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SAMENVATTING 

Zearalenon en aflatoxine B2 zijn twee mycotoxines geproduceerd door verschillende 

schimmels. Deze toxines kunnen aanwezig zijn in voedsel bestemd voor mens of dier 

en veroorzaken wereldwijd gezondheidsproblemen en economische verliezen. 

Autoriteiten hebben maximaal toelaatbare hoeveelheden in voeding opgesteld. Om 

de aanwezigheid van beide moleculen te controleren zijn simpele en accurate 

detectiemethoden onontbeerlijk. Enkelstrengige variabele antilichaam-fragmenten 

(scFv) zijn voorafgaand geproduceerd met recombinante technieken. Dit 

geminimaliseerde immunoglobuline heeft verscheidene voordelen in diagnostische-, 

medische- en onderzoeksapplicaties.  

Het anti-zearalenone scFv-fragment werd succesvol tot expressie gebracht in E. coli. 

De beste resultaten werden verkregen wanneer de expressie van het antilichaam in 

TB medium gelimiteerd werd tot 4 uur of SB medium met 10 g/L glucose werd 

gebruikt in een overnacht expressie. Een relatief zuivere en geconcentreerde scFv-

oplossing werd bekomen na optimalisatie van het purificatieprotocol. Twee 

technieken, namelijk SDS-PAGE en Western Blotting, werden aangewend om het 

purificatieproces te visualiseren.  

Tijdens de karakterisatie van dit anti-zearalenone-fragment doken enkele problemen 

op. Een indirecte ELISA, monoclonale ELISA en een evaluatie met het Biacore™ 

toestel (SPR) werden uitgevoerd zonder enig positief resultaat. Dit experiment zal 

verder gezet worden in de toekomst omdat het zearalenone conjugaat niet bleek te 

werken in deze proefopzet. Als de karakterisatie voltooid is, kan dit 

antilichaamfragment gebruikt worden in diagnostische toepassingen zoals het Mbio 

analyse platform. 

Het anti-aflatoxin B2 scFv-fragment werd tegelijkertijd gekarakteriseerd als een 

zijproject. Een indirecte ELISA, monoclonale ELISA en een evaluatie met het 

Biacore™ toestel (SPR) werden eveneens uitgevoerd. Sommige klonen in de 

monoclonale ELISA waren in staat om het conjugaat te binden. De Biacore™ 

analyse kon dit jammer genoeg niet bevestigen. Stabiliteitsproblemen van het scFv-

fragment of conjugaat kunnen aan de basis liggen. Het best bindende scFv-fragment 

zal geselecteerd en getest worden in de toekomst waarna het kan toegepast worden 

voor diagnostische doeleinden. 
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ABSTRACT 

Zearalenone and aflatoxin B2 are mycotoxins produced by different fungi. These 

toxins can be abundant in food and feeds, causing severe health problems in 

humans and animals plus economic losses worldwide. Maximum permissible levels 

are established in food by the government. Therefore, the research for simple and 

accurate detection methods is important. Single-chain variable fragments against 

these mycotoxins are produced in advance by recombinant means. This minimized 

antibody format has several advantages in diagnostic, medical or research 

applications. 

An anti-zearalenone scFv-fragment was successfully expressed in E. coli. Four hour 

expression with TB medium and overnight expression with SB medium plus 10 g/L 

glucose showed the best result. Several optimisations were made to the purification 

protocol, resulting in a relative pure and concentrated scFv solution. SDS-PAGE and 

Western Blotting were used in order to visualize this experimental process. 

Characterisation of the anti-zearalenone scFv-fragment revealed some problems. An 

indirect ELISA, monoclonal ELISA and Biacore™ evaluation were performed without 

any positive response. This experiment needs to be continued in the future because 

the zearalenone conjugate or scFv-fragment seemed to be dysfunctional. After 

characterisation, the fragment will be applied in diagnostic applications like the Mbio 

assay platform. 

As a side-project, an anti-aflatoxin B2 scFv was characterised. An indirect ELISA, 

monoclonal ELISA and Biacore™ (SPR) evaluation were also performed. Some of 

the original clones bound to the conjugate in the monoclonal ELISA. The indirect 

ELISA showed inconsistent results. Unfortunately binding was not confirmed by the 

Biacore™ experiment, indicating that the scFv from the expressed clone is probably 

not the best binder or is not stable. Maybe the conjugate is not fully functional either. 

Future work will imply selecting the best binding clone, characterise the scFv and 

apply it in diagnostic applications.  
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1. INTRODUCTION 

1.1. MYCOTOXINS AND FOOD SAFETY 

 1.1.1. General characteristics of mycotoxins 

The word mycotoxin is derived from 'mykes' and ‘toxicum’ meaning fungus in Greek 

and poison in Latin, respectively. Fungi can invade crops in the field or after harvest 

and produce mycotoxins as secondary metabolites. [1] Mycotoxins are present in 

several parts of the fungi, including the mycelia, spores and the substrate they inhabit. 

[2] These low-molecular-weight natural products are commonly found in food and 

feeds and pose a potential threat to the health of humans and livestock. [1, 3] 

Mycotoxins constitute a toxically and chemically heterogeneous group.  

In general, mycotoxins produce diseases collectively called mycotoxicoses, at low 

concentrations in vertebrates and other animal groups. The symptoms depend on 

numerous factors, such as the type of mycotoxin, time of exposure and genetic 

characteristics. These hazardous substances can also alter pathological conditions or 

interact synergistically with other harmful compounds. [3]  

Table 1.1: Major toxicological effects on the human body of two important mycotoxins, 

namely aflatoxins and zearalenone.[2] (adopted from Edupuganti SR. Development of 

immunoassays and immuno-affinity columns for the detection and isolation of mycotoxins) 

Mycotoxin Affected system Toxicological symptoms 

Aflatoxins Circulatory system 

Immune system 

Nervous system 

Digestive system 

Genetic system 

Haemorrhage, anemia 

Immunosuppression 

Nervous syndrome 

Motility, diarrhoea 

Teratogenic, carcinogenic 

and hepatotoxic effects 

Zearalenone Digestive system 

Reproductive system 

 

 

 

Genetic system 

Diarrhoea 

Enlargement of mammary 

glands, uterus 

hypertrophy, testicular 

atrophy 

Teratogenic effects 
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 1.1.2. Legislation of mycotoxins 

Besides health effects, mycotoxins cause a negative impact on global markets and 

trade causing billions of euro worth of economic losses. [2] Mycotoxins are more likely 

to be found in underdeveloped parts of the world, where food is poorly handled, 

stored and regulated. Methods for controlling their presence in crops are largely 

preventive or involve genetic engineering. Unfortunately, none of these strategies 

have solved the aforementioned problems as mycotoxins remain natural 

contaminants. Thus, the most effective way to regulate their occurrence is by 

governmental surveillance. Screening and regulation programs by authorities 

underpins the establishment of maximum permitted levels (MPL’s) in different foods 

and their ingredients as mentioned in Table 1.2. [2, 3] The research for accurate and 

sensitive detection techniques is therefore still important. It can simplify monitoring 

the health risk of mycotoxin-contaminated food. 

Table 1.2: Maximum permissible levels of certain mycotoxins (aflatoxins and zearalenone) 

in different kinds of food or ingredients intended for human consumption (Extracted from 

commission regulation (EC) No 1881/2006: http://goo.gl/XRMgUr). 

Mycotoxin  

Foods 

Maximum permissible levels (MPL’s) 

(µg/kg)  

Zearalenone  

Unprocessed cerealsa 

Maize before consumption/processing 

Maize direct consumption/processing 

Bakery productsa 

Cereal products for infants and young children 

 

100 

350 

100 

50 

20 

Aflatoxins (sum of B1, B2, G1 and G2) 

Nutsb 
before consumption/processing 

Nutsc direct consumption/processing 

Dried fruits before consumption/processing 

Dried fruits direct consumption/processing 

Cereals and derived products 

Maize and rice 

Spicesd 

 

15 

10 

10 

4 

4 

10 

10 

a 
Other then maize or maize-based products 
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b 
Groundnuts (peanuts), oilseeds, hazelnuts, brazil nuts, almonds, pistachio and apricot kernels before 

human consumption or use as an ingredient in foodstuffs. 

c 
The aforementioned nuts (see note 1) for direct human consumption or use as an ingredient in 

foodstuffs. 

d
 Chillies, pepper, nutmeg, ginger and turmeric. Including mixtures that contain one or more of these 

spices. 

 1.1.3. Zearalenone 

Zearalenone (ZEN, Figure 1.2) is a non-steroidal secondary metabolite of several 

Fusarium species (spp.) like Fusarium graminearum. [2, 4] ZEN regulates the 

perithecium formation whereupon it is a part of the sexual reproductive control 

mechanism. [5] Perithecia are filled with asci containing the ascospores for 

procreation of the fungi. The design of the perithecium makes it possible to powerfully 

expulse the ascospores in the air. [6] The Fusarium spp. infect cereals in the field. 

Therefore zearalenone is commonly found in a number of grain products like corn, 

wheat, oats, rice and their processed equivalents because ZEN is thermally stable. 

Although it is mainly produced in moist cool field conditions, poor storage conditions 

as can also lead to high zearalenone levels.  [4, 7, 8]  

 

Figure 1.2: Chemical structure of zearalenone (ZEN, MW ~318 Da), a mycotoxin with 

estrogenic characteristics. ZEN is a non-steroidal macrocyclic ß-resorcylic acid lactone 

(6-[10-hydroxy-6-oxo-trans-1-undecenyl]-β-resorcyclic acid lactone).  

(source: www.chemicalize.org)  

This toxin resembles 17β-estradiol, the most potent form of mammalian estrogenic 

steroids. Both molecules interact with the female reproductive system throughout the 

oestrogen receptor. [9] As a result, ZEN can cause hyperestrogenism and in higher 

concentrations, it can even lead to disrupted conception, abortion and other 

reproductive problems as found in swine, cattle and sheep. [3] Relating to the 
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carcinogenicity of zearalenone, there is limited evidence in experimental animals. 

More studies with reference to humans are necessarily to confirm mutagenic or 

carcinogenic characteristics of ZEN. 

The Joint FAO/WHO Expert Committee on Food Additives (JECFA) evaluated the 

safety of ZEN in June 2000. The committee established a temporary tolerable daily 

intake (TDI) for humans of 0.2 µg/kg of body weight per day. They evaluated the 

doses that had no hormonal effect in the most sensitive animal species (i.e. pigs) and 

implicated a safety margin. Based on current knowledge, the estimated daily intake of 

an average European citizen is 10 times less in comparison to the TDI. [10]  

As ZEN is a mildly toxic compound with estrogenic characteristics, it is better 

classified as a mycoestrogen than a mycotoxin.  [3]   

 1.1.4. Aflatoxins 

Aflatoxin B1, B2, G1 and G2 are the most common difuranocoumarin derivatives 

produced by many strains of Aspergillus spp. like Aspergillus flavus, A. nomius and A. 

parasiticus. [2, 3] Their name is derived from A. flavus, the first mycotoxin-producing 

fungus that was discovered in the 1960’s. [11] The suffix is based on their fluorescent 

colour under UV light, B(lue) and G(reen) in particular, and their relative migration 

rate during thin-layer chromatography. Aflatoxins B2 and G2 are dihydro-derivatives 

of B1 and G1 as illustrated in Figure 1.1. 

Cereals, figs, oilseeds, nuts and tobacco are often contaminated with the aflatoxin 

producing moulds. Contamination of feed has been linked to increased death in 

animals. Another health concern involves indirect sources of aflatoxins, like milk 

products or human breast milk. Aflatoxin M1 and M2 are metabolites of aflatoxin B1 

and B2, produced in the liver of animals by hydroxylation and they can be secreted in 

milk. [3, 12, 13] The aflatoxins are heat-stable and can resist temperatures of greater 

than 100 degrees Celsius. [2] 

These fungal molecules are associated with toxicity and carcinogenicity in human 

and animal populations. Aflatoxin B1 is the most potent compound and is classified 

by the International Agency for Research on Cancer (IARC) in Group 1B, which 

indicates carcinogenicity in humans. Aflatoxins B1 is followed by G1, B2, and G2 in 

decreasing order of potency. [3, 12, 13]  
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The diseases caused by aflatoxins are more particularly called aflatoxicosis. High, 

acute doses can lead to death, while chronic ingestion causes cancer and immune 

suppression. Many studies have examined their toxicity profile. Aflatoxins can be 

converted into an 8,9-epoxide by cytochrome P450 enzymes (as illustrated in Figure 

1.1.). The toxin becomes highly reactive and capable of binding to both DNA and 

proteins, forming adducts which interfere with the functionality of important cell 

molecules. Cytochrome P450 enzymes are most abundant in the liver, therefore 

dietary exposure to aflatoxins is considered an important risk factor for the 

development of hepatocellular carcinoma.  

 

 

Figure 1.1: Illustration of the four major aflatoxins found in food and feeds (MW ~320 Da). 

Aflatoxins B1 and B2 have difurocoumarocyclopentenone structures, whereas aflatoxins 

G1 and G2 have difurocoumarolactone structures. B2 and G2 are dihydro-derivates of B1 

and G1 respectively, as indicated by the arrow. Aflatoxins are carcinogenetic due to 

conversion into a reactive 8,9-epoxide, as illustrated for aflatoxin B1, the most potent of 

these four mycotoxins. (source: www.chemicalize.org) 
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In developing countries, people lack money to buy safe and quality controlled food. It 

is not easy to monitor levels of aflatoxins and protect these citizens from major 

mycotoxin consumption. This may partially suggest why liver cancer incidence rates 

are 2 to 10 times higher in these countries. [3]  

1.2. ANTIBODY METHODS AND TECHNIQUES FOR MYCOTOXIN 

DETECTION 

 1.2.1. Antibodies 

1.2.1.1. Immunoglobulin G, scFv- and Fab fragments 

An antibody is a globular protein that can specifically interact with a target molecule, 

called an antigen. Producing antibodies is the first response of the body’s adaptive 

immune system against intruders of the body. The most common type of full-structure 

antibody is called immunoglobulin G (IgG, Figure 1.3). An antibody is produced by 

the B-cell of the immune system and is composed of 2 identical heavy and light 

chains which are held together by disulphide bonds. The light chain can either be a 

kappa (ĸ)- or lambda (λ)-chain and exists of one variable and one constant region. 

The heavy chain of an immunoglobulin also has one variable part but three constant 

regions. In the same way, the heavy chain can be classified as a mu (μ)-, delta (δ)-, 

alpha (α)-, epsilon (ε)- or gamma (γ)-chain and determines the different types of 

immunoglobulins produced: IgM, IgD, IgA, IgE and IgG, respectively. [14] During the 

B-cell maturation in the bone marrow, gene arrangements take place to form both 

variable parts, creating a unique and specific antigen binding site. The location on the 

antigen where the antibody binds, is called an epitope. 

ScFv- or Fab-fragments are recombinant antibody derivatives. An antibody can be 

digested into an Fc portion and two antigen binding Fab portions. Fab-fragments 

consist of one variable and one constant part of both heavy and light chain 

connected by a disulphide bond, as illustrated in Figure 1.3. It has the binding 

capacities of the original IgG without all the immunogenic reactions (activating 

phagocytes, the complement system and other immune responses) caused by the Fc 

domain.  
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Figure 1.3: Representation of 3 different antibody formats. The first is a standard image of 

an immunoglobulin (IgG, MW ~150kDa) comprised of a heavy chain (red, H) and a light 

chain (green, L). Both chains have a constant region (dark colour, C) and a variable region 

(light colour, V). The mutability of the variable region makes every antibody specific for a 

certain antigen. An scFv contains the light and heavy variable region of an antibody, 

connected by an amino acid linker. A Fab-fragment contains one antigen recognizing part 

of an antibody, existing of both a heavy and light chain constant and variable region 

connected by a disulphide bond. 

 

ScFv stands for single-chain variable fragment and is one of the smallest units 

capable of binding an antigen. It consists only of the two variable regions, joined 

together as one domain by a flexible peptide linker. The connection is made from the 

carboxy-terminus of one to the amino-terminus of the other chain. The minimized 

format has several advantages in clinical, diagnostic and research applications due to 

its small size and reduced immunogenicity. [15] 
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 1.2.2. Production of polyclonal antibodies 

Polyclonal antibodies are a product of the natural immune response. An animal can 

be immunized with the desired antigen and different B-cells will be activated resulting 

in a pool of specific and non-specific antibodies. Therefore polyclonal antibodies are 

a heterogeneous, multispecific mixture. They bind the same antigen except on 

different epitopes with diverse specificities and affinities.  

Murine or leporine species are the preferred hosts for immunization and proteins or 

other large molecules are generally capable of inducing a good immune response. 

On the other hand, if the antigen is too small, like zearalenone or aflatoxins (<5 kDa, 

i.e. hapten), it needs to be conjugated to a carrier protein. Bovine serum albumin 

(BSA), ovalbumin (OVA) and keyhole limpet hemocyanin (KLH) are commonly used 

for this purpose. In addition, non-specific immune stimulants are added to boost the 

immune system. Freund’s complete or incomplete adjuvants are well-know examples. 

Polyclonal antibodies can be produced cheaply and rather quickly with a low level of 

expertise. However, it is very difficult to reproduce the binding capacities because 

every immunization will result in antibodies of all kinds, with different affinities.  [2, 14]  

As consistency and reproducibility are important aspects in medical and research 

applications, monoclonal and recombinant antibodies techniques were developed. 

These antibodies have a specific and defined affinity for the desired antigen. 

 1.2.3. Production of monoclonal antibodies 

Unlike polyclonal antibodies, monoclonal antibodies will only bind to one epitope of 

an antigen. They are produced by harvesting B-cells of an animal’s spleen after 

immunization. These cells are combined with myeloma cells (tumour B-cells), 

resulting in an immortal hybridoma cell line that produces a homogeneous, specific 

antibody population. [14] A selective medium and screening by ELISA against the 

desired antigen (section 1.2.5) are applied in order to find the right antibody-

producing hybridoma with the best affinity. [2] 

 1.2.4. Production of recombinant antibodies 

As mentioned in paragraph 1.2.1, recombinant techniques have made it possible to 

create different antibody formats with the same specificity as monoclonal antibodies 

but with improved characteristics.  
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A recombinant antibody library can be derived from different sources and can be 

produced with or without immunization or have (semi-) synthetic DNA sequences.  

Previous to work completed in this thesis, single-chain variable antibody fragments 

(scFv) against zearalenone and aflatoxin B2 were developed by generating an 

immune library. To create the required library, a host is immunized with the desired 

antigen or conjugate. B-cell-derived RNA is isolated from the animal’s lymphoid 

organs (i.e. spleen or bone marrow) after boosting the immune system. The 

harvested RNA is converted into cDNA by polymerase chain reaction (PCR) with 

reversed transcriptase. Whereupon all coding regions for the variable heavy and light 

chains (both ĸ and λ) are isolated and ligated by PCR. The template for scFv-

fragments, where variable regions of the heavy and the light chain are connected by 

a linker of circa 15 amino acids, is created. The linker is rich in glycine, serine and 

threonine. Further, the merged DNA is inserted in a phagemid vector (e.g. 

pComb3XSS) to select the genetic information for the scFv with the greatest antigen 

affinity, through phage display and subsequent biopanning.  

A filamentous bacteriophage can infect bacteria and use their protein machinery to 

reproduce. The phagemid vector contains all the necessarily genes to express the 

phage plus the recombinant scFv-gene. The scFv-coding region is ligated next to 

genetic information of a phage coat protein (i.e. pIII). Between the scFv– and pIII 

gene, a DNA sequence to stop the translation is present. This way the scFv can be 

expressed independently or ligated to the surface protein, depending on the strain of 

bacteria used. 

When the phagemid is introduced in a suppressor strain of bacteria (e.g. XL-1 blue E. 

coli), the stop codon will be ignored by the bacteria and the phagemid will be fully 

translated into proteins. The scFv-fragment is genetically and therefore physically 

linked to the pIII coat protein of the filamentous phage (Figure 1.4). In summary, the 

phagemids will be replicated and translated by the bacteria resulting in a pool of 

filamentous phage each with a unique scFv-fragment bound to their surface (i.e. 

phage display). 

The scFv-particles at the phage surfaces can be screened against a desired antigen 

(i.e. biopanning). While panning, the phage are incubated with the immobilized 

antigen. After stringent washing steps only the clones with high affinity will remain 
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bound. These phage will subsequently contain vectors coding for scFv-fragments 

with high affinity for the antigen.  

 

Figure 1.4: From left to right: conjugated antigen bound by a recombinant antibody 

fragment (i.e. single-chain variable fragment (scFv)) ligated to a coat protein (i.e. pIII) at 

the surface of a filamentous phage. This phage contains the phagemide vector (e.g. 

pComb3XSS) enriched with genetic information on the scFv. As illustrated, the scFv-

fragment is genetically and therefore physically linked to the pIII coat protein of the 

filamentous phage.  

After elution, single phage colonies will be separately incubated with a non-

suppressor bacterial strain (e.g. TOP10F’ E. coli) to create a master plate.  

The plate is tested in ELISA to select the best scFv-producing clone. As the non-

suppressor strain can read the stop codon, it will only produce the scFv-fragment 

after induction. Suitable tags (e.g. 6 histidine residues or human influenza 

haemagglutinin) will be co-expressed with the scFv. The tags will facilitate the 

purification (e.g. (His)6-tag with affinity chromatography) and detection (see below) 

process. After this process of phage display and biopanning, an acceptable 

expression system for mass production of the most specific monoclonal recombinant 

antibody is created.  [2, 14, 16] 

Conversely, naïve libraries are build without immunization, by inserting all naturally 

present variable regions with polymerase chain reaction (PCR) into a vector. This 

technique generates an antibody diversity of ~1011 and the different vectors can be 

screened against the desired antigen. Last, building semi- and synthetic libraries 

relies on randomly changing the coding regions for the antibodies. [2] 

Antigen plll-protein Phage + phagemid scFv-fragment 
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 1.2.5. Enzyme-Linked ImmunoSorbent Assay (ELISA) 

An Enzyme-Linked ImmunoSorbent Assay (ELISA) is used worldwide in various 

applications to detect or quantify antibody-antigen interactions. Different ELISA 

formats can be applied. Mostly an indirect ELISA is performed first, to determine the 

optimal antibody dilution and coating concentration of the antigen. A high-molecular 

weight antigen or a conjugated antigen can be coated on a 96 well-plate, after which 

unbound sides are blocked with milk protein or BSA. When a primary and labelled 

secondary antibody are added, an antigen:antibody:antibody complex is formed, as 

illustrated for an anti-mycotoxin scFv-fragment in Figure 1.5. As the name suggests, 

an enzyme is linked to the secondary antibody. This will enable visualising by colour 

formation after adding a chromogenic substrate. Popular enzymes are horse radish 

peroxidase (HRP), alkaline phosphatase and glucose oxidase. Absorbance is 

measured and is consistent with the amount of antibody that’s bound. Ideally, this 

experiment should result in an optimised absorbance value (i.e. <1), in order to 

secure linearity in the law of Lambert-Beer: Absorbance = Concentration × Path-

length.  

 

 

 

Figure 1.5: Diagram of the principle of an indirect ELISA against a conjugated mycotoxin. 

After coating the wells with the conjugate and blocking the unbound binding sites with 5% 

(v/v) milk protein, the scFv is added. The scFv can specifically interact with the conjugated 

antigen and excess is removed by washing steps. Next a (HRP-) labelled secondary 

antibody is added that can recognise the HA-tag on the scFv. When 3,3’,5,5’-

Tetramethylbenzidine (TMB) substrate is added, blue colour will develop where the 

secondary antibody is bound. The reaction is stopped using hydrochloric acid and a 

yellow colour will develop. Absorbance is then read at 450 nm. 

Mycotoxin-conjugated antigen HA-tag 

scFv: the variable region of the light 

and heavy chain are connected by a 

linker 

Well blocked with 5% 

(m/v) milk solution 

Secondary anti-HA tag antibody 

conjugated with horseradish 

peroxidase enzyme which 

converts TMB substrate into a 

blue product 
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A disadvantage of the indirect format is the coating procedure. The antigen can be 

coated in the wrong orientation and the coating is very unspecific. Another ELISA-

format that by-passes this problem is a sandwich ELISA. Instead of coating the 

antigen on the well-surface, an antibody is coated on the well and the antigen can be 

caught. A second labelled antibody, that binds another epitope of the antigen will be 

added so that an antibody:antigen:antibody:antibody complex is formed (Figure 1.6). 

[17] This technique is very hard to use with small molecules because there are few 

epitopes, often only one. 

 

Figure 1.6: Illustration of a sandwich ELISA. The same principle of an indirect ELISA is 

applied (see above and Figure 1.5). Except, in stead of coating the antigen onto the 

surface of the well, a capture antibody is coated first. This creates the possibility to 

display the antigen very precisely. The ELISA can proceed as previously described: the 

first antibody is coated and the other binding spaces of the well are blocked with milk 

protein or BSA. An antigen, primary and secondary antibody are allowed to bind 

afterwards. Binding is visualized using a suitable substrate e.g. TMB. If the primary 

antibody is labelled, the secondary antibody is no longer necessary.  

Competitive ELISAs can be carried out to determine the binding characteristics of the 

primary antibody. In this format different concentrations of free antigen are incubated 

with the antibody, prior to adding to the coated wells. The IC50 value or concentration 

of free antigen where 50 percent of the antibody is inhibited to bind the coated 

antigen, can be calculated. The IC50 value can be used to compare the binding 

sensitivity of antibodies against a particular antigen. 

One well out of a 96-well plate, blocked with milk 

protein after coating 

Antigen:antibody:antibody complex. The antigen is 

bound by a primary antibody (e.g. scFv). A labelled 

secondary antibody binds the first antibody to make 

detection possible. (e.g. HRP-label converts TMB 

substrate into a blue product) 

Capture antibody, coated on the well 
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 1.2.6. Sodium Dodecyl Sulphate Polyacrylamide Gel Electrophoresis (SDS-

PAGE) and Immunoblotting (i.e. Western Blotting) 

Sodium Dodecyl Sulfate Polyacrylamide Gel Electrophoresis (SDS-PAGE) can be 

used to separate denatured proteins according to molecular weight. The proteins in 

the gel can subsequently be stained  for visualisation and compared to a standard 

protein ladder, with different molecular weights markers (in kiloDalton).  

Before loading into the wells of the gel, samples are mixed with reducing loading 

buffer and heated as a means to denature the proteins. Sodium Dodecyl Sulfate 

(SDS) is an anionic detergent, present in loading buffer, gel and electrophoresis 

buffer. This molecule has hydrophobic and hydrophilic characteristics and a negative 

charge. Due to these features, SDS will keep a denatured protein stabilised and will 

apply a negative charge proportional to the mass. This pre-treatment ensures that 

when an electrical current is applied denatured proteins will be separated solely on 

mass and not inherent charge or dimensional structure. 

Western blotting or immunoblotting is used to specifically visualize proteins of interest 

with the help of labelled antibodies. The Western Blotting technique can be used in 

different formats, as in confirming the presence of a recombinant primary antibody, 

illustrated in Figure 1.7.  

A standard protein ladder, marking different molecular weights (in kiloDalton), is ran 

simultaneously at the side of the gel. Following electrophoresis, the nitrocellulose 

membrane is blocked and probed with a specific primary antibody. As a result, an 

antibody:antigen complex is formed with the desired protein. A secondary antibody 

labelled with an enzyme, a fluorophore or an isotope, is added for visualization. 

Regardless of the labelling-method, the signal will be proportional to the amount of 

antigen present in the sample.  Horseradish peroxidase enzyme (HRP) is a 

commonly used enzyme label. As described previously with ELISA formats, HRP can 

reduce 3,3’,5,5’-Tetramethylbenzidine (TMB) substrate to produce a blue-coloured 

product (Figure 1.7) or HRP can alternatively produce light while converting luminol. 

An emitted light signal can be detected by several imaging techniques. As can 

fluorescent light when using for example a CyDye™-tag. [18] 
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Figure 1.7: Diagram of a Western Blot, used to visualize the expressed scFv. The sample 

proteins and the standard protein ladder (left) were transferred from an SDS-PAGE gel to a 

nitrocellulose membrane. A secondary antibody is added after, which binds the HA-tag of the 

scFv and converts 3,3’,5,5’-Tetramethylbenzidine (TMB) substrate into a blue product. This way 

the purification process of the scFv can be visualised.  

 1.2.7. The Biacore™ system  

The Biacore™ device makes it possible to monitor and quantify biomolecular 

interactions in real time without any need for labels. Interacting partners can be 

rapidly tested without any modifications and in small concentrations. The specificity, 

kinetics and affinity of an interaction between two molecules or the concentrations of 

an analyte can also be investigated for research applications. This system is 

therefore implemented in different scientific domains, mostly therapeutics and 

diagnostics. 

The principle of the Biacore™ is based on the optical event of surface plasmon 

resonance. Polarized light is directed to the chip surface through a prism. At a certain 

angle of incidence, the phenomenon of total internal reflectance can emerge in the 

chip. When the light energy travels across the gold in the chip, it will interact with the 

electron clouds of the metal atoms (i.e. plasmons). The plasmons will start to 

resonate, causing a loss in energy and a subsequent decrease in intensity of light in 

the reflected beam (Figure 1.8). 

scFv: the variable region of the heavy and light chain 

are connected by a linker 

HA-tag 

Secondary anti-HA tag antibody conjugated with 

horseradish peroxidase enzyme which converts TMB 

substrate into a blue product 

 

Nitrocellulose membrane with transferred proteins and 

blocked with a 5% (w/v) milk Marvel™ solution 
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Figure 1.8: (a) Representation of the principle of a Biacore™ system which involves 

surface plasmon resonance. Polarized light goes trough the prism and reflects on the 

surface of the chip. At a certain angle, the light energy excites the plasmons and they will 

start to resonate. A decrease in light intensity can be detected by the Biacore™ detector. A 

change in mass on the chip surface when the scFv (1) and antigen (2) bind, will change the 

resonance of the plasmons and the refractive index. The Biacore™ system can translate 

the change of refractive angle into response units. (b) Representation of a typical 

sensorgram. 

 A ligand is bound to the chip (see below) and when the analyte binds this molecule, 

there is a mass change on the chip surface. The refractive index will consequentially 

change, causing an alteration of resonance angle that will be detected and translated 

into response units by the Biacore™. A sensorgram is produced by plotting the 

response units against time in minutes or seconds and the response will be directly 

related to the amount of molecules on the sensor chip. This way, formation and 

dissociation of the analyte:ligand complex can be evaluated in real time. 

At the thin film of gold on a glass plate in the chip, a matrix of carboxymethylated 

dextran is covalently bound. These carboxyl groups can be activated to allow amine 

(a) 

(b) 
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linking of a ligand. Within the chip (i.e. CM5 chip) are 4 microfluidic channels. They 

can be parallel or serial flow cells, which makes it possible to have an internal 

reference and to perform combined experiments. [14, 19] 

For the purpose of this research, the binding between an scFv-fragment and its 

antigen was analyzed indirectly. A capture antibody that catches the scFv was 

covalently bound on a CM5 chip surface during an immobilization procedure and the 

antigen passed over (Figure 1.8) this surface in the flow channel.  

 

 

  



17 
 

2. OBJECTIVES 

Zearalenone is a mycotoxin produced by fungi like Fusarium spp. and is abundant in 

food and feeds. It has estrogenic characteristics which causes reproductive problems 

in cattle and pigs. Aflatoxins B1, B2, G1 and G2 are produced by Aspergillus spp. 

and are mutagenic plus carcinogenic in humans. Extreme caution is needed for both 

mycotoxins, therefore authorities have set maximum permissible levels in food. 

Accurate and sensitive detection is essential to control their presence in food and 

feeds. Recombinant antibody formats are frequently used in diagnostic applications. 

Single-chain variable fragments (scFv) against zearalenone and aflatoxin B2 have 

previously been generated by recombinant means. 

The first aim of this thesis is to express the anti-zearalenone single-chain variable 

fragment (α-ZEN-scFv) in E. coli. A general protocol is utilized and different 

parameters (e.g. expression medium, induction time) will be optimised in order to get 

a high and pure yield of protein.  

Subsequently, the expressed α-ZEN-scFv needs to be extracted from the bacterial 

cells and purified by immobilized metal affinity chromatography (IMAC). These 

processes are vital for obtaining purified antibody and require vigorous optimisation. 

Sodium Dodecyl Sulphate Polyacrylamide Gel Electrophoresis (SDS-PAGE) and 

Western Blotting will be used to visualize samples taken during the protein 

expression and purification process.  

In the second part of this thesis, the expressed α-ZEN-scFv and a second scFv-

fragment against aflatoxin B2 will be characterized by Enzyme-Linked Immunosorbent 

Assays (ELISAs) and the Biacore™ system. Binding characteristics and kinetics of 

both scFv-fragments will be determined in order to apply both recombinant antibody 

fragments in diagnostic applications for mycotoxins. 

  



18 
 

3. MATERIALS AND METHODS 

3.1. MATERIALS 

Both SB and TB medium are used for expression supplemented with 50.0 µg/mL 

carbenicillin. The composition is represented in Table 3.1. 

Table 3.1: Composition of media used for the expression of the anti-zearalenone scFv-

fragment. 

Solution Composition Amounts 

Super Broth (SB) medium Tryptone 

Yeast extract 

MOPS 

dH2O, pH 7.00 

30.0 g 

20.0 g 

10.0 g 

1.00 L 

Terrific Broth (TB) medium Tryptone 

Yeast extract 

Glycerol 

dH2O 

 

KH2PO4 monobasic  

K2HPO4 dibasic 

dH2O 

 

100X 505 solution: 

 100% (v/v) Glycerol 

 10.0% (w/v) glucose 

1.00 mM MgSO4 

12.0 g  

24.0 g  

4.00 mL  

895 mL 

 

2.31 g  

12.54 g  

100 mL 

 

10.0 mL 

10.0 mL 

1.00 g 

1.00 mL 

 

Bacteria were grown up and induced with IPTG to produce the scFv-fragment. The 

bacterial E. coli strain that is used for this thesis is represented in Table 3.2. 

Table 3.2: Bacterial strain used for expression of the anti-zearalenone scFv-fragment. 

Bacterial strain Source Genotype 

E. coli TOP10F’ Invitrogen F’ {lacIqTn10(TetR)} mcrA Δ(mrr-hsdRMS-mcrBC)  

Φ80lacZΔM15 ΔlacX74 recA1 araD139 Δ(ara-

leu)7697 galU galK rpsL (StrR) endA1 nupG 
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Different buffers were used for purification and characterization of the scFv-fragments. 

Their compositions are listed in Table 3.3. Stock solutions of 10X were diluted 1in10 

before use. 

Table 3.3: Composition of buffers used for purification and characterisation of the anti-

zearalenone and anti-aflatoxin B2 scFv-fragment. 

Solution Composition Amounts 

10X PBS 1.50  M NaCl  

25.0 mM KCl  

100 mM Na2HPO4  

180 mM KH2PO4  

dH2O 

80.0 g 

2.00 g 

14.4 g 

2.40 g 

1.00 L 

10X PBS-T 0.5% (v/v) Tween® 20 

PBS 

5.00 mL 

1.00 L 

Elution buffer 50.0 mM NaH2PO4  

300 mM NaCl  

250 mM imidazole  

dH2O, pH 7.50 

2.99 g  

8.76 g 

8.51 g 

500 mL 

HEPES Buffered Saline with EDTA 

and Polysorbate added (HBS-EP+) 

10.0 mM HEPES 

150 mM NaCl 

3.00 mM EDTA 

0.05% (v/v) Tween®20 

distilled and deionized water 

(18.2 mΩ), pH 7.40 

2.38 g 

8.77 g 

1.27 g 

0.500 mL 

1.00 L 

Loading buffer = lysis buffer 50.0 mM NaH2PO4  

300 mM NaCl  

10.0 mM imidazole  

dH2O, pH 8.00 

2.99 g 

8.76 g  

0.340 g 

500 mL 

PBS + NaN3 0.02% (w/v) NaN3 (20.0 µL of a 20% solution) 

20.0 mL PBS 

Transfer buffer Glycine  

Tris Base  

80% (v/v) PBS  

20% (v/v) Methanol  

14.4 g 

3.00 g 

800 mL 

200 mL 
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Solution (cont.) Composition (cont.) Amounts (cont.) 

Wash buffer  0.1% (v/v) Tween® 20 

300 mM NaCl  

Imidazole  

PBS, pH 7.5 

0.500 mL 

8.76 g 

Various  

500 mL 

 

All chemical substances are purchased from Sigma-Aldrich (Spruce Street, St Louis 

M063103, U.S.A.) unless otherwise stated in table 3.5. 

Table 3.5: Chemicals from different manufacturers than Sigma-aldrich. 

Product Manufacturer 

30% Acrylamide 

2% Bis-acrylamide 

National Diagnostics, 

Yorkshire, England 

Marvel™, dried skimmed milk Chivers Ireland LTD 

Coolock, Dublin 5 

Nickel-NTA resin 

InstantBlue Staining Solution 

Expedeon,  

Cambridgeshire, UK 

Page Ruler™ Prestained protein ladder Fermentas, 

York, UK 

SodiumChloride (NaCl) Fisher Chemical, 

Loughborough, UK 

Sureblue (TMB for ELISA) KPL 

Maryland, USA 

Tryptone, MC005 

Yeast Extract Powder, MC001 

Lab M Limited,  

Bury, UK 

ZEN-BSA 

ZEN-OVA 

AFB2-OVA 

Ghent University, 

Ghent, Belgium 

 

SDS-PAGE and Western Blotting required the use of several buffers and gels. Their 

composition is documented in Table 3.4. When a concentrated solution is made (e.g. 

4X or 10X) this is diluted before usage. 
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Table 3.4: composition of buffers and gels used for SDS-PAGE and Western Blotting. 

Solution Composition Amounts 

4X Loading buffer/dye 0.500 M Tris pH 6.80 

Glycerol 

2-Mercaptoethanol 

20% (w/v) SDS 

Bromophenol blue 

dH2O 

2.50 mL 

2.00 mL 

0.500 mL 

2.50 mL 

20.0 ppm 

2.50 mL 

10X Electrophoresis Buffer 0.500 M Tris pH 8.30  

1.96 M Glycine  

1% (w/v) SDS  

dH2O 

30.0 g 

144 g 

10.0 g 

1.00 L 

4.5% stacking  

polyacrylamide gel (5mL) 

1.00 M TrisHCl pH 6.80 

30% (w/v) Acrylagel 

2% (w/v) Bis-Acrylagel 

Water deionized  

10% (w/v) SDS  

10% (w/v) APS 

TEMED 

600 µL 

750 µL 

300 µL 

3.48 mL 

48.0 µL 

48.0 µL 

5.00 µL 

12.5% separation polyacryl-

amide gel (12mL) 

1M TrisHCl pH 8.80 

30% (w/v) Acrylagel 

2% (w/v) Bis-Acrylagel 

Water deionized 

10% (w/v) SDS 

10% (w/v) APS 

TEMED 

3.00 mL 

5.00 mL 

2.00 mL 

1.87 mL 

60.0 µL 

60.0 µL 

12.0 µL 

Equipment used for completing the experiments stated in the section methods is 

listed in Table 3.6. 

Table 3.6: Manufacturers of equipment used for completing the experiments stated below. 

Name Manufacturer 

20 mL Column Bio-Rad Laboratories, Inc., 

California, USA 
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Name (cont.) Manufacturer (cont.) 

6mL concentrator, vivaspin 6 

Product No: VS0601 

Sartorius Stedim Biotech (AG), 

Goettingen, Germany 

Biacore™ GE Healthcare Life Sciences, 

Buckinghamshire, UK 

Blotting nitrocellulose membrane 

WhatmanTM 

GE Healthcare Life Sciences, 

Buckinghamshire, UK 

Centrifuge 5810 R Eppendorf UK Limited, 

Stevenage, UK 

Filters 0.45 µm Sarstedt, 

Wexford, Ireland 

Incubator Memmert, Schwabach, Germany 

Micropipette Eppendorf UK Limited, 

Stevenage, UK  

Mini-PROTEAN® Tetra System 

PowerPacTM Basic 

Bio-Rad Laboratories, Inc., 

California, USA 

Nanodrop ND-1000 

Spectrophotometer 

Nanodrop technologies, Inc., 

Wilmington, USA 

pH electrode: Orion 8157BNUMD 

pH Benchtop: Orion 3STAR 

Medical Supply Company Ltd., 

Dublin, Ireland 

Safire II plate reader Tecan Group Ltd., 

Mannedorf, Switzerland 

Scale <1g JK-180 

 

Scale >1g PJ300 

Chyo, ISSCO,  

Sidney, Australia 

Mettler Toledo 

Dublin 8, Ireland 

Shaker incubator (Excella E25) New Brunswick Scientific, Eppendorf 

Stevenage, UK 

Spectrophotometer,  

UV-160A 

Shimadzu Europa GmbH., 

Duisburg, Germany 

Trans-Blot® Semi-Dry Transfer Cell Bio-Rad Laboratories, Inc., 

California, USA 
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Name (cont.) Manufacturer (cont.) 

Vibra Cell™ Sonicator Sonics and Materials Inc., 

Newton C, USA 

Waterbath Y6-model Grant instruments (Cambridge) Ltd,  

Herts, UK 

3.2. METHODS 

 3.2.1. Expression of the anti-zearalenone scFv-fragment  

A Super Broth (SB) medium was made up by adding 30 g of tryptone, 20 g of yeast 

extract and 10 g of 3-(N-Morpholino)PropaneSulfonic acid (MOPS) to 1 L of 

deionised water. After adjusting to pH 7 with the help of 1 M HCl or 1 M NaOH and a 

pH meter, the medium was autoclaved and allowed to cool down to room 

temperature.  

Subsequently 10 mL of SB medium containing 50 µg/mL carbenicillin was inoculated 

with Escherichia coli containing the expression vector, by using a sterile micropipette-

tip to scrape bacterial cells off a frozen stock. The bacterial cells were grown 

overnight at 37°C and 220 rpm in a shaker incubator.  

The next day a subculture was prepared by inoculating 2 conical flasks containing 

200 mL of fresh SB medium and 50 µg/mL carbenicillin with 1 mL of the overnight 

culture. The bacteria were allowed to grow at 37°C and 220 rpm until the optical 

density at 600 nm reached approximately 0.6 because at this point, the bacterial 

growth enters the exponential phase.  

Thereafter 1 mM isopropyl β-D-1-thiogalactopyranoside (IPTG) was added to induce 

the expression of the desired protein by activating transcription of the vector. 

Overnight (16-18 hours) at 30°C, the bacteria were permitted to replicate and 

express the scFv-fragment. 

 3.2.2. Optimisation of expression protocol for the anti-zearalenone scFv-

fragment 

For larger scale expression, an approximately 1 L culture of SB medium was used. 

Due to low protein yields, some changes were made to optimise the growing 

conditions. 
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In a second approach, SB medium was replaced by Terrific Broth medium (TB) that’s 

richer in nutrients. In addition, a 4 hour induction was tested instead of overnight 

expression to minimize the production of E. coli interacting proteins.  

TB was made up by dissolving 12 g of Tryptone, 24 g Yeast extract and 4 mL 

Glycerol in 900 mL distilled H2O. To 100 mL of distilled water, 2.31 g monobasic 

KH2PO4 and 12.54 g dibasic K2HPO4 was added. Both solutions were autoclaved 

separately. After cooling down to 60°C, they were mixed and additionally, the 

medium was supplemented with 10 mL of 100X 505 solution, 1 mL of 1 M MgSO4 

and 50 µg/mL of carbenicillin. 

Further, SB medium was supplemented with 10 g/L of glucose. 

 3.2.3. Immobilised Metal Ion Affinity Chromatography (IMAC): purification 

of the lysate containing the anti-zearalenone scFv-fragment 

In a 250 mL tube, the subculture was centrifuged the following day at 4000 rpm for 

40 min at 4°C to spin the bacterial cells down. The supernatant was discarded. From 

this moment onward solutions were kept on ice, to prevent the breakdown of the 

scFv-protein.  

For the purpose of extracting the scFv-fragment  from the cells, the bacterial pellets 

were re-suspended in 10 mL of refrigerated lysis buffer [50 mM NaH2PO4, 300 mM 

NaCl, 10 mM imidazole, pH7.5] and the solution was sonicated for 2.5 min with 6 sec 

pulses at amplitude 60%. The sonication procedure was optimised to 3 min at 60% 

amplitude with 10 sec on and 10 sec off, with a cooling period on ice every minute. 

Cell debris was removed by centrifugation (Eppendorf 5810 R) in a Sorvall tube at 

12000 rpm for 40 min at 4°C. As a result, lysate supernatant could be collected into a 

fresh tube. To remove remaining particles that could interfere with the purification 

column, the solution was passed twice over a 0.45 µm filter.  

The following procedures were carried out in the cold room by 4 °C to avoid 

degradation of the scFv-fragment. A 25 mL Bio-Rad® column was packed with 2 mL 

of a Nickel-NitriloTriacetic Acid (Ni-NTA) resin. Next the gravity column was prepared 

by adding 10 mL of loading buffer [50 mM NaH2PO4, 300 mM NaCl, 10 mM imidazole, 

pH8.0]. Without letting it run dry, the lysate was added to the column for the first flow-

through. This step was repeated twice and as a result the lysate was 3 times in 
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contact with the resin. To remove unwanted protein, the column was washed twice 

with 5 mL of wash buffer [0.1% (v/v) Tween®20, 0.5 M NaCl, 30 mM imidazole, PBS, 

pH 7.5]. The bound scFv-fragment was eluted from the nickel ions using 6 mL of 

elution buffer [50 mM NaH2PO4, 300 mM NaCl, 250 mM imidazole, dH2O, pH 7.5]. 

Washing buffers were optimised by using higher concentrations of imidazole (i.e. 40 

and 50 mM). 

 3.2.4. Concentration and buffer exchange of the eluted α-ZEN-scFv 

The eluted mixture was concentrated from 6 to 1 mL using a Vivaspin column (MW 

cut-off: 10 kDa) by centrifugation at 4000 rpm and 4°C. At the same time, the buffer 

was exchanged for PBS containing 0.2 g/L sodium azide for stabilizing the protein. 

The amount of protein was estimated afterwards by the use of the NanoDrop 

spectrophotometer and aliquots of 100 µL were made and stored at -20 °C for further 

use.  

 3.2.5. Sodium Dodecyl Sulphate Polyacrylamide Gel Electrophoresis (SDS-

PAGE) and Western Blotting 

At different levels of the experiment, 40 µL samples were taken to examine the 

purification process; an overview is given in Table 3.7. They were prepared by 

dilution with 4X loading dye [0.5 M Tris pH 6.8, Glycerol, 2-mercaptoethanol, 20% 

(w/v) SDS, Bromophenol blue] and by boiling for 5 min at 95 °C.  

Table 3.7: Samples (and abbreviations) taken during the purification process for 

examination. 

Abbreviation Experimental phase 

UNF Unfiltered lysate 

FIL After filtering the lysate twice (0.45 µm filter) 

FT1 First flow through (10 mL of lysate) 

FT2 Second flow through 

FT3 Third flow through 

W1 First washing step 

W2 Second washing step 

E Eluted solution 

C Concentration process 
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Two gels were made up in Bio-Rad® plates and placed in a Bio-Rad® chamber filled 

with electrophoresis buffer [0.05 M Tris pH 8.3, 0.196 M Glycine, 0.1% (w/v) SDS].  

8 µL of the prepared samples was loaded into stacking gel wells and the protein 

migrated through the stacking and separation gels (Table 3.4) because of the applied 

voltage (130-140V). During SDS-PAGE, denatured proteins in the sample are getting 

separated according to molecular weight and a standard protein ladder (STD) was 

added for comparison (section 1.2.6). 

Afterwards, one of the gels was stained with InstantBlue™ staining dye, the other 

was used for Western Blot analysis. 

The electrophoresed proteins were transferred from the gel to a nitrocellulose 

membrane on a Bio-Rad® electrophoretic transfer apparatus at 15V for 21 minutes.  

Further, the membrane was incubated with a 5% Marvel™ solution on the shaker for 

1h at room temperature. After washing the membrane 3 times with PBS and 3 times 

with PBS-T, a secondary antibody was added to the membrane in a 1:2,000 dilution 

in a 1% (w/v) Marvel™ solution. Subsequently it was allowed to incubate for another 

hour on the shaker at room temperature. This monoclonal rat antibody binds the 

human influenza hemagglutinin tag (HA-tag) of the scFv and since it’s labelled with 

horseradish peroxidase (HRP), a blue colour will develop after adding TMB (3,3’,5,5’-

Tetramethylbenzidine). 

 3.2.6. Characterisation of the anti-zearalenone scFv-fragment 

3.2.6.1. Safety requirements for handling mycotoxins 

As the introduction made clear, mycotoxins are harmful substances. When ZEN, 

ZEN-conjugate, AFB2 or AFB2-conjugate were handled, stringent safety precautions 

were taken. Every experiment was carried out in a toxin fume hood. In addition to the 

good laboratory practice of wearing a lab coat and goggles, two pairs of gloves were 

worn. Every piece of equipment that was used inside of the fume hood was bleached 

with 12% (v/v) hypochlorite and thoroughly cleaned after use. Every micropipette-tip 

or tube used was soaked in bleach before being safely discarded of in the biohazard 

bin.   
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3.2.6.2. Indirect enzyme-linked immunosorbent assay (ELISA) 

For an indirect ELISA, a 96 well Nunc™ plate was coated in triplicate with 100 µL of 

varying concentrations of a ZEN-BSA or ZEN-OVA conjugate. The conjugates were 

kindly provided by Ghent University, laboratory of Bromatology. Different coating 

concentrations were tested ranging from 1-50 µg/mL. As a negative control, 2% (w/v) 

Bovine Serum Albumine (BSA) or Ovalbumine (OVA) were accordingly used to cover 

the wells. The plate was allowed to coat for 1h at 37ºC in the incubator.  

After washing the plate 3 times with PBS, 200 µL of 4% (w/v) Marvel™ in PBS was 

added and the plate was incubated again for 1h at 37ºC to block the wells. The plate 

was washed 3 times with PBS-T and 3 times with PBS, followed by the addition of 

100 µL of varying concentrations of anti-ZEN scFv-fragment to each well, diluted with 

PBS-T containing 1% (w/v) Marvel™. By using a range of 1in10-1in1000 dilutions, 

the optimal working range can be determined for the future inhibition ELISA’s 

(Section 1.2.5). 

After another incubation period of 1h at 37°C, the wells were washed 3 times with 

PBS-T and PBS and coated with 100 µL of a 1in1000 dilution of HRP-labelled anti-

HA antibody in PBS-T containing 1% (w/v) Marvel™.  

Finally, 100 µL of TMB substrate per well is added in order to develop a blue colour 

where the HRP-labelled anti-HA antibody binds the scFv, indicating its presence. The 

reaction was stopped after 15 min using 50 µL/well of 10% (v/v) Hydrochloric acid 

and on account of the acidic conditions, the colour changes from blue to yellow. The 

absorbance was read at 450-650 nm on a Tecan microplate reader (Safire2). 

3.2.6.3. Optimisation of indirect ELISA 

Incubation steps were changed to 2 hours at room temperature to ensure that 

temperature did not impact on conjugates or scFv stability.  

Relatively high coating concentrations of 200-300 µg/mL of ZEN-OVA conjugate 

were applied to the plate. 
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3.2.6.4. Monoclonal ELISA 

The master plate of bacterial vectors was grown up to test the specificity of the 

different original clones against 40 µg/mL of ZEN-BSA conjugate in a monoclonal 

ELISA.  

An overnight culture was set up by plating 96 well Nunc™ plates with 150 µL of the 

SB medium supplemented with 10 g/L of glucose and 50 µg/ mL of carbenicilline and 

a scrape of each clone stock containing the required expression vector. The plates 

were incubated at 37ºC and 220 rpm in the shaker incubator.  

On the second day sub-cultures were set up by plating 96 deep well plates with 370 

µL of the complemented SB medium and 30 µL of the overnight clone. The plates 

were incubated 4 hours at 37ºC and 220 rpm for them to reach an OD600nm of 

approximately 0.6. At this point, IPTG was added to each well to give a total volume 

of 500 µL per well and a concentration of 1 mM. The plates were incubated overnight 

at 37ºC and 220 rpm in the shaker incubator. 

The following day, the deep well plates were centrifuged at 4ºC at 4000 rpm for 25 

min. The supernatant was discarded and the pellet was frozen at -80ºC for 20 min. 

Each defrosted pellet was re-suspended in 100 µL of PBS containing 1 mg/mL 

lysozyme. The samples were incubated at room temperature for 20 min. Further, they 

were placed in the freezer at -80ºC for 20 min and thawed gently in warm water. This 

freeze-thaw cycle was repeated 3 times.  

A 96 well Nunc™ plate was prepared for ELISA as described in section 3.2.6.2. The 

plate was coated with 100 µL of 40 µg/mL ZEN-BSA conjugate and blocked with 4% 

Marvel™ in PBS.  

After lysing the bacteria, the plates with the scFv producing bacterial clones were 

centrifuged at 4ºC at 4000 rpm and the supernatant was diluted 1 in 2 with 1xPBS-T 

containing 1% (m/v) milk Marvel™. This supernatant contains the scFv and 100 µL of 

the dilution was added to the blocked ELISA-plate. As previously described, TMB 

substrate was added after the HRP-labelled secondary antibody to elicit a colour 

change. Hydrochloric acid was added to stop the reaction and absorbance was read 

at 450nm. 
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3.2.6.5. Characterisation of α-ZEN-scFv by the use of surface plasmon resonance 

(Biacore™ system) 

The Biacore™ system was pre-treated with a desorb- and sanitise-clean before use. 

The first step of the procedure implies docking the CM5 chip into the Biacore™ 

machine. The molecule of interest can be immobilised on the chip (see introduction). 

In this case, the chip was previously immobilised with an anti-HA capture antibody. 

This can capture the scFv, because it is designed with an HA-tag. 

HBS-EP+ buffer [10 mM HEPES, 150 mM NaCl, 3 mM EDTA, 0.05% (v/v) 

Tween®20, pH 7.4] was degassed and filtered before using as running buffer for the 

Biacore system. A 1in50 and 1in10 dilution of α-ZEN-scFv with HBS-EP+ buffer was 

manually passed over the surface. A flow rate of 5 µL/min was selected to allow the 

α-ZEN-scFv to bind.  

Following the antibody coupling, 10, 20, 30 and 40 µg/mL of zearalenone were 

passed through the flow channel along with 40 or 80 µg/mL of both ZEN-conjugates 

were also passed over the surface. After the experiment, regeneration of the surface 

was completed using 20mM NaOH. 

 3.2.7. Characterisation of the anti-aflatoxin B2 scFv-fragment 

3.2.7.1. Indirect ELISA 

The anti-aflatoxin B2 scFv-fragment was expressed and purified previously in 

Professor O’Kennedy’s laboratory. The antibody fragment was subjected to an 

indirect ELISA with the same reaction conditions as mentioned above (paragraph 

3.2.6.2). For coating, an AFB2-OVA conjugate (kindly provided by Ghent University, 

laboratory of Bromatology) was used and the negative coating control was 2% (w/v) 

ovalbumin in PBS. 

3.2.7.2. Monoclonal ELISA 

The master plate of anti-aflatoxin B2 was also grown up and tested as stated in 

paragraph 3.2.6.2. The 1 in 2 diluted lysate was screened against 15 µg/mL of AFB2-

OVA conjugate. 
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3.2.7.3. Characterisation of α-AFB2-scFv by the use of surface plasmon resonance 

(Biacore™ system) 

The same conditions and same Biacore™ chip as in section 3.2.6.5 were used for 

characterisation of the α-AFB2-scFv. A flow of 5 µL/min was applied and a 1 in 10 

dilution of the antibody format was passed over the chip. Antigen concentrations of 

10 and 20 µg/mL free aflatoxin B2 and 15 µg/mL of AFB2-conjugate were tested for 

binding. 

 3.2.8. Characterisation of toxin conjugates 

Characterisation of the conjugates was completed to ensure their functionality. AFB2-

OVA, ZEN-BSA and ZEN-OVA were ran on a gel for this purpose and they were 

submitted to Western Blotting with the necessarily safety precautions.  

The same procedures as in section 3.2.5 were used for the SDS-PAGE and Western 

Blotting. With the exception that an extra step is introduced in order to probe the 

conjugate. The ZEN-conjugates were transferred to a nitrocellulose membrane. Milk 

protein is used to block the membrane and it is probed afterwards with the 

corresponding scFv-fragment. Next, a secondary anti-HA antibody is allowed to bind 

the scFv fragment. If TMB substrate is added, a blue colour will develop where the 

secondary antibody has bound and the ZEN-conjugate is subsequently localised. 

When performing the Biacore™ experiments for the characterisation of both α-ZEN- 

and α-AFB2-scFv (section 3.2.6.5 and section 3.2.7.3 respectively), the conjugates 

were tested for association with the scFv-fragment. The procedure is outlined in the 

corresponding paragraph. 

. 
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4. RESULTS 

4.1. EXPRESSION AND PURIFICATION OF ANTI-ZEARALENONE SINGLE-

CHAIN VARIABLE FRAGMENT 

The result of the small-scale expression (i.e. 2x200mL) and purification of the α-ZEN-

scFv is represented in Figure 4.1. The yield of protein in the concentrated sample 

was approximately 0.25 mg/mL estimated by the use of the NanoDrop. A band in the 

last lane (C) at approximately 30 kDa can be identified by western blotting as the 

scFv-fragment. 

 

Figure 4.1: (a) SDS-PAGE with samples of the small-scale expression and purification 

process. From left to right, the wells are loaded with standard ladder, unfiltered sample, 

filtered sample, flow-through 1-3, wash 1 and 2, elution and concentrated sample. The red 

box indicates the scFv-fragment at ~30 kDa. (b) Western Blot of the same samples. The 

blue bands represent the presence of the HA-tagged scFv-fragment. 

4.2. OPTIMISATION OF THE EXPRESSION AND PURIFICATION 

PROTOCOL FOR THE ANTI-ZEARALENONE SCFV-FRAGMENT 

SB medium was substituted by TB medium to improve protein yield. Whereupon high 

yields of protein (>2mg/mL) were measured by the NanoDrop spectrophotometer. 

The SDS-PAGE indicates the presence of the scFv at 30kDa however a large protein 

(a) 

(b) 
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band at 70 kDa and a lot of contaminating bands at various molecular weights can 

also be seen (Figure 4.2(a)).  

Induction time was reduced from overnight to four hours, resulting in a better yield of 

protein (i.e. 0.43 mg/mL) and a relatively clear concentrated sample of scFv at 30kDa. 

Nevertheless, the Western Blot showed degradation or possibly incomplete 

expression of the scFv when using TB medium (Figure 4.2(a,b)).  

SB medium was supplemented with 10 g/L of glucose. Approximately the same 

protein concentration (i.e. 0.46 mg/mL) was obtained as with the SB expression 

although the western blot showed a better scFv profile at 30kDa. (Figure 4.2(c)). 

 

Figure 4.2: SDS-PAGE (left) and Western Blot (right) of the concentrated scFv sample after 

expression with (a) TB medium (overnight) (b) TB medium (4h) and (c) SB medium 

supplemented with 10 g/L glucose. The standard protein ladder is represented in the first 

image with molecular weights. For the other gels, the ladder was omitted but the molecular 

weights are  correspondingly indicated. The original images can be found in appendix A.  

The sonication procedure was optimised to avoid frothing of the bacterial solution 

and heating of the scFv. When a cycle of 1 min at 60% amplitude with 10 seconds on 

and 10 seconds off was used alternating with a 1 min cooling period at ice, there was 

no frothing and heating was limited.  
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Washing buffers for the affinity chromatography were enhanced during the 

experimental process. The best washing procedure was found be a wash step with a 

concentration of 40 mM imidazole followed by a wash step with 50 mM imidazole. 

4.3. CHARACTERISATION OF ANTI-ZEARALENONE SCFV-FRAGMENT 

 4.3.1. Indirect ELISA 

After arrival of 2 new conjugates (i.e. ZEN-BSA and ZEN-OVA) from Ghent University, 

an indirect ELISA was performed with 1, 5 and 10 µg/mL ZEN-BSA conjugate coating 

and ranging antibody dilutions. There was no signal significantly higher than the 

negative control (i.e. 2% BSA). The result is illustrated in Figure 4.3. 

 

Figure 4.3: Graphical representation of an indirect ELISA with α-ZEN-scFv against ZEN-

BSA conjugate in 1, 5 and 10 µg/mL coating conditions.  

 

The second conjugate (i.e. ZEN-OVA) was tested against the same antibody with the 

equal coating conditions. There was no high response although a low signal was 

obtained for 10 µg/mL (Figure 4.4). When higher concentrations of ZEN-OVA (i.e. 20-

50 µg/mL) were tested in a similar indirect ELISA, no colour formation was obtained 

(Figure 4.5). 

 Exceptionally high concentrations of the first conjugate (i.e. 200-300 µg/mL ZEN-

OVA) were further tested and were found not to elicit a significant response. 

Incubation steps were also tested at room temperature however the response still did 

not differ significantly from the negative control. 
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Figure 4.4: Graphical representation of an indirect ELISA with α-ZEN-scFv against ZEN-

OVA conjugate in 1, 5 and 10 µg/mL coating conditions.  

 

 

Figure 4.5: Graphical representation of an indirect ELISA with α-ZEN-scFv against ZEN-

OVA conjugate in the highest ZEN-OVA coating condition (50 µg/mL). 

 4.3.2. Monoclonal ELISA 

The master plates that where constructed previous to the work completed in this 

thesis were grown up again. The lysate was tested against 40 µg/mL of ZEN-BSA in 

ELISA (Figure 4.6). 46 clones were tested. In comparison to the previously 

completed ELISAs and the absorbance values are below or around the absorbance 

values of negative controls. 
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Figure 4.6: Graphical representation of a monoclonal ELISA. The masterplate was grown 

up and tested against 40 µg/mL ZEN-BSA coating. Absorbance at 450 nm is represented 

for every clone.  

 4.3.3. Biacore™ characterisation 

Two batches of recombinant scFv-fragments were tested. One expressed with SB 

supplemented with 10 g/L glucose and one with TB and four hour expression. 

First, the anti-HA chip was successfully tested by passing over the first HA-tagged 

scFv (i.e. SB medium expressed scFv). The binding lead to ~50 response units (RU) 

for a 1 in 50 dilution and ~225 RU for a 1 in 10 dilution of the scFv solution (Figure 

4.7).  

Free zearalenone was passed over the captured scFv-fragments in concentrations 

varying from 10-40 µg/mL. There was no significant change in response units with 

these concentrations of free zearalenone. 

Both conjugates (i.e. ZEN-BSA and ZEN-OVA) in 40 and 80 µg/mL concentrations 

were allowed to bind the captured scFv without any significant change in RU. This 

indicates there was no binding observed. 

The second batch of scFv expressed over 4 hours in TB, was also tested in 1in10 

dilution (Appendix B.2). A response of ~300 RU was obtained when passing over the 

scFv-fragments. 40 µg/mL of free zearalenone could not elicit a response. 
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Figure 4.7: Biacore™ sensorgram illustrating binding of 20 µL of a 1in10 dilution of scFv 

expressed overnight with SB medium. The binding curve is nicely formed from 

approximately 300 seconds and some dissociation is noticed after 500 seconds, when the 

injection stopped. A response change of ~225 Response Units (RU) is obtained at 

equilibrium. Capturing the scFv was followed by passing over 10 µL of free zearalenone in 

a concentration of 10 µg/mL. No significant change in RU was observed.  

 

 

Figure 4.8: Biacore™ sensorgram illustrating binding of 20 µL of a 1in10 dilution of scFv 

expressed four hours with TB medium. Binding of the anti-HA tagged scFv at the chip is 

visualized from 150 seconds. At 400 seconds some of the scFv starts to dissociate but a 

response of ~300 RU is still obtained. 20 µL of free zearalenone in a concentration of 40 

µg/mL was passed over the surface without any significant change was observed at the 

sensorgram.  
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4.4. CHARACTERISATION OF ANTI-AFLATOXIN B2 SCFV 

 4.4.1. Indirect ELISA  

An indirect ELISA with 10, 20 and 30 µg/mL of AFB2-OVA coating gave inconsistent 

results. There was colour formation but it was not consistent with the dilutions of the 

scFv solution. The 1 in 100 dilution had higher absorbance values than 1 in 10 or 1 in 

50. The estimated protein concentration by NanoDrop was ~0.20 mg/mL. 

 4.4.2. Monoclonal ELISA 

The master plates that where constructed previous to the work completed in this 

thesis were grown up again. 384 clones were screened. The lysate was tested 

against 15 µg/mL of AFB2-OVA in ELISA (Figure 4.9). For some clones, high 

absorbance values (i.e. >1) were detected.  

 

Figure 4.9: Graphical representation of a monoclonal ELISA. The masterplate was grown 

up and tested against 15 µg/mL AFB2-OVA coating. Absorbance at 450 nm is represented 

for every clone.  
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 4.4.3. Biacore™ characterisation 

The anti-HA tagged α-AFB2-scFv bound very well to the chip surface in a 1 in 10 

dilution. An increase of >5500 Response Unites (RU) can be diverted from the 

sensorgram. When adding 10 µL of free aflatoxin B2 (10 and 20 µg/mL) or 10 µL of 

15 µg/mL AFB2-OVA conjugate, no increase in signal is observed by the Biacore™ 

system. This indicates that there was no binding. 

 

Figure 4.9: Sensorgram generated by the Biacore™ system. An scFv against aflatoxin B2 

was tested in a 1in10 dilution resulting in a great response of ~5500 RU. Free aflatoxin B2 

was passed over with a concentration of 10 and 20 µg/mL and AFB2-OVA conjugate with a 

concentration of 15 µg/mL. No binding response was generated during this experiments. 

4.5. CHARACTERISATION OF ZEN-BSA, ZEN-OVA AND AFB2-OVA 

CONJUGATE 

The conjugates were run on a SDS-polyacrylamide gel and the result is represented 

in Figure 4.10. Bands can be seen at ~30 kDa in the lane of AFB2-OVA, at ~60 kDa 

for ZEN-BSA and a band around 40 kDa for ZEN-OVA.  

A western blot was performed afterwards whereby the conjugates were separately 

probed with the corresponding scFv-fragments but no colour formation was observed. 
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Figure 4.10: SDS-PAGE of 3 conjugates. From left to right: standard ladder, aflatoxin B2 

(AFB2) conjugated to ovalbumine (OVA), zearalenone (ZEN) conjugated to bovine serum 

albumine (BSA) and zearalenone conjugated to ovalbumine. 

The conjugates were also characterised by analysis on the Biacore™ machine, as 

stated above (section 4.3.3 and 4.4.3). ZEN-BSA (appendix B.1), ZEN-OVA 

(appendix B.2) were tested for binding with the α-ZEN-scFv and AFB2-OVA was 

separately tested with the α-AFB2-scFv (Figure 4.9). No response was elicited in both 

experiments.  
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5. DISCUSSION 

5.1. EXPRESSION AND PURIFICATION OF ANTI-ZEARALENONE SINGLE-

CHAIN VARIABLE FRAGMENT 

Small scale expression of an anti-zearalenone single-chain variable fragment was 

successfully performed by using SB medium. All expression media contained 50 

µg/mL carbenicillin, a semi-synthetic analogue of ampicillin. [20] The expression vector 

(i.e. pComb3XSS) codes namely for ampicillin resistance allowing the selective 

growth of bacteria that contain the expression vector. The bacteria were  induced 

with IPTG, a sugar derivative, to start translation of the recombinant vector by 

releasing the repressor protein bound to the lac-promotor. [21] 

The SDS-PAGE showed a clear concentrated sample. Although there were two 

distinguished interacting bands, situated at ~60 kDa and at ~20 kDa. An scFv of 

approximately 30 kDa was visualized by Western Blotting. This conforms to the 

theoretical calculations. The scFv is expressed with an HA- and (His)6-tag and they 

both have a molecular weight around 1 kDa. [22] Further, the PCR-product that was 

introduced in the expression vector was about 750 base pairs long. [2] This 

corresponds with a molecular weight of 27.75 kDa. Subsequently, the weight of the 

tags and the expressed scFv adds up to ~30 kDa.  

When using larger scale expression (i.e. 1 L) with just SB medium, the protein yields 

were still in the same order of magnitude as the small scale expression. Since SB 

medium could be limited in nutrients, therefore TB medium was tested to optimise 

growing conditions. As intended, a lot of protein was produced by the bacteria after 

switching media. Unfortunately, the concentrated sample showed a lot of 

contamination after SDS-PAGE. To reduce the production of interacting proteins, the 

induction time was restricted to four hours. This strategy yielded a good amount of 

scFv and a clear concentrated sample. Unfortunately, expression with TB medium 

had degradation or incomplete expression of the scFv-fragment as a disadvantage. 

The Western Blot (Figure.4.2(a,b)) showed the scFv protein was not located at one 

particular band at the corresponding 30 kDa but smeared down. Therefore, SB 

medium was used once again and this time it was enriched with 10 g/mL of glucose. 

The glucose provides energy when the culture reaches the stationary phase and 

simultaneously supress basal expression. [23] The concentrated sample was more 
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pure than with TB medium and a higher protein concentration than with pure SB 

medium was obtained. However, the two interacting bands (i.e. at ~60 and ~20 kDa) 

remain and will be discussed below. In summary, medium conditions were 

successfully optimised to produce the anti-ZEN scFv. TB medium with a four hour 

expression gave the best yield of recombinant protein and SB medium supplemented 

with 10 g/L gave the purest scFv concentrate. In future work, both expression 

systems should be tested in ELISA to confirm which produces the best yield of 

correctly produced scFv-fragments. 

The affinity chromatography is crucial for the purification of the scFv-fragment, 

especially the washing steps to eliminate the contaminating protein. These steps 

were empirically optimised. Initially, two washing steps of 30 mM imidazole were 

used. In order to eliminate or minimise the remaining two contaminating bands, the 

concentration of imidazole was raised to 40 and 50 mM. A washing procedure 

combining the last-mentioned buffers was chosen to be the best. The two interacting 

bands at ~60 kDa and ~20 kDa were minimised and did not interfere with the 

detection by Western Blot, so no further investigation was completed. 

ScFv-fragments tend to denature when exposed to higher temperatures and when air 

bubbles are present. [24] The standard sonication method (3 min with 6 sec on 1 sec 

off pulses at 60% amplitude) for lysing the bacteria to release the scFv is too severe. 

The antibody fragment is inclined to form aggregates when exposed to warmth and 

the basic sonication protocol caused the solution to heat up and froth. [24] This could 

explain why a band at ~60 kDa is present, as it is twice the size of the scFv-fragment. 

To avoid this dimerization, a longer break between the sonication pulses was 

introduced and the solution was cooled down on ice every minute.  

Other approaches can be tested in the future if higher protein yields or a cleaner 

product is necessarily. Firstly, because co-aggregation can occur during IMAC 

purification, 20 mM of 2-mercaptoethanol could be added to the elution buffer. [25] 

Secondly, sonication can be substituted by periplasmic extraction. This lysing 

technique will use freeze-thaw cycles and will avoid heating and frothing. Thirdly, 

size-exclusion chromatography can be used to remove particles with higher 

molecular weight than the scFv-fragment (i.e. 30kDa). Lastly, the expression system 
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could also be adjusted. The contaminating proteins could be specific for the bacterial 

E. coli strain. Therefore, a different strain of E. coli or another cell line can be used.  

The second purification problem is the interacting protein band at ~20 kDa. As IMAC 

affinity chromatography depends on the interaction with nickel and amino acids that 

are electron donors, it is not specific for the His-tagged recombinant antibody. A 

histidine-, tryptophan-, cysteine- or tyrosine-rich protein can easily bind and co-elute 

with the recombinant protein. [26] Co-elution of a histidine-rich E. coli protein with a 

molecular weight of 21 kDa was reported previously in literature. [25] 

The yield of the recombinant protein is sufficient for this application. If higher levels 

are necessarily in the future, the following methods could contribute to higher levels 

of scFv-protein. First, when a recombinant protein is expressed at high levels in E. 

coli, the protein can elute as aggregates. Addition of 8 M urea or 6 M guanidinium 

HCl, which are denaturants, can make the (His)6-tag more accessible for purification. 

More protein is exposed to the resin this way but regrettably, these proteins then 

need to be refolded. [26] Second, as mentioned before, a different expression system 

could be used.  

5.2. CHARACTERISATION OF ANTI-ZEARALENONE SCFV-FRAGMENT 

Numerous ELISAs were performed to characterise the anti-zearalenone scFv, 

without any reproducible result. ZEN and AFB2-conjugates are not commercial 

available therefore, ZEN-BSA, ZEN-OVA and AFB2-conjugates were kindly made by 

the Laboratory of Food Analysis, Ghent University.  

First, a standard protocol was used prescribing 1, 5 and 10 µg/mL coating 

concentration in order to find the right coating condition for further inhibition ELISA. 

The ELISA with ZEN-BSA had no positive binding. Colour formation was observed 

slightly when using 10 µg/mL ZEN-OVA coating, so higher concentrations varying 

from 20-50 µg/mL ZEN-BSA and ZEN-OVA were applied. As opposed to 

expectations, the absorbance values were situated around the negative control. In an 

attempt to get any response, relatively high concentrations of conjugate (i.e. 200-300 

µg/mL ZEN-OVA) were coated in the wells. There was still no binding detected. 

The aim of this indirect ELISA was to determine optimal coating conditions and 

antibody dilutions. These working concentrations would be used in future work for 
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competitive inhibition ELISA to determine the IC50 value of the antibody (section 

1.2.5). Also, due to the time constraints of this research project the concentration is 

determined by NanoDrop estimation. A Bradford assay should be carried out to 

establish the concentration of protein by means of a standard absorbance curve. 

The incubation steps were carried out in an incubator at 37°C, this could make the 

conjugates or the scFv-fragment unstable. For that matter, incubations at room 

temperature were unsuccessfully tested.   

The solely positive result (binding of scFv at 10 µg/mL ZEN-OVA coating Figure 4.4) 

can be considered as a false result because it was unrepeatable. The washing steps 

could have been inconsistent or the wells could have been treated differently. As 

there are two components in the antigen:antibody complex, it can be concluded that 

either the conjugate or the scFv-fragment were not working in this ELISA format. 

Different plausible explanations for this result were investigated. First of all, the 

conjugates were made with an unoptimised procedure. It could be that the ligation 

proportions were not optimal and therefore the hapten density could be too low. If not 

enough mycotoxin molecules are bound to the carrier protein, the conjugate could 

bind to the well in the wrong orientation and block access to the mycotoxin. Or the 

hapten could be bound in the wrong conformation as different conjugates were used 

for immunization. [2]  

In an attempt to visualize the conjugates, they were subjected to SDS-PAGE and 

probed by Western Blotting. Theoretically, a molecular weight of more than 67 kDa 

for ZEN-BSA and over 45 kDa for ZEN-OVA was calculated. The mycotoxin is ligated 

to the carrier proteins (i.e. BSA (66.5 kDa) and OVA (44.3 kDa)) by a 

carboxymethoxylamine hemihydrochloride linker. The molecular weight of one ZEN 

molecule plus the linker adds up to ~0.5 kDa, so the final molecular weight will 

depend on the amount of hapten molecules present on the protein surface. The 

corresponding bands turned out to be a bit lower as predicted after SDS-PAGE and 

smearing was seen at higher molecular weights. If a blue band had appeared in the 

Western Blot, the scFv would be bound and conjugate would certainly contain ZEN 

and not only the carrier protein. Unfortunately, no bands were obtained. Therefore, 

the only conclusion that can be made from this experiment is that the scFv did not 

bind to the conjugate or that the ZEN molecule was not available for binding.  
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The experimental difficulties could also be caused by the scFv-fragment. Problems 

with scFv-stability are well-known and investigated (see below). After purification, 

aliquots were made up and stored at -20°C. To rule out that a freeze-thaw cycle 

made the scFv unstable and incapable of binding, the lysate was directly tested 

against 40 µg/mL of ZEN-BSA. At the same time, all different original clones were 

tested in a monoclonal ELISA by growing up the master plate constructed previous to 

this thesis. This way, it could be confirmed that the best binding scFv was picked for 

expression and purification. At least one of the original clones should bind the coated 

antigen, otherwise it can be stated that the conjugate was probably not well-designed 

and did not work in this ELISA format. No binding was observed so there probably 

was a problem with the conjugates. Introducing a positive control on the ELISA plate 

using commercially available antibodies, could verify that the conjugate is not working 

in this experimental set-up, however presently anti-ZEN antibodies form reputable 

sources are unavailable.  

An alternative approach was necessary to characterise the scFv-fragment. The 

Biacore™ system can detect binding interactions in real-time so the binding capacity 

of the scFv was tested with this technique. For the experimental set-up an anti-HA 

antibody was immobilized and used to capture the scFv-fragment. The sensorgram 

displayed a binding curve and some dissociation when the scFv was passed over 

however a sufficient response was obtained. Thus, free antigen (i.e. zearalenone) 

was passed over the surface in various concentrations but there was no significant 

change at the sensorgram. The lack of response could be allocated to the 

unconventional format used for this experiment. Normally, a conjugate would be 

immobilised on the chip surface because the mycotoxin has a low molecular weight. 

As described in section 1.2.7, the Biacore™ response is generated by a change in 

mass at the chip surface. Therefore, the conjugates were passed through the flow 

channel to further test their binding ability and to yield a bigger response on the 

surface. 

To summarize, the ZEN-conjugates and the α-ZEN-scFv showed poor binding 

characteristics when tested together. Future work will imply ordering new conjugates 

and testing the master plate a second time. When the best binder is selected, 

previously described experiments can be completed again and a kinetic study can be 

performed using the Biacore™. Once the scFv characteristics are determined, it can 
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be applied in diagnostic applications like the Mbio assay platform based on 

multimode planar waveguide technology. [2] 

It could be helpful to use imaging methods to investigate if the scFv is correctly 

expressed and folded. Different techniques and computer programs exist to 

dimensionally visualize proteins e.g. X-ray crystallography or NMR. 

If the affinity of the scFv-fragment turns out to be low, changes can be made by 

genetic engineering to the DNA in order to get a higher affinity for the antigen. Hence, 

error-prone PCR, chain or DNA shuffling or other mutations methods can be used. [14] 

Next, if problems with scFv-stability are established, the scFv could be transformed 

into a Fab fragment by adding constant regions by PCR. [27] Fab fragments are more 

stable and polymerise less. If a Fab fragment is not an ideal antibody format for the 

research application, the connecting linker of the scFv can be made longer. As a 

consequence, the fragments will controllably form diabodies (i.e. an association of 

two molecules) with better binding characteristics. [14]  

5.3. CHARACTERISATION OF ANTI-AFLATOXIN B2 SCFV-FRAGMENT 

As a side-project, a similar characterisation was performed for an anti-aflatoxin B2 

scFv. An indirect ELISA gave contradictory results, so the original binders were also 

tested in a monoclonal ELISA. Binding was observed for some clones. These can be 

selected in the future and they can be tested in triplicate. After selecting the clone 

with the best absorbance values, an inhibition ELISA can be performed to determine 

the IC50 value. If all goes well, the selected scFv can be tested in diagnostic 

applications like the Mbio platform contributing to a multiplex toxin detection device. 

Biacore™ evaluation showed great binding of the fragment with the chip and some 

consequent dissociation. When passing over free aflatoxin B2 or the aflatoxin 

conjugate, no response was generated. This Biacore™ experiment indicates that a 

free mycotoxin is too small to elicit any response and that the conjugate could be not 

fully functional. Another possible explanation is that the scFv fragment became 

instable during storage. It could also imply that not the best E. coli clone was selected 

to express this α-AFB2-scFv. 

All previously suggested adjustments and future work can also apply to this section. 
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6. CONCLUSION 

The expression and purification of the anti-zearalenone scFv-fragment was 

successful. Expression for four hours with TB medium gave the highest yield of 

recombinant protein. Furthermore, SB medium supplemented with 10 g/L of glucose 

led to the purest scFv solution.  

Sonication was effectively used to extract the recombinant protein. The settings of 

the sonicator were changed to 10 sec on and 10 sec off pulses and the solution was 

cooled on ice every minute. As a consequence the solution didn’t heat up or froth and 

this will help to keep the scFv fragment from degrading or aggregating. 

The IMAC procedure was gradually and empirically optimised. Consecutive washing 

steps with 40 mM and 50 mM imidazole were chosen to be the best conditions. After 

purification, SDS-PAGE detected the scFv-fragment situated at ~30 kDa as 

confirmed by Western Blotting. Two contaminating bands were clearly recognisable. 

One band at ~60 kDa can be ascribed to dimerization of the scFv-fragment. The 

other band is located at ~20 kDa and was mentioned before in literature as a His-rich 

E. coli protein. Both proteins didn’t disturb with the Western Blotting process so it was 

decided that the purification was sufficient for this research application.  

TB and SB expression still need to be tested by means of ELISA but depending on 

the application, both can be used. The optimised expression and purification protocol 

can be used in future work. 

The characterisation of the α-ZEN-scFv was not without difficulties. After several 

negative indirect ELISA-results with various coating concentrations, the master plate 

with original clones was grown up and tested immediately. At least one clone should 

interact with the conjugate in this monoclonal ELISA. Biacore™ technology was also 

used to characterise the binding between the antibody fragment and its antigen. The 

HA-tagged scFv-fragment bound effectively to the anti-HA chip surface. Unfortunately, 

when free zearalenone and both conjugates (i.e. ZEN-OVA and ZEN-BSA) were 

passed over the surface, no real-time interaction was detected. Since the monoclonal 

ELISA and the Biacore™ experiment didn’t provide binding evidence, it was 

concluded that the scFv couldn’t bind the ZEN-conjugates or that ZEN was not 

available for binding. The conjugate probably isn’t functional in this experimental set-

up. 
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In the future, another ZEN-conjugate will be made and tested. The best zearalenone-

binding clone will subsequently be selected in a monoclonal ELISA. The expressed 

and purified scFv will be applied in diagnostic applications. If necessarily, changes 

can be made to the scFv-format later on to improve affinity and/or stability 

characteristics. 

The characterisation of the α-AFB2-scFv was set up as a side-project. A single 

indirect ELISA showed inconsistent results. The Biacore™ system was directly used 

for further investigation of this antibody fragment and AFB2-conjugate. The scFv 

yielded a great binding response to the anti-HA chip surface. Unfortunately, no 

binding with free and conjugated toxin was observed. This could imply that the assay 

format was not great for mycotoxin detection. This scFv could be unstable or low-

binding too. The master plate of anti-AFB2 clones was grown up and tested against 

AFB2-conjugate. Different clones gave rise to positive ELISA-results, so in the future 

these will be tested in an indirect ELISA and the best aflatoxin B2-binding clone will 

be selected. Like previously mentioned for the α-ZEN-scFv, this antibody fragment 

will be applied in the future for diagnostic means. 
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Appendix A: SDS-PAGE and Western Blotting (Figure 4.2) 

 

 

  
See Table 3.7 for the explanation of abbreviations 

See section 3.2.5 for methods 
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APPENDIX B: Biacore™ evaluation. 

1. Characterisation of ZEN-BSA 

 

1: scFv expressed in SB medium: ~200 RU 

2: ZEN-BSA 40 µg/mL: no significant change in RU 

3: ZEN-BSA 80 µg/mL: no significant change in RU 
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2. Characterisation of ZEN-OVA 

 

1: scFv expressed in SB medium: ~200 RU 

2: ZEN-OVA 40 µg/mL: no significant change in RU 

3: ZEN-OVA 80 µg/mL: no significant change in RU 
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