated by a small air pressure. 
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Fig. 5. Schematic illustration of the main physical differences between the initial immunosensing experiments (left) 

and the commercial instrumentations, BIAcore and BIAlite (right). A further description is given in the text. 

Optical detection system 

In the commercial instrumentation a convergent 
light beam together with a photodiode array is 
used to accurately determine the surface plasmon 
resonance minimum position. A computer algor- 
ithm calculates the exact position of the minimum 
to a fraction of a single diode. The accuracy of 
the optical system corresponds to about 0.0001 ° 
shift of the resonance angle. A light emitting 
diode (A = 760 nm) is used as the light source. 
Another important improvement is the use of a 
polymer layer between a cylindrical prism and 
the glass side of the sensing chip for refractive 
index matching instead of the immersion oil used 
in our initial experiment. 

developed extensively since the first demon- 
stration of immunosensing. One interesting possi- 
bility is to obtain kinetic information as shown 
in Fig. 6. There exist today more than a hundred 
publications describing applications for real time 
biospecific interaction analysis in several areas 
of molecular biology, medicine and environmental 
science. We exemplify some of these applications 
by a few recent references given in Table 1. 

The possibility of real time biospecific interac- 
tion analysis has proven to be time saving in 
many investigations of biomolecules and their 
interactions. It has also provided experimental 
results on biomolecular interactions, which would 
otherwise have been very difficult or even imposs- 
ible to obtain. 

APPLICATIONS 

The possible applications of surface plasmon 
resonance for biosensing have also been 

CONCLUSIONS 

During the last ten years surface plasmon reson- 
ance has developed into a useful technique 
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Fig. 6. Examples o f  kinetic binding curves obtained 
with BIAcore. In this experiment the binding of  an 
antigen (H1V-1 protein p24) to three different antibodies 
immobilized (by a capturing antibody) in the matrix 
and the subsequent dissociation of  the antigen were 
studied. For screening purposes the information 
obtained from such plots is often sufficient. From the 
curves, however, affinity and rate constants may also 

be calculated (after Karlsson et al., 1991). 

TABLE 1 Some recent references to applications for 
BIAcore. 

Topics References 

Antibody characterization Zeder-Lutz et al. (1993) 
Gruen et al. (1994) 
Malmqvist (1994) 

Receptor ligand interactionsPanayotou et al. (1993) 
Schuster et al. (1993) 
Calakos et al. (1994) 

Nucleic acids Wood (1993) 

Environmental monitoring Minunni & Mascini 
(1993) 

Chromatography Nice et al. (1994) 

for immunosensing and biospecific interaction 
analysis. It is clear, however,  that details such 
as the sensing surface and the microfluidic system 
play a very important  role in BIAcore  and 
BIAlite. 

Surface plasmon resonance is only one of the 
(optical) methods that can be used for detection 
purposes and the study of interactions between 
biomolecules. Several other  detection methods 
have also been introduced for biospecific interac- 
tion analysis and at least two other  commercial 

instrumentations are marketed today: IAsys, 
from Fisons, and BIOS-1, from ASI. IAsys is 
based on a resonant mirror sensor device, a 
waveguiding structure on top of a prism (Buckle 
et al., 1993; Cush et al., 1993; Davies and Pollard- 
Knight, 1993). BIOS-1 utilizes an input grating 
coupler and an optical waveguide (Tiefenthaler 
and Lukosz, 1989; Nellen and Lukosz, 1991; 
Tiefenthaler,  1992 and 1993; Bier and Schmid, 
1993, Ramsden and Schneider, 1993). A commen- 
tary on the commercial technologies (BIA, BIOS, 
IAsys) has been published by Hodgson (1994). 

In conclusion it can be stated that real time 
biospecific interaction analysis without the use 
of labelled molecules provides a new way to 
study the interaction between biomolecules with 
applications ranging from immunosensing to fun- 
damental studies of receptor-l igand interactions. 
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