
VU Research Portal

Extending the span of angular-scanning surface plasmon resonance biosensing:
hyphenation, variable-wavelength excitation, and multiplexing
Lakayan, D.

2018

document version
Publisher's PDF, also known as Version of record

Link to publication in VU Research Portal

citation for published version (APA)
Lakayan, D. (2018). Extending the span of angular-scanning surface plasmon resonance biosensing:
hyphenation, variable-wavelength excitation, and multiplexing. [PhD-Thesis - Research and graduation internal,
Vrije Universiteit Amsterdam].

General rights
Copyright and moral rights for the publications made accessible in the public portal are retained by the authors and/or other copyright owners
and it is a condition of accessing publications that users recognise and abide by the legal requirements associated with these rights.

            • Users may download and print one copy of any publication from the public portal for the purpose of private study or research.
            • You may not further distribute the material or use it for any profit-making activity or commercial gain
            • You may freely distribute the URL identifying the publication in the public portal ?

Take down policy
If you believe that this document breaches copyright please contact us providing details, and we will remove access to the work immediately
and investigate your claim.

E-mail address:
vuresearchportal.ub@vu.nl

Download date: 24. May. 2023

https://research.vu.nl/en/publications/2c641ef1-45f7-4b13-bcaf-5bb8278c8706


Ch
ap

te
r 

01
    

14

Scope of the thesis
The possibilities of SPR as a real-time, label-free technique for sensing molecular interactions 
were initially explored by Pharmacia in 1980. The first successful affinity measurements based 
on SPR detection were carried out and published in the mid-1980s. Following this, Pharmacia 
further developed appropriate sensor surfaces, such as hydrogel surfaces, and fabrication of 
silicon microfluidic cartridges. After several years of research, making essential advances in 
SPR technology, sensor surface chemistry and flow cell fluidics development, eventually the 
first commercial SPR instrument was launched by Pharmacia Biosensors AB in 1990.52-54 The 
system was based on the Kretschmann configuration and was equipped with a microfluidic 
liquid handling system for sample introduction. In 1994, a more advanced SPR system was 
introduced equipped with a four-channel liquid handling system where one of the channels 
can be used as a reference channel for signal correction and the other three are used for 
sample measurement. Over the years many manufacturers and academic groups developed 
different SPR systems and configurations thereby advancing the SPR detection technology. For 
example, spectral measurement setups in SPR biosensing have been introduced by Homola 
et al. In this type of SPR biosensing, a Kretschmann configuration is used with p-polarized 
light from a halogen light source in combination with a spectrometer as a detector, where a 
shift in plasmon wavelength is monitored in time.114, 115 High throughput SPR imaging (iSPR) 
with multi-channel sensing systems, which enables multi-analyte measurements, is another 
advancement in SPR biosensing and was first described by Rothenhausler and Knoll.116, 117 
In these setups, a charge-coupled device (CCD) camera is used as a detector for real-time 
capturing of images resulting from illuminating the sensor chip surface. Shifts in SPR dip 
angle are monitored in time for pre-defined regions of interest (ROIs), where ligands are 
immobilized, and are then processed as multiplexed sensorgrams.90, 118-120 Another example 
of technical advancements in the field of SPR biosensing is the multi-angular scanning SPR 
system. This so-called multi-parametric surface plasmon resonance (MP-SPR) was introduced 
to the market in 2011 by BioNavis Ltd. It makes use of an angle-scanning light source aligned 
with an angle scanning detector component. This principle allows the measurement of a 
broad range of incident angles (between 39 to 78 degrees), allowing recording of full SPR 
curves. These are covering several regions of incident angle such as 1) TIR angle, providing 
information about the dielectric layer as well as the bulk solution, 2) the peak minimum 
angle and 3) the peak minimum intensity, utilized for monitoring the changes in the refractive 
index near the sensor chip surface.121 This thesis reports on method development for and 
hardware improvements of angular-scanning SPR by introducing hyphenation (coupling to 
liquid chromatography (LC)) and hardware improvements of angular-scanning SPR using 
variable wavelengths and multiplexing utilities.
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One of the major drawbacks of SPR detection is that it cannot distinguish the affinity of the 
individual binding components present in the sample. Combining analytical separation with 
SPR is an option to circumvent this limitation. Chapter 2 describes the hyphenation of size 
exclusion chromatography (SEC) to SPR, allowing affinity assessment of individual binders 
in the sample. Until now, online LC-SPR has been used for monitoring weak affinity or non-
specific interactions. In this thesis, LC-SPR was explored for probing high-affinity interaction 
of separated proteins with target compounds. In this chapter, analytes were separated by 
SEC followed by UV detection for assessing their concentration and online SPR biosensing 
for measuring the interactions of individual analytes with an immobilized ligand on the 
sensor surface. Human serum albumin (HSA) and a polyclonal anti-HSA antibody were used 
as a model system for optimization. The affinity of individual separated sample components 
toward the immobilized ligand was monitored by performing heart-cutting, using external 
switching valves. In addition, papain digested antibody was used as a test sample to monitor 
the binding of antibody fragments after incubation for different time points.
Chapter 3 describes the evaluation of LC-SPR in the area of profiling biopharmaceutical 
preparations. Biopharmaceutical antibodies may contain aggregates and degradation 
products due to manufacturing, formulation and storage conditions. Monitoring the affinity 
of these minor components toward the antigen is challenging due to their low concentration. 
Online LC-SPR was studied as a potential method for analyzing the affinity of individual 
sample constituents. For this, preparations of the monoclonal antibody (mAb) trastuzumab 
and its antibody-drug conjugate (ADC) T-DM1 were used to monitor their affinity toward the 
human epidermal growth factor receptor 2 (HER2), immobilized on the sensor chip. First, 
SEC-SPR was used for affinity monitoring of separated size variants (aggregates) before and 
after exposing the antibodies to stress conditions for generation of higher concentrations of 
aggregates. SEC-SPR allowed the comparison of affinity of antibody aggregates and antibody 
monomers in the sample. Furthermore, cation exchange chromatography (CEX) was coupled 
to SPR and the system was evaluated by monitoring the affinity of individual charge variants 
present in the mAb sample. Finally, SEC-SPR with parallel mass spectrometric (MS) detection 
was investigated, integrating sample structural characterization and affinity monitoring using 
mAb and ADC samples. 
Another current limitation in SPR biosensing is the lack of choice of excitation wavelength 
in most available SPR instruments. The possibility of selecting the appropriate wavelength 
to achieve optimal SPR analysis for different sensor materials would be an advantage. A 
multi-wavelength angle-scanning Kretschmann configuration SPR device is introduced in 
Chapter 4, allowing to tune the wavelength towards an optimum based on sensor chip metal 
material and on sample properties. The system was designed and developed in-house by 
changing the light source of a multi-parametric BioNavis SPR instrument. Light from a white 
light source was polarized and directed through a monochromator from a spectrophotometer 
for wavelength selection, and optical lenses for focusing toward the SPR sensor surface were 
employed. The intensity of the reflected light was then monitored at variable angles. The 
system was evaluated by monitoring the resulting SPR curves for different sensor materials 
exposed to air and aqueous media at wavelengths ranging from 500-890 nm. Polyelectrolyte 
multilayer adsorption on the sensor of several sensor materials was used for evaluation of 
the SPR curve width, resonance angle shift, the angular detection window, signal to noise 
ratio and sensitivity of the analysis at several wavelengths. Furthermore, HSA and anti-HSA 
were used as a model system for an evaluation of its potential as biosensor applying 890 nm 
wavelength and an aluminum oxide coated gold sensor.
Assessing multiple samples simultaneously is a way to increase throughput in SPR biosensing. 
As previously mentioned, several iSPR setups have been developed of which some are 
commercially available. Still, the currently available iSPR systems do not allow angular scanning 
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over a wide range (only up to 8 degrees). Chapter 5 introduces multiplexing possibilities to an 
angle-scanning SPR instrument based on the Kretschmann configuration. For this, a laser line 
generator, stretching the narrow laser beam to a uniform light line, is incorporated. A CCD 
camera is used as a detector, enabling the detection of the reflected light from multiple ROIs 
in angle scanning mode, providing full SPR curves in time for each ROI. This new technique 
was tested employing two different flow cell configurations: 1) a six-channel flow cell allowing 
parallel analysis of samples (e.g. different samples or different concentrations of the same 
sample), and 2) a single-channel flow cell in which different immobilized ligands (up to sixteen 
in this study) are positioned as ROIs in a row. The performance of the new multiplexed SPR 
system was first evaluated by simultaneous monitoring of multiple full SPR curves derived 
from measurements on a sensor surface exposed to air, water, ethanol and different protein 
concentrations. Then, multiplexed SPR detection of polyelectrolyte adsorption on the 
gold sensor was studied. Additionally, protein adsorption to layers of polyelectrolytes was 
evaluated. In order to study the usefulness of the new system for probing antibody-protein 
interactions in a multiplexed fashion. Several target proteins were immobilized on different 
positions along the sensor, and the binding of various antibodies to these proteins was 
monitored by performing direct and competitive assays. 


