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Abstract 

 

Even though the first coronavirus pandemic was registered in 1965, 

SARS-CoV-2 was better acknowledged when it caused the worldwide 

pandemic in 2019 in which millions of individuals lost their lives. Due 

to its facile way of spreading from one individual to another, the 

number of infected cases has gone up to more than 750 million to this 

day. 

DENV is a very dangerous virus due to its asymptomatic profile in 

most of the infected cases. If left untreated it can lead to dengue 

hemorrhagic fever and for individuals who get infected with the virus 

for the second time, the consequences can be lethal.  

Since there is currently no treatment for dengue infection, and due to 

the fast spreading of SARS-CoV-2 that still leads to deaths every day, 

it is important to understand how proteases are involved in viral 

replication and thus to find a way to stop this process in order to avoid 

spreading these viruses further. 

In this report, 2 proteins (6LZE_A and NS2B-NS3) from these viruses 

were produced in Escherichia coli and their biological activity has been 

tested on DL-BAPNA substrate. Both of these proteins are structures 

of the main proteases that cleave the polyproteins, this step being very 

important in the replication process. Furthermore, computational 

modeling was used to understand the differences between their 

structures and how their catalytic mechanisms work. The results 

showed that working with these proteins has been proven difficult at 

times due to several failures and repetitions either because very few 

colonies grew on the Agar plates, cells died during the cultivation 

process, low concentrations, or failed purification. Hence, more time 

and research would be necessary to fully understand the reasons 

behind these issues. However, this report managed to highlight the 

different production times between the proteins and how SARS-CoV-2 

seems to have better environmental stability than DENV due to its 

structure and docking characteristics. 
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1 Background and aim 
 

The SARS-CoV-2 outbreak started in Wuhan, China, in December 

2019. From there, it spread worldwide from human to human resulting 

in the covid pandemic declared in March 2020 by the World Health 

Organization. The origin of the infection and the transmission 

pathways could not be definitively established but it is believed to be 

caused by exposure to infected animals due to its zoonotic profile [60].  

The first coronavirus pandemic was registered in 1965, followed by 

another one in 2003 and 2012. Since this disease is considered highly 

infectious due to its rapid spreading and increased number of infected 

cases, it is classified as a Public Health Emergency of International 

Concern (PHEIC) [61]. 

To this day, there are over 270 million infected cases of SARS-CoV-2 

registered in Europe and over 2 million deaths. Worldwide, there are 

over 750 million registered cases and almost 7 million deaths [62]. 

Research on how to inhibit coronavirus replication is still ongoing [17]. 

Dengue fever is caused by the DENV virus through mosquito bites. It 

is assumed that it was transmitted from nonhuman primates to 

humans approximately 1000 years ago in Africa or Asia [71] but the 

first major outbreak occurred in 1780 in Africa, Asia, and America [72].  

Between 100 and 400 million infected cases of dengue fever are 

registered yearly in tropical or subtropical regions worldwide but the 

actual number can be even higher than that due to the asymptomatic 

tendency of the infection [73]. 

Since proteases are essential for viral reproduction because they help 

obtain functional proteins by cleaving the viral polyproteins pp1a and 

pp1ab [18], this master’s thesis aim is to produce 2 recombinant 

proteases from SARS-CoV-2 (6LZE_A) and DENV (NS2B-NS3) in E. 

coli and test their biological activity on DL-BAPNA substrate which is 

a chromogenic substrate for proteolytic enzymes. When the bond 

between the arginine and the p-nitroaniline is hydrolyzed, the 

chromophore (p-nitroaniline) will be released and detected through 

colorimetric analysis. If the proteins are active they will hydrolyze the 
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substrate which will turn it from transparent to yellow. This substrate 

was previously tested on DENV but not on SARS-CoV-2, so it is 

expected that at least the NS2B-NS3 protease show activity on it. 

Furthermore, molecular modeling was performed as well to 

understand their structure and catalytic mechanism by observing the 

secondary structures of the proteins, the active site, the catalytic triad 

(for NS2B-NS3) or dyad (for 6LZE_A), and the docking with a Poly-

histidine ligand and with the DL-BAPNA substrate.  

The practical experiments were conducted at Lund University, 

Kemicentrum, Biotechnology Division supervised by Javier Linares-

Pastén. 

2 Introduction 
 

2.1 SARS-CoV-2 – taxonomy and replication 

 
SARS-CoV-2 is the virus that caused the worldwide pandemic in 2019 

in which millions of individuals lost their lives. Anatomically, it is a 

single-stranded enveloped RNA virus, with a positive sense that 

belongs to the family Coronoviridae, genus Betacoronavirus and order 

Nidovirales, and has a diameter of approximately 65-125 nm [1]. Its 

name stands for severe acute respiratory syndrome-related 

coronavirus [2]. There are currently 39 species of coronaviruses, but 

only 3 of them stand out by having very high fatality rates. MERS 

(Middle East Respiratory Syndrome) has a fatality rate of 34.4% and 

appeared in 2012, SARS (Severe Acute Respiratory Distress 

Syndrome) has a mortality rate of 9.5% and emerged in 2003, but the 

coronavirus that caused the covid pandemic in 2019 has the lowest one 

of only 2.13% [3]. However, SARS-CoV-2 has an easier way of 

spreading from one individual to another compared to the other 2 

types, which explains the increased number of infected cases of more 

than 750 million to this day [4].  

Being a zoonotic virus, it can be transmitted from humans to animals 

and vice versa, and its origin is a horseshoe bat (Rhinolophus) from 

China. The virus has been further passed on from bats to civet cats, 
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raccoons, and badgers, and from there to humans [5]. House pets, zoo 

animals, and wild animals can also get infected [6]. 

The majority of the infected individuals present symptoms such as 

fever and cough, but approximately 15.6% are asymptomatic [7]. 

The virus spreads among individuals through mouth and nose droplets 

(from infected cases) that come in contact with the mucous membranes 

(eyes, mouth, nose) of healthy people. Touching a contaminated 

surface also disseminates the virus [8]. From here, the virus spreads 

to the rest of the body, especially in the lungs. Former studies showed 

that SARS-CoV-2 was found not only in the lungs of infected 

individuals but also in other organs, including the brain which was 

infected via olfactory nerves [9]. 

The replication process starts with the virus’ S spike protein binding 

to a specific receptor (ACE2) in the host cell's membrane. Then 

transmembrane serine protease 2 (TMPRSS2) will cleave and activate 

the S protein followed by the release of the virus’ large RNA into the 

cell which will recognize it as its own. The cell will then replicate the 

genetic material and further release it into new viral particles after 

self-destruct [10]. The process can be better observed in Figure 1. 

 
Figure 1. The replication process of SARS-CoV-2 (Source: [10]) 
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2.2 Dengue virus – taxonomy and replication 
 

Around 36,000 deaths are caused by dengue virus every year [73]. It is 

a single-stranded RNA virus with a positive sense that belongs to the 

genus Flavivirus in the family Flaviviridae and has a diameter of 50 

nm. It was first isolated in 1943 by Ren Kimura and Susumu Hotta 

[71,73].  

There are 4 serotypes of dengue virus (DEN-1, DEN-2, DEN-3, DEN-

4), and they share the same genome in proportion of 65%. In 1970 

DEN-1 and DEN-2 were predominantly found in America and Africa, 

while all 4 serotypes were found in Asia but nowadays they are all 

spread worldwide [71]. 

Even though the virus is transmitted to humans through female 

mosquito bites mainly from the Aedes aegypti species, pregnant women 

can also transmit the virus to the fetus resulting in low-weight 

newborns or pre-term births. However, only a few cases of maternal 

transmissions have been registered so far. Other rare and unusual 

transmission ways include blood transfusion and organ donation. 

Furthermore, humans can also infect mosquitos even if they are 

asymptomatic or pre-symptomatic [73]. 

Usually, the infection is asymptomatic but the most common 

symptoms include a 40°C fever, headache, nausea, rash, and eye and 

muscle pain [73]. If left untreated it leads to dengue hemorrhagic fever 

characterized by nose or gums bleedings and inability to breathe 

properly [74]. In severe cases, especially individuals who get infected 

with the virus for the second time there is a high risk of dying. For 

individuals who were already infected in the past, there is an approved 

vaccine available called Dengvaxia, but other possible vaccines are 

under evaluation. There is no current treatment for dengue fever but 

medicines such as Paracetamol are prescribed to alleviate the pain. 

[73].  

The replication process starts with the virus binding to a skin cell. 

Then, the skin cell membrane traps the virus inside by creating a 

pouch around it called an endosome. Normally, cells use endocytosis 

in order to transport external molecules inside the cell for nourishment 

but DENV is using this process to infect the host cell. When the virus 
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gets deeper into the cell it is released into the cytoplasm resulting in 

the liberation of the viral genome that will then translate into a single 

polypeptide and replicate. After assembly on the endoplasmic 

reticulum, the particles mature through the trans-Golgy network 

where they become infectious cells that can further infect other cells 

[71]. The replication process can be seen in Figure 2. 

 

 
Figure 2. The replication process of the dengue virus (Source: Nature.com) 
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2.3  Proteases – sources, function, and importance 
 

In 1825 the first protease was discovered, which was pepsin. Through 

the years, other enzymes were found, characterized, and crystallized, 

such as serine proteases (trypsin, chymotrypsin), cysteine proteases 

(papain), metalloendoproteinases (thermolysin), and 

carboxypeptidases A and B. A protease database called MEROPS 

offers information about more than a thousand peptidases and their 

inhibitors [11].  

Different names for proteases are peptidases or proteinases, and they 

are responsible for the proteolysis reaction in which proteins break 

down resulting in smaller particles. They can be found in humans, 

animals, plants, and microbes [12].  

They are classified into 6 classes: aspartic, serine, cysteine, threonine, 

glutamic, and metalloproteases but I will present in detail only the 

ones that can be found in viruses [13]. 

❖ Aspartic proteases are found in animals, plants, viruses, and fungi 

and they play a role in several physiological mechanisms such as 

digestion, pathogen protection, secondary malignant growths in 

breast cancer, regulation of blood pressure, and transformation of 

HIV regulatory proteins. They use a water molecule to cleave the 

protein bounds. Approximately 40% of the worldwide proteases 

come from microbes due to their diversity and proneness to genetic 

manipulation, and sources of aspartic proteases can be yeasts and 

molds. Some of their applications are in cheese production 

(coagulates milk), the baking industry (gluten helps the dough rise), 

the beer industry (haze removal), and the wine industry 

(maintaining its clarity) [14]. 

❖ Serine proteases are found in humans, animals, plants, fungi, 

bacteria, arthropods, helminths, protozoa, and viruses and they use 

a nucleophilic serine to break down peptide bounds. They are 

involved in a vast number of physiological and pathological 

mechanisms such as digestion, fertility, blood coagulation by snake 

venom, helping cells get infected by viruses, promoting tumor 

metastasis, and cartilage destruction in arthritis [15,16]. Their 

name comes from the fact that they use a serine residue to cleave 
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peptide bonds and they represent more than 30% of all proteases. 

Industrially, alkaline serine proteases are preferred, which are 

obtained through fermentation. They are mostly used as 

ingredients for detergents to help remove difficult stains (e.g. 

blood), but they also have applications in the leather industry 

(removing dirt and fat in the soaking stage), chemical industry 

(peptide synthesis), the medical industry (ointments, diagnosis, 

anticancer drugs), waste management (keratin degradation), the 

food industry (cheese, infant formulations, soft drinks, food for 

allergies and digestive disorders), and the silver industry 

(recovering silver from X-ray films). The production of alkaline 

serine proteases is mainly obtained from Bacillus sp. [21]. 

❖ Cysteine proteases or thiol proteases use nucleophilic cysteine thiol 

to break down proteins and the first cysteine protease discovered 

was papain from papaya [22]. They are found in all living 

organisms, but mainly in fruits (papaya, kiwi, pineapple) especially 

when they are unripe [23], and they represent the class of proteases 

most abundant in plants [24]. They are of high importance in 

different organisms: they play a role in plant growth, protein 

storage in seeds, and signaling pathways; in animals, they are 

involved in apoptosis, immune responses, and collagen degradation 

in atherosclerosis; some viruses (hepatitis C, polio) use them to 

cleave their polyprotein [25,26]. Industrially, they can be obtained 

in vivo or in vitro from plants (higher costs but standard 

parameters) or through traditional cultivations (cheaper but 

depends on environmental factors). Cysteine proteases have 

applications in the livestock feed industry (increases protein 

digestibility), and in the medical industry (edemas, infections, 

digestive disorders, inflammations, scar treatment, antibacterial 

and antifungal) [24]. 

❖ Glutamic proteases use a glutamic acid residue to break down 

proteins and they can be found mostly in filamentous fungi 

(Ascomycota phylum), but also in bacteria, viruses, and archaea 

[31,32,33]. They were first discovered in 2004 after previously 

thought to be aspartic proteases [34]. 

❖ Metalloproteases use a water molecule as a nucleophile and need a 

metal in order to catalyze hydrolysis of proteins [37]. They are found 

in animals, plants, viruses, archaebacteria, bacteria, and 
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nematodes [38]. They are important for cell proliferation and 

migration, tissue remodeling in the wound healing process, brain 

development, and are also involved in the growth of fetal organs 

[38,39]. Their applications include biomarkers for cancer and joint 

diseases [40,41]. Industrially, can be obtained by cloning human 

cancer tissue [42]. 

 

2.4  Protease inhibitors 
 

The main role of proteases is to catalyze hydrolysis of protein bonds 

and they are responsible for numerous metabolic and regulatory 

functions in biological activities, thus disruptions in their proteolytic 

activity can lead to both diseases and their treatement [43]. Inhibitors 

hinder this process by binding to their active site making it possible to 

study their structure and mechanism. This can be useful when trying 

to find for example therapeutics in the medical industry for life-

threatening diseases such as AIDS, arthritis, cancer, malaria, 

muscular dystrophy, SARS, and neurodegenerative diseases. Since 

viral proteases are responsible for obtaining the structural and non-

structural proteins essential for viral replication, protease inhibitors 

that bind to the active site of the viral proteases and thus stopping the 

replication cycle have been used in medicine. They are also useful in 

agriculture as pest control agents which gives the benefit of reducing 

yield losses without using chemical agents. Commercially, they 

prolong the shelf life of food products and prevent proteolysis [44]. 

There are different kinds of protease inhibitors suitable for each class 

of proteases and their sources are microbial, animals, but mostly 

plants from their tubers and seeds (e.g. potamin-1 protein isolated 

from potatoes). Factors such as pH, structural stability, specificity, 

rate of binding, and cost are very important when choosing an 

inhibitor. When it comes to economical efficiency microbial sources are 

low-cost and have the advantage of growing fast in different 

environments and being receptive to genetic engineering. Escherichia 

coli can be used as a source of inhibitors against serine proteases, 

Streptomyces against serine, glutamic, and metalloproteases, 

Aspergillus or HIV for aspartic proteases, and Saccharomyces for 
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threonine proteases. The majority of inhibitors belong to the serine 

class [44]. 

According to previous research, Ebselen is a compound capable of 

inhibiting proteolysis of the main cysteine protease (Mpro) from SARS-

CoV-2 by binding to the active site residues His41 and Cys145. 

Furthermore, compounds such as E04 and E24 which are pyrazole 

derivatives have also proved to inhibit viral replication [45]. 

Sitagliptin and Daclastavir HCI are suitable inhibitors for papain-like 

protease (PLpro), although the latter has decreased binding 

capabilities. Atazanavir, Nelfinavir, Lycorine HCI, MG-101, and 

Lomibuvir have antiviral properties towards Mpro. Among these, the 

most potent one is Lycorine which is found in the Amaryllidaceae plant 

[46]. 

When it comes to DENV there are a few compounds capable of 

inhibiting the viral protease such as diaryl (thio)ethers (especially for 

type 2) [30], and MB21 and Aprotinin that can be used for all 4 types 

by showing strong binding capabilities close to the active site [35]. 

Agathisflavone has proved to be the best protease inhibitor from a 

natural source. Furthermore, Hesperitin from Ganoderma 

lucidium Antler variant can inhibit the protease from type 2. When 

trying to find suitable protease inhibitors it is worth mentioning that 

the NS2B-NS3 protease has an affinity for substrates with dibasic 

residues (2 replaceable hydrogen atoms per molecule) at P1 and P2 

sites such as lysine or arginine. P1 and P2 are substrate peptides 

sequences located between the cleavage site and the N- terminal [97]. 

Even though there is a significant number of protease inhibitors 

identified through the years, they have not entered clinical trials [36]. 

 

2.5  Recombinant protein production  
 

The process of producing recombinant proteins involves modifying a 

protein by manipulating its DNA using an expression vector [47]. The 

desired gene is cloned in a vector, and after alteration inside the host, 

the target protein is obtained through heat shock where due to the 

high temperature small pores are caused in the competent cell’s 

membrane allowing the plasmid to enter, followed by cell growth on 
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Agar plates, small-scale cultivation and finally purification. A 

representation of the process can be observed in Figure 3 [92]. 

 
Figure 3. The main steps of recombinant protein production (Source: [101]) 

 

The expression vector contains the gene of interest, promoters, affinity 

tags, a coding sequence for tag removal, selection marker, and cloning 

sites. Plasmids contain replicons and it is preferred to choose high copy 

numbers to obtain increased production since replicons are DNA 

regions that are replicated from a sole replication origin. Promoters 

are also DNA regions that are responsible for initiating gene 

transcription through the binding of transcription factors and RNA 

polymerase. There are 2 types of promoters, constitutives (always 

active) and inducible (can be turned on and off in certain conditions). 

The most used promoter due to its efficiency is T7 which is induced 

with IPTG for expressing proteins in E. coli. Affinity tags such as His-

tag are small peptides that increase the solubility of recombinant 

proteins, help the purification step, and can be easily detected during 

protein expression. They can be specific to either N- or C-terminus. 

They need to be removed from the desired protein to make sure it will 

not hinder its activity using tag removals which can be enzymes (His-

tag TEV) or chemicals (CNBr). To confer specificity, antibiotics are 

used as selection markers with resistance for the plasmid used [49]. 

In 1978 was the first time when Escherichia coli was genetically 

modified in order to produce insulin [48]. Since then, Escherichia coli 

has become the preferred host due to its low cost, rapid growth, and 

manipulation ease. Before this revolutionary discovery, proteins were 

obtained and purified using animal and plant tissues [49,50]. Besides 
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bacteria, mammalian and insect cells, yeast, and plants, can also be 

used as hosts in industrial recombinant protein production [51]. 

Since success depends on a variety of factors, there are some 

challenges when it comes to the entire process, and these are a few of 

the possible errors: 

❖ Low or no production of the target protein (due to toxic proteins) 

❖ Accumulation of inclusion bodies and wrong disulfide bonds (due 

to incorrect folding) 

❖ Obtaining a low-quality protein production (due to low solubility) 

❖ Contamination from the environment, handling, or of the media 

❖ Wrong cultivating conditions (pH, temperature, CO2 supply) 

❖ Post-translational modifications [49] 

 

2.6  Applications in biomedicine 
 

Proteases are very important in viral replication by breaking down 

proteins resulting in functional proteins so research on how to block or 

inhibit them is of great interest in stopping viral reproduction [93]. 

This is a complex process. For SARS-CoV-2 this starts with the 

histidine molecule from the catalytic dyad removing a proton from the 

cysteine molecule. Then, the main viral protease (Mpro) is 

autoactivated and cleaves the pp1a and pp1b polyproteins at 11 sites 

which produces mature viral proteins which are proteins present in 

the mature assembled virus particle [99]. For DENV, the NS3 protease 

together with its cofactor NS2B converts the polyproteins into 

functional proteins that will produce 10 viral mature proteins [100]. 

Recombinant proteins are of great importance in biotechnology. In 

research, they are involved in vivo and in vitro studies including cell 

biology, molecular biology, biochemistry, and inhibitors studies in 

pharmacology [52]. They are used to observe how proteins interact 

with each other, and they can also reveal the functions of certain 

genes. Techniques such as ELISA, Western Blot, and immunological 

assays use recombinant proteins or antibodies [53]. 

In biomedicine, they have applications in diagnostics and therapeutics 

using monoclonal antibodies that can replace insulin (by interacting 

with a MHC class II molecule called IAg7) or as helping agents for 
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treating diseases such as hepatitis [52, 98]. They are also used to 

detect viruses and assess vaccines' efficiency. This is based on antibody 

detection against specific viruses using ELISA and specific and rapid 

kits can be purchased commercially for this purpose [54]. Using 

recombinant vaccines instead of other types of vaccines can solve some 

challenges such as difficulties in integrating the infectious agent in 

attenuated or inactivated vaccines, low immune response (inactivated 

vaccines), and health problems for weakened immune system patients 

(live-attenuated vaccines). For the production process Escherichia coli, 

insect or mammalian cells, or yeasts can be used as hosts. Some of the 

recombinant vaccines approved today include antiviral agents against 

Hepatitis B, Influenza, Malaria, SARS-CoV-2, Varicella, and 

Papilloma [55,56]. 

There are currently over 170 recombinant proteins worldwide that are 

used in biomedicine including growth factors, interferons, hormones, 

blood clotting agents, and enzymes (diabetes, multiple sclerosis, heart 

diseases, cancer, rheumatism, anemia, hepatitis, psoriasis, cystic 

fibrosis) [57]. These recombinant proteins need to be of high quality 

otherwise using unfitting cell lines can lead to severe side effects and 

unwanted immune responses [52]. 

In Sweden, Protein Production Sweden (PPS) is a national 

organization established in 2022 that produces and purifies different 

types of recombinant proteins for all researchers around the country, 

and it has 7 laboratories located at several Swedish universities [58]. 

There are optimistic prospects involving recombinant proteins that 

can cure melanoma, and lung cancer, or fight obesity (FGFBP3) and 

researchers are working on enhancing their activity [52,59]. 

3 Materials and methods 
 

Two practical experiments were carried out during this report, one 

before the summer vacation and one after. Because of this, the 

‘’Materials and methods’’ and ‘’Results’’ chapters are split into 2 parts 

mainly because they have slightly different parameters and also for a 

better understanding of the specific proteins that I am referring to in 

the report.  
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3.1 Production of the recombinant protein in E. coli – part 1 
 

I will present a summary first and then I will go into details on specific 

chapters.  

The experiment was carried out using synthetic genes from GenScript 

that were already inserted into the plasmid. The viral proteases used 

were 6LZE_A from coronavirus, and NS2B-NS3 from dengue virus 

since these are the main proteases essential for viral replication. 

To insert the pET21b plasmid into the cells non-competent cells have 

to be transformed into competent cells. This is done through thermal 

shock which is a physicochemical method in which the freeze-dried 

tubes containing the synthetic genes are heated for a few minutes and 

then cooled down again. This process helps the molecules to resuspend 

[65]. 

The plasmid containing the synthetic gene and ampicillin-resistant 

gene (for selecting the transformed cells) was inserted in 2 types of 

competent cells: E. coli DH5 alpha is used for storing and propagating 

the plasmid, and E. coli BL21(DE3) for protein production. To 

introduce the plasmid into the cell they underwent thermal shock. 

After adding LB broth the cells were incubated on Agar plates, 1 for 

each E. coli strain used. One colony from each plate was incubated 

overnight and after inoculating in the cultivation media together with 

ampicillin the OD (optical density) was measured every hour using a 

spectrophotometer to evaluate the cell density. When it reached 

between 0.6 and 1 IPTG ( Isopropyl β-D-1-thiogalactopyranoside) was 

added to start the induction of protein expression by binding to the lac 

repressor [64]. 

Spectrophotometry is a quantitative analysis that measures how much 

light a substance absorbs at a certain wavelength. This is done by 

passing a beam of light through a prism and then through the sample. 

A spectrophotometer is mainly composed of a light source, 

monochromator, sample holder, detector, and interpreter [63]. 

The protein purification of the samples was done using an ÄKTA Pure 

Purification System through immobilized metal chelate affinity 

chromatography (IMAC) which is using a chemical process called 



 
14 

 

chelation for immobilizing metals on a chromatographic medium. It 

can purify proteins, peptides, and nucleic acids. Its components mainly 

include inlet and outlet valves, 2 pumps (for continuous and accurate 

flow rates), a mixer (for homogenous buffer composition), a UV monitor 

(measures the absorbance), a conductivity monitor (measures buffer 

conductivity), and a fraction collector. It is connected to the UNICORN 

software where the results are shown. The purification chromatogram 

is supposed to show 2 peaks, the first one containing the elute 

unspecific protein, and the second one the elute target protein from 

which these specific tubes should be collected and analyzed further 

through SDS-PAGE to verify their purity [66].  

 

 
Figure 4. ÄKTA Pure Purification System 
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The protein concentration was assessed at A280 (for proteins) with 

Nanodrop which is a UV-Vis spectrophotometer that can measure 

sample volumes as small as 2 μL with high accuracy [69].  

Figure 5. Nanodrop 

SDS-PAGE (polyacrylamide gel electrophoresis) is an analytical 

method in which the proteins are separated based on their molecular 

weight. SDS (sodium dodecyl sulfate) is a detergent that denatures 

proteins and by being negatively charged it will cover the proteins in 

a negative charge as well after binding to their positive charge. Then, 

the proteins will migrate to the positive electrode through the gel 

matrix. The migration rate of proteins through the gel matrix depends 

on their charge, structure, and mass. Smaller proteins will migrate 

faster than larger ones. If the sample is pure only 1 band is going to be 

obtained according to its specific molecular mass [67]. 

 
Figure 6. SDS-PAGE (Source: azurebiosystems.com) 
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To concentrate the samples a Pierce protein concentrator from Thermo 

Fisher was used. 

Figure 7. Pierce protein concentrator (Source: www.fishersci.no) 

 

The assessment of the biological activity of the compounds was done 

through Multiskan Go which is a microplate spectrophotometer that 

can test multiple samples in a time-efficient manner by measuring the 

absorbance in photometric assays [70]. 

 

 
Figure 8. Multiskan Go 

http://www.fishersci.no/
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3.1.1 Preparation of the competent cells  
 

The competent cells were already prepared by other colleagues as 

follows: the tube with cells in the cultivation media was centrifuged 

and the LB was discarded. After adding 1.5 ml of CaCl2 and glycerol 

(cryoprotectant) at a final concentration of 20% 150 μL were 

transferred to different tubes and stored at -80°C. The entire process 

was done on ice. These cells are now ready to receive plasmids for the 

recombinant protein transformation. 

 

3.1.2 Thermal shock transformation  
 

The freeze-dried tubes containing the synthetic genes were centrifuged 

at 5000 rpm for 1 minute to avoid losing all the molecules that could 

have ended up underneath the lid. After adding 50 μL of sterile Milli-

Q water the tube was heated in a thermoblock at 50°C for 15 minutes 

and then transferred to ice. 2 μL of the sample was used to check the 

stock concentration in a Nanodrop at 280 nm. The result for 6LZE_A 

was 198 ng/μL and for NS2B-NS3 131 ng/μL. The samples were then 

diluted as follows: for 6LZE_A 20 μL of the plasmid was mixed with 40 

μL of autoclaved Milli-Q water, and for NS2B-NS3 10 μL of the 

plasmid was mixed with 10 μL of Milli-Q water. The results were then 

8.7 ng/μL and 14.2 ng/μL respectively.  

The tubes containing 25 μL of E. coli BL21(DE3) competent cells were 

defrosted on ice from -80°C to 0-4°C and then 2 μL of the plasmid 

solution was added. The plasmid and the cells were carefully mixed 

using a micropipette. The tube was incubated on ice for 15 minutes, 

then transferred to a thermoblock at 42°C for 2 minutes, and then 

cooled again on ice for 20 minutes. 

300 μL of LB broth (Luria Bertani) was then added and incubated at 

37°C for approximately 50 minutes. 100 μL of this sample was 

transferred to 3 agar plates (with ampicillin) for each gene: 1 for E. coli 

DH5 alpha, 1 for E. coli BL21(DE3), and 1 for E. coli BL21(DE3) 

commercial variant, and then incubated overnight at 37°C. 
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3.1.3 Protein production 
 

The next day only 4 plates out of 6 grew colonies, the BL21(DE3) 

commercial variant did not grow any colonies from either of the genes. 

Because of this, only 4 tubes were prepared, 1 per growing plate in 

which it was added 6 ml of LB broth and 6 μL of ampicillin and they 

were inoculated with 1 colony from each plate and left to incubate 

overnight at 37°C 200 rpm. 

On the third day at 9:10, 2 Erlenmeyer flasks were used and in each 

of them were added 300 ml LB, 300 μL of ampicillin and 3 ml of E. coli 

BL21(DE3) from each viral strain. Then they were put in a shaker at 

37°C and 180 rpm and the OD measurements were taken after 1 hour 

using a UV-Vis spectrophotometer at 600 nm single wavelength. When 

the OD reached 0.6 IPTG was added to start the induction. Since the 

lag phases were different between the proteins, the IPTG was added 

at different times. 

At 12:25 300 μL of 1 mM IPTG was added to the NS2B-NS3 flask and 

moved to a shaker at room temperature (20°C) overnight. 

At 15:30 IPTG was added into the 6LZE_A flask and moved to room 

temperature overnight.  

The next day around 8:30, the samples were moved into centrifugation 

bottles with a capacity of 250 ml each and centrifuged for 10 minutes 

at 6000 rpm. The cell pellets were then collected and resuspended in 

15 ml of binding buffer and transferred to falcon tubes which were 

further sonicated on ice for 15 minutes at 60 amplitude and 0.5 cycle. 

The samples were centrifuged again for 20 minutes at 12000 rpm and 

the supernatant was collected and kept at -4°C in falcon tubes until 

the next day. 

 

3.1.4 Protein purification 
 

To purify the samples, ÄKTA Pure Purification System was used based 

on affinity chromatography. The system was washed beforehand and 

in-between samples with Milli-Q water, and then the samples were 

purified. After measuring the concentration in Nanodrop, the samples 

were further stored in the fridge at 4°C. 
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3.1.5 Protein concentration 
 

Since the protein concentration of the purified 6LZE_A sample was so 

low it was further concentrated using a “Pierce” protein concentrator 

(10 000 MWCO). It was then centrifuged for 10 min at 4500 rpm, and 

the concentration was assessed after another 15 minutes. The 

concentration in the top part of the tube was 0.71 mg/ml and in the 

bottom 0.15 mg/ml so this part was discarded and only the top was 

stored further at 4°C.  

 

3.1.6 SDS-PAGE electrophoresis 
 

In order to assess the purity of the compounds the SDS-PAGE method 

was used. This procedure was done together with other PhD students 

as follows: 

16 μL of the purified samples were mixed with 4 μL of the loading 

buffer in Eppendorf tubes that were further heated for 10 minutes at 

100°C. Then, 10 μL of the samples were loaded into the gel at 180V for 

15 minutes and then another 30 minutes at 200V. The gel was 

carefully removed and washed with water and Coomassie brilliant 

blue was added as a staining agent. After leaving the gel with the 

staining agent for an hour destaining solution was used and left for a 

few hours before viewing the gel. 

 

3.2 Production of the recombinant protein in E. coli – part 2 
 

As stated previously, the experiment was redone after 2 months due 

to summer vacation. 

 

3.2.1 Preparation of the competent cells 
 

I prepared new competent cells together with other colleagues using 

the same method as described in the first part. However, this was only 

for learning purposes, and they were not used for the experiment. 
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3.2.2 Thermal shock transformation 
 

Since there were no more colonies for 6LZE_A the entire process was 

redone but with slightly changed parameters. First, LB broth and agar 

plates were prepared and autoclaved. Then, the protein concentration 

of the 6LZE_A stock was evaluated with Nanodrop at 280 nm and the 

result was 19.9 ng/μL. A tube with E. coli BL21(DE3) competent cells 

was acquired from a Ph.D. student and after defrosting on ice 2 μL of 

the plasmid solution was added. After the plasmid and the cells were 

carefully mixed the tube was incubated on ice for 30 minutes, then 

transferred to a thermoblock at 42°C for 90 seconds, and then cooled 

again on ice for 10 minutes. 300 μL of LB broth (Luria Bertani) was 

then added and incubated at 37°C for approximately 50 minutes. The 

solution was further transferred to 2 agar plates containing ampicillin, 

approx 150 μL for each, and incubated overnight at 37°C. 

 

3.2.3 Protein production 
 

For 6LZE_A 2 tubes were prepared for each plate in which it was 

added 6 ml of LB broth and 6 μL of ampicillin and they were inoculated 

with 1 colony from each plate and left to incubate overnight at 37°C 

200 rpm. 

The next day 2 Erlenmeyer flasks (1 L) were used and in each of them 

were added 300 ml LB cultivation media, 300 μL of ampicillin in a 

concentration of 100 mg/ml and 3 ml of E. coli BL21(DE3) from each 

tube. They were put in a shaker at 37°C and 200 rpm and the OD 

measurements were taken after 30 minutes or 1 hour using a UV-Vis 

spectrophotometer at 600 nm single wavelength. 

When the OD reached 0.6, 300 μL of 1 mM IPTG was added to the 

flasks and they were moved to a 200 rpm shaker at room temperature 

(20°C) overnight. 

Glycerol stocks were also made by combining the 2 tubes with 6LZE_A 

resulting in 8 cryotubes that were further stored at -80°C in the 8th 

tower, box 3. This was obtained by adding 2 ml of Glycerol 80% into 

the remaining 6 ml of E. coli BL21(DE3) 6LZE_A by carefully mixing 
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them by hand for a few minutes before being transferred to the 

cryotubes. 

The calculation formula for finding out how much Glycerol 80% to add 

was: 

Ci: Glycerol 80% 

Cf: Glycerol 20% 

V: amount of sample in ml (6 ml) 

Vi=(V x Cf)/(Ci-Cf) 

For NS2B-NS3 the 2 plates with E. coli BL21(DE3) and E. coli DH5 

alpha obtained in the first part were used to prepare 2 tubes with 

inoculum. These contained 6 ml of LB broth and 6 μL of ampicillin 

each and they were inoculated with 1 colony from each plate and left 

to incubate overnight at 37°C 170 rpm. 

On the next day, 1 LB cultivation media flask was used containing 300 

μL of ampicillin and 3 ml of E. coli BL21(DE3). Then they were put in 

a shaker at 37°C and 180 rpm and the OD measurements were taken 

after 1 hour using a UV-Vis spectrophotometer at 600 nm single 

wavelength.  

The culture was eventually discarded due to the cells dying after 1 

hour, and the process was redone. However, the samples left in the 

tubes were used for making glycerol stocks as follows. From the E. coli 

BL21(DE3) tube, 3 ml was left. Then 1 ml of Glycerol 80% was added 

and mixed carefully by hand for a few minutes and further transferred 

to 4 cryotubes each containing 1 ml and stored at -80C. From the E. 

coli DH5 alpha tube, 6 ml was left so 2 ml of Glycerol 80% was added 

and formed 8 cryotubes. The cryotubes were labelled accordingly with 

the strain name and date. 

The next day, a glycerol stock tube with E. coli BL21(DE3) NS2B-NS3 

was defrosted on ice and afterward, I added in a falcon tube 6 ml sterile 

LB broth, 6 μL ampicillin, and the content of the glycerol tube (approx 

1 ml) while working in the sterile bench. This tube was further kept 

overnight at 37°C and 200 rpm. 
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In an LB cultivation media flask were added 300 μL of ampicillin and 

3 ml of E. coli BL21(DE3) from the falcon tube. Then, it was put in a 

shaker at 37°C and 180 rpm and the OD measurements were taken 

every 30 minutes. 

The rpm was changed from 180 to 200 after 1 hour and a half due to 

noticing that the culture was decreasing. IPTG was added to start the 

induction process and the flask was kept overnight at 20°C and 200 

rpm.  

The centrifugation and sonication process for 6LZE_A and NS2B-NS3 

were done following the same method as previously described and the 

supernatant was collected and kept at -4°C in falcon tubes. 

 

3.2.4 Protein purification 
 

Only the NS2B-NS3 sample was purified because there was no Sodium 

Chloride (NaCl) at that moment so the Binding Buffer for the ÄKTA 

purification system could not be prepared.  

 

3.2.5 Protein concentration 
 

Since the 6LZE_A sample could not be purified at that moment and 

the NS2B-NS3 sample showed a negative value on the Nanodrop, the 

NS2B-NS3 produced in the first part was desalted and concentrated. 

ÄKTA was also used for desalting and Phosphate Buffer and HCl 1 

mM were prepared for this. The method for desalting was selected 

from the program and a desalting column was used instead. The 

sample was injected in the column using a 1.5 ml syringe and the 

process was repeated until the entire sample was desalted. 

The Nanodrop concentration read at 280 nm was 0.35 mg/ml after 

desalting. 

The sample was then concentrated as previously mentioned and the 

final concentration was 0.50 mg/ml. 
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3.2.6 SDS-PAGE electrophoresis 
 

Since the purification step could not be performed on the 6LZE_A 

sample the SDS-PAGE assessment was also skipped. 

 

3.3 Evaluation of the biological activity of the compounds 
 

3.3.1 Enzyme activity assessment on DL-BAPNA substrate 
 

DL-BAPNA (Nα-Benzoyl-DL-arginine 4-nitroanilide hydrochloride) 

substrate solution was prepared at a concentration of 10 mM. 10 mg of 

the powdered substrate was weighed, added to 2.3 ml of Milli-Q water, 

and vortexed. To ease the dissolving process 2.3 ml of DMSO solvent 

was added as well so the concentration changed from 10 mM to 5 mM. 

If the formation of trypsin/substrate complex takes place then the bond 

between arginine and p-nitroaniline is hydrolyzed, resulting in the 

release of the chromophore (p-nitroaniline) which will turn the sample 

yellow and if there is no formation due to the presence of a competitive 

trypsin inhibitor the sample remains transparent (Figure 9). 

 

Figure 9. DL-BAPNA reaction (Source: [79]) 

To test the enzyme activity of the samples obtained in the first part 3 

of the 96 wells of a microplate were used. All 3 of them contained 100 

μL Phosphate buffer 100 mM pH 7.1, 50 μL of the substrate, 50 μL of 

Milli-Q water, and 10 μL of the sample. The first slot (1A) contained 

the 6LZE_A purified and concentrated sample, the second slot (2A) the 

NS2B-NS3 purified sample, and the third one was for control. The 

plate was then analyzed in a Multiskan go at 37°C, with 10 readings 

at 10-second intervals (400 nm wavelength). The results showed that 

the enzymes had no activity on this substrate. 



 
24 

 

The NS2B-NS3 that was desalted and concentrated in the second part 

was also evaluated using the same protocol and the result showed 

there was no activity. The substrate volume was then changed from 50 

μL to 100 μL and the microplate was covered with aluminium foil and 

kept in an incubator at 37°C for an hour. The readings after that still 

showed no activity. 

 

3.4 Molecular modeling  
 

The protein sequences were provided by GenScript together with the 

synthetic genes and they are as follows: 

 

> NS2B-NS3 

GSHMLEADLELERAADVRWEEQAEISGSSPILSITISEDGSMSIKN

EEEEQTLGGGGSGGGGAGVLWDVPSPPPVGKAELEDGAYRIKQK 

GILGYSQIGAGVYKEGTFHTMWHVTRGAVLMHKGKRIEPSWADV

KKDLISYGGGWKLEGEWKEGEEVQVLALEPGKNPRAVQTKPGL

FKTNTGTIGCVSLDFSPGTSGSPIVDKKGKVVGLYGNGVVTRSGA

YVSAIANTEKSIEDNPEIEDDIFRK 

  

> 6LZE_A 

SGFRKMAFPSGKVEGCMVQVTCGTTTLNGLWLDDVVYCPRHVIC

TSEDMLNPNYEDLLIRKSNHNFLVQAGNVQLRVIGHSMQNCVLK

LKVDTANPKTPKYKFVRIQPGQTFSVLACYNGSPSGVYQCAMRP

NFTIKGSFLNGSCGSVGFNIDYDCVSFCYMHHMELPTGVHAGTD

LEGNFYGPFVDRQTAQAAGTDTTITVNVLAWLYAAVINGDRWFL

NRFTTTLNDFNLVAMKYNYEPLTQDHVDILGPLSAQTGIAVLDM

CASLKELLQNGMNGRTILGSALLEDEFTPFDVVRQCSGV 

 

These sequences were copied in the NCBI BLAST PROTEIN database 

in order to obtain the PDB (Protein Data Bank) Accession codes for the 

proteins with 100% similarity or close to. NCBI BLAST is a tool used 

for comparing sequences between them through a database by 

calculating the matching percentage [75]. RCSB PDB is a global 

database for 3D structures of large biological molecules [76]. The 

Accession codes were then used in the Chimera software to visualize 

the 3D structures of the proteins, to identify the secondary structures, 

the active site together with the triad (for NS2B-NS3) or dyad (for 

6LZE_A), and to observe the docking with the ligand. Since the 

structure for NS2B-NS3 was incomplete the prediction of the 
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incomplete region was done through AlphaFold linked to ChimeraX 

which is a tool that can build structures and analyze them [77]. 

Further, the ligand was built in Yasara with 6 histidines and then the 

docking was visualized in Chimera. The protein structures were 

docked with the DL-BAPNA substrate as well which was downloaded 

from NCBI. Yasara is a program used for visualizing and simulating 

molecules [19].  

4 Results  
 

4.1 Production of 6LZE_A and NS2B-NS3 – part 1  
 

4.1.1 Protein production 
 

The results for the cell growth on Agar plates for 6LZE_A can be seen 

in Figure 10 for 6LZE_A and for NS2B-NS3 in Figure 11. The plate for 

E. coli BL21(DE3) for 6LZE_A had only 2 colonies and for E. coli DH5 

alpha had 15. The cells had a better growth rate for NS2B-NS3 than 

for 6LZE_A as seen in the pictures. However, the commercial variant 

did not grow any colonies on either of the proteins, so these ones were 

discarded. 

 
Figure 10. Cell growth for 6LZE_A 

 

 
Figure 11. Cell growth for NS2B-NS3 
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The lag phase was very different between the cultivations. For 6LZE_A 

the lag phase took approximately 3.5 hours which is unusually long 

compared to 1 hour for NS2B-NS3 as seen in Figure 12. 

 

 
Figure 12. OD measurements for 6LZE_A and NS2B-NS3 

 

4.1.2 Protein purification 
 

The results for protein purification differed between the 2 proteins.  

The 2 peaks shown in the purification chromatograms represented the 

unspecific proteins (the 1st peak), and the target protein (the 2nd peak). 

For 6LZE_A the peak corresponding to unspecific proteins was higher 

than the one for the target protein as observed in Figure 13. The 8th 

and the 9th tubes were collected for further analysis and the rest were 

discarded. This sample was also in a very low concentration as seen in 

Figure 15 which is why it was then concentrated before being stored 

in a cold environment. 

For NS2B-NS3 the target protein was in a higher concentration than 

the unspecific proteins as seen in Figures 14 and 15. Tubes 5-10 were 

collected further. 
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Figure 13. Purification chromatogram for 6LZE_A 

 
Figure 14. Purification chromatogram for NS2B-NS3 

 
Figure 15. Protein concentration after purification 
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4.1.3 SDS-PAGE electrophoresis 
 

The SDS-PAGE gel result can be observed in Figure 16. The molecular 

weights of both proteins seem to be similar around 30 kDa. The 

6LZE_A band is fainter than the one for NS2B-NS3 but it also has less 

contamination than the other one, which seems to have several 

contaminants of different molecular weights. 

 
Figure 16. SDS-PAGE for 6LZE_A and NS2B-NS3 

 

4.2 Production of 6LZE_A and NS2B-NS3 – part 2 

 

4.2.1 Protein production 
 

The cell growth for 6LZE_A on Agar plates can be observed in Figures 

17 and 18. Compared to the first part the colonies were in a much 

higher number on both plates. 

 
  Figure 17. Cell growth 6LZE_A nr. 1                       Figure 18. Cell growth 6LZE_A nr.2 
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The production times for both proteins followed the same curve as in 

the first part as seen in Figures 19 and 20 which was characterized by 

lag phases lasting 3.5 hours for 6LZE_A and 1 hour for NS2B-NS3. 

 
Figure 19. OD measurements for NS2B-NS3 

 

 
Figure 20. OD measurements for 6LZE_A 
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4.2.2 Protein purification 
 

The purification process for NS2B-NS3 resulted in a very small single 

peak.  The tubes 4 and 5 from Figure 21 were further collected and the 

concentration measured in the Nanodrop showed a value of -0.6 mg/ml 

so this sample was discarded. 

 
Figure 21. Purification chromatogram for NS2B-NS3 

 

4.3 Evaluation of the biological activity of the compounds 
 

4.3.1 Enzyme activity assessment on DL-BAPNA substrate 
 

The activity of the proteins from the first part was assessed in 

Multiskan Go and the result is shown in Figure 23. The first slot 

corresponds to 6LZE_A, the second to NS2B-NS3, and the third is for 

control.  

The microplate was also observed to see if any color change appeared. 

In Figure 22 it can be noticed that the samples were all transparent. 
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Figure 22. Microplate activity assessment for 6LZE_A, NS2B-NS3 and control (part 1) 

Figure 23. Multiskan Go results for 6LZE_A, NS2B-NS3 and control (part 1) 

For the second part, the activity assessments for NS2B-NS3 were done 

before and after incubation when the substrate concentration also 

increased. The results presented in Figures 24 and 25 show similar 

values for the samples (first slots) and controls (second slots). 

 

 

 

 

Figure 24. Multiskan Go 

readings for NS2B-NS3 and 

control (part 2) 

Figure 25. Multiskan Go 

readings for NS2B-NS3 and 

control after incubation (part 2) 
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4.4 Molecular modeling of NS2B-NS3 
 

The sequence was copied in NCBI BLAST and 3 of the Accession 

numbers with the highest Percent Identity were further searched in 

PDB (Protein Data Bank). 

Table 1. NCBI BLAST results for NS2B-NS3 

Accession nr Percent 

identity 

Mutations 

4M9F 100% Yes 

4M9K 99.60% Yes 

6MO0 99.19% No 

 

Since the first 2 proteins had mutations only 6MO0 was used further 

for structure analysis. 

 

4.4.1  Structure analysis 

 

The structure of the protein was analyzed in order to observe the 

secondary structures, the active site, and the catalytic triad. To 

analyze the structure of the protein the Accession number was loaded 

in the Chimera program and so the 3D structure was able to be 

visualized. 

 
Figure 26. Secondary structures of 6MO0 
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In Figure 26 the secondary structures can be observed, thus there are 

2 α-helix strands (red), and 15 β-pleated sheets (purple) which are 

antiparallel. It can also be noticed that the structure is incomplete by 

having 2 regions with unknown atomic coordinates (dotted lines). In 

order to predict the missing region the sequence of the protein was 

copied in ChimeraX. The results can be seen in Figure 27. 

 
Figure 27. Structural prediction in ChimeraX 

A Poly-Histidine ligand was built in Yasara for both proteins. The 

reason for this was that it was suspected that the Poly-histidine tag 

might have an inhibitory effect on the proteases. However, due to time 

limitations, the experimental part to test this hypothesis could not be 

concluded anymore. This would have been done by ordering the same 

genes but with the His-tag removed and following the same process as 

for the ones containing the His-tag except for the purification step that 

would require a His-tag to bind to the column so attaching one before 

the purification and removing it after would have been necessary. The 

Poly-Histidine ligand built can be seen in Figure 28. 

 
Figure 28. The ligand built in Yasara 
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The Chimera tool was also used to visualize the active site together 

with the Poly-histidine ligand and the result can be seen in Figure 29. 

There are more hydrophobic acids (orange) than hydrophilic amino 

acids (blue) in the active site. 

 
Figure 29. The active site of 6MO0 

According to the literature the active site is comprised of a triad (H51, 

D75, and S135) and 4 subpockets: 1(D129, S135, Y150, Y161), 2(D75, 

D82, G83, N84, N152), 3(F85, Q86, L87), and 4(V154) [68]. Knowing 

this I searched for the ASP, HIS, and SER residues in Chimera and I 

identified the triad as HIS1051, ASP1075, and SER1135 (Figure 30). 

 
Figure 30. The triad of 6MO0 
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4.4.2 Docking with the Poly-Histidine ligand 
 

The docking of the Poly-Histidine ligand to the active site can be seen 

in Figure 31. The docking was picked according to the highest score 

shown in Yasara. The distances between the triad and the ligand were 

measured in Chimera and can be seen in Figure 32. These distances 

can show if the ligand is bound in the right place or not and how strong 

this binding is. These distances are shown in Å and they are as follows: 

 

Table 2. Distances in Å between the ligand and the triad 

 ASP1075 SER1135 HIS1051 

HIS1 6.594 14.640 11.491 

HIS2 15.740 23.401 19.734 

HIS3 6.001 12.386 9.747 

HIS4 13.993 16.797 14.973 

HIS5 17.252 21.571 20.161 

HIS6 12.004 18.646 15.930 
 

 

 

 
Figure 31. The docking of the ligand to the active site of NS2B-NS3 
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Figure 32. Distances between the triad and the ligand for NS2B-NS3 

 

4.4.3 Docking with DL-BAPNA 
 

The DL-BAPNA structure was downloaded from NCBI and used for 

docking to the active site of NS2B-NS3 which can be seen in Figure 34. 

The docking was picked according to the highest score shown in 

Yasara. The distances between the triad and DL-BAPNA were 

measured in Chimera and can be seen in Figure 35. These distances 

are shown in Å and they are as follows: 

Table 3. Distances in Å between DL-BAPNA and the triad 

 ASP1075 SER1135 HIS1051 

DL-BAPNA 7.187 12.214 8.814 

 

 
Figure 33. The DL-BAPNA structure 
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Figure 34. The docking of DL-BAPNA to the active site of NS2B-NS3 

 

 
Figure 35. Distances between the triad and DL-BAPNA for NS2B-NS3 
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4.5 Molecular modeling of 6LZE_A 
 

The sequence was copied in NCBI BLAST but the Accession numbers 

could not be found in PDB (Protein Data Bank) based on this search 

so instead a search was made for 6LZE and found the protein with the 

identical sequence as the one provided by GenScript. 
 

4.5.1 Structure analysis 
 

The structure of the protein was analyzed in order to observe the 

secondary structures, the active site, and the catalytic dyad. By using 

the Accession number 6LZE the 3D structure was observed and 

analyzed in the Chimera program. The secondary structures can be 

visualized in Figure 36. There are 9 α-helix strands (red), and 13 β-

pleated sheets (purple) which are antiparallel. 6LZE_A has 3 domains, 

2 containing β-pleated sheets, and 1 containing α-helix strands [94]. 

 
Figure 36. The secondary structures of 6LZE_A 
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The active site can be observed in Figure 37. It can be noticed that 

there are both hydrophilic and hydrophobic amino acids at the active 

site. 

 

 
Figure 37. The active site of 6LZE_A 

The active site of 6LZE_A consists of a Cys-His dyad according to the 

literature [82]. These have been identified as CYS145 and HIS41 and 

can be seen in Figure 38. 

 

 
Figure 38. The dyad of 6LZE_A 
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4.5.2 Docking with the Poly-Histidine ligand 
 

The same ligand was used for docking for both proteins. The docking 

to the active site of 6LZE_A can be seen in Figure 39. The docking was 

picked according to the highest score shown in Yasara. The distances 

between the dyad and the ligand were measured in Chimera and can 

be seen in Figure 40. These distances are shown in Å and they are as 

follows: 

 

Table 4. Distances in Å between the ligand and the dyad 

 HIS41 CYS145 

HIS1 23.826 23.755 

HIS2 28.456 27.312 

HIS3 20.403 19.800 

HIS4 22.535 20.754 

HIS5 19.584 17.768 

HIS6 16.798 16.260 

 

 

 
Figure 39. The docking of the ligand to the active site of 6LZE_A 
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Figure 40. Distances between the dyad and the ligand for 6LZE_A 

 

It was also noticed that there were many water molecules surrounding 

the ligand and at a very small distance from each other. The distances 

between the ligand’s residues and water molecules were measured, 

and they can be seen in Table 5 in Å. 

Table 5. Distances between the ligand and the closest water molecule 

 HOH 

HIS1 2.250 

HIS1 3.718 

HIS2 1.946 

HIS2 2.615 

HIS6 3.250 

 

Since the distances between the ligand and the dyad were very high 

the docking was redone but first, the water molecules were removed in 

Chimera. The redocking can be observed in Figure 41, and the 

distances between the ligand and the dyad in Figure 42 and Table 6. 
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Figure 41. The redocking of the ligand to the active site of 6LZE_A 

 
Figure 42. Distances between the dyad and the ligand for 6LZE_A after redocking 

Table 6. Distances in Å between the ligand and the dyad after redocking 

 HIS41 CYS145 

HIS1 9.745 8.314 

HIS2 6.009 3.520 

HIS3 4.146 5.266 

HIS4 4.067 6.515 

HIS5 9.071 8.892 

HIS6 4.691 4.090 
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4.5.3 Docking with DL-BAPNA 
 

The 6LZE_A structure without the water molecules was used for 

docking between the active site of 6LZE_A and DL-BAPNA and can be 

seen in Figure 43. The docking was picked according to the highest 

score shown in Yasara. The distances between the dyad and the ligand 

were measured in Chimera and can be seen in Figure 44. These 

distances are shown in Å and they are as follows: 

Table 7. Distances in Å between DL-BAPNA and the dyad 

 HIS41 CYS145 

DL-BAPNA 24.554 23.736 

 

 
Figure 43. The docking of DL-BAPNA to the active site of 6LZE_A 

 
Figure 44. Distances between the dyad and DL-BAPNA for 6LZE_A 
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5 Discussion  
 

5.1 Production of 6LZE_A and NS2B-NS3 
 

5.1.1 Protein production 
 

The production of both proteins seemed challenging at times with one 

purification failure (NS2B-NS3), 2 repetitions for 6LZE_A, and 3 for 

NS2B-NS3. Regarding the cell growth on Agar plates, it can be 

observed that when the parameters for the thermal shock 

transformation changed for 6LZE_A in the second part it resulted in a 

higher number of colonies than in the first part, so it is better if the 

tube containing the plasmid and the cells is incubated on ice for 30 

minutes instead of 15, then heated at 42°C for 90 seconds rather than 

120 and cooled on ice for 10 minutes. 

The production times were similar in both parts for each protein. For 

6LZE_A the process took approximately 6.5 hours and for NS2B-NS3 

3.5 hours. The prolonged lag phase for 6LZE_A could be due to a 

survival mechanism that allows cells to cope with environmental 

stress [81]. It can also be noticed that at both times when the 

production for NS2B-NS3 in the second part died or diminished the 

rpm was set at 180. As soon as it increased to 200 the growth rate 

increased again and the culture was saved (Figure 19). Thus, it can be 

concluded that the oxygen level was too low for cells to multiply.  

 

5.1.2 Protein purification 

 

According to the ÄKTA purification chromatogram, the unspecific 

protein was in a much higher concentration than the target protein for 

6LZE_A, while for NS2B-NS3 was the other way around in the first 

part.  

The purification failure for NS2B-NS3 in the second part could be 

caused by the usage of Agar plates that might have been too old. 

Considering that they were a few months old it can be assumed that 

maybe the cells had low or no activity anymore hence the small single 

peak obtained in Figure 21. The reason for not producing new Agar 
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plates with NS2B-NS3 was a lack of competent cells and a time limit 

that did not allow me to invest more time in the matter. 

 

5.1.3 SDS-PAGE electrophoresis 
 

According to PDB, the molecular weight of 6LZE is 34.21 kDa [78]. In 

Figure 16 it can be noticed that the molecular weight of the 6LZE_A 

sample is indeed around 34 kDa and there is very little contamination. 

The faded line could be attributed to the low concentration of the 

purified protein. 

The result for NS2B-NS3 showed multiple contaminations even 

though it was in a higher concentration than 6LZE_A since the line 

was stronger. According to the protein sequence, NS2B-NS3 should 

indeed have a molecular weight of approximately 34 kDa. 

 

5.2 Evaluation of the biological activity of the compounds 
 

Both assessments for testing the activity of the proteins showed that 

they had no activity. The readings had constant values instead of 

increasing values and the color of the sample did not change from 

transparent to yellow as expected when viewing the microplate. 

However, the SDS-PAGE results (Figure 16) showed that specific 

proteins for both proteases were present in the samples.  

For 6LZE_A the negative result could be due to either usage of the 

wrong type of substrate or a very low concentration of the protein after 

purification. According to the literature, DL-BAPNA is a substrate 

that was previously used successfully for DENV but was not tested for 

SARS-CoV-2 [80].  

It is also possible that the Poly-Histidine tag might have affected the 

activity of both proteins. In a study by Mira Behman, a His-tag 

attached to the C-terminal of the main protease (Mpro) of SARS-CoV-

2 restrained the inhibitory activity of atazanavir towards the protease. 

The fact that both the N- and C-terminal are close to the active site of 

Mpro could be a reason for this inhibitory effect by the His-tag through 

binding competition with the inhibitor. It was also shown in this study 

that assay conditions such as pH and salinity play a major role in the 
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activity of the proteins and inhibitors [95]. As a response to Behman, 

Zhe Li further proved that the binding affinity when using the His-tag 

is 20 times lower than when using a tag-free protease due to the 

binding competition with the substrate or inhibitor [96]. 

 

5.3 Molecular modeling 
 

5.3.1 Structure analysis 
 

When comparing the structures of the two proteins it can be noticed 

that NS2B-NS3 has only 2 α-helix strands while for 6LZE_A the 

number of α-helix strands is almost as much as the number of β-

pleated sheets. Knowing that α-helices stabilization depends on local 

interactions while β-pleated sheets stabilization depends on distance 

interactions it can be concluded that 6LZE_A has a higher 

environmental stability than NS2B-NS3 [84].  

Some of the natural ligands for NS2B-NS3 studied previously are 

protegrin-1, conotoxins, and retrocyclin-1 [86]. 

For 6LZE_A it can be noticed in Figure 37 that the active site is mostly 

hydrophilic. Usually, the active site of proteins is mostly hydrophobic 

as for the NS2B-NS3 case. The catalytic dyad is buried right in the 

active site of 6LZE_A while the catalytic triad of NS2B-NS3 is further 

away from the active site. 

According to research done by Sayed, the natural ligands for 6LZE_A 

with the highest potential are citriquinochroman, holyrine B, 

proximicin C, pityriacitrin B, anthrabenzoxocinone, and 

penimethavone A. From these, citriquinochroman found in Penicillium 

citrium showed perfect docking to the active site via Hydrogen bonds 

[82]. 

 

5.3.2 Docking 
 

According to Table 2, the smallest distance between the Poly-Histidine 

ligand and the catalytic triad of NS2B-NS3 is between ASP1075 and 

HIS3 (6.001Å), and the longest is between SER1135 and HIS2 

(23.401Å). Since the distance between ASP1075 and HIS3 is less than 
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8Å this means that these amino acids come in contact with each other 

[83]. 

The amino acids in the vicinity of the ligand have been identified as 

GLU (150, 153, 231), ASN229, LEU177, ILE36, LYS (135, 136, 152), 

and THR (182, 184). This means that glutamic acid, lysine, and 

threonine are predominant in the vicinity of the ligand. 

Glutamic acid, lysine, and threonine are all important for the stability 

between hydrogen bonds [87,88,89]. 

The shortest distance between the DL-BAPNA substrate and the 

catalytic triad of NS2B-NS3 is 7.187Å and since it is less than 8Å it 

means that ASP1075 comes in contact with DL-BAPNA. 

When it comes to 6LZE_A the shortest distance between the Poly-

Histidine ligand and the catalytic dyad is between CYS145 and HIS6 

(16.260Å), and the longest is between HIS41 and HIS2 (28.456Å). 

Compared to NS2B-NS3 the distances are bigger between the dyad 

and the ligand and they do not seem to come in contact with each other 

since the measurements are bigger than 8Å. 

The amino acids in the vicinity of the ligand are TYR126, SER 

(139,284), HOH (540, 569, 611, 648, 658, 661, 676), LYS (5, 137), GLU 

(288, 290), ARG4, GLN127, and MET6. This means that the ligand is 

surrounded by many water molecules, but also serine, lysine, and 

glutamic acid. 

Water molecules are very important in the binding process between 

the protein and the ligand by mediating the hydrogen bonds and they 

also play a role in increasing ligand affinity [85]. Since most of the 

distances shown in Table 5 are less than 3.60Å it means that most of 

the water molecules are bound to the ligand which correlated to the 

hydrophilic active site [91]. 

The role of serine is mainly for phosphorylation and catalytic activity 

[90]. 

When the docking between the Poly-Histidine ligand and the catalytic 

dyad of 6LZE_A was redone after removing the water molecules it can 

be noticed that the distances are substantially smaller. The shortest 

distance between the Poly-Histidine ligand and the catalytic dyad is 
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between CYS145 and HIS2 (3.520Å), and the longest one is between 

HIS41 and HIS1 (9.745Å). Since most of the distances are less than 8Å 

it seems that the molecules are coming in contact with each other. The 

differences between the two dockings, with and without water 

molecules show that the water molecules might interfere with the 

docking process. 

The distances between the catalytic dyad of 6LZE_A and DL-BAPNA 

are very large and they show that the molecules do not come in contact 

with each other. 
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6 Conclusion 
 

As shown in the report, there are some differences between the SARS-

CoV-2 virus and DENV in regards to structure and catalytic 

mechanism.  

The prolonged lag phase of 6LZE_A compared to NS2B-NS3 could be 

due to a survival mechanism that allows cells to cope with 

environmental stress. NS2B-NS3 has only 2 α-helix strands while for 

6LZE_A the number of α-helix strands is almost as much as the 

number of β-pleated sheets. Knowing that α-helices stabilization 

depends on local interactions while β-pleated sheets stabilization 

depends on distance interactions it can be concluded that 6LZE_A has 

a higher environmental stability than NS2B-NS3. The presence of 

serine residues and water molecules could be a reason for the better 

stability of 6LZE_A. 

The assessments for testing the activity of the proteins showed that 

they had no activity. One of the reasons could have been due to the 

usage of the wrong substrate or too low a concentration of the proteins. 

It is also possible that the Poly-Histidine might have interfered with 

the activity of the proteins as shown in other studies.  

When checking the docking of the Poly-histidine ligand with 6LZE_A 

the one with the highest score shown in Yasara was picked. However, 

according to the distances between the ligand and the catalytic 

residues, it can be concluded that the docking was not in the right 

position for 6LZE_A when done the first time. Once the docking was 

redone after removing the water molecules the distances became 

substantially smaller meaning that the water molecules might have 

interfered with the docking on the first try.  

Both dockings with Poly-Histidine and DL-BAPNA with the catalytic 

triad of NS2B-NS3 showed small distances that suggest that the 

molecules come in contact with each other. When comparing the two 

proteins, it seems that the dockings for NS2B-NS3 were a success 

while the results for 6LZE_A would need further research to 

understand what could be the problem for these very large distances. 
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Due to the difficulties that arose in producing these proteins because 

of several failures and repetitions either because very few colonies 

grew on the Agar plates, cells died during the cultivation process, low 

concentrations, or failed purification more time and research would be 

necessary for better understanding their mechanisms and finding an 

effective way to inhibit the viral replication process thus prohibiting 

the virus from spreading.  
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8 Solutions composition 
 

 

8.1 LB broth 

 

20 g of LB powder was dissolved in 1 L of distilled water and then autoclaved. 

 

8.2 Agar plates 
 

16 g of Agar powder and 20 g of LB powder were mixed in 1 L of distilled water 

and then autoclaved. 

 

8.3 Binding buffer 
 

0.62 g NaH2PO4 (20mM), 4.5 g Na2HPO4 (20mM), and 29.2 g NaCl (500mM) were 

mixed in 800 mL of distilled water. Then the pH was adjusted to 7.4 (1M NaOH 

or HCl) and more water up to 1 L was added. 

 

8.4 Elution buffer 
 

0.62 g NaH2PO4 (20mM), 4.5 g Na2HPO4 (20mM), 29.2 g NaCl (500mM), and 34.02 

g Imidazole (500mM) were mixed in 800 mL of distilled water. Then the pH was 

adjusted to 7.4 (1M NaOH or HCl) and more water up to 1 L was added. 

 

8.5 Phosphate buffer  
 

2.9 g NaH2PO4, 7,7 g Na2HPO4, 8.77 g NaCl were mixed in 800 mL of distilled 

water. Then the pH was adjusted to 7.4 (1M NaOH or HCl) and more water up to 

1 L was added. 

 

8.6 HCl 1 M 
 

5 mL of HCl 32% was mixed with 45 mL of Milli-Q Water. 
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