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Abstract  
 
The aim of this project is to characterize low molecular weight compound (fragment) hits 
binding to the Cys-loop receptor homologue; acetylcholine binding protein (AChBP). A series 
of orthogonal biophysical methods were available and utilized for this purpose and will 
contribute to the drug development against this receptor class. 
 
Characterization of fragments identified as hits in previous screening campaigns with Ls-
AChBP were characterized using grating-coupled interferometry as an orthogonal method. The 
characterization provided kinetic rate constants and binding affinities (KD’s µM range) for 19 
fragment compounds. Dynamic studies with the help of a novel switchSENSE technology that 
utilized a DNA nanolever were carried out to gain additional evidence of conformational 
changes upon ligand binding. This technique gave important insights into what needs to be 
optimized for conjugation of protein to a DNA nanolever, and information of DNA 
hybridization. A thermal shift assay based on differential scanning fluorometry, nanoDSF, was 
conducted as an additional method to confirm ligand binding. These experiments showed a 
clear shift in melting temperature (DTm ³ 4.0 °C for two out of four fragments) indicating a 
stabilizing interaction. Structural experiments using X-ray crystallography were performed but 
require further optimization of crystallization conditions and additional data collection at the 
synchrotron.  
 
To conclude, biophysical methods and structural validation aided the early stage drug discovery 
process with AChBP. The study involved 19 fragment compounds analysed with biosensor 
technology resulting in additional information critical for developing novel drugs targeting the 
Cys-loop ligand gated ion channels (LGICs).  
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Popular Science Description  
 
The ongoing pandemic caused by SARS-CoV-2 is a non-avoidable topic these days. The 
discussion about the coronavirus spread has lead to more people following the drug 
development process against this virus caused disease. Even though this has been a 
conversation starter about drug development, there has always been an active conversation in 
our society about the subject and usage of drugs for example the anti-vaccination movements 
and the pro-legalization of marijuana in the western countries.   
 
The development of a drug is a long process involving research performed on different levels. 
The first step is to identify the clinical disease and develop a strategy for curing or easing the 
symptoms with a chemical or biological precursor to a drug.  When a potent precursor with the 
desired effect has been found it can then be tested in model animals and in humans. These 
potent drugs can come from various sources such as from naturally occurring substances, 
antibodies from previous infection, existing drugs that are optimized or new medical molecules 
produced with laboratory methods.  
 
One class of diseases that has become a big problem is neurological diseases that influence the 
brain functionality, many of these diseases involve incorrect regulation of receptors in neurons. 
To find cures against these kinds of diseases is important and it is also important to develop 
better anesthetics, a class of drugs that act on these receptors. It is important to study the 
biological and physiological interaction between the receptors and their interacting partners, 
ligands, for gaining a better understanding of the disease development. This project involves 
studies on a receptor like model protein of ligand gated ions channels which are involved in 
neurological diseases. Studies on this protein were conducted for an early stage drug discovery 
project for evaluating potential drugs with help of biophysical methods.  
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Populärvetenskaplig Sammanfattning  
 
Den pågående världsomvändande pandemin orsakad av SARS-CoV-2 som man i vardaglig 
mun benämner som coronaviruset är ett ämne som ingen har undkommit. Den ökade 
virusspridningen har lett till att fler människor följer läkemedelsutvecklingen, som eftersträvar 
att sätta stopp för denna pandemi. Även om detta har lett till mer samtal, har diskussioner om 
läkemedel alltid varit en aktiv konversation i vårt samhälle som till exempel anti-vaccin 
kampanjer och legalisering av marijuana i olika västländer.   
 
Utvecklingen av ett läkemedel är en lång process som involverar forskning på olika sorters 
nivåer. Det första steget är att identifiera sjukdomen för att sedan finna ett botemedel eller något 
som kan lindra symtomen med hjälp av kemiska eller biologiska läkemedels likande ämnen. 
När man har funnit detta potentiella läkemedel med önskad effekten krävs optimering för att 
sedan kunna testas på djurmodeller och på människor. Potentiella läkemedel kan ha olika 
ursprung så som naturliga förekommande ämnen, antikroppar från infektioner, existerande 
läkemedel som behöver optimeras eller nya mediciner som tagits fram med laborativa metoder.        
 
En sjukdomsklass som har blivit ett stort problem är neurologiska sjukdomar som påverkar 
hjärnan och dess funktioner. Många av dessa sjukdomar beror på fel reglering av receptorerna 
i våra nerver vilket leder till många för närvarande obotliga sjukdomar och därför är det viktigt 
att utveckla läkemedel emot dessa. Det är också viktigt för utvecklingen utav förbättrade 
läkemedel inom anestesi som är en läkemedelklass riktad emot dessa receptorer. Därför är det 
viktigt att studera de biologiska och fysiologiska interaktionerna mellan receptorerna och deras 
interaktions parter, ligander, för att få bättre förståelse av sjukdomsförloppet. I detta projekt har 
ett förenklat modellprotein av ligandstyrda jonkanaler studerats. Dessa är av stor vikt när det 
kommer till neurologiska sjukdomar. Studierna på detta protein utfördes som en del av ett tidigt 
stadie av ett läkemedelsutvecklingsprojekt för att hitta potentialläkemedel med hjälp av 
biofysikaliska metoder. 
 
 
  



5 
 

Table of Contents 
Abstract ..................................................................................................................................... 2 
Popular Science Description .................................................................................................... 3 
Populärvetenskaplig Sammanfattning ................................................................................... 4 
Table of Contents ..................................................................................................................... 5 
Abbreviations ............................................................................................................................ 7 
Introduction .............................................................................................................................. 8 

Ligand Gated Ion Channel ..................................................................................................... 8 
Acetylcholine Binding Protein ......................................................................................... 9 
Bac-to-Bac® Expression System .................................................................................... 10 

Drug Discovery .................................................................................................................... 11 
Fragment Based Drug Discovery .................................................................................. 12 

Biophysical Methods ............................................................................................................ 13 
Grating-coupled Interferometry ................................................................................... 13 
SwitchSENSE .................................................................................................................. 15 

Structural Validation ............................................................................................................ 16 
Thermal Shift Assay ....................................................................................................... 16 
X-ray Crystallography ................................................................................................... 18 

Aim of the Project ................................................................................................................... 18 
Recombinant Expression and Purification ........................................................................... 19 

Protein Expression ......................................................................................................... 19 
Protein Purification ........................................................................................................ 19 
SDS-PAGE ...................................................................................................................... 19 
Native PAGE ................................................................................................................... 20 
Plaque Assay ................................................................................................................... 20 

Grating-coupled Interferometry Analysis ............................................................................ 20 
Immobilization of Ls-AChBP ........................................................................................ 20 
Kinetic Measurements ................................................................................................... 20 

Conjugation for SwitchSENSE ............................................................................................. 21 
Nanolever Modification and Protein Conjugation ...................................................... 21 
Conjugate Purification ................................................................................................... 22 

Sizing Experiment with SwitchSENSE .................................................................................. 23 
Structural Validation ............................................................................................................ 23 

NanoDSF Measurements ............................................................................................... 23 
Protein Crystallization ................................................................................................... 24 

 
 
 
 



6 
 

Results ..................................................................................................................................... 24 
Recombinant Expression and Purification ........................................................................... 24 
Grating-coupled Interferometry Analysis ............................................................................ 26 
Conjugation for SwitchSENSE ............................................................................................. 27 
Sizing Experiment with SwitchSENSE .................................................................................. 29 
Structural Validation ............................................................................................................ 31 

Discussion ................................................................................................................................ 32 
Recombinant Expression and Purification ........................................................................... 32 
Grating-coupled Interferometry Analysis ............................................................................ 32 
Conjugation for SwitchSENSE ............................................................................................. 33 
Sizing Experiment with SwitchSENSE .................................................................................. 34 
Structural Validation ............................................................................................................ 35 

Conclusion & Further Outlook ............................................................................................. 36 
Acknowledgment .................................................................................................................... 37 
Reference ................................................................................................................................. 38 
Appendix ................................................................................................................................. 40 
 
  



7 
 

Abbreviations 
 
5-HT3  5-Hydroxytryptamine (serotonin)  
AChBP  Acetylcholine binding protein 
Da  Dalton  
DD  Drug discovery 
ddH2O  Double distilled water  
DH  Hydrodynamic diameter  
DMSO  Dimethyl sulfoxide 
DSF  Differential scanning fluorometry 
ECD  Extracellular domain  
E.coli  Escherichia coli 
EDC  1-Ethyl-3-(3-dimethylaminopropyl)carbodiimide 
FBDD  Fragment based drug discovery 
g  Gravitational force   
GABA  γ-Amino-butyric acid 
GCI  Grating-coupled interferometry  
Gu  Gibbs free energy of unfolding 
HTS  High throughput screening  
ICD  Intracellular domain  
KD  Equilibrium dissociation constant  
koff  Dissociation rate constant  
kon   Association rate constant 
LBS  Ligand binding site  
LE  Ligand efficiency 
LGICs  Ligand gated ion channels  
Ls  Lymnaea stagnalis  
MW  Molecular weight 
MPB   Multi-purpose biochip  
nAChR  Nicotinic acetylcholine receptor 
nanoDSF  Nano differential scanning fluorometry 
NHS  N-Hydroxysuccinimide 
PAGE  Polyacrylamide gel electrophoresis  
RI  Refractive index  
rpm  Revolutions per minute  
RT  Room temperature  
SDS  Sodium dodecyl sulfate 
Sf   Spodoptera frugiperda 
ssDNA  Single stranded DNA 
Tm  Melting temperature  
TMD   Transmembrane domain  
TSA  Thermal shift assay  
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Introduction 

Ligand Gated Ion Channel 

During development of drugs it is important to identify a target of interest. One protein class 
which is targeted is the ligand gated ion channels (LGICs). LGICs are membrane spanning 
proteins that are responsible for ion fluctuation through the cell membrane. They are comprised 
of three distinct domains; an extracellular domain (ECD), a transmembrane domain (TMD) and 
an intracellular domain (ICD) (Figure 1)[1]. The pore of the ion channel is constructed by five 
subunits forming the pentameric state of the protein[1]. LGICs are divided into sub-families and 
one of these are the Cys-loop family receptors[1]. This class is defined by its characteristic 
disulphide bonds bridging the five subunits of the ECD. Many receptors are classified in this 
sub-family for instance the γ-amino-butyric acid (GABA), 5-hydroxytryptamine (5-HT3), 
glycine and the nicotinic acetylcholine receptor (nAChR)[2].  

 
Figure 1. Structural representation of nicotine acetylcholine receptor (nAChR) (PDB: 2BG9). A) View of 
the whole protein complex embedded in a lipid layer displaying the extracellular domain (ECD), the 
transmembrane domain (TMD) and the intracellular domain (ICD). B) Top view of the receptor showing the 
ion pore. C) The ECD domain highlighting two subunits showcasing the Cys-loop (–) where the ligand 
binding site (LBS) is located. Adapted from[3].  
 
The ligand binding site (LBS) is located at the interface of the subunits of the ECD, both 
antagonist and agonist can bind to the same pocket (Figure 1C)[1]. This pocket is defined by 
the Cys-loop that takes part of the conformation change of the receptor during ligand binding. 
Upon binding of a ligand conformational change will be induced that will be transmitted to the 
TMD and trigger pore opening or closing and likewise the Cys-loop will change its 
conformation[4]. This interaction will allow the ion channel to maintain proper neuron 
activity[5]. 
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Biophysical studies have been done on the nAChR showing a fast transition of the opening and 
closing of the pore upon ligand interaction[6]. The receptor is involved in learning and memory, 
during loss of receptor function different neurological diseases can arise as Alzheimer’s disease, 
schizophrenia and neural muscular autoimmune diseases[7]. nAChR is also involved in nicotine 
addiction from tobacco usage[7]. The LGICs are also heavily targeted for development of novel 
and specific anesthetics used as therapeutic agent[8]. The fast interaction between ligands plus 
its important physiological role have therefore made it a target for therapeutics and novel drug 
development (DD)[5,9].  
 
Acetylcholine Binding Protein 
The acetylcholine binding protein (AChBP) from the great pound snail Lymnaea stagnalis (Ls) 
has been found to be a soluble homologue of the ligand binding domain of α7 nAChR  and 
other Cys-loop receptors (Figure 2)[2]. AChBP is produced and stored in the neurula glial cells 
of the molluscs like L.stagnalis and is involved in modulating synaptic transmission[10]. The 
sequence identity between the AChBP and nAChR is 25 % and even lower for other members 
of the Cys-loop family, but one thing that they have in commons is that the Cys-loop is highly 
conserved between them[10]. AChBP show a similar dynamic response to ligand binding as the 
LGICs and induces a conformational change upon binding events, were an antagonist or an 
agonist interaction will induce different conformations. Studies have shown that AChBP when 
replacing the ECD of 5-HT3 receptor can induce a similar pore opening as the native receptor 
[7]. Because the AChBP is a water-soluble analogue to the nAChR it has been used for DD 
against the LGICs class proteins[7,10].   

 
Figure 2. Structural representation of acetylcholine binding protein (AChBP) from Lymnaea stagnali (PDB: 
1UW6), A) side and B) top view of the pentameric protein.  
 
Binding of AChBP agonists will close the Cys-loop against the adjacent subunit while an 
antagonist will stabilize the open and extended state of the loop of the protein. This open and 
closed position reflect the conductivity of the protein state[6]. This large conformational change 
induced by the binding of a ligand has been shown in structural studies of AChBP and the 
position of the Cys-loop has been shown to change from a closed to an extended state, a distance 
of 11 Å (Figure 3)[6]. The dynamic nature of the protein homologue is reflected in the LGICs 
and studies with AChBP can provide insight in how the mechanism between this receptor class 
and ligand is displayed.  
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Figure 3. Structure of crystallized Ls-AChBP with different ligands. Nicotine (–, PDB: 1UW6), lobeline (–, 
PDB: 4ALX) and epibatidine (–, PDB: 2BYQ). Displaying the conformational change induced by the ligands 
in the Cys-loop. Adapted from[6]. 
 
The natural LBS is located at the Cys-loop of the receptor also for AChBP, but allosteric 
binding sites have also been mapped for nAChR with help of the AChBP homologue[3]. They 
are located at various positions on the protein surface and can regulate receptor activity[3]. One 
site can be found in the pore opening opposite to the natural binding site implying that the 
protein can be modulated in several ways. The existence of alternative binding sites opens up 
possibilities for regulating the protein activity by different ways by potential therapeutics[3].  
 
Bac-to-Bac® Expression System  
In the 1980’s, an expression system for recombinant protein expression utilizing baculovirus 
was introduced[11]. These viruses infect insect cells and shuts down the regular protein 
production in the cells to allow viral production. This system has been commercialized as the 
Bac-to-Bac® expression system (Figure 4)[12]. By hijacking the baculoviral system, one can 
express eukaryotic and prokaryotic proteins by introducing an expression vector into the double 
stranded viral DNA, a bacmid[12]. This is done by producing a viral genome in Escherichia coli 
(E.coli)[12]. The bacmid contains a whole viral genome and works as a shuttle for the expression 
vector that contains the genome of interest. The gene of interest is transpositioned into the 
bacmid shuttle DNA. The bacmid can then be isolated and used for lytic transfection of the 
insect cells[12].  

 
Figure 4. Schematic representation of the Bac-to-Bac® expression system. Transformation of plasmid into 
E.coli containing bacmid DNA, this will allow transposition of the gene of interest into the bacmid shuttle 
vector. The bacmid is then isolated and used for viral transfection of insect cells. These cells will produce 
functional baculoviruses that can be used and regenerated for efficient protein expression. Adapted from[13].  
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The advantage of using the baculoviral infection system for protein expression is that the virus 
does not infect vertebrates or plants[14]. The protein of interest is also expressed under a strong 
promoter and yields a high level of protein production[12]. This expression system also gives 
the benefit to provide some post translational modification that is required for protein 
functionality and have also been previously used for expression of AChBP[11,15].  
 
When utilizing virus for expression, knowing the viral titer can be an important factor for 
correct expression and one can determine viral titer by a plaque assay[16]. This method is 
conducted by inducing a viral infection on a monolayer of host cells, this infection will then be 
limited by immobilization of the cells with a solidified cell medium. Because the infection is 
lytic the infected cells will create isolated viral infection forming visible plaques[16]. These 
plaques can then be quantified for viral titer determination for optimization of protein 
production[16].   

Drug Discovery 

At the time of writing there is an ongoing pandemic from the SARS-CoV-2 virus and the cases 
of infected people are rising significantly over the world. There are currently no 
pharmaceuticals for treating or preventing this life threatening disease[17]. Therefore, this 
highlights the importance of development of novel drugs for treating clinical conditions.   
 
The need for a novel drug often arises from a disease or a clinical condition with no current 
treatment[18]. The DD pipeline for development of organic drug molecules can be described 
with several steps conducted over a long period of time (Figure 5). Starting with the target 
validation and then generating a hit molecule that can be further optimizing it into to a lead 
compound. From that compound one can move into the pre-clinical and clinical trials before 
the final approval of the drug[18]. With the first step one needs to validate the target this can be 
everything from a protein, gene or RNA molecule[18]. These targets need to be “druggable” and 
accessible to a drug molecule which makes the membrane embedded LGIC a good target for a 
drug availability[5,18]. Exploring the link between the disease and the target for understanding 
the importance of the DD and how the drug effects the target is a key aspect. The target 
validation can also give an insight to the possible modulation mechanism or side-effect that can 
arise[18].   

 
Figure 5. Drug discovery pipeline starting with target validation and characterization. The next step consisted 
by generating a hit by screening that would end with a hit compound. The hit compounds will be optimized 
to a lead drug that can be processed into pre-clinical and clinical trials. In case of passing all different stages, 
the drug can be approved and used as medical treatment. Adapted from[18].  
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The next step of generating hits involves screening, this process is for finding molecules that 
have the desired activity against the target for example as a ligand that can modulate receptor 
activity[18]. There are different screening method and one way is with high throughput screening 
(HTS) where you screen a large library with lead-like organic molecules, that falls into the 
Lipinski’s rule of five[18]. Lipinski’s rule of five is a rule of thumb for creating organic 
molecules that have good oral absorption[18]. When doing HTS one usually utilizes complex 
assay for screening library size is in the million range, this technique is commonly used in big 
pharmaceutical companies[18]. Other screening techniques for DD are knowledge-based 
screening from previously known information, structure aided where screening with x-ray 
crystallography, nuclear magnetic resonance or cryogenic electron microscopy are essential, 
virtual screening in silico or fragment-based drug discovery[18].  
 
Fragment Based Drug Discovery  
Fragment based drug discovery (FBDD) has become a well-established method for DD and 
utilizes small libraries with compounds with low molecular weight (MW)[19]. The fragments 
usually fall in the rule of three with the MW that is less than 300 Dalton (Da), three hydrogen 
bonds (hydrogen acceptor or donor) and a certain lipophilicity (logP ≤ 3)[20]. These fragments 
often show a low affinity (10 mM – 100 µM) to the target but high ligand efficiencies (LE). LE 
is determined by the binding energy created by the heavy atoms, non-hydrogen atoms, binding 
to the target (Figure 6A-B). Compared to other established method for DD the chemical space 
fragments can cover is often larger than for HTS[19]. This is because there are fewer fragments 
(106 – 1012) compared to molecule at a MW more than 500 Da (1050 molecules). If of one wants 
to have a good sampling of the chemical space one would get a better cover with a fragment 
based library compared to a library with higher MW[19]. Larger molecules can often show up 
as false positive hits due to clashing with the target or mismatch formation compared to 
fragments[19]. During the lead-optimization of compounds, it can also be preferable to have a 
smaller compound because it is easier to perform chemical modification without gaining 
toxicity and loss of LE properties (Figure 6C)[21]. The fragments can also be liked together for 
forming a fragment complex with high affinity to the target[22]. Because one can use smaller 
libraries with FBDD compared to HTS it have been used both in industry and academics[19].  

 
Figure 6. A), B) Representation of the possible binding mode of a small and large compound in a protein 
pocket. C) Comparison of the drug development based on a fragment or a classic approach (Lipinski’s rule) 
in the drug discovery process. Highlighting the different of the two processes. Adapted from[20]. 
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There are in principle three steps for fragment based screening and the first is creating fragments 
that covers a large chemical space, an example of a fragment library is the one constructed by 
the Peter O’Brian group where they have created a 3D shaped lead-like library[20,23]. The next 
step is screening and due to the low affinity between the target and fragment sensitive methods 
are required. Biophysical methods often display high sensitivity making them suitable for 
fragment screening[21]. Then after hit identification the design of a lead compound needs to be 
performed and this is usually done with structural information or in silico methods[20]. 
Combining fragment screening and structural methods can therefore be very favourable for a 
DD project[19]. 

Biophysical Methods  

The need and usage of biophysical methods can be applied in many stages during DD as for the 
screening, the hit validation and the optimization of lead compounds[19]. Depending on the 
method of choice one can gain different characteristic features of the target of interest and the 
potential interaction between a compound and target.  
 
Grating-coupled Interferometry 
One biophysical method is grating-coupled interferometry (GCI), which combines a waveguide 
and an optical interferometry for detecting changes in refractive index (RI)[24]. GCI can be used 
for detecting cellular or biomolecular interaction with a high sensitivity dependent on the 
chosen waveguide material. The material of the waveguide can change the detectability of the 
RI changes close to the waveguide surface enabling sensitivity in the detection. Interferometry 
set-ups can differ in general, but a GCI based biosensor constructed on a modified version of 
the Mach-Zehnder interferometer has been commercialized by Creoptix AG[25].  

The sensor by Creoptix AG consists of a waveguide composed of Ta2O5 that have a high RI 
contrast making it able to detect small changes in the RI[26]. Three different gratings are 
constructed on the waveguide; two incoupling gratings and one outcoupling grating. The two 
incoupling gratings will guide the two incoming light rays, originating from the same source, 
into the waveguide creating the arms of the interferometer[24,27]. Having the same light source 
eliminates the error of having beams off phased in the beginning of the measurement, hence the 
reference beam is modulated for gaining a proper phase of the light[24]. The waveguide is 
covered by SiO2 except on a small region of five mm that works as the sensing region[24,26,27]. 
On each side of the sensing region the two incoupling gratings are found, one passing the 
sensing region and the other as reference located after the sensing region. The whole sensing 
region will be probed by an evanescent field from the electromagnetic wave that is propagating 
though the waveguide. This evanescent wave will sense changes in RI from free targets on the 
sensor surface to targets interacting with ligands on the surface[24,26,27]. The second grating 
acting as a reference will create a phase shifted wave in the waveguide when the waves 
combines. This phase shifted wave will be outcoupled with the last grating directing the light 
to a detector enables recognition of the interference pattern (Figure 7)[24,26,27].    
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Figure 7. The technical set-up for a grating-coupled interferometry, GCI, biosensor. Immobilized targets can 
interact with ligands on the sensing region of the sensor. This interaction is detected by the presence of an 
evanescent wave that is created by propagation of the electromagnetic wave that is incoupled by a grating 
located before the sensing region. The wave will be influence by the changes in refractive index (RI) on the 
sensing surface, the wave will be of phased with a reference beam, these waves will create the interference 
pattern that can be detected. Changes in RI from binding event on the sensor surface will change the 
interference pattern. Adapted from[24]. 

To make an active sensor surface one needs to immobilize the target on the sensor surface and 
there are well established capturing methods for this[28]. The targets can be everything from 
enzymes, receptor or antibody fragments[28]. These methods are usually covalent 
immobilizations that can exploit functional groups of the proteins such as amine groups[28]. The 
sensing surface is layered with functionalized three-dimensional polycarboxylate creating a 
hydrogel surface on the sensor[28]. The functionalization of the hydrogel is done with 1-ethyl-
3-(3-dimethylaminopropyl) carbodiimide (EDC) and N-Hydroxy succinimide (NHS) chemistry 
often referred to as amine coupling. EDC will react to the carboxylic group of the hydrogel and 
form an unstable intermediumte that will further react with NHS creating an activated gel that 
can react with free amine groups of the target protein[28]. The remaining ester from the 
EDC/NHS reaction will then be deactivated by addition of ethanolamine to the sensor 
surface[28]. 

The sensitivity in GCI measurement with the help of the suitable waveguide like the Ta2O5 can 
provide mass detection on the surface under 1 pg/mm2 that could also be seen as a mass change 
on the surface around 10 kDa[27]. Compared to many other methods used for measuring protein-
ligand interaction GCI based biosensors are label- and probe free, which will have a smaller 
influence on the biomolecule and can provide a situation closer to the real interaction[24]. The 
inherited polarity of biomolecules will allow detection of RI changes, small changes as binding 
events close to the waveguide surface can also be detected due to the sensitivity[24]. Therefore, 
on top of the sensing region a flow channel is added allowing the addition of analytes on top of 
an immobilized surface[27]. From these interaction affinities such as equilibrium dissociation 
constants (KD) and kinetics parameters such as association rate constants (kon) and dissociation 
rate constants (koff) can be derived from the time resolved detection (Eq. 1). GCI can also be 
utilized for HTS for potential molecules in DD[24].   
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SwitchSENSE  
Functionalized surfaces and a fluidic system are important for development of biosensor 
technologies as with the GCI mentioned. A technique that is also optical based is the 
switchSENSE technology that has been commercialised by Dynamic Biosensor GmbH (Figure 
8A). The biosensor is based on a controlled switching movement of a short DNA molecule 
grafted to a gold electrode surface[29]. The oscillatory switching of the DNA lever is induced by 
applying a potential over the electrode surface, because DNA are intrinsically negatively 
charged it can be repelled or attracted to the electrode surface[30,31]. The movement of the DNA 
can be followed by a fluorescent probe that is attached to the DNA which is anchored to the 
electrode surface. The probe will be quenched when it is in close proximity to the electrode 
surface and the emission will therefore change during switching allowing real time 
measurements[29,32]. Only one DNA strand is attached to the electrode surface making it 
possible for hybridization of a complementary nucleotide strand. This complementary strand 
can be functionalized with and target as a protein, RNA or another DNA strand[29]. The 
functionalization of DNA is performed with standard chemistry similar to the amine coupling 
techniques[29]. The biosensor set-up consist of a light source that will shine light on the electrode 
surface and the fluoresce is detected with a photon counter while the potential of the electrode 
is changed[32]. Conjugated protein will also be able for interaction with small organic molecules, 
proteins or nucleotides in real time by the help of a microfluidic system, from this one can get 
parameters as kon, koff and KD[29]. These parameters can be essential for DD but with 
SwitchSENSE technology one can also preform size estimation of the target that is 
functionalized on the sensor surface [30].  
 
This DNA nanolever is switching in an aqueous environment which causes hydrodynamic 
friction[29]. During conjugation an additional hydrodynamic drag will be created allowing size 
estimation of the conjugated target[29]. This estimation is done with the lollipop model were the 
DNA lever can be seen as a cylinder with an even distributed charge and the target as a charged 
sphere with a hydrodynamic diameter (DH) (Figure 8B)[30]. The size of a ligand induced target 
complex can also be analysed when switching the lever in present of different ligands. During 
complex forming conformation changes can occur altering the DH of the conjugated target[29]. 
Experimental data from sizing experiments are in good agreement with theoretical data for the 
size of target protein and has shown to have a Ångström precision in the measurement (0.3 nm 
accuracy)[30].  
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Figure 8.  The technical set-up for a switchSENSE technology. A) Switching of target conjugated to DNA 
during potential change of the electrode. This switching movement can be detected with the fluorescent probe 
that will quench when in close proximity to the electrode surface. B) Size determination with the help of the 
hydrodynamic drag will allow determination of the hydrodynamic radius (DH) of the conjugated target. This 
can be done in absent and present of ligands for detecting ligand induced conformational change. Adapted 
from[30].  

Structural Validation  

There are biophysical methods that can indirectly provide structural information, as such 
switchSENSE technology, but other techniques can also be utilized for providing more direct 
insight into the structural properties of a target protein for characterization during a DD project.  
 
Thermal Shift Assay   
One method that could be exploited during protein characterization is the stability of proteins 
with the help of a thermal shift assay (TSA), which is the quantification of the unfolding or 
denaturation of a protein due to temperature change of the system[33]. Proteins are in an 
equilibrium between its folded and unfolded state which is described by the Gibbs free energy 
of unfolding (Gu). This equilibrium is dependent on the temperature and other physiological 
factors of the system[33]. With an increased energy (temperature increase) of a system the 
protein state will commonly be shifted towards the unfolded state. By increasing the 
temperature of the environment, the thermal unfolding of a protein can provide the melting 
temperature (Tm) of a target. The Tm describes a state were half of the protein sample is 
unfolded, and the other half is in a folded state[33]. The Tm of a protein is influenced by its 
quality (e.g. whether it is properly folded), stability at the given conditions, interaction with, 
ligands and thus information about these aspects can be obtained.  The stability of a protein can 
be influenced by salt concentration or pH of the storing conditions making a TSA as possible 
screening method for finding optimal storing conditions for the target proteins. The protein 
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stability is also influenced by favourable interactions as between proteins and its ligand 
stabilizing the protein further. This will give a melting temperature change, DTm, that is 
proportional to the affinity of the interaction[33,34]. TSA have been used in FBDD screens and 
can be translated to a thermal shift for evaluating the binding capacity of compounds in a 
library. For a target that have many ligandable sites a high DTm (> 2.5°C) can be seen a hit 
compound that can be validated further with orthogonal methods[19].  
 
One common way to monitor the thermal unfolding of a protein is with the help of fluorescence. 
Fluorescence detection can be done either by extrinsic or intrinsic fluorescence[34]. Extrinsic 
fluorescent TSA is called differential scanning fluorometry (DSF) and is dependent on the 
quenching of a fluorescent dye[35]. This dye fluoresces in a non-polar environment, like during 
contact with the hydrophobic parts of the protein. As the temperature is increased, more and 
more of the hydrophobic core of the protein will be exposed during unfolding enabling dye 
interaction. It will create an increase in the florescence of the sample, from the increased 
fluorescence one can determine the Tm[35]. This technique does not work for all proteins because 
presence of the hydrophobic regions that can interact with the probe is required. If one cannot 
use DSF a new technique from NanoTemper that is based on the intrinsic fluorescence of 
tryptophan amino acid residues could be used (Figure 9)[36]. The technique is called nanoDSF 
and is based on the fluorescence shift when the protein unfolds, thus allowing a Tm to be 

determined. The fluorescence of tyrosine residues can change during the temperature increase 
because the polarity changes in the microenvironment surrounding the residue[34]. This 
technique is probe free and requires a small sample volume meaning that is can be used in a 
screening assay[34]. The tryptophan signal at 330 nm, 350 nm and the ratio of signal at these 
wavelengths will be fluorescence measured during unfolding. The fluorescence will shift from 
330 nm to 350 nm when the environment is changed for tryptophan ,making the ratio change 
during the unfolding event, providing the Tm[34]. Because this is probe free, one can easily 
validate quality and stability of the protein of interest in present of a binding partner or in 
different storing conditions.    

 
Figure 9. Unfolding of protein over time with nanoDSF technology. A) Representation of increase in 
fluorescence during an unfolding event, B) the first derivative of the measurement is also shown emphasize 
the melting temperature (Tm). C) The change of fluorescence measured at 330 nm and 350 nm during the 
unfolding event, fluorescence variation coming from the environment change that allows quenching of 
tryptophan residues in the protein. Adapted form[34]. 
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X-ray Crystallography 
Structural determination of a protein target by X-ray crystallography is an important method 
for a DD project. The structure of an apo-protein can be used for computational design of a 
drug candidate, but also for optimizing a potential hit candidate[37]. Proteins are dynamic and 
can change conformation and state upon ligand binding so structures of the protein-ligand 
complexes are often required for the DD process[37]. There are essentially two major ways to 
gain structures for the protein-ligand complexes; soaking and co-crystallization (Figure 10)[37]. 
 
For soaking, the apo-protein crystal can be soaked in ligand solution forming the complex. 
Soaking is highly dependent on the packing of the already existing crystal; the lattice needs to 
contain a sufficient amount of solvent, to enable ligand diffusion to its binding site[37]. During 
soaking, the conditions needs to optimal for both the already existing crystal and for the 
complex formation. Buffer pH, precipitant type and concentration may influence accessibility 
to the binding site, and thus can be a hindrance during soaking experiments. Furthermore, ligand 
binding to a protein can induce large conformational changes making the crystal dissolve[37]. 
Because of these hindrances soaking does not have as high success rate compared to co-
crystallization of the protein-ligand complex. Co-crystallization works by having the ligand 
present during the crystallization phase[37]. The problem with co-crystallization is that the apo-
protein may have different crystallization conditions compared to the complex, this may lead 
to additional screening for new crystallization conditions[37].     

 
Figure 10. Illustration of A) soaking and B) co-crystallization. Soaking represented as existing crystal of 
apo-protein where the ligands are added afterwards. The co-crystallization is shown as crystal that have the 
protein-ligand complex presented   
 
The theory behind crystallization is that the protein solubility change to a saturation state until 
a nucleation point is reached and protein crystals can form in a metastable zone of saturation[34]. 
As previously mentioned, fragments often have a low affinity to the target but have a high LE. 
Therefore, the crystal structure between a target and a fragment can give a big insight to the 
binding mode of the fragment. Gaining a complex of protein-ligand can be critical for FBDD[35]. 

Aim of the Project 
 
The aim of this project is to characterize fragment hits binding from previously screening 
campaigns to the Cys-loop receptor homologue AChBP. A series of orthogonal biophysical 
methods were available and utilized for this purpose for contribute to early stage drug 
development against this receptor class. 
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Experimental  

Recombinant Expression and Purification  

Protein Expression 
The expression methodology were based on previously described experiments[15]. The 
Spodoptera frugiperda insect cell line (Sf9) was utilized for expression of His-tagged Ls-
AChBP by infection with pre-isolated baculoviral stock (passage five, P5) with pFastBac1ä-
Ls-AChBP gene fused in the viral genome. The cells were grown in supplemented Insect-
XPRESSä (Lonza) (penicillin and streptomycin; 100 u/mL) at a cell density of 2 × 106 cells/mL. 
1 mL per 100 mL cell culture of P5 viral stock was added to initiate protein expression. The 
cells were left to incubate for 72 hours at 27°C at 90 revolutions per minutes (rpm) in a Minitron 
incubator Shaker (Infors HT).  
 
Protein Purification 
The infected cells were centrifuged for 20 minutes at 4000 rpm in an Avanti J-26S XP 
(Beckman Coulter) and the supernatant was then decanted into a separate flask. Ni Sepharose™ 
excel beads (GE Healthcare) were prepared by rinsing the beads in a wash buffer (20 mM Tris-
HCl pH 8.0, 300 mM NaCl). Approximate 1 mL of pre-rinsed beads were added to 1 L of 
supernatant and left for stirring at a minimal speed for one hour at 4°C. Next the beads were 
collected by filtrating the medium with a filter funnel, the beads were then transferred to a PD-
10 column. The column was rinsed with an imidazole containing washing buffer (20 mM Tris-
HCl, 40 mM imidazole pH 8.0, 300 mM NaCl) for three column volumes. The protein was then 
eluted with an elution buffer (20 mM Tris-HCl, 300 mM imidazole pH 8.0, 300 mM NaCl) and 
fractions were collected, and the protein concentration was measured with absorbance on ND-
1000 spectrophotometer (NanoDrop®). 
 
The fractions containing protein were combined for protein concentrated with a 30 K 
Amicon® Ultra Centrifugal Filter spin column (Merck KGaA) to the storage buffer (20 mM 
HEPES pH 7.4, 137 mM NaCl and 2.7 mM KCl). The protein concentration was additionally 
measured on ND-1000 spectrophotometer (NanoDrop®) and the protein quality was evaluated 
with nanoDSF on the Tycho (Nanotemper).  
 
SDS-PAGE  
Quality analysis of purification steps and purified protein samples with sodium dodecyl sulfate 
polyacrylamide gel electrophoresis (SDS-PAGE) were performed. Purification samples were 
mixed with Laemmli SDS sample buffer (4x) and loaded on a pre-cast NuPage 4-12% Bis-Tris 
gels (Invitrogen by Thermo Fisher Scientific) together with PageRuler Unstained Protein 
(Thermo Scientific™) ladder. The electrophoresis was run at 200 V for approximate 35 minutes 
in MES SDS Running Buffer (2.5 mM MES, 2.5 mM Tris Base pH 7.3, 0.005% SDS and 50 µM 
EDTA) (Invitrogen by Thermo Fisher Scientific). The gel was stained with Coomassie 
BrilliantBlue G250 and then de-stained for picture imaging on ChemiDoc MP Imaging System 
(BioRad). 
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Native PAGE 
Analysis of structural integrity of purified protein with native PAGE. Samples were mixed with 
native PAGE loading buffer (x2) and loaded on a pre-cast NuPage 4-16% Bis-Tris gel 
(Invitrogen by Thermo Fisher Scientific) together with NativeMark™ Unstained Protein 
Standard (Thermo Scientific™) ladder. The electrophoresis was run at 150 V for approximately 
100 minutes with an anode 1x NativePAGE™ Running Buffer (Invitrogen™) and a cathode 1x 
NativePAGE™ Running Buffer + 0.1x NativePAGE™ Cathode Buffer Additive (Invitrogen™). 
The gel was then de-stained for imaging on ChemiDoc MP Imaging System (BioRad). 
 
Plaque Assay  
The baculoviral titre for optimized protein expression was evaluated using a plaque assay. On 
a six-well plate, 5 × 105 cells/mL were added to each well and incubated for one hour at room 
temperature (RT) allowing the cells to adhere to the surface. Pre-isolated baculoviral stock (P5) 
was diluted (tenfold dilutions; 10-3 – 10-9) in Sf900™ II SFM cell medium (Gibco). The cell 
medium was removed and replaced by 900 µL of viral stock dilutions, 900 µL Sf900™ II SFM 
cell medium was added to one well as a reference, this was left for incubation for one hour at 
RT. The viral solution was then removed and covered with a 2 mL gel mixture (1:2 v/v) of 4% 
agarose gel (Gibco) and supplemented Sf900™ II SFM cell medium. The gel was then covered 
with 1 mL Sf900™ II SFM cell medium and left to incubate for one week at 27°C.  
 
After incubation, the medium covering the gel was removed and replaced by 1.0 g/L Neutral 
Red solution (Sigma) and incubated for two hours. The remaining dye was removed, and 
plaques were observed with a CKX53 (Olympus) microscope.   

Grating-coupled Interferometry Analysis 

Immobilization of Ls-AChBP 
Ls-AChBP was immobilized on a PCH WAVEchip (Creoptix AG) with the WAVEdelta 
biosensor (Creoptix AG). Sensor chips were conditioned using injections of borate buffer (10 
mM sodium tetraborate pH 8.5, 1 M NaCl) with a running buffer of  PBS-P + buffer or HBS-P 
+ buffer (GE Healthcare) diluted to a 0.2x PBS-P (4 mM phosphate buffer pH 7.4, 0.54 mM 
KCl, 27.4 µM NaCl and 0.01 % Surfactant P20) or 0.2x HBS-P (0.01 M HEPES pH 7.4 0.15 
M NaCl and 0.05 % v/v Surfactant P20) solution. Different levels of immobilization were 
performed, where the protein was diluted to the desired concentration in sodium acetate (10 
mM pH 5.0) depending on the required immobilization of the target. The sensor chip was 
functionalized for 420 s with EDC and NHS (GE Healthcare) with a immobilization level aimed 
at 6000 surface mass (pg/mm2) with an injection time of 400 s and a flow rate of 10 µL/min. 
After immobilization, the surface was deactivated with ethanolamine-HCl (1.0 M pH 8.5) for 
420 s. 
 
Kinetic Measurements 
Kinetic measurements for known Ls-AChBP binders and putative fragment ligands were 
performed with a serial dilution of each ligand to a final concentration of 1 % dimethyl sulfoxide 
(DMSO) for all samples. Different starting concentrations were utilized depending on ligand 
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type (Results Figure 15 and Appendix Figure 4 for concentrations utilized). Solvent correction 
was performed for adjustment of raw data by measuring eight buffer samples ranging from 0 % 
– 2 % in DMSO. Blank samples of the running buffer, 1x PBS-P + buffer (20 mM phosphate 
buffer pH 7.4 2.7 mM KCl, 137 µM NaCl, 0.05 % Surfactant P20) or HBS-P + buffer (0.01 M 
HEPES pH 7.4 0.15 M NaCl and 0.05 % v/v Surfactant P20) both containing 1 % DMSO, were 
also injected during the measurements repeatedly for every fifth cycles during the measurement. 
All samples were applied to the immobilized surface and a non-immobilized channel as 
reference. The sensorgrams gained were adjusted with solvent- and blank correction and kinetic 
fitting was performed with the WAVEcontrol software (Creoptix AB) with a suitable fitting 
model.   

Conjugation for SwitchSENSE  

Nanolever Modification and Protein Conjugation 
The conjugations were performed with three different coupling strategies for amine coupling 
(1. >5 kDa; CK-NH2-1-B48, 2. >5 kDa with low pI; CK-NH2-7-B48 and 3. His-tagged 
proteins; PF-NH2-2) (Dynamic Biosensors GmbH). The procedure for the conjugation is 
similar for two of the kits (1. CK-NH2-1-B48 and 2. CK-NH2-7-B48) while the His-tagged 
coupling differs (3. PF-NH2-2).  
 
For two of the coupling strategies (1. and 2.) the only difference is in the buffers utilized, but 
the conjugation follows below. Two spin columns were equilibrated for one coupling reaction 
by removal of storage solution by centrifuging for one minute at 1 500 x gravitational force (g).  
400 µL of Buffer C (1. 50 mM Na2HPO4/NaH2PO4 pH 8.0, 150 mM NaCl) or Buffer M (2. 50 
mM MES pH 6.5, 150 mM NaCl) was used for equilibration of columns. The columns were 
centrifuged for one minute at 1 500 x g, the flow-through was discarded, and the same washing 
step performed with Buffer C or M were repeated one additional time and then the column was 
placed in new tubes. 
 
A single stranded DNA (ssDNA) of 48 nucleotides was modified for conjugation. The ssDNA 
(cNL-B48) and a crosslinker provided in the kit were centrifuged to collect all samples from 
the side of the tubes. ssDNA was diluted in 40 µL Buffer A (50 mM Na2HPO4/NaH2PO4 pH 
7.2, 150 mM NaCl) and vortexed until all solids were dissolved. Crosslinker was diluted by 
adding 100 µL of DNA free water (ddH2O). Then 10 µL of the freshly prepared crosslinker was 
added to the ssDNA and vortexed for ten seconds and left for incubation at RT for five minutes. 
The modified DNA was purified with the equilibrated spin columns for collection of only the 
activated DNA. This was centrifuged for two minutes at 1 500 x g and the flow-through was 
collected. The flow-through was then applied to the second spin column and then centrifuged 
for two minutes at 1 500 x g. Samples of Ls-AChBP were added to activated ssDNA, 200 µg 
protein with a total volume of 50 µL, and was left for conjugation either in RT for at least one 
hour or overnight in the cold room at 4°C.  
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For His-tagged conjugation (3.) the spin columns were equilibrated in the similar manner as 
previously but with a Buffer H. The modification of the protein was done by adding 150 µg of 
Ls-AChBP to 18 µL guiding DNA, that will guide the place of conjugation, and 5 µL loading 
solution (500 µM). This mixture was incubated at RT for 15 minutes. Modification of the 
ssDNA was performed by dissolving the ssDNA in 40 µL Buffer H and the crosslinker in 100 
µL ddH2O. To the ssDNA 2.5 µL of crosslinker was added and vortexed for ten seconds before 
five minutes incubation at RT. After that, the activated DNA was purified with the pre-
equilibrated spin column and collected. The modified protein and the activated DNA were 
combined and incubated for at least one hour at RT. For removal of the guide DNA 6 µL 
displacing DNA and 10 µL EDTA (500 mM) were added and the mixture was left for 
incubation for five minutes at RT.  
 
Conjugate Purification 
The conjugated protein was purified in the same manner independently of the conjugation 
technique. The total volume of the conjugate was adjusted to 160 µL by adding Buffer A, M or 
H depending on the conjugation technique. The samples were then injected to the proFIRE® 

(Creoptix AG) where purification of the conjugate was performed on an anion exchange 
chromatography column (PF-CC-1) using two different phosphate buffers; wash buffer (50 mM 
Na2HPO4/NaH2PO4  pH 7.4, 150 mM NaCl) and elution buffer (50 mM Na2HPO4/NaH2PO4 pH 
7.2, 1 M NaCl), for fraction collection. With the data viewer from proFIRE®, fractions that 
contain pure conjugate are identified and the software suggest fractions that can be utilized. 
 
Buffer exchange was performed by applying the suggested fractions, 500 µL, on a single 
centrifugal filter unit (3 kDa MWCO) and centrifuged at 13 000 x g for ten minutes, the flow-
through was discarded each time. Afterwards 350 µL of PE40 (10 mM Na2HPO4/NaH2PO4 pH 
7.2, 40 mM NaCl, 50 µM EDTA, 50 µM EGTA and 0.05 % Tween20) or TE40 buffer (10 mM 
TRIS-HCl pH 7.4, EDTA 50 µM, EGTA 50 µM and 0.05 % Tween20) were applied to the 
filter and the samples were centrifuged at 13 000 x g for ten minutes. The flow-through was 
discarded. An additional 350 µL of PE40 or TE40 buffer were applied on the filter column and 
centrifuged at 13 000 x g for 15 minutes. The flow-through was discarded again. The filter was 
transferred into a centrifugal collection tube and was placed upside down and centrifuged at 
1 000 x g for two minutes for collecting the protein-DNA conjugate. The protein-conjugate 
concentration was measured via absorbance (260 nm) on a ND-1000 spectrophotometer 
(NanoDrop®).  
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Conjugate Evaluation  
The conjugate quality and stability of fresh and stored conjugates (storage temperature at 4°C 
or -80°C) were evaluated by nanoDSF using a Tycho instrument (Nanotemper). The 
conjugation of DNA to the protein was also evaluated with polyacrylamide gel electrophoresis 
(PAGE). A 1 mm thick 20 % native polyacrylamide gel was prepared from 30 % acrylamide 
(29:1 of acrylamide:bisacrylamide) and TBE (89 mM Tris, 89 mM boric acid, 2 mM EDTA) 
buffer (PanReac AppliChem). Samples were mixed with DNA loading buffer and run at 160 V 
for approximate 75 minutes in the TBE buffer. The gel was stained with GelRed (1:10 000) for 
approximate 30 minutes and then picture imaging with the ChemiDoc MP Imaging System 
(BioRad). The gel was then stained one additional time with Coomassie Brilliant Blue G250 
and then de-stained for picture imaging. The conjugate was also analyzed with a native PAGE 
as described from recombinant expression and purification of Ls-AChBP. 

Sizing Experiment with SwitchSENSE  

Sizing experiments were performed on a multi-purpose biochip (MPB) with the DRX2 

biosensor (Dynamic Biosensors GmbH). Passivation was performed with passivation solution 
and cNL-B48-01 (500 nM) as control. The sizing was performed on purified Ls-AChBP 
conjugate in the presence of compound and without compound. The running buffers for the 
experiment where PE40 (10 mM Na2HPO4/Na2HPO4 pH 7.4, 40 mM NaCl, 50 µM EDTA, 50 
µM EGTA and 0.05 % Tween20) or TE40 buffer (10 mM TRIS-HCl pH 7.4, EDTA 50 µM, 
EGTA 50 µM and 0.05 % Tween20). The MPB chip was regenerated with regeneration solution 
between all experiments. The fluorescence (kilo counts per seconds, kcps) for the hybridization 
was observed and data were fitted with SwitchANALYSIS (Dynamic Biosensors GmbH) 
utilizing cNL-B48-01 (500 nM) as reference for the size analysis.  
 
Measurements of DTm shift of Ls-AChBP conjugate in present of tool binder (reference 
compounds) and fragment compounds (Results Table 6 for compounds analysed) from the was 
done for evaluation hybridization conditions. The same conditions (concentration ad buffers) 
of conjugate and compounds were used as for the sizing experiment and the samples were 
measured with nanoDSF on Tyco (Nanotemper).  

Structural Validation  

NanoDSF Measurements  
Measurements of DTm shift of Ls-AChBP in presence of tool binders and fragments compounds 
(Results Table 7 for compounds analysed). Compounds were diluted in PBS-P + buffer (4 mM 
phosphate buffer, pH 7.4 0.54 mM KCl, 27.4 µM NaCl, 0.01 % v/v Surfactant P20 and 1 % v/v 
DMSO) to a final concentration of 1 mM. Protein samples were prepared by diluting Ls-AChBP 
in the same buffer to a final concentration of 1 µM. Same volumes of compound and protein 
were mixed, and the samples were measured with nanoDSF on Tycho (Nanotemper) in 
replicates of three.  
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Protein Crystallization 
Preparation of hanging-droplet crystallization of Ls-AChBP in present of fragment compounds 
(POB-library; POB0087, POB0116, POB0117 and POB0120). This was done by mixing 
protein and ligands (14.3 µL Ls-AChBP WT (6.8 or 10.9 mg/mL) and 0.75 µL compound in 
100 % DMSO) and followed by incubation for one hour. Nine different conditions were 
prepared for the crystallization reservoir with (NH4)2SO4 solution (concentration between 1.5 
M, 1.6 M and 1.7 M) and sodium citrate (100 mM) with a pH range of 4.8, 5.0 and 5.2. These 
nine reservoirs were prepared in a 24-well plate with a total volume of 500 µL and incubated 
with shaking for five minutes. On 18 mm coverslips 1 µL of reservoir was mixed with 1 µL 
protein-ligand mixture to form the hanging droplet. The edge of wells were greased for sealing 
the wells and the coverslip was placed on top of the prepared reservoir. Droplets were observed 
with a microscope for several days in a row for detecting crystallization (in RT).  

Results    

Recombinant Expression and Purification  

The concentration of protein produced by recombinant expression was measured using a 
NanoDrop® spectrophotometer (Table 1). The stability of the expressed protein was evaluated 
by nanoDSF (Figure 11) giving a Tm of 77.8 °C.   
 
Table 1. Concentration of Ls-AChBP evaluated on the NanoDrop® (measured at 260/280 nm). Volumes for 
concentrated protein are approximate 1 mL. 

Protein Concentration (mg/mL) Cell culture size (L), 
cell passage 

Ls-AChBP 16.5 2 (P34) 
6.8 2 (P39) 

 

 
Figure 11. Melting curve representation for Ls-AChBP (–). The fluorescent ratio changes at 350/330 nm (y-
axis) over increased temperature (x-axis). The melting temperature, Tm, is presented. 
 
Gel images from sample analysis with SDS-PAGE and native PAGE, (Figure 12). Different 
samples from the purification process where analysed by SDS-PAGE. On the native PAGE 
purified protein sample and a sample of from the protein-DNA conjugation (1. >5 kDa; CK-
NH2-1-B48) are shown. 
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Figure 12. PAGE analysis of samples taken at different steps of the protein purification. A) SDS-PAGE 
show sample from supernatant, wash, elution (two different fractions) and column rinse (Imidazole, 1 M). 
B) Native PAGE showing purified and DNA conjugated Ls-AChBP.  
 
Analysis of viral titer by plaquing assay yielded visible plaques (Figure 13 and Appendix 
Figure 1) in infected wells and no plaques in control well. No exact number of plaques could 
be determined from the assay due to non-homogenous layering of Sf9 cells and gel layering.  

 
Figure 13. Plaquing assay observations. A) Singular plaque from plaquing assay with Ls-AChBP with 10-7 
viral concentration. Image taken with ´4 magnification. B) Control well from plaquing assay and C) lytic 
cell infection (10-3 viral concentration), image taken with x20 magnification.  
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Grating-coupled Interferometry Analysis 

Protein immobilizations were performed with different protein concentrations (Appendix 
Figure 2). Tool compounds, known binders to Ls-AChBP, were used for evaluating the 
immobilization quality (Figure 14). Buffer optimization was performed with PBS-P + buffer 
and HBP-P + buffer and the difference of the sensorgrams could be observed (Appendix 
Figure 3). The affinities from the tool compounds are represented, both kinetic and equilibrium 
fitting of the data sets, from different experiments (Table 2 and Appendix Table 1). The kinetic 
affinity if based on the kinetic fit and the equilibrium affinity is based on the saturation of the 
measurement.  

Figure 14. A) Nicotine (–) and B) (-)-Lobeline hydrochloride (–) sensorgrams with 1:1 kinetic fitting and 
mass transport (–). Starting concentration of 5 µM of nicotine in a two-fold serial dilution, (-)-Lobeline 
hydrochloride shown with a highest concentration of 1 µM. Sensorgram shows surface mass change 
(pg/mm2) over time (s) and increase response in the sensorgram is due to increased ligand concentrations. 
The equilibrium of the measurement showing surface mass change (pg/mm2) over concentration (log(M)). 
Experiments were performed with PBS-P + buffer.  
 
Table 2. GCI data for tool compounds interacting with Ls-AChBP; Nicotine and (-)-Lobeline 
hydrochloride. Affinity, KD, from both the kinetic fit and equilibrium fit are shown together with the model 
for kinetic fitting (running buffer PBS-P + buffer). 

Tool compound Structure 
Kinetic Fit 
KD (nM) 

Equilibrium Fit 
KD (nM) Model 

Nicotine 
 

39 ± 3 129 ± 85 1:1 Kinetic 

(-)-Lobeline 
hydrochloride  

58 ± 4 43 ± 9 
Mass 

Transport 

 
Characterization of 19 fragments from different libraries that have previously been found to 
interaction with the target, Ls-AChBP, were measured and the affinities were estimated (Table 
3 and Appendix Table 2). The evaluated affinities, KD, from both kinetics and equilibrium data 
are presented. The sensorgrams obtained for the ligands have varying appearance and are shown 
(Figure 15 and Appendix Figure 4).  
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Table 3. GCI measurements (n = 3) for fragment identified as ligands for Ls-AChBP. Affinity, KD, from 
both the kinetic fit and equilibrium fit are shown together with the model for kinetic fitting.  The molecular 
weight for the fragment ligands are also displayed. 

Fragment compound Molecular 
weight (Da) 

Kinetic Fit 
KD (µM) 

Equilibrium Fit 
KD (µM) Model 

POB0087 234 158 ± 29 175 ± 73 

1:1 Kinetic 
POB0116 238 129 ± 100 131 ± 158 
POB0117 195 123 ± 74 76 ± 287 
POB0120 203 187 ± 176 99 ± 72 

Figure 15. A) POB0087 (–) and B) POB0116 (–), C) POB0117 (–) and D) POB0120 (–) sensorgram with 
1:1 kinetic fitting (–). Starting concentration of 500 µM fragment compound from the Peter O’Brian (POB) 
library in a two-fold serial dilution. Sensorgrams shows surface mass change (pg/mm2) over time (s) and and 
increase response in the sensorgram is due to increased ligand concentrations. The equilibrium of the 
measurement showing surface mass change (pg/mm2) over concentration (log(M)). Experiments were 
performed with PBS-P + buffer. 

Conjugation for SwitchSENSE  

Purification of the Ls-AChBP conjugate from the different conjugation strategies (Appendix 
Figure 5) gave different yields of conjugated protein (Table 4). The conjugates were evaluated 
on Tycho with nanoDSF and yielded similar melting temperatures as for non-conjugated 
protein (Table 4 and Figure 15A).  
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Table 4. Yield of conjugated Ls-AChBP form the different anime coupling strategies and Tm of conjugates 
of Ls-AChBP with different techniques (volumes approximate 150 µL).  

Amine coupling strategies Concentration 
(nM) Tm (°C) 

Proteins >5 kDa 410 76.9 
Proteins with low pI 230 75.5 
His-tagged proteins N/A N/A 

 
Stored conjugate samples were evaluated by nanoDSF on Tyco. Results of repeated 
measurements of conjugated Ls-AChBP (amine coupling kit for proteins > 5 kDa) for a time 
period of five days (Figure 15B). The PAGE analysis for Ls-AChBP conjugates against 
different references both with RedGel stanning and Coomassie Brilliant Blue G 250 staining 
(Figure 16). The native PAGE analysis results shown the conjugate quality (Figure 12B).   
 

Figure 15. Melting curve, Tm, representation. A) The fluorescent ratio changes at 350/330 nm (y-axis) over 
increased temperature (x-axis) for the conjugation of Ls-AChBP. B) The melting curve for the same Ls-
AChBP conjugate (amine coupling kit for proteins > 5 kDa) over a time period of five days. 

 
Figure 16. PAGE analysis of Ls-AChBP conjugates. Samples seen as references are cNL-B48-01 (MW 
approx. 15 kDa) and SMYD3 (MW: 49.0 kDa[40]) conjugates and two samples of conjugated Ls-AChBP with 
different concentrations (400 nM and 850 nM). A) GelRed stanning and B) Coomassie Brilliant Blue G250 
staining shown.  
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Sizing Experiment with SwitchSENSE  

Passivation performed before sizing experiments shows a hybridization on the sensor surface 
that confirms that DNA hybridization is possible (Appendix Figure 6). Sizing experiments 
were performed in different conditions with conjugate one and conjugate two.  The 
hybridization of conjugate in presence of compound can be visualized as a kinetic 
representation in increase of fluorescence over time, up- and down fluorescence is represented 
(Figure 17-18). Sizing experiments that gained successful hybridization had the size evaluated 
(Figure 19 and Appendix Figure 7) the hydrodynamic radius of the protein could be extracted 
(Table 5).  

 
Figure 17. Hybridization of ssDNA (cNL-B48-01), conjugated Ls-AChBP and conjugates in present of 
various compounds (tool binders and fragments). The up- and down (the thin and thick line) fluorescence 
(kcps) is displayed for the switching motion of the DNA hybrid over time (s).  

Figure 18. Hybridization of ssDNA (cNL-B48-01), A) conjugated Ls-AChBP (conjugate two) and B) 
conjugates in present of epibatidine. The up- and down (the thin and thick line) fluorescence (kcps) is 
displayed for the switching motion of the DNA hybrid over time (s).  

 
Figure 19. SwitchSENSE fitting of sizing experiment with conjugate two (signal) against reference (cNL-
B48-01). Normalized fluorescence is shown over time (µs).  
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Table 5. SwitchSENSE analysis of sizing experiment with conjugate two. The hydrodynamic radius (DH) 
and the coefficient of the determination (R2) is displayed. The difference values are for different conjugation 
occasions (a-c fitting curves are displaced in Appendix Figure 7, b and c are from the same experiment).  

Sample DH (nm) R2 

Ls-AChBP conj. 2 
5.9 ± 0.2 (n = 3) 

4.9a 
5.2b 

0.9988 
0.9990 
0.9988 

Ls-AChBP conj. 2 + 
Epibatidine 4.9c 0.9991 

 
Evaluation of hybridization conditions for sizing experiments from nanoDSF measurements 
were performed (Table 6) the DTm shift is compared with free conjugate and conjugate in 
presence of compounds. The melting curve is represented as fluorescent ratio (350/330 nm) 
change over temperature increase and also the first derivative of the measurements is presented 
for highlighting the temperature shift (Figure 20). 
 
Table 6. The melting temperature change, DTm, for Ls-AChBP conjugate in presence of compounds. Tool 
binders and fragment compounds are represented for conjugate evaluation.  

Sample Tm (°C) DTm (°C)  
Ls-AChBP conj. 77.8 - 

Ls-AChBP conj. + Epibatidine 82.8 5.0 
Ls-AChBP conj.  + POB0087 81.0 3.2 
Ls-AChBP conj.  + POB0116 80.7 2.9 
Ls-AChBP conj.  + POB0117 80.7 2.9 

 

 Figure 20. A) Melting curve, Tm, representation. The fluorescent ratio changes at 350/330 nm (y-axis) over 
increased temperature (x-axis) from Ls-AChBP conjugate without and in present of compounds. B) The first 
derivate of the temperature shift, DTm, is also highlighted for visualization of temperature shifts in present of 
compound. 
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Structural Validation 

The nanoDSF measurement shows a shift in the DTm with compound compared to the free 
protein (Table 7). The melting curve is represented and also the first derivative of the 
measurement (Figure 21). For the complex crystallization studies crystals could be observed 
in conditions for the Ls-AChBP in presence of the POB0087 compound (Figure 22).  
 
Table 7. The temperature shift, DTm, for Ls-AChBP in presence of compounds. Tool binders and fragment 
compounds are represented. The mean value and standard deviation are presented for DTm (n = 3).  

Sample Tm (°C) DTm (°C) 

Ls-AChBP Ref. 
77.4 ± 0.07* 
77.4 ± 0.09** 

- 

Ls-AChBP + Nicotine 86.5 ± 0.12 9.0 ± 0.08* 
Ls-AChBP + Lobeline 87.5 ± 0.07 10.1  ± 0.06** 

Ls-AChBP + Epibatidine 88.7 ± N/A 11.2 ± 0.05** 
Ls-AChBP + POB0087 81.5 ± 0.07 4.0 ± 0.06* 
Ls-AChBP + POB0116 79.2 ± 0.01 1.8 ± 0.04* 
Ls-AChBP + POB0117 83.1 ± 0.05 5.7 ± 0.05* 
Ls-AChBP + POB0120 78.8 ± 0.05 1.4 ± 0.05* 

 

 
Figure 21. A) Melting curve, Tm, representation. The fluorescent ratio changes at 350/330 nm (y-axis) over 
increased temperature (x-axis) from Ls-AChBP without and in presence of compounds. B) The first 
derivative of the temperature shift is also highlighted for visualization of temperature shifts in present of 
compound.  

 
Figure 22. Crystals observed for the Ls-AChBP POB0087 co-crystallization. Picture taken of crystals form 
crystallization plate; crystals could be observed in two different condition (A) 1.5 M (NH4)SO4 pH 5.0 -B) 
1.5 M (NH4)SO4 pH 5.2). 
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Discussion  

Recombinant Expression and Purification  

Expression of Ls-AChBP utilizing the Bac-to-Bac® expression system in combination with the 
purification method yielded a high concentration of pure protein (Table 1). This can be seen 
from the purification steps visualized in the SDS-PAGE (Figure 12A) where the non-
concentrated elution fraction can be seen at a molecular weight of approximately 25 kDa 
corresponding to a size of a monomer of Ls-AChBP (MW: 24.7 kDa[41]). Due to the fact that 
Ls-AChBP is extracellularly excreted during expression[41] no cell disruption by lysation is 
required. Therefore, no impurities could be visualized on the gel from the washing steps of the 
purification (Figure 12A).  
 
To determine the quality and the oligomeric state of the protein, the native PAGE (Figure 12B) 
gave clear insights showing a size of > 150 kDa that is comparable with the pentameric state of 
the protein (MW: 123.7 kDa[41]). The higher molecular weight seen on the native PAGE 
compared to the real MW is due to the migration techniques. During native PAGE analysis, the 
cathode buffer will assist the migration in the gel and the length of migration is highly 
dependent on the net charge of the protein. While this method does not show the proper MW 
for this particular protein due to the charge, these results still show the protein is in its 
pentameric state. The nanoDSF measurement gave a relatively high melting temperature 
(Figure 11) that also confirms the state of the pentamer. This high Tm represented the 
favourable interaction between the subunits that are hard to break during the unfolding process. 
It has been shown in previous studies utilizing circular dichroism that the Ls-AChBP starts to 
melt at a high temperature (65°C)[7].    
 
The plaquing assay did not give proper plaques for determination of an exact viral titer due to 
the non-homogenous layering of the insect cells. If the monolayer would have covered the 
whole well one could with high probability determine the viral titer because individual plaques 
could still be observed (Figure 13A). The slightly incorrect layering of the gel may also have 
caused a more flexible environment spreading the viruses uncontrollably during one assay 
making the cells have a larger infection radius (Appendix Figure 1) and enabling formation of 
single plaques. Even though the titer could not be determined, the cells were producing viruses 
and the virus had clear activity, when comparing the control and clear lytic infection (Figure 
13B-C). The determination of the viral titer would have provided optimal conditions for gaining 
high protein yield.   

Grating-coupled Interferometry Analysis 

The different immobilizations, for kinetic interaction analysis (Appendix Figure 2), confirms 
that the surfaces were active and gave a similar response for tool binders during the different 
measurements (Appendix Table 1). This confirms that the immobilization on the sensor 
surface does not interfere with the binding of known ligands making it possible for fragment 
binding, if the interaction between fragments and Ls-AChBP occurs at the same binding pocket.  
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The tool ligands which were used for all experiments as a control to determine an active surface 
with the correct response (Figure 14). The buffer previously used for SPR screening campaigns 
was PBS-P + buffer, utilizing this buffer also showed a better response for the WaveDelta 
instrumentation compared to the HBP-P + buffer. The tool binders using PBS-P + buffer show 
a smoother response and less fluctuations during measurements than the HBP-P + buffer 
enabling better data fitting for the sensorgram gained during the experiments (Appendix 
Figure 3). The affinities reported (Table 2) are comparable to what has been previously 
reported for these ligands[15]. These binding experiments confirm that Ls-AChBP is in its right 
oligomeric state, the protein would have been unable to interact with its ligand unless the 
pentamer was formed. This is because the LBS is located at the interface between the subunits 
of the pentamer.  
 
The screened compounds showed various levels of response with the immobilized Ls-AChBP 
but presented a noticeable interaction (Figure 15 and Appendix Figure 4). Most of the 
compounds displayed a fast association and dissociation, visualized as a square pulse 
sensorgram. This is a common appearance for fragment kinetics that have a fast-kinetic 
interaction. This is also reflected in the low affinities recorded in the µM range (Table 3 and 
Appendix Table 2), showing the common interaction pattern for fragment compound binding 
to a target. The affinities are evaluated from the kinetic parameters from the measurement (Eq. 
1). These kinetic properties would help evaluating the effect of a potential drug. A fast kon is 
equivalent to a quick response and a slow koff is corresponding to a long residence time that can 
be desired for a drug.  
 
Saturation was reached for many compounds (Figure 15 and Appendix Figure 4) but the fits 
do not represent the interactions displayed on the underlying sensorgrams. The evaluation of 
the compounds against Ls-AChBP interaction can therefore be argued to display a more 
complex interaction than a 1:1 kinetic interaction. This interpretation is supported by the 
dynamic nature of the protein that could allow conformational change upon ligand binding that 
would show a more complex interaction.  The KD values from the fragment compounds are not 
a quantitative determination, they only provide the range of the real affinity and more complex 
evaluations are required.   

Conjugation for SwitchSENSE  

The results from the different conjugation strategies could be evaluated from the purifications. 
All conjugations gave one defined conjugation, but some also gave an additional conjugation 
(conjugate two) meaning that the protein may have several ssDNA strands attached to it. From 
the chromatogram (Appendix Figure 5) one could see that during the elution phase there are 
usually two distinct sharp peaks, and one or two smaller, broader peaks. The eluted peaks from 
the purification are in the following order: free non-conjugated protein, protein-DNA conjugate 
and free non-conjugated ssDNA. This is due to the usage of an anion exchange column that 
will bind negatively charged molecules and during elution an increased ionic strength will allow 
release of molecules from lower to higher negative charge. Because DNA is intrinsically 
negatively charged, it will bind strongly to the column and will therefore elute later in the 
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purification.  The amount of conjugate gained (Table 4) from each experiment were similar 
(except for the Amine coupling kit for His-tagged protein where the conjugate was not collected 
and analysed, but still have a similar peak high). This suggest that the strategies did not give a 
change for the conjugation yield. Even though the conjugation with low pI (2.) would have been 
more favourable with regards that Ls-AChBP have a relatively low pI value at approximated 
5.1[42,43] this was not the case.     
 
The conjugation changes the pattern of melting curve shape (Figure 15) with a slightly upwards 
curvature at higher temperature where the free protein plateaus out. The overall shape is still 
similar with a high melting temperature suggesting that Ls-AChBP is successfully conjugated 
due to the small change in the melting curve. Storage of conjugated sample over a longer period 
(4°C) did not change the appearance of the melting curve either, proposing that the conjugate 
is stable for storage.  
 
For further evaluation of proper conjugation, a 20 % native gel (Figure 16) was performed for 
detecting the presence of DNA and protein simultaneously.  From the GelRed staining control 
ssDNA (cNL-B48-01) could be detected and also a positive control conjugation of the SMYD3 
protein (approximate 49.0 kDa[40]). The Ls-AChBP conjugate could also be observed as a 
visible DNA band. When further staining the gel with Coomassie Brilliant Blue G250 staining 
one could observed the free ssDNA band disappeared but the conjugated protein remained at 
the previously observed bands from the GelRed staining showing that DNA and protein is 
located at the same position in the gel, thus proving that the covalent conjugations were 
successful. The conjugated Ls-AChBP high molecular weight (approximate 123.7 kDa[41] plus 
the molecular weight of the 48 base pair ssDNA) allowed the short migration through the gel. 
A small amount of residues from all sample would be observed on the top of the gel, this may 
have been an issue from the gel casting and the wells being unable to get formed properly during 
polymerization.  For the native PAGE analysis (Figure 12B) two molecular bands could be 
determined (approximate >150 kDa and 40 kDa), one is corresponding to the pentameric state 
of Ls-AChBP and the other band is unidentified. This unidentified band need to be further 
investigated for drawing any conclusions. 

Sizing Experiment with SwitchSENSE  

During passivation (Appendix Figure 6), hybridization of only the complementary DNA 
strand is performed for observing the hybridization of the sensor chip surface was possible, this 
could be observed in the up- and down fluorescence increase over time. During hybridization 
different results were gained (Figure 17-18). The hybridization of free DNA as reference 
showed the same hybridization as for passivation (Appendix Figure 6). Hybridization of 
AChBP conjugate was not successful. Without and in present of compound no increase of 
fluorescence over time could be observed meaning that no hybridization occurred on the chip 
surface (Figure 17). This may have been a cause of that the conjugation of the ssDNA to Ls-
AChBP had an unfavourable orientation making it unable to hybridize to the electrode surface.  
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Hybridization of conjugate two was also performed (Figure 18) and which yielded in a 
hybridization of the chip surface. The size of the protein was evaluated without and in present 
of the known agonist for the nAChR (Table 5 and Appendix Figure 7B-C)[41] and a size 
difference would be observed. These measurements could not be repeated for proper evaluation 
due to low conjugate concentration. 
 
Sizing experiment with only conjugate two from different conjugation occasions were 
performed (Figure 19 and Appendix Figure 7) but resulted in various sizes for Ls-AChBP 
(Table 5). This makes the sizing result doubtable but also the size difference in presence of 
compound doubtable. The use of conjugate two for sizing experiments gives uncertainties 
because the unknown ssDNA attachment as well as that the multiple conjugation of ssDNA 
may influence the determination the hydrodynamic drag of the protein due to insecurities in 
orientation of the target. This is a possible explanation for the different sizes observed for 
conjugate two sizing determination (Table 5).   
 
The conjugate was evaluated in the presence of compound (Table 6 and Figure 20) this yielded 
in a shift of the DTm in presence of compound. One can evaluate the DTm shift between the 
known binder, epibatidine, and the POB-compounds all represent a binding of compound 
against Ls-AChBP. This could be argued from the binding free energy principle that suggest 
favourable binding event will increase the energy hurdle that is needed to overcome during a 
temperature increase.   

Structural Validation  

During measurements of protein without and in presence of compound one could observe a 
clear shift in the melting temperature (Table 7 and Figure 21). The tool binders all represent a 
large shift in DTm compared to free protein (DTm > 8 °C). The favourable energy upon biding 
events is comparable to the DTm, the strong affinities that are presented by the tool binder are 
expected to have a large shift in DTm of the protein. When comparing the DTm of the POB-
compound with the known binders some of the have a relatively high DTm and are in the similar 
range as the known binders. From screening assay utilizing TSA two of the compound 
(POB0087 and POB0117) could be considered as hit compound because there DTm exceeds 

2.5°C. Even though these are fragment compound the ability to favourable interacted too the 
target protein, Ls-AChBP, is worth considering when evaluating these results. The standard 
deviation of all measurements are relatively low making these results have a high impact for 
ranking the POB binders as hits fragments.  
 
Looking back at the results from nanoDSF done on the conjugated protein in presence of 
compound (Table 6 and Figure 20) one could see a shifted melting temperature but not as 
remarkable when analysing the same interaction with non-conjugated protein. This could 
suggest that the DNA conjugation could influence the binding energy during ligand-protein 
interaction. When comparing the size (in mass) of the ssDNA that is conjugated to the protein 
the difference is small, but the DNA strand is also considerable long making it able to move 
freely during the nanoDSD measurements.  
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From crystallization only Ls-AChBP together with POB0087 would form crystals (Figure 21). 
These where displayed in various forms and conditions for the two-crystallization set-up 
performed. It is still unknown whether this crystal contains of the complex or only the apo-
structure of the protein. The remaining POB-compound did not yield any crystal formation, this 
could have several explanations. Upon binding of compound, a conformational change could 
be induced influencing the crystallization. The Cys-loop of the Ls-AChBP can induce large 
conformational change upon ligand binding, the Cys-loop could have taken an unfavourable 
conformation for these compounds making the packing of the crystal unstable. Therefore, new 
crystallisation conditions are required for the three additional POB-compounds in form of a 
condition screening. 

Conclusion & Further Outlook  
The Bac-to-Bac® expression together with the purification yielded protein of high quality. The 
pentameric state was determined with various methods. This pentameric from was then used 
for orthogonal evaluation of the hits obtained previously from fragment-based screening 
campaigns. GCI technology was used here and produced results of great importance. Then step 
in the evaluation is to produce six single point cysteine mutants of Ls-AChBP and repeat 
measurements to enable site-specific immobilization with for example thiol-capturing 
techniques. This would enable a specific orientation of Ls-AChBP during measurement, 
because this is unknown with the method utilized. 
 
The work to determine the dynamic nature of Ls-AChBP utilizing the switchSENSE technology 
gave results with varying outcomes. Different conjugation strategies yielded low concentration 
of conjugates and the hybridization gave unreproducible results besides non-hybridizing 
samples. The conjugate protein preformed a similar interaction pattern to the apo state, but the 
large DNA strand may influence the interaction options for complex formation. Hence more 
optimizations are required for fulfilling real time conformational studies on Ls-AChBP both 
with the conjugation and the sizing experiments. One thing that was established was the 
conjugation actually yielded the target-DNA complex. One way to continue with this is to try 
thiol conjugation with the cysteine mutants mentioned previously for a more site-specific 
conjugation.  
 
The nanoDSF measurements were successful and gave an additional validation for fragment 
binding to the kinetic studies with GCI. Further studies utilizing non label free DSF could be 
valuable for determining and validating the nanoDSF results. The structural studies are yet to 
be concluded with crystals possibly displaying a complex of Ls-AChBP and POB0087. This 
promising crystal will be sent to the synchrotron for diffraction later on. Thus, further screening 
is still required for the additional compounds if structures are vital.  Concluding this thesis is 
that orthogonal characterization was performed on 19 different fragment that resulted in further 
understanding of the interaction between receptors and its ligands aiding the early stage drug 
development. 
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Appendix  
 

 
Appendix Figure 1. Plaquing assay observations. A) From plaquing assay with Ls-AChBP 
with 10-6 viral concentration. B) From plaquing assay with Ls-AChBP with 10-6 viral 
concentration. Images taken with ´4 magnification. 

 
Appendix Figure 2. Two different immobilization levels of Ls-AChBP for GCI measurement. 
A) With a lower immobilization level (–) on the surface (using protein concentration of 
6.25µg/mL) and B) with a higher immobilization level (–) (using protein concentration of 12.5 
µg/mL). 

 
Appendix Figure 3. Kinetic measurement on nicotine utilizing different running buffer; A) 
HBS-P + buffer and B) PBS-P + buffer. Starting concentration of 5 µM of nicotine in a serial 
dilution of half for each concentration point in the sensorgram. Sensorgram shows surface mass 
change (pg/mm2) over time (s) and incensed concentrations is represented in higher saturation 
of colour. The equilibrium of the measurement showing surface mass change (pg/mm2) over 
concentration (log(M)). 
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Appendix Table 1. Kinetic evaluation from GCI measurements for tool binding ligands to Ls-
AChBP; Nicotine and (-)-Lobeline. Affinity, KD, from both the kinetic fit and equilibrium fit 
are shown together with the number of measurement points. Measurements performed at 
different occasions (diff. immobilization levels, repeated on the same surface or in different 
buffers (Measurements preformed in HBS-P + buffer*). 

Tool compound Kinetic Fit 
KD (nM) 

Equilibrium Fit 
KD (nM) Model 

Nicotine 

60 
68 
51 
72* 

110 ± 5 
110 ± 17 
134 ± 55 

269 ± 176* 

1:1 Kinetic 

(-)-Lobeline 
hydrochloride 

59 
47 

105* 

79 ± 18 
47 ± 29 

125 ± 24* 

Mass 
Transport 

 
Appendix Table 2. Kinetic evaluation from GCI measurements for fragment compounds to Ls-
AChBP. Affinity, KD, from both the kinetic fit and equilibrium fit are shown together with the 
mode of the kinetic fitting. The molecular weight of the fragments are displayed.  

Fragment 
compound 

Molecular 
weight (Da) 

Kinetic Fit 
KD 

Equilibrium Fit 
KD  Model 

POB0122 219 310 µM 540 ± 63 µM 

1:1 Kinetic 

CBK067911 226 50 µM 94 ± 117 µM 
CBK278454 220 51 µM 15 ± 2 µM 
CBK278676 193 19 µM 12 ± 1 µM 

IOTA171 252 1 µM 1 ± 3 µM 
IOTA376 250 5 µM 8 ± 1 µM 

CBK291856 296 515 nM 4 ± 12 µM 
CBK291961 211 4 µM 61 ± 200 µM 
CBK291971 231 298 nM  4 ± 12 µM 
CBK291913 230 3 µM  9 ± 3 µM 
CBK041890 165 8 µM 69 ± 120 µM 
CBK278614 163 43 µM 33 ± 36 µM  
CBK278676 193 144 µM 51 ± 67 µM 
CBK278523 201 2 µM 10 ± 1 µM  
CBK291858 231 17 µM 33 ± 3 µM 
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Appendix Figure 4. Sensorgrams for GCI measurements (–) with 1:1 kinetic fitting (–).  
Twelve different compounds analysed with the starting concentration of 125 µM for the CBK 
and IOTA in a two-fold serial dilution. POB-compounds at and 500 µM in a two-fold serial 
dilution. Sensorgram shows surface mass change (pg/mm2) over time (s) and incensed 
concentrations is represented in higher saturation of colour. The equilibrium of the 
measurement showing surface mass change (pg/mm2) over concentration (log(M)). 
Experiments A) – F) where preformed in PBS-P + buffer and G) – P) in HBS-P + buffer. 
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Appendix Figure 5. Chromatogram from purification on conjugates, absorbance (mAb) over 
time (s) for elution. Elution of free protein, conjugated protein and free ssDNA (in the given 
order represented) is analysed by absorbance. A) Amine coupling strategies for proteins >5 
kDa, B) Amine coupling strategies for proteins with low pI and C) Amine coupling strategies 
for His-tagged proteins chromatograms are displayed. 

 
Appendix Figure 6. Passivation performed by hybridizing complementary ssDNA (cNL-B48-
01) to the electrode surface that will allow a switching of a DNA strand on the surface. The up- 
and down (the thin and thick line) fluorescence (kcps) is displayed for the switching motion of 
the DNA hybrid over time (s).  

 
Appendix Figure 7. SwitchSENSE fitting of sizing experiment with conjugate two. The 
difference of the reference and the conjugate size is compared. Experiment B) and C) are from 
the same batch of conjugate two and A) is a single measurement (actual values for sizing can 
be observed in Table 5). 


