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1 Introduction 

1.1 Flaviviridae 

Family Flaviviridae is classified among the positive single-stranded R N A (+ssRNA) 

viruses and its representatives are causative agents of various human diseases such as 

encephalitis, haemorrhagic disease, jaundice, biphasic fever, or flaccid paralysis [1]. 

The majority of these viruses are arthropod-borne viruses (arboviruses), which are transmitted 

by mosquitoes or ticks. Mosquito-borne viruses represent yellow fever virus ( Y F V ) 

(transmitted by Aedes spp), dengue viruses ( D E N V ) (Aedes aegypti), Japanese encephalitis 

virus (JEV) (Culex spp), West Ni le virus ( W N V ) (Culex spp), and Z ika virus (Z IKV) (Aedes 

spp), while tick-borne flaviviruses include tick-borne encephalitis virus ( T B E V ) (Ixodes spp) 

and Omsk haemorrhagic fever virus ( O H F V ) (Ixodes and Dermacentor spp) [1,2]. However, 

there exist flaviviruses whose transmission cycles are restricted to only arthropod or vertebrate 

hosts. These are referred to as no known vector flaviviruses ( N K V ) [3]. 

The epidemiology of flaviviruses widely depends on the ecological demand of 

the vertebrate hosts and the invertebrate vectors. The spread of the arboviruses can be 

minimized by the prevention of the contact between the host and the vector; however, due to 

the involvement of many hosts and vectors, control of these viruses remains challenging. 

In addition, an increase in temperatures, traveling, and transport results in the spread of 

the arboviruses into new areas, thus increasing the incidence of infections [1]. There are 

effective vaccines to combat Y F V , D E N V , J E V , and T B E V , but there are none approved 

against W V N and Z I K V [2]. Moreover, no specific therapy is available for patients suffering 

from any flaviviral disease; hence, it is important to study the conserved features of 

the flavivirus life cycle in search for potential targets of new broad-spectrum antivirals [4]. 

1.2 Tick-borne encephalitis virus (TBEV) 

T B E V is the most important human tick-borne pathogen in Europe and north-eastern 

Asia , which infects the central nervous system (CNS). Although the majority of infections are 

asymptomatic, symptomatic infections cause meningitis, encephalitis, and 

meningoencephalitis. These manifestations are collectively called tick-borne encephalitis 

(TBE). In its severe form, T B E can lead to life-long neurological problems or death [5, 6]. 

The mortality rate of T B E V depends on the particular subtype, with the major three subtypes 
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being the European ( T B E V - E u ) , Siberian (TBEV-Sib ) , and Far Eastern ( T B E V - F E ) [7]. 

European subtype is predominant across Europe, partly in Russia and the infections are 

generally mild with a mortality rate of < 2%. The other two subtypes can be found primarily 

in Asia . While Siberian subtype infections are generally mild with a tendency to cause chronic 

infections and a low mortality rate (2-3%) [8], the Far Eastern subtype causes the most severe 

T B E with a significantly increased mortality rate up to 40% [6]. 

1.2.1 Tick-borne encephalitis virus: transmission 

T B E V is transmitted by ticks of family Ixodidae, namely Ixodes ricinus in Europe and 

Ixodes persulcatus in As ia [5]. Nonetheless, T B E V can be transmitted as a food-borne upon 

consumption of unpasteurized dairy milk and milk products contaminated by T B E V [9]. 

T B E V cycles between ticks and mammalian hosts. Rodents serve as T B E V reservoir, 

as well as maintenance hosts because they can keep persistent infection during the year. Ticks 

get infected by T B E V during feeding on an infected host. Upon T B E V infection, the tick 

remains infected for the rest of its life and can further pass the virus to various vertebrate hosts 

or uninfected ticks during co-feeding. In addition, the transovarial transmission of T B E V has 

been reported [10]. 

Ixodes ricinus has a three-host life cycle undergoing four life stages - an egg, a larva, 

a nymph, and an adult, which feed on a host from a range of species. After feeding on the host, 

the tick detaches and molts in leaves (larva, nymph) or lays a clutch of eggs and dies (adult 

female) [10, 11]. The life-cycle is shown in Figure 1. 

Figure 1 - Schematic representation of Ixodes ricinus life-cycle. From laid egg (1) a larva (2) hatches 
and feeds on a host. After detaching from the host, it molts in leaves to nymph (3), which feeds on 
a new host. Nymphs molt into adult ticks (4). The adult female feeds on the new host and lays a clutch 
of eggs and dies. Potential transmission of T B E V to humans is shown by dotted arrows, in the case of 
adults, only females can transmit the virus [11]. 

1 
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1.2.2 Tick-borne encephalitis virus: pathogenesis 

T B E V virions enter the host body during tick feeding together with tick saliva, which 

components have been shown to enhance T B E V transmission [12]. A t the onset of infection, 

the virus replicates locally in Langerhans cells and neutrophils of the skin and is transported 

by migrating monocytes and macrophages into the draining lymph nodes, where it replicates 

further and spreads to the bloodstream, causing primary viremia [13]. Presence of viral 

particles in blood results in infection of peripheral organs and tissues, leading to secondary 

viremia. The virus then crosses the blood-brain barrier ( B B B ) , which triggers brain infection. 

There are several proposed mechanisms of how T B E V crosses B B B , however, the exact 

mechanism remains enigmatic and it is likely the combination of various mechanisms [14]. 

The infection is often cleared by the immune system at the stage of primary viremia. 

The immune response includes the interferon responses, action of natural killer and 

antigen-presenting cells, antibody-mediated humoral response, and the cell-mediated 

response, as reviewed by Ruzek et al. (2019) [5]. 

The incubation period of T B E is between 7 and 14 days (can range from 2 to 28 days) 

and has two phases. The first phase consists of viremia, which causes fever, headache, fatigue, 

nausea, or vomiting. Monophasic T B E ends after this phase and the virus does not enter 

the C N S . During the second phase (so-called biphasic T B E ) virus penetrates into C N S and 

neurological symptoms manifest. T B E V also has the ability to persist in the C N S , causing 

ongoing infection, and leading to chronic T B E . The first phase of T B E can be identified from 

blood via real-time P C R (RT-PCR) , while the second phase is diagnosed using serological 

tests. The biphasic T B E is observed in approximately one-third of the patients [5]. 

1.2.3 Tick-borne encephalitis virus: morphology 

T B E V is a smooth, icosahedral enveloped virus with a diameter of 50 nm. It consists 

of a nucleocapsid and host-derived lipid bilayer with embedded membrane (M) and envelope 

proteins (E). The nucleocapsid (NC) is built of 60 capsid dimers (C) and one copy of the viral 

genome. The viral genome is approximately 11 kb long +ssRNA, encoding a single 

polyprotein, which is processed to three structural and seven non-structural proteins [5, 6, 15]. 

A schematic of the virus particle is shown in Figure 2. 

The characteristic symmetry of the particle is provided by heterodimers of E and M 

proteins that coat the l ipid envelope, as the N C does not follow the icosahedral symmetry [16]. 
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Protein E composes the majority of the T B E V particle and it has several functions such as 

interaction with the host receptors [17], the exit of the virus from the cells [18], or a role in 

the virus neurovirulence [19]. Fusogenic property of E protein is crucial for entry of T B E V 

N C into cytoplasm as the protein mediates fusion of the viral and host membranes [18]. M 

protein is much smaller and as it is completely hidden in the interface of the E - E homodimer, 

it was suggested that it has a role in keeping and strengthening the interaction between the 

molecules of E protein. It is also responsible for the maturation of the viral particles, in 

a process where the precursor of M protein (prM) is cleaved to M protein [15]. 

Figure 2 - TBEV virion. A - Schematic representation of mature and immature T B E V virion. Yellow 
- prM protein, blue - E protein, red - capsid dimers, black - viral R N A [20]. B - Cryo-EM image of 
mature, immature (white arrow), half-mature (white arrowhead), and damaged (black arrow) TBEV 
particles. Scale bar represents 100 nm [15]. 

1.2.4 Tick-borne encephalitis virus: replication cycle 

The replication cycle is well described for many mosquito-borne flaviviruses, however 

for T B E V much less information is available. The process is complex and requires several 

maturation steps to produce infectious particles as shown in Figure 3 [6]. T B E V enters 

the cells via receptor-mediated endocytosis. The primary interaction is mediated by receptors 

on the host cell and the T B E V surface glycoprotein E . Laminin-binding protein (LBP) [21], 

aV(33 [22], and glycosaminoglycan heparan sulfate (HS) [23] have been identified as potential 

receptor candidates in mammalian cells. A recent study by Rodriguez et al. (2019) [24] 

conducted with Langat virus ( L G T V ) , which is naturally attenuated representative of T B E V 

complex with high amino acid identity, showed that the virus-host interaction might be 

dependent on the cellular type and involve more than a single host cell receptor. In addition, 

it has been shown that T B E V , like other flaviviruses, undergoes a phenomenon called 

antibody-dependent enhancement ( A D E ) , where the infectivity is increased upon the presence 

of a specific antibody [25]. 
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Figure 3 - Schematic representation of TBEV replication cycle. 1 - binding of T B E V to a receptor, 
2 - endocytosis of viral particles, 3 - virion uncoating, 4 - replication in invaginations of endoplasmic 
reticulum (ER), 5 - virus assembly in the lumen of ER, 6 - transport of immature particles to Golgi 
apparatus, 7 - maturation of viral particles, 8 - virus release [5]. 

The receptor-mediated endocytosis results in the transport of viral particles into 

endocytic compartments, where structural changes of glycoprotein E from dimers to trimers 

are induced by low p H that leads to the fusion of the endocytic membrane with the viral 

membrane [26]. Membrane fusion causes a release of the N C into the cytoplasm of the host 

cell. V i ra l R N A is then uncoated and translated on the ribosomes of the endoplasmic reticulum 

(ER) as a single polyprotein (Figure 4). This polyprotein is subsequently cleaved by both viral 

and host enzymes into three structural proteins (SP) and seven non-structural proteins (NS). 

While the SPs form the virion, N S proteins take part in the genome replication, processing 

of the polyprotein, and modulation of cell functions [6]. Summary of all proteins and their 

proposed functions are given in Table 1. 

-11 kb 

i 5'NCR i i ORF ii 3'NCR i 

Genomic polyprotein  
Structural Non-structural 

/ 
• ^ V V T f f 1 r w ^ 

1 c 1 1 prM | E NS1 MS2A NS2B NS3 m m NS5 

V V 
[|[pr][M] •NS2B-3 protease V Signal peptidase V Golgi protease V Unknown 

Figure 4 - Flaviviral polyprotein and its processing into structural and non-structural proteins 

[5]. 



Table 1 - TBEV proteins and their functions as reviewed by Pulkinnen et al. (2018) [6]. 

Protein Localization in cell Function 

capsid protein (C) 

cytoplasm (after 

cleavage of membrane 

anchor) 

R N A binding, formation of 

nucleocapsid, immunomodulation 

envelope protein (E) lumen of E R 
cellular attachment, membrane fusion, 

antibody target 

membrane protein 

(M) 
lumen of E R the surface structure of the virion 

NS1 lumen of E R replication, immunomodulation 

N S 2 A 
integral membrane 

protein 

particle assembly, replication, 

immunomodulation 

N S 2 B 
integral membrane 

protein 

particle assembly, co-factor of NS3 

protease 

NS3 cytoplasm protease/helicase activity 

N S 4 A 
integral membrane 

protein 
regulation of A T P activity of NS3 

N S 4 B 
integral membrane 

protein 

replication complex formation, 

immunomodulation 

NS5 cytoplasm 

RNA-dependent R N A polymerase 

(RdRp), methyltransferase 

(MTase) 

T B E V replicates on the membrane of E R where viral NS proteins and host factors 

interact and form a so-called replication complex (RC). New genomes are synthesized inside 

R C and captured by C protein to form nucleocapsids on the cytoplasmic side of E R . This 

interaction is mediated by electrostatic interactions between the highly positively charged 

residues on a4 helix and viral R N A [27] and without any sequence specificity as shown for 

C protein of Z I K V and D E N V [28, 29]. However, it has been suggested that the N S 2 A protein 

interacts with the 3' U T R of the viral R N A and recruits it to the site of assembly [30, 31]. 
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ER lumen 

Cytosol 

ER lumen 

© 

Capsid C b N S 3 

prM Q NS4A 

E ^ NS4B 

NS1 ^ N S 5 

NS2A Host factor 

NS2B Viral RNA 

Figure 5 - Schematic representation of replication complex and virion assembly. 1 - transfer of 
synthesized R N A from RC to NS2A, 2 - association of R N A with NS2A, prM-E complexes and 
NS2B-NS3, 3 - host signalase and NS2B-NS3 protease cleave capsid-prM junctions, allowing for 
association with RNA, 4 - formation of assembly unit of the virion from capsid dimers and prM-E 
trimers, 5 - budding process stabilized NS1 protein, 6 - release of the immature virion into ER lumen 
by host endosomal sorting complexes [20]. 

After the assembly, the N C buds into the E R where it obtains the lipid envelope and 

structural proteins E and p r M . Generally, three types of viral particles are produced during 

transport from E R through Golgi apparatus: immature non-infectious, partially mature, and 

mature infectious. E M structure of T B E V immature particles has been described by 

Fiiz ik et al. (2018) [15] and is shown in Figure 2 (see 1.2.3). Immature particles contain p r M 

protein, which has not yet been cleaved and thus the surface of the particle comprises of 

heterodimers of p r M and E organized into trimeric spikes [32]. The immature virions released 

from E R go through the Golgi apparatus to the trans-Golgi compartment, where the low p H 

leads to a conformational change in the p r M - E trimer spikes, and maturation is finished by 

cleavage of pr peptide from p r M by host cell furin protease. The cleavage of pr peptide gives 

virion the ability to fuse with membranes, thus making it infectious. This maturation process 

is often incomplete so immature and partially mature particles can be released from 
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the infected cell. Immature particles are non-infectious due to a lack of ability to fuse with 

membranes, while partially mature particles can infect new host cells [6]. 

1.3 NS2B-NS3 protease (NS2B-NS3pro) 

NS3 is a highly conserved polyfunctional protein possessing both helicase and protease 

activity [33]. It is the second-largest flaviviral protein with a size of 69 kDa. The N-terminal 

domain of NS3 is the chymotrypsin-like protease, which has a role in the processing of T B E V 

polypeptide into individual proteins, while the C-terminal domain of NS3 acts as 

NTPase-dependent R N A helicase [34]. For its proper function, the NS3 protease domain 

requires an N S 2 B protein as a cofactor. N S 2 B is a smaller protein of 14 k D a possessing two 

transmembrane regions on its N - and C-terminus. These two hydrophobic transmembrane 

segments anchoring N S 2 B into E R membrane are connected by a hydrophilic loop of 47 amino 

acids, which acts as the cofactor of the NS3 protease domain [35,36]. N S 2 B cofactor regulates 

NS3 proteolytic activity by stabilizing the correct protein fold as well as participation on 

substrate cleavage site [37]. 

The flaviviral NS2B-NS3pro is specifically responsible for the cleavage of the capsid 

protein from its membrane anchor to generate mature capsid protein, as well as for cleavage 

on the N-terminus of N S 2 B , NS3 , N S 4 A , and NS5 [33]. The active site of the protease consists 

of catalytic triad typical for serine proteases - histidine (51), aspartic acid (75), and serine 

(135). The protease recognizes and cleaves after two basic residues (arginine or lysine) at 

the PI and P2 positions. The key residues for substrate recognition, which explain 

the structure-activity relationship, have been identified in the work of Erbel et. al (2006) [38] 

by crystallographic studies of NS3 protease from D E N V and W N V with inhibitors. The SI 

pocket is formed by glycine, tyrosine, threonine, and aspartic acid residues, with an aspartic 

acid residue located at the bottom of the pocket, which similarly as in trypsin molecule 

stabilizes the positive charge of the substrate residue. The S2 pocket is predominantly formed 

by negative electrostatic potential from oxygen atoms of the backbone of the N S 2 B cofactor, 

which again stabilize the positive charge of the substrate molecule. These findings explain the 

importance of basic residues in positions PI and P2. Currently, there is no structure yet for the 

T B E V N S 2 B - N S 3 protease, however, crystal structures are available for proteases from 

D E N V [39, 38], W N V [35], and Z I K V [40]. Crystal structures of D E N V N S 2 B - N S 3 protease 

and W N V N S B 2 - N S 3 protease in the presence of inhibitor are shown in Figure 6. 
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Figure 6 - Crystal structure NS2B-NS3 protease, a - D E N V NS2B-NS3 protease without inhibitor, 
NS2B shown in yellow, NS3 protease in grey (PDB ID: 2FOM). b - W N V NS2B-NS3 in the presence 
of inhibitor Bz-Nle-Lys-Arg-Arg-H (orange) (PDB ID: 2FP7) [38]. 

1.3.1 Targeting NS2B-NS3 protease for drug development 

As shown by Chambers et al. (1993) [41], the NS2B-NS3pro is crucial for the 

replication of flaviviruses. The mutants of Y F V carrying the inactive NS2B-NS3pro failed to 

produce infectious viral particles upon infection of baby hamster kidney ( B H K ) cells. 

Therefore, viral proteases present a suitable target for drug development. As of now, several 

viral protease inhibitors have been approved as drugs in the treatment of A I D S such as 

ritonavir, amprenavir, or lopinavir [42], or hepatitis C such as telaprevir, simeprevir, or 

grazoprevir [43]. 

Numerous mutagenesis studies have been performed with both N S 2 B and NS3, 

as reviewed by L i et al. (2017) [43], showing that mutation of the residues in the active site 

or its close surrounding resulted in complete or almost complete loss of function. Mutations 

further from the active site led to a medium reduction of the protease activity. In addition, 

some mutations in NS2B-NS3pro were shown to be correlated with viral pathogenicity. 

In the work of Potapova et. al (2012) [44], mutations in the T B E V NS3 protein 16 R ^ K and 

45 S—>F were investigated for their effect on the T B E V NS2B-NS3pro complex conformation 

by molecular dynamics simulations. Highly pathogenic strains contain 16 R and 45 S residues, 

and the substitution for 16 K and 45 F in poorly pathogenic strains results in the local shift in 

the protease hydrophobicity, which leads to the global change of the protease conformation. 

These mutations causing differences in protease structure could be useful for the development 

of T B E V drugs. 
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Initial inhibition studies on D E N V - 2 NS2B-NS3pro by Leung et al. (2001) [45] 

showed that standard serine protease inhibitors do not inhibit the protease complex, except for 

aprotinin. A further study reported that aprotinin inhibits all four D E N V serotypes with high 

affinity making it a potent flavivirus NS2B-NS3pro inhibitor [46], however, aprotinin also 

binds trypsin and other serine proteases in the body. It was used as a blood loss prevention 

agent in complex surgeries until the drug was withdrawn from the market due to the increased 

risk of complications or death [47, 48]. Additionally, peptidic a-keto amide inhibitors [45], 

protein inhibitors [49], or small-molecule inhibitors [50-53] were investigated for their 

inhibition towards NS2B-NS3pro. Yet these inhibitors, in general, showed rather low 

inhibition in cell-based assays or presented other problems such as poor bioavailability, poor 

penetration, or poor stability. A l l these inhibitors were targeted for the active site of 

the protease, which might be the reason for limited success with this approach as the active 

site of the flavivirus protease is flat and highly charged [39, 38, 35], which limits the potential 

for small-molecule inhibitors. Another possible target for inhibition presents the association 

site between the N S 2 B cofactor and NS3 protease. Based on the structure of the NS2B-NS3pro 

complex [35, 38, 39] a small-molecule inhibitor of N S 2 B - N S 3 interaction was identified [54], 

which shows that allosteric inhibition of this interaction can be a valid therapeutic target. 

Although many inhibitors of viral proteases have been described so far, there has been 

only a little information about inhibitors of T B E V NS2B-NS3pro. First and as of now the only 

reported inhibitors of T B E V protease come from the work of Akaberi et al. (2021) [55]. 

The T B E V protease complex was modeled based on the available crystal structures of the 

complex from other flaviviruses ( Z I K V , D E N V , and W N V ) . A tripeptide Compound 86, 

which shows inhibitory activity against Z I K V , W N V , and D E N V proteases, was tested 

in silico and also with recombinant T B E V protease in in vitro assays. Compound 86, as well 

as Compound 104 and 6C, which differ only by different basic residues in PI and P2 positions, 

exhibited promising inhibitory activity against T B E V NS2B-NS3pro and provide a good 

starting point for further design of inhibitors for T B E V NS2B-NS3pro. The binding poses of 

Compound 86 with the T B E V protease are shown in Figure 7. 
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Figure 7 - Modelling of binding of Compound 86 and TBEV protease showing results from 
molecular docking (left) and molecular dynamic simulations' cluster analysis (right). Catalytic 
triad, negatively charged aspartate residues in the S1 and S2 pocket are shown as sticks [55]. 

The design of antiviral drugs requires a good understanding of virus-host interaction 

kinetics. Current approaches for monitoring of viral infection in living cells mostly rely either 

on immunostaining [56], use of recombinant viruses [57], viral replicons [58-60], or molecular 

reporters of NS2B-NS3pro activity [61, 62]. However, these methods present limitations for 

in cell studies or are not suitable for studies of native virus strains or clinical isolates. Better 

approaches to study and monitor virus infection in living cells could provide valuable insight 

into the mechanisms of the infection and offer a tool for analysis of putative inhibitors in 

cell-based assays. A recent study by Arias-Arias et al. (2020) [63] reports the construction of 

a genetically based fluorescent molecular reporter of NS2B-NS3pro activity in D E N V , Z I K V , 

and Y F V . The flavivirus-activatable reporter was built of a fluorescent protein, specific 

protease cleavage site, and quenching peptide, which prevents maturation of the fluorescent 

protein, and therefore the fluorescence signal is detected only upon cleavage of the quenching 

peptide off the reporter by the NS2B-NS3pro. The quenching peptide alters the oligomeric 

state of the protein, leading to the formation of higher state oligomers thus preventing the 

chromophore formation and keeping the fluorescent protein in the dark state [64]. Based on 

this work, we have developed a fluorescent reporter for T B E V NS2B-NS3pro using two 

different fluorescent proteins - photoactivatable mCherry (PAmCherry) and Monster Green® 

Fluorescent Protein (hMGFP) . 
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2 Goals 

In this thesis, the following goals were set: 

1. design and cloning of recombinant cleavage reporter into various vectors 

2. production and purification of recombinant cleavage reporter using E. coli expression 
system 

3. establishment of mammalian stable cell lines expressing cleavage reporter 
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3 Material and methods 

3.1 Solutions and buffers 

Table 2 - Composition of used solutions in order of appearance in the text. 

Name Composition 

50X T A E 242 g Tris, 57.1 m L acetic acid, and 100 
m L 0 .5M E D T A in 1 L d H 2 0 

IX T A E dilution of 50X T A E in 1 L d H 2 0 

general lysis buffer 
5 0 m M KH2PO4, 400mM N a C l , lOOmM 
KC1, 10% glycerol, 0.5% TritonX-100, 
l O m M imidazole, p H = 7.8 

4X Laemmli buffer 
20mL of 0 .5M Tris (pH = 6.8), 4g SDS, 20 
m L glycerol, 0.1 g of bromphenol blue, 
dH20 up to 45mL 

4X SDS-PAGE sample buffer 
900 uL of 4 X Laemmli buffer and 100 uL 
(3-mercaptoethanol 

IX SDS-PAGE buffer dilution of 4 X S D S - P A G E sample buffer in 
I X P B S 

10X SDS-PAGE running buffer 250 m M Tris, 1.92 M glycine, 1% SDS 

IX SDS-PAGE running buffer 
dilution of 10X S D S - P A G E running buffer 
in 1L d H 2 0 

fixing solution 50% ethanol, 2% phosphoric acid 

staining solution 
1.2 g Coomassie Blue G-250, 23.4 m L 
phosphoric acid, 100 g (NH 4)2S0 4, d H 2 0 up 
to 800 mL, 200 mL 100% methanol 

10X SDS-PAGE transfer buffer 58.15g Tris, 29.3g glycine, 3.75g SDS in 
1L d H 2 0 

IX SDS-PAGE transfer buffer 
dilution of 10X S D S - P A G E transfer buffer 
into 900 m L d H 2 0 , addition of 100 m L 
methanol 

10X TBS buffer 60.5g Tris, 87.66g N a C l in 1L d H 2 0 , 
p H = 7.6 

IX TBS-T 
dilution of 10X T B S buffer into 1L, 
addition of 1 m L Tween20 

purification lysis buffer 20 m M Tris, 100 m M N a C l , p H = 7.5 + 
protease inhibitor + DNase I 

solubilization buffer 6 M guanidium hydrochloride, 50 m M Tris, 
p H = 7.5 

PAmCherry rep - equilibration buffer 
denaturing 

6 M urea, 100 m M N a C l , 20 m M Tris, 
p H = 8 

PAmCherry rep - elution buffer 
denaturing 

6 M urea, 100 m M N a C l , 20 m M Tris, 0 .5M 
imidazole, p H = 8 

PAmCherry rep - refolding buffer A 4 M urea, 100 m M N a C l , 20 m M Tris, 
20 m M P-mercaptoethanol, p H = 8 

PAmCherry rep - refolding buffer B 100 m M N a C l , 20 m M Tris, 1 m M 
|3-mercaptoefhanol, p H = 8 
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PAmCherry rep - refolding buffer C 100 m M N a C l , 20 m M Tris, pH = 8 
h M G F P rep - equilibration buffer native 100 m M N a C l , 20 m M Tris, pH = 8.5 

h M G F P rep - elution buffer native 100 m M N a C l , 20 m M Tris, 0 .5M 
imidazole, p H =8.5 

h M G F P rep - equilibration buffer 
denaturing 

6 M urea, 100 m M N a C l , 20 m M Tris, 
p H = 8.5 

h M G F P rep - elution buffer denaturing 6 M urea, 100 m M N a C l , 20 m M Tris, 0 .5M 
imidazole, p H = 8.5 

h M G F P rep - refolding buffer A 4 M urea, 100 m M N a C l , 20 m M Tris, 
20 m M P-mercaptoethanol, pH = 8.5 

h M G F P rep - refolding buffer B 100 m M N a C l , 20 m M Tris, 1 m M 
|3-mercaptoethanol, p H = 8.5 

h M G F P rep - refolding buffer C 100 m M N a C l , 20 m M Tris, p H = 8.5 
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Figure 8 - Schematic representation of both constructs. Each construct consists of the fluorescent 
protein, T B E V NS2B-NS3 protease cleavage site, and quenching peptide (QP) (created with 
biorender.com). 

Both constructs, PAmCherry_reporter, and hMGFP_reporter were assembled using 

Gibbson assembly into pUC19 cloning vector and recloned into the desired expression 

plasmid. Each construct contained the fluorescent protein (either PAmCherry or h M G F P ) on 

the N-terminus, followed by T B E V N S 2 B - N S 3 protease cleavage site and C-terminal 

inhibition peptide derived from the transmembrane domain of influenza M 2 protein 

(Figure 8). Gene-specific primers suitable for individual cloning step have been designed 

either manually or using NEBui lder Assembly Tool (http://nebuilder.neb.com/#!/) and are 

listed in Table 3. 
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Table 3 - Specific primers used for amplification of the fragments. 

Primer Sequence Cloning vector Restriction 
enzyme 

pPAmCherry_linker 
R 

A G A G G A T C C C C G G G T A C C G A T T 
A A A G A C G A T C A A G A A T C C A C A 
A T A T C A A G T G C A A G A T C C C A A T 
G A T A C T C G C A G C A A C A A C A A G 
C G G G T C A C T T G A A T C G T T G C A A 
C C A A C T C T T C C G C G C C G T T G G G 
CAGCCTTGTACAGCTCGTCCATG 

C 

pUC19 

pPAmCherry_F G A C G G C C A G T G A A T T C G A G C A J 
GGTGAGCAAGGGCGAG 

pUC19 

pPAmCherry_rep_C 
R Ndel F 

A T G G T A C A T A T G G 7 U A G C A A G G 
GCGAG pET21b, pET19b 

pPAmCherry_rep_C 
R Xhol R 

A T G G T A C T C G A G A A G A CGAJCA 
AGAATCCACAATATCAAGTG pET21b 

pPAmCherry_rep_C 
R STOP R 

ATGGT A C T C G A G 7TAAA GA CGA 
TCAAGAATCCACAATATCAAGTG pET19b 

pPAmCherry_rep_att 
B F 

G G G G A C A A G T T T G T A C A A A A A 
A G C A G G C T T C G A A G G A G A T A G 
AACCATGGTGAGCAAGGGCGAG 

pDONR207 

pPAmCherry_rep_att 
B R 

G G G G A C C A C T T T G T A C A A G A A 
AGCTGGGTTTT AAA GA CGA TCAA 

GAATCCACAATATCAAGTG 
pDONR207 

pUC19_inhib_F GCTGCCCAACGGCGCGGA pUC19 

p U C 1 9 _ i n h i b _ R GCTCGAATTCACTGGCCGT 
CGTTTTACAACG 

pUC19 

h M G F P F 
G A C G G C C A G T G A A T T C G A 
GCATGGGCGTGATCAAGCC 

CGACATG 
pUC19 

hMGFP R 
C T T C C G C G C C G T T G G G C A 
GCGCCGGCCTGGCGGGGT 

AG 
pUC19 

hMGFP_rep_F ATGGT A C A T A T G G G C G r G A TCA 
AGCCCGA pET21b 

hMGFP_rep_attB_F 

G G G G A C A A G T T T G T A C A A A A A 
A G C A G G C T T C G A A G G A G A T A G 
AACCATGGGCGTGATCAAGCCC 

GACATG 

pDONR207 

hMGFP control R ATGGT A C T C G A G G C C G G C C r G 
GCGGG pET21b 

Note: (1) The restriction site for each enzyme is highlighted in bold and underlined. 

(2) The gene-specific part in each primer is shown in cursive. 

(3) The first primer contains the T B E V N S 2 B - N S 3 protease cleavage site and 

inhibition peptide sequence, these are marked in blue and red respectively. 
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3.3 Polymerase chain reaction (PCR) 

3.3.1 Gradient PCR 

A l l primers were tested for optimal annealing temperature by gradient P C R using PPP 

Master M i x (Top Bio), following the protocol from the manufacturer. The reactions were 

performed in Biometra TOne Thermal Cycler (Analytik Jena), with the setting of initial 

denaturation at 94°C for 1 min followed by 30 cycles of 3 step repetition: (1) denaturation at 

94°C for 15 sec, (2) primer annealing at given temperature range for 15 sec, (3) elongation at 

72°C for 1 min/kb. The whole process was finished with the final extension at 72°C for 7 min, 

and the reaction mixture was then cooled down to 16°C. The composition of each reaction is 

given in Table 4. The template D N A was always diluted to final a concentration of 50-100 ng 

template per reaction. 

Resulting amplicons were separated using 1% agarose gel ( S E R V A Electrophoresis), 

prepared in I X T A E buffer, and stained with Serva D N A Stain Clear G ( S E R V A 

Electrophoresis). 100 bp D N A Ladder or 1 kb D N A Ladder (New England Biolabs) have been 

used with respect to expected amplicon size. Gels were run at 100 V for 45 min and visualized 

on G : B O X C h e m i - X X 6 (Syngene). 

Table 4 - Composition of reactions for gradient PCR. 

Reagent Volume |pL] 
PPP Master Mix 12.5 
forward primer (10 uM) 2 
reverse primer (10 uM) 2 
d d H 2 0 7.5 
template DNA 1 
total amount 25 

3.3.2 PCR using Q 5 ® High-Fidelity DNA Polymerase 

For each cloning, the D N A fragment was amplified using Q5® High-Fidelity D N A 

Polymerase (New England Biolabs). The thermal cycler setting was based on the protocol 

from the manufacturer and consisted of initial denaturation at 98°C for 30 sec, followed by 

35 cycles of denaturation at 98°C for 10 sec, primer annealing at a given temperature for 

20 sec, and elongation at 72°C for 20 sec/kb. The final extension was done at 72°C for 2 min 

17 



and the reaction mixture was then kept at 16°C. Table 5 gives the composition of the reaction 

mixtures. 

The samples were separated on 1% agarose gel as described above. Amplicons were 

cut out from the gel and the D N A was purified using NucleoSpin® Gel and P C R Clean-Up 

(Macherey-Nagel) according to the gel extraction protocol. D N A concentration was measured 

using NanoDrop One (Thermo Scientific). 

Table 5 - Composition of the reaction mixture for Q5® PCR amplification. 

Reagent Volume [pL] 
buffer (5X Q5 Reaction Buffer) 10 
dNTPs (10 mM) 1 
forward primer (10 uM) 2.5 
reverse primer (10 uM) 2.5 
Q5 High-Fidelity DNA Polymerase 
(2U/uL) 

0.5 

5X Q5 High G C Enhancer 10 
template DNA 1 
d d H 2 0 22.5 
total amount 50 

3.4 NEBuilder® HiFi DNA Assembly 

The assembly of individual constructs was done using NEBui lder® H i F i D N A 

Assembly (New England Biolabs) according to the manual instructions. Briefly, amplified 

gene products and pUC19 vector were mixed in the vectoninsert ratio of 1:2. Next, H i F i 

Master M i x was added and the mixture was incubated for 30 min at 50°C, placed on ice, and 

transformed into N E B ® 5-alpha Competent E. coli (New England Biolabs) according to 

recommended instructions. The exact amounts used in the individual reactions are shown in 

Table 6. 

Table 6 - Reaction mixtures composition for NEBuilder® HiFi DNA Assembly. 

Reagent Amounts Amounts 
HiFi Master Mix 5 uL 5 uL 
pUC19 0.04 pmol 0.04 pmol 
PAmCherry 0.08 pmol -

h M G F P - 0.08 pmol 
ddH20 up to 10 uL up to 10 uL 
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3.5 Restriction digestion 

For cloning into pET21b and pET19b, restriction digestion was performed using Nde l 

and X h o l restriction enzymes. The D N A fragments and cloning vectors were mixed with 

buffer and respective enzymes and the reaction was incubated at 37°C for 15 min. 

The enzymes were deactivated at 65°C for 20 min. The exact composition of the reaction 

mixture is given in Table 7. Digested vectors were treated with 2.5 uL of shrimp alkaline 

phosphatase (rSAP) and incubated at 37°C for 30 min. r S A P was then inactivated at 65°C for 

5 min. Digestion products were purified with NucleoSpin® Gel and P C R Clean-Up 

(Macherey-Nagel) following the P C R clean-up protocol. 

Table 7 - Composition of digestion reactions. 

Reagent Amount 
DNA - amplicon (PAmCherry_reporter or hMGFP_reporter) 1 W? 
DNA - vector (pET21b or pET19b) 1 W? 
10X CutSmart Buffer 5 uL 
Ndel/Xhol 1 uL 
ddH 2 Q up to 50 uL 

3.6 Ligation 

Digested fragments and plasmids were mixed in a 3:1 (insert to vector) ratio and joined 

together by T4 D N A ligase (Invitrogen). Ligation was performed at 16°C overnight with 

a final inactivation step at 65°C for 10 min. Set up of the ligation reaction is presented in 

Table 8.2 uL of ligation mixture was used for N E B ® 5-alpha Competent E. coli (New England 

Biolabs) transformation. 

Table 8 - Ligation reactions set up. 

Reagent Amount 
10X T4 DNA ligase buffer 2 uL 
T4 DNA ligase 1 uL 
restricted plasmid (pET19b or pET21b) 0.02 pmol 
PAmCherry_reporter or hMGPF_reporter 0.06 pmol 
ddH 2 Q up to 20 uL 

3.7 Gateway cloning 

Preparation of construct for expression of the protein in mammalian cells was done via 

the Gateway cloning system. The amplicon generated by P C R contained attB flanking sites 
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and it was inserted into pDONR207 vector using the Gateway B P Clonase II Enzyme 

mix (Invitrogen) according to the manufacturer's instructions. Briefly, the enzyme mix was 

mixed with equimolar amounts of D N A and incubated at 25°C overnight. Next day 1 uL of 

proteinaseK was added and the mixture was incubated at 37°C for 10 min. The exact 

composition of the reaction mixture is shown in Table 9. N E B ® 5-alpha Competent E. coli 

(New England Biolabs) were transformed with 1 uL of the mixture as described in chapter 3.8 

and incubated overnight at 37°C on LB-agar plates containing 10 ug/mL gentamicin. Obtained 

colonies were analyzed by colony P C R to confirm the presence of inserted gene as described 

in 3.9. Minipreps were prepared from positive colonies as specified in 3.10 and the 

incorporation of the target sequence was verified by sequencing. 

Generated entry clones pDONR_PAmCher ry and p D O N R _ h M G F P were used to 

transfer both reporters into p c D N A - p D E S T 4 0 expression vector using Ga teway™ L R 

Clonase™ II Enzyme mix (Invitrogen) according to the instructions. Briefly, equimolar 

amounts of both plasmids were mixed with enzyme mix (Table 9). The reaction mixture was 

incubated at 25°C for 1 hour, then 1 uL of proteinaseK was added and the reaction mixture 

was incubated at 37°C for 10 min. Next 1 uL of the reaction mixture was added to N E B ® 

5-alpha Competent E. coli (New England Biolabs) and transformed as described in chapter 3.8 

and incubated overnight at 37°C on LB-agar plates containing 100 ug/mL ampicillin. Colony 

P C R was used to confirm the presence of the gene of interest as described in 3.9. A positive 

colony was chosen and maxiprep was prepared as given in 3.10. 

Table 9 - Composition of BP and LR reactions. 

Reagent BP reaction L R reaction 
B P Clonase™ II Enzyme mix 2 u L -
L R Clonase™ II Enzyme mix - 2 u L 

T E buffer, p H = 8 up to 8 uL up to 8 uL 
PAmCherry_reporter or hMGFP_reporter 25 fmol -

pDONR207 25 fmol -
pDONR_PAmCherry or p D O N R J v M G F P - 20 fmol 

p c D N A - p D E S T 4 0 - 20 fmol 

3.8 Transformation of E. coli competent cells 

Plasmids containing the gene of interest were transformed into various competent 

E. coli strains, either into N E B ® 5-alpha (New England Biolabs) for the propagation of the 

plasmid or into BL21(DE3) (New England Biolabs), BL21-CodonPlus (Agilent 
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Technologies), One Shot® BL21(DE3)pLysS (Invitrogen), and Roset ta-gami® 2(DE3) 

(Novagen) cells for recombinant protein production. A vial of cells was thawed on ice for 

approximately 30 minutes and then a defined amount of reaction mixture/plasmid was added 

to the cells. The contents of the vial were gently mixed by finger flicking, and the vial was 

incubated on ice for 30 minutes, followed by heat shock in a water bath at 42°C for the time 

interval specified in Table 10. After heat shock, a vial with cells was placed on ice for 

5 minutes and 250 uL of room temperature SOC medium (New England Biolabs) was added. 

Cells were incubated in an Eppendorf Innova® S44i horizontal shaker at 37°C, 220 rpm for 

1 hour. Selection LB-agar plates containing appropriate antibiotics suitable for each plasmid 

and cell strain (as shown in Tables 10 and 11) were pre-warmed, cells were spread onto them 

and incubated overnight at 37°C. 

Table 10 - Heat shock length and antibiotic required for individual E. coli strain. 

Competent E. coli 
strain 

Heatshock 
[s] 

Required antibiotic 
Final concentration 

fpg/mLl 
N E B ® 5-alpha 30 - -

BL21(DE3) 10 - -

BL21-CodonPlus 20 chloramphenicol 35 
BL21(DE3)pLysS 30 chloramphenicol 35 

Rosetta-gami 2(DE3) 30 
chloramphenicol 35 

Rosetta-gami 2(DE3) 30 
tetracycline 12.5 

Table 11 - Antibiotic resistances conferred to E. coli by individual plasmids. 

Plasmid Antibiotic resistance 
Final concentration 

[pg/mLl 
pUC19 ampicillin 100 

pET21b, pET19b ampicillin 100 
pDONR207 gentamicin 10 

p c D N A - p D E S T 4 0 ampicillin 100 

3.9 Colony PCR 

Colonies obtained from E. coli transformation were verified for the presence of the 

gene of interest by colony P C R . Individual colonies were picked up with a pipette tip into 

20 uL of ddHiO and used as a D N A template for the reaction. From each colony, a cross on 

a pre-warmed L B plate was made and labeled numerically. P C R reaction was carried out 

according to the TopBio PPP Master M i x protocol (Table 4) and 1 uL of the colony template. 

The setting of the thermal cycler was in accordance with the setting described in 3.2.1, with 
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the addition of one extra step of the first denaturation step at 94°C for 6 min. Results of the 

reaction were visualized on 1% agarose gel to identify positive colonies. 

3.10 Plasmid isolation and sequence verification 

Positive colonies were placed into 3 m L of L B media supplied with given antibiotics 

according to Table 10 and 11 and incubated overnight in Eppendorf Innova® S44i horizontal 

shaker at 37°C and 220 rpm. Next day the cells were harvested by centrifugation at 

11 000 x g for 1 min and plasmids were isolated with Nucleo-Spin® Plasmid kit 

(Macherey-Nagel) using High copy plasmid isolation protocol. Plasmid concentration was 

measured with NanoPhotometer® Pearl (Implen) and samples were sent for sequencing to 

SEQme company. 

From each recombinant plasmid with a verified sequence, a maxiprep was prepared by 

inoculating cells from the colony P C R cross into 150 m L of L B media supplied with respective 

antibiotics. Cells were incubated overnight at 37°C and 180 rpm. The following day, the cells 

were harvested by centrifugation at 4 122 x g, 4°C for 10 min, and plasmids were isolated 

using Nucleobond® Xtra M i d i kit (Macherey-Nagel) with High-copy plasmid purification 

protocol. Maxipreps from p c D N A - p D E S T 4 0 with both constructs were further purified by 

ethanol precipitation prior to transfection. The sample was mixed with 1/10 volume of 

3 M sodium acetate (Thermo Scientific) and 2 times the volume of 100% ethanol. The solution 

was incubated on ice for 15 min and placed in the freezer overnight. Next day the sample was 

centrifuged at 18 200 x g, 4°C for 30 min, the supernatant was discarded and 1 m L of 

70% ethanol was added to wash the pellet. Then the sample was centrifuged again at 

18 200 x g and 4°C for 15 min. The supernatant was discarded and the pellet was let to dry at 

room temperature until transparent. The purified plasmid was recovered in 200 u L of ddHiO 

and concentration was measured with NanoDrop One (Thermo Scientific). 

3.11 Pilot expression 

Protein production in E. coli BL21(DE3) , BL21-CodonPlus, BL21(DE3)pLysS, and 

Rosetta-gami 2(DE3) competent cells was evaluated by pilot expression experiment. A single 

colony of cells carrying the desired construct was added to 20 m L of L B media containing 

the respective antibiotics (Table 10 and 11). The culture was incubated overnight at 37°C and 

220 rpm in an Eppendorf Innova® S44i horizontal shaker. The next day, an aliquot of 1 m L 

from the overnight culture was added into 15 m L of fresh L B media, supplemented with 
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corresponding antibiotics, and the culture was incubated at 37°C and 220 rpm until the OD600 

of the culture reached 0.5-0.8. After reaching this value, the protein production was induced 

with 1 m M I P T G and cells were incubated in the shaker at 18°C or 30°C and 220 rpm. 1 m L 

sample was taken from each culture at specific time intervals, and cells were pelleted at 

11 000 x g in a microcentrifuge for 1 min. The resulting cell pellets were stored at -20°C for 

further use. 

3.12 SDS-PAGE 

Cells harvested from pilot expression experiments were thawed at room temperature 

and resuspended in 0.5 m L of lysis buffer. Ce l l lysis was performed by 3 cycles of freezing in 

liquid nitrogen, followed by thawing at 42°C. Insoluble protein fraction was separated by 

centrifugation at 18 200 x g at 4°C for 5 min. The supernatant containing soluble protein 

fraction was removed from the pellet, transferred into a fresh tube, and mixed with 

4 X S D S - P A G E sample buffer. Samples were boiled for 5 min at 95°C. The insoluble protein 

pellet was mixed with I X S D S - P A G E sample buffer and boiled for 5 min at 95°C. 

Samples were analyzed on 10% or 12.5% S D S - P A G E gels, which were prepared 

according to Table 12. PageRuler™ Protein Prestained Ladder (Thermo Fischer Scientific) 

was added to each gel as molecular mass standard. S D S - P A G E was run at 100V for 1.5 hours 

in I X S D S - P A G E running buffer. After the run, stacking gel was removed from the rest of 

the gel and the resolving gel was placed into 20 m L of fixing solution for 30 min. The gel was 

washed twice for 10 min in dd thO and stained with staining solution overnight. Ge l images 

were taken using G : B O X C h e m i - X X 6 (Syngene). 

Table 12 - Composition of SDS-PAGE gels, amounts given for 1 gel. 

Reagent 
Resolving gel 

(10%) 
Resolving gel 

(12.5%) 
Stacking gel (4%) 

40% 
Acrylamide/Bis-
acrylamide, 29:1 
(Sigma-Aldrich) 

1.25 m L 1.56 m L 0.25 m L 

d H 2 0 2.395 m L 2.08 m L 1.46 m L 
1.5M Tris (pH = 8.8) 1.25 m L 1.25 m L -

1M Tris (pH = 6.8) - - 0.25 m L 
10% SDS 50 uL 50 uL 20 uL 
10% APS 50 uL 50 uL 20 uL 
T E M E D 5 uL 5 uL 2 u L 
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3.13 Western blot 

For the purpose of Western Blot, protein samples were separated via S D S - P A G E 

as described above. After the run, the gel was equilibrated in I X S D S - P A G E transfer buffer 

on a rocking platform for 15 min. Meanwhile, an Immun-Blot® P V D F membrane (Biorad) 

was cut in the size of the gel and equilibrated in 100% methanol for 15 min followed by 

15 min in I X S D S - P A G E transfer buffer. The blotting sandwich was assembled from 

a pre-cut block of filter paper (13.5 cm x 8.6 cm) wetted with I X S D S - P A G E transfer buffer, 

P V D F membrane, S D S - P A G E gel, and another stack of wetted filter paper block. The whole 

sandwich was pressed together using a roller to ensure no bubbles were present. The blotting 

sandwich was placed into a cassette of Trans-Blot® Turbo (Biorad) instrument and blotting 

run at 25V, 1A for 30 min. The membrane was removed from the blotting sandwich and 

washed 3x10 min in T B S - T on a rocking platform. Washed membrane was blocked in 

5% Blotting-Grade Blocker Nonfat Dry M i l k (Biorad) in T B S - T on a rocking platform for 

1 hour at room temperature. The membrane was washed again 3x10 min in T B S - T on a rocking 

platform and incubated overnight at 4°C with mouse primary Monoclonal anti-polyhistidine 

antibody (Sigma, H1029) (1:3000) in 5% milk solution. Unbound antibodies were washed 

away by 3x10 min wash in T B S - T . Secondary goat Anti-mouse IgG-peroxidase antibody 

(Sigma, A5278) in dilution of 1:5000 in T B S - T was added to the membrane. The membrane 

was incubated on a rocking platform for 1 hour at room temperature and then washed 

2x10 min in T B S - T and 1x10 min in T B S . Finally, the signal was developed using Clarity® 

Western E C L Substrate (Biorad) by mixing the components in a 1:1 ratio followed by 

incubation at room temperature for 5 min. The membrane was imaged with G : B O X 

Chemi -XX6 (Syngene). 

3.14 Large scale protein production 

Based on the analysis of pilot expression experiments, both recombinant proteins were 

produced on a large scale in pET21b in BL21-CodonPlus cells. PAmCherry reporter was 

produced at 30°C for 6 hours, while h M G F P reporter was produced at 18°C for 24 hours. Prior 

to large-scale expression, 20 m L overnight cultures supplied with 100 ug/mL ampicillin and 

35 ug/mL chloramphenicol were prepared and incubated overnight at 37°C and 220 rpm. 

Overnight cultures were transferred to 800 m L of fresh L B media and incubated in 

an Eppendorf Innova® S44i horizontal shaker at 37°C and 220 rpm until the OD600 reached 

0.5-0.8. Protein production was induced with I m M I P T G and cells were incubated at 220 rpm 
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at temperature and time interval stated above. Cells were harvested by centrifugation at 

4 122 x g and 4°C for 30 min. The supernatant was removed and the cell pellet was frozen at 

-80°C for further use. 

3.15 Protein purification 

Cells from large-scale protein expression were thawed on ice and resuspended in 

10 m L of lysis buffer supplied with protease inhibitors ( S I G M A F A S T Protease Inhibitor 

Cocktail tablets, EDTA-free by Sigma-Aldrich). The sample was then incubated for 

20 minutes with DNase I (10 pg/mL) (PanReac AppliChem) and the cells were lysed using 

L M 2 0 Microfluidizer® Processor (Microfluidics). The cell lysate was clarified by 

centrifugation at 4°C, 40 700 x g for 1 hour. 

3.15.1 HisTrapTM HP affinity chromatography under native conditions 

Supernatant from the ultracentrifugation of the cell lysate was used for purification 

of the reporter from the soluble fraction. A K T A ™ Pure M 2 system ( G E Healthcare) fitted 

with HisTrap™ H P 5 m L column (Cytiva) was washed with 4 column volumes (CV) 

of double-distilled and de-gassed H2O. The column was then equilibrated with 4 C V 

of equilibration buffer, 4 C V of elution buffer, and again 4 C V of equilibration buffer. 

The sample was loaded using the sample pump with a 1 mL/min flow rate. Upon rising of the 

U V signal, the flow-through fraction was collected and stored on ice. The column was then 

equilibrated with an equilibration buffer until the U V signal decreased to the baseline. 

10% elution buffer was used to wash away weakly bound proteins and the fraction was 

collected. The recombinant protein was eluted with an increasing gradient of elution buffer for 

20 min until 100% of elution buffer. The U V signal was monitored and the peak was collected 

in 3 m L fractions. Individual fractions were analyzed using S D S - P A G E as described in chapter 

3.12, and protein concentration in each fraction was measured using NanoDrop One (Thermo 

Scientific). 

3.15.2 HisTrap™ HP affinity chromatography under denaturing conditions 

The protein pellet obtained from clarification of the cell lysate was dissolved in 

solubilization buffer and left stirring at 4°C overnight. Next day, the solution was centrifuged 

again at 4°C, 40 700 x g for 1 hour, and the obtained supernatant was used for the purification. 

Purification protocol was the same as described above for native state purification only using 
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buffers containing urea. Collected fractions were analyzed on the S D S - P A G E gel as described 

in 3.12 with exception of O N and F T fractions, which were 10 times diluted in I X S D S - P A G E 

buffer to reduce the concentration of guanidine chloride. A l l samples were stored at 4°C for 

further use. Protein concentration in each fraction was measured using NanoDrop One 

(Thermo Scientific). 

3.16 Step down refolding 

The sample for refolding was diluted with equilibration buffer to final concentration 

0.15 mg/mL, placed into SnakeSkin™ Dialysis Tubing 10.000 M W C O (Thermo Scientific), 

and clamped. The tubing with the sample was placed into a 1L volumetric cylinder containing 

600 m L of buffer A and was left overnight at 4°C on a magnetic stirrer with 300 rpm. After 

12 hours, 200 m L of buffer B was added and this step was repeated after another 12 hours. 

Following every 12 hours, 300 m L of the buffer from the volumetric cylinder was replaced 

with 300 m L of buffer B , subsequently by buffer C until the final concentration of urea and 

(3-mercaptoethanol was reduced to a minimum. Finally, the sample was removed from the 

dialysis bag and centrifuged at 40 700 x g, 4°C for 1 hour to get rid of any precipitate. Both 

pellet (resuspended in 10 m L of dialysis buffer) and supernatant were analyzed by 

S D S - P A G E . Refolded protein was concentrated using 15 m L Amicon® Ultra-4 Centrifugal 

Filter unit with 10K cut-off (Merck Millipore) for approximately 45 min at 4 122 x g and 4°C. 

3.17 Pilot cleavage studies with NS2B-NS3 protease 

To assess i f N S 2 B - N S 3 protease cleaves the designed reporter, pilot cleavage studies 

were performed. T B E V derived recombinant N S 2 B - N S 3 protease was kindly provided by 

Paulina Duhita Anindita, Ph.D. Two different concentrations of protease and three incubation 

times were tested, based on the information from the functional studies of the protease [65]. 

Cleavage reaction was performed in 50 m M Tris buffer supplied with 30% glycerol, p H = 8. 

Reaction setups are given in Table 13. Mixed reactions were then incubated at 37°C for 

30 min, 60 min, and 90 min. The reaction was stopped by the addition of 4 X S D S - P A G E 

buffer followed by boiling at 95°C for 5 min, and samples were then analyzed on 12.5% gel. 

Obtained cleavage products were cut out from the gel and analyzed by mass spectrometry. 
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Table 13 - Set up of cleavage reactions. 

Reagent 
PAmCherry 500 ng 500 ng 

NS2B-NS3 protease 0.8 u M 4 u M 
50 m M Tris, 30% glycerol (pH = 8) up to 10 uL up to 10 uL 

3.18 Cell culture 

3.18.1 Cell lines and media 

Two different mammalian cell lines were used during experiments: African green 

monkey (Cercopithecus aethiops) kidney cells (Vero E6) and baby hamster (Mesocricetus 

auratus) kidney fibroblast cells (BHK-21) . Cells were cultivated and maintained at 37°C and 

5% CO2 in Dulbecco's Modified Eagle Medium ( D M E M ) (Low Glucose without L-glutamine 

without sodium pyruvate (Biowest, L0064-500)) supplied with 10% bovine fetal serum 

(BOFES) (Biowest, S1810-100), 1% antibiotics (penicillin-streptomycin solution 100X 

(Biowest, L0033-020)), 1% L-glutamine (Biowest, X0551-100). The final concentrations 

were 100 U / m L and 100 ug/mL for the penicillin G and streptomycin respectively and 

292 ug/mL for L-glutamine. For the purpose of several experiments, cells were grown in 

D M E M medium with 10% B O F E S without antibiotics or in Gibco™ FluoroBrite™ D M E M 

(FB D M E M ) (Fischer Scientific) supplied with 10% B O F E S , 1% antibiotics, and 

1 % L-glutamine. 

3.18.2 Cell preparation 

Before each experiment, grown cells were washed twice with I X PBS and trypsinized 

with either 0.5 m L (T25 flask) or 1 m L (T75 flask) of Trypsin E D T A I X in P B S w/o Calcium 

w/o Magnesium w/o Phenol Red (Biosera). The flask was rotated several times to ensure even 

coverage and excess trypsin was poured out. Cells were incubated with remaining trypsin for 

5 min at 37°C, and consequently, the trypsin was inhibited by addition of 5 m L (T25 flask) or 

10 m L (T75 flask) of prewarmed cultivation media with 10% B O F E S . Cells were mixed by 

pipetting and a 50 uL aliquot of cell suspension was removed and dyed with trypan blue 

solution in a 1:1 ratio for cell counting. Cells were counted in Biirker Chamber and the given 

amount of cells for each experiment was seeded into respective cultivation vessel. 
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3.18.3 Transfection 

Both Vero E6 and B H K - 2 1 cells were transfected with the gene of interest cloned into 

p c D N A - p D E S T 4 0 using Lipofectamine® 2000 Reagent (Invitrogen). Transfection was 

performed either directly in the T25 flask for the stable cell line generation or into u-Dish 

(Ibidi) to evaluate the expression of the construct by transient transfection. 

Cells were plated one day before transfection so they have approximately 70% 

confluence at the time of transfection (Table 14). Next day, the non-linearized plasmid was 

diluted in Gibco™ Opt i -MEM™ I Reduced Serum Medium (Fischer Scientific) and mixed 

gently. Lipofectamine® 2000 Reagent was also diluted in Gibco™ Opt i -MEM™ I Reduced 

Serum Medium and incubated at room temperature for 5 minutes. Diluted D N A was then 

added to the diluted Lipofectamine® 2000 Reagent dropwise, gently mixed by finger flicking, 

and incubated at room temperature for 20 min. The final D N A to Lipofectamine® 2000 

Reagent was 1 u.g/1.5 uL. Formed complexes were added into the cultivation vessel with the 

cells containing medium without antibiotics and incubated for 24 hours at 37°C and 5% CO2. 

The exact setup of the reactions for the T25 flask and u-Dish are shown in Table 15. 

Table 14 - Number of cells seeded for transfection to each cultivation vessel. 

Cell line T25 flask p-Dish 
Vero E6 1 500 000 300 000 
BHK-21 1 000 000 200 000 

Table 15 - Set up of transfection reactions. 

Reagent T25 flask p-Dish 
Lipofectamine® 2000 Reagent 15 uL 4 u L 

Opt i -MEM medium - Lipofectamine dilution 500 uL 100 uL 
DNA 10 us 4 us 

Opt i -MEM medium - DNA dilution 500 uL 100 uL 

3.18.4 Antibiotics kill curve 

For the establishment of the stable cell lines, the optimal concentration of the selection 

antibiotic had to be defined. p c D N A - p D E S T 4 0 contains a neomycin resistance gene, thus 

geneticin (G418 - Roche Diagnostics) was used as a selection marker. Cells were plated into 

a 24-well plate in density 50 000 cells/well in media without antibiotics and were allowed to 

adhere overnight. The following day, G418 was added in the concentration range reported in 
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the literature for both cell lines. For Vero E6, G418 concentration ranged from 0.1 mg/mL to 

1.4 mg/mL, while for B H K - 2 1 the range was 0.1 mg/mL to 1 mg/mL. Each examined 

concentration was tested in duplicates. Cells were observed every day to assess cell viability. 

Medium with fresh G418 was exchanged every 2-3 days. The optimal concentration of G418 

was selected as the lowest concentration that kil led all the cells within 14 days. 

3.18.5 Stable cell line generation 

Once the optimal concentration of the selection marker was established, cells were 

transfected in a T25 flask as described in 3.18.3.24 hours post-transfection (hpt), the antibiotic 

selection was initiated with the respective concentration of G418. Cells were incubated at 37°C 

and 5% CO2 and medium with fresh G418 was exchanged every 2-3 days. After 2-3 weeks 

when cells reached 100% confluency following the selection, the cells were frozen and used 

for further experiments as a polyclonal stable cell line. 

3.18.6 Infection with T B E V 

For infection of the stable cell lines, a Western-European subtype of tick-borne 

encephalitis virus - Hypr strain - was used. The virus, multiplied and isolated from Vero E6 

cells, was kindly provided by Mgr. Zuzana Beránková. The determined titer of the virus was 

6.2x10 7 P F U / m L . 

Cells were seeded, at density 150 000 Vero E6 cells and 100 000 B H K - 2 1 cells per 

dish, one day before infection in F B D M E M without antibiotics into u-Dish and left overnight 

at 37°C and 5% CO2. The volume of media was reduced to half prior addition of the virus. 

The virus was added at multiplicity of infection (MOI) 0.25 and 1 (i.e. 0.25 viral particles per 

cell). Cells were incubated with the virus for 2 hours at 37°C and 5% CO2. Medium with the 

virus was then removed, cells washed with I X PBS and fresh medium was added. Cells were 

incubated at 37°C and 5% CChfor 96 hours. 

3.18.7 Fluorescence microscopy 

Cells were observed using a wide-field fluorescence microscope. The setup consisted 

of Sona s C M O S camera (Andor, Oxford Instruments), o i l immersion objective (Apo N 6 0 X , 

N A = 1.49, infinity corrected, Olympus), iChrome C L E Compact laser engine (Toptica 

Photonics), excitation filter TetraQuad Mirror Z T 405/488/56l/640rpcr2-UF2 (Chroma 
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Technology), emission band pass filter FF02-525/40-25 (Semrock) for h M G F P detection and 

emission band pass filter FF01 -60/52-25 (Semrock) for PAmCherry detection. 

For fluorescence detection, cells were prepared on p-Dish as described in 3.18.6. After 

the infection, fluorescence in cells was detected 24 hours post-infection (hpi), 48 hpi, 72 hpi, 

and 96 hpi. For observation of the PAmCherry reporter signal, the PAmCherry was 

photoactivated with 405 nm laser (10 mW) for 10 sec, and the cells were observed using 

excitation at 561 nm (20 mW) with an exposure time of 25 ms. h M G F P reporter was observed 

in the cells using excitation by 488 nm laser (20 mW). Due to the significant increase in the 

fluorescence signal over the course of the observation time, laser intensity and exposure time 

were varied to obtain well-resolved (unsaturated) cell images. The laser was operated between 

25-20% intensity and the exposure time varied from 50 - 250 ms. Images were taken using 

the Solis Software (Andor, Oxford Instruments) and were analyzed with ImageJ. 

Image processing was aimed at showing the localization of the signal in the cells for 

both reporters and comparison between the not photoactivated and photoactivated state for 

PAmCherry, thus the images have different colour schemes and are not quantitatively 

comparable. Scale bar was added to each image or pair of images separately by using 

a resolution target R3L1S4P (1951USAF, Thorlabs) to calculate the size of one pixel. 

Quantitative analysis of the PAmCherry signal was performed with data extracted from the 

raw images. A mask of cytoplasm was constructed for each cell and mean fluorescence 

intensity was calculated for the given area with ImageJ. Mean fluorescence intensity was also 

calculated for the background of the image. These two values were used to calculate 

a signal-to-background ratio (SBR) for each cell prior to and after photoactivation with 

a 405 nm laser. 
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4 Results 

4.1 Preparation of recombinant cleavage reporters 

Several constructs for the production of cleavage reporters were prepared as described 

in chapter 3. Schematic representation of the constructs with the position of HisTag is shown 

in Figure 9 (excluding the initial assembly of the reporters in pUC19). 

HisTag 

construct 1 construct 2 

construct 3 construct 4 

Figure 9 - Schematic representation of constructs for expression of reporters in competent E. coli 
cells. pET21b plasmid carries C-terminal HisTag, while pET19b has N-terminal HisTag. 

4.1.1 Cloning of cleavage reporters 

A l l sets of primers were tested for optimal annealing temperature by gradient P C R . 

The optimal annealing temperature for each primer pair is shown in Table 16. 
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Table 16 - Optimal annealing temperatures for each set of primers. 

Amplicon Primer 1 Primer 2 Destination 
vector 

Optimal 
annealing 

temperature [°C] 

PAmCherry_rep_ 1 pPAmCherry_li 
nker_R pPAmCherry_F pUC19 53 

PAmCherry_rep_2 pPAmCherry_r 
ep_CR_NdeI_F 

pPAmCherry_re 
p_CR_XhoI_R pET21b 60 

PAmCherry_rep_3 pPAmCherry_r 
ep_CR_NdeI_F 

pPAmCherry_re 
p_CR_STOP_R pET19b 60 

hMGFP h M G F P _ F hMGFP_R pUC19 70 

pUC19_inhib pUC19_inhib_ 
F pUC19_inhib_R pUC19 75 

hMFGP_rep hMGFP_rep_F pPAmCherry_re 
p_CR_XhoI_R pET21b 63 

hMGFP_control hMGFP_rep _F hMGFP_control_ 
R pET21b 60 

This temperature was used for amplification of the constructs by Q5® High Fidelity 

D N A polymerase with 3'—» 5' exonuclease activity providing an ultra-low error rate. 

The success of the P C R amplification and correct construct sizes (PAmCherry_rep: 822 bp, 

h M G F P : 681 bp, pUC19_inhib: 2800 bp, hMGFP_rep: 795 bp) were verified by agarose gel 

electrophoresis (Figure 10). Each amplicon was purified from the gel and obtained in the 

concentration given in Table 17. 

A M 1 N C IB M 1 N C 

1517 -

1 0 0 0 -

7 0 0 -

50 
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1 0 0 0 0 -

3 0 0 0 -

1 0 0 0 -

M N C 

1 5 1 7 -

1 0 0 0 -
8 0 0 -

5 0 0 -

D 

1517 

w 
5 0 0 -

N C 

Figure 10 - Gel electrophoresis of Q5® Polymerase PCR products. A : 1 - hMGFP, B: 1 - pUC19 
containing inhibitory peptide, C: 1 - hMGFP reporter, D: 1 - PAmCherry reporter. M - 100 bp D N A 
Ladder (New England Biolabs), N C - negative control. 
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Table 17 - DNA concentration of all amplicons obtained from PCR with Q5® Polymerase. 

Amplicon Destination vector DNA concentration [ng/uL] 
PAmCherry_rep_ 1 pUC19 25 
PAmCherry_rep_2 pET21b 82.3 
PAmCherry_rep_3 pET19b 104 

h M G F P pUC19 224 
pUC19_inhib pUC19 88 
hMFGP_rep pET21b 310.3 

h M G F P control pET21b 243.8 

The amplicons were inserted into respective plasmids either by Gibbson assembly 

(assembly of the constructs into pUC19) or restriction digestion (pET21b and pET19b). N E B ® 

5-alpha Competent E. coli cells were transformed with the resulting reaction mixture. 

15 colonies were picked up the next day and analyzed for presence of the gene of interest by 

colony P C R . In all cases, positive colonies were identified by presence of D N A band of the 

correct size. A n example of colony P C R agarose gel electrophoresis of h M G F P reporter in 

pET21b is shown in Figure 11. Data for the rest of the constructs are not shown. 

M NC PC 1* 2 3 4* 5* 6 7* 8 9 10 

1517 

Figure 11 - Gel electrophoresis of colony PCR of hMGFP reporter in pET21b. M - 100 bp D N A 
Ladder (New England Biolabs). N C - negative control with no D N A template. PC - positive control, 
added D N A template of pure plasmid with the insert. Samples marked with an asterisk were sent for 
sequencing, the red marked sample was used to prepare maxiprep. 

Minipreps were prepared from the positive colonies and sequenced. For each construct, 

one sequence-verified clone was chosen and maxiprep was prepared. The obtained plasmids 

were either used as the template for re-cloning of the construct into a different plasmid or 

directly for transformation into expression strains of E. coli. 

4.1.2 Production of cleavage reporter in competent E. coli cells 

Pilot expression was performed with both reporters to find optimal conditions for 

recombinant protein production. Several strains of competent E. coli were tested as well as 

two different temperatures (30° and 18°C). Production at 30°C was sampled at time intervals 
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of 2h, 4h, and 6h while production at 18°C was sampled at 3h, 6h, and 24h (overnight). 

Estimated molecular weights excluding His-Tag for PAmCherry reporter and h M G F P reporter 

are 30.8 k D a and 30 kDa, respectively. 

PAmCherry reporter was produced in two strains: BL21(DE3) and BL21-CodonPlus, 

using two different plasmids pET21b with C-terminal His-tag (construct 1, see Figure 9) and 

pET19b with N-terminal His-tag (construct 2). Expression of construct 2 showed no 

production at all in either of the conditions (data in Supplement). Therefore, further work with 

this construct was discontinued. On the other hand, the expression of construct 1 showed 

significant protein production in both cell types and temperatures in the insoluble fraction 

(Figure 12 and 13). A s there was no detectable protein in the soluble fraction, production in 

BL21-CodonPlus cells at 30°C for 6 hours was chosen to be suitable for large-scale production 

and subsequent denaturation purification and refolding. 
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Figure 12 - SDS-PAGE analysis of PAmCherry reporter expression in pET21b in 
BL21-CodonPlus cells. A - 30°C, B - 18°C. M - PageRuler Prestained Protein Ladder (Thermo 
Fischer). - sign indicates uninduced culture, + sign indicates induced culture, each number represents 
an hour of collection of the sample after the induction. 
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Figure 13 - SDS-PAGE analysis of PAmCherry reporter expression in pET21b in BL21(DE3) 
cells. A - 30°C, B - 18°C. M - PageRuler Prestained Protein Ladder (Thermo Fischer). - sign indicates 
uninduced culture, + sign indicates induced culture, each number represents an hour of collection of 
the sample after the induction. 
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h M G F P reporter production was tested using only pET21b plasmid (construct 3) in 

four different E. coli strains: BL21(DE3) , BL21-CodonPlus, One Shot® BL21(DE3)pLysS, 

and Rosetta-gami® 2(DE3). Production in BL21(DE3) and BL21-CodonPlus yielded protein 

in the insoluble fraction at both temperatures (Figure 14 and 15), generally with no protein 

production in the soluble fraction. However, a weak protein band of h M G F P reporter size was 

found in the soluble fraction of production in BL21-CodonPlus at 18°C, at time point ON+ 

(marked with a red rectangle), thus this sample was analyzed with Western blot. Western blot 

analysis (Figure 16) with antibodies against His-Tag confirmed the presence of the protein of 

interest in the soluble fraction. 
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Figure 14 - SDS-PAGE analysis of hMGFP reporter expression in pET21b in BL21(DE3) cells. 
A - 30°C, B - 18°C. M - PageRuler Prestained Protein Ladder (Thermo Fischer). - sign indicates 
uninduced culture, + sign indicates induced culture, each number represents an hour of collection of 
the sample after the induction. 
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Figure 15 - SDS-PAGE analysis of hMGFP reporter expression in pET21b in BL21- CodonPlus 
cells. A - 30°C, B - 18°C. M - PageRuler Prestained Protein Ladder (Thermo Fischer). - sign indicates 
uninduced culture, + sign indicates induced culture, each number represents an hour of collection of 
the sample after the induction. 
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Figure 16 - Western blot analysis of hMGFP reporter expression in BL21- CodonPlus cells at 
18°C ON+ sample using anti-His antibody. M - PageRuler Prestained Protein Ladder (Thermo 
Fischer). 

Production of construct 3 in One Shot® BL21(DE3)pLysS and Rosetta-gami® 2(DE3) 

showed a similar pattern as above as all the protein was found in the insoluble fraction (data 

in Supplement). Based on these results, BL21-CodonPlus cells at temperature of 18°C and 

overnight production were chosen as a suitable condition for large-scale production of h M G F P 

reporter to attempt purification from soluble fraction as well as denaturing purification 

followed by refolding. 

In order to see i f the influenza inhibition peptide might have an effect on 

the accumulation of the produced reporter in the inclusion bodies, h M G F P fluorescent protein 

was produced in BL21(DE3) cells (construct 4). Interestingly, the production of only h M G F P 

protein lacking the quenching peptide yielded a significant amount of protein in soluble 

fraction at both temperatures (Figure 17). A t 18°C majority of the protein was found in 

the soluble phase, which implies lower temperature is required to obtain properly folded 

h M G F P . This suggests that the quenching peptide indeed has an effect on the presence of the 

h M G F P reporter in the insoluble fraction. 
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Figure 17 - SDS-PAGE analysis of hMGFP protein expression in pET21b in BL21- CodonPlus 
cells. A - 30°C, B - 18°C. M - PageRuler Prestained Protein Ladder (Thermo Fischer). - sign indicates 
uninduced culture, + sign indicates induced culture, each number represents an hour of collection of 
the sample after the induction. 
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4.1.3 Purification of cleavage reporter 

PAmCherry reporter (construct 1) was purified using its C-terminal His-Tag via 

immobilized metal affinity chromatography ( I M A C ) under denaturing conditions fitted with 

HisTrap™ H P column. Harvested cells were lysed in a microfluidizer and soluble/insoluble 

fractions were separated by centrifugation. The insoluble fraction from large-scale production 

was solubilized and centrifuged to clarify the solution of insoluble parts. The supernatant was 

purified via I M A C using a gradient elution of protein from the column. 3 m L peak fractions 

were automatically collected and analyzed with S D S - P A G E (Figure 18). In the two collected 

fractions (1 and 2), the protein concentration was measured and yielded 0.639 mg/mL 

(A260/A280 = 0.59) and 0.239 mg/mL (A260/A280 = 0.5), respectively. 

A 

150 frac 1 frac 2 W 175 200 

Volume (mL) 

Figure 18 - Denaturing purification of PAmCherry reporter. A - Purification chromatogram, 
showing collected fractions, frac 1 - fraction 1, frac 2 - fraction 2, W - waste. B - SDS-PAGE analysis 
of I M A C purification. M - PageRuler Restrained Protein Ladder (Thermo Fischer). E X - sample taken 
after extraction from inclusion bodies, O N - sample loaded onto column, FT - flow-through fraction, 
10% B - eluate with 10% elution buffer, 1 and 2 - eluted fractions with PAmCherry reporter. 

h M G F P reporter was produced in a large scale (construct 3) using the conditions which 

showed the potential presence of the reporter in the soluble fraction. Cells were lysed and 

fractions were separated as described above. A t first, the collected supernatant was loaded 

onto HisTrap™ H P column and the reporter was purified under native conditions with I M A C . 

However, there was little to no protein peak during elution and S D S - P A G E analysis confirmed 

that there are no observable bands for the purified reporter in either of the collected fractions 

(data in Supplement). Thus, the h M G F P reporter was purified from inclusion bodies using 

denaturing I M A C like the PAmCherry reporter as described above. Figure 19 shows 

the chromatogram and the S D S - P A G E analysis of the collected fractions. The concentration 

of the protein in the fractions was measured and is given in Table 18. 
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Figure 19 - Denaturing purification of hMGFP reporter. A - Purification chromatogram, showing 
collected fractions, frac 5 - fraction 5, frac 6 - fraction 6, frac 7 - fraction 7, frac 8 - fraction 8, frac 9 
- fraction 9, W - waste. B - SDS-PAGE analysis of I M A C purification. M - PageRuler Restrained 
Protein Ladder (Thermo Fischer). O N - sample loaded onto the column, FT1 - flow-through fraction 
1, FT2 - flow-through fraction 2, 10% B - eluate with 10% elution buffer, 5 - 9 eluted fractions with 
hMGFP reporter. 

Table 18 - hMGFP reporter concentration in collected fractions. 

Fractions Concentration [mg/mL] A260/A280 
5 0.047 1.37 
6 1.114 0.63 
7 2.281 0.60 
8 0.738 0.63 
9 0.375 0.67 

4.1.4 Step-down refolding of cleavage reporter 

Fractions from denaturing purifications for each reporter were prior refolding diluted 

to a suitable concentration of 0.15 mg/mL with equilibration buffer. The diluted sample was 

dialyzed until there was no urea and P-mercaptoethanol present. The supernatant was 

separated from precipitate by centrifugation and content of both fractions was analyzed by 

S D S - P A G E analysis (Figure 20 and 21). Protein bands around 30 kDa were present in both 

soluble and insoluble fractions for PAmCherry reporter. As can be seen from Figure 20, 

a sufficient amount of refolded protein was obtained in the soluble fraction, comparable to the 

concentration prior to refolding. Protein concentration in the soluble fraction was measured to 

be 0.123 mg/mL, which was further concentrated using Amicon® Ultra 15 m L Centrifugal 

filters (10K cut-off) to 0.246 mg/mL. The majority of the h M G F P reporter was present in 

the precipitate, thus further experiments were discontinued. 
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Figure 20 - SDS-PAGE analysis of PAmCherry reporter refolding. M - PageRuler Prestained 
Protein Ladder (Thermo Fischer). PRIOR - diluted sample prior to refolding, SOL 1 - soluble fraction 
after refolding 10 (jL sample loaded, SOL 2 - soluble fraction after refolding 20 (xL sample loaded, 
INSOL - insoluble fraction after refolding. 
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Figure 21 - SDS-PAGE analysis of hMGFP reporter refolding. M - PageRuler Prestained Protein 
Ladder (Thermo Fischer). PRIOR - diluted sample prior to refolding, SOL - soluble fraction after 
refolding, INSOL - insoluble fraction after refolding. 

4.1.5 Pilot cleavage study with T B E V NS2B-NS3 protease 

Refolded PAmCherry cleavage reporter was tested for the cleavage reaction with 

T B E V derived N S 2 B - N S 3 protease. Different concentrations of protease were tested, with 

4 u M N S 2 B - N S 3 protease being identified as the most suitable for assays [65]. As can be seen 

from Figure 22, three distinct bands were observed in each cleavage reaction (red rectangle). 

The largest band corresponds to the size of the uncut cleavage reporter, which is followed by 

two smaller cleavage products. In order to differentiate which cleavage product is the one of 

interest, bands were cut out from the gel and further analyzed by mass spectrometry 

(performed by Mgr. Fi l ip Dycka, Ph.D.). Mass spectrometry analysis showed that these three 

bands are indeed the PAmCherry cleavage reporter, but it was not possible to identify the exact 

cleavage sites very likely due to the lack of presence of arginine or lysine residues in 
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the quenching peptide sequence. However, based on the peptide fragments captured during 

the analysis the results suggest the first larger cleavage product is the result of cleavage at 

the designed T B E V N S 2 B - N S 3 cleavage site (data shown in Supplement). 

0.8 pM pro 4 uM pro 

M U 0.5h 1h 1.5h 0.5h1h 1.5h 

. undeaved 
• first cleavage product 
•second cleavage product 

protease 

Figure 22 - SDS-PAGE analysis of PAmCherry cleavage study with TBEV NS2B-NS3 protease. 
M - PageRuler Prestained Protein Ladder (Thermo Fischer). U - uncut PAmCherry. 

4.2 Cell culture 

4.2.1 Plasmid preparation for in cell studies 

Primers for the preparation of plasmids for mammalian cells were also tested by 

gradient P C R for optimal annealing temperature. The optimal annealing temperature for both 

sets of primers for cloning the reporters into pDONR207 vector was determined to be 60°C. 

Once the constructs were assembled in pUC19 plasmid, they were amplified with Q5® High 

Fidelity D N A polymerase using the annealing temperature stated above and purified from the 

gel. The PAmCherry reporter and h M G F P reporter were obtained in concentration 101 ng/uL 

and 287.7 ng/uL, respectively. The genes were inserted into the pDONR207 vector by B P 

reaction with Gateway™ B P Clonase™ II Enzyme mix and transformed into N E B ® 5-alpha 

Competent E. coli. The presence of gene of interest in the plasmid was verified with colony 

P C R . A n example of 1% agarose gel electrophoresis analysis of colony P C R of h M G F P 

reporter in pDONR207 is shown in Figure 23. 
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Figure 23 - Gel electrophoresis of colony PCR of hMGFP reporter in pDONR207. M - 100 bp 
D N A Ladder (New England Biolabs). N C - negative control with no D N A template. PC - positive 
control, added D N A template of pure plasmid with the insert. Samples marked with an asterisk were 
sent for sequencing, the red marked sample was used to prepare maxiprep. 

Sequencing confirmed that the genes of interest were present in the pDONR207 vector 

without mutations and frameshift, thus for each reporter a maxiprep from one clone was 

prepared to use for further experiments. Reporter genes were transferred into 

p c D N A - p D E S T 4 0 expression vector using Ga teway™ L R Clonase™ II Enzyme mix and 

transformed into N E B ® 5-alpha Competent E. coli. Successful transfer of the genes into new 

plasmids was too verified by colony P C R (Figure 24). 

M NC PC 1 2 3 4 5 6 7 8 9 10 

-
Figure 24 - Gel electrophoresis of colony PCR of hMGFP reporter in pcDNA-pDEST40. M - 100 
bp D N A Ladder (New England Biolabs). N C - negative control with no D N A template. PC - positive 
control, added D N A template of pure plasmid with the insert. Red marked sample was used to prepare 
maxiprep. 

Once the presence of gene of interest in p c D N A - p D E S T 4 0 vector was confirmed, 

maxiprep of both reporters in p c D N A - p D E S T 4 0 were prepared and additionally purified by 

ethanol precipitation to ensure extra clean plasmids for transfection into mammalian cells. 

4.2.2 Antibiotic kill curve 

Prior to transfection of both reporter constructs into the mammalian cells, 

the sensitivity of both chosen cell lines to geneticin (G418) was tested to find optimal 

concentration for the establishment of stable cell lines expressing the reporters. Cells were 
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plated in 24-well plates in density 50 000 cells/well, treated with increasing concentrations of 

G418, and observed for viability in the course of 14 days. Figure 25 shows the observations 

of the viability of the cells. The optimal concentration of G418 was taken as the lowest 

concentration of G418 that kil led all the cells within 14 days. Based on these results, 

the concentration of 0.4 mg/mL for Vero E6 cells and 0.25 mg/mL for B H K - 2 1 (data not 

shown) was determined as optimal and was used in further experiments. 

DAY 6 DAY 8 

0 mg/mL 

0.1 mg/mL 

0.2 mg/mL 

0.3 mg/mL; 

0.4 mg/mL 

0.5 mg/mL 

0.6 mg/mL 

0.7 mg/mL 

0.8 mg/mL 

1.0 mg/mL 

1.2 mg/mL 

1.5 mg/mL 

DAY 11 

100% 
confluency 

DAY 13 DAY 15 

100% 100% 
confluency confluency 

100% 100% 100% 
confluency confluency confluency 

100% 100% 100% 
confluency confluency confluency 

all cells dead all cells dead 

all cells dead all cells dead all cells dead 

all cells dead all cells dead all cells dead 

Figure 25 - The viability of Vero E6 cells under increasing concentration of G418. Day 

number marks the day after the addition of G418. Scale bar represents 100 urn. 
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4.2.3 Evaluation of PAmCherry fluorescence in cells upon T B E V infection 

The ability of the PAmCherry reporter to respond to T B E V infection was evaluated by 

fluorescence microscopy. The stable cell lines were infected with Hypr strain of T B E V at M O I 

of 0.25 and 1 and observed at regular 24 hours intervals. PAmCherry was photoactivated with 

a laser of 405 nm wavelength for 10 sec and the signal was observed upon excitation at 

561 nm. The resulting images of PAmCherry fluorescence in Vero E6 and B K H - 2 1 cell lines 

are shown in Figure 26 and 27, respectively. As can be seen from these images, a significant 

increase in fluorescence compared to the not photoactivated state was observed in all cases. 

Upon the T B E V infection, the localization of the signal from vesicles changed into the whole 

cytoplasm of the cell, which signifies the response to the replication of the virus. These images 

are intended to show the change in localization and increase in fluorescence between 

the non-photoactivated and photoactivated state but are not quantitatively comparable 

with one another due to different colour scheme. Non-transfected cell control was imaged 

under the same condition to observe the level of autofluorescence in each cell line (data in 

Supplement). Quantitative analysis was performed by extracting mean fluorescence intensity 

data from raw images and plotting them as a signal-to-background ratio (SBR) of not 

photoactivated and photoactivated PAmCherry (Figure 28). Figure 28 shows the rise of 

fluorescence in both cell lines compared to the control cell with no virus, starting at 48hpi for 

Vero E6 cells and at 72hpi for B H K - 2 1 cells. A n increase of S B R of approximately 2 could 

be observed at 72hpi for both types of cells compared to the non-photoactivated PAmCherry 

as well as compared to the control cells without any T B E V . This finding suggests a correlation 

of increase in PAmCherry fluorescence with increased activity of the N S 2 B - N S 3 protease and 

thus with the replication of T B E V in the cells over the course of infection. B H K - 2 1 cells could 

not be monitored longer than for 72hpi due to extensive dying from the T B E V infection. 

A similar trend in the increase of fluorescence was observed for both used M O I values in both 

cell lines (data for M O I = 1 given in Supplement). 

Comparison of both cell lines and multiplicity of infections, as shown in Figure 29, 

demonstrates a significant rise in fluorescence in all cases. This implies that the PAmCherry 

reporter could provide a valuable tool for tracking the virus replication in the living cells. 
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no virus control MOI = 0.25, 24hpi MOI = 0.25, 48hpi MOI = 0.25, 72hpi MOI = 0.25, 96hpi 

not photoactivated 

photoactivated | | 
W \ 

MOI = 1, 24hpi MOI = 1, 48hpi MOI = 1,72hpi MOI = 1, 96hpi 

not photoactivated 

photoactivated 0 * 
Figure 26 - PAmCherry fluorescence in Vero E6 cells monitored over time. No virus control 
represents the stable cell lines expressing the reporter, which has not been treated with TBEV. 
Individual images of photoactivated PAmCherry have a different colour scheme and thus are not 
quantitatively comparable. Scale bar represents 20 urn. 

no virus control MOI = 0.25, 24hpi MOI = 0.25, 48hpi MOI = 0.25, 72hpi 

not photoactivated 

photoactivated 

<m 

#* 

MOI = 1, 24hpi MOI = 1,48hpi MOI = 1, 72hpi 

not photoactivated 

photoactivated 

Figure 27 - PAmCherry fluorescence in BHK-21 cells monitored over time. No virus control 
represents the stable cell lines expressing the reporter, which has not been treated with TBEV. 
Individual images of photoactivated PAmCherry have a different colour scheme and thus are not 
quantitatively comparable. Scale bar represents 20 ym. 
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Figure 28 - Fluorescence intensity analysis of PAmCherry in cells comparing not photoactivated 
and photoactivated PAmCherry. A l - control Vero E6 cells, A2 - control BHK-21 cells, B - Vero 
E6, MOI = 0.25, C - BHK-21 cells, MOI = 0.25, control represents sample cells expressing reporter 
but without the presence of TBEV. Data for MOI = 1 are given in Supplement. 
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Figure 29 - Comparison of calculated signal-to-background ratio for all used cell types and M O I 
values. Only the SBR of photoactivated PAmCherry is shown. The data are expressed as mean values 
± SD. 

4.2.4 Evaluation of h M G F P fluorescence in cells upon T B E V infection 

Fluorescence of the h M G F P reporter in cells undergoing T B E V infection was 

monitored in the same way as the PAmCherry reporter. The signal was observed upon 

excitation with a laser of 488 nm wavelength. Due to the large increase in the fluorescence 

signal the parameters of the observation (laser intensity and exposure time) had to be changed 

several times and therefore the quantification of the signal from the images was not possible. 

As can be seen from the images (Figure 30 and 31) the background signal in the cells not 

treated with T B E V is large at all time points, and it is larger for Vero E6 cell line. Nonetheless, 

an increase in fluorescence in response to the T B E V infection can be observed visually in 

B H K - 2 1 cells as the localization of the signal changes from confined vesicles to the whole 

volume of the cytoplasm. The trend in the increase of the signal appears to be similar for both 

M O I values. As before, the observation of the B H K - 2 1 cell line was limited to 72hpi due to 

extensive dying of the cells. 
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Figure 30 - hMGFP fluorescence in Vero E6 cells monitored over time. No virus control represents 
the stable cell lines expressing the reporter, which has not been treated with TBEV. Scale bar represents 
20 ujn. 
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Figure 31 - hMGFP fluorescence in BHK-21 cells monitored over time. No virus control represents 
the stable cell lines expressing the reporter, which has not been treated with TBEV. Scale bar represents 
20 ujn. 
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5 Discussion 

With the increasing incidence of flaviviral diseases and a lack of specific antiviral 

treatment, it is important to understand the virus-host interactions to find new therapeutic 

targets for drug design. Ce l l culture models are essential to study these diseases; however, 

the systems developed so far present several disadvantages. Here in this work, we report 

the development of genetically encoded dark-to-bright fluorescent reporter, activatable by 

the T B E V N S 2 B - N S 3 protease for in vitro and in cell applications. 

The construction and use of dark-to-bright fluorescence reporters have been previously 

reported for monitoring of caspase activity during apoptosis [64, 66, 67], the activity of 

NS2B-NS3 protease derived from D E N V - 2 and Z I K V [63], the activity of S A R S - C o V - 2 NS5 

protease in inhibition assays [68], or activity of NS3 protease of classical swine fever virus 

[69]. A l l of the above mentioned studies have utilized either G F P or, in one case, mNeptune 

as fluorescence reporters. The introduction of fluorophores into living cells leads to 

the generation of reactive oxygen species (ROS) that cause damage to the cells. The amount 

of ROS generated by each fluorophore is different, and generally, the emission of green light 

causes higher phototoxicity than the emission of red light [70]. Even though G F P is 

a well-established fluorescence reporter in living systems, which can be easily detected 

without additional steps and manipulation with the sample, it still shows a rather high 

background. Therefore, we have designed a reporter using PAmCherry fluorescent protein. 

The advantage comes from the two-step activation, which is required for observation of 

fluorescence signal: (1) biological activation by N S 2 B - N S 3 protease, (2) photoactivation with 

the light of 405 nm. This provides a system that is gentle to the cells in terms of ROS 

generation and high contrast over the background [71]. h M G F P reporter was designed for 

comparison of T B E V protease activity with an already established system for other flaviviral 

proteases as well as for in vitro studies. 

For in vitro studies, both reporters were produced using various strains of competent 

E. coli cells, and production conditions. Despite the efforts, all production conditions showed 

accumulation of reporters in inclusion bodies, suggesting partial or improper folding of 

the produced reporters. This result is in contrast to the previously described reporters for 

caspase activation [64, 66] and for N S 2 B - N S 3 protease from D E N V - 2 and Z I K V [63], where 

the reporters have been successfully produced using the same conditions as in this work - in 

BL21(DE3) competent E. coli cells using pET21b plasmid, 1 m M IPTG and temperature 
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20-25°C. Interestingly, production of the h M G F P lacking the cleavage site and quenching 

peptide showed, as expected, strong production in the soluble fraction, because h M G F P is 

codon-optimized for a high level of expression in E. coli. This suggests that the influenza M 2 

peptide interferes with the proper folding of the reporter. The influenza M 2 protein is known 

to oligomerize into tetramers to form the ion channel by the formation of disulfide bridges 

between the two cysteine residues preceding the transmembrane region [72]. One of these 

cysteine residues (19-Cys) is present in the sequence of the quenching peptide. In addition, it 

was shown that the caspase activity reporter oligomerizes to tetramers and higher-order 

oligomers, which seems to prevent the formation of the chromophore [64]. This 

oligomerization could possibly be the reason for its presence in inclusion bodies. 

As the majority of the reporter consists of the fluorescent protein, whose structural unit 

is a well-known (3-barrel and should be relatively easy to fold [73], we purified both reporters 

under denaturing conditions and attempted to refold them into their native state by step-down 

refolding. While h M G F P reporter was present mainly in the precipitate, PAmCherry reporter 

was present in both soluble and insoluble fractions, but circular dichroism measurement was 

inconclusive due to possible contamination and high Tris concentration, and no recovery of 

fluorescence was observed upon incubation with T B E V NS2B-NS3pro. This suggests that the 

reporter did not possess the correct fold. Refolding by dialysis is a time-consuming, 

trial-and-error process, which often results in low protein recovery. However, the used 

procedure represents the basic refolding protocol, and the process can be further optimized 

and improved by the use of protein aggregation inhibitors such as polyethylene glycol, 

trehalose, or other additives that promote proper folding [74]. 

The pilot cleavage experiments of PAmCherry reporter with recombinant T B E V 

NS2B-NS3 protease showed two cleavage products. Performed M S analysis did not exactly 

identify the cleavage site for each product, likely due to the requirement for a protein of higher 

purity and the presence of no basic residues in the sequence of quenching peptide. As NS3 

requires an N S 2 B cofactor for its proper function [36], covalent and non-covalent (unlinked) 

flaviviral protease constructs were reported in previous studies and displayed various activities 

towards the substrate [40, 45, 65, 75]. Therefore, the exact construct of the recombinant 

protease that was used in this work might affect the final activity and substrate specificity. In 

addition, protease concentrations used in the assay were relatively high thus promoting 

potential unspecific cleavage. 
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To evaluate the efficiency of both reporters to monitor T B E V N S 2 B - N S 3 protease 

activity in living cells, stably transduced Vero E6 and B H K - 2 1 cells were infected with T B E V . 

Even though quantitation of fluorescence was possible only for the PAmCherry signal, 

comparison of images of PAmCherry signal (Figure 26 and 27) with the h M G F P signal (Figure 

30 and 31) in cells clearly shows a significant difference for background fluorescence. While 

there is a minimum background for the PAmCherry in the non-photoactivated state, h M G F P 

shows high levels of fluorescence in the control samples not treated with T B E V , which makes 

it difficult to evaluate the effect of infection. This background, markedly higher in Vero E6 

likely results from cleavage of the reporter by cellular proteases which share the same 

specificity for two consecutive arginine residues. PAmCherry background consists of a signal 

localized in confined vesicles, where the change in p H may lead to the activation of 

the PAmCherry. Mechanism of activation of PAmCherry consists in excitation of 

the chromophore with 405 nm, which leads to the formation of radicals that abstract a proton 

from Tyr-67 C l This results in the formation of C a -C' 3 double bond in Tyr-67 and conjugation 

of two aromatic rings thus shifting the absorbance from 405 nm to 564 nm [76]. Quantitative 

analysis of PAmCherry signal showed an increase in S B R throughout infection to ~ 2-3, which 

is a similar level of increase that was observed for GFP-based reporters of protease activity of 

D E N V - 2 and considerably higher than observed for Z I K V protease [63]. Although 

PAmCherry shows promising potential for monitoring protease activity in living cells with 

significantly lower background, long lifetimes, and brightness, the method needs to be 

optimized for further applications. 

50 



6 Conclusions 

In this thesis, we have designed and produced two cleavage reporters (PAmCherry and 

h M G F P ) for monitoring T B E V N S 2 B - N S 3 protease activity. Despite using several E. coli 

strains, neither of the reporters was produced in the soluble form. The attempted denaturing 

purification followed by refolding did not yield any correctly folded reporter, therefore further 

optimization of expression conditions is necessary to obtain the reporter in the soluble fraction 

for in vitro experiments. Successful production of the properly folded reporter could provide 

a simple but precise and valuable tool for in vitro testing of recombinant T B E V N S 2 B - N S 3 

protease activity, its mutants, and potential protease inhibitors. 

Live cell imaging showed a correlation between the activity of the N S 2 B - N S 3 protease 

and an increase in fluorescence over the time of infection. In the case of PAmCherry, the S B R 

increased to 2-3 over the course of infection as well as localization of the fluorescence signal 

changed from confined vesicles to the whole volume of the cytoplasm. Compared to the 

h M G F P reporter, the PAmCherry reporter provides significantly lower background and higher 

stability upon photobleaching. Vero E6 cell line seems to be more suitable for live imaging 

due to lower virus-induced cytotoxicity, but usage of lower virulence T B E V strain 

(eg. Neudôrfl) could provide further insights and possibly a longer observation period. 

In the future, the method might as well benefit from the use of single clone stable cell lines 

expressing the reporter, instead of a polyclonal stable cell line, as a way to reduce 

the differences in fluorescence between individual cells due to the different levels of 

expression of the reporter. Even though the PAmCherry reporter shows to be a promising tool 

for monitoring the protease activity with high sensitivity and low background, this method 

needs to be further optimized and more measurements performed to obtain more precise data 

and lower standard deviations between individual observations. 
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8 Supplements 

8.1 Cleavage reporter sequences 

8.1.1 PAmCherry reporter 

DNA sequence: 

A T G G T G A G C A A G G G C G A G G A G G A T A A C A T G G C C A T C A T T A A G G A G T T C A T G C G 
C T T C A A G G T G C A C A T G G A G G G G T C C G T G A A C G G C C A C G T G T T C G A G A T C G A G G G 
C G A G G G C G A G G G C C G C C C C T A C G A G G G C A C C C A G A C C G C C A A G C T G A A G G T G A 
C C A A G G G C G G C C C C C T G C C C T T C A C C T G G G A C A T C C T G A G C C C T C A G T T C A T G T A 
C G G C T C C A A T G C C T A C G T G A A G C A C C C C G C C G A C A T C C C C G A C T A C T T T A A G C T 
G T C C T T C C C C G A G G G C T T C A A G T G G G A G C G C G T G A T G A A A T T C G A G G A C G G C G G 
C G T G G T G A C C G T G A C C C A G G A C T C C T C C C T G C A G G A C G G C G A G T T C A T C T A C A A 
G G T G A A G C T G C G C G G C A C C A A C T T C C C C T C C G A C G G C C C C G T G A T G C A G A A G A A 
G A C C A T G G G C T G G G A G G C C C T C T C C G A G C G G A T G T A C C C C G A G G A C G G C G C C C T 
G A A G G G C G A G G T C A A G C C C A G A G T G A A G C T G A A G G A C G G C G G C C A C T A C G A C G 
C T G A G G T C A A G A C C A C C T A C A A G G C C A A G A A G C C C G T G C A G C T G C C C G G C G C C T 
A C A A C G T C A A C C G C A A G C T G G A C A T C A C C A G C C A C A A C G A G G A C T A C A C C A T C 
G T G G A G C A G T A C G A G A G A G C C G A G G G C C G C C A C T C C A C C G G C G G C A T G G A C G A 
G C T G T A C A A G G C T G C C C A A C G G C G C G G A A G A G T T G G T T G C A A C G A T T C A A G T 
G A C C C G C T T G T T G T T G C T G C G A G T A T C A T T G G G A T C T T G C A C T T G A T A T T G T G G A 
T T C T T G A T C G T C T T T A A 

Note: T B E V N S 2 B - N S 3 cleavage site is highlighted in bold, while the inhibition peptide 
sequence is underlined. 

Protein sequence: 

M V S K G E E D N M A I I K E F M R F K V H M E G S V N G H V F E I E G E G E G R P Y E G T Q T A K L K V T K 
G G P L P F T W D I L S P Q F M Y G S N A Y V K H P A D I P D Y F K L S F P E G F K W E R V M K F E D G G V V T 
V T Q D S S L Q D G E F I Y K V K L R G T N F P S D G P V M Q K K T M G W E A L S E R M Y P E D G A L K G E V 
K P R V K L K D G G H Y D A E V K T T Y K A K K P V Q L P G A Y N V N R K L D I T S H N E D Y T I V E Q Y E R 
A E G R H S T G G M D E L Y K A A Q R R G R V G C N D S S D P L V V A A S I I G I L H L I L W I L D R L -

Number of amino acids: 273 

Molecular weight: 30.761 kDa 

Theoretical pi : 6.20 

Molar extinction coefficient: 39880 M ' W 1 
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8.1.2 h M G F P reporter 

DNA sequence: 

A T G G G C G T G A T C A A G C C C G A C A T G A A G A T C A A G C T G C G G A T G G A G G G C G C C G T 
G A A C G G C C A C A A A T T C G T G A T C G A G G G C G A C G G G A A A G G C A A G C C C T T T G A G G 
G T A A G C A G A C T A T G G A C C T G A C C G T G A T C G A G G G C G C C C C C C T G C C C T T C G C T T 
A T G A C A T T C T C A C C A C C G T G T T C G A C T A C G G T A A C C G T G T C T T C G C C A A G T A C C C 
C A A G G A C A T C C C T G A C T A C T T C A A G C A G A C C T T C C C C G A G G G C T A C T C G T G G G A 
G C G A A G C A T G A C A T A C G A G G A C C A G G G A A T C T G T A T C G C T A C A A A C G A C A T C A 
C C A T G A T G A A G G G T G T G G A C G A C T G C T T C G T G T A C A A A A T C C G C T T C G A C G G G G 
T C A A C T T C C C T G C T A A T G G C C C G G T G A T G C A G C G C A A G A C C C T A A A G T G G G A G C 
C C A G T A C C G A G A A G A T G T A C G T G C G G G A C G G C G T A C T G A A G G G C G A T G T T A A T 
A T G G C A C T G C T C T T G G A G G G A G G C G G C C A C T A C C G C T G C G A C T T C A A G A C C A C C 
T A C A A A G C C A A G A A G G T G G T G C A G C T T C C C G A C T A C C A C T T C G T G G A C C A C C G C 
A T C G A G A T C G T G A G C C A C G A C A A G G A C T A C A A C A A A G T C A A G C T G T A C G A G C A 
C G C C G A A G C C C A C A G C G G A C T A C C C C G C C A G G C C G G C G C T G C C C A A C G G C G C 
G G A A G A G T T G G T T G C A A C G A T T C A A G T G A C C C G C T T G T T G T T G C T G C G A G T A T C 
A T T G G G A T C T T G C A C T T G A T A T T G T G G A T T C T T G A T C G T C T T T A A 

Note: T B E V N S 2 B - N S 3 cleavage site is highlighted in bold, while the inhibition peptide 
sequence is underlined. 

Protein sequence: 

M G V I K P D M K I K L R M E G A V N G H K F V I E G D G K G K P F E G K Q T M D L T V I E G A P L P F A Y D I 
L T T V F D Y G N R V F A K Y P K D I P D Y F K Q T F P E G Y S W E R S M T Y E D Q G I C I A T N D I T M M K G 
V D D C F V Y K I R F D G V N F P A N G P V M Q R K T L K W E P S T E K M Y V R D G V L K G D V N M A L L L 
E G G G H Y R C D F K T T Y K A K K V V Q L P D Y H F V D H R I E I V S H D K D Y N K V K L Y E H A E A H S G 
L P R Q A G A A Q R R G R V G C N D S S D P L V V A A S I I G I L H L I L W I L D R L -

Number of amino acids: 264 

Molecular weight: 29.934 kDa 

Theoretical pi: 7.67 

Molar extinction coefficient: 36120 M ^ c m " 1 
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8.2 Results 

8.2.1 Pilot expression of PAmCherry reporter using pET19b 

Figure 32 - SDS-PAGE analysis of PAmCherry reporter expression in pET19b in 
BL21-CodonPlus cells. A - 30°C, B - 18°C. M - PageRuler Prestained Protein Ladder (Thermo 
Fischer). - sign indicates uninduced culture, + sign indicates induced culture, each number represents 
an hour of collection of the sample after the induction. 
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Figure 33 - SDS-PAGE analysis of PAmCherry reporter expression in pET19b in BL21(DE3) 
cells. A - 30°C, B - 18°C. M - PageRuler Prestained Protein Ladder (Thermo Fischer). - sign indicates 
uninduced culture, + sign indicates induced culture, each number represents an hour of collection of 
the sample after the induction. 

8.2.2 Pilot expression of h M G F P reporter in One Shot® BL21(DE3)pLysS and Rosetta-
gami® 2(DE3) 

B 
insoluble soluble insoluble soluble 

M O 2+2- 4+ 4- 6+ 6- 0 2+ 2- 4+ 4- 6+ 6- M 0 3+ 3- 6+ 6- ON+ON- 0 3+ 3- 6+ 6- ON+ ON-

Figure 34 - SDS-PAGE analysis of hMGFP reporter expression in One Shot® BL21(DE3)pLysS 
cells. A - 30°C, B - 18°C. M - PageRuler Prestained Protein Ladder (Thermo Fischer). - sign indicates 
uninduced culture, + sign indicates induced culture, each number represents an hour of collection of 
the sample after the induction. 
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Figure 35 - SDS-PAGE analysis of hMGFP reporter expression in Rosetta-gami® 2(DE3) cells. 
A - 30°C, B - 18°C. M - PageRuler Prestained Protein Ladder (Thermo Fischer). - sign indicates 
uninduced culture, + sign indicates induced culture, each number represents an hour of collection of 
the sample after the induction. 

8.2.3 Native purification of h M G F P reporter using HisTrap™ HP column 
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Figure 36 - Native purification of hMGFP reporter. A - Purification chromatogram. 
B - SDS-PAGE analysis of I M A C purification. M - PageRuler Restrained Protein Ladder (Thermo 
Fischer). O N - sample loaded onto the column, FT1 - flow-through fraction 1, FT2 - flow-through 
fraction 2, 10% B - eluate with 10% elution buffer, 3 - 1 6 eluted fractions with hMGFP reporter. 

8.2.4 Mass spectrometry analysis of PAmCherry reporter cleavage products 

Three cleavage products from time point 1.5h and concentration of NS2B-NS3 

protease of 4 u M were cut out from the gel and each of them was analyzed by mass 

spectrometry (performed by Mgr. Fi l ip Dycka, Ph.D.) to identify where the cleavage occurred. 

Red colour marks the peptides captured during the analysis, black colour represents peptides 

that were not observed. 
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A - top protein band - presumably uncut reporter 

M V S K G E E D N M A I I K E F M R F K V H M E G S V N G H V F E I E G E G E G R P Y E G T Q T A K L K V T K G G P L P F 
T W D I L S P Q F M Y G S N A Y V K H P A D I P D Y F K L S F P E G F K W E R V M K F E D G G V V T V T Q D S S L Q D G E 
F I Y K V K L R G T N F P S D G P V M Q K K T M G W E A L S E R M Y P E D G A L K G E V K P R V K L K D G G H Y D A E 
V K T T Y K A K K P V Q L P G A Y N V N R K L D I T S H N E D Y T I V E Q Y E R A E G R H S T G G M D E L Y K A A Q R R 
GRVGCNDSSDPLVVAASI IGILHLILWILDRL 

B - middle protein band 

M V S K G E E D N M A I I K E F M R F K V H M E G S V N G H V F E I E G E G E G R P Y E G T Q T A K L K V T K G G P L P F 
T W D I L S P Q F M Y G S N A Y V K H P A D I P D Y F K L S F P E G F K W E R V M K F E D G G V V T V T Q D S S L Q D G E 
F I Y K V K L R G T N F P S D G P V M Q K K T M G W E A L S E R M Y P E D G A L K G E V K P R V K L K D G G H Y D A E 
V K T T Y K A K K P V Q L P G A Y N V N R K L D I T S H N E D Y T I V E Q Y E R A E G R H S T G G M D E L Y K A A Q R R 
GR VGCNDS SDPL V V AASIIGILHLILWILDRL 

C - bottom protein band 

M V S K G E E D N M A n K ^ F M R F K V H M E G S V N G H V F E I E G E G E G R P Y E G T Q T A K L K V T K G G P L P F 
T W D I L S P Q F M Y G S N A Y V K H P A D I P D Y F K L S F P E G F K W E R V M K F E D G G V V T V T Q D S S L Q D G E 
F I Y K V K L R G T N F P S D G P V M Q K K T M G W E A L S E R M Y P E D G A L K G E V K P R V K L K D G G H Y D A E 
V K T T Y K A K K P V Q L P G A Y N V N R K L D I T S H N E D Y T I V E Q Y E R A E G R H S T G G M D E L Y K A A Q R R 
G R V G C N D S S D P L V V AASIIGILHLILWILDRL 

8.2.5 Monitoring of background fluorescence in non-transfected cells 

Vero E6 BHK-21 

* 

3 

• 

Figure 37 - Autofluorescence at a given wavelength in both cell types. Scale bar represents 20 urn. 
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8.2.6 Monitoring of fluorescence of PAmCherry in living cells, M O I = 1 
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Figure 38 - Fluorescence intensity analysis of PAmCherry in cells comparing not photoactivated 
and photoactivated PAmCherry. A l - control Vero E6 cells, A2 - control BHK-21 cells, B - Vero 
E6, MOI = 1, C - BHK-21 cells, MOI = 1, control represents sample cells expressing reporter but 
without the presence of TBEV. 
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