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Abstract

Production and characterisation of a chlamydial
antigen candidate for vaccine trials

Therese Koivula

The bacterium Chlamydia trachomatis is the leading cause of bacterial 
sexually transmitted infection worldwide. When left untreated, 
chlamydial infections can lead to severe complications, such as 
infertility. Lack in current prevention and management due to its 
asymptomatic course of infection highlight the need for an effective 
vaccine against chlamydia. 

There is no vaccine at present to protect against chlamydia, but 
research is ongoing. A research group at Örebro University has developed 
a protein antigen candidate. This project focused on the production of 
the candidate, here called Protein X, for preclinical trials. This 
included optimising production in Escherichia coli to maximise formation 
of soluble protein, optimising purification, buffer exchange and removal 
of His-tag. It was found that formation of soluble protein was favoured 
in lower expression temperatures. Furthermore, purification was 
performed on soluble and insoluble protein fractions using immobilised 
metal affinity chromatography. However, issues with inefficient binding 
to the resin and purity could not be solved and further optimisation is 
needed. Buffers were tested to find a suitable buffer for preclinical 
experiments, but the protein precipitated in all buffers. It was however 
found that protein from the insoluble fraction dissolved in pure water. 
Lastly, removal of the His-tag was performed with a non-enzymatic method 
that utilises nickel ions instead of expensive proteases. Efficient 
removal was however not achieved and enzymatic methods may be considered 
instead. In conclusion, this project highlighted issues in the 
production of Protein X and may guide the research group towards 
improving this process for efficient preclinical preparations.
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En dold epidemi – var är vaccinet? 

Som en av världens vanligaste könssjukdom orsakar klamydia miljontals nya globala 

fall per år. Den bakterie som ligger bakom sjukdomen är skicklig på att gömma sig inuti 

värdcellen och lyckas därför undkomma immunförsvaret i majoriteten av alla 

sjukdomsfall. På så sätt sprids bakterien som en löpeld, utan att ge symtom - något som 

lett till en dold epidemi. På lång sikt kan infektionen dessutom leda till allvarliga 

komplikationer såsom infertilitet. Med antibiotika som den enda behandlingen och hög 

risk för återkommande infektioner finns idag ett stort globalt behov av ett vaccin för att 

bromsa spridningen av klamydia.   

Idag finns alltså inget vaccin mot klamydia, men forskning pågår runt om i världen. Mycket 

av den pågående forskningen fokuserar på att utveckla vaccin baserade på protein som 

specifikt kan hittas på den bakterie som orsakar klamydia. Via ett sådant vaccin skapar 

immunförsvaret ett minne av dessa protein och kan sedan känna igen och angripa bakterien 

vid en riktig infektion. En av forskargrupperna som jobbar med detta finns på Örebro 

universitet. De har tagit fram en kandidat till ett proteinbaserat vaccin mot klamydia, här 

kallad Protein X, och är nu i fas att börja testa dess potential. För att vaccinet ska vara 

effektivt måste det kunna trigga igång immunförsvaret för att på så sätt skapa ett minne av det 

klamydia-specifika proteinet. Det allra första steget för att utvärdera detta sker i prekliniska 

studier, det vill säga djurförsök, men för att detta ska vara möjligt måste forskargruppen, från 

deras design, framställa proteinet i fysisk form. Framställningsprocessen av nya outforskade 

protein är inte alltid helt enkel och måste oftast omprövas på olika sätt för hitta en effektiv 

väg att producera proteinet på – och det är just denna del som var fokus i mitt examensarbete.  

Bland de vanligaste och enklaste sätten att producera proteiner på är genom användningen av 

bakterier. De kan manipuleras till att tillverka proteiner som de inte annars gör naturligt. I det 

här projektet användes E. coli som är vanlig och enkel att använda för proteinsyntes. Trots 

flera fördelar kan fel uppstå som leder till att proteinet blir olösligt, precis som att olja inte 

löser sig i vatten, vilket är en oönskad egenskap av ett protein för vaccin. Därav 

experimenterade jag med olika odlingsförhållanden, såsom odlingstemperatur, för att hitta 

sådana förhållanden som gynnar tillverkning av lösligt protein. Därefter krävs ett reningssteg 

där man avlägsnar alla orenheter för att i slutändan endast ha kvar det önskade proteinet. 

Detta är viktigt även i de prekliniska testerna, för att djuren inte ska ta till skada av dessa 

orenheter. Här använde jag mig av en liten tagg som kopplats på Protein X, och denna tagg 

binder starkt till nickel som används under reningssteget, vilket resulterar i att proteinet 

separeras från orenheter. För att taggen inte ska skapa oönskad immunrespons måste den 

sedan avlägsnas och för detta använde jag mig av en rätt ovanlig metod, som även den 

använder nickel. Slutligen behövdes en buffert, en lösning som ser till att pH:t bibehålls, med 

kravet att hålla Protein X löslig samt vara ofarlig i djurförsök. Från dessa experiment fann jag 

att lägre odlingstemperaturer gynnade syntes av lösligt protein; att reningsmetoden inte 

fungerade optimalt; att metoden för att avlägsna taggen inte var helt effektiv och att 

kommersiella metoder kan vara till nytta här; samt att Protein X var olöslig i alla buffertar 

som testades. Detta visade att mer forskning behövs för att Protein X ska kunna framställas på 

ett mer effektivt sätt inför framtida studier. Och vem vet, kanske är det Protein X som är 

svaret på hur spridningen av klamydia ska stoppas.   
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1 Introduction 

1.1 Advances in the search for vaccine against chlamydia 

The most prevalent bacterial sexually transmitted infection is caused by Chlamydia 

trachomatis, commonly known as chlamydia (Ess et al. 2019). Its asymptomatic course of 

infection, which is as high as 80% of the women and 50% of the men, greatly hampers 

prevention and control and is the main reason for being so widespread. If left untreated, 

infections can lead to severe morbidity including pelvic inflammatory disease, ectopic 

pregnancy and tubal factor infertility. Furthermore, with high rates of reinfection and 

antibiotics as the only treatment, the pressure of developing a vaccine to protect against 

chlamydia is mounting (Phillips et al. 2019).  

Initial vaccine research predominantly focused on using whole cell preparations, but rising 

safety concerns has led to a shift into subunit recombinant vaccines (de la Maza et al. 2017). 

Focus has been placed on proteins localised to the outer membrane of Chlamydia, but when 

the whole genome sequence became available, possibilities on finding other antigens that 

induce antibody- and/or cell-mediated immune responses opened up. One of potential 

antigens was the focus in this project. The antigen is a chimeric form of a protein derived 

from Chlamydia with several T-cell epitopes, designed by a research group at Örebro 

University. The chimera, here called Protein X due to confidentiality reasons, has been 

produced and purified by the biotech company Agrisera for a first trial of immunisations in 

mice. As the research group prepares for further testing and potential future immunisation 

studies, they now pursue to independently produce and purify their antigen candidate. This 

project therefore aimed at optimising the production process of Protein X for future 

preclinical studies. 

1.2 The project – optimising production of an antigen candidate   

There are several critical steps in the development of a vaccine and the whole process is 

closely monitored and regulated to ensure safety (Walter & Moody 2021). Once a potential 

antigen candidate has been designed, the first step towards approval is rigorous preclinical 

testing. These tests are conducted in animals to assess potential toxicity, but also whether the 

vaccine induces an immune response. In this project, focus was put on the production process 

of an antigen candidate for preclinical studies. Although the guidelines are not as strict as for 

clinical studies it is still important to consider safety aspects for the animals tested. Thus, once 

the protein was synthesised, impurities from the host cell were removed as these can result in 

adverse toxic or immunological responses (Vanderlaan et al. 2018). Following production and 

purification, one of the finalising steps was to change the elution buffer to a more safe buffer 

which can be injected into mice. Another safety aspect was the poly-Histidine tag used for 
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purification. With the potential of being immunogenic and causing undesirable effects, the 

aim was to remove the tag from the protein. See Figure A1 in Appendix A for an overview of 

the project. An introduction of the different steps is provided in the sections below.      

1.2.1 Culture conditions – maximising yield of soluble protein  

Expression of Protein X was performed in Escherichia coli, since it is a simple, fast and cost 

effective expression system (Francis & Page 2010). Not all proteins are however efficiently 

produced in E. coli. Low solubility of the target protein and subsequent inclusion body 

formation are not uncommon phenomena (Gutiérrez-González et al. 2019). Obtaining soluble 

protein from inclusion bodies is often labour intensive as these aggregated proteins are 

generally misfolded and require resolubilisation and refolding (Sørensen & Mortensen 2005, 

Mirhosseini et al. 2019).  

To maximise the yield of soluble protein, various culture conditions can be examined. One 

factor is protein expression temperature, as this can have great impact on protein quality 

(Singh A et al. 2015). At lower expression temperatures the rate of cell growth decreases and 

this can enhance formation of soluble protein (Bhatwa et al. 2021). Another condition that can 

be examined is the inducer concentration, as high inducer concentrations also favour protein 

aggregation (Singh A et al. 2015). In the system used, expression of Protein X is induced by 

the non-metabolizable allolactose analogue IPTG (Briand et al. 2016) through a T7 promoter 

system (Studier & Moffatt 1986). The E. coli strain BL21(DE3) used here contains a 

chromosomal gene for T7 RNA polymerase under control of the lacUV5 promoter. By 

placing the gene of interest with the T7 promoter its expression is indirectly induced by IPTG. 

Furthermore, induction can be carried out at different growth phases, as this also can play a 

role in protein solubility. Usually, E. coli is induced mid-log phase when the protein 

translation rates are high (Rosano & Ceccarelli 2014). However, it has been reported that 

protein solubility is increased when cells are induced at late log phase (Galloway et al. 2003). 

Presumably, the lower rate of translation results in less aggregation (Rosano & Ceccarelli 

2014). Lastly, leakage from the T7 system, i.e. expression of the target gene prior to induction 

(Briand et al. 2016), can be investigated with the use of glucose in the growth media. As 

glucose is the preferred carbon source, induction will not occur until the glucose is depleted 

due to catabolite repression, even if lactose is present (Rosano & Ceccarelli 2014). Hence, 

potential leakage can be prevented with glucose. Furthermore, due to the catabolic repression 

caused by glucose, a decreased rate of expression can favour proper folding and increase 

formation of soluble protein (Bhatwa et al. 2021). 

These four factors: expression temperature, inducer concentration, phase of induction and use 

of glucose in the growth media were examined in this project. An overview of the conditions 

is provided in Figure A1 (green) in Appendix A.  

1.2.2 Purification conditions  

Today, there are a variety of techniques to purify proteins and one of the most diverse is 

affinity chromatography which is based on highly specific biological interactions (Urh et al. 
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2009). Here, purification was performed on both soluble and insoluble protein fractions with 

IMAC using nickel-charged affinity resin (Riguero et al. 2020). In this method a poly-

Histidine tag is incorporated with the protein during protein engineering. The tagged protein 

can then be captured through the specific binding between the poly-Histidine tag and Ni2+ 

ions (McCluskey et al. 2007). Following washing of the resin, the bound protein can be 

competitively eluted with imidazole (Bornhorst & Falke 2000). The method also allows for 

purification of insoluble protein which is carried out under denaturing conditions, for example 

in 8 M urea (Bornhorst & Falke 2000). Protein is in this case eluted by lowering the pH to 

4.5-5.3. This protonates the 6xHis-tag which has a pKa at 6.0, resulting in dissociation as the 

His-tag can no longer bind to the nickel ions. The method can provide up to 95% purity with 

90% recovery in a single purification step. Moreover, the small size and charge of the His-tag 

rarely affect protein function.  

1.2.3 The search for a suitable buffer 

In this project it was necessary to find a suitable buffer in which the protein remained soluble, 

that could substitute the elution buffers used during purification. This was due to the high 

concentration of imidazole and urea, which is first and foremost harmful if used in 

immunisations. Secondly, both imidazole and urea can interfere with various assays, such as 

ELISA, which will be used to analyse results from the immunisation studies.  

There are no general guidelines on what buffers that are considered safe for preclinical trials 

and this also depends on factors such as route of administration and regulatory requirements. 

Nonetheless, safety aspects should be taken into consideration. The route of administration for 

the preclinical trials is in this case intramuscularly and factors such as buffer components, pH 

and osmolality were considered to reduce pain upon injection (Usach et al. 2019). Buffers 

were selected from a variety of sources, such as Good’s buffers, which includes biological 

non-toxic buffers (Taha et al. 2014). They are the most widely used biological buffers and are 

considered non-toxic. Other sources used were a list of excipients of approved vaccines which 

is provided by FDA. It is in general also recommended that the pH of the buffer is close to 

physiological pH (Usach et al. 2019). Here, it was opted to select buffers with pH values 

between pH 6.0-8.0, which is also not too close to the pI of the protein at 9.75. Furthermore, 

osmolality should not be too high and the ideal is if the buffer is isotonic (Usach et al. 2019). 

Buffers are typically used in the range of 10-100 mM and this was also applied here.  

Buffer exchange on purified protein from soluble fractions was performed with various 

buffers through ultrafiltration, which is a pressure-driven membrane process (Reis & Zydney 

2010). Dialysis was used on purified protein from insoluble fractions, due to the high 

concentration of urea. In this method, a semipermeable membrane is used to separate protein 

from small molecules (Berg et al. 2002). The reduction of denaturant allows the protein to 

refold (Yamaguchi & Miyazaki 2014).  
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1.2.4 Removal of His-tag  

One of the last steps in the project was to remove the 6xHis-tag from the protein. Tagged 

proteins are in general found to be immunogenic as studies have shown that undesirable 

immune responses may be elicited against affinity tags (Singh M et al. 2020). In a regulatory 

point of view, affinity tags are not acceptable for human clinical trials as well as in the final 

product. Removal of tags is therefore critical when the protein is intended for pharmaceutical 

applications (Abdullah & Chase 2005), but it is not a requirement in the case of preclinical 

studies. Although the immunogenicity of His-tags is considered low (Zhao et al. 2013, 

Krupka et al. 2016), the introduction of this ‘non-native’ peptide sequence may have 

unpredictable consequences (Khan et al. 2012). Hence, the ideal is for the recombinant 

protein to resemble the native protein as closely as possible (Singh M et al. 2020).  

Protein X was designed with a His-tag cleavage site positioned upstream of the tag, which 

consisted of the four amino acids SRHW. There is a method that can non-enzymatically 

cleave this site and it was chosen to avoid using expensive proteolytic enzymes. This method 

is based on a highly specific Ni2+ reaction with (S/T)XHZ peptide sequences (Kopera et al. 

2012). In specific, it is the peptide bond preceding the Serine or Threonine that hydrolyses in 

the presence of Ni2+ ions. The reaction is favoured by high temperatures, high Ni2+ 

concentrations and alkaline conditions (Zahran et al. 2015). Furthermore, the method can be 

applied on protein bound to the column or unbound protein in solution (Kopera et al. 2012). 

The on-column cleavage has the advantage that it only requires a one-step purification where 

the cleaved protein is collected in the flow-through whilst the His-tag remains bound to the 

column.  

1.2.5 Analytical tools 

The two main analytical tools used in this project were Coomassie Blue Staining and Western 

Blot, both used for detection of proteins separated by gel electrophoresis. The first mentioned 

is a commonly used protein staining method which is affordable and easy to operate (Dong et 

al. 2011). In Western Blot, the separated proteins are transferred to a membrane which is 

incubated with antibodies specific to the protein of interest (Mahmood & Yang 2012). This 

antibody or a secondary antibody is conjugated to a label for detection. As there are no 

commercially available antibodies against Protein X, an antibody specific to the His-tag was 

used instead.  

Moreover, Bradford assay was performed to quantify the total amount of protein in purified 

samples to compare protein expression between culture conditions. The assay is a common 

and rapid colorimetric assay used to determine protein concentration and is based on the 

binding of Coomassie Brilliant Blue G-250 (Bradford 1976, Brady & Macnaughtan 2015). 

When the dye binds to protein it causes a shift in absorbance maximum of the dye from 465 to 

595 nm and this increase is monitored at 595 nm (Bradford 1976).     
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1.3 Purpose of the project 

The purpose of this project was to optimise the production of a chlamydial antigen candidate, 

here called Protein X, for future preclinical studies. This included optimisation of protein 

expression and purification as well as evaluation of protein stability in different buffers and 

removal of the His-tag. 

2 Material and methods 

2.1 Chemicals 

Luria Broth (LB) was prepared using LB Medium Large Capsules (3002026) from MP 

Biomedicals. Solid agar was prepared according to standard procedures (Sambrook & Russell 

2001). Tryptone was from Duchefa Biochemie and Agarose Standard from Saveen & Werner 

AB. LB and solid agar were supplemented with 50 µg/ml carbenicillin disodium 

(C0109.0025) from Duchefa Biochemie before use. Chemicals KCl, KH2PO4, NaOH, 

NaH2PO4 and Tris-HCl were from Merck Millipore. Dioxane-free IPTG (R0392), Gibco™ 

PBS Tablets (18912014) and HEPES were from Thermo Fisher Scientific. Molecular Biology 

Grade Water (46-000-CI) was from Corning, Na2HPO4 from Alfa Aesar and EDTA from 

Scharlau. All other chemicals were from Sigma-Aldrich if nothing else is stated.  

2.2 Equipment 

Centrifuge 5804 R and Centrifuge 5424 from Eppendorf were used to centrifuge Falcon tubes 

and smaller 1.5 ml tubes, respectively. Protein and DNA concentration were measured on 

NanoDrop™ 2000 from Thermo Fisher Scientific at 280 and 260 nm, respectively. All 

imaging was performed with Odyssey® Fc (2800) from LI-COR. 

2.3 Culturing 

Preparation of the expression vector and culture conditions are described below. Cells absent 

in the expression vector were used as a negative control and were cultured in selected 

conditions, without the use of antibiotics. Cells were inoculated in medium with a 1:100 ratio 

and the culture to flask ratio of 1:5 was maintained for all cultures. Innova 4300 and 4335 

from New Brunswick Scientific were used for incubations at 37°C/30°C and 18°C, 

respectively. Inoculated agar plates were incubated in Heratherm IMC 18 from Thermo Fisher 

Scientific. Growth was monitored by reading the optical density at 600 nm with UV-1800 

Spectrophotometer (206-25400-38, Shimadzu).  
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2.3.1 Preparation of pJ414-Protein X vector 

The cloning and expression vector pJ414 was obtained from ATUM and Protein X with a 

C-terminal 6xHis-tag was cloned at Agrisera. The vector is a high copy number vector and 

contains a gene for ampicillin resistance, a T7 promoter and terminator, a ribosome binding 

site and an origin of replication. The pJ414-Protein X vector was propagated in E. coli strain 

Subcloning Efficiency™ DH5α Competent Cells (18265017, Thermo Fisher Scientific) 

according to the manufacturer’s instructions. Then, 10 ml of LB was inoculated and the cells 

were grown overnight at 37°C and 180 rpm. To isolate the vector from the culture, QIAprep 

Spin Miniprep Kit (27104, QIAGEN) was used. The miniprep kit is based on a silica 

membrane technique which adsorbs plasmid DNA to separate it from impurities. The vector 

was isolated according to the manufacturer’s instructions, but with 10 ml cell culture and 

twice the amount of buffer. The cell culture was centrifuged at 4,500 x g for 15 min. For all 

subsequent centrifugation steps a speed of 15,900 x g was applied. The QIAprep 2.0 Spin 

Column was loaded with the supernatant containing the DNA and centrifuged in two turns. 

The DNA was eluted with 50 µl RNase-free water.  

A polymerase chain reaction (PCR) was performed on the purified vector using primers 

specific to the ends of Protein X (primer data not shown). Platinum® Taq DNA Polymerase 

(10966-018, Thermo Fisher Scientific) was used and the manufacturer’s protocol was 

followed. A gel of the PCR product is shown in Figure A2 in Appendix B. 

2.3.2 Screening of culture conditions to optimise protein expression on a 

small scale 

E. coli strain One Shot® BL21(DE3) Chemically Competent Cells (44-0048, Thermo Fisher 

Scientific) was used for expression of Protein X. The cells were transformed with pJ414-

Protein X according to the manufacturer’s instructions, however, ~100 ng of DNA instead of 

5-10 ng was added in the reaction. Cell culture of 100 µl was distributed on an agar plate and 

the plate was incubated in 37°C overnight. Then, 10 ml of LB was inoculated with one of the 

colonies, followed by incubation at 37°C and 180 rpm overnight. Glycerol stocks were 

prepared and were used in all subsequent protein expression experiments. The sequence of 

Protein X from this colony was confirmed by Sanger sequencing performed by Eurofins 

Genomics, using the same sequence specific primers as in section 2.3.1. The sequence of 

Protein X is not shown due to confidentiality reasons.  

In an initial experiment, cells were grown at 37°C in 1% glucose or without glucose, and then 

induced with 1 mM IPTG at AU600 of 0.7, see conditions in Figure A1 (green) in Appendix A. 

To investigate leakage from the vector in the absence of IPTG, a culture without induction 

and glucose was also included. To prepare the cultures, 10 ml of LB supplemented with or 

without 1% glucose, was inoculated with the transformed BL21(DE3) cells. The cultures were 

incubated at 37°C and 180 rpm. At AU600 of ~0.7, cultures were induced with 1 mM IPTG 

and incubated at 37°C and 180 rpm. For the protein expression analysis, 1 ml samples were 
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collected from all cell cultures pre-induction and 4 hrs post induction. The collected cell 

cultures were centrifuged at 6,800 x g for 3 min and the pellets were stored in -20°C. 

A second set of experiments was performed where protein was expressed at 18°C and 30°C. 

More conditions were included this time, see Figure A1 (green) in Appendix A. The cultures 

were prepared as previously and after induction, the cultures were grown at 18°C and 30°C at 

180 rpm. The 18°C cultures were however cooled down in room temperature for 1 hr prior to 

induction to acclimatise the cells to the lower temperature. Samples of 1 ml were collected 

from all cell cultures pre-induction, then 4 hrs and 14 hrs post induction from the 30°C and 

18°C cell cultures respectively. The samples were centrifuged as before and the pellets were 

stored in -20°C. 

The experiments described above were performed once. 

2.3.3 Cell lysis on a small scale 

Cell pellets from the small-scale culturing (section 2.3.2) were chemically lysed using 

CelLytic™ B Cell Lysis Reagent (C8740, Sigma-Aldrich). The reagent was diluted 10 times 

in Binding Buffer A (50 mM NaH2PO4, pH 8.0, 300 mM NaCl) and 200 µl was added to each 

sample while working on ice. The samples were then mixed with protease inhibitor PMSF to 

a final concentration of 1 mM and 5.45 Kunitz units of DNase I (79254, QIAGEN) to degrade 

DNA. The samples were put on a rolling shaker for 30 min in room temperature and 

centrifuged at 13,000 x g for 5 min. For each sample, the soluble protein fraction 

(supernatant) was collected and the pellet containing the insoluble fraction was washed with 

200 µl deionized water to remove any remaining soluble protein. The sample was centrifuged 

as before and the supernatant was removed. Then, the pellet was mixed with 30 µl deionized 

water to collect for analysis.  

2.3.4 Culture conditions for large-scale protein expression 

Six 1 litre cultures were prepared and cultured as described in section 2.3.2. Two different 

sets of conditions were tested. Three of six cultures were induced at AU600 of 0.7 with 0.1 

mM IPTG and grown at 30°C. The other three cultures were cooled down at room 

temperature for 1 hr and then induced at AU600 of 0.9 with 0.1 mM IPTG and grown at 18°C. 

The 30°C and 18°C cultures were induced for 6 and 18 hrs respectively. The AU600 was ~4 

for all six cell cultures before the cells were harvested by centrifugation at 7000 x g for 20 

min at 4°C using an Avanti™ J-20 XP centrifuge (Beckman Coulter AB). The supernatants 

were removed and the pellets were frozen using liquid nitrogen and stored in -20°C before 

cell lysis. The culturing was performed once. 

2.3.5 Cell lysis on a large scale 

Frozen pellets from the 18°C and 30°C large-scale cultures (section 2.3.4) were disrupted by 

high-pressure homogenisation using an X-press cylinder and hydraulic press (HP-20, Biox 

AB). All equipment was pre-cooled in -20°C and disrupted cells were immediately cooled 

using liquid nitrogen and stored in -20°C before further handling. 
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Cell masses from the high-pressure homogenization were further lysed and purified in 

batches. In general, 4-6 g of cell mass was thoroughly resuspended with 15-30 ml Binding 

Buffer A, 1 mM PMSF and 100-150 units of DNase I (89836, Thermo Fisher Scientific). The 

sample was incubated on a rolling shaker for 45 min in 4°C and then sonicated with a 

Sonopuls sonicator (Bandelin) on ice at 35% power for 30 sec in four cycles with a 1-2 min 

pause between each cycle. After sonication, the sample was centrifuged at 40,000 x g for 45 

min at 4°C using an Avanti™ J-20 XPI centrifuge (Beckman Coulter AB). The supernatant 

containing the soluble protein fraction was saved for purification and the pellet was 

resuspended with Buffer C (100 mM NaH2PO4,10 mM Tris-HCl, 8 M urea, pH 8.0) in the 

same volume as Binding Buffer A. The sample was incubated on a rolling shaker overnight in 

4°C and centrifuged as before. The supernatant containing the insoluble protein fraction was 

saved for purification, see section 2.4.1.  

2.4 Protein purification and characterisation 

Crude lysates from soluble and insoluble fractions that were obtained after cell lysis (section 

2.3.5) were purified with IMAC in batches. Optimisation of the purification process is 

described below, as well as further characterisation of Protein X including evaluation of 

protein stability in different buffers and removal of the His-tag.  

2.4.1 Optimising purification 

Soluble and insoluble protein fractions from cells cultured at 18°C and 30°C (as described in 

section 2.3.4) were purified with pre-charged cOmplete His-Tag Purification Resin 

(05893801001, Roche) in a batch binding mode. Each purification process performed was 

evaluated and the amount of resin and wash stringency were adjusted accordingly.  

In general, the soluble fraction was incubated for 4 hrs on a rolling shaker with 500-1500 µl 

bed volume of resin, previously washed with 10 CVs Binding Buffer A. After incubation, the 

sample was transferred to a disposable chromatography column (Bio-Spin® Chromatography 

Column or QIAGEN 5 ml Disposable Column), the flow-through was collected and the resin 

was washed with 10 CVs Binding Buffer A collected in 3 fractions. Protein was eluted with 

200-600 µl of Buffer B (50 mM NaH2PO4, pH 8.0, 300 mM NaCl, 250 mM imidazole) in 4-6 

fractions with 5-10 min incubations.  

The insoluble fraction was incubated overnight with the same amount of resin, previously 

washed with 10 CVs Buffer C. The flow-through was collected as before and the resin was 

washed with 10 CVs or 20/3 CVs of Buffer C, Buffer D (100 mM NaH2PO4,10 mM Tris-HCl, 

8 M urea, pH 6.3) and Buffer E (100 mM NaH2PO4,10 mM Tris-HCl, 8 M urea, pH 5.9). 

Protein was eluted with 400-2000 µl of Buffer F (100 mM NaH2PO4,10 mM Tris-HCl, 8 M 

urea, pH 4.5) in 7-17 fractions with 5-10 min incubations. The number of eluted fractions was 

determined in both cases depending on the protein concentration measured on the eluates 

during purification.  
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2.4.2 Exchange of buffer 

Buffer exchange was performed using ultrafiltration and dialysis with various buffers. 

Ultrafiltration was used on purified soluble fractions with Amicon® Ultra-4 Centrifugal Filter 

Units (UFC801024, Merck Millipore). In general, a volume of 0.2-4 ml of purified protein 

was centrifuged at 4,500 x g for 10 min in 8°C to reduce the sample volume by half. Buffer 

was then added to the original sample volume and the sample was centrifuged as before, 

usually for 10-20 min until the volume was reduced by half. This was repeated five times to 

ensure a sufficient reduction of imidazole.  

Buffer exchange on the purified insoluble fractions was performed with dialysis using  

Slide-A-Lyzer™ G2 Dialysis Cassette (87731, Thermo Fisher Scientific) or Dialysis Tubing 

(D0530, Merck KGaA). Protein samples of 7.5-11 ml were dialysed with the cassette, and 1-2 

ml of sample was dialysed with the tube. Cassette and tube were prepared according to 

manufacturer’s instructions and were immersed with sample in 0.5-5 litres of buffer with a 

magnetic stirrer in 4°C overnight. 

A list of all tested buffers is presented in Table A1 in Appendix E. 

2.4.3 His-tag cleavage 

Removal of the 6xHis-tag was performed with a non-enzymatic method that utilises a highly 

specific reaction between Ni2+ and (S/T)XHZ peptide sequences. Three attempts in total were 

performed in different conditions, see Figure A1 (orange) in Appendix A. The first attempt 

was a simplified version of the in-solution cleavage performed by Kopera et al. (2012). 

Purified protein previously dialysed against Milli-Q was incubated with equal volume of 

cleavage buffer, giving a final volume of 2 ml and protein concentration of 1 mg/ml. The 

buffer was composed of 100 mM HEPES, pH 8.2, 8 M urea (to avoid protein precipitation) 

and 10 mM nickel sulfate (NiSO4). The sample was incubated on a heating block in 50°C for 

24 hrs. Due to precipitation, the sample was centrifuged at 4,500 x g for 10 min at 4°C. The 

supernatant was separated from the pellet and the pellet was dissolved in 20 mM NaOH. Both 

samples were saved for analysis. 

Two cleavage attempts were performed on-column, also based on the study by Kopera et al. 

(2012). In short, His-tag cleavage under denaturing and non-denaturing conditions at pH 8.2 

were examined in one of the attempts. A cleavage buffer consisting of 100 mM HEPES, pH 

8.2, 300 mM NaCl and 3 mM nickel sulfate (NiSO4) was prepared with or without denaturant. 

As previous studies have used guanidine hydrochloride (GuHCl) as denaturant, 5 M of 

GuHCl was used instead of urea (Kopera et al. 2012, Zahran et al. 2015). Immobilised protein 

from the insoluble fraction of ~1 mg previously dialysed against Milli-Q was incubated with 

200 µl cleavage buffer in 42°C. In the second attempt, three concentrations of Ni2+: 3, 15 and 

30 mM, were examined under denaturing conditions using GuHCl. Cell lysate from the 

soluble fraction was incubated with resin and washed according to the standard procedure. 

The immobilised protein was then incubated with cleavage buffer in 42°C. In both cases, 
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flow-throughs were collected after 24 hrs and the His-tag was eluted with Buffer B and saved 

for analysis.  

2.5 Qualitative and quantitative analysis  

Qualitative analysis using Coomassie Blue Staining and Western Blot was performed on 

samples in all stages of the project, including crude lysates and purified samples from both 

soluble and insoluble fractions. A quantitative analysis on purified samples from both soluble 

and insoluble fractions of the large-scale 18°C and 30°C cultures was performed with 

Bradford assay. 

2.5.1 Polyacrylamide gel electrophoresis 

Protein electrophoresis was performed using NuPage® LDS Sample Buffer 4X (NP007), with 

or without 5 mM DTT (reduced or non-reduced state). Samples were heated at 95°C for 10 

min and loaded onto NuPAGE™ 4-12% Bis-Tris Gel (NP0336BOX). Gels were generally run 

at 40-60 V for 1.5-2.5 hrs in 1X NuPAGE® MES SDS Running Buffer (NP0002) using a 

Consort EV243 Electrophoresis power supply and Novex Bolt Mini Gel Tank (A25977). 

Gels from the electrophoresis were stained with PageBlue™ Protein Staining Solution 

(24620, Thermo Fisher Scientific). The alternative microwave procedure as described by the 

manufacturer was followed, except that gels were stained overnight.  

2.5.2 Semi-dry Western Blot 

Semi-dry Western Blot was performed on gels after completion of electrophoresis. A 

monoclonal anti-polyHistidine antibody conjugated with HRP was used as primary antibody 

and for chemiluminescent detection. For fluorescent detection a secondary antibody 

conjugated with a fluorescent dye was used to target the primary anti-polyHistidine antibody. 

The protocol provided in Appendix H was followed.   

2.5.3 Bradford assay 

Bradford assay was performed according to the protocol in Appendix H. Purified protein 

obtained from Agrisera of known concentration was diluted to produce a standard curve. See 

the dilutions in Table A2 in Appendix I.    

3 Results 

3.1 Optimising protein expression 

A screening of culture conditions was performed to investigate differences in expression of 

Protein X by analysing the relative amount of protein in 1 ml samples from each culture 

condition. The different conditions are listed in Figure A1 (green) in Appendix A. Both 
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soluble and insoluble protein fractions from BL21(DE3) cells, obtained after cell lysis as 

described in 2.3.3, were analysed with Coomassie Blue Staining (Figure A3 in Appendix C) 

and chemiluminescent and fluorescent Western Blots. The experiments were performed in 

non-reduced state and an anti-His antibody was used for detection of Protein X in both 

Western Blots. Samples from all three culturing temperatures including negative controls 

were analysed, however, not all conditions were analysed in the first chemiluminescent blot.  

Protein expression at 18°C and 30°C is shown in a chemiluminescent Western Blot in Figure 

1 where the cells were induced at AU600 of 0.9. A band is visible between 15 and 25 kDa 

which corresponds to the size of Protein X at 18 kDa, however, in some of the samples bands 

are also appearing at ~35 and ~55 kDa. Although some of the samples analysed are smeared 

because they were too concentrated, it is still possible to interpret from the intensity of the 

bands that a higher protein expression was achieved when the cells were grown in the absence 

of glucose. This is evident for the 30°C cultures, however, there is only one condition at 18°C 

that yields a noticeably higher amount of protein: 0.1 mM IPTG and no glucose (lanes 12 and 

13). Note however that the insoluble fraction from cultures grown without glucose and 

induced with 1 mM IPTG was not included. 

 
Figure 1. Chemiluminescent Western Blot in non-reduced state on crude lysates of soluble and insoluble protein 

fractions from cultures grown at 30°C and 18°C in various conditions. An anti-His antibody was used for detection of 

Protein X in the soluble (odd lanes) and insoluble fraction (even lanes) of BL21(DE3) cells. Protein was expressed at 30°C 

(lanes 1-7) and 18°C (lanes 8-14) in different glucose and IPTG concentrations, as indicated at the top of the figure. All 

cultures were induced at AU600 of 0.9. Samples of 1 ml were collected 4 hrs and 14 hrs post induction from cultures grown at 

30°C and 18°C, respectively and chemically lysed. The soluble fractions were obtained in 200 µl lysis buffer, and insoluble 

fractions in 30 µl deionized water. From this, a volume of 6 µl crude lysate was loaded in each well. L: PageRulerTM Plus 

Prestained Protein Ladder (26619). 

Since the samples were too concentrated, the soluble and insoluble fractions were further 

diluted and another Western Blot was performed. This time fluorescent detection was used 

and samples from all conditions were analysed. The protein was however not detected in all 

samples and an evident amount of Protein X was only seen in the 30°C cultures induced at 

AU600 of 0.6 and in the 37°C cultures, which is shown in Figure 2. The bands correspond to 
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the size of Protein X and as previously seen in Figure 1, bands also appear in the fluorescent 

blot at ~35 kDa (mainly lane 8). As before, an increase in protein expression can be seen in 

the absence of glucose. No protein is detected pre-induction (lanes 1 to 4) and only a weak 

band at ~35 kDa can be seen in non-induced cells (lane 9 and 10).  

 
Figure 2. Fluorescent Western Blot in non-reduced state on crude lysates of soluble and insoluble protein fractions 

from cultures grown at 37°C and 30°C in various conditions. An anti-His antibody was used for detection of Protein X in 

the soluble (odd lanes) and insoluble fraction (even lanes) of BL21(DE3) cells. Protein was expressed at 37°C (lanes 1-10) 

and 30°C (lanes 11-18) in different glucose and IPTG concentrations, as indicated at the top of the figure. Cultures grown at 

37°C were induced at AU600 of 0.7 and cultures grown at 30°C were induced at AU600 of 0.6. Samples of 1 ml were collected 

pre-induction (lanes 1-4) and 4 hrs post induction (lanes 5-18) and chemically lysed. The soluble fractions were obtained in 

200 µl lysis buffer, and insoluble fractions in 30 µl deionized water. From this, a volume of 3 µl crude lysate from soluble 

fractions, and 1.7 µl crude lysate from insoluble fractions were loaded. L: PageRulerTM Plus Prestained Protein Ladder 

(26619). 

3.2 Protein expression comparison with Bradford assay 

Based on the results from the screening of culture conditions, two cultures were grown in 

selected conditions on a larger scale. The main difference between the two cultures was the 

expression temperature at 18°C and 30°C, respectively. See all conditions in Figure A1 (red). 

The concentration of protein was measured in soluble and insoluble protein fractions, purified 

with IMAC, from both cultures using Bradford assay. Based on this, the amount of protein 

from each fraction was calculated to compare the expression between the two cultures. 

Protein was obtained from 3.9 g of cell mass from each culture, which was lysed and purified 

in the same way. The results are presented in Table 1. and raw data in Appendix I. The 

amount of protein from the soluble fraction was 14 mg from the 18°C culture and 12 mg from 

the 30°C culture. The insoluble fractions yielded 2.7 and 40 mg protein respectively. This was 

calculated from one experiment with duplicates.  
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Table 1. Data on total amount of protein in purified samples from the soluble and insoluble fractions obtained from 

cultures grown at 18°C and 30°C, respectively. Cell masses of 3.9 g, corresponding to ~1.2 and ~1.4 litres of cell culture 

from the 18°C and 30°C culture respectively, were lysed and purified in the same way according to sections 2.3.5 and 2.4.1. 

Protein concentrations of the purified fractions were determined with Bradford assay and total amount of protein was 

calculated. 

 18°C culture (~1.2 litres) 30°C culture (~1.4 litres) 

 Sol. fraction Ins. fraction Sol. fraction Ins. fraction 

Total amount of protein (mg) 14 2.7 12 40 

3.3 Protein purification and characterisation 

This section includes results from the IMAC protein purification, buffer exchange, 

determination of oligomeric states and His-tag cleavage. The protein analysed was obtained 

from the two large-scale cultures grown at 18°C and 30°C.  

3.3.1 Protein purification 

Crude lysates were purified with IMAC and eluates were analysed with Western Blot using an 

anti-His antibody for detection and with Coomassie Blue Staining, both in non-reduced state. 

On purified soluble fractions, only one band between 35-55 kDa was detected in the Western 

Blot, as seen in Figure 3B (lanes 1 and 2), which was later confirmed to be the dimer form of 

the protein. The Coomassie stained gel, however, revealed that the purified soluble fraction 

had multiple bands, ranging from ~12 to ~70 kDa, as seen in Figure 3A (lanes 1 and 2). Since 

this could mean that the protein was not pure, a purification of the negative control was 

performed to investigate if the proteins detected in Western Blot on crude lysates, as indicated 

in Figure A4 in Appendix D, also bind to the nickel resin. One band at ~50 kDa and several 

bands between ~70-120 kDa were detected in the Coomassie stained gel, see Figure A5. 

Furthermore, it was also noted that the purified protein precipitated after two days when 

stored at 4°C and -20°C. 
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Figure 3. Coomassie Blue Staining (A) and chemiluminescent Western Blot (B) on samples collected during IMAC 

purification of soluble protein fractions in non-reduced state. An anti-His antibody was used for detection in the Western 

Blot. Bed volume was 1500 µl. Soluble protein fractions were obtained from the 18°C and 30°C large-scale cultures, which 

are denoted in submerged figures, after lysis from 3.9 g of cell mass. Lane 1 and 2: eluates (E) from purification. Wells were 

loaded with 6.8 and 5.8 µg protein, respectively. Lane 3 and 8: crude (Cr) lysates from soluble fractions, diluted 10 times 

from 10 ml lysate. Lane 4 and 9: flow-throughs (FT) from purification, diluted 10 times from 10 ml lysate. Lane 5-7 and 10: 

washes (W) from purification, collected in three equal fractions (W1, W2, W3) diluted five times from 10 CV wash 

stringency. L: PageRulerTM Plus Prestained Protein Ladder (26619).  

Purified protein from the insoluble fraction remained soluble in 4°C. In the analysis from the 

Coomassie in Figure 4A two bands are visible, one between 15-25 kDa and one between 35-

55 kDa, which correspond to the size of the monomer and dimer. The result from the Western 

Blot in Figure 4B was similar, but the intensity of the upper band was lower if compared to 

the Coomassie. Analysis on the purified insoluble fraction from the negative control showed 

that the sample was absent in protein. 
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Figure 4. Coomassie Blue Staining (A) and chemiluminescent Western Blot (B) on samples collected during IMAC 

purification of insoluble protein fractions in non-reduced state. An anti-His antibody was used for detection in the 

Western Blot. Bed volume was 1500 µl. Insoluble protein fractions were obtained from the 18°C and 30°C large-scale 

cultures, which are denoted in submerged figures, after lysis from 3.9 g of cell mass. Lane 1 and 2: eluates (E) from 

purification. Wells were loaded with 1.1 and 2.88 µg protein, respectively. Lane 3 and 8: crude (Cr) lysates from insoluble 

fractions, diluted 10 times from 10 ml lysate. Lane 4 and 9: flow-throughs (FT) from purification, diluted 10 times from 10 

ml lysate. Lane 5-7 and 10-12: washes (W1, W2 and W3) with Buffer C, D and E from purification, diluted five times from 

20/3 CV wash stringency. L: PageRulerTM Plus Prestained Protein Ladder (26619).  

Samples from all purification steps described in section 2.4, including crude lysate, flow-

through and washes were evaluated with Coomassie Blue Staining and chemiluminescent 

Western Blot in non-reduced state. When analysing the results from purifications of the 

soluble fraction, it was found that both flow-throughs and washes contained the dimer form of 

Protein X. The bed volume was therefore increased from 500 to 1500 µl. However, the flow-

through and the washes still contained the dimer form of the protein, see Figure 3 (lanes 4-7, 

9 and 10).  

Both the monomer and dimer were detected in flow-throughs and washes from purification of 

the insoluble fractions, despite an increase in bed volume to 1500 µl. The volume of all three 

washes was therefore reduced from 10 CVs to 20/3 CVs (10 ml), however, this did not make 

an improvement in terms of binding efficiency, see Figure 4 (lanes 4-7 and 9-12). 
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3.3.2 Exchange of buffer 

To investigate which buffers Protein X would be soluble in, buffer exchange was performed 

with various buffers which were also suitable for preclinical studies, see Table A1 in 

Appendix E. Purified protein from both soluble and insoluble protein fractions precipitated 

however in all buffers, but the level of precipitation varied.  

Slightly less particulate matter, as visualised by eye, were observed from buffers with higher 

concentration of NaCl when tested on purified protein from the insoluble fraction. One of the 

better results was observed with 100 mM Tris, pH 7.0 with 150 mM NaCl and also with a 20 

mM sodium phosphate buffer, pH 7.5 with 200 mM NaCl. Another promising buffer was a 20 

mM sodium phosphate buffer, pH 6.8 with 50 mM NaCl. The Coomassie in Figure A6 (A) in 

Appendix F in non-reduced state shows the protein in the first mentioned sodium phosphate 

buffer (lane 1) and Tris buffer (lane 2). Bands appear with the corresponding size of the 

monomer, dimer, trimer and tetramer, but a band around 250 kDa is also seen in the Tris 

buffer. Due to their potential, the buffers were also tested on purified protein from the soluble 

fraction. This time, the concentration of NaCl was changed to the isotonic concentration of 

150 mM (Silva de Souza et al. 2020), to reduce potential pain upon injection if used in 

immunisations. The protein precipitated however in all three buffers, but the least in the Tris 

buffer. The samples were analysed with Coomassie and Western Blot in non-reduced state, 

see Figure A7 (lanes 2-4) in Appendix F. Excipients, such as sodium ascorbate and lower 

concentrations of imidazole, were also tested in some of the buffers. A slight visual 

improvement with imidazole was observed.  

The best result in terms of protein solubility was not achieved with a buffer, but instead with 

pure water. This was discovered during a His-tag cleavage experiment, where protein from 

the insoluble fraction purified with IMAC was dialysed against Milli-Q. The dialysed sample 

was completely clear, but white particles were observed on the water surface. The same 

experiment was repeated and had the same outcome. This was also attempted on purified 

protein from the soluble fraction, but the protein precipitated. Both samples were analysed 

with Coomassie and Western Blot, see Figure A (lane 3) and Figure A7 (lane 1), respectively. 

3.3.3 Reduction of protein with DTT for determination of oligomeric states 

Analysis of Protein X with Coomassie Blue Staining and Western Blots have shown that both 

crude and purified samples of Protein X consist of multiple bands. To investigate if this was 

due to oligomeric states of Protein X a comparison of non-reduced and reduced protein was 

performed. The result from the Coomassie is shown in Figure 5A and 5B and from the 

Western Blot in Figure 5C and 5D. Samples are shown in non-reduced (A and C) and reduced 

state (B and D). There are no considerable effects between reduced and non-reduced protein 

from the soluble fraction, which was precipitated in a sodium acetate buffer (lane 1). A 

distinct difference in band intensity is however seen between reduced and non-reduced 

protein from the insoluble fraction, both in precipitated (lanes 2 and 3) and soluble form (lane 

4). The Coomassie shows bands corresponding to the size of the dimer (36 kDa), trimer (54 
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kDa) and tetramer (72 kDa) in the non-reduced state, and that their intensities are decreased in 

the reduced state. Along with this, an increase in intensity of the band corresponding to the 

monomer (18 kDa) can be seen both in the Coomassie stained gel and Western Blot.      

 
Figure 5. Analysis of oligomeric formation of Protein X in various solvents. Coomassie Blue Staining (A and B) and 

chemiluminescent Western Blot (C and D) of purified protein in a non-reduced (A and C) and reduced (B and D) state. An 

anti-His antibody was used for detection in the Western Blot. Protein was reduced with 5 mM DTT. Protein was obtained 

from the 30°C large-scale culture, purified with IMAC and buffer exchange was performed. Lane 1: Protein from soluble 

fraction in 50 mM NaOAc, pH 5.1. Lane 2: Protein from insoluble fraction in 20 mM NaPi, pH 7.5, 200 mM NaCl. Lane 3: 

Protein from insoluble fraction in 100 mM Tris, pH 7.0, 150 mM NaCl. Lane 4: Protein from insoluble fraction in Milli-Q. 

Well was loaded with 4.8 µg protein. The amount of protein could not be estimated in the other samples due to precipitation. 

L: PageRulerTM Plus Prestained Protein Ladder (26619). 

3.3.4 His-tag cleavage 

Removal of the 6xHis-tag was performed with a non-enzymatic method that utilises a highly 

specific reaction between Ni2+ and (S/T)XHZ peptide sequences. To investigate optimal 

conditions for cleavage of the 6xHis-tag from the protein, three attempts were made in 

different conditions. See conditions in Figure A1 (orange) in Appendix A. The first attempt 

was performed in-solution as a proof-of-concept, on purified protein from the insoluble 

fraction previously dialysed against Milli-Q. The protein precipitated however during the 

reaction. To analyse the sample, it was centrifuged and the supernatant was separated from 

the pellet. The pellet, i.e. precipitated protein, was dissolved in NaOH and both the 
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supernatant and dissolved pellet were analysed with Coomassie and Western Blot in non-

reduced state. Three bands appear in the Coomassie stained gel on the supernatant in Figure 

6A (lane 1): two close bands between 15-25 kDa and a third band at ~40 kDa. Only one band 

is visible in the Western Blot in Figure 6B (lane 1). In the dissolved sample from the pellet, 

only the two upper bands are detected (lane 2). The third lane is from a wash step during one 

of the purifications and was included here as a reference.   

 
Figure 6. His-tag cleavage experiment on Protein X performed in-solution based on a study by Kopera et al. (2012) 

analysed with Coomassie Blue Staining (A) and chemiluminescent Western Blot (B) in non-reduced state. An anti-His 

antibody was used for detection in the Western Blot. The sample precipitated during the reaction and was therefore 

centrifuged to investigate protein from the supernatant and pellet. The pellet was dissolved in 20 mM NaOH. Lane: Sample 

from supernatant. Well was loaded with 6 µg protein. Lane 2: Sample from pellet. Well was loaded with 5.3 µg protein. Lane 

3: Sample from a third wash from a purification of the insoluble fraction, used here as a reference, diluted five times from 

20/3 CV wash stringency. L: Spectra™ Multicolor Low Range Protein Ladder (26628).  

Next, the possibility to cleave off the His-tag when attached to the column was investigated. 

No obvious bands were detected in the analysis on samples from the two on-column attempts 

(data not shown). Furthermore, the protein precipitated under non-denaturing conditions and 

due to the high concentration of GuHCl used under denaturing conditions it interfered with 

the loading dye and complicated the analysis.  

4 Discussion 

The aim of this project was to optimise the production process of a chlamydial antigen 

candidate, Protein X, for preclinical trials. This included optimisation of protein expression 

and purification, buffer exchange and His-tag cleavage. Based on a small-scale culture 

screening, conditions that seemingly favoured formation of soluble protein were selected. 

Protein was found in both soluble and insoluble protein fractions, but this seemed to be 
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dependent on expression temperature, where the lower expression temperature at 18°C was 

more unfavourable of formation of insoluble protein compared to 30°C expression. IMAC 

purification was performed in batches on soluble and insoluble lysates from cultures grown in 

the selected conditions. Despite adjustments made in bed volume and wash stringency, the 

process was not fully optimised due to remaining issues with inefficient binding to the nickel 

resin, low solubility and potential contamination of purified protein from the soluble fraction. 

A sufficient purity of purified protein from insoluble fractions was however achieved. 

Furthermore, the protein precipitated in the various buffers tested during buffer exchange and 

efficient His-tag cleavage with the non-enzymatic nickel method was not achieved.  

Both biological and technical replicates should have been included in the initial screening of 

culture conditions in order to base the decisions on more accurate data. There may be other 

conditions that would favour formation of soluble protein more than the ones that were further 

investigated. Since band intensities in Coomassie stained gels and Western Blots were only 

compared visually by eye, a more accurate measurement would be achieved with appropriate 

software. This concerns the whole project. Biological replicates of the two large-scale cultures 

could also have been included to investigate the reproducibility of the results in terms of 

protein solubility and amount of protein measured in the soluble and insoluble fractions. 

Purification was performed with IMAC using a His-tag fused to the protein. Affinity 

chromatography serves as an important tool in many small scale research productions as it 

offers relatively simple separations with high selectivity due to highly specific interactions 

between affinity reagent and resin (Bell et al. 2013, Zhang et al. 2018). Despite this, the 

issues found were related to inefficient binding to the resin along with contamination. 

Explanations may be that the His-tag was buried within the protein and therefore somewhat 

inaccessible to the resin, and that Histidine rich proteins native to BL21(DE3) may be the 

cause of the potential contaminants. Furthermore, high tendencies in precipitation of Protein 

X were observed during buffer exchange and further research as to why this protein is not 

soluble in most buffers is needed. The non-enzymatic cleavage method may be desirable if it 

could be more optimised, but other commercial options are available. Nonetheless, these 

issues must be solved in order to efficiently produce Protein X for preclinical trials and future 

studies. The more in-depth discussion below aims to answer these questions as well as 

provide suggestions on improvements.  

4.1 Optimizing protein expression 

Screening experiments of various culture conditions were performed to select which 

conditions that favoured formation of soluble protein. The different conditions were compared 

by analysing the relative amount of protein from 1 ml of culture. All samples were lysed and 

analysed with Coomassie Blue Staining and chemiluminescent Western Blot in the same 

manner. The crude samples were further diluted for analysis by fluorescent Western Blot. 

Note however that the soluble fractions were diluted differently from the insoluble fractions 

and that a relative comparison in protein amount can only be made within soluble and 
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insoluble fractions respectively. The discussion below is based on the results from the 

Coomassie Blue Staining and the two Western Blots, all in non-reduced state. Both blots 

identified protein corresponding to the size of Protein X, but also larger proteins. These are 

likely oligomeric states of Protein X, but will be discussed further in section 4.5.  

4.1.1 Expression at 18°C and 30°C was selected for further investigation  

Results from the screening experiment suggest that the lower expression temperature at 30°C 

favours formation of soluble protein more compared to 37°C. The conclusion was drawn from 

the fluorescent Western Blot in Figure 2. The intensity of the bands in the figure indicates that 

the relative amount of protein between insoluble and soluble fractions is higher at 37°C 

compared to the lower expression temperature at 30°C. This can also be seen in the 

Coomassie in Figure A in Appendix C. It was therefore decided to further investigate protein 

expression at 30°C. Moreover, these findings are in agreement with the literature (Francis & 

Page 2010, Singh A et al. 2015, Bhatwa et al. 2021). At lower expression temperatures cell 

processes slow down, leading to reduced rates of translation which often result in more 

soluble protein. High expression temperatures on the other hand increase the rates of 

translation which can be exhausting for the bacterial protein quality control system and favour 

protein aggregation (Singh A et al. 2015).  

The fluorescent Western Blot showed that all samples from 18°C expression and the samples 

from 30°C expression with induction at AU600 of 0.9 were almost completely absent in 

Protein X. A theory to this was that these samples had thawed more times than the other 

samples which might have allowed proteases to degrade the protein, including the His-tag 

used for detection. The Coomassie in Figure A on fresher samples indicates that the protein is 

present as a monomer and higher states, although to a lesser extent as a monomer at 18°C 

(Figure A3 (C)). Moreover, Protein X was detected in fresher samples from 18°C and 30°C 

expression in the chemiluminescent Western Blot in Figure 1. In this blot, one condition at 

18°C expression was of special interest: no glucose, and induction at AU600 of 0.9 with 0.1 

mM IPTG (lanes 12 and 13). Expression in these conditions for both the soluble and insoluble 

protein fraction yielded more protein as suggested by the intensity of the bands compared to 

the other conditions at 18°C included in this Western Blot. This was interesting and 

motivating enough to be further investigated and expression at 18°C with these conditions in 

specific were also included for further analysis. The culturing conditions for the 30°C 

expression were selected based on the other results, see the discussion in the sections below. 

4.1.2 Higher expression was obtained in the absence of glucose 

Cell cultures were fed with or without glucose to investigate leakage from the expression 

system. The results from both Figure 1 and Figure 2 indicate in general that higher protein 

expression was obtained in the absence of glucose. A possible explanation to this is that the 

glucose was not fully depleted upon addition of IPTG, thus repression acted on the lacUV5 

promoter which led to a shorter expression time for cells fed with glucose. If this was the 

case, the cells should be fed with less glucose. Indications on possible leakage, mostly in the 
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supposedly trimer form, can be seen in the Coomassie in Figure A, both pre- and post-

induction (lanes 1-2, 19-21 in Figure A (B)). This was however not observed in the Western 

Blot in Figure 2, which indicated that there was no considerable leakage of Protein X, as seen 

pre-induction (lanes 1-4) and post-induction (lanes 9-10). Since the Western Blot did not 

confirm the observations in the Coomassie, it was decided to exclude glucose in the growth 

media for the 30°C expression as well.  

4.1.3 Incomplete data complicated choice of which growth phase to induce in  

To investigate the effects on protein quality based on phase of induction, induction of the 

18°C and 30°C small-scale cultures was performed both at AU600 of 0.6 and 0.9 respectively. 

Since only the higher induction AU600 was analysed in the chemiluminescent Western Blot 

(Figure 1), it was not possible to compare protein expression between the lower and the 

higher induction phases. Moreover, since Protein X was not detected in the fluorescent 

Western Blot (Figure 2) for all 18°C samples and the 30°C samples with induction at AU600 

of 0.9 this further complicated the comparison. However, as discussed above, induction at 

AU600 of 0.9 was already chosen for the 18°C culture, but induction at the lower AU600 would 

likely also yield in protein, as suggested in the Coomassie in Figure A (C). Regarding the 

30°C expression, the difference between cells induced at AU600 of 0.6 and 0.9 is not clear if 

compared in the Coomassie in Figure A (B). Protein expression in the absence of glucose may 

be somewhat higher in the higher induction phase. Despite this, the lower induction at AU600 

of 0.6 was selected, due to the observations in the fluorescent Western Blot, to ensure that at 

least one of the two cultures would produce protein. 

4.1.4 A lower concentration of IPTG seemingly favoured formation of soluble 

protein in the selected conditions  

A comparison of the two concentrations of IPTG was made to decide which concentration to 

induce the 30°C culture with. For cells grown at 30°C in the absence of glucose and induced 

at AU600 of 0.6, as seen in Figure 2, the relative amount between insoluble and soluble protein 

is smaller at 0.1 mM IPTG (lanes 15-16 and 17-18). This suggests that less insoluble protein 

is expressed when inducing with less IPTG and therefore 0.1 mM IPTG was also chosen to 

induce 30°C culture with. Moreover, the choice is substantiated by the literature. As explained 

by Bhatwa et al. (2021), reduced IPTG concentrations can decrease the expression rates to 

manageable levels, allowing proper folding of recombinant proteins.   

Larger cultures were grown in the selected culture conditions, which are summarised in 

Figure A1 (red). Note however that AU600 of 0.6 was surpassed and the 30°C culture was 

induced at AU600 of 0.7 instead.  
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4.2 The expression temperature had an impact on the formation of 

insoluble protein  

The total amount of protein in purified samples from the soluble and insoluble fractions of 

both the large-scale 18°C and 30°C cultures was quantified using Bradford assay, see Table 1. 

The difference in amount of protein from the soluble fractions is relatively small: 14 mg was 

obtained from the 18°C culture and 12 mg from the 30°C culture, respectively. A greater 

difference can however be seen between the insoluble fractions. Almost 15 times more 

protein from the insoluble fraction was obtained from the 30°C culture (40 mg) compared to 

the 18°C culture (2.7 mg). Assuming that the vast majority of the protein in these purified 

samples is Protein X, this shows that the lower expression temperature yields considerably 

less insoluble protein and confirms that expression temperature has an impact on protein 

quality. It is possible that induction of the 18°C culture in later log phase also decreased the 

amount of insoluble protein, considering reduced growth and translational rates. However, the 

difference in induction phase between the two cultures was not great (AU600 of 0.9 and 0.7, 

respectively). 

4.3 Protein purification – issues found and troubleshooting 

Crude lysates from the two large-scale cultures were purified with IMAC. The issues 

found during protein purification and troubleshooting are discussed below. 

4.3.1 Potential issue with purity might be caused by copurification of 

Histidine-rich proteins native to BL21(DE3)  

Eluates from the IMAC purification were analysed with Coomassie Blue Staining to 

investigate potential contaminants and Western Blot was performed to confirm the presence 

of Protein X, both in non-reduced state. Since the protein from soluble fractions precipitated 

rather quickly once purified, the multiple bands observed in the Coomassie stained gel in 

Figure 3A (lanes 1 and 2) may be due to aggregation. Multiple bands were also observed in 

other cases and this was confirmed to be oligomeric forms of Protein X (discussed in section 

4.5). However, since the number of bands seen in the Coomassie stained gel are far more in 

this case, this highly indicates that considerable levels of contaminants are present. Moreover, 

bands below the band of the monomer are also seen in the Coomassie stained gel, which 

suggest protein degradation or impurities. The presence of Protein X could however be 

confirmed by the Western Blot in Figure 3B, but only as a dimer.  

The purity of purified protein from the soluble fraction can be further questioned considering 

that protein was detected in eluate from the negative control, see Figure A5 in Appendix D. 

This was a control performed since protein from crude lysate was detected by the anti-His 

antibody used in the Western Blot, mainly in the soluble fraction (Figure A4). It is likely that 

these proteins are Histidine-rich, giving a possibility that they are copurified with Protein X. 

This is a commonly observed problem when purifying recombinant His-tagged proteins from 



33 

 

E. coli with IMAC due to the presence of Histidine clusters in native proteins (Bartlow et al. 

2011). To confirm if copurification is an issue in this case, further analysis is needed to 

identify the potential contaminants, for instance using mass spectrometry.  

Purified protein from the insoluble fraction remained soluble in the elution buffer, probably 

due to the solubilising effects of urea. No contaminants were found in eluate when analysed 

with Coomassie, which only showed bands of the monomer and dimer, see Figure 4A. 

Moreover, the purified insoluble fraction from the negative control contained no protein 

according to analysis with Coomassie and Western Blot. Efficient purification can often be 

achieved on protein from the insoluble fraction (Ehgartner et al. 2017). An explanation to this 

is that the inclusion bodies, which are aggregated insoluble protein (Rodríguez-Carmona et al. 

2010), are mostly composed of the recombinant protein of interest (Singh A et al. 2015). In 

some cases, production of inclusion bodies is the preferred method for purification of 

recombinant proteins (Ehgartner et al. 2017). This is partly because inclusion bodies can 

accumulate in higher quantities than soluble protein, but also because the recombinant 

product can be obtained in a highly concentrated and pure state.    

It is important to note that the only measurement of purity was performed with Coomassie 

and Western Blot. These methods are sufficient for early preclinical studies. If the study is 

able to move forward however, it is then of higher relevance to assess the purity of the 

protein. Based on the results discussed above, it was concluded that a sufficient purity was 

obtained on purified protein from the insoluble fraction, but that the purity of the purified 

soluble fraction needs further evaluation.      

4.3.2 Troubleshooting inefficient binding to nickel resin 

Analyses of the different purification steps identified Protein X in both flow-throughs and 

washes. Mainly the dimer form was found in flow-throughs from purification of both soluble 

and insoluble fractions, but washes from purification of insoluble fractions also contained the 

monomer. An increase in bed volume and reduced washing did not improve this, as seen in 

Figure 3 and Figure 4, which suggests that the protein does not efficiently bind to the nickel 

resin. Reducing the wash stringency further would probably not be a solution but instead 

endanger the purity. Furthermore, the batch binding mode method used should not negatively 

affect the binding. In fact, higher binding efficiency is often achieved with this method as 

compared to the on-column binding (Bornhorst & Falke 2000).  

A possible explanation to the inefficient binding would be if the His-tag is inaccessible, which 

in turn would decrease the affinity to the nickel resin. Interestingly, when comparing 

intensities of bands between Coomassie and Western Blot, it appears as if the oligomeric 

forms of Protein X are not as easily detected by Western Blot. See for example Figure 3 or 

Figure 5. This suggests that the His-tag is to some extent unexposed in the oligomeric states 

which would explain why the dimer binds inefficiently. The question remains as to why the 

monomer was unbound to some extent under denaturing conditions, considering that the 

protein in this case should be unfolded and the His-tag more exposed. Furthermore, although 
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the dimer was found to a higher extent in flow-throughs and washes, it is not possible to 

determine from the results if it binds less efficiently than the monomer, since it was more 

abundant prior to purification. The IMAC purification itself did not seem to cause formation 

of the dimer however, as seen in crude samples in Figure 1 (e.g. lane 5) and Figure 2 (lane 8).     

4.3.3 Suggestions on how to improve the purification method 

The potential issue of contaminants discussed in section 4.3.1 could be solved if low levels of 

imidazole is used in the binding buffer (Bornhorst & Falke 2000). This could reduce the non-

specific binding of contaminating proteins. However, considering that the protein binds 

inefficiently to the resin, as discussed in section 4.3.2, an introduction of imidazole could 

aggravate this further.  

A potential solution to both issues is to change the purification tag. The Strep-tag II, for 

instance, is a short synthetic peptide comprising eight amino acids that exhibits intrinsic 

affinity toward an engineered form of streptavidin, Strep-Tactin (Johar & Talbert 2017). 

Purification with the tag relies on a highly specific interaction between the Strep-tag II and 

Strep-Tactin, thereby overcoming issues with non-specific interaction with host cell proteins, 

such as Histidine-rich proteins. Moreover, elution is performed under gentle physiological 

conditions using desthiobiotin, a D-biotin derivative, which in contrast to imidazole is non-

hazardous (Kimple et al. 2013). However, a change in purification tag would require a new 

construct and the purification method used may need optimisation.  

A more general consideration is the choice of cell lysis method, which can affect both protein 

quality, recovery and purity (Rodríguez-Carmona et al. 2010). One drawback of the 

mechanical methods used here, high-pressure homogenisation and sonication, is heat 

generation which can promote aggregation of former soluble proteins (Joshi & Jain 2017). 

Other methods could be investigated, such as enzymatic lysis using lysozyme. However, 

because gram-negative bacteria have low susceptibility to lysozyme due to the outer 

membrane, chemicals such as EDTA are required (Gomes et al. 2020). Another possibility is 

to investigate if sonication solely could serve as a sufficient lysis method, thus reducing the 

heat exposure. 

4.4 Further testing is needed to find a suitable buffer for immunisation 

studies 

Various buffers were tested on Protein X to find a buffer in which the protein would remain 

soluble in. The criterion was that the buffer needed to be safe for immunisations in mice, but 

as there are no general guidelines on this, this was instead determined from various sources. 

Moreover, it was aimed to select buffers within the physiological pH of 6.0-8.0 to reduce pain 

upon injection. Below, the buffers tested on Protein X are further discussed as well as why 

pure water dissolved protein from the insoluble fraction. Other findings and suggestions on 

buffer additives are also discussed. 
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4.4.1 Protein X precipitated in all buffers tested, but not in water 

Buffer exchange was performed on protein from soluble and insoluble fractions, purified with 

IMAC. It was found that the protein precipitated in all buffers that were tested, see the list of 

buffers in Table A1 in Appendix E. The level of precipitation varied depending on buffers and 

additives and the best results were seen on the protein from the insoluble fraction. Note 

however that the level of precipitation was only evaluated visually by eye. A more reliable 

and accurate method would be to centrifuge precipitated samples, measure protein 

concentration on supernatant and compare with protein concentration prior to the buffer 

change.  

One of the better results were seen on the insoluble fraction with a 20 mM sodium phosphate 

buffer, pH 7.5 with 200 mM NaCl. Similar results were seen with 100 mM Tris, pH 7.0 with 

150 mM NaCl, also on the insoluble fraction. The higher concentration of salt seemed to have 

a positive effect on protein solubility in this case. Salts can in fact have stabilising effects on 

proteins by fortifying hydrophobic interactions which prevent them from unfolding 

(Rayaprolu et al. 2018). No improvements were however seen on the soluble fraction with 

similar buffers.  

Analyses with Coomassie and Western Blot were performed in non-reduced state on some 

samples to investigate the effect in protein composition from different buffers. Figure A6 

shows the composition of purified protein from the insoluble fraction in the sodium phosphate 

buffer (lane 1) and Tris buffer (lane 2) and Figure A7 shows purified protein from the soluble 

fraction in similar Tris buffer (lane 2) and two sodium phosphate buffers (lanes 3 and 4). It 

seemed as if the buffers analysed generated similar profiles independent in type of buffer, 

except the band at ~250 kDa in the Tris buffer (Figure A6, lane 2) which could be aggregated 

protein. The results also indicate that higher oligomeric states, such as trimers and tetramers, 

in the insoluble fraction are formed after buffer exchange since they are not observed in eluate 

(Figure 4, lane 1 and 2). 

Purified protein from the insoluble fraction was interestingly soluble in Milli-Q. The white 

particles that were found on the water surface were highly hydrophobic and could not be 

identified, but it is possible that it was protein precipitate that somehow escaped from the 

dialysing tube. It could also be lipids and proteins below the 10 kDa cut-off. This 

phenomenon, where insoluble protein is dissolved in pure water, could be caused by the 

interaction of water molecules and insoluble proteins, as explained by Song (2009). Due to 

the improper folding of insoluble proteins, a substantial amount of hydrophobic residues are 

exposed to the bulk solvent instead of being buried into the core. If a protein of this kind is 

dissolved in pure water with pH deviated from its pI (in this case pH was ~6.5 and pI 9.75), 

each protein molecule will bear a significant amount of net charges. The shielding effect 

created from the water molecules will suppress the hydrophobic interactions and attractive 

electric forces, which prevents protein aggregation/precipitation. If a small amount of salt is 

introduced however, the water shell may be disrupted which can lead to immediate 
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aggregation or precipitation. This might explain the observations and why protein from the 

soluble fraction did not dissolve in pure water, but this theory does not go in hand with the 

fact that positive effects were seen in higher concentrations of salt.  

4.4.2 Other findings and suggestions on additives 

Issues with precipitation of Protein X were also experienced by Agrisera, a company of which 

the research group ordered purified protein intended for immunisation studies. As they 

attempted to purify the protein with reverse-phase chromatography, it precipitated on the 

column, but they were eventually able to obtain the protein in lyophilised form. The protein 

was reconstituted in 20 mM sodium hydroxide followed by a sodium phosphate buffer, pH 

7.5 and the pH was adjusted with hydrochloric acid to ~5.9. A Coomassie and Western Blot 

of the protein are shown in  

Figure A8 in Appendix G. Similar protocols were tested on precipitated protein that remained 

after buffer change. The protein was completely dissolved in sodium hydroxide, but 

precipitated again after addition of the sodium phosphate buffer and hydrochloric acid. It is 

likely that the high pH of sodium hydroxide favours the solubility. An option would be to 

lyophilise the protein and try the protocol again. The results indicate however that there are 

differences between purified Protein X from Agrisera and protein purified with IMAC, firstly, 

because of the more extensive issues of precipitation of Protein X in this project. Secondly, 

the oligomers are clearly visible in the Western Blot ( 

Figure A8), as compared to the results herein, suggesting that the His-tag is more exposed in 

protein from Agrisera.  

There are excipients which can be added to the protein formulation to enhance protein 

solubility, such as sugars, antioxidants and amino acids (Rayaprolu et al. 2018). Sugars can 

prevent proteins from unfolding and thereby reducing aggregation (Sudrik et al. 2019). 

Antioxidants protect proteins from oxidation. One of the consequences of protein oxidation 

due to oxidative stress in the cell is aggregation (Grune 2020). Sodium ascorbate, known as 

vitamin C, is an antioxidant that was tested, but no improvements of using it were seen. 

Amino acids are commonly used in formulations to increase protein solubility (Forney-

Stevens et al. 2016). In fact, imidazole, which is the side chain in Histidine, was tested at a 

lower concentration and improvements were seen to some extent. There are reports that 

imidazole can improve protein solubility (Hamilton et al. 2003, Ali et al. 2017).  

Due to the issues with precipitation of the protein of interest, it is possible that adjustments in 

the design of Protein X are needed. Using Milli-Q as solvent can be a solution for now, but 

due to lack of buffering capacity it cannot resist changes in pH and this may for instance 

cause issues when the protein is mixed with adjuvant. Furthermore, pure water would likely 

cause pain upon injection since it is hypotonic (Usach et al. 2019). Thus, a more suitable 

buffer will most probably be needed in the future.     
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4.5 Protein X also exists in oligomeric forms 

Multiple bands larger than the monomeric form of Protein X were observed in analyses with 

Coomassie and Western Blot. With the theory that this was oligomeric states of Protein X, the 

protein was reduced with DTT and analysed with Coomassie (Figure 5A and 6B) and Western 

Blot (Figure 5C and 6D). A comparison of non-reduced (Figure 5A and 6C) and reduced 

(Figure 5B and 6D) purified protein showed a clear shift in band intensity. In the non-reduced 

state several bands corresponding to the size of the dimer, trimer and tetramer were observed. 

The intensity of those bands fainted in the reduced state and the band corresponding to the 

monomer at 18 kDa increased in intensity. These observations suggest that the bands seen 

above 18 kDa are oligomeric forms of Protein X.  

DTT had no effect on precipitated purified protein from the soluble fraction (see lane 1). 

However, it is still likely that the band between 35-55 kDa, as for example seen in Figure 3 

(lane 1) is the dimer, since it is detected in the Western Blot and corresponds to the size of the 

dimer at 36 kDa. Moreover, the existence of oligomers is further indicated from an analysis 

on purified Protein X obtained from Agrisera with >95% purity, see  

Figure A8 in Appendix G. To confirm this even further, additional analysis can be performed, 

for instance using size exclusion chromatography where proteins are separated according to 

size (Gell et al. 2012). The molecular weight of the protein of interest can in this case be 

determined from a standard curve using well-characterised protein standards. A more accurate 

yet expensive method is mass spectrometry which involves ionisation of molecules into gas 

phase and separation according to their mass-to-charge ratio (Gell et al. 2012, Olshina & 

Sharon 2016). Relatively soft ionisation techniques such as electrospray can be utilised to 

analyse intact proteins, thereby determining the stoichiometry of the protein of interest (Gell 

et al. 2012).   

The formation of oligomers can be explained by disulfide bonds formed between Cysteine 

residues. These bonds are formed in an intra- or intermolecular manner, in which the latter 

can result in higher oligomeric structures (Wiedemann et al. 2020). The reducing agent, DTT, 

is commonly used to reduce disulfide bonds within proteins and other biomolecules 

(Lamoureux & Whitesides 1993, Lukesh et al. 2014) which would explain the observations. 

However, the protein sequence contains only one Cysteine, which means that trimers and 

higher states should not be capable of forming solely through disulfide bonds. To fully 

understand this, further analysis is needed, but it is conceivable that formation of oligomers is 

both Cysteine driven and caused by noncovalent interactions. The formation of oligomers can 

in turn trigger aggregation which can grow into large insoluble structures (Schramm et al. 

2020). This could explain the observed tendencies in precipitation of the protein.  

From an immunological point of view, the role of which the oligomeric states play remains 

unanswered for now. Assessing the importance of oligomers can be of interest later on, but 

the first step is to find out whether Protein X elicits an immune response or not in the 
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preclinical studies. It is however likely that the epitopes are exposed and that the oligomers do 

not have a negative influence in this regard, but this could not be confirmed in this project 

since the antibody used for detection in the Western Blots is specific to the His-tag.  

4.6 Other methods to remove His-tag could be considered 

A non-enzymatic cleavage method was attempted to cleave the SRHW site placed upstream 

of the His-tag. Samples from the first attempt, the in-solution cleavage method, were 

analysed. The Coomassie in Figure 6A indicates that the supernatant contains the monomer 

and dimer form of the protein, but also the cleaved form of the monomer as a second band 

appears right beneath it (lane 1). The absence of His-tag of the lower band is confirmed by the 

Western Blot in Figure 6B (lane 1), as only the band of the monomer with His-tag is detected. 

The reason why the dimer was not detected in the Western Blot might be due to a somewhat 

unexposed His-tag. There are however no indications that the sample contains the free His-tag 

at 1.4 kDa. It is possible that the tag was too small to be detected by the Coomassie stain as 

special treatment in form of fixation is required for proteins <10 kDa, and secondly that the 

transfer time during blotting was too long. Another possibility is that the free His-tag ran out 

of the gel during electrophoresis. Thus, the result indicates that removal of the His-tag 

occurred to some extent, although not very efficient since most of the protein remained 

uncleaved.  

Two attempts were made on-column where potential cleaved product collected from flow-

throughs and potential eluted His-tag were analysed. The results indicated that the 

experiments were unsuccessful as neither the cleaved product nor His-tag appeared in the 

Coomassie stained gel and Western Blot. Since the protein precipitated in non-denaturing 

conditions and the denaturant guanidine hydrochloride interfered with the assay, it is possible 

that a better outcome would be under denaturing conditions with urea instead.  

The method attempted was selected due to its economic benefits, since it is non-enzymatic 

and does not require expensive enzymes. However, this method is not commonly used for 

His-tag cleavage and there are only a few papers that have shown that it works (Kopera et al. 

2012, Zahran et al. 2015). Furthermore, the two papers found performed the cleavage on a 

smaller scale than what would be convenient here, which indicates that the method has 

limitations. The fact that there are so few papers on this method suggests a low success rate, 

but in order to evaluate its full potential, a complete purification protocol is first needed in 

this case. The usage of nickel is however questionable, considering environmental and health 

aspects (Genchi et al. 2020). A better option is perhaps to utilise commercially available 

enzymes, such as TEV protease (Raran-Kurussi et al. 2017). This would however require a 

new construct and higher costs as proteases are often expensive, especially on a larger scale 

(Fong et al. 2010).  
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4.7 Conclusion 

In this project, the production of a chlamydial antigen candidate, here called “Protein X”, was 

examined and optimised for use in preclinical studies in the pursuit of developing the first 

existing vaccine against chlamydia. Various culture conditions were investigated to maximise 

formation of soluble protein. It was found that the formation of soluble protein was seemingly 

favoured in lower expression temperatures, when cultures were grown without glucose and 

induced with a lower inducer concentration. The amount of insoluble protein obtained from 

30°C expression once purified was almost 15 times higher compared to the corresponding 

culture at 18°C, but the amount of soluble protein was about the same between the two 

expression temperatures. Furthermore, it was found that Protein X exists in several oligomeric 

states, which potentially contributes to inefficient binding observed during IMAC 

purification. It was also found that the protein precipitated in all buffers tested, but insoluble 

protein dissolved surprisingly in pure water. This in retrospect suggests that the insoluble 

protein fraction can also be desired in this case, which in addition was obtained in higher 

purity than the soluble fraction. A sufficient removal of the His-tag was however not achieved 

and it is likely that cleavage by enzymes is more efficient than the non-enzymatic method 

used here.  

In this project, issues of Protein X that are in need for improvements have been highlighted. 

Although the process could not be fully optimised, the foundation that this project has laid 

down can hopefully guide the research group at Örebro University towards improving 

production of Protein X for efficient preclinical preparations.  
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Appendix A 

An overview of the project is provided in the flow chart in Figure A1 below. 

 
Figure A1. Overview of the different steps and methods used in the project. The first step of the project was to optimise 

expression of Protein X in BL21(DE3) cells by screening different culture conditions (green). Conditions which favoured 

formation of soluble protein were selected based on Coomassie Blue Staining and Western Blot on crude lysates and the 

production of Protein X was scaled up (red). The cells were mechanically lysed to obtain soluble and insoluble protein 

fractions (yellow). The fractions were purified with IMAC and the purification process was optimised (blue). Buffer 

exchange on soluble and insoluble protein fractions (grey) and His-tag cleavage (orange) were performed. The amount of 

protein in purified soluble and insoluble protein fractions was determined with Bradford assay (purple). 



46 

 

Appendix B 

A gel from the PCR performed on pJ414-Protein X using primers specific to the ends of 

Protein X is shown in Figure A2. A band at ~500 bp (lane 1) confirms the presence of Protein 

X which is 495 bp.   

 
Figure A2. A gel of a PCR performed on pJ414-Protein X with primers specific to the ends of Protein X. L: GeneRuler 

1 kb DNA Ladder (SM0313). Lane 1: PCR product.     
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Appendix C 

Crude lysates of soluble and insoluble fractions from cultures grown at 37°C, 30°C and 18°C 

in various conditions were analysed with Coomassie Blue Staining in non-reduced state, see 

Figure A3. 

 
Figure A3. Coomassie Blue Staining in non-reduced state on crude lysates of soluble and insoluble protein fractions 

from cultures grown at 37°C, 30°C and 18°C in various conditions. An anti-His antibody was used for detection of 

Protein X in the soluble (odd lanes) and insoluble fraction (even lanes) of BL21(DE3) cells. Protein was expressed at 37°C 

(A), 30°C (B) and 18°C (C) in different glucose and IPTG concentrations and induction phases, as indicated at the top of 

each figure. Samples of 1 ml were collected pre-induction, then 4 and 14 hrs post induction from cultures grown at 

37°C/30°C and 18°C, respectively. Lysates were obtained from chemical cell lysis. Soluble fractions were obtained in 200 µl 

lysis buffer, and insoluble fractions in 30 µl deionized water. From this, a volume of 6 µl crude lysate was loaded in each 

well. L: PageRulerTM Plus Prestained Protein Ladder (26619). 
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Appendix D 

Cells absent in the expression vector pJ414-Protein X were included in the study as negative 

controls. A chemiluminescent Western Blot was performed on crude lysates from the negative 

controls, but not all conditions of the 18°C and 30°C cultures were analysed however – 

induction at AU600 of 0.9 and 1 mM IPTG were excluded. The Western Blot is shown in 

Figure A4 below. An anti-His antibody was used for detection. 

 
Figure A4. Chemiluminescent Western Blot of the soluble (odd lanes) and insoluble fraction (even lanes) of 

BL21(DE3) cells absent in pJ414-Protein X, cultured at 37°C (lanes 1 to 10) and 30°C (lanes 11 to 14) in different 

glucose and IPTG concentrations, as indicated at the top of the figure. An anti-His antibody was used for detection in the 

Western Blot. The samples analysed here were collected pre-induction (lanes 1 to 4) and 4 hrs post-induction (lanes 5 to 14) 

from cultures grown at 37°C that were induced at AU600 of 0.7 and 30°C that were induced at AU600 of 0.6. Samples of 1 ml 

were collected pre-induction and 4 hrs post-induction. Lysates were obtained from chemical cell lysis. Soluble fractions were 

obtained in 200 µl lysis buffer, and insoluble fractions in 200 µl Buffer C. From this, a volume of 3 µl crude lysate were 

loaded in each well. L: PageRulerTM Plus Prestained Protein Ladder (26619). 

To investigate potential Histidine rich proteins in BL21(DE3), a purification was performed 

on the soluble and insoluble fraction from a negative control culture grown at 30°C, without 

glucose, supplemented with 0.1 mM IPTG at AU600 of 0.6. Samples of 200 µl were 

immobilised with 50 µl resin and the protein was purified according to section 2.4.1. Protein 

was eluted in 50 µl fractions, in a total volume of 250 and 500 µl from the soluble and 

insoluble fraction, respectively. Samples were analysed with Coomassie Blue Staining, as 

seen in Figure A5, and chemiluminescent Western Blot (data not shown).  
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Figure A5. Purified soluble fraction from negative control. Coomassie Blue Staining on protein, purified with IMAC, 

from the soluble fraction (lane 1) of a negative control cell culture absent in pJ414-Protein X expression vector. The culture 

was grown at 30°C, without glucose, supplemented with 0.1 mM IPTG at AU600 of 0.6. Sample of 1 ml was collected 4 hrs 

post-induction and chemically lysed. The soluble fraction was purified with IMAC and eluted in 5 CVs Buffer B. From this 9 

µl of eluted sample was loaded. L: PageRulerTM Plus Prestained Protein Ladder (26619). 
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Appendix E 

All buffers tested during buffer exchange on purified protein from the soluble and insoluble 

fraction are presented in Table A1. 

Table A1. A list of buffers tested during buffer exchange on purified protein from the soluble and insoluble fraction of 

cultures grown at 18°C and 30°C. The type of buffer used and on what fraction, initial protein concentration of sample and 

sample volume is described, as well as the outcome and comments on each exchange. The safety of the buffers and excipients 

are evaluated from different sources, marked with raised letters.  

Buffer Fraction & 

culture (18°C or 

30°C) 

Protein 

concentration & 

sample volume  

Outcome & comments 

1X PBSa, c, d, pH 7.4 Sol. (18°C) 1 mg/ml 

100 µl 

Low protein concentration after 

buffer change. Precipitated during 

storage. 

40 mM HEPESb, d, 150 mM 

KClf, pH 7.5 

Sol. (18°C) 1 mg/ml 

100 µl 

Same as above. 

50 mM sodium phosphatec 

(monobasic sodium 

phosphated and dibasic 

sodium phosphated), pH 7.5 

Sol. (18°C) 1 mg/ml 

100 µl 

Same as above. 

50 mM sodium phosphate, 

pH 8.0 

Sol. (18°C) 1 mg/ml 

100 µl 

Same as above. 

50 mM Trise, pH 8.8 Sol. (18°C) 1 mg/ml 

100 µl 

Same as above. 

1X PBS, pH 7.4 Ins. (18°C) 0.1 mg/ml 

7.5 ml 

Precipitation. 5 L dialysis (Slide-A-

Lyzer).  

1X PBS, pH 7.4 Sol. (30°C) 3.8 mg/ml 

2 ml 

Precipitation 

50 mM sodium phosphate, 

pH 7.5 

Sol. (30°C) 3.8 mg/ml 

2 ml 

Precipitation 

50 mM sodium phosphate, 

pH 7.0 

Ins. (30°C) 3.4 mg/ml 

2 ml 

Precipitation. 5 L dialysis (Slide-A-

Lyzer).  

40 mM HEPES, 150 mM 

KCl, pH 7.5 

Sol. (18°C) 4 mg/ml 

1 ml 

Precipitation. 

50 mM Tris, pH 7.4 Sol. (18°C) 4 mg/ml 

1 ml 

Precipitation. 

50 mM sodium acetate 

bufferc (sodium acetateg and 

acetic acidg), pH 5.1 

Sol. (30°C) 5.5 mg/ml 

4 ml 

Precipitation. The buffer was tested 

as it was possible to dissolve 

protein precipitate in it, but pH is 

probably too low for 

immunisations.  

20 mM sodium phosphate, 

pH 7.5, 200 mM NaCld, e, f, g 

Ins. (30°C) 2.2 mg/ml 

2 ml 

Precipitation, but one of the better 

results. 2 L dialysis (dialysis 

tubing). Protein precipitate stuck in 

the tube could be dissolved in 20 

mM NaOH.   

  



51 

 

50 mM sodium phosphate, 

pH 6.8, 50 mM NaCl 

Ins. (30°C) 2.2 mg/ml 

1 ml 

Precipitation. 500 ml dialysis 

(dialysis tubing). 

50 mM sodium phosphate, 

pH 6.8, 150 mM NaCl, 150 

mM imidazolee 

Ins. (30°C) 2.2 mg/ml 

1 ml 

Precipitation. 500 ml dialysis 

(dialysis tubing). Some 

improvement was seen with 

imidazole. 

50 mM Tris pH 6.8, 150 

mM NaCl, 50 mM sodium 

ascorbateg 

 

Ins. (30°C) 2.2 mg/ml 

1 ml 

Precipitation. 500 ml dialysis 

(dialysis tubing). 

50 mM sodium phosphate 

buffer, pH 8, 150 mM NaCl, 

50 mM sodium ascorbate 

 

Ins. (30°C) 2.2 mg/ml 

1 ml 

Precipitation. 500 ml dialysis 

(dialysis tubing). 

25 mM sodium citrate 

bufferc (citric acidd and 

trisodium citrated), pH 6.1, 

25 mM Tris pH 7.0, 150 

mM NaCl 

 

Ins. (30°C) 2.2 mg/ml 

1 ml 

Precipitation. 500 ml dialysis 

(dialysis tubing). 

100 mM Tris, pH 7.0, 150 

mM NaCl 

 

Ins. (30°C) 2.2 mg/ml 

1 ml 

Precipitation, but one of the better 

results. 500 ml dialysis (dialysis 

tubing). 

20 mM sodium phosphate, 

pH 6.8, 150 mM NaCl  

Sol. (30°C) 2.8 mg/ml 

0.5 ml 

Precipitation. 

20 mM sodium phosphate, 

pH 7.5, 150 mM NaCl 

Sol. (30°C) 2.8 mg/ml 

0.5 ml 

Precipitation. 

100 mM Tris, pH 7.0, 150 

mM NaCl 

 

Sol. (30°C) 2.8 mg/ml 

0.5 ml 

Precipitation. 

a Phosphate-buffered saline (PBS) is isotonic and non-toxic to most cells (Otulakowski et al. 2020). It is found 

among the list of vaccine excipients provided by FDA (2020).  
b One of Good’s buffers 
c One of the most common buffers used in parenteral formulations (acetate, citrate and phosphate) 
d Approved vaccine excipient (FDA, 2020) 
e Accepted substance and concentration in immunisations, provided by the antibody production company Davids 

Biotechnologie 
f Common tonicity agent in parenteral formulations (Rayaprolu et al. 2018) 
g Approved by FDA as an inactive ingredient in drugs for subcutaneous administration 
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Appendix F 
Buffer exchange was performed on protein purified with IMAC which was obtained from the 

soluble and insoluble protein fractions of the 18°C and 30°C cultures. Samples were analysed 

with Coomassie Blue Staining and Western Blot. An anti-His antibody was used for detection 

in the Western Blot. In Figure A6, an analysis is shown from buffer exchange on purified 

insoluble fraction against 20 mM sodium phosphate buffer, pH 7.5 with 200 mM NaCl (lane 

1), 100 mM Tris, pH 7.0 with 150 mM NaCl (lane 2) and Milli-Q (lane 3). In Figure A7, an 

analysis is shown from buffer exchange on purified soluble fraction against Milli-Q (lane 1), 

100 mM Tris, pH 7.0 with 150 mM NaCl (lane 2), 20 mM sodium phosphate buffer, pH 6.8 

with 150 mM NaCl (lane 3), 20 mM sodium phosphate buffer, pH 7.5 with 150 mM NaCl.  

 
Figure A6. Coomassie Blue Staining (A) and chemiluminescent Western Blot (B) on purified protein from the 

insoluble protein fraction in different solvents in non-reduced state. An anti-His antibody was used for detection in the 

Western Blot. Buffer exchange was performed on protein purified from the insoluble fraction of the 30°C culture. Lane 1: 

Protein from insoluble fraction in 20 mM NaPi, pH 7.5, 200 mM NaCl. Lane 2: Protein from insoluble fraction in 100 mM 

Tris, pH 7.0, 150 mM NaCl. Lane 3: Protein from insoluble fraction in Milli-Q. Well was loaded with 4.8 µg protein. The 

amount of protein could not be estimated in the other samples due to precipitation. L: PageRulerTM Plus Prestained Protein 

Ladder (26619). 
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Figure A7. Coomassie Blue Staining (A) and chemiluminescent Western Blot (B) on purified protein from the soluble 

protein fraction in different solvents in non-reduced state. An anti-His antibody was used for detection in the Western 

Blot. Buffer exchange was performed on protein from soluble protein fractions of the 18°C and 30°C large-scale cultures 

which was purified with IMAC. Lane 1: dialysis against Milli-Q with purified protein from the 18°C culture. Lane 2: buffer 

exchange with 100 mM Tris, pH 7.0, 150 mM NaCl on purified protein from the 30°C culture. Lane 3: buffer exchange on 

purified protein with 20 mM NaPi, pH 6.8, 150 mM NaCl. Lane 4: buffer exchange on purified protein with 20 mM NaPi, pH 

7.5, 150 mM NaCl. The amount of protein could not be estimated in the samples due to precipitation. L: PageRulerTM Plus 

Prestained Protein Ladder (26619).  
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Appendix G 
A Coomassie Blue Staining and chemiluminescent Western Blot on purified Protein X 

obtained from Agrisera is shown in  

Figure A8. An anti-His antibody was used for detection in the Western Blot. The bands 

correspond to the monomer (18 kDa) and dimer (36 kDa) of Protein X. Moreover, the 

Western Blot also identified protein corresponding to higher oligomeric states of Protein X.   

 
Figure A8. Purified Protein X obtained from Agrisera in lyophilised form, purified to >95% purity with reverse-phase 

chromatography. Coomassie Blue Staining (lane 1) and chemiluminescent Western Blot (lane 2) in non-reduced state. An 

anti-His antibody was used for detection in the Western Blot. Wells were loaded with 5 µg protein. L: PageRulerTM Plus 

Prestained Protein Ladder (26619). 
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Appendix H 
Protocols on semi-dry Western Blot and Bradford assay are provided below. 

 

Semi-dry Western Blot 
Materials: iBlot® 2 Gel Transfer Device (IB21001) and iBlot® 2 NC Mini Stacks (IB23002) 

Primary antibody: Monoclonal anti-polyHistidine antibody (produced in mouse) conjugated 

with horseradish peroxidase (A7058, Sigma-Aldrich). 

1. Immerse gel in 20% ethanol for 5-10 min. 

2. Assemble gel and transfer stacks. 

3. Run at 20 V for 6 min and 30 sec. 

4. Incubate membrane on a rolling shaker in 4°C overnight with 1X Pierce™ Clear Milk 

Blocking Buffer (37587) supplemented with primary antibody diluted 2000 times. 

5. Wash membrane three times with three rinses in between with TBST (20 mM Tris, 

150 mM NaCl, 0.1% Tween® 20) in RT. 

 

Chemiluminescent detection 

Materials: Detection Reagent 1 Peroxidase Solution (1859701) and Detection Reagent 2 

Luminol Enhancer Solution (1859698). 

1. Mix equal parts of detection reagent solutions. 

2. Incubate membrane for 60 sec with the solutions. 

3. Cover membrane between two clear plastic sheets before chemiluminescence 

detection. 

 

Fluorescent detection 

For fluorescent detection, a secondary antibody conjugated with a fluorescent dye is used to 

target the primary anti-polyHistidine antibody 

Secondary antibody: Donkey anti-Mouse IgG (H+L) conjugated with Alexa Fluor 568 

(A10037, Thermo Fisher Scientific).  

1. Incubate membrane on a rolling shaker in RT for 1 hr with 1X Pierce™ Clear Milk 

Blocking Buffer (37587) supplemented with secondary antibody diluted 10,000 times. 

2. Wash membrane three times with three rinses in between with TBST (20 mM Tris, 

150 mM NaCl, 0.1% Tween® 20) in RT. 

3. Perform fluorescent detection at 600 nm. 

 

Bradford assay 

1. For standard curve: dilute standard in a given concentration range. 

2. Dilute samples in duplicates within the concentration range of the standard. 

3. Mix 50 µl of standard/sample with 1.5 ml Coomassie Plus™ Protein Assay Reagent 

(1856210, Thermo Fisher Scientific) in a cuvette. 

4. Incubate for 60 sec. 

5. Read absorbance at 595 nm. 
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Appendix I 

The standard curve for the Bradford assay is shown in Figure A9 and raw data on the 

absorbance readings are shown in Table A2 and Table A3.  

 
Figure A9. Standard curve for Bradford assay. Purified Protein X obtained from Agrisera was used as reference and was 

diluted from 0.500 mg/ml as shown in the graph. Absorbance was measured on standard samples in duplicates and the 

average values were plotted against protein concentration.    

Table A2. Raw data on absorbance and average values measured in a Bradford assay on purified Protein X obtained 

from Agrisera. Average values were plotted against the protein concentrations to produce a standard curve.  

 Protein concentration of Protein X (mg/ml) for standard curve 

 0.500  0.250 0.200 0.125 0.0625 0.0313 

Absorbance at 595 nm 0.730,  

0.677 

 

0.344,  

0.295 

 

0.292,  

0.297 

 

0.129,  

0.121 

0.0487, 

0.0445 

0.0133, 

0.0733* 

 

 

Average of absorbance 

values 

0.704 0.320 

 

0.295 

 

0.125 

 

0.0466 

 

0.0133 

 

* Value excluded due to reading error  

 

Table A3. Raw data on elution volume, protein concentration, absorbance and average absorbance values measured 

in a Bradford assay on purified protein from soluble and insoluble fractions of cultures grown at 18°C and 30°C 

respectively. Cell masses of 3.9 g corresponding to ~1.2 and ~1.4 litres cell culture from the 18°C and 30°C culture 

respectively, were lysed and purified in the same way. A volume of 20 ml Binding Buffer A and Buffer C respectively was 

used during lysis and the resin was washed with 10 CVs Buffer A, and 20/3 CVs Buffer C, D and E. 

 18°C culture (~1.2 litres) 30°C culture (~1.4 litres) 

 Sol. fraction Ins. fraction Sol. fraction Ins. fraction 

Absorbance at 595 nm 0.209, 0.213 0.0397, 0.0388 0.162, 0.182 0.321, 0.303 

Average of absorbance values 0.211 0.0393 0.172 0.312 

Elution volume (ml) 4.20 17.0 4.20 17.0 

Protein concentration (mg/ml) 3.37 0.160 2.84 2.36 
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