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Summary 
 
The term bioactive contaminant refers to chemicals introduced in to a 
given system at levels above a certain frame of reference causing 
adverse effects to living matter due to their inherent biological activity. 
Bioactive contaminants are ubiquitous in the environment and in food, 
nevertheless, they can have very different origins. Those from industrial 
sources may enter the food chain through the environment or from their 
use in household products. Chemicals used for pharmacological 
purposes may, on the other hand, enter the food chain as drug residues 
in treated livestock or through contaminated drinking water.  
Screening the environment and food for the presence of multiple 
bioactive contaminants simultaneously and in a short time, whilst 
obtaining data about their biological potency, is a challenge. If, 
confirmation of the identity of these bioactive chemicals is required, the 
challenge grows exponentially. 
 
The general introduction presented in chapter one of this thesis puts in 
perspective the importance of the bioactive contaminants studied as well 
as the background of screening methods within the greater context of 
analytical chemistry. Some historic and basic concepts of biosensors are 
described with a special emphasis on optical biosensors, specifically 
those SPR-based biosensors considered in this thesis. Background and 
challenges concerning the different strategies for interfacing biosensors 
with mass spectrometric identification is included at the end of the 
introduction.  
 
Part I deals with the development of various biosensor screening 
assays for bioactive contaminants.  
The first biosensor screening assay developed was against the 
ubiquitous estrogenic compound Bisphenol A (BPA) and is described in 
chapter two. Several polyclonal and monoclonal antibodies were 
characterized as biorecognition elements. The monoclonal antibody 
showing the best kinetic parameters was selected and tested using 
direct and indirect (inhibition) assay formats. Although the direct assay 
was the most sensitive, the inhibition assay was the most robust. Using 
the latter in combination with solid phase extraction (SPE) allowed the 
determination of BPA in tap water at the ppt (ng L-1) level. 
Even though antibody-based screening assays were sensitive and 
robust, they were very specific and provided no clue of the total 
biological potency when a mixture of bioactive contaminants is 
measured in a complex sample. In consequence, an alternative 
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biorecognition element was sought in chapter three. Two human 
thyroxine (T4) transport proteins; T4 binding globulin (TBG) and 
transthyretin (TTR), were selected as biologically relevant biorecognition 
elements to screen for compounds with T4-like activity. An inhibition 
assay was developed by immobilizing T4 with a spacer to the biosensor 
chip surface. The use of recombinant TTR was validated by measuring 
the equilibrium dissociation constants of both binding sites for T4 with 
the biosensor. The application was further evaluated by analyzing a 
small library of nine known bioactive chemicals and comparing their 
relative potencies to T4 using both recombinant and purified TTR. Both 
T4 transport proteins provided suitable biosensor assays with a higher 
sensitivity and shorter analysis time than radioligand binding assays 
using comparable biorecognition elements.  
Further optimization of the assay conditions, as described in chapter 
four, provided the correct working conditions for long unattended 
operation of the biosensor assays. The robustness and short analysis 
time were suitable for high throughput screening of the relative 
potencies of a sixty two chemicals library. This library included 
important bioactive contaminants like polychlorinated bisphenyls (PCBs), 
polybrominated diphenyl ethers (PBDEs), their hydroxylated 
metabolites, bisphenol A and its halogenated congeners, 
pharmaceuticals and other environmentally relevant compounds.  Ten 
new bioactive compounds were identified to bind to TBG with a high 
affinity and were also confirmed to bind to TTR. Strikingly these 
bioactive compounds were hydroxylated metabolites of PBDEs (BDE 47, 
49, 99) and polyhalogenated biphenyls, usually present in human blood. 
Suggesting that these hydroxylated metabolites of halogenated diphenyl 
ethers not only are disrupting T4 transport at the transthyretin level, but 
also at the T4 binding globulin level, responsible for most of the T4 
transport. The toxicological relevance of these findings remains to be 
determined, nevertheless this biosensor technology proved very 
applicable and promising for toxicological research. 
 
The drawbacks of the technology used in part I concern the high cost 
the of the SPR systems and the lack of portability. Therefore, part II 
deals with the implementation of the assays previously developed in 
part I to evaluate a similar SPR technology having a low-cost 
instrumentation and potential portability. In chapter five, a miniature 
Spreeta SPR sensor was combined with a simple fluidic system and 
adapted to function with commercial biosensor chips. The assays were 
quickly implemented in this low-cost prototype system with a 
comparable sensitivity to the commercial systems used in part I. 
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The fast, online and (potentially) bioeffect related information provided 
by the biosensor technology can be synergistically coupled with 
traditional analytical techniques such as liquid chromatography (LC) and 
mass spectrometry (MS). These hyphenated techniques are able to 
separate the analytes based on their physico-chemical properties and 
unequivocal structural information can be obtained using MS. Such a 
coupling would be applicable for the discovery of unknown bioactive 
compounds interacting with the biorecognition element in complex 
samples. Additionally, the confirmation of identity of known analytes, 
regulated by law could be achieved in a short time because all the 
analytical efforts are focused only on samples pinpointed during the 
screening as suspected non-compliants.  
 
The main challenge of such hyphenation is to find a suitable strategy for 
coupling inhibition biosensor assays with MS. Consequently, part III of 
this thesis deals with the strategies investigated for interfacing SPR 
inhibition biosensor assays with mass spectrometric detection. 
Fluoroquinolone antibiotics were selected as model analytes because the 
monitoring of these antibiotics are regulated by law because they are 
widely used for the treatment of bacterial infections in farm animals.  
In chapter six, a parallel interfacing strategy is presented. The 
feasibility of this strategy was proven by coupling the simultaneous 
screening of six fluoroquinolones using a dual SPR biosensor 
immunoassay with ultra high resolution LC- electrospray ionization (ESI) 
Time-of-Flight (ToF) Mass Spectrometry (MS) for their identification.  
The dual SPR biosensor immunoassays enabled the screening of 
norfloxacin, ciprofloxacin, enrofloxacin, difloxacin, sarafloxacin and 
flumequine at, or below, their maximum residue levels in chicken 
muscle. The biorecognition elements used in these assays were 
polyclonal antibodies, a specific antibody against flumequine and a 
generic antibody recognizing the other five structurally related 
fluoroquinolones.  
Samples considered noncompliant during the biosensor screening were 
concentrated using solid phase extraction and fractionated with gradient 
LC. The effluent was split and fractionated in two identical 96-well 
plates. One was re-screened with the biosensor to identify the 
immunoactive fractions and directed the identification efforts with high 
resolution LC-ESI-ToF-MS only toward the relevant fractions in the 
second well-plate. The system could screen and identify known 
fluoroquinolones and also discover unknown chemicals of similar 
structure cross-reacting with the antibodies used as biorecognition 
elements in the biosensor assays.  
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The main limitations of such an interfacing strategy were; the 
requirement of a relatively large sample volume, the extensive sample 
handling required, which increased the chances of sample 
contamination, and the limited fractionation resolution.  
As a result and considering these limitations, an online strategy 
physically coupling the systems was studied in chapter seven. The 
biosensor and a nano-LC- ESI ToF MS systems were coupled through a 
reusable affinity capture interface (recovery chip).  
The full procedure has four main stages. First, the samples are 
prepared. Second, the samples are screened using a screening chip with 
the inhibition biosensor immunoassay. Third, only those samples 
suspected of being noncompliant are reinjected over the recovery chip, 
and the analyte is captured at subnanogram level. Fourth, the analyte is 
released from the recovery chip into a loop-type interface and analyzed 
with nano-LC- ESI ToF MS system. 
The screening chip and the recovery chip both featured a similar 
hydrogel where mirror chemistries were immobilized. On the screening 
chip, the analyte was immobilized to implement the inhibition assay and 
on the recovery chip the complementary biorecognition elements were 
immobilized (affinity-purified polyclonal antibodies). The recovery chip 
operated as an immuno affinity column. The main differences were, first 
that the nanoscale biosorbent is immobilized in one of the walls of a flow 
cell. Second, the interaction of the biosorbent with the analyte and 
sample matrix were rapidly characterized using the biosensor. This 
advantage was particularly useful for optimizing the elution conditions 
and assessing the biosorbent robustness without engaging the complete 
hyphenated system. 
The strategy was tested for screening the fluoroquinolone antibiotic 
enrofloxacin in incurred chicken muscle samples as a model compound 
and matrix. Using the online strategy, we were able to detect and 
confirm the identity of enrofloxacin in noncompliant samples below the 
regulatory limits. A known metabolite of enrofloxacin, ciprofloxacin, was 
identified in incurred chicken samples. This demonstrated the potential 
of the online interfacing strategy for the rapid screening and 
identification of known as well as unknown compounds with an affinity 
for the biorecognition element.  
Additional advantages of interfacing with the recovery chip were a highly 
selective sample cleanup, a good recovery and concentration step.  
Finally, the feasibility of combining the biosensor with a robust chip-
based nano-LC- ESI ToF MS was tested offline and provided a robust 
alternative triple-chip system. 
 


