
 

Institutionen för kvinnors och barns hälsa 

Biomedicinska analytikerprogrammet 

Examensarbete 15 hp 

 

 

 

The Expression, Purification and 

Characterization of Ebola Virion Protein 24 

and Karyopherin Alpha 5 

Marina Obaid 

 

 

 

 

Examinator: Anneli Stavreus-Evers     

Adress: Institutionen för Kvinnors och Barns Hälsa, Akademiska sjukhuset, 751 85 Uppsala  

Telefon: 018- 611 28 31 

E-post: anneli.stavreus-evers@kbh.uu.se  



ABSTRACT 

Ebolavirus (EBOV) is a single stranded RNA virus that causes haemorrhagic fever in humans 

and other mammals. The EBOV encodes 7 proteins, NP, L, VP30, VP35, VP40, GP and 

VP24. VP24 is believed to be one of the EBOV proteins that causes the extreme virulence of 

the pathogen. The protein blocks the interaction between PY-STAT1 and KPNA, a protein 

that is involved in the import of PY-STAT1 into the nucleus. The nuclear import of PY-

STAT1 is therefore blocked. This leads to the inhibition of IFN signalling. The purpose of 

this study was to express and purify VP24 and KPNA5. The proteins recombinantly 

expressed as a fusion tag in E. coli in lysogeny broth. Purification of VP24 was done using 

immobilized metal ion affinity chromatography, size exclusion chromatography and ion 

exchange chromatography. Characterization of the protein was analysed using circular 

dichroism. The results obtained from this study showed that VP24 could be purified in pH 10 

buffers with little loss of protein due to aggregation and the protein was folded with an alpha-

helical structure. The expression and purification of KPNA5 was more complicated and 

further evaluation is left for future studies. The established protocol for expression and 

purification of VP24 and the initial work on KPNA5 will go a long way to aiding future 

studies on the system, thus the answer to the question regarding the extreme virulence of 

EBOV will be closer.  
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INTRODUCTION 

The Ebolavirus (EBOV) is a filovirus and there are five known EBOV species in which four 

of them cause disease in humans. Transmission of the virus occurs through direct contact with 

bodily fluids, primarily blood, as well as skin from deceased EBOV patients. The Zaire Ebola 

virus (ZEBOV) is one of the EBOV species that cause severe disease among primates and 

was the virus that caused the largest outbreak of the disease in West Africa in 2014 [1]. Since 

the replication of the EBOV happens in parenchymal cells an infection can lead to necrosis of 

multiple vital organs such as the kidneys, spleen, liver and ovaries among others [1]. The 

disease also leads to microvascular complications and damage on platelets that in turn affects 

the homeostasis negatively. The virus is also known to cause a disruption in the immune 

system. [1] When studying the virus on monkeys and guinea pigs it was found that the virus 

caused great damage to the immune system organs, such as the spleen and the lymph nodes. It 

was then believed that the innate and adaptive immune system was not functioning properly 

[2, 3]. 

The symptoms of an EBOV infection are manifested in four phases. The first phase 

involves influenza-like symptoms such as headache, nausea and high fever among other 

nonspecific symptoms. The second phase is an acute phase where the infected suffers an 

unrelenting fever that cannot be treated with antibiotics. They would also experience fatigue 

with abdominal pains as well as vomiting. During the third phase the infected individual will 

feel like they are recovering, and, in some cases, they will completely recover and be rid of 

the infection. If the patient does not recover in the third phase, they will enter the fourth 

phase. In the fourth phase, the health of the individual will decrease even further and get a lot 

worse. Symptoms such as purpura and other skin complications may occur as well as 

respiratory disorders and cardiovascular distress [1].  



As mentioned previously, the EBOV is a filovirus and filoviruses belong to the order 

Mononegavirales, an order where all the viruses have a negative-sense RNA genome of a 

non-segmented structure [4]. Other than the RNA genome the EBOV has viral proteins which 

are nucleoprotein (NP), an RNA polymerase (L), virion protein 30 (VP30), VP35, VP40, 

glycoprotein (GP) and VP24. Surrounding the genome is the NP, and the whole complex 

together with other proteins form a helical nucleocapsid (NC). The NC is the basis of the 

Mononegavirales replication [4]. Other than NP, the EBOV nucleocapsid only need two more 

of the EBOV proteins to be produced, VP24 and VP35. The loose coiled structures that the 

NP creates to surround the RNA genome changes into a structure that is distinct to EBOV 

nucleocapsids when VP24 and VP35 are present. Studies have shown that the interaction 

between VP24 and NP is especially critical when it comes to the production of the 

nucleocapsid. The packaging of the nucleocapsid is dependent on VP24 since it is a part of 

the condensation. Without the protein the competence of the nucleocapsid, as well as the 

production of the virions, would not be as great [5]. 

Apart from the capability of the NC, it is not completely clear what causes the extreme 

virulence of the EBOV. However, studies have shown that the virus has an ability to inhibit 

interferon (IFN) signalling, particularly type 1 IFN signalling, which could be one of the 

factors that contribute to the virulence of the virus [6]. IFNs are cytokines and are part of the 

immune system. When a viral infection takes place the IFN induces innate and adaptive 

immune responses to fight the infection. However, without the transcription factors from the 

signal transducer and activator of transcription (STAT) family being activated the IFN 

signalling cascade will not occur [7]. 

A protein that plays a big role in inhibition of IFN signalling is the VP24. According 

to previous studies VP24 and tyrosine-phosphorylated STAT1 (PY-STAT1) both interact 

with the NPI-1 subfamily of the karyopherin alphas (KPNAs), a group of proteins that are 



involved in the import of PY-STAT1 into the nucleus. VP24 and PY-STAT1 compete for the 

interaction with KPNAs and VP24 end up taking over, which leads to the nuclear import of 

PY-STAT1 by the KPNAs being blocked. This causes weakened antiviral competence as well 

as inhibition of the IFN-induced gene expression [6]. 

Studies have shown that there are significant differences in the VP24 and KPNA 

interactions when it comes to different EBOV species, and these interaction differences 

contribute to a change in the inhibition effect of IFN signalling as well as a change in stability 

of VP24. There are some genetic differences for VP24 in the different species that have been 

shown to also cause a decrease in affinity to KPNA [6]. Other research has shown that the 

EBOV increases in virulence when a serial passage of the virus is performed on guinea pigs 

[8]. The wild-type EBOV only increased the body temperature slightly in the guinea pigs, but 

the adapted variant caused death in the animals. Among the mutations that were found, the 

mutations that occurred in the gene for VP24 seemed to be one of the causes of the increased 

virulence of the virus [8].  

VP24 as a full-length protein is known to be an insoluble protein and difficult to work 

with [8, 9]. The recombinant protein is also known to precipitate when it reaches a 

concentration that is higher than 0.8 mg/ml [9, 10]. To make the protein more soluble it must 

be truncated by removing a N-terminus transmembrane region [9]. 

To produce a protein, many different methods can be used. One method is the 

immobilized metal ion affinity chromatography (IMAC) method, which is a protein 

purification method that uses a histidine tag bound to the protein in question for the 

purification [9]. The high affinity of histidine residues to the immobilized ions enables 

selective binding of the recombinant protein and thus aids purification. When the purification 

is started the histidine tag on the protein of interest will bind to the ions whilst most proteins 

without this tag will be washed out. Subsequent washing removes loosely bound proteins and 



only the proteins with histidine residues stays on the column. At the elution step, the eluting 

agent at high concentration will compete with the histidine since it’s affinity to the ions will 

be stronger and its concentration in solution will be greater [11].  

Another purification method is size exclusion chromatography (SEC), where proteins 

are separated by size. The sample with the molecules in question is added to a column with 

immobile, permeable material. The molecules’ ability to pass through the pores of the column 

material depends on the size of the molecules. Smaller molecules will be able to go through 

more pores and therefore it will take longer for those molecules to be eluted. Bigger 

molecules however, will not be able to pass through as many pores. They will pass by the 

pores which leads to a faster elution and in that way, the molecules are separated [12]. 

Ion exchange chromatography (IEX) is another purification method where proteins are 

separated based on their surface charge. Charged protein interacts differently with beads of 

opposite charge, due to their isoelectric point (pI). The surface charge of the protein depends 

on the pH. If the pH is below the protein’s pI, the protein will become positively charged and 

thus bind to a negatively charged cation exchanger. On the other hand, if the pH is above the 

pI the protein will be negatively charged which will result in the protein binding to a 

positively charged anion exchanger. Loading of the protein is done at a low ionic strength, 

since that, along with the protein’s surface charge, is what the method depends on for the 

separation. To elute the proteins the salt concentration will be increased in a gradient 

dependent manner, so the proteins are eluted differentially1. 

To study the secondary structure as well as the folding properties of a protein, a 

method called circular dichroism (CD) can be used. The method is based on the absorption of 

left- and right-handed circularly polarized light. Light can be polarized by going through a 

prism, which in turn leads to the electric field of the light oscillating sinusoidally in a single 

                                                 
1 https://www.gelifesciences.com/en/af/solutions/protein-research/knowledge-center/protein-purification-

methods/ion-exchange-chromatography 



plane. The vectors of the wave have the same magnitude, however the direction rotates in a 

circular matter, hence circularly polarized light. Left-handed circularly polarized light rotates 

counter clockwise while the right-handed circularly polarized light rotates clockwise. The 

interaction that occurs between a chiral molecule and polarized light differs between the left- 

and the right-handed polarized light. The amount of light absorbed by the molecule is not the 

same for the two polarized lights, and it is the difference of absorption that is measured by the 

CD instrument. The secondary structures in a protein each have a unique CD spectrum. 

Proteins with alpha-helical structure have one positive band at 193 nm and two negative 

bands, one at 222 nm and one at 208 nm, while proteins with antiparallel beta-sheet structure 

shows a negative band at 218 nm and a positive band at 195 nm. An unfolded protein has 

barely any secondary structure and will therefore not show any prominent negative or positive 

bands [13].  

The aim of the present study is to express, purify and characterize VP24 and KPNA5. 

The strategy was to use different expression techniques and purification methods to find the 

most optimal conditions for the high yield protein production. This project is part of a larger 

study with the aim of studying the interaction of VP24 and KPNA5 as well as the impact of 

VP24 mutants on the interaction, and search for small molecule inhibitors to disrupt the VP24 

and KPNA interaction. 

 

MATERIALS AND METHOD 

Materials 

Study materials 

The study materials used in this project were BL21 (DE3) PlysS E. coli cells (Thermo Fisher 

Scientific) that had been transformed with different modified pRSET-A plasmids (Celestine 

Chi, Uppsala University, IMBIM), one containing the gene for the VP24 construct (residues 



17-233) and the other containing the gene for the KPNA subunit 5 (KPNA5) construct 

(residues 424-507). Both plasmids were modified to contain a lipoyl domain fusion tag to 

increase the solubility, together with a 6Xhistidine tag incorporated at the N-terminus. The 

plasmids used conferred resistance to ampicillin and the PlysS plasmid of the BL21 (DE3) 

cells conferred resistance to chloramphenicol. Both antibiotics were used during 

transformation and expression to select for colonies containing the two plasmids. 

 

Ethics 

There was no material used in this project that came from humans or animals, therefore there 

was no need for an ethical evaluation.  

 

Method  

VP24 

Transformation 

BL21(DE3) pLysS E. coli cells were transformed with a pRSET-A plasmid containing the 

VP24 construct. The cells were kept on ice to keep them stable. To 50 µl cells, 2 µl plasmid 

were added and the tube was gently flicked to mix the cells and the plasmid. The mixture was 

left on ice for 30 minutes and then a heat shock was performed on the cells. The plasmid- and 

cell mixture was put in a water bath set at a temperature of 42℃ for 45 seconds and then 

immediately returned to the ice. Afterwards, 450 µl of (lysogeny broth) medium (NaCl 5 

mg/ml, yeast extract 10 mg/ml, peptone 16 mg/ml) was added to the cells and the transformed 

mixture was allowed to incubate for 1 hour at 37℃ in a rotating incubator at a speed of 220 

rpm. After the incubation, 50 µl of the cells were spread out on a LB agar plate (Agar 15 

mg/ml, NaCl 5 mg/ml, yeast extract 10 mg/ml, peptone 16 mg/ml) with ampicillin (100 



µg/ml) and chloramphenicol (35 µg/ml) for colony selection. The cells were then allowed to 

grow overnight by incubating the plate in a stationary incubator at 37℃. 

 

Protein expression 

The cell colonies were harvested the next morning and resuspended in LB medium. They 

were then distributed in 4 flasks containing LB medium, ampicillin and chloramphenicol, 

with the cells having a dilution ratio of 1:100. The flasks were then put in a rotating incubator 

shaker at 200 rpm for 2-6 hours in 37℃ so the amount of cells would increase. The optical 

density (OD) at 600 nm was measured every hour until the OD reached an absorbance 

between 0.6-0.9, after which the protein expression was induced by activating the 

transcription of the lac operon using the reagent isopropyl β-D-1-thiogalactopyranoside 

(IPTG, 1 mM). The cells were then allowed to express overnight in the rotating incubator 

shaker at 200 rpm in 18℃. 

 

Purification by IMAC 

The cells were harvested the next morning by centrifuging at 3488 x g for 30 minutes. The 

cell pellets were resuspended in a binding buffer for an optimal purification of the protein. In 

the earlier trials the binding buffer had a pH of 8 [150 mM NaCl, 50mM Tris HCL pH 8, 

5mM β-mercaptoethanol (BME), 10 mM Imidazole]. In the later trials the binding buffer had 

a pH of 10 (800 mM NaCl, 50mM MIB pH 10, 5mM BME, 10 mM Imidazole). The cells 

were lysed by sonication. The sonicated cell suspension was centrifuged at 38724 x g for 1 ½ 

hours. IMAC charged with nickel was used to purify the proteins in the supernatant. The 

column was washed with water and then equilibrated with the same binding buffer used to 

resuspend the cells. The supernatant was then filtered, first with a 0.45 µm filter (Fisher 

Scientific) and then a 0.2 µm filter (Fisher Scientific) before loading it on the column. The 



weakly bound proteins on the column were then washed out with the binding buffer. Pure 

proteins were eluted with an elution buffer with a pH of 8 (50 mM Tris HCL pH 8, 150 mM 

NaCl, 5mM BME, 400 mM imidazole) in the earlier trials and a pH of 10 (100 mM NaCl, 

50mM MIB pH 10, 5 mM β-mercaptoethanol (BME), 400 mM Imidazole) in the later trials. 

A high concentration of imidazole was used in the buffer to release the histidine from the 

beads.  

 

Cleavage of the lipoyl domain fusion tag by thrombin 

Pure lipoyl domain-VP24 protein samples from the IMAC purification were then cleaved by 

the protease thrombin, with the dilution of the thrombin ranging from 1:1000-1:325, to cleave 

off the lipoyl domain tag on the protein. In the earlier trials the cleavage was performed 

overnight in 5℃, in the same pH 8 binding buffer that was used in for the IMAC purification. 

The protein samples were then centrifuged at 3488 x g for 30 minutes and the supernatant was 

separated from the pellet. To study the solubility of the protein, urea (8M) was added to 

precipitated protein from the cleavage to denature and unfold the protein, the solutions were 

then dialyzed in different buffers with different pH values ranging from 3.5-9.4 to find the 

most optimal pH for resolubilizing the protein.  

In the later trials the protein was cleaved, with the same range of thrombin 

concentration as previously, in CHES (N-Cyclohexyl-2-aminoethanesulfonic acid) pH 10 

buffer (50mM CHES pH 10, 150 mM NaCl, 1 mM BME) overnight. The samples were then 

centrifuged at 3488 x g for 30 minutes and the supernatant was separated from the pellet. 

Further purification by IMAC was performed on all the protein solutions post cleavage to 

separate the cleaved VP24 from the solution.  

 

 



Purification by SEC and IEX 

SEC and IEX were used to further purify the VP24 that had a pI of 9.07. For the SEC, the 

protein samples were first concentrated to 0.5 mL and then loaded into the instrument 

(ÄKTAexplorer, GE Healthcare Life Sciences) and was run on the column (Superdex 75, GE 

Healthcare Life Sciences). The instrument eluted the sample in the form of fractions of 0.5 

ml, the proteins came out in different fractions depending on their size. The pure protein 

samples were pooled. The procedure for the IEX was similar to the SEC procedure. The 

protein samples were loaded, but without being concentrated, and run on the column (Source 

30S, GE Healthcare Life Sciences). A cation exchange column was used for reasons 

explained in the discussion. The sample was separated in fractions of 4 ml. The buffers used 

for the SEC was a pH 8 buffer (50 mM Tris HCL pH 8, 200 mM NaCl, 5mM BME) in the 

earlier trials and a pH 10 buffer (50 mM MIB pH 10, 100 mM NaCl, 5 mM BME) in the later 

trials. For the IEX, two buffers were used in one run, one with a low NaCl concentration and 

one with a high NaCl concentration, to create a gradient for the separation. In the earlier trials 

the buffers had a pH of 8 (50 mM Tris HCL pH 8, 25 mM NaCl/800 mM NaCl, 5mM BME) 

and in the later trials the buffers had a pH of 10 (50 mM MIB pH 10, 0 mM NaCl/1 M NaCl, 

5mM BME), with the low NaCl buffer having no NaCl at all. 

 

CD analysis 

To determine if the pure protein was folded, CD analysis was performed using the J-1500 CD 

spectrophotometer (JASCO). The buffer had to be changed to pH 8 phosphate buffer (20 mM 

Na2HPO4 pH 8, 5 mM BME) since salt and higher pH can disturb the analysis. The protein 

was dialyzed overnight in 5℃ in the new buffer. The concentration of the protein sample was 

then measured using Nanodrop 2000c (Thermo Scientific), and the phosphate buffer was used 



as blank. The sample was then run on the instrument in a 1 mm cuvette (110-QS, Hellma 

Analytics).  

 

Expression and purification of KPNA 

The transformation was performed as described earlier, where a pRSET-A plasmid containing 

the KPNA construct was transformed into BL21(DE3) pLysS E. coli cells. The expression of 

the protein was also executed in the same way as the expression of VP24, except for the 

dilution of the cells and the temperature for the overnight incubation, post induction. The cells 

were diluted 1:50 in the flasks and the expression overnight was in both 37℃ and 18℃, two 

flasks respectively. The same IMAC method as the one for VP24 was used to purify KPNA 

after the expression, however the binding buffer used was a pH 8 buffer (50 mM Tris HCL 

pH 8, 150 mM NaCl, 5mM BME, 10 mM imidazole) and the elution buffer was also a pH 8 

buffer (50 mM Tris HCL pH 8, 150 mM NaCl, 5mM BME, 400 mM imidazole). The protein 

solution was then sent for mass spectrometry to verify the identity of the protein. 

 

SDS-PAGE 

SDS-PAGE was run on the samples throughout the purification process and cleavage steps to 

verify the identity, to analyze the purity of the protein samples and also the efficiency of the 

cleavage. For all the gels the separation gel was 15 % acrylamide and the stacking gel was 4 

%. All gels were first run at 150 V for 15 minutes and then switched up to 190 V for another 

45 minutes or until the loading dye had run out of the gel. 

 

Protein mass calculations 

The masses of the proteins were calculated by using the ProtParam tool (ExPASy) on the 

amino acid sequence of the proteins.  



Statistics 

The results obtained from this project was not enough to produce reliable statistics. The 

expression and purification steps must be reproduced several more times to get proper 

statistics. If the results had been enough and the experiments had been reproduced, the 

statistical data could be based on protein concentration measurements for the different 

methods and conditions, which could then be used to compare the methods to each other. That 

would then help to determine which methods would work the best for the proteins. 

 

RESULTS 

VP24 

The first trials of complete purification were unsuccessful due to the protein precipitating. The 

following results are from the later trials since those were the ones that resulted in pure 

protein and deemed to be significant to the project. The results do not represent any specific 

samples. SDS-PAGE results were the main approach to determine the purity of the protein as 

well as the cleavage efficiency. The masses shown in the following table (table 1) were used 

to identify the protein bands presented in the SDS-PAGE gels. 

 

Table 1. Mass of protein fragments, in kDa. 

Protein fragment Mass (kDa) 

VP24 with lipoyl domain fusion tag 35 kDa 

VP24 without lipoyl domain fusion tag 24 kDa 

Lipoyl domain fusion tag 11 kDa 

 

The results of an IMAC purification of uncleaved VP24, after the protein was expressed, is 

shown in the upcoming figure (figure 2). The eluted protein (35 kDa) is shown in the sixth 



and ninth lane on the gel, close to the 34 kDa band shown by the marker in lane 1. The 

buffers used for this purification were pH 8 buffers. 

 

Figure 2. IMAC purification of VP24 construct, post expression. Lane 1: marker. 2: cell pellet. 3: 

supernatant. 4, 5, 6: batch A flow through, wash and elution respectively. 7, 8, 9: batch B flow 

through, wash and elution respectively. 

 

The second figure (figure 3) shows an SDS-PAGE gel with the results of VP24 cleaved in 

different conditions but in the same buffer, pH 10 CHES buffer. The bands slightly lower than 

the 26 kDa marker band is the cleaved protein (24 kDa). The band slightly above the 10 kDa 

marker band represents the lipoyl domain and the band close to the 35 kDa marker band is 

uncleaved protein. 

 

Figure 3. Samples from the cleavage trial with CHES pH 10 buffer. Lane 1: marker. 2, 4, 6 and 8: 

pellets of supernatant samples in lane 3, 5, 7 and 9 respectively. 3: supernatant sample cleaved in 5℃ 

while stirred. 5: supernatant sample cleaved in room temp without stirring. 7: supernatant sample 



cleaved in 5℃ while being stirred. 9: supernatant sample cleaved in room temperature while stirred. 

10: control, uncleaved protein sample. 

 

The outcome of an IMAC purification for the cleaved protein can be seen below (figure 4). 

The bands between the 26 kDa marker band and the 17 kDa marker band is the cleaved 

protein (24 kDa). The band slightly above the 10 kDa marker band represents the lipoyl 

domain tag. The buffers used in this purification step was pH 10 MIB buffer. 

 

Figure 4. IMAC purification of VP24, post cleavage. Lane 1: marker. 2: control, protein sample before 

IMAC purification. 3: sample flow through. 4: sample wash. 5: sample elution. 

 

In the following figure (figure 5) the results of a SEC purification of the cleaved protein are 

shown. Lane 2 to 8 represent the results of consecutive peak sample fractions from the SEC, 

where lane 2 represent the earliest eluted peak fraction and lane 8 the latest eluted peak 

fraction. Pure VP24 can be seen in lane 7 and lane 8. 

 

Figure 5. Peak fractions from SEC purification of VP24 sample post cleavage and IMAC purification. 

Lane 1: marker. 2-8: peak fractions 27 to 33 from SEC analysis. The bands between the 26 kDa 



marker band and the 17 kDa marker band is the cleaved protein (24 kDa). The band slightly above the 

10 kDa marker band represents the lipoyl domain. The buffer used in this purification step was a pH 

10 buffer. 

 

The graph obtained from the IEX purification of cleaved VP24 in pH 10 can be seen in the 

figure below (figure 6). Peaks can be seen in the beginning of the graph, which indicates a 

separation of the proteins. 

 

Figure 6. IEX purification on cleaved VP24. The gradient of NaCl was 0 M to 1 M NaCl, over 200 ml. 

The peaks represent eluted protein. 

 

The results of the SDS-PAGE run of the fractions collected from the IEX run of VP24 in pH 

10, can be seen in the next figure (figure 7). The pure protein can be seen in lane 6, between 

the 17 kDa and 26 kDa marker bands.  

 

Figure 7. SDS-PAGE analysis of IEX fractions. Lane 1: marker. 2-4: fractions 4-6 from the first peak 

in the IEX graph (figure 6). 5-7: fractions 8-10 from the second peak in the IEX graph (figure 5). 7-9: 

fractions 17-19 from the third peak in the IEX graph (figure 6). The band between the 17 kDa and 26 



kDa marker bands represent the cleaved protein. The band slightly above the 10 kDa marker band 

represents the lipoyl domain. 

 

The results of the CD analysis of pure VP24 is presented in the following figure (figure 8) 

The protein sample had been cleaved and purified in pH 10 and then dialyzed in a pH 8 

phosphate buffer. The first curve shown (figure 8A) represents the dominating secondary 

structures in the protein. Negative bands can be seen around 208 nm and 222 nm. The second 

curve (figure 8B) represents the accuracy of the detector, in which the limit for reliable results 

is at 600 V.    

 

Figure 8. CD results of cleaved VP24 with a concentration of 8.6 µM, purified in pH 10 buffers and 

then dialyzed in a pH 8 phosphate buffer. Figure 8A shows the CD spectra for the secondary structure 

of the protein and figure 8B shows the high-tension voltage spectra for the CD scan. 

 

KPNA5 

The following results were from the attempted expression of KPNA5 in LB media, followed 

through with IMAC purification. The mass of KPNA5 was 9 kDa. The results of the IMAC 

purification of KPNA5 after expression in LB media, are presented in the coming figure 

(figure 9). The buffers used were pH 8 buffers.  



 

Figure 9. SDS-PAGE results from IMAC purification of KPNA5 in pH 8 buffers, performed after 

expression steps. Lane 1-3: sample flow through, wash, and elution respectively, expressed in 37℃. 4: 

marker. 5-7: sample flow through, wash, and elution respectively, expressed in 18℃. 8-10:  control 

flow through, wash, and elution respectively, expressed in 37℃. 

 

The outcome of the mass spectrometry analysis of a KPNA5 expression sample can be seen 

below (figure 10). The spectrum shows peaks that represent signal intensities to mass-to-

charge ratios of an ionized molecule. A higher intensity indicates a larger amount of protein 

with that mass-to charge ratio.   
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Figure 10. Mass specrometry results of IMAC purified KPNA5 sample in a pH 8 buffer.  



DISCUSSION 

The aim of this project was to express, purify and characterize VP24 and KPNA5 

using different expression and purification strategies to find the most optimal conditions for 

the proteins. This project was part of a larger project with the aim of studying the interaction 

of VP24 and KPNA5, as well as mutant impacts on the interaction and search for search for 

small molecule inhibitors to disrupt the VP24 and KPNA interaction. Many trials had to take 

place to obtain a successful purification of VP24, which in turn led to lack of time to fully 

express KPNA. Therefore, the aim was only partially achieved. 

 In the present study, the protein was expressed well and purification with IMAC of the 

protein right after expression was successful, with the purified protein being of a substantial 

amount. Complications started to occur when it came to the cleaving of the protein to get rid 

of the lipoyl domain tag. It is known from previous studies that VP24 tends to precipitate if it 

reaches a concentration higher than 0.8 mg/ml [9, 10]. The first cleavage trials consistently 

ended up in clear, macroscopic amounts of precipitate, which at first was not expected but 

was most likely due to the concentration of the protein being too high.  

To try to avoid as much precipitation as possible, different buffer and temperature 

conditions were tested to see which condition would result in the least amount of precipitated 

protein. The most significant experiment was the experiment where different pH conditions 

were screened. When studying the solubility of the protein it was proven that using pH 10 

buffers would result in the least amount of precipitated protein after cleavage, which indicates 

that the protein is best solved in pH 10 buffers. Cleavage of the protein directly in pH 10 

buffers also proved to be successful, with no significant loss of protein in precipitate. 

Solubility of proteins are known to be better if the surrounding pH is above or below the 

protein’s pI. A pH close to the pI would make the proteins interact with each other rather than 

the surrounding solution since the charge of the molecules are not enough for the water 



molecules to interact with, which in turn would lead to the proteins precipitating [14]. This 

would explain why a higher pH would solve VP24 the best. Since the pI of VP24 with the 

lipoyl domain is 6.05, having a pH as high as 10 to cleave the protein would keep the proteins 

from interacting with each other and therefore not aggregate. Since the cleavage steps seemed 

to be successful in pH 10, pH 10 buffers were implemented in all the purification and 

cleaving steps that occurred after the pH experiment, instead of pH 8 buffers.  

While the precipitation issue was solved, there were still some complications with the 

cleaving of the protein. Cleaving of the protein with thrombin never resulted in complete 

cleavage, the amount of cleaved protein was in most cases less or equal to the amount of 

protein that was left uncleaved. This occurred even after the pH 10 buffers were implemented, 

as seen in the results. There was noticeable difference in cleaved protein when temperature 

was taken into consideration. However, this could also be due to concentration differences. 

The same amount of thrombin was added to the samples, without taking the concentration 

into consideration which undeniably would affect the amount of protein being cleaved.  

The purification of the cleaved protein was performed using IMAC, SEC and IEX, 

and all methods succeeded in purifying the protein. However, the purification was not always 

complete. IMAC purification is based on the use of a histidine tag, since it is the histidine tag 

that binds to the beads in the column. Cleaved VP24 does not contain a histidine tag since the 

histidine tag sits on the same fragment as the lipoyl domain, therefore cleaved protein is 

expected to come out in the flow through and wash samples in an IMAC purification, while 

the fragment with the histidine tag should be eluted in the last step of the IMAC procedure. 

However, that was not the case in the present study. While cleaved VP24 did come out in the 

flow through and wash, the lipoyl domain was unexpectedly also present. This indicates that 

the binding interaction between the histidine tag and the beads was disrupted somehow. It 

could be that molecules from previous IMAC purifications were still interacting with the 



beads in the column, despite the column being washed, and therefore inhibited the histidine 

from binding. However, the purification was not completely unsuccessful since some of the 

lipoyl domain fragments was eluted in the last step. This shows that despite using pH 10 

buffers the purification did work. However, further purification steps had to be performed. If 

the protein is not completely pure, the results of other analyses such as CD will not be 

reliable. Therefore, it is important to obtain a completely pure protein. 

Using SEC to purify VP24 also proved to be useful. However, this purification 

method was also not completely successful in purifying the protein. Some sample fractions 

contained both VP24 and the lipoyl domain, which means that there would be a slight loss of 

protein if no further purification was performed. Despite cleaved VP24 being more than twice 

as big than the lipoyl domain fragment, they would not be completely separated. The lipoyl 

domain tag could have developed dimer structure and therefore been eluted closely to VP24. 

This would not show in the SDS-PAGE results since the SDS would denature the dimers. The 

loss of protein would lead to a lower protein concentration which might be a complication 

when it comes to doing further analysis to study the proteins, since many analyses depend on 

the concentration of protein. An example is CD analyses, the signal intensity depends on the 

concentration of the protein which indicates that a low concentration will result in a poor CD 

spectrum [15]. The separation was still successful to some extent which indicates that pH 10 

could be applicable to the method.  

The IEX purification was also successful in purifying the protein fragments which 

shows that this purification method also works in pH 10. A cation exchange column was used 

for the IEX despite the surface charge of the protein, this was because problems with the use 

of the anion exchange column in the laboratory had previously been reported. As mentioned, 

the separation of the proteins using IEX depends on the chosen column as well as the surface 

charge of the proteins [16]. If the pH in the buffer is above the pI of the protein, a positively 



charged anion exchange column should be used so the protein can bind to the column, since 

the protein will have a negative surface charge2. The pI of VP24 without the lipoyl domain is 

9.07 and the pI of lipoyl domain is 4.92 which means that both fragments would have a 

negative surface charge. If the column is a negative cation exchange column the protein will 

not bind, it will be eluted in the beginning of the fractionation. As seen in the results, the IEX 

peaks are at the beginning of the run which was expected. If an anion exchange column had 

been used, the separation of the proteins could perhaps have been even more successful. Only 

two of the peaks had visible protein bands, however, the bands were not that strong which 

also indicates that the concentration of the protein was low. Some artefact bands were found 

in the SDS-PAGE gel, which made it slightly unclear whether some of the bands were actual 

protein bands or not. Despite that, it was determined that VP24 was pure. 

When studying the fold of the protein using CD, pH 10 buffers were no longer 

deemed suitable since the high pH would disrupt the analysis. No complications with the 

analysis occurred after changing the buffer, the results obtained showed that it was an alpha-

helical protein and that it was folded since negative bands around 208 nm and 222 nm were 

detectable. If the protein was unfolded the spectra would show a band that is flatter [17]. If 

the concentration of the protein is low the signal will not be that intense, which would lead to 

the trace in the spectra of the CD analysis being slightly inconsistent.  A higher concentration 

would give a stronger signal and the trace will be more even and consistent, and therefore 

more reliable. Although the concentration of the protein used in the CD analysis of the 

present study was quite low, the signal still gave a readable result and the sensitivity trace 

stayed under 600 V, which is a control limit kept in the laboratory, therefore the results were 

deemed reliable. However, it would be appropriate to repeat the analysis with a higher 

concentration of protein to ensure that the results are truly reliable. 

                                                 
2 https://www.gelifesciences.com/en/af/solutions/protein-research/knowledge-center/protein-purification-

methods/ion-exchange-chromatography 



To obtain a more accurate depiction of how the temperature and concentrations play 

into the works of the cleavage and purification, more experiments must be performed with 

properly collected data. SDS-PAGE gel images are not reliable on their own when it comes to 

how the concentrations affect the results. Proper concentration measurements must be made 

before and after every step of purification and cleavage to be able to properly compare the 

results. In the present study, most experiments were performed to achieve an understanding of 

whether the methods used would work for the protein in question, so that a proper protocol 

could be constructed. Therefore, most of the data consist of gel images from SDS-PAGE 

since those results give an overview of how the methods worked. However, for the protocol to 

be completely set more tests of the whole purification process together with the modifications 

in buffers and pH must be performed, not only for the data collection but also because the 

purification process needs to be tested from the first step of transformation to the last step of 

purification.  

The complete expression and purification of KPNA5 was not successful due to lack of 

time. Expression trials of the protein was executed in LB media, however the results showed 

no trace of a protein around 9 kDa. The protein could possibly be a dimer since strong bands 

were present between the 17 kDa band and the 26 kDa band, however that would contradict 

the denaturating properties of the SDS-PAGE analysis. If the protein was indeed a dimer, the 

SDS would denature the dimer to two separate proteins, and therefore there should be a band 

representing the 9 kDa protein. Unfortunately, the control was too diluted and therefore no 

bands were visible for this experiment. A mass spectrometry analysis was therefore 

performed on the expression sample. A peak could be seen at 9.1 kDa which could indicate 

that the KPNA5 protein was present in the sample and that it was in fact a dimer. If the 9.1 

kDa protein was not KPNA5 it could be that the KPNA5 construct used in this project was 

not a fitting construct. Other studies on KPNA have used larger constructs and succeeded in 



expressing the protein [18]. A larger construct might be the solution for the expression of 

KPNA5. More expression experiments, and identification analyses on the protein must be 

performed to confirm if the KPNA5 is being expressed or not. Other constructs could also be 

used to see if there is a difference in expression. 

The conclusion that can be drawn from the expression and purification of VP24 and 

KPNA5 in the present study is that the VP24 construct used can successfully be purified with 

the use of pH 10 buffers, and result in a folded protein. However, to establish a proper 

protocol for the purification, more experiments must be carried out. For KPNA5, more 

experiments are needed to obtain a complete expression and purification protocol. A different 

KPNA5 constructs might be a way to solve the expression difficulties that occurred in the 

present study. 

The interaction between VP24 and KPNA5 is known to be of significance when it 

comes to the virulence of EBOV. This study would support future studies of the protein and 

their interactions, since some of the purification complications occurring with the proteins, 

mainly VP24, have partially been solved. Since the project was part of a larger project, the 

future perspective would be to try to achieve the goal of the larger study, to study the 

proteins’ thermodynamic interactions as well as using nuclear magnetic resonance (NMR) 

and gain a fuller understanding of the interaction. If the full function of the interaction 

becomes of knowledge through the study, it could possibly lead to a cure for the EBOV 

disease and thus save thousands from suffering of this horrible disease.  
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