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Abstract  
 

The aim of this degree project is to produce two homologues of acetylcholine binding protein 

(AChBP), from Aplysia californica and Lymnaea stagnalis, using the Bac-to-Bac® expression 

system. And also, to purify and characterize them using different biochemical techniques. The 

AChBP is a pentameric homologue for an important class of ligand gated ion channel (LGICs); 

the Cys-loop receptors. These receptors play an important role in neural signaling in the brain 

and are involved in several diseases which make them a highly attractive target for drug 

discovery. The results from this project shows that the Bac-to-Bac® expression system was 

successful, and the purification was also successful with some minor impurities in the purified 

protein. The protein is expressed as a monomer but self assembles into the pentameric state, 

this was shown with a high degree of probability through various methods of protein 

characterization. The expression and purification needs to be further optimized to obtain a 

higher protein yield and purer samples for further biochemical characterization for drug 

discovery purposes.  
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Abbreviations 
 

5-HT3  Serotonin receptor 

β-gal  β-galactosidase  

AChBP  Acetylcholine binding protein 

Ac  Aplysia californica  

ECD  Extracellular domain  

E. coli  Escherichia coli 

FBS  Fetal bovine serum 

g  Gravitational force   

GABA  γ-amino-butyric acid receptor 

ICD  Intracellular domain  

IMAC  Immobilized metal ion affinity chromatography  

IPTG  Isopropyl β-D-thiogalactoside 

LBD  Ligand binding domain  

LGICs  Ligand gated ion channels  

Ls  Lymnaea stagnalis  

MCS  Multiple cloning site 

MOI  Multiplicity of infection  

nAChR  Nicotinic acetylcholine receptor  

NTA  Nitrilotriacetic acid 

PAGE  Polyacrylamide gel electrophoresis  

PCR  Polymerase chain reaction  

pfu  Plaques forming units 

PTMs  Post-translational modifications 

rpm  Revolutions per minute  

SDS  Sodium dodecyl sulfate 

Sf   Spodoptera frugiperda 

TMD   Transmembrane domain  

ÄKTA  Äkta explorer chromatography system 
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Introduction 

Ligand gated ion channels 

In drug discovery, identification and characterization of a target is important for the 

development of good lead compounds. Ligand gated ion channels (LGICs) are useful protein 

targets for drug discovery. LGICs are involved in different processes in an organism and are 

activated by the release of neurotransmitters. These proteins are divided into different classes, 

one important class is represented by Cys-loop receptors. This superfamily contains 

allosterically modulated transmembrane receptors. Five monomeric subunits combine to form 

a pentamer, each subunit can be divided into three different domains; an extracellular (ECD), a 

transmembrane (TMD) and an intracellular domain (ICD), see Figure 1. An important task of 

LGICs is to receive signals from the surrounding and eliut a response via a specific protein-

ligand interaction. The ECD is known as the ligand binding domain (LBD) in the Cys-loop 

receptors as when a ligand binds to this domain of the receptor, it will rapidly induce a 

conformational change that will open or close the pore of the ion channel. Ligand binding sites 

are located at the interface between two subunits. Different ligands, such as agonists and 

antagonists, share the same binding site on the receptor but will induce different conformational 

changes in the protein therefore regulating the function of the receptor.  

 

 
          Figure 1. Structure of a Cys-loop receptor, nicotinic  

          Acetylcholine receptor, (PDB ID code 2BG9) from Torpedo  

          marmorata (seen from the side). The extracellular domain  

          (ECD, aqua marine), transmembrane domain (TMD, deep  

          teal) and the intracellular domain (ICD, green cyan) shown  

          in different colours. Figure produced in PyMol. 
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Some of the receptors that are part of this Cys-loop superfamily are the nicotinic acetylcholine 

(nAChR), γ-amino-butyric acid (GABA), serotonin (5-HT3) and glycine receptors. They are 

involved in neural signaling and interact with endogenous neuronal ligands but also other 

compounds such as nicotine, alcohol and snake venoms. The receptors are important to study 

since they are involved in many important brain functions and diseases like nicotine addiction 

and Alzheimer’s disease. An ongoing research area is how we can relate the mechanism behind 

the interaction between the proteins and ligands for development of novel drugs [1–3]. 

Acetylcholine binding protein 

Acetylcholine binding protein (AChBP) is a soluble homologue to the Cys-loop receptor which 

lacks the membrane spanning regions. This protein can be found in the most common neural 

cells, glial cells, from snails where it is produced and stored. The protein has been observed in 

snail types such as Lymnaea stagnalis (Ls) and Aplysia californica (Ac) where it functions is 

to modulate the synaptic transmission in the snail. These snails have easily identified neurons 

and the protein can therefore be readily isolated and studied, see Figure 2.  

 

 
                  Figure 2. Structure of AChBP from Aplysia californica 

                 (PDB ID code 2BYQ, light blue) and Lymnaea stagnalis  
                 (PDB ID code 1UW6, green cyan). 

 

AChBP produced in Aplysia californica (Ac-AChBP) has 26 % sequence identity to the human 

α7-nAChR. It is well studied, and the crystal structure of the protein is well known.  From 

previous studies, it has been found that the Ac-AChBP is a functional and structural homologue 

of the extracellular domain of the Cys-loop nAChR. This is used as a model for Cys-loop 

receptors, as the transmembrane regions of human receptors are often hard to conserve during 

protein production. Removal of the membrane spanning region of human Cys-loop receptors 

can lead to a decrease or complete shutdown of their functional properties of the protein. The 

AChBP protein is therefore often used as an alternative. Because it is a homologue of LGICs, 

the ligand binding sites are located at the interface between the monomers, see Figure 3. 

AChBP is therefore used to study the Cys-loop receptor and the functional mechanism of the 

protein and in structure-based drug discovery [3,4]. 
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Figure 3. Structure of AChBP (PDB ID code 1UW6) from Lymnaea  

stagnalis from two different angels. The subunits are in different colour. 
Figure produced in PyMol.  

Bac-to-Bac® expression system 

AChBP can be expressed in various recombinant expression systems with various outcomes, 

but for this project in the Bac-to-Bac® baculovirus expression system was considered suitable 

for expression of the protein. This is a system where recombinant baculovirus helps to express 

the protein of interest in insect cell lines.  

 

There are hundreds of different insect cell lines and they are commonly used for expression of 

recombinant proteins. Two types of cell lines usually used for protein expression, they belong 

to the order Lepiopter that comes from moths and butterflies and Dipter that comes from flies. 

The Lepiopteran cell line is used to express protein by using recombinant baculovirus that use 

the cell as a host to express the protein of interest. In this cell line there are derivates from 

Spodoptera frugiperda (Sf), which can be divided further, and some examples are Sf9 and Sf21 

that are commonly used [5]. 

 

By using insect cells as an expression system for proteins, instead of bacterial cells, more post-

translational modifications (PTMs) are available although expression is more time consuming. 

The Sf9 cell line can grow both in suspension or as an adherent monolayer, and they are 

spherical in shape. If the cells are infected, a change in their morphology can be observed, 

depending on the length of time. The first sign of viral infection is an increased diameter of the 

cell and the size of the cell nuclei appears too big for the cell. Later on, the proliferation of the 

cells is decreased and the cells take on increased granular appearance and detach from the 

surface. In the last stage of infection cell lysis occurs. This is seen as a depletion or clearing of 

the adherent monolayer [6]. 
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During Bac-to-Bac® expression a recombinant donor plasmid, pFastBac1™, that contains the 

gene of interest is transformed into a specialized strain of Escherichia coli (E. coli), DH10Bac™, 

that contains a baculovirus shuttle vector and a helper plasmid. After a gentle heat-shock 

transformation the gene of interest can be transpositioned into the baculovirus shuttle vector, 

also known as the bacmid (larger than 135 kilo base pairs), meaning that the gene of interest 

will be transferred from the original vector into the bacmid and the helper vector will help make 

this possible. The cells will grow further and in the present of antibiotic. A single colony is 

finally picked and re-cultured. The recombinant bacmid can then be isolated with the help of a 

mini-prep for high molecular weight DNA [7,8]. 

 

The plasmid and E. coli have different antibiotic resistance encoded in the genome making the 

antibiotic selection possible. The bacmid used contains a gene conferring kanamycin resistance, 

while the helper plasmid confers resistance against tetracycline and the donor plasmid confers 

gentamicin resistance. The pFastBac1™ plasmid (Figure 4) that has the AChBP gene inserted 

contains 4776 base pairs and the genes of interest are inserted in the multiple cloning site 

(MCS). The Ls-AChBP gene is inserted between the BamHI and EcoRI restriction sites in the 

vector while the Ac-AChBP is inserted between EcoRI and HindIII. Both proteins of interest 

have a fused histidine tag consisting of six histidine on the N-terminal of the proteins (Figure 

5). The Ac-AChBP has a molecular weight of 137 kDa and Ls-AChBP has a molecular weight 

of 135 kDa. The gene of interest inserted into the donor plasmid encodes for a single monomer 

of the pentamer. The monomers will self-assemble into the oligomeric state of the pentamer 

[9,10].  

 

 
Figure 4. Visual representation of the pFastBac1™ donor plasmid with 

the position of different sites shown. Figure generated in SnapGene®  

software.  
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Figure 5. Visual representation of the pFastBac1™ donor plasmid fused with the gene of interest; Ac-

AChBP (left) and Ls-AChBP (right). Figure generated in SnapGene® software. 

 

Together with an antibiotic selection, via resistant genes encoded in the genome of the bacteria, 

a blue-white colony selection can be performed. This is a method where identification of the 

transposition of the gene of interest can be confirmed. With the help of the lack or presence of 

the lacZ gene, that encodes the hydrolyzing enzyme β-galactosidase (β-gal), this selection can 

be performed. The colour selection is done with a compound called X-gal, which will be 

hydrolyzed by β-gal, which decomposes to form compounds that will dimerize to a visible blue 

pigment. The lacZ gene during transposition will be lost and therefore the enzyme will not be 

produced. During growth, the transformed bacteria on X-gal and isopropyl β-D-thiogalactoside 

(IPTG, induces the expression of lacZ) containing plates could produce blue and white colonies 

where the blue colonies contain bacteria that express the lacZ gene and white one has successful 

transpositioned the gene of interest [11,12].  

 

After isolation of bacmid, the transfection of the insect cells is done with the purified bacmid 

using a lipid transfecting complex. This allows the bacmid to enter the insect cell line through 

the cell membrane. The cells become infected by the bacmid which contains the genetic 

information for the recombinant baculovirus. Upon infection, it is this baculovirus which causes 

the expression of the protein of interest. The gene of interest is expressed under a strong 

polyhedrin promoter to produce the recombinant protein, see Figure 6. 
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Figure 6. Scheme of Bac-to-Bac® expression system in insect cells with the help of recombinant 

baculovirus.       

 

To control the expression of the protein, the number of baculovirus for infecting the cell culture 

needs to be quantified. It is done with a plaque assay. The assay is performed by attaching a 

monolayer of insect cells to a culture dish and then allow viruses to infect the monolayer. The 

monolayer of cells is then covered by a gel during viral replication. The offspring will be 

restricted to the neighboring cells for further infection due to the gel. During the infection a 

restricted area of infected cells from the original infected cell will be formed as a circle. It is 

called a “plaque” and can be observed with the naked eye when it grows big enough. The virus 

titer (plaques forming units, pfu) can later be determined by staining the living cells and 

counting the visible plaques (lack of stain). The titer of the baculoviral stock is calculated as 

(Eq 1).  

 

𝑻𝒊𝒕𝒆𝒓 (𝑝𝑓𝑢 𝑚𝐿−1) = 𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑝𝑙𝑎𝑞𝑢𝑒𝑠 ∙ 𝑑𝑖𝑙𝑢𝑡𝑖𝑜𝑛 𝑓𝑎𝑐𝑡𝑜𝑟 ∙
1

𝑣𝑜𝑙𝑢𝑚𝑒 𝑜𝑓 𝑖𝑛𝑜𝑐𝑜𝑙𝑢𝑚
𝑤𝑒𝑙𝑙⁄

     (Eq 1) 

 

The titer of the viral stock can determine the volume of virus needed to inoculate the cell culture 

for protein expression. The multiplicity of infection (MOI, pfu mL-1) is the quantity of viral 

stock that is required to infect the cell culture. MOI should be between 1 to 5 for an optimal 

expression and depending on the number of cells used. The required volume of the viral stock 

can be calculated using following equation (Eq 2) [7,8]. 

 

𝑰𝒏𝒐𝒄𝒖𝒍𝒖𝒎 𝒓𝒆𝒒𝒖𝒊𝒓𝒆𝒅 (𝑚𝐿) =
𝑀𝑂𝐼 (𝑝𝑓𝑢 𝑚𝐿−1) ∙ 𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑐𝑒𝑙𝑙𝑠

𝑡𝑖𝑡𝑒𝑟 𝑜𝑓 𝑣𝑖𝑟𝑎𝑙 𝑠𝑡𝑜𝑐𝑘 (𝑝𝑓𝑢 𝑚𝐿−1)
         (Eq 2) 
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Protein purification  

There are many different purification techniques for purification of a recombinant protein. The 

choice of method is dependent on of the protein of interest and its features. A useful separation 

technique is chromatography, which can be divided into several kinds, for example size 

exclusion chromatography and affinity chromatography (Figure 7). They all work in a way 

whereby there is a stationary phase in a column and a mobile phase; a liquid eluent.  

 

Size-exclusion chromatography works by having a stationary phase of porous beads with well-

defined pore sizes. The mobile phase carries the protein through a column, filled with beads. 

Depending on the size of the protein, time to travel through the column varies for different 

proteins because only smaller proteins can enter the pores of the beads. 

 

There are several different kinds of affinity chromatography, which is a very efficient 

purification method. In affinity chromatography the stationary phase consists of non-porous 

beads. They are functionalized with a ligand and can specifically interact with a desired protein 

with high affinity. A very useful type of affinity chromatography is immobilized metal ion 

affinity chromatography (IMAC). This works by having beads with nickel(II) nitrilotriacetic 

acid (NTA) complexes, or similar metal chelating groups, attached to the beads. The metal ion 

will bind histidine tags on proteins, a common fusion tag typically consisting of six histidine 

amino acids in sequence (attached on the N or C-terminal of the protein), HIS-tag. The protein 

of interest will therefore be bound to the column while other proteins pass though. One can then 

elute the protein of interest out if the interaction between the column and protein is outcompeted 

by other interaction [13,14].   

 

 
Figure 7. Chromatographic purification systems for proteins; size  
exclusion (left) and affinity chromatography (right).  
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Protein characterization  

There are several ways to characterize a protein once it has been isolated. One characterization 

is using electrophoretic techniques where an electric field will cause migration of charged 

proteins. The velocity of the migration is dependent on the power of the electric field applied, 

and the mass and total charge of the protein. This method makes it possible to separate and 

visualize proteins.  

 

Polyacrylamide gel electrophoresis (PAGE) is a method optimized for characterization of 

proteins. Two different techniques are used; sodium dodecyl sulfate (SDS)-PAGE and native-

PAGE where the protein exists in different forms during the analysis. With SDS-PAGE the 

protein will be unfolded, denatured, before the analysis. When analyzing protein with native-

PAGE the protein will be folded meaning that the native structure of the protein will be kept 

during the electrophoresis and therefore higher dimension of the protein structure can be seen 

during analysis. Generally, both forms of PAGE are carried out in gels consisting of polymers 

that are crosslinked, creating a migration environment where the proteins can migrate in a 

controlled manner [13,15].   

 

Spectroscopic techniques can also be used for evaluating the concentration and purity of protein 

samples. Certain amino acids containing aromatic rings in the protein absorb light around 275-

280 nm and therefore the concentration of proteins in samples can be measured. The same 

technique can be used to evaluate the concentration of nucleic acid, which is measured at 220 

nm, which often can be an impurity of purified protein samples [13,16].  

Aim 
 

The aim of this degree project is to produce two homologues of AChBP, Ac-AChBP and Ls-

AChBP, using the Bac-to-Bac® expression system, and to purify and characterize them using 

different biochemical techniques.   
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Experimental  

Generation of recombinant bacmid 

Transformation of D10Bac™ E. coli 

A physical heat-shock transformation of pFastBac1™-Ls-AChBP, pFastBac1™ Ac-AChBP and 

with pFastBac1™ hepatitis C virus NS5A as a control plasmid into DH10Bac™ E. coli was 

performed. Of each plasmid 25 ng was added to 100 µL of E. coli into separated Eppendorf 

tubes. Each tube was heated for 45 seconds at 42°C and then cooled down for 2 minutes on ice 

bath. 900 µL of S.O.C. medium (2% tryptone, 0.5% yeast extract, 10 mM NaCl, 2.5 mM KCl, 

10 mM MgCl2, 10 mM MgSO4, and 20 mM glucose) was added into the samples. The samples 

were then incubated for four hours at 37°C, at 225 revolutions per minute (rpm). Samples were 

then diluted in a fivefold dilution series (1:1, 1:5, 1:25) with S.O.C. Medium and plated on three 

LB- (tryptone 10 g L-1, yeast extract 5 g L-1, NaCl 5 g L-1 and agar 20 g L-1) plates containing 

kanamycin (50 µg mL-1), gentamicin (7 µg mL-1), tetracycline (10 µg mL-1), X-gal (100 µg mL-

1) and IPTG (40 µg mL-1). Plates were left to incubate for two days at 37°C.  

 

Isolation of recombinant bacmid DNA 

One white colony was inoculated from the two different plasmid plates and placed in two 

separate cell culture tubes with 2 mL LB-medium (tryptone 10 g L-1, yeast extract 5 g L-1 and 

NaCl 5 g L-1) containing kanamycin (50 µg mL-1), gentamicin (7 µg mL-1) and tetracycline (10 

µg mL-1) and left to incubate for 24 hours at 37°C, at 225 rpm.  

 

After incubation, 1.5 mL of cell culture was transferred into an Eppendorf tube and centrifuged 

for ten minutes at 10 000 rpm (~ 9 500 x gravitational force, g). The supernatant was removed 

and the pellet was dissolved in 300 µL resuspension buffer (50 mM Tris, 10 mM EDTA, 100 

ug mL-1 RNAse A, pH 8.0). Then 300 µL lysis buffer (200 nM NaOH, 1% SDS (w/v)) was 

added into the tubes and incubated five minutes at room temperature. Further 300 µL 

neutralization buffer (4.2 M guanidine hydrochloride, 0.9 M potassium acetate, pH 4.8) was 

added to the solutions and the samples were incubated for ten min on ice bath. The samples 

were then centrifuged for ten minutes at 4°C, at 13 000 rpm (~ 16 000 x g). The supernatant 

was then transferred to a new Eppendorf tube and 800 µL isopropanol was added to samples 

and placed on ice bath for ten minutes. The samples were centrifuged for 30 minutes in 4°C at 

13 000 rpm (~ 16 000 x g). The supernatant was then removed, and the remaining pellet was 

washed two times with 70% ethanol. The samples were then further centrifuged in ethanol for 

five minutes at 4°C, at 13 000 rpm (~ 16 000 x g). The supernatant was then removed from the 

pellet and the pellet was let too dry in room temperature for about 15 minutes. The pellet was 

then dissolved in 50 µL TE buffer (10 mM Tris, 1 mM EDTA, pH 8.0) and the bacmid 

concentrations were measured by UV-spectroscopy using a NanoDrop.         
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Production of recombinant baculovirus 

Transfecting insect cells  

On two separate 6-well plates 8  105 cells from an Sf9 insect cell passage (passage number 34, 

P34) were plated in each well and incubated for 15 minutes at room temperature. The 

attachment of the cells was confirmed under the microscope and the medium was removed. 

Then, 2.5 mL of unsupplemented Insect-XPRESS™ (1.5 % fetal bovine serum, FBS) was added 

to each well. Cellfectin™ II reagent and isolated bacmid (Ac-AChBP and Ls-AChBP) were 

prepared separately. 40 µL Cellfectin™ II Reagent was added to 560 µL unsupplemented Insect-

XPRESS™ and 36 µL of the purified bacmid was added to 564 µL unsupplemented Insect-

XPRESS™. These two solutions were combined and incubated for 15-30 min at room 

temperature. 200 µL of the bacmid Cellfectin™ mixture where added to five wells (one well 

left as control) and incubated for three hours at 27°C.  

 

The medium was removed from the plates and replaced with 2 mL supplemented Insect-

XPRESS™ (penicillin and streptomycin; 100 u mL-1, FBS 10 %) into each well. The plates were 

incubated in a humid environment for 96 hours at 27°C and later observed under microscope 

for viral infection.   

Isolating and amplifying baculoviral stock 

The medium was removed from the 6-well plates for all of the infected wells and collected in 

Falcon tubes. The Falcon tubes were centrifuged for five minutes at 500 x g. The supernatant 

was then transferred into new Falcon tubes and the isolated baculoviral stock (P1 for 

pFastBac1™-Ac-AChBP and pFastBac1™-Ls-AChBP) was stored at 4°C.  

 

On two separate 6-well plates 2  106 cells from a Sf9 insect cell passage (P35) were plated in 

each well and incubated for 1 hour at room temperature. Then 1 mL of medium was removed 

from five wells (one left as control) on each plate and 1 mL of each isolated baculoviral stock 

(P1) was added to the five wells on each plate. The plates were incubated for transfection in a 

humid environment for 48 hours at 27°C and later observed under microscope for viral 

infection.   

 

The same procedure was used to generate and purify a new generation of baculoviral stock (P2).  

 

Plaque assay 

On two separate 6-well plates, 5  105 cells from a Sf9 insect cell passage (first P36 and second 

P39) were plated in each well and incubated for one hour at room temperature and solution 

removed from well after incubation. The generated baculoviral stock was used (P2 for Ac-

AChBP and Ls-AChBP) to make two separate ten-fold serial dilutions (undiluted, 10-1, 10-2, 

10-3, 10-4, 10-5, 10-6, 10-7 and 10-8) of baculoviral stock with supplemented Insect-XPRESS™ 

medium (penicillin and streptomycin 100 u mL-1). To the incubated Sf9 cells 1 mL of different 

diluted baculoviral stock was added to individual wells on the plate (10-4, 10-5, 10-6, 10-7 and 

10-8) one well was used as control where 1 mL of supplemented Insect-XPRESS™ medium 

(penicillin and streptomycin 100 u mL-1) was added instead, see Figure 8. The plates were left 

to incubate for one hour at room temperature, after incubation the solutions were removed from 

al the wells.  
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Figure 8. Schematic of position of the different dilutions in the 6-well plates for the first plaquing 

assay.  

 

10 mL of 4 % agarose solution was added to 20 mL of supplemented Insect-XPRESS™ medium 

(penicillin and streptomycin 100 u mL-1) and then 2 mL of this was added to each well on the 

plates and left to solidify for five minutes at room temperature. Then, 1 mL of supplemented 

Insect-XPRESS™ medium was added to the wells. The plates were incubated  

in a humid environment for one week at 27°C and then observed under microscope for viral 

infection.   

 

The medium was removed from the wells after incubation and 500 µL diluted Neutral Red stain 

(1 mg mL-1) was added to the gel and left to incubate for two hours at room temperature. Excess 

stain was removed, and plate observed under microscope. Identified plaques were counted and 

the amount of baculovirus was calculated.  

 

The same procedure as before was implemented with more diluted baculoviral stock, so a lower 

ten-fold serial dilution was made (undiluted, 10-1, 10-2, 10-3, 10-4, 10-5, 10-6, 10-7,10-8, 10-9 and 

10-10). The diluted baculovirus used for the plaque assay were 10-6, 10-7,10-8, 10-9 and 10-10 

dilutions and one well was saved a control as previously, see Figure 9. The plaque assay was 

performed on the two plates the same way as before and the number of plaques were counted.  

 

 
Figure 9. Schematic of position of the different dilutions in the 6-well plates for the second plaquing 

assay.  

 

  



 15 

Expressing of recombinant Ls-AChBP and Ac-AChBP 

In one cell culture flask containing 1  106  cells mL-1 from a Sf9 insect cell passage (P44) with 

a total volume of 250 mL (in Sf-900 II SFM medium) 2.5 mL of the P2 viral stock (Ac-AChBP) 

was added. The infected cells were left to incubate for three days at 27°C with 90 rpm shacking. 

 

Two additional cell culture flasks for protein expression were prepared for the two different 

homologues of the AChBP (Ls/Ac-AChBP, using MOI = 3 for expression). For the Ac-AChBP 

expression 1.2  106  cells mL-1 from a Sf9 insect cell passage (P44)  with a total volume of 500 

mL (in Insect-XPRESS™ medium) 300 µL of the P2 viral stock was added. For the Ls-AChBP 

expression 1.2  106  cells mL-1 from a Sf9 insect cell passage (P44) with a total volume of 470 

mL (in Insect-XPRESS™ medium) 10 µL of the P2 viral stock was added. The flasks where left 

to incubate for three days at 27°C at 90 at rpm. 

Purification  

The infected cell culture was divided into Falcon tubes (six tubes in total) and centrifuged for 

five minutes at 4°C, at 500 rpm. The supernatant was discarded, and the pellet was dissolved 

in 5 mL lysis buffer (50 mM 2-amino-2-hydroxymethyl-propane-1,3-diol, Tris, 50 mM NaCl, 

RNase A, DNase I and cOmplete™, Mini, EDTA-free Protease Inhibitor Cocktail). The samples 

were combined and sonicated at 20 kHz (70 % intensity) on ice for 15 minutes with 3s/9s 

intervals (three seconds on and nine seconds off). Samples was centrifuged at 17 000 rpm, 4°C, 

for one hour and the supernatant was saved for purification. A 100 µL sample of supernatant 

were saved for further analysis for protein characterization.  

 

On a charged IMAC column (Ni-NTA), Tris buffer (50 mM Tris and 50 mM NaCl) was used 

to equilibrate the column with four column volumes. The supernatant was loaded on to the 

column and the column was washed with Tris buffer containing imidazole (50 mM Tris, 50 

mM NaCl and 20 mM imidazole) using ten column volumes. 16 mL of elution buffer containing 

a higher concentration of imidazole was added (50 mM Tris, 50 mM NaCl and 300 mM 

imidazole) and fractions were collected with a volume of 2 mL. The protein concentrations 

were measured using the NanoDrop for the different fractions. Samples were combined for 

concentrating and then centrifuged with a molecular weight cut off filter of 30 000 Da at 1000 

rmp for ten minutes (fraction pooled from elution were three to eight). 

 

For the additional expression, the required inoculum volume was calculated. The purification 

steps of the protein samples were similar with some minor changes. The pellet from the first 

centrifugation was dissolved in a total volume of 15 mL of lysis buffer (50 mM Tris, 50 mM 

NaCl, 300 ng mL-1 RNase A, 300 ng mL-1 DNase I and cOmplete™, Mini, EDTA-free Protease 

Inhibitor Cocktail). Sample was sonicated at 20 kHz (70 % intensity) for one min with 20s/60s 

intervals and centrifuged for 50 minutes at 17 000 rmp.  
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The supernatant was loaded on to the pre-washed IMAC and the column was washed with Tris 

buffer containing imidazole (50 mM Tris, 50 mM NaCl and 20 mM imidazole) using ten 

column volumes. Elution buffer containing high imidazole concentration was added to the 

column (50 mM Tris, 50 mM NaCl and 300 mM imidazole) and fractions were collected with 

a volume of 2 mL. The protein concentrations were measured on the NanoDrop for the different 

fractions. Samples were then centrifuged with a cut off filter at 30 000 Da at 1000 rmp (fraction 

pooled from elution were three to eight for Ls-AChBP and three to nine for Ac-AChBP) until 

~ 1 mL of the sample remained. 

 

Size exclusion chromatography was performed on a Äkta Explorer chromatography system 

(ÄKTA) with the concentrated sample. The elution was performed with Tris buffer (50 mM 

Tris and 50 mM NaCl), using a flow rate of 500 µL min-1. The absorbance was measured at 

280 nm during the elution and 200 µL fractions were collected. Samples with high absorbance 

were saved for further analysis.  

Characterization  

The saved samples during the first purification were analyzed with an SDS-PAGE (Mini-

PROTEAN TGX Stain-Free™Precast Gel). The analyzed samples were; supernatant after 

lysis of cell and chosen samples from elution (fraction five to eight). Samples were denatured 

by boiling for five minutes at 95°C and 20 µL of samples were loaded (10 µL sample and 10 

µL buffer; 25 mM TRIS, 192 mM glycine, 0.1 % SDS, pH 8.3) in the gel and 10 µL reference 

ladder. Sample were run on the SDS-PAGE in a buffer (25 mM TRIS, 192 mM glycine, 0.1 % 

SDS, pH 8.3) at 300 V for 15 minutes and then analyzed.  

 

For the second expression, an SDS-PAGE (Mini-PROTEAN TGX Stain-Free™Precast Gel) 

was preformed and samples from both homologues were analyzed: supernatant after lysis of 

cell, chosen samples from elution (fractions four and five) and the first and second gel 

filtration. Analysis was performed the same way as the first SDS-PAGE.    

 

A native-PAGE (NativePAGE Bis-Tris Gel) was performed on a sample from the second 

expression. The samples analyzed were; the purified concentrated Ac-AChBP and Ls-AChBP 

from the molecular weight cut off filter. The 20x NativePAGE™ Running Buffer and 20x 

NativePAGE™ Cathode Buffer additive were prepared by dilution with water. The samples 

were loaded together with a reference ladder and samples were separated at voltage between 

~300 V. The gel was stained with Coomassie blue and destained with a solution containing 40 

% methanol and 10 % acetic acid and then analyzed.  
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Results  

Generation of recombinant bacmid 

For the generation of the recombinant bacmid the following results were obtained from the 

transformation. The colonies observed from plate transformation were blue and white, see 

Figure 10. There were a higher number of blue colonies on the plates compared to the white 

colonies, and the number of colonies in general were lower the higher dilution factor used to 

spread the plates. These results were expected for a positive outcome.   

 

 
Figure 10. Example of plate with DH10Bac™  

E. coli with a blue and white selections of  

colonies with a 1:100 dilution of sample. Both  

blue and white colonies could be observed. 

 

The isolation of the bacmid was also successful and gave this nucleotide concentration on the 

NanoDrop, see Table 1. 

 
Table 1. Nucleotide concentration of isolated recombinant bacmid from  

DH10Bac™ amplification evaluated with NanoDrop. 

Bacmid Concentration (ng µL-1) 

Ls-AChBP 1800 

Ac-AChBP 1980 
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Production of recombinant baculovirus 

During the production of recombinant baculovirus the following results were obtained. The 

transfection of the insect cells analyzed by comparing the morphology of the control cells and 

the transfected cells. The control well showed normal cell growth and regular morphology 

while the transfected cells showed an irregular morphology and increased cell diameter. Dead 

cells that were detached from the surface of the well were also seen. The control well also had 

a larger number of cells than wells with infected cells, even though they started with the same 

cell amount. This could be observed in both the first and second transfection during viral 

amplification and the same morphology could be observed during the plaquing assay also, see 

Figure 11-12.   

 

 
Figure 11. Transfection of insect cells with the baculovirus gained from pFastBac1™-Ls-AChBP when 

performing the plaque assay. The control well as well as the 10-4 and 10-8 dilution of the virus titer to 

compare the cell morphology. Images taken with a 40 magnification.  

 

 
Figure 12. Transfection of insect cells with the baculovirus gained from pFastBac1™-Ac-AChBP 

when performing the plaque assay. The control well as well as the 10-4 and 10-8 dilution of the virus 

titer to compare the cell morphology. Images taken with a 40 magnification. 

 

The results obtained varied for the two plaque assays preformed. The first plaque assay (10-4 to 

10-8 ten-fold dilution) contained a large number of plaques over the whole well and 

identification of single individual plaques was hard on both the 6-well plates (Ac/Ls-AChBP). 

Only four individual plaques could be observed in the 10-8 well on the plate for Ls-AChBP, see 

Figure 13.  
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   Figure 13. One singular plaque from the first plaquing assay with  

   Ls-AChBP form the 10-8 well. Image taken with a 4 magnification. 

 

The second plaque assay performed showed a high number of plaques and the singular plaques 

that could be observed had a large diameter. From the Ac-AChBP infection five individual 

plaques could be observed in the 10-9 dilution well and the Ls-AChBP infection gave 26 

individual plaques in the 10-10 dilution well. These results were expected from the plaque assay. 

With this the titer of the viral stock could be evaluated from (Eq 1), Table 2.  

 
Table 2. Evaluated titer of the viral stock from the second plaquing assay  

preformed.  

Bacmid Titer of viral stock, P2 (pfu mL-1) 

Ls-AChBP 2.9  1011 

Ac-AChBP 5.6  109 

 

The first expression set up used was not performed using calculated MOI, instead the second 

expression system with both homologues of the protein the volume of viral stock that is required 

for protein expression was calculated with the Eq 2. 
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Purification  

From the purification of the protein of interest these following results were obtained.  The 

fractions collected from the IMAC column concentration were evaluated with the NanoDrop at 

280 nm (Table 3). The concentration were measured and plotted as shown in a 

chromatogramme (Figure 14). High signals in the spectrum around 220 nm could also be 

observed in the NanoDrop measurements.  

 
                    Table 3. Measured Ac-AChBP concentration with  

           the NanoDrop from the IMAC elution.  

Fraction number 

Protein concentration 

(mg mL-1) 

1 0.00 

2 0.00 

3 0.03 

4 0.45 

5 0.50 

6 2.82 

7 0.00 

8 0.00 

 

 
    Figure 14. Elution diagram from the first IMAC purification. On the x-axis the fraction number  

     is shown and the y-axis the protein concentration is shown.  
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Protein concentrations evaluated with the NanoDrop at 280 nm for the eluted fractions from the 

purification on IMAC for the Ac-AChBP and Ls-AChBP expression can be seen in Table 4). 

The concentrations were measured and plotted as shown in a chromatogramme (Figure 15). 

 
Table 4. Measured Ac-AChBP and Ls-AChBP concentration with the NanoDrop (280 nm)  

from the IMAC elution fractions. 

Fraction number 

Ac-AChBP 

concentration (mg mL-1) 

Ls-AChBP 

concentration (mg mL-1) 

1 0.00 0.00 

2 0.00 0.00 

3 0.08 0.33 

4 0.16 0.43 

5 0.12 0.11 

6 0.10 0.08 

7 0.07 0.02 

8 0.05 0.02 

9 0.03 - 

 

 

 
    Figure 15. Elution diagram from the IMAC second purification. On the x-axis the fraction number  

     is shown and the y-axis the protein concentration is shown. The two different homologues are 

     shown in separate colours (Ac-AChBP shown in blue and Ls-AChBP shown in orange).  
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The yield from the different expression set-ups and purifications gave various results after using 

the molecular cut off filter (Table 5).  

 
Table 5. Protein yield from expression after cut of filter of the two  

homologues of AChBP (Ls and Ac).  

Protein Expression Yield (mg) 

Ac-AChBP 

First 1.5 

Second 1.0 

Ls-AChBP First 1.0 

 

The size exclusion chromatography was performed using ÄKTA. The absorbance at 280 nm 

was recorded as chromatograms for both homologues (Ac-AChBP and Ls-AChBP). Two 

distinct peaks could be seen during elution for both homologues in the chromatogram, see 

Figure 16. The second peak for Ls-AChBP (4) was not collected the three other major peaks 

were analyzed (1-3).  

 

 
Figure 16. Size exclusion chromatogram of Ls-AChBP and Ac-AChBP  

purification with different parameters measured, measurement at 280 nm  

(dark blue). The equilibration of the column was made before and after the  

elution of sample for Ac-AChBP expression. Injection time for the different  

samples are also shown.  
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Characterization  

The SDS-PAGE shown for evaluation of the purification from the first expression, see Figure 

17. Several fraction were analyzed verify the presence of protein. Bands could be observed at 

27 kDa and 50 kDa. The monomer of the protein has a molecular weight of 27 kDa the band 

shown could indicate the monomer is present.  

 

 
Figure 17. Picture of SDS-PAGE shown with samples from the first protein 

purification with reference ladder on the side. Sample shown in order from  

left: Reference ladder, lysis sample and the collected fractions number five  

to eight.  

 

The SDS-PAGE shown for evaluation of the purification step from the second expression, see 

Figure 18. Bands could be observed for Ac-AChBP at around 26 kDa and 52 kDa and for Ls-

AChBP it could be observed around 26 kDa and 52 kDa as well.  
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                   Figure 18. Picture of SDS-PAGE shown with samples from the first second 

                   purification with reference ladder on the side. Sample shown in order from left:  

                   Reference ladder, cell lysate sample, the collected fraction number four and five  

                   from the IMAC, samples from molecular weight cut off concentrator (30 kDa)  

                   and two samples corresponding to the peaks from the chromatogram of the gel  

                   filtration for both for Ac-AChBP and Ls-AChBP.  

 

The native-PAGE shown to evaluate the purification from the second expression from the 

molecular weight cut off filter (30 kDa), see Figure 19. The molecular weight of the band shown 

is around 200 kDa for the Ls-AChBP and a week band can also be observed around this 

molecular weight for the Ac-AChBP.  

 

 
Figure 19. Picture of native-PAGE shown with samples from the first and  

second protein purification. Sample shown in order from left: Reference  

ladder and purified Ls-AChBP and Ac-AChBP.  
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Discussion  

Generation of recombinant bacmid 

The bacteria growing on the antibiotic containing plates must be resistant to kanamycin, 

gentamycin and tetracycline. The large number observed confirms that the transformation of 

the plasmid, pFastBac1™ - Ls-AChBP and Ac-AChBP, into the E. coli, DH10Bac™, was 

successful. The gentle heat-shock transformation can be a contributing factor to the success of 

the transformation. The decreasing numbers of colonies observed on the plates is due to the 

dilution of bacteria used for the plating, dilution of bacteria before plating contributes to less 

crowded plates and therefore a single colony can be picked. One should always try to pick a 

single colony to avoid potential mutations in overlapping colonies, in one singular colony the 

cells are more homogeneous. 

 

Not all colonies on the plates had successful transposition of the gene of interest into the 

bacmid. The blue and white colony selection allows one to distinguish the difference between 

a successful and non-successful transposition. The transposition of the gene of interest removes 

the expression of the lacZ gene. The presence of expression shows how the X-gal in the plating 

gel was hydrolyzed down to the blue visible pigment, shown as blue colonies. The white 

colonies contained the gene of interest due to the transposition of the wanted gene into the 

bacmid removed the expression of lacZ. The blue and white selection is a very precise method 

and can ensure the transposition of the wanted gene in the E. coli.  But there could occur 

problems with the transposition because it takes time for the X-gal to be hydrolyzed down to 

the blue pigment and if one picks a colony too early, the colour has yet to be produced, this can 

give non-recombinant baculovirus later on.  

 

A high concentration of isolated bacmid is expected. This is due to the large size of the bacmid 

and the similarities in the concentration are also expected if the transformation and transposition 

of the gene of interest was successful as the antibiotic and blue and white selection can suggest 

with great confidence.  

 

If one wanted to ensure the presence of the isolated bacmid and the successful transposition of 

the gene of interest with even greater confidence one can perform a polymer chain reaction 

(PCR). The isolated bacmid has a large molecular weight and with PCR combined with a gel 

electrophoresis the insurance of the gene can be confirmed. Correct transposition would show 

the band above 3000 base pairs, while failed transposition will only give a band around 300 

base pairs (with the use of certain primers for the analysis). 

Production of recombinant baculovirus 

When cells are attached to the surface of the wells of the cell plates a difference can be seen in 

cell behavior. If the cells are not attached, the cells will float around in the solution while cells 

that are attached will not move if the liquid of the well is moved around.   

 

From the first and second transfection (for amplification of viral stock), a difference could be 

observed in cell morphology between the infected wells and control well. The morphology in 

the wells where baculovirus were added had a morphology of cells in distress and showed 

irregular cell behavior. Comparing that morphology with the non-infected control well, that had 

a normal morphology, this would suggest that the transfection was successful, and the cells 

were infected with the recombinant baculovirus.  
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The first plaquing assay failed due to an uneven surface of the gel, this made it difficult to 

observe the staining results. Plaques are forming when the viral amplification is restricted to 

certain areas, due to gel covering the monolayer, this will form infection sites in the monolayer 

that can be observed during staining of the cells. Non-infected cells, living cells, will 

incorporate the dye used and become visible while the plaque will remain uncoloured and will 

therefore be visible to the eye. The lack of individual plaques could be due to high concentration 

of virus used during experiment and therefore the existing areas of infection will emerge with 

each other. The only observable individual plaques on the plate was in the 10-8 dilution and can 

be explained because it was the lowest concentration of baculovirus.  

 

The second plaquing assay gave better result due to the higher dilution factors and therefore 

individual plaques would be observed more clearly in comparison to the first plaquing assay 

preformed. The high viral titer of the plaque assay calculated with the visible plaques give a 

very plausible explanation for the first non-successful plaque assay.   

 

The viral titer of the generated P2 were high for both homologues and therefore the expression 

of the protein can be more efficient. The viral concentration used for the second expression 

were evaluated with a MOI=3 and this could make the expression more efficient because to 

high viral amount during expression could lead to lower protein expression. A different MOI 

could be used for, lower or higher for more efficient protein expression. 

Purification 

By using an IMAC column the proteins of interest should be separated, this is due to the 

expression of the proteins with a fused HIS-tag. The HIS-tag of the protein should interact with 

the nickel in the column and bind to the column. When adding the elution buffer with a high 

imidazole concentration the imidazole will interfere with the interaction between the column 

and the protein, this is because the imidazole will also interact with the Ni-NTA column and 

will therefor concur out the protein column interaction that exists. IMAC is often a very 

effective purification method.  

 

From the read out from the spectrophotometer from the first expression it suggests that the 

protein eluted from the column in fractions four to six. These fractions had the highest signal 

and should in principle contain the highest concentration of the protein of interest (Ac-AChBP). 

Figure 17 shows evidence of the protein but this low quantity was below the detection limit for 

the NanoDrop. The same principle applied from the second expression and the values obtained 

from the spectrophotometer. Fractions three to nine for Ac-AChBP expression and three to 

eight for Ls-AChBP should contain the proteins of interest.  

 

By using gel filtration, unwanted proteins that may have been bound to the IMAC column could 

be reduced by taking different fractions at different molecular weights. By using spectroscopy, 

the eluent could be analyzed to evaluate which fractions contain protein. The fraction with 

highest absorbance has the highest concentration of protein. Two distinct peaks (1-2 and 3-4) 

could be observed on the chromatogram and comparing the corresponding peaks from the 

chromatogram to the SDS-PAGE performed some conclusions could be made. For the Ac-

AChBP the protein of interest was lost during the size excluding purification but for the Ls-

AChBP the first peak could contain protein of interest.  
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The small peak (1 and 2) for the chromatogram shows the amount of protein from Ac-AChBP 

is low and that can explain why no band could be shown on the SDS-PAGE for the analyzing 

of the eluted samples. Higher concentrations of protein is required for this additional step of 

purification. 

 

The yields evaluated were from the molecular weight cut off filters and the different expressions 

gave a slightly different yield. This may be due to the samples being over concentrated where 

a large amount of protein rapidly aggregates and is preserved on the cut off filter.  

 

The yield of the protein purified for both of the expression set-ups were relatively low and this 

can be for several reasons. The passage number of the cells was high, and this can slow down 

the proliferation of the cell culture making the expression slower and less efficient. During the 

expression the medium for the cell culture was changed and this can stress the cells due to a 

drastic change in their environment.  

 

Another explanation of the low protein yield could be the degradation of protein during 

expression and purification. To increase the yield of the protein one could optimized the MOI 

used for the expression for the protein of interest.  

 

Both the conditions for the expression and purification needs to be optimized to gain a higher 

protein yield. For optimization changes in the condition of the IMAC purification can be made, 

for example the imidazole concentrating can be increased for both the washing and elution 

buffers. By increasing the imidazole concentration in the washing buffer more contaminants 

could be eluted. An increase in concentration of imidazole in the elution buffer would elute the 

protein of interest faster and therefor the protein sample will be more concentrated.   

Characterization  

From the first expression the observation was that some impurities would be seen at 220 nm 

from the NanoDrop, this could indicate impurities in the sample. The SDS-PAGE also indicated 

some impurities from the purification as shown as multiple bands on the gel. For more extensive 

characterization of the protein the samples need to be purer and the purification of the protein 

of interest needs to be optimized. Further characterization of the protein of interest is important 

for target-based drug discovery.  

 

Seen on the first SDS-PAGE, Figure 17, the samples became less contaminated during the 

purification, but the concentration of the sample also decreased during the purification shown 

as weaker band on the gel. The lysis sample contained a lot of different components while the 

purified sample only showed two stronger bands on the gel. One of the bands that were 

reoccurring on the SDS-PAGE gels, around 26-27 kDa, from both expression and homologues 

could be the protein of interest. The molecular weight of the band shown is around the 

molecular weight of the monomer of the AChBP (~27 kDa). The protein is expressed as the 

monomer and with a high probability the monomeric subunit could be seen and this confirms 

the correct expression of the protein with the Bac-to-Bac expression system. 

 

The second expression of the protein of interest went through an additional purification step 

due to the unexpected second band shown on the SDS-PAGE from the first expression. The 

size exclusion chromatography did not get rid of this upper band shown on the gel. An 

additional purification step can lead to loss of product during purification, with could be an 

explanation of the yield difference between the first and second expression.   
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The impurities, the upper band on the SDS-PAGE, has a molecular weight close to two 

monomers (~52-54 kDa) so perhaps it is possible that this is a dimer of the protein of interest. 

But that is an unlikely event because SDS-PAGE is a technique where the protein analyzed is 

denatured before analyzing. But the dimer structure could also explain why the IMAC and size 

exclusion chromatography did not get rid of all the impurities, the protein maybe eluted as a 

monomer and then self-assemble into the pentameric state of the protein, the native state of the 

protein. An explanation for the present of higher oligomeric states of the protein can be that the 

denaturing of the protein by boiling it may have been for a to short period of time. But as a 

conclusion it is hard to tell without further analysis whether the band seen really is the dimer of 

the protein of interest or other impurities in the sample.  

 

From the native-PAGE a protein with a high molecular weight could be observed on the gel 

~200 kDa. This band would be the AChBP pentamer (135-137 kDa), even though the molecular 

weight shown in the gel is higher than the molecular weight of the protein. The same sample 

shows for SDS-PAGE and native-PAGE different molecular weight and this could prove that 

the protein is in its native form during purification but during the SDS-PAGE analysis breaks 

down to lower oligomeric states. This could also support the theory that the second unexpected 

band on the SDS-PAGE is a dimeric state of the protein not being fully denatured during 

analysis.  

 

There are some possible explanations that the band on the native-PAGE shows a higher value 

than the real value. During analysis with native-PAGE the protein is not denatured but is still 

separated by charge. This means that the charge distribution on the sample and the reference 

ladder can differ, which makes this analysis method unsuitable for estimating the exact 

molecular weight of protein samples. There are also possibilities that because the protein is 

expressed in an insect cell line some PTMs of the protein has occurred which will increase the 

molecular weight. But this explanation is unlikely because these PTMs should also be seen on 

the SDS-PAGE.  

 

Conclusion 
 

To conclude the project, the expression of AChBP, from Lymnaea stagnalis and Aplysia 

californica, with the Bac-to-Bac® expression system was successful. And also, the purification 

and characterization gave positive results. The protein is expressed as the monomer but with 

high probability self assembles to the pentamer. This can be proven with the antibiotic selection, 

blue and white selection, the plaquing assay and the analysis with gel electrophoresis. The aim 

of the project was fulfilled, however, further optimization could be considered during 

expression and purification. This is to optimize the quantity and purity of AChBP in order to 

characterize the different homologues for the drug discovery process.  
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