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Abstract: An affinity sensor based on Surface Plasmon Resonance (SPR) was 
used to detect nucleic acids. SPR is an optical technique that is able to detect 
small changes in the refractive index of the immediate vicinity of a metal 
surface. After a specific ampIification of DNA, achieved using the polymerase 
chain reaction (PCR), detection was accomplished through the application of 
latex particle intermediates. The assay was based on the inhibition of latex 
particle adsorption to a metal surface by DNA. The amount of latex present 
determined the sensitivity of the inhibition assay. The adsorption behaviour 
of latex particles at a gold surface was investigated using SPR. The parameters 
that played an important role in this adsorption were ionic strength and pH. 

Keywords: surface plasmon resonance, latex, nucleic acids, poiymerase chain 
reaction. 

Amplification of nucleic acids, for example, by 
PCR (Saiki et al., 1988), has revolutionised 
diagnostics in the fields of both genetics and 
microbiology. The presence of certain sequences 
in the nucleotide chain results in the amplification 
of a specific segment of DNA or RNA. These 
amplification products are usually analysed by 
gel electrophoresis or by hybridisation. Such 
techniques are laborious and can only be perfor- 
med by specialists. The combination of the 
automated ampli~cation process with an auto- 
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mated detection device, such as a biosensor, 
would be most desirable. 

A biosensor can selectively detect specific 
biological molecules and transmit this detection 
in the form of an electrical signal. Surface 
Plasmon Resonance (SPR) is an optical technique 
which can be used as the transducing basis of a 
biosensor (Daniels et al., 1988; Kooyman et al., 
1990; Mayo & Hallock, 1989). SPR affinity 
sensors are based on the measurement of changes 
in the refractive index of the immediate vicinity 
of a metal surface. When monochromatic light, 
polarised in the plane of incidence, is reflected 
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by a metal layer (e.g. gold evaporated onto a 
glass slide), the reflectance is minimal at a certain 
angle. This reflectance minimum is sensitive to 
changes in the refractive index of the medium 
adjacent to the metal layer. For a comprehensive 
discussion of SPR see Raether, 1977. 

The sensitivity of SPR depends on the molecu- 
lar weight of the ligand, present in the adjacent 
medium, which becomes adsorbed at the metal 
surface. Large molecules cause a considerable 
change in refractive index. SPR can therefore 
be applied to detect these molecules directly. 
However, small molecules are difficult to detect 
because they cause only small changes in refrac- 
tive index. However, the sensitivity of the SPR 
sensor to small molecules can be improved by 
the addition of cationic latex particles to the 
adjacent medium in order to effect amplification. 
These particles cause a large change of refractive 
index in the vicinity of a metal surface when 
they adsorb at the surface. This, in time, causes 
a large shift in the plasmon resonance angle. 

Here we describe the application of the SPR 
technique to detect PCR-amplified DNA. The 
shift in plasmon resonance angle, caused by 
adsorption of the cationic latex particles, was 
inversely related to the DNA concentration. The 
influence of DNA concentration on the SPR 
angle shift was determined indirectly in a latex 
adsorption inhibition assay. Parameters such as 
pH, ionic strength and the zeta potential, which 
are involved in the adsorption process, were also 
studied. 

MATERIALS AND METHODS 

Biocryl latex BPA 1000 (10% solid) was pur- 
chased from Toso-Haas (Stuttgart, Germany). 
Glass slides (BN 845 432-T) were purchased from 
Balzers (Liechtenstein). Tris and EDTA were 
purchased from Merck (Darmstadt, Germany). 
DNA from Herring testes was purchased from 
Sigma chemicals (St. Louis, MO). Chemicals 
used in the PCR reaction were purchased from 
BRL. Zeta-potential measurements were carried 
out using a Delsa 440 from Coulter (Mijdrecht, 
The Netherlands). 

Surface plasmon resonance 

The SPR device uses a vibrating mirror to direct 
monochromatic light at a metal surface at different 

angles (Kooyman ef al., 1991). The angle of the 
reflectance minimum, which changes with the 
refractive index, was recorded. An angular resol- 
ution of approximately 2.10d3 degrees can be 
obtained using this device. 

Glass slides were coated with a 2 nm thick 
chrome layer, and next with a gold layer of 
approximately 50 nm thickness. Before use, these 
coated slides were cleaned using ethanol, toluene 
and again ethanol. The surface of the coated 
slides remained hydrophobic after cleaning. The 
area of the sensor surface was approximately 
O-75 cm2. Immersion oil was used to obtain a 
good optical contact between the prism and the 
glass slides. The adsorption experiments were 
carried out at room temperature. 

Latex inhibition assay 

The DNA detection experiments were performed 
in TE-buffer (10 mM Tris-HCl, 1 mM EDTA, 
pH 8.0). A solution of 250 ~1 buffer was mixed 
with 25 ~1 PCR-mixture. Subsequently 1.5 ~1 
latex solution (1% solids) was then added to this 
mixture which was subsequently transferred to 
the cuvette. The solution was mixed during 
measurement by pumping a volume of approxi- 
mately 75 ~1 in and out of the cuvette with a 
frequency of approximately 30 times per minute. 

The influence of pH on the adsorption of latex 
to the gold surface was studied using the following 
buffer solutions: 5 mM Na-acetate/Acetic acid, 
pH 4-O; 5 mM MES/NaOH, pH 6.0; 5 mM Trisl 
HCl, pH 8.0; 5 mM GlycineNaOH, ph 10-O. 

The influence of ionic strength on adsorption 
behaviour was determined in a NaCl solution at 
pH 6.5 + 0.3. 

Polymerase chain reaction 

Amplification reactions were performed in 50 ~1 
of a reaction mixture containing 20 mM TrisHCl, 
pH 7.7; 50 mM KCl; 1.5 mM MgCl*; 0.01% 
gelatin; 200 I_LM each of dATP, dGTP, dCTP, 
and dTTP; 50 pmol primer; 10 ng DNA; 1 unit 
Taq polymerase. The primers used were 18- 
mer oligonucleotides. The PCR reaction was 
performed in a Bioexcellence PHC-2 from Biores 
(Woerden, The Netherlands), programmed for 
40 cycles of 1 min at 94°C 1 min at 50°C and 
2.5 min at 72°C using the highest ramp rate 
between each temperature. Amplification pro- 
ducts were analysed using electrophoresis in a 
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1.5 % agarose gel and detected by staining with 
ethidium bromide (50 pg/l). 

RESULTS 

DNA amplified in a PCR mixture can be detected 
using a latex inhibition assay as illustrated in Fig. 
1. It is possible to discriminate between positive 
and negative PCRs at a latex concentration of 
0.006% (v/v). Nucleotides and primers, also 
present in the PCR reaction mixture, did not 
interfere with the measurements. 

In theory, the adsorption behaviour of the 
latex particles would play an important role in 
this assay. Factors affecting such behaviour are 
latex concentration, ionic strength and pH. The 
response of the sensor to different concentrations 
of latex is presented in Fig. 2. As can be seen, 
the sensor surface became saturated at a latex 
concentration of 0@04%. (A latex concentration 
of OWl% corresponds to approximately 32 
picomoles latex particles per litre.) The influence 
of ionic strength on the adsorption behaviour of 
latex is shown in Fig. 3. As can be seen, 
the ionic strength dramatically influenced the 
maximum amount of latex adsorbed to the coated 
surface. No flocculation of latex was observed 
under the conditions used. The influence of pH 
on the adsorption behaviour of latex is shown in 
Fig. 4. The amount of latex which adsorbed at 
the gold surface increased with an increasing pH. 

Experiments with different types of latex par- 
ticles, such as polystyrene latex and latex carrying 
carboxylic groups, showed that these particles 
can also adsorb at a gold surface. However, the 

Latex 

goldsurface 

Latex with dsDNA 

Fig. 1. Latex inhibition assay: Binding of positively 
charged latex to the metal surface is inhibited by 

negatively charged &DNA fragments. 

Surface plasmon resonance 
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Fig. 2. Relation between latex concentration and maxi- 
mal angle shift. The experiments were performed in 

TE-buffer pH 8.0, with a volume of 250 ~.LJ. 

conditions for adsorption of these types of latex, 
such as ionic strength and pH, were different. 

The relationship between angle shift and 
dsDNA concentration at two different concen- 
trations of latex is presented in Fig. 5, which 
shows that the angle shift decreased from 1.6 
degrees to O-2 degrees with an increasing DNA 
concentration. The remaining angle shift was 
probably caused by some non-inhibited adsorp- 
tion of particles at the gold surface because these 
experiments were performed using pure dsDNA 
solutions. 

Proteins can adsorb at the gold surface and bind 
to latex. In contrast to DNA, such compounds do 
not usually differ in concentration in a PCR. In 
order to investigate the effect of protein on 
the assay, experiments were carried out using 
different concentrations of Bovine Serum Albu- 
min (BSA). In TE-buffer, BSA adsorbs well to 
a gold surface. When BSA was present in the 
range of 15-20 pg, the latex adsorption was 
influenced by the presence of the protein. Adsorp- 
tion of BSA at the gold surface was diminished 
by using a buffer containing NaCl. In TE-buffer 
containing 0.5 M NaCl, adsorption of BSA at 
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6,25x1 ti3M 

demineralized water 

time (minutes) 

Fig. 3. Adsorption curves for the latex particles under 
different conditions of ionic strength. Experiments 
were performed in a volume of 250 pl with a latex 

concentration of 0.003 %. 

the gold surface was reduced dramatically. Under 
these conditions, latex adsorption was not affected 
by the presence of BSA. Adding NaCl to a 
concentration of 06 M did not affect the assay. 

Electrostatic interactions may also play an 
important role in the adsorption process. The 
zeta-potential of a latex particle can be used as 
an indicator of its electrokinetic behaviour under 
different conditions. The influence of pH, ionic 
strength and the presence of DNA on the zeta- 
potential was investigated. Under all conditions 
the zeta-potential of the particles was positive. 
The potential remained totally unaffected upon 
varying the pH between 4 and 10. However, with 
increasing ionic strength (0.06 M NaCl-0.6 M 
NaCl), the potential decreased from +33 mV to 
+12 mV. In the presence of DNA the potential 
immediately decreased to +12 mV. 

DISCUSSION 

DNA, itself, did not adsorb at the gold surface 
in a TE-buffer solution. An important parameter 

0.0 
2 4 8 8 10 

PH 

Fig. 4. Relationship between pH and angle shift. Latex 
concentration was 0.004% and the volume was 250 pl. 

1.8 

0.6 

0.0 

F + 0.004 % 

0 1 2 3 4 

DNA concentration (ng/ul) 

Fig. 5. Relationship between DNA concentration and 
angle shift. Two latex concentrations were used. Exper- 
iments were performed in TE-buffer, pH 8.0, with a 

volume of 250 t.tl. 
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that determines the adsorption behaviour of DNA 
is the presence of bivalent cations (Romanowski et 
al., 1991). Experiments carried out in 10 mM 
Tris buffer, pH 8.0, containing 5 mM MgC& 
supported this observation. A solution of 250 ~1 
buffer containing 10 rig/d DNA and 5 mM MgClz 
caused a shift in the angle of the reflectance 
minimum of approximately O-2 degrees. 

Adsorption of latex at the gold layer caused a 
large angle shift of 1.6 degrees. The latex 
particles, made of polymetacrylate ester, con- 
tained quaternary ammonium groups and had a 
diameter of approximately 100 nm. Once the 
particles were adsorbed, attempts to desorb 
them by changing the aqueous conditions (ionic 
strength, pH) or by rinsing the solution vigor- 
ously, were unsuccessful. Adsorption of these 
particles onto gold would appear to be irrevers- 
ible. 

The interaction between latex particles and the 
gold surface seems to be mainly hydrophobic in 
character. The observed influence of ionic 
strength on latex adsorption was probably caused 
by the shielding of cationic charges. Lateral 
repulsive forces, caused by electric charges, 
determined the amount of latex which adsorbed 
at the surface. These repulsive forces can change 
into attractive forces at high ionic strength 
(Vincent et. al., 1978). 

Adsorption isotherms were also influenced by 
the pH wheras the zeta-potential did not change 
with the pH. This indicated that the interaction 
between the gold surface and a latex particle is 
influenced by pH. 

If high concentrations of latex (0.1% solid) 
and DNA were mixed, an aggregation was 
observed. These DNA-latex aggregates did not 
cause a shift in the plasmon resonance angle. 
Mixing prevented the aggregates from precipitat- 
ing at the metal surface. In the assay conditions 
used, the concentrations of the latex and DNA 
were too low to cause an aggregation of the latex 
particles. 

Amplified DNA sequences, of length between 
200 bp and 3000 bp were tested. The assay 
responded uniformly to all sequence lengths. 

The influence of BSA on the assay was 
investigated to determine the effect of proteins 
on the assay. Proteins and other components in 
the PCR mixture can adsorb at the gold surface 
but they cause a maximum angle shift of 0.2 
degrees, which is small when compared to the 
angle shift caused by the adsorption of latex 

particles. BSA was used in this study as a model 
protein. Generally, the influence of proteins in 
cases such as this depends on their adsorption 
behaviour, which, in turn, is often influenced by 
ionic strength. The assay can be used in a TE- 
buffer with a salt concentration in the range of 
0 to O-6 M NaCl. 

Mixing of the solution during the measurements 
appeared to be an absolute requirement. Adsorp- 
tion isotherms could only be compared when the 
solution was mixed. The kinetics of adsorption 
were influenced strongly by mixing. Within 10 
minutes, 90% of maximum latex adsorption was 
reached. 

CONCLUSIONS 

Latex particles adsorbed strongly to the gold 
surface of the SPR sensor. They can therefore 
act as an amplifying intermediate between the 
compound which has to be detected and the inert 
gold surface. It has been shown that cationic 
latex particles can be used in an inhibition 
assay to detect dsDNA. The large angle shift 
discriminates between adsorption of latex par- 
ticles and other nonspecific effects. Important 
parameters that should be controlled are pH and 
ionic strength. 

Advantages of this system are the simple 
configuration and rapidness of the assay. In 
addition, the use of dangerous chemicals is 
omitted. 
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PCR: Polymerase Chain Reaction; SPR: Surface 
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