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Abstract 

The ubiquitination process is vital to maintain the protein homeostasis in the cell. With high specificity it regulates degradation of proteins by 
tagging them with a small protein called ubiquitin. Four proteins are involved to perform the process and in this thesis one of these proteins is 
studied. This protein is called Ro52 and belongs to the TRIM protein family. It posses E3 ligase activity because of a N-terminal RING-domain and 
therefore it is responsible for the last step in the ubiquitination process. The structure of Ro52 is not totally solved and the function of the protein’s 
four domains is not fully understood.  
 
In this thesis three constructs of two domains from Ro52 (RING and B-box) is investigated by circular dichroism (CD), nuclear magnetic resonance 
(NMR) spectroscopy and auto-ubiquitination assay by Western blot. The goal was to gain deeper insight in structural and functional properties of 
these domains.  
 
In the end only two constructs were investigated because of time limitations. It was shown by NMR that one construct has similar structure as the 
wild type but lower stability, possibly due to shorter N-terminal region. Comparison of the results from CD measurements showed that the 
constructs were well structured but did not reveal any significant differences in secondary structure between the constructs. Functional analysis by 
Western blot encountered unexpected problems and no results were obtained. 
 
The current thesis provides a basis for further investigation of variant constructs jointly expressing the RING-B-box domains, and shows that even 
small changes may alter structure and stability in ways that might affect functional properties.  
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The ubiquitination process is vital to maintain the protein homeostasis in the cell. With 
high specificity it regulates degradation of proteins by tagging them with a small protein 
called ubiquitin. Four proteins are involved to perform the process and in this thesis one of 
these proteins is studied. This protein is called Ro52 and belongs to the TRIM protein 
family. It posses E3 ligase activity because of a N-terminal RING-domain and therefore it 
is responsible for the last step in the ubiquitination process. The structure of Ro52 is not 
totally solved and the function of the protein’s four domains is not fully understood.  
 
In this thesis three constructs of two domains from Ro52 (RING and B-box) is 
investigated by circular dichroism (CD), nuclear magnetic resonance (NMR) spectroscopy 
and auto-ubiquitination assay by Western blot. The goal was to gain deeper insight in 
structural and functional properties of these domains.  
 
In the end only two constructs were investigated because of time limitations. It was shown 
by NMR that one construct has similar structure as the wild type but lower stability, 
possibly due to shorter N-terminal region. Comparison of the results from CD 
measurements showed that the constructs were well structured but did not reveal any 
significant differences in secondary structure between the constructs. Functional analysis 
by Western blot encountered unexpected problems and no results were obtained. 
 
The current thesis provides a basis for further investigation of variant constructs jointly 
expressing the RING-B-box domains, and shows that even small changes may alter 
structure and stability in ways that might affect functional properties.  
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Amp Ampicillin, used for antibiotic selection. 

Arg Arginine (A), amino acid. 

β-me β-mercaptoethanol, reducing agent. 
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DTT Dithiothreitol, reducing agent. 
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1. Introduction 

1.1 The human body, a miracle! 
Being blessed with a well-functioning body, without being affected by any serious illness, is 
something that most people always take for granted. We do not realise how fortunate we 
are, that we exist at all. Every day the body’s machinery is supposed to provide us with air, 
make the red blood cells to transport oxygen, contract our muscles to make us walk and 
digest the food we eat to give us energy. Our bodies are also supposed to defend us against 
pathogens and our immune system is never resting. Apart from all external threats our 
bodies also need to deal with internal threats like mutations and incorrectly folded proteins. 
All these processes are chemical and take part at molecular level. The main actors are 
proteins, which all have their own purpose and function. To make clear that the depth of 
this complexity are clarified it should be added that the human genome contains 
approximately 22 500 genes (Pertea, 2010) and that more than 23 000 human protein 
structures have been solved (www.rcsb.org).  
 
The process that this master thesis will focus on is ubiquitination, a process used to decide 
which proteins that should be degraded. Without this process a lot of harmful proteins 
would accumulate and create diseases. But at the same time, essential proteins for the cell 
function should not be degraded.  
 
Maybe it is good that the average human is not aware of the complexity of the body and all 
the things that could go wrong. But all humans should be grateful as long as they have a 
body working without any problems. 

1.2 Why do we need to study proteins? 
Proteins are the most important kind of macromolecules in our body. They are responsible 
for all kinds of processes in the cell, ranging from transporting oxygen and cell-cell 
communication, to regulation of transcription factors and muscle contraction. (The World 
of the Cell, 2009) Some proteins regulate cell proliferation and can in some cases be 
responsible for development of cancer. To avoid cancer, cells with a damaged DNA must 
be killed by apoptosis but if these regulating mechanisms do not work, cells can start to 
divide in an uncontrolled manner. (Whitford, 2005) 
 
Far too many people are today suffering from diseases derived from failure in protein 
function. Some diseases are possible to withstand an entire lifetime with just a slightly 
lowered life quality, while certain diseases are extremely deadly. To get the whole picture of 
these phenomena we need to study the structure of proteins and their interactions with 
other proteins. (Whitford, 2005) 
 
To get more insight into the molecular basis of ubiquitination, we have to study the 
structure of proteins involved in the process. One group of proteins that are important to 
study are proteins that possess E3 ubiquitin-ligase activity. These kinds of proteins are 
responsible for the last step in the ubiquitination pathway. (Espinosa, 2006) and 
(Dominguez, 2004) 
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1.3 Aim of the Thesis 
The aim with this thesis is to study the ubiquitination pattern of two different constructs of 
an E3 ubiquitin-ligase and compare the results with ubiquitination pattern of the original 
protein domains. This E3 ubiquitin-ligase is called Ro52 (sometimes also called TRIM21) 
and is associated with the autoimmune diseases Sjögren’s syndrome and systemic lupus 
erythematosus. Today, there is no treatment of these diseases and all drugs existing are just 
to reduce discomfort for the patient. It is not known why patients with these diseases have 
autoantibodies against Ro52 and if it is linked to the ubiquitination process. But to be able 
to find a treatment, it is necessary to understand all molecular events linked to this protein 
and it is function.  

2. Background 

2.1 Proteins 
As told before, proteins are the most important kind of macromolecules in the cell. They 
are responsible to make all reactions in our bodies to work properly. Proteins can be 
divided into nine different groups depending on their properties. These groups and their 
major function are summarized in Table 1. They are all made out of 20 different kinds of 
amino acids and it is the composition of these amino acids that gives the properties of the 
protein. (Whitford, 2005) 
 

Table  1 :   
Summary of the nine groups that protein are divided into depending on their function. 

 
Group Function 

Enzymes Catalysis of chemical reactions. 
Structural proteins Gives cells and organelles their physical shape. 
Motility proteins Move cells and parts of cells. 
Regulatory proteins Regulate different functions in the cell. 
Transport proteins Transport substances over the cell membrane. 
Hormonal proteins Enable distant communication in an organism. 
Receptor proteins So that cells can respond to chemical stimuli. 
Defensive proteins Disease protection. 
Storage protein Amino acid reservoir for further use. 
 

2.1.1 Amino acids 
Amino acids are the building blocks of proteins and are made of carbon (C), hydrogen (H), 
nitrogen (N), oxygen (O) and in two cases sulfur (S). There are 20 different amino acids 
and alone they can be isolated as white crystalline solids but are best viewed as charged 
molecules in solutions where they act as weak acids or weak bases. In proteins, amino acids 
are linked together by a peptide bond to form a polypeptide, see Figure 1. When linked 
together in a peptide, amino acids are called residues instead. A generalized amino acid has 
one amid group, one carbonyl group and one side chain specific for that particular amino 
acid. This side chain is often called a R-group and is responsible for the special properties 
associated to the amino acid. Depending on the R group all amino acids can be classified as 
hydrophobic, charged or polar. Therefore, the amino acid content in each protein affects 
the properties of the protein. This is due to the tendency of burying hydrophobic amino 
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acids in the interior of the protein and expose the charged and polar ones to the 
surroundings. (Whitford, 2005) 
 

 
Figure  1 
Peptide with three general amino acids where one is circled. Peptide bonds are shown in red. 

 

2.1.2 Protein synthesis 
In order to synthesize proteins, free amino acids are required. These are obtained by food 
with high protein content. The process when free amino acids and short peptides are 
created from proteins is called proteolysis and is performed by enzymes called proteases. 
Further digestion by peptidases is often needed to remove remaining amino acid from each 
other. (Becker, 2009) A brief explanation of how the protein synthesis works is explained 
in the text below together with Figure 2.  
 
When a protein is going to be synthesised in the cell the corresponding gene in the DNA 
needs to be transcribed into a messenger RNA (mRNA) inside the cell nucleus (1). The 
mRNA is then transferred to the cytosol (2) to enable translation by the ribosome, a 
protein that reads the mRNA to translate it into the proteins primary structure (3), which 
represents the order of amino acids in the sequence. Amino acids are linked together by 
peptide bonds to create a polypeptide. This polypeptide will almost never have any 
properties and needs to be folded into its secondary and tertiary structure before gaining 
full activity. The folding process occurs less than a second after translation, sometimes with 
help from other proteins, called chaperones (4). The secondary and tertiary structure is 
decided by the primary sequence. Many proteins will not gain their final structure until they 
have been transported to the right location in- or outside the cell. In almost all cases some 
kind of posttranslational modification are needed to reach final conformation (5). (Becker, 
2009) and (Whitford, 2005) 
 

 
Figure  2 
Protein synthesis. Explanation of the steps is described in the text above. 
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2.1.3 Protein structure 

2.1.3.1 Primary s tructure 
The primary structure in proteins is comprised by the order of amino acids in the 
polypeptide. This order is genetically important because it should represent the gene of a 
particular protein that has been transcribed from the DNA. But it is also structurally 
important because higher levels of protein structure are determined due to the primary 
structure. (Becker, 2009) 

2.1.3.2 Secondary s tructure  
The major force that creates the secondary structure is hydrogen bonding between oxygen 
and the hydrogen of nitrogen. Different repetitive patterns occur depending on where the 
hydrogen bond is created. These patterns are the spiral shaped α helixes and the extended 
sheetlike β sheets (Figure 3). In a α helix the hydrogen bond is almost parallel with the 
direction of the spiral and tend to stabilize the helix by holding the turns together. The 
hydrogen bond in a α helix is always intermolecular, in contrast to hydrogen bonds in a β 
sheet that can have both intra- and intermolecular hydrogen bonds. Between α helixes and 
β sheets there are connecting segments without any specific structure. These are called 
random coils. The combination of different secondary structures creates so called motifs, 
which can, in different proteins, have the same purpose. Examples of motifs is; α-β-α 
motif, α helix followed by β sheet followed by α helix; hairpin loop motif, β sheet, loop 
and β sheet; helix-turn-helix motif, α helix, short turn and α helix. (Becker, 2009) 
 
 

 
Figure  3 
To the left is a α helix and to the right is a β sheet, which is linked together with a random coil.  

 

2.1.3.3 Tert iary s tructure 
When combining the secondary structures in a polypeptide we get the tertiary structure of a 
protein (Figure 4). It is formed due to interactions between various R groups, regardless of 
where these R groups are located in the primary sequence. These interactions are: disulfide 
bridges, hydrophobic effects, charge-charge interactions, hydrogen bonding and Van der 
Waals interactions (Whitford, 2005). While it is possible to predict the secondary structure, 
the tertiary structure is much more unpredictable because of hydrophobic, polar and 
charged amino acids will twist the polypeptide chain to find the most stable conformation. 
Hydrophobic amino acids tend to be buried in the core of the protein while polar amino 
acids are drawn to the surface. Charged amino acids will either repel each other or form 
ionic bonds. (Becker, 2009) 
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Figure  4 
The tertiary structure of the protein ubiquitin. (PDB code: 2K39) 

 

2.1.3.4 Quaternary s tructure 
Proteins that consist of more than one polypeptide chain are called oligomeric proteins. 
These quaternary structures are kept together by the same interactions that are used in 
tertiary structure. The polypeptide chains in an oligomeric protein are often called subunits, 
which can be identical or non-identical in the same protein. One example of quaternary 
structure is the structure of haemoglobin (Figure 5). 
(Becker, 2009) and (Whitford, 2005) 
 

 
Figure  5 
Haemoglobin is a protein with quaternary structure and consists of four polypeptide chains, two 𝛼 
chains (pink) and two  𝛽 chains (blue). (PDB code: 1GZX) 
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2.2 Posttranslational modifications 
As mentioned in section 2.1.2, the product of the initial translation may not always 
represent the final mature form of the protein. To reach this mature form, parts of the 
polypeptide chain must undergo additional reactions called posttranslational modifications. 
Examples of modifications are proteolytic cleavage, hydroxylation, phosphorylation, 
glycosylation and ubiquitination. (Becker, 2009) and (Whitford, 2005)  

2.2.1 Ubiquitination 
Ubiquitination is a posttranslational modification of proteins and controls a lot of 
processes in the cell. Proteins fate in the cell are decided by how the protein ubiquitin is 
attached to the protein of interest. When a chain of four or more ubiquitin are linked 
through lysine 48 (Lys48) on ubiquitin to the substrate protein, it will be recognized by the 
proteasome and be degraded. This is the most well known purpose of the ubiquitination 
system but there are also a lot of proteasome-independent mechanisms that are relying on 
ubiquitination. Some examples of this are mechanisms used for DNA repair, protein kinase 
activation, protein trafficking, lysosomal targeting and modulation of transcription factor 
activity. For this purposes monoubiquitination but also polyubiquitination through Lys48 
and Lys63 are used. (Fang and Weissman, 2004) 
 
The pathway of ubiquitination is shown in Figure 6. In the ubiquitination process, an 
ubiquitin activating enzyme (E1) and one adenosine triphosphate (ATP) is required to 
form a thiol ester bond between the C-terminal glycine (Gly76) of ubiquitin and a cysteine 
in the active site of E1. This activates ubiquitin to enable transfer to another cysteine in the 
active site of the ubiquitin conjugating enzyme (E2). In the last step, an ubiquitin protein 
ligase (E3) mediates transfer of ubiquitin from E2 to a substrate. This facilitates formation 
of an isopeptide bond between the C-terminal Gly of ubiquitin and the amino group of an 
internal Lys on the substrate. This is performed in different ways depending on if the E3 
contains a RING-domain or a HECT-domain. It is believed that the ubiquitin is directly 
transferred from E2 to the substrate if E3 contains a RING-domain while if E3 contains a 
HECT-domain the ubiquitin first is transferred to E3 itself before transfer to the substrate. 
The substrate can be a protein that needs to be tagged, an ubiquitin already attached to the 
tagged protein or E3 itself. When ubiquitin is attached onto E3 the process is called auto-
ubiquitination. (Kommander, 2012) and (Fang and Weissman, 2004)  
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Figure  6 
The ubiquitination pathway starts with activation and transfer of ubiquitin in an ATP-dependent 
reaction onto E1. Activated ubiquitin is later transferred to E2, which will bind to E3 for ligation 
of ubiquitin to the substrate. If the E3 has a RING domain it is believed to transfer ubiquitin 
directly to the substrate. If the E3 has a HECT domain instead, ubiquitin are first transferred to a 
active site of E3 before transferring to the substrate. Adapted from Fang and Weissman, 2004 

 

2.2.1.1 Ubiquit in 
Ubiquitin is a highly conserved protein that contains 76 amino acids, which are arranged as 
five β strands and one single α helix. The lack of evolutionary differences implies that this 
protein has a functional importance for all eukaryotic organisms and that almost all amino 
acids have important roles. In the end of the C-terminal of ubiquitin there are three amino 
acids (Arg-Gly-Gly) that are a bit extended from the globular domain. The C-terminal 
glycine makes it possible to create linkage between two ubiquitins or between one ubiquitin 
and a target protein (Whitford, 2005). Conjugation of ubiquitin to a target protein happens 
between the C-terminal glycine of ubiquitin and with the extreme amino terminus of the 
target protein by forming a new peptide bond. When the first ubiquitin is attached to the 
target protein more ubiquitins can be attached to the first one. In ubiquitin there are 7 
lysine residues (Lys6, Lys11, Lys27, Lys29, Lys33, Lys48 and Lys63) that can act as 
attachment sites when forming a chain assembly of ubiquitins. Depending on which Lys 
that is used, different conformations of this chain is created. If only Lys48 is used, a 
homogenous chain is formed. A non-homogenous chain is created when ubiquitin is linked 
through different Lys. (Kommander and Rape, 2012) 
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Figure  7 
Ubiquitin with C-terminal Arg in green and Gly-Gly in pink. (PDB code: 2K39). 

 

2.2.2 Degradation of proteins 
There are two pathways for intracellular proteolysis of proteins; the lysosomal pathway and 
the non-lysosomal pathway. The lysosomal pathway is performed inside the lysosome, 
which is often described as a sac full of enzymes. All proteins that are trapped inside the 
lysosome will be degraded by proteases, lipases and nucleases in a non-specific manner. 
The non-lysosomal pathway is ATP-dependent, specific and involves the proteasome. 
(Whitford, 2005) 
 
To target a protein efficiently to the proteasome, four copies of ubiquitin are needed to be 
multiple ubiquitinated on to a protein or a substrate. This enhances the recognition and 
association between the protein and the proteasome compared to monoubiquitination. 
Therefore it would be an over-simplification to only view ubiquitin as a tag with no other 
use. (Whitford, 2005) 
 

2.2.2.1 The proteasome 
The 20S proteasome is a really big oligomeric protein that consists of 28 subunits, 14 α and 
14 β subunits. Recall the size of ubiquitin, which is 76 amino acids, and compare it with the 
size of one subunit of the proteasome, which are around 200 amino acids. This means that 
the proteasome in total is more than 70 times bigger than ubiquitin. The subunits are 
arranged like four heprameric rings, two rings with 7 α subunits and two rings with 7 β 
subunits, which are linked together like a tunnel with a cavity inside (Figure 8). In archaea 
all the α and β subunits come from only one gene respectively compared to eukaryotic 
proteasomes that have one gene per subunit. Still, the subunits in eukaryotic proteasome 
have a similar structure as the subunits in archaea. (Whitford, 2005) 
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Figure  8 
3D structure of the 20S proteasome from archaebacteria T. acidophilum (PBD code: 1PMA) 
Above to the left: Heptameric ring of α subunits, with one subunit highlighted in pink.  
Above to the right: Heptameric ring of β subunits, with one subunit highlighted in yellow.  
Beneath: Four heptameric rings liked together to form the proteasome.  
In each ring one subunit is highlighted in pink (α) or yellow (β). 

 
The 20S proteasome is a multicatalytic protease that has to interact with two 19S regulatory 
units to be able to perform ATP- and ubiquitin-dependent proteolysis. The regulatory units 
bind as caps to the openings of the tunnel and this complex is called the 26S proteasome. 
It is believed that the cap assembly binds ubiquitinated proteins, removes ubiquitin and 
unfolds the protein so it can enter the 20S proteasome to be degraded. (Whitford, 2005) 

2.3 TRIM protein family 
The proteins in the TRIpartite Motif (TRIM) family have got their names because they 
almost always have three distinct domains in their N-terminal. These domains are; a RING 
domain, one or two B-box and one coiled-coil domain. For description see section 2.3.1, 
2.3.2 and 2.3.3. Together this region is called RBCC (stands for RING-B-box-Coiled coil) 
and it is structurally conserved among different TRIM proteins in different spices. In the 
C-terminus most often a substrate-binding domain exists that can consist of different 
domains depending on the specificity of the protein. There are more than 70 members of 
protein in the TRIM family (Kawai and Akira, 2011) and they all have a common function, 
which is E3 ligase activity, mediated through their N-terminal RING domain. (Hennig, 
2009) Many of them have an important role in the innate immune system by regulating the 
immune response through ubiquitination of interferon (IFN) regulatory factors (IRFs) 
(Oke and Wahren-Herlenius, 2012). Therefore some of them also have a direct or indirect 
association with cancer development. (Hatakeyama, 2011) 
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2.3.1 RING-finger domain 
In the N-terminal of all TRIM proteins there is always a RING-finger domain. It was 
discovered in 1991 and got the name Really Interesting New Gene, RING. It is a very 
cysteine rich domain and binds two zinc ions in a distinct coordination between seven 
cysteines and one histidine, which stabilizes the structure (Figure 9). In the human genome 
there are more than 380 RING motif domains identified. They have been shown to 
mediate an important step in the ubiquitination pathway and are classified as ubiquitin-
ligases. Proteins that contain a RING finger domain are not found in prokaryotes whilst 
this domain can be found in all kinds of eukaryotes, ranging from yeast to human. This 
seems to be related with the absence of the ubiquitination pathway in prokaryotes. 
(Dominguez et. al., 2004, Hennig, 2009) 
 

 
Figure  9 
Topology of the zinc coordination for RING domains. Adapted from Dominguez et. al., 2004 

 

2.3.2 B-box 
The function of the B-box is not fully understood yet. It was described for the first time 
1993 and occurs in two variants, B-box type 1 and B-box type 2. Some TRIM proteins 
have both B-box1 and B-box2 but the ones that just containing one B-box do always have 
B-box2. The B-box is also a zinc-binding domain. (Hennig, 2009) Li et. al. (2007) have 
shown that some changes in B-box type 2 in TRIM5α enhance the substrate-binding 
domain from recognize the capsid of human immunodeficiency virus type 1 (HIV-1). 
Therefore, it seems to be possible for the B-box to influence the conformation and/or 
orientation of the substrate-binding domain despite that the coiled coil domain is located in 
between them. 

2.3.3 Coiled coil 
A structure composed by two α helices twisted around each other is called a coiled coil 
structure. This is a common structure in fibrous proteins, like keratins, and filamentous 
proteins that is one of the main components of the cytoskeletal. Compared with a single α 
helix the coiled coil arrangement enhanced stability and mechanical strength. Coiled coil 
domains are flanked by amino and carboxyl terminal domains, which, in the case of TRIM 
proteins, means a RING and one or two B-box in the N-terminal and a substrate-binding 
domain in the C-terminal. (Withford, 2005) According to Ozato et. al. (2008), this domain 
can mediate homomeric and heteromeric interaction between TRIM proteins and a protein 
substrate. 
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2.3.4 Substrate-binding domain 
In the C-terminal of almost all TRIM protein there is a substrate-binding domain, which 
can differ depending on the proteins specificity. In human TRIM proteins, nine different 
domains have been identified but one of them is more common than the others. This 
domain is called B30.2 or SPRY and seems to be involved in the restriction of virus 
infection. (Hennig, 2009, Hatakeyama 2011) 

2.4 Ro52/TRIM21 
Ro52 is a protein that belongs to the TRIM family and therefore it is also called TRIM21, 
which is its official gene symbol. It is an auto-antigen associated with autoimmune diseases 
like Sjögren’s syndrome and Systemic Lupus Erythematosus. The name Ro52 stems from a 
patient’s name but also to the molecular weight, which for a long time were thought to be 
52 kDa. The molecular weight is actually 54 kDa and the protein consists of 475 amino 
acids (UniProt database). Like all TRIM proteins it has a RING-finger domain in its N-
terminal and after that comes a B-box2, a coiled coil and a B30.2 domain (Figure 10). 
Because of the RING-finger domain, Ro52 has E3 ligase activity and is able to 
ubiquitinates several IFN regulatory factors and thereby regulates the innate immune 
response and cytokine production. (Hennig, 2009) and (Espinosa et. al., 2011) Espinosa et. 
al. have demonstrated that Ro52 promotes cell death by showing that overexpression of 
Ro52 in a B-cell line leads to increased apoptosis and reduced cell growth after activation. 

 
Figure  10 
Schematic picture of Ro52 and its domains. 

 

2.4.1 Restriction of retroviruses 
TRIM5α in rhesus monkeys have been shown to restrict human immunodeficiency virus 
type 1 (HIV-1) infection while the human variant is not able to do it. TRIM21 is the closest 
relative to TRIM5α, except for the TRIM5α paraloges (TRIM6, TRIM34 and TRIM22) 
and do not restrict HIV-1 infection either. Xing et. al. have shown that the junction 
between B-box and coiled coil is responsible for the loss in antiviral restriction. The 
difference between the junction in TRIM5αRh and in TRIM21 is that instead of the amino 
acids MVP in TRIM21 (see Figure 11), TRIM5αRh have TF. In a mutant protein of 
TRIM5αRh with the B-box exchanged into TRIM21’s B-box, they changed the MVP 
sequence into TF and saw that the activity of restricting HIV-1 partially was restored. 
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Figure  11 
Between the B-box domain and the coiled coil domain is the MVP junction When MVP is 
exchanged into TF in a mutant of TRIM5αRh, which have TRIM21’s B-box instead of its own, the 
property of restricting HIV-1 is restores. 

 

2.4.2 Why do we want to study Ro52? 
TRIM-proteins are responsible for crucial regulating systems when deciding proteins fate in 
the body. They are therefore interesting subjects to study. And information about one 
TRIM-protein could also give deeper insight into other TRIM-protein and their function. 
Behind the function of Ro52 lays a lot of questions. Do the protein has a particular 
substrate in the cell? Why do patients with some autoimmune diseases develop 
autoantibodies against Ro52? The only way to answer these questions is to continue to 
study Ro52. 

2.4.2.1 Constructs  o f  Ro52 
One way to address some of the questions above is to study the protein’s constituent 
domains, individually or in pairs. Sunnerhagen group have designed different constructs of 
the RING-domain together with the B-box domain, called RB constructs. They have been 
designed with respect to the flanking regions that may cause problems when trying to 
determine the structure with either x-ray crystallography or Nuclear Magnetic Resonance 
(NMR). Protein Science Facility at Karolinska Institutet has then cloned these constructs 
into vectors to make them possible to express.  
 
Three out of ten RB constructs (RBc005, RBc008 and RBc009) were originally chosen for 
study in this thesis. They all lack the amino acids VP in the MVP junction between the 
RING and B-box domain. If they are shown to be more stable than the wild type RB, 
further structural analysis can be performed. In Figure 12 the three constructs are aligned 
together with wild type RB. 
 

 
Figure  12 
Alignment of wild type RB and the three RB constructs used in this thesis. 
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2.5 Sjögren’s syndrome 
Sjögren’s syndrome (SS) is an autoimmune disease that destroys exocrine glands by an 
immune-mediated pathway. The loss of tears and saliva can affect the patient’s life quality 
and the only treatment today is to reduce discomfort by using artificial substitutes instead 
of the body fluids that are lacking. There are two different types of Sjögren’s syndrome; 
primary Sjögren’s syndrome (pSS), which is when the patient gets the disease without any 
connective-tissue disease and secondary Sjögren’s syndrome (sSS), which is when the 
disease occurs together with a connective-tissue disease like systemic lupus erythematosus 
(SLE) or rheumatoid arthritis. It is mostly women in the age of 40-60 years old that are 
affected of both pSS and sSS. This suggests that the disease could arise because of 
hormonal reasons but a combination of genetic and environmental reasons are believed to 
be the biggest reason. One diagnostic criteria of Sjögren’s syndrome is the presence of 
autoantibodies against the proteins Ro52, Ro60 and Lupus LA protein in the blood. 
(Borshers et. al., 2003) 

2.6 TEV protease 
Tobacco etch virus (TEV) protease is a protein often used for cleavage of fused 
recombinant proteins. It is derived from the catalytic domain of the Nuclear Inclusion a 
(NIa) protein in the genome polypeptide of the tobacco etch virus and has a size of 27 
kDa. Due to it is high specificity for the epitope E-Xaa-Xaa-Y-Xaa-Q-(G/S), TEV protease is 
a very useful tool for cleavage of fused proteins to get rid of the fusion partner. Cleavage 
site is between Q-(G/S) and the most used sequence is ENLYFQG. (UniProt database)  
 
There are a lot of different versions of TEV protease available for commercial use. To 
optimize the efficiency, activity and solubility, mutations of various kinds has been made. 
The TEV protease used in this thesis is derived from the TEVS219N mutant and was 
developed by van den Berg et. al.. Their goal was to find a mutant with higher solubility 
than the parental TEVS219N and the one with best result showed a 5,5 times higher 
solubility. They named this mutant TEVSH, but for simplicity it will just be called TEV 
protease in this thesis. 
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3 Theory 
To be able to study proteins, several methods are needed. First, a pure sample of protein 
needs to be produced. This includes cloning of genes, transformation into a host cell, 
expression of protein and protein purification. A schematic figure of the whole procedure 
is found in Figure 13. Second, the protein sample needs to be analysed in a suitable way to 
obtain information about function, stability, kinetics and structure. Methods used in this 
thesis are; Circular Dichroism (CD), Western Blot and Nuclear Magnetic Resonance 
(NMR) spectroscopy. But let’s start from the beginning. 
 

 
Figure  13 
Schematic picture of how to produce a pure protein.  

 

3.1 Expression vector 
An expression vector is used to express a protein from its coding gene. By cloning the gene 
of the protein into a vector, we can demand the host cell, most often Escherichia coli (E. coli), 
to produce our desired protein. These vectors are therefore always made out of DNA 
themselves and most often, small plasmids from bacterial cells are used, even if 
bacteriophages can be used as well. (Brown, 2010) 
 
Expression vectors are modified to be compatible with the host cell to insure recognition 
and expression. Necessary properties of an expression vector are a reasonable size, 
preferably less than 10 kb and a gene for antibiotic resistance. Antibiotic resistance is then 
possible to use for selection of transformed cells because all bacteria that have been 
transformed with the vector will have gain resistance for that particular antibiotic. A vector 
also needs; a promotor, start point of transcription; a terminal, end point of transcription; a 
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ribosome binding site; and several restriction sites, to enable fusion with the protein’s gene. 
The restriction site should be localised between the promotor and the terminal to insure 
transcription of the gene. (Brown, 2010) 
 
The most common expression system is the pET expression system from Novagen. It 
contains a large number of different vectors that all are under strong control of the 
bacteriophage T7 transcription system. A T7 promotor is regulated by T7 RNA 
polymerase, which is more active and selective than E. coli’s own RNA polymerase. 
Normally the gene for the T7 RNA polymerase is not present in the E. coli genome but in 
the pET vector it has been inserted downstream of a lac operator. The lac operator 
controls the production of T7 RNA polymerase in the host cell and is induced when 
isopropylthiogalactoside (IPTG) is added to the cell culture. Without IPTG no 
transcription will occur at all, which means that expression can be controlled and started at 
desired moment. When the lac operator is stimulated, synthesis of T7 RNA polymerase will 
be switched on, which leads to activation of the T7 promotor to transcribe the cloned gene 
of interest. (Brown, 2006), (Novagen, 2012), (Studier et. al., 1984) and (Studier and Moffatt, 
1986) 
 
In this thesis the vector pNIC28-Bsa4 (Figure 14) was used as expression vector where a 
construct of TRIM21 gene was inserted by LIC cloning (Savitsky et. al., 2010). The 
restriction enzyme BsaI was used for cleavage of the SacB gene in the vector (showed as a 
big red arrow in Figure 14). In the N-terminal of the TRIM21 gene a 6xHis-tag together 
with a cleavage site for TEV protease is fused. The His-tag will make it possible to use 
nickel beads for purification. In pNIC28-Bsa4 vector there are a gene for Kanamycin 
resistance. The vector pTH24 were used for transformation of TEV protease. 
 
 

 
Figure  14 
Schematic picture of the pNIC28-Bsa4 vector used in this thesis. (from 
http://www.addgene.org/browse/sequence/12256/) 
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3.2 Transformation 

 
Figure  15 
Schematic picture of the transformation process. 

 

3.2.1 Host cells for protein expression 
Escherichia coli is used in labs all over the world and many different strains exist. For protein 
expression the strain BL21 is mostly used. When express humane proteins in E. coli we do 
not want the bacteria’s own proteases to digest the protein that are going to be produced, 
not during the expression or after cell lysis. BL21 comes from a strain of E. coli identified 
1946 and is naturally deficient in the lon protease, which is a intracellular serine protease 
that degrades abnormal and misfolded proteins, like the one that are going to be expressed. 
The BL21 cells have later been passed around between different labs where they have been 
mutated several times to fit scientists purpose. Today BL21 also have deficient in the 
OmpT protease, which avoid that the expressed protein will be degraded after the cell have 
been lysed. (Biomol) 

By insertion of the genome of the phage λDE3 into the chromosome of BL21, cells called 
BL21(DE3) have been produced. In this way the bacteriophage T7 transcription system is 
able to use. Some BL21(DE3) cells have an extra plasmid with the T7 lysozyme gene on it. 
They are called BL21(DE3)pLysS and are used to avoid background expression of proteins 
until IPTG is added. (Biomol) These competent cells were used for expression of TEV 
protease in this thesis. 

Normally, E. coli has a limited production of tRNAs compared to human cells. This is due 
to a different codon bias and will lead a poor translation of a humane protein in E. coli. To 
overcome this problem, BL21(DE3) cells have been supplied with plasmids with extra 
tRNA genes for some rare codons. These cells are called BL21(DE3)pRARE, but the 
common name is Rosetta™ (Novagen, 2012) There are different cells depending on how 
many rare codons it is supplied with. The cells used in this thesis came from Karolinska 
Institutet (KI) and have tRNA genes for nine rare codons and are called 
BL21(DE3)pRARE2. Because of a high amount of amino acids with rare codons in the RB 
constructs it is important to use cells with a supplement of those. The plasmid with the 
tRNA genes also has a gene for chloramphenicol resistance to make it possible for 
antibiotic selection. (Novagen, 2012) 

3.2.2 Competent cells 
Most species of bacteria are able to take up DNA from the surrounding environment and 
this happen in particular if the DNA is a plasmid. The plasmid will survive and replicate if 
the host can recognize the origin of replication in the plasmid. In nature, this is how 
bacteria obtain new properties, for example to become multiresistant to different 
antibiotics. (Brown, 2010) 
 
When using E. coli in the laboratory, as a host cell, they need to be able to take up plasmids 
efficiently. They can therefore be treated in different ways to become “competent”. This 
treatment can be physical or chemical but both ways enhances the cells ability to take up 
DNA. (Brown, 2006) The competent cells used in this thesis are electrocompetent cells.  
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3.2.3 Transformation of plasmids into the cell 
The procedure when the host cell takes up plasmids is called transformation. Even if the 
cells are competent, transformation is an inefficient procedure and only 0,01% of all 
available molecules will be taken up. But there are methods to use to make the process as 
efficient as possible. The two most used methods are electroporation and heat chock and 
in both cases the competent cells are stimulated to take up plasmids. (Brown, 2006)  
 
The vector pNIC28-Bsa4 has a gene for kanamycin resistance. If the transformed cells are 
grown on an agar plate with this antibiotic, only those who actually have been transformed 
will grow. To be able to grow the bacteria in a large-scale expression, one colony from the 
plate needs to be picked and transferred to a soluble medium. In the medium the bacteria 
will grow for some hours before it is stored as a glycerol stock. It is from this stock the 
protein expression later is grown. (Biomol) 

3.3 Protein expression 

 
Figure  16 
Schematic picture of the expression process. 

 
After transformation of the plasmid and antibiotic selection it is time to start the protein 
expression. It is often performed in Lysogeny Broth (LB) or Terrific Broth (TB) media 
where the cells are left to grow to a suitable amount. It is impossible to count the cells in 
the media. Instead, Optical Density (OD) at 600nm is used to know when induction 
should start, often when OD600 is around 0,7-0,9. When light of 600 nm passes through the 
cell culture it will be scattered. By measuring the amount of scattered light it is possible to 
correlate it to different phases of the cell growth. IPTG is then added to induce the cells to 
start expressing the particular protein.  

3.3.1 Medias for protein expression 
For protein expression, liquid medium of various types are used, which in most cases 
works well for bacteria to grow in. The most important property of the medium is to 
provide a balanced mixture of nutrients and amino acids at a concentration that will allow 
the cells to grow and divide efficiently. (Brown, 2006)  
 
The two most common medias to use are Lysogeny Broth (LB), even incorrectly called 
Luria-Bertani medium (Bertani 2004), and Terrific Broth (TB). For both LB and TB yeast 
extract and tryptone are used, which are complicated mixtures of unknown chemical 
compounds. (Brown, 2010) TB media is richer than LB media and provides glycerol as an 
extra source of energy. (Lessard, 2013) 

3.3.1.1 Medias for  NMR sample 
When preparing a NMR sample ordinary C and N needs to be changed to the isotopes 13C 
and/or 15N respectively. The minimal (M9) medium is commonly used for this purpose 
because it contains a mixture of inorganic nutrients of an exactly known concentration. 
These are essential for cell growth and include magnesium, calcium, vitamins and glucose. 
It is also enriched with 15N and/or 13C. (Brown, 2006) 
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3.3.2 Zinc finger protein 
Since Ro52/TRIM21 contains a RING domain that has zinc finger binding domains it is 
necessary to add ZnCl2 to both the medium and to all buffers. This is to facilitate proper 
folding and recovery of the protein. (Yang, 2005) 

3.4 Protein purification 

 
Figure  17 
Schematic picture of the purification process. When purification is done analysis of protein starts. 

 

3.4.1 Special considerations when purifying constructs of Ro52 
When handling the constructs of Ro52 it is not preferable to use lysozyme in the lysis 
buffer because these two proteins have almost the same size, which can create problem 
with purification. It is neither preferable to use ethylenediaminetetra acetic acid (EDTA) 
together with zinc binding proteins because it is a potent metal ion chelator and will bind 
tightly to and sequester the zinc present in the protein (Kothinti et. al., 2011). This will 
result in unfolding, aggregation or precipitation of the protein. As a reducing agent of 
disulphide bridges, tris (2-carboxyethyl) phosphine (TCEP) is the best choice but also 𝛽-
mercaptoethanol works. Dithiothreitol (DTT) should be avoided because is can chelate 
Zn2+(Choi et. al.. 2001) and (Cornell and Crivaro, 1972). Precipitate of zinc and phosphate 
will occur if phosphate buffer are used. (Yang et. al., 2005) It is also important that the 
buffer used have a pH of 8 to maintain good stability of the protein. At this pH, the 6xHis-
tag fused with the protein will not interfere with the folding of the protein because the tag 
is small and uncharged (Loughran and Wallis, 2011).  

3.4.2 Harvesting the cells 
When the cell culture with transformed cells have been induced and the protein has been 
expressed, the cells need to be harvested to be able to continue with protein purification. 
All the cells are spinned down to get rid of the excessing media after which the pellet of 
cells is resuspended in lysis buffer containing a protease inhibitor tablet, to prevent 
degradation of protein and DNase, to degrade DNA. In some cases the lysis buffer also 
contains lysozyme and EDTA, this as an extra help with lysis of the cell wall, but when 
purifying RB constructs it is not preferable. E. coli have a cytoplasmic membrane, a cell wall 
and an outer membrane and to release the cell components and the expressed protein all 
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these barriers have to be decomposed. To perform this, chemical methods or mechanical 
forces can be used but in this thesis work only sonication has been used. Sonication 
destroys the cell wall of the cell by converting high frequency electrical energy into a 
vibration that will process the cell wall. The amplitude of the vibration must be set to avoid 
protein damage. (QSonica Sonicators) 

3.4.3 Purification with Immobilized Metal Affinity Chromatography (IMAC) 
To purify recombinant proteins, the protein often is fused together with an affinity tag. 
The tags can be divided into three classes depending on their nature but all of them use a 
special epitope to bind to the chromatography resin. One of the most used affinity tags is 
the hexahistidine (6xHis) tag that binds to immobilized metal ions, e.g. nickel. (Lichty et. al., 
2005) By using Nickel-beads (Ni-beads) as column matrix, a recombinant protein with a 
6xHis-tag will bind to the resin. All other proteins, without 6xHis-tag, can be washed out 
without elution of the bound protein. In this way it is possible to separate the protein of 
interest from the other produced proteins. To the nickel-beads a chelating adsorbent 
compound called nitrilotriacetic acid (NTA) binds to four out of six ligand binding sites, 
naming the matrix Ni-NTA. The last two binding sites are left to interact freely with 6xHis-
tags. The tag is small and uncharged at pH 8 and therefore do not interfere with the folding 
of the fused protein within the cell. Histidine is the best amino acid to interact with 
immobilized metal-ions because the imidazole ring in its R-group will form a bond with the 
metal. When all non-bounded proteins are washed out from the colon, washing with 
buffers containing different concentration of imidazole can results in elution of the 6xHis-
tag-protein. Imidazole will compete with histidine to bind to the Ni-beads and the protein 
will therefore be eluated in fractions while raising the concentration of imidazole. 
(Loughran and Wallis, 2011) Structural comparison of histidine and imidazole is made in 
Figure 18. Fractions with different concentrations of imidazole can later be evaluated to 
know where the recombinant protein is located. 

 
Figure  18 
Left: The amino acid histidine showing its R-group containing an imidazole side chain. 
Right: The competitive molecule imidazole. 

 

3.4.4 Cleavage of 6xHis-tag 
It is not always necessary to cleave the 6xHis-tag, but if structural analysis with X-ray 
crystallography or NMR is going to be used, it is usually needed. Depending on how the 
vector with the recombinant protein is designed, different enzymes can be used for 
cleavage. The most common enzymes to use are thrombin or TEV protease. In this thesis 
TEV protease is used. To evaluate if the cleavage was successful a sodium dodecyl sulphate 
polyacrylamide gel electrophoresis (SDS-PAGE), see section 3.5.1, is performed were 
uncleaved and cleaved samples are compared. The uncleaved sample has a slighter heavier 
molecular mass than the cleaved one and this difference is measurable.  
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3.4.4.1 Dialys is   
The cleavage is performed while dialyzing the protein. Dialysis is commonly used to 
change buffer in a protein sample and/or to get rid of compounds with low molecular 
weight. This is performed by letting small compounds diffuse over a semipermeable 
membrane until equilibrium is reached. The membrane has a known pore size to let small 
compounds out while the bigger ones, like the protein, are trapped inside. Even the buffers 
inside and outside the membrane will exchange by diffusion until equilibrium. By using 
dialysis, the high concentration of imidazole in the fractions from IMAC can be diluted. 
The fractions from IMAC contain different amount of imidazole depending on which 
buffer that was used for the elution. It is important for the proteins stability to get rid of 
the imidazole. (Whitford, 2005)  

3.4.5 Reverse-IMAC 
Reverse-IMAC is based on the same theory as ordinary IMAC and is sometimes also called 
negative-IMAC. After cleavage of the 6xHis-tag our sample of protein will contain; cleaved 
protein, free 6xHis-tags and TEV-protease (in fusion with its own 6xHis-tag). Reverse-
IMAC is employed to get rid of the free 6xHis-tags and the TEV-protease from the protein 
sample. To the Ni-beads everything else but the cleaved protein will bind and if the tag has 
been properly cleaved by TEV protease, the recombinant protein will come out from the 
column in the flow through and all cleaved tags, together with TEV protease will stay in 
the colon.  

3.4.6 Gel filtration chromatography 
In the purification process, chromatography methods have a major role. Gel filtration, also 
called size exclusion, chromatography separates proteins according to their molecular size. 
The resin in the column is made of beads with pores of a constant size that are created by 
covalent cross-linking of polymers. It is the level of this cross-linking that decides the size 
of the pore where higher level gives smaller pores. When a mix of proteins is added to the 
gel filtration column the proteins will travel through the colon with a velocity depending on 
if they are able to enter the pores or not. The smallest protein will enter easily and interact 
with the beads and therefore they will travel with a lower speed. Large proteins on the 
other hand, will rarely enter the pores and can migrate through the resin almost 
unimpeded. The extent of interaction is reflected in the migration rate and in the ideal 
situation there should be a linear relationship between the elution volume and the 
logarithm of the molecular mass. But some protein shows an irregular migration rate 
because of an elongated structure. Anyway, proteins of different size can be separated in an 
efficient way by collecting fractions while the protein sample is inside the column. At the 
same time, absorbance at 280 nm of each fraction is measured and plotted into a 
chromatogram. The intensity will differ depending on the concentration of protein in that 
particular fraction. (Whitford, 2005)  
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Figure  19 
The principle of how the extent of interaction with the pores affects the migration rate. 

 

3.5 Protein analysis 
When a pure protein is obtained it needs to be analysed in order to know its properties. 
There are different methods for analysis of the proteins size, structure, stability and 
function. The four methods used in this thesis are shown in Figure 20. 
 

 
Figure  20 
Schematic picture of the methods used for protein analysis in this thesis.  

 

3.5.1 Sodium Dodecyl Sulphate Polyacrylamide Gel Electrophoresis 
Polyacrylamide gel electrophoresis (PAGE) is one of the most common methods to 
analyse isolated proteins in order to evaluate their purity. The method separates proteins by 
their molecular weight and uses a detergent called sodium dodecyl sulphate (SDS) for this 
purpose. SDS forces the proteins to unfold and form rod-like micells to which it binds. 
This gives all proteins an excess of negative charge proportional to their size. When the 
detergent SDS is used in this kind of experiment it is shortly called SDS-PAGE. Disulphide 
bridges must also be broken therefore a reductant is added to the protein sample. Together 
with zinc binding proteins it is preferable to use β-mercaptoethanol (β -Me) instead of 
DTT (see section 3.4.1). When an electric field is applied to the polyacrylamide gel it will 
make the protein sample to move through the gel because of their negatively charged 
gained by SDS. Proteins of different size and charge will spread unequally because it is 
harder for big proteins with high negative charge to move fast through the gel. Small 
proteins with a low charge will move faster and end up further down in the gel. (Whitford, 
2005)  
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Staining of the gel is necessary to be able to analyse the proteins after the run and is often 
performed by using Coomassie Brilliant Blue or silver nitrate. Coomassie Brilliant Blue is 
the most used dye, binds non-covalently to all proteins in the gel and has a detection limit 
of 100 ng of protein. Silver nitrate has an increased sensitivity and can detect proteins 
down to approximately 1 ng. Instead of Coomassie Brilliant Blue, Safe-staining can be 
used, which contains less Coomassie and is therefore less carcinogenic.  
 
To be able to compare samples and to know where the different proteins are, a protein 
ladder, also called a protein marker, with known molecular weight is added to one well.  
(Whitford, 2005) 

3.5.2 Nuclear Magnetic Resonance Spectroscopy 
Nuclear Magnetic Resonance (NMR) spectroscopy is an analytical technique used to 
determine the structure of molecules. One-dimensional techniques are enough to study 
simple molecules as small organic compounds but for more complex structures, as 
proteins, two- or three-dimensional techniques must be used. Compared to x-ray 
crystallography it is possible to solve the structure when the protein is in a solution instead 
of a fixed crystalline state. In many cases this creates a different view of the structure 
because proteins are not rigid. It is also possible to study interactions between a protein 
and a ligand. (Hornak, 2014) 

3.5.2.1 Princ ip les  o f  NMR 
The principles that NMR spectroscopy uses to identify atoms that are close together in 
space are the property of an atom to create magnetic spin. Atoms like 12C and 16O are 
NMR inactive and it is only some isotopes, like 1H, 13C and 15N that are able to create this 
magnetic spin. When a protein sample, which has got 15N and/or 13C incorporated in the 
structure instead of 15N and 13C, are placed in a strong magnetic field, all atoms with 
magnetic spin will align with the magnetic field. All NMR-active nuclei will resonate with 
characteristic frequency when the protein sample is irradiated with pulses of radio 
frequency electromagnetic radiation. When the different frequencies are measured they can 
be visualized as NMR peak in a spectrum. NMR peaks, also called chemical shifts, are 
dependent on the molecular environment around the particular nuclei. In principal, each 
NMR-active nucleus in the protein should give rise to one unique peak. (Howard, 1998) 

3.5.2.2 Hetronuc lear s ing le  quantum corre lat ion (HSQC) 
To get an overview of a protein’s structure a two-dimensional hetronuclear single quantum 
correlation (HSQC) spectra can be measured. Correlation between 1H-1H, 1H-13C or 1H-15N 
can be measured and displayed as contour plots in a spectrum with a particular type of 
nucleus defining each axis. Figure 21 shows the HSQC spectra of the inner lipoyl domain 
from human pyruvate dehydrogenase multienzyme complex where the chemical shift for 
15N is distributed along the y-axis and the chemical shift for 1H along the x-axis. A well-
dispersed spectra implies a well-folded protein, while a spectra without good dispersion 
implies an unfolded protein. (Howard, 1998)  
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Figure  21 
Two-dimensional 15N, 1H HSQC spectra. The purple peaks represent bonds between the amid 
nitrogens in the protein and their protons. A well-dispersed spectrum like this implies a well-folded 
protein. (Howard, 1998) 

 

3.5.3 Circular Dichroism  
Ever since the late 1960s circular dichroism (CD) has been used to study protein structure, 
thermal stability and interactions between protein and ligands. This spectroscopic 
technique is based on the fact that chiral molecules, in this case amino acids in a protein, 
absorb right- and left-handed circularly polarized light to different extents. This can be 
visualized as a spectrum in a graph that shows the subtraction of left- and right-handed 
circularly polarized light for a particular molecule or protein. Every structural element in 
proteins has their own characteristic CD spectra that are due to different influence on their 
optical transitions (Figure 22). (Greenfield, 2006)  
 
With CD spectroscopy it is also possible to follow the thermal stability of a protein. The 
stability of the protein will decrease while increasing the temperature and the protein will 
unfold when the stability is low enough. The unfolding procedure is able to follow by 
choosing a wavelength were the difference in signal for the folded protein and the unfolded 
protein is large. At 222 nm unfolded proteins will have random coil structure, which shows 
almost no CD signal while a α helix will have a large CD signal. It is then possible to follow 
the process when the protein is unfolding by monitoring folding as a function of 
temperature. The thermal melting midpoint (Tm) is obtained when the protein sample is 
50% folded/50% unfolded. (Corrêa and Ramos, 2009) 
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Figure  22 
CD spectra associated with various secondary structures. � helix (black), � sheet (blue) and 
random coil (green). http://besley.chem.nottingham.ac.uk/research/research-prospec.html 

 

3.5.4 Western blot 
Ever since Towbin in 1979, described how to transfer proteins from a polyacrylamide gel 
to a nitrocellulose sheet, blotting technique to further identification of proteins have been 
developed. Western blot is an immunoblotting technique that gives the opportunity to 
visualize a protein reaction. Briefly the technique is about to bind a specific primary 
antibody to a certain epitope on a protein after which the proteins location on the 
membrane is visualized by chemiluminescence in a CCD camera. The procedure will be 
described in section 4,7. 
 
In this thesis, the auto-ubiquitination process of RB constructs wants to be analysed and 
compared with the auto-ubiquitination pattern of RING-RBL. By using an antibody that 
binds to ubiquitin it will be possible to visualize if any auto-ubiquitination of the RB 
constructs have happened. Theoretically there should be a “smear” of proteins on the 
membrane starting somewhere around 40 kDa indicating the reaction. A thin band at 
around 8 kDa shows unbound ubiquitin. Earlier, non-published, auto-ubiquitination results 
of RING-RBL, performed by Amélie Wallenhammar, shows that the auto-ubiquitination is 
increased when concentration of RING-RBL is increased. When performing the same 
experiment with addition of free B-box the result is the same up to a certain concentration 
after which the amount of auto-ubiquitination is decreased again. This suggests that the B-
box could have an inhibiting effect on the auto-ubiquitination process.  
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4 Material and methods  

4.1 Large scale expression of proteins 
Plasmids with TEV protease were transformed into competent BL21(DE3)pLysS cells and 
plasmids with constructs of RBc005, RBc008 and RBc009 were transformed into 
competent BL21(DE3)Rosetta-2 cells. Plasmids were provided by Sunnerhagen group. 

4.1.1 Preparation of growth medium and agar plates 
Agar plates were prepared by heating LB-agar in microwave oven until it was fluent 
(approximately 60°C). For TEV protease was 20 ml LB-agar mixed with 20 µl Amp and 
spread on a petri plate to cool. For RB constructs was 20 ml LB-agar mixed with 10 µl Kan 
and spread on a petri plate to cool.  
 
Lysogeny Broth (LB) medium was prepared by adding 25 g of premade LB-powder to 1 l 
MilliQ-H2O. For overnight cultures aliquots of 100 ml was made but for protein 
expression a 2,5 l baffled flask was used. The solution was then autoclaved and cooled 
before appropriate antibiotic was added in 1:1000 concentration.  
 
Terrific Broth (TB) medium was prepared by adding 47,6 g of premade TB-powder to a 2,5 
l baffled flask with 1 l MilliQ-H2O. After the solution was autoclaved and cooled, 
appropriate antibiotic was added in a concentration of 1:1000. 
 
M9 (Minimal 9) was prepared by first making 1000 ml of a 10 times salt solution containing 
Na2HPO4 (60 g), KH2PO4 (30 g), and NaCl (5g). The pH was adjusted to 7.0. To a 2.5 l 
baffled flask, 100ml of salt solution and 900ml dH2O was added, and then autoclaved. 
After autoclave 50 µl CaCl2 (1M), 1ml MgCl2 (1M), 10 ml of Gibco vitamin solution 
(Biochrom AG), 1.5 g 15N (dissolved in 5 ml M9 media separately before adding), 3.0 g 
glucose (dissolved in 10 ml M9 media separately before adding), 1 ml LB media and 
antibiotics (1 ml Chl and 1 ml Kan) was added to the media. 

4.1.1.1 Antibiot i c  s tocks and IPTG 
All antibiotic stocks were prepared in a 1000 times higher concentration than the working 
concentration. This was to make it easy to add the right amount to growth medias. IPTG 
was prepared at 1 M concentration. For all working concentrations and preparations, see 
“Appendix I – Buffers”. After preparation all solutions were sterile filtered and divided 
into aliquots of 1 ml before freezing at -20°C. 

4.1.2 Transformation and bacteria stocks 
Plasmids containing RBc005, RBc008 and RBc009 constructs respectively were 
transformed into BL21(DE3)Rosetta-2 competent cells by using electroporation. The same 
method was used for transforming the plasmids containing TEV protease into competent 
BL21(DE3)pLysS cells.  
 
Cells and plasmids were thawed on ice after which 50 µl cells were transferred to a cooled 
electroporation cuvette. After 2 µl of plasmids were added to the droplet of cells and mixed 
properly electroporation were performed. Pre-warmed LB-media (600 µl) were added to 
the cuvette and after mixing, everything were transferred to an eppendorf tube and left to 
incubate in 1 hour at 37°C and 180 rpm. Afterwards the eppendorf was centrifuge for 3 
minutes and the supernatant discard. Resuspension of the cells were made in the media left 
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in the tube. 50 µl cells were spread on an agar plate with matching antibiotic (Amp and Chl 
for TEV protease and Kan and Chl for RB constructs) and left to grown at 37°C and 180 
rpm overnight. The day after, one colony from each plate were transformed to a separate 
falcon tube with 5 ml LB media with 50 µg/ml Kan for the RB constructs and 34 µg/ml 
Chl for TEV protease. After four hours of incubation at 37°C and 180 rpm, bacteria stocks 
were made and stored at -80°C.  

4.1.3 Protein expression 

4.1.3.1 TEV protease 
Expression of TEV protease was performed twice to make sure that enough quantity of 
protein is available for future use. Purification was performed in LB media the first time 
and in TB media the second time.  
 
A volume of 10 µl bacteria stock were added to 100 ml of LB media with 100 µg/ml 
ampicillin before incubation overnight (o/n) at 37°C (180 rpm). The day after, optical 
density at 600 nm (OD600) was measured and a volume corresponding to a final OD600 of 
0,05 was added from the o/n culture to 1 litre of LB or TB media with 100 µg/ml 
ampicillin. In total 2 litres of medium was used. Incubation at 37°C (80 rpm) were 
performed until the culture reached OD600= 0,6. In the meantime a growth curve were 
measured. The cells were induced by adding 1 mM IPTG and the culture were left at 18°C 
(80 rpm) to the day after. Harvesting of the cells was performed by centrifugation at 3000 
rpm for 45 min after which the supernatant was discard. To the pellet 75 ml of Lysis buffer 
was added to resuspend it. The cell mixture was stored in two 50 ml falcon tubes in -80°C 
until purification.  

4.1.3.2 RB constructs  
Expression of RB constructs was performed in the same way as for TEV protease. The 
only differences were the antibiotic used (kanamycin instead of ampicillin), addition of 0,5 
mM IPTG (instead of 1 mM), addition of 1 µM ZnCl2 and that the growth culture were left 
to grown until OD600= 0,9 instead of 0,6. The first expression was performed in 1 litre LB 
media for each construct. Later expressions were instead performed in 2 litres TB media 
for each construct to gain a better yield.  

4.1.3.3 15N labeled RBc008 
The same bacteria stock as for the ordinary RB constructs were used for this expression 
but instead of TB media, M9 media was used to exchange all 14N into 15N. All other 
conditions were the same as for ordinary RB constructs. 
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4.2 Protein purification 
For TEV protease all steps could be performed at room temperature. For the RB 
constructs everything had to be performed at 4°C. All buffers used can be found in 
“Appendix I – Buffers” and protocols for protein purification can be found in “Appendix 
II – Protocols” 

4.2.1 Lysis of cells by sonication  
Cell lysate were thawed in ice bath, incubated 30 minutes at 4°C and then sonicated with 
parameters 30% amplitude, 2 minutes, 2,5 sec on/7,5 sec off for TEV protease and 1,5 sec 
on/1,5 sec off for RB constructs. The cell lysate was then centrifuged at 14 000 rpm in 4°C 
for 1 hour after which the supernatant, without cell debris, were saved in a falcon tube.  

4.2.2 Immobilized Metal Affinity Chromatography  
Nickel (Ni)-beads was equilibrated with H2O and Wash 1 buffer before incubation with the 
supernatant from earlier step. Incubation was performed during 1 hour at 4°C for all 
proteins with a low stirring. The protein-Ni-bead mix was then carefully added to a column 
and left to settle for 15 minutes after which the Flow Through (FT) was collected. To wash 
away unbound proteins the column were washed with Wash 1 and Wash 2 buffer before 
the 6xHis-taged protein were eluated with imidazole-containing Elution buffer in fractions 
of 5 ml according to the protocol. A sample from every fraction was then loaded on to a 
SDS-PAGE gel to detect in which fraction the protein was located. Fractions that 
contained right protein were later pooled together and stored in 4°C. 

4.2.3 Cleavage of 6xHis-tag and dialysis 
Dialysis of the pooled protein was performed to dilute the high concentration of imidazole. 
For all purified RB constructs (except from RBc009 due to efficiency problem with 
cleavage of RBc008, see section 7.1.2.1 Cleavage with TEV) cleavage of the 6xHis-tag was 
performed with TEV protease while dialyzing.  
 
A semipermeable membrane with a threshold molecular weight appropriate to the protein 
was soaked with distilled H2O for at least 20 min before the protein was added. To the 
proteins that were going to be cleaved, TEV protease was added before transfer to the 
membrane. Dialysis was performed over night at room temperature for TEV protease and 
at 4°C for RB constructs. SDS-PAGE analysis was used to confirm that the 6xHis-tag was 
properly cleaved. 

4.2.4 Gel Filtration Chromatography 
The protein sample was concentrated (see section 4.6) to a volume of 5 ml using a 
concentrating cell with a membrane with a molecular weight cut-off of 3000. A HiLoad™ 
16/60 Superdex™ 75 prep grade column (GE Healthcare, Sweden) was washed with two 
column volumes of degassed Milli-Q H2O and then equilibrated with two column volumes 
of Gel filtration Buffer. The protein was injected into a 5 ml loop on an ÄKTA FPLC size 
exclusion system (GE Healthcare, Sweden) and the purification was run with 1 ml/minute. 
Fractions of 1,5 or 2 ml were collected and monitored by UV detection after which the 
protein containing fractions were evaluated by SDS-PAGE. Fractions with pure protein 
were pooled together and protein concentration was measured after which the samples 
were divided into aliquots and frozen with liquid nitrogen and stored at -80°C. 
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The first purification of TEV protease was pure enough to use without performing the gel 
filtrating step but for the second purification was it necessary. It was necessary for both 
RBc008 and RBc009 but because of a poor yield of 15N-labelled RBc008 the gel filtration 
step was excluded for this protein. 

4.3 Analysis of protein purity by SDS-PAGE 
To evaluate the purity of the proteins from different purification steps SDS-PAGE was 
used. To a volume of 10 µl protein sample, 2 µl SDS-loading dye was added. All samples 
was mixed and incubated at 80°C for 3-5 minutes. A premade polyacrylamide gel (Bio-Rad) 
was placed in a container with SDS-running buffer. To the wells 10 µl protein sample was 
added. In one well 4 µl LMW-marker (GE healthcare) was added to compare the protein 
samples with. All SDS-PAGE were run with the setup of 200V for 30 minutes. Afterwards 
the gel was carefully removed, placed in a plastic container and washed in H2O. Safe-
staining of the gel was performed by adding safe-staining to the container with the gel after 
which the whole box was warmed in a microwave oven until the liquid simmers. The gel 
was left in the safe-staining for at least 5 min (longer if no protein was visible) before 
destaining, which was performed by covering the gel in H2O and heat it by microwave 
oven until simmers. A tissue paper was placed in the liquid on top of the gel and left for at 
least 15 min before evaluation of purity.  

4.4 Concentrating and measuring of protein concentration 
Two methods for concentrating the protein sample were used in this thesis. The first one 
uses a concentration cell (Amicon) together with a Ultracel® 3 or 10 kDa Ultrafiltration 
Disc membrane (Millipore). The other method was using an Amicon® Ultra Centrifugal 
Filter 3 or 10 kDa.  
 
The concentration of the protein was calculated from the absorbance at 280 nm by using a 
spectrophotometer (BioPhotometer plus (Eppendorf) or NanoDrop 2000 (Thermo 
Scientific)). Using Beer-Lamberts law (𝐴 = 𝜀 ∙ 𝑐 ∙ 𝑙) and the extinction coefficient for each 
protein (are found by using the protein sequence and the tool ProtParam at 
www.expasy.org) the concentration was calculated with this equation: 
 

𝑐 =
𝐴!"#  !"
𝜖 ∙ 𝑙  

 
A280 nm is the absorbance at 280 nm, ε is the extinction coefficient, l is the path length and c 
is the calculated concentration. 

4.5 Structural analysis by NMR spectroscopy 
The protein sample of 15N-labelled RBc008 was concentrated to 600 µM by using a 
concentration cell. After preparing the sample with 10% D2O the concentration was 
calculated to be around 350 µM. By help from Patrik Lundström and Madhanagopal 
Anandapadmanaban the HSQC-NMR experiments were performed at 25°C and at pH 8 
using a Varian INOVA spectrometer operating at a proton Larmor frequency of either 500 
MHz or 600 MHz.  
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4.6 Structural and stability analysis by CD measurements 
When measuring CD it is preferable to have the protein in phosphate buffer to minimize 
background distraction. But together with a zinc-binding protein, like Ro52 it is impossible 
to use phosphate buffer because precipitation of phosphate and zinc will occur, instead a 
Tris buffer was used. It is also important to know the exact concentration of the protein 
when measuring the CD. It was therefore measured again using both BioPhotometer plus 
and NanoDrop 2000. The protein was diluted with Dialysis and Gel filtration buffer to a 
concentration of 5 µM, which after some optimization was changed to 1,5 µM for RBc008 
and 2 µM for RBc009. To avoid voltage drop when performing the structural analysis the 
wavelength had to be set to 280-200 nm for RBc008 and 280-203 nm for RBc009. The 
temperature used during the wavelength scan was set to 20°C. The thermo stability was 
performed at 222 nm from 5 to 90°C with steps of 5°.  

4.7 Functional analysis with Western blot  
Workflow of the whole procedure is shown in Figure 23. All buffers used are found in 
“Appendix I – Buffers” and protocol for ubiquitination assay is found in “Appendix II – 
Protocols”.  

 
Figure  23 
Workflow of auto-ubiquitination and Western Blot. 

 

4.7.1 Auto-ubiquitination assay 
To perform a Western blot assay a reaction mix first need to be prepared. For this thesis 
the reaction mix contains; E1 (UBE1, Boston Biochem®), E2 (UbcH6), E3 (RBc008 or 
RING-RBL), and ubiquitin (Ub, Boston Biochem®) in suitable concentrations together 
with ATP (Boston Biochem®) and MgCl2. 
 
All proteins that were going to be used were brought from the -80°C freezer and thawed 
on ice. By following the protocol for Western Blot in “Appendix II – Protocols” all 
compounds were mixed in correct concentrations. The experimental setup was: 50 ng E1, 
100 ng E2, 0,1-1,0 µM RBc008, 5 µg Ub, 2 mM ATP and 2,5 mM MgCl2. For some 
reaction mixes, 0,8 µM RING-RBL were used instead of RBc008. Incubation of all 
reaction mixes at 30°C for 90 minutes was performed before addition of SDS-loading dye 
and resolution by SDS-PAGE. 

4.7.2 Resolution by SDS-PAGE 
Resolution of the protein in the reaction mix is performed like a normal SDS-PAGE. The 
only differences are that the gel should not be stained afterwards and another protein 
ladder is used. The one used for this analysis is coloured, which makes it possible to see 
what is up and down of the gel.  
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4.7.3 Transfer 
With transfer means when the proteins in a SDS-PAGE gel are transfer onto the 
membrane. In this thesis iBlot from Invitrogen has been used. Between two electrode 
stacks, a polyvinylidene difluoride (PVDF) membrane (Invitrogen), the SDS-PAGE-gel 
and a soaked filter paper was placed. When applying a voltage trough the electrodes, 
migration of protein started and transferred the proteins onto the membrane. The 
membrane will therefore reflect the protein pattern of the SDS-PAGE-gel. After running 
the program the membrane carefully was removed and placed in a box with TBS. 

4.7.4 Incubation with antibodies and detection 
The membrane was incubated with 50 ml Blocking buffer for 60 minutes to block 
unspecific binding of the antibodies. To 2 ml of Blocking buffer 2 µl of primary antibody 
(Sigma) against ubiquitin was added. This solution was placed onto a big petri plate and the 
membrane was put on top of the liquid for 60 minutes. Gentle washing with TBS-T was 
performed before incubation with the secondary antibody (Dako) with same performance 
as with the primary antibody. This secondary antibody was bound to the primary antibody. 
Finally, the membrane was washed with both TBS-T and TBS before incubation with the 
chemiluminescent substrate (Invitrogen). Chemiluminescence was measured with a CCD 
camera with increment of 30 seconds and high sensitivity. A schematic picture of how the 
antibodies and the substrate bind to the protein on the membrane is shown in Figure 24.  
 

 
Figure  24 
First the primary antibody is bound to the protein after which the secondary antibody binds to the 
primary. The last step is binding of the substrate and detection of chemiliminescence. 
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5 Process and project plan 

5.1 Workflow 
The three main topics of this project have been protein expression, protein purification 
and protein analysis. The workflow is presented in Figure 25. There were no changes from 
the original planning.  
 

 
Figure  25:  Schemat i c  p i c ture  o f  the  workf low o f  the  pro j e c t  
More detailed information about the procedure is found in section “4 Material and methods”. 

 

5.2 Time-plan 
The project was planned according to the workflow to be able to analyse the proteins that 
were supposed to be expressed and purified. It is divided into five parts; introduction, 
protein expression and purification, analysis by NMR and CD, analysis by Western blot 
and thesis writing. The project’s two milestones were a halftime presentation and a final 
presentation. The halftime presentation was planned to the middle of the project and the 
goal was to have some analysis results to report. Writing and presentation of the thesis 
were planned in the end of the period.  
 

 
Figure  26:  Time-p lan 
Schematic picture of the projects five parts with its two milestones. 
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5.3 Actual process 
The actual process (Figure 27) was not far away from originally project plan. It took longer 
time to purify the proteins than calculated. Reasons for this were the failed attempts to 
purify RBc005 and trouble with cleavage of the 6xHis-tag. The halftime presentation was 
presented as planned with results from the protein expression and purification, but with no 
analysis results. CD measurements were performed later than planned because the CD 
spectrophotometer was heavily booked. Auto-ubiquitination assays had to be postponed 
due to late delivery of materials. Writing the report was able to start earlier than planned 
because of undefined troubles with the Western blot. Presentation of the thesis was held in 
the beginning of June as planned. 

 
Figure  27:  Actua l  proc e s s  
Comparing this schematic picture of the actual process with “Figure 26: Time-plan” shows that no 
big changes was made. 
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6 Results 

6.1 Protein expression and purification 
The different protein expressions have, overall, turned out with good results. It was only 
first expression of RB constructs in 1 litre of LB media for each construct that did not give 
satisfying results. When purifying RBc005 with IMAC it was discovered that no protein 
had been expressed at all. Maybe because of bad quality of the IPTG stock. The second 
expression of RBc005, started in 2 litres of TB media, was destroyed because of trouble 
with the incubator (the shaking was turned off during the expression). All cells died and the 
only thing to do was to start all over again. This time RBc005 was put aside to let RBc008 
be purified instead and it resulted into a good expression and purification (see Figure 31 
and Figure 32). Later, expression and purification of RBc009 and 15N-labeled RBc008 
followed with good results (see Figure 33, Figure 34, Figure 35 and Figure 36). Sadly, there 
were no time to try to purify RBc005 again and therefore this thesis does not contain any 
results from that construct.  

6.1.1 IMAC of TEV protease – first time 
IMAC of the first purification of TEV protease is shown in Figure 28. The molecular 
weight of TEV protease is 35,5 kDa and compared with the marker, the protein should be 
visible somewhere between the 45 and 30 kDa band. Both Elution 1, 2, 3 and the H2O 
elution (E1, E2, E3 and E(H2O)) contained pure protein and was pooled together. The gel 
filtration step was skipped because the protein was considered to be pure enough for the 
purpose and to avoid loss of concentration.  
 

 
Figure  28:  IMAC from f i r s t  pur i f i ca t ion o f  TEV protease .  
Safe-stained SDS-PAGE gel of fractions from IMAC. Elution 1 (E1), Elution 2 (E2), Elution 3 
(E3) and the H2O elution (E(H2O)) contains pure protein. No protein left in flow through (FT), 
Wash 1 (W1) or Wash 2 (W2).  
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6.1.2 IMAC of TEV protease – second time 
Results from the second purification of TEV protease is shown in Figure 29. It is visible 
that a higher yield was obtained compared with the first purification but it also contained 
more impurities (probably dimers of TEV protease due to the molecular weight). The 
protein is found in Elution 1 (E1) and Elution 2 (E2). The fractions were pooled together 
for further use. 
 

 
Figure  29:  IMAC from se cond pur i f i ca t ion o f  TEV protease .  
Safe-stained SDS-PAGE gel of fractions from IMAC. Elution 3 (E2) and Elution 3 (E3) contains 
impure protein. 

 

6.1.3 Gel filtration of TEV protease from second purification 
Because of the impurities visible in the gel from the IMAC, a gel filtration was performed. 
The result is shown in Figure 30. A higher yield was obtained compared with the first 
purification but the protein was not considered to be pure enough for further use because 
some impurities were still visible in fraction C12-D5. These fractions were pooled together 
and stored in -80°C, waiting for a second purification with IMAC. Sadly, this purification 
was not performed in this thesis.  
 

 
Figure  30:  Gel  f i l t ra t ion f rac t ions  f rom se cond pur i f i ca t ion o f  TEV protease .  
Safe-stained SDS-PAGE gel of fractions from gel filtration. 
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6.1.4 IMAC of RBc008 
IMAC of RBc008 is shown in Figure 31. The molecular weight of the RBc008 is 16 144 Da 
and compared with the marker, the protein should be visible somewhere above the 14,4 
kDa band. The purification was successful even if the yield was low. Pure protein was 
found in Elution 1:1, 1:2, 1:3, 1:4, 2:1 2:2, 2:3 and 2:4. 
 

 
Figure  31:  IMAC from purification of RBc008. 
Safe-stained SDS-PAGE gel of fractions from IMAC. Elution 1:1 (E1:1) – Elution 2:4 (E2:4) 
contains pure protein. 

 

6.1.5 Gel filtration of RBc008 
Gel filtration of RBc008 gave pure proteins in fraction C10-D9. Result shown in Figure 32. 
 

 
Figure  32:  Gel  f i l t ra t ion f rac t ions  f rom purification of RBc008 (6xHis-tag cleaved). 
Safe-stained SDS-PAGE gel of fractions from gel filtration 
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6.1.6 IMAC of RBc009 
The result from the purification of RBc009 is presented in Figure 33. The molecular weight 
of RBc009 is 15 667 Da and together with the 6xHis-tag the construct should weight 15 
798. Therefore should this construct also be visible somewhere above the 14,4 kDa band. 
Protein was found in elution 1:1, 1:2, 1:3, 1:4, 2:1 and 2:2. No impurities were visible. 
 
 

 
Figure  33:  IMAC from purification of RBc009 
Safe-stained SDS-PAGE gel of fractions from IMAC. Pure protein was found in Elution 1:1, 1:2, 
1:3, 1:4, 2:1 and 2:2. (Elution 1:1 and 1:2 was loaded onto another gel because of space limitations) 

 

6.1.7 Gel filtration of RBc009 
After gel filtration of RBc009 the pure protein was found in fraction D4-E7. Result 
presented in Figure 34. 
 
 

 
Figure  34:  Gel filtration fractions from purification of RBc009 
Safe-stained SDS-PAGE gel of fractions from gel filtration.  
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6.1.8 IMAC of 15N-RBc008 
Purification of the 15N-labeled RBc008 went out with similar outcome as the purification of 
the non-labeled RBc008 and the result is shown in Figure 35. The yield was less but still 
enough to continue with. Pure protein was found in Elution 1:2 (E1:2) – Elution 3:1 (E3:1) 
which were pooled together.  
 

 
Figure  35:  IMAC from purification of 15N- RBc008 
Safe-stained SDS-PAGE gel of fractions from IMAC. Elution 1:2 (E1:2) – Elution 3:1 (E3:1) 
contains pure protein. 

 
 
The result from the Reverse-IMAC that was performed after cleavage of the 6xHis-tag is 
presented in Figure 36. Both flow trough 1 and 2 contained cleaved protein therefore these 
fractions were pooled together. Unfortunately, uncleaved protein is present in elution 1 and 
2 (E1 and E2) together with TEV protease (35, 5 kDa). The small difference between 
uncleaved and cleaved proteins is only 131 Da but is still visible in the SDS-gel.  
 

 
Figure  36:  Reverse -IMAC of  15N-RBc008(6xHis-tag cleaved). 
6xHis-tag cleaved protein is visible in flow through 1 and 2 (FT1 and FT2). In elution 1 and 2 (E1 
and E2) uncleaved protein is visible together with TEV protease. 
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6.1.9 Measuring of protein concentration 
After purification of the proteins their concentration was measured. Absorbance280nm for 
TEV protease was 3,24, which means a concentration of 89,65 µM (calculated with an 
extinction coefficient of 36 130). Absorbance280nm for RBc008 was 0,49, which means a 
concentration of 42 µM (calculated with an extinction coefficient of 11 625). Concentration 
of RBc009 was calculated to 31 µM after measuring absorbance280nm to 0,41 (extinction 
coefficient of 13 115). 
 
When performing CD experiments it was discovered that the concentration of the protein 
were only a tenth of the first measured value. By using a Amicon® Ultra Centrifugal Filter, 
both RBc008 and RBc009 was concentrated down from 3000 µl to 400 and 700 µl 
respectively and new values of protein concentration was calculated by once again measure 
absorbance280nm. The concentration of RBc008 was now calculated to 40,43 µM and for 
RBc009 it was calculated to 25,16 µM. 

6.2 Structural and stability analysis 

6.2.1 CD-measurements 
It was not possible to use a lower wavelength than 200 nm due to voltage drop. This 
voltage drop could be caused because of the presence of zinc in the buffer. The result from 
structural analysis of RBc008 is presented in Figure 37 and shows clearly that the protein is 
well structured. At wavelength 222 nm some α helix content is visible. 
 
 

 
Figure  37:  Wavelength scan of RBc008 
Performed at 20°C between 280-200 nm with steps of 0,5 degrees. 
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It was even harder to avoid voltage drop when measuring CD of RBc009. The construct 
RBc009 shows a similar structure as RBc008. In Figure 38 the result of the structural 
analysis of RBc009 is found.  
 

 
Figure  38:  Wavelength scan of RBc009 
Performed at 20°C between 280-203 nm with steps of 0,5 degrees. 

 
 
The thermal stability of RBc008 seems to follow a non-cooperative process because of the 
appearance of several semi-plateaus in the denaturation curve in contrast to a single-
transition, cooperative appearance. Result of the thermal stability of RBc008 is presented in 
Figure 39. It is measure at 222 nm from 5-90°C with steps of 5°C. The overall thermal 
melting midpoint (Tm) of RBc008 is somewhere around 65°C according to the graph. 
 

 
Figure  39 
 Thermal denaturation of RBc008. The blue line shows where thermal melting midpoint occurs.  
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In Figure 40 the result of the thermal stability of RBc009 is shown. RBc009 seems to 
unfold in a more cooperative process as judged by the steeper transition curve and has a Tm 
of 62 according to the graph. The thermal denaturation curve was recorded at 222 nm 
from 5-90°C with steps of 5°C.  
 

 
Figure  40 
Thermal denaturation of RBc009. The blue line shows where thermal melting midpoint occurs. 

 

6.2.2 15N-NMR 
The resulting HSQC spectrum (blue) from the NMR experiment is presented in Figure 41 
together with an earlier spectrum of wild type RB (green). It is obvious that RBc008 has a 
similar structure as the wild type RB but all residues are not visible. When measuring the 
HSQC spectra some precipitation of the protein was visible and that will for sure influence 
the spectra. But because of the design of RBc008 it is supposed to lack six amino acids in 
the N-terminal and five amino acids in the C-terminal. Therefore we should be able to see 
some peaks in the spectra from the wild type that does not have any corresponding peaks 
in the spectra of RBc008. 

 
 

Tm#

 
Figure  41 
HSQC spectra showing 15N-labeled RBc008 (Blue) and 15N-labeled wild type RB (Green). 
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6.4 Western Blots 
The intension with this experiment was to be able co compare the E3 ligase activity of the 
RB constructs with the activity of RING-RBL. RBc008 was mixed together with E1, E2 
and ubiquitin in a reaction mix and the resulting reaction was visualized in a Western blot 
assay. Sadly, it was not possible do a comparison because of unresolved problems with 
either the reaction component or the detection. The blots that have been performed are 
attempts to understand why the assay does not work.  
 
Several blots were performed with various results shown in Figure 42, Figure 43, Figure 44 
and Figure 45. In all experiments are free ubiquitin more or less visible at around 10 kDa. 
If recalling Figure 6 and how the ubiquitination pathway works it seems logical to suggest 
that without ATP, Ub, E1, E2 or E3 there should not be any traces of ubiquitination. In 
the control lanes that lack one or two of these components we should not be able to se any 
smears from auto-ubiquitination. 
 
The first ubiquitination assay was performed to set the concentration range of RBc008 and 
the result is shown in Figure 42. The overall comment of this picture is that the resolution 
is very poor. The first two lanes are controls that lac E2 and E3 respectively. It was very 
strange that something that looked like ubiquitination was visible in these lanes. We 
thought maybe this resulted from some problem with the newly bought E1 and therefore 
old E1 were used in next experiment.  
 

 
Figure  42:  Firs t  exper iment  
Control lanes lack E2 and E3 respectively. Other lanes contain an increasing concentration of 
RBc008. Poor resolution and something that looked like ubiquitination visible in control lanes 
indicated that maybe E1 is not working.  

 
 
In the second Western blot we therefore tried to use old E1. The overall view of the 
picture in Figure 43 show no big difference when using old E1 compared with new E1. In 
the first control lane we only had E1 and no E3 and E3 but still some ubiquitination is 
visible. The second control lane had the same set up as in the first experiment. Even if the 
resolution was poor here as well it is visible that more ubiquitination is happening in the 
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lanes with RBc008. Speculations about if even a small increase of the ubiquitination rate is 
visible when comparing 0,1, 0,2 and 0,4 µM could also be done.  

 
Figure  43:  Second exper iment  
Same increasing concentration of RBc008 as in Figure 42 but the first control lane contains only 
E1 and no E2 and E3. 

 
The result from the second experiment was still confusing. In the third experiment a wider 
investigation with more controls was made. The first control lane had no ATP added and it 
was a relieve that almost no ubiquitination was visible in that lane. In the second control 
lane E1 was excluded. Strangely this lane showed more ubiquitination than the third 
(without E2) and fourth (without E3) control lanes did. No big difference between the 
ubiquitination rate was visible in the three lanes with RBc008 but in the last lane with 
RING-BRL a lot more ubiquitination was visible. This was a good result because it follows 
the hypothesis that RING-RBL should be more effective at ubiquitination than the RING-
B-box (RB) construct.  
 

 

Figure  44:  Third  exper iment  
This experiment has more controls than previous ones. The first four control lanes do not contain 
any ATP, E1, E2 or E3 respectively. The last lane contains RING-RBL instead of RBc008 as E3.  
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In the meantime, CD measurements were performed and the protein concentration of the 
purified protein was measured once again to insure that correct concentration was used for 
CD. It was then discovered that wrong concentrations had been used during all Western 
blot experiments. Table 2 describes the difference in concentration. 
 

Table  2 :  Discovery  o f  that  wrong concentra t ions  had been used 
The concentrations we believed were right were shown to be completely wrong. The concentration 
that had been used was only 13% of the value it should have been. 

 
Concentration we 

thought we had used 
Actual concentration 

after new measurement 
0,1 0,013 
0,2 0,026 
0,4 0,051 
0,6 0,077 
0,8 0,103 
1,0 0,128 

 
 
 
Experiment four was designed in the same way as experiment three but now with correct 
concentrations. By some unknown reason the whole appearance of this experiment (see 
Figure 45) is different from the earlier results. In the control lane without ATP there is 
suddenly a big smear and together with the other control lanes it was impossible to draw 
some conclusions about how to proceed. It is now necessary to continue with an even 
wider research to be able to find out why the experiments do not work. Sadly, there was no 
time to do so in this thesis. 

 
Figure  45:  Exper iment  four  
Same experiment as in Figure 44 but now with correct concentrations. Why the sixth lane is empty 
is probably due to a miss in the pipetting.   
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7 Discussion 
Today we are constrained to study protein structure and function in vitro. But the 
environment that the proteins are exposed to in a test tube is completely different from the 
environment inside the cell. The environment in vivo is much more complex than the 
surroundings that we create in vitro and still we often have problem with keeping the 
expressed protein stable and active in the test tube.  
 
How can we actually be sure that the discoveries about protein structure and function are 
correctly also in the protein’s natural surroundings? I guess that, until we have developed 
ways of study proteins in vivo, we have to rely on today’s science. When realizing how high 
the protein concentration are inside the cell I am starting to wonder, will it ever be possible 
to understand the chemical machinery that take part in every organism at this earth? One 
step in right direction to reach the goal of complete understanding of how protein works 
and interact must be to study them in their correct environment. The question is, when will 
we have access to the methods needed? 
 
I hope that the importance of well functioning TRIM proteins has been clarified in this 
thesis. Without the E3 ligase activity they possess, harmful proteins would quickly 
accumulate in the cells.  
 
The first aim with this thesis was to compare these new RB constructs with wild type RB 
to see if they differ in stability. The goal was to find out if some of them could be used for 
further structural analysis in the future. The second aim with this thesis was to investigate 
the auto-ubiquitination activity of the RB constructs and compare them with earlier results 
with RING-RBL. 

7.1 Protein expression and purification 
To learn how to express and purify proteins has been an evolving experience for me. I 
have learned that different proteins have to be express in different environment and 
despite this, the yield is not the same every time. You always need to be extremely careful 
with all different steps in the long process. A small mistake can create a disaster and before 
you even know how it happened, you have to start all over again. But most often it is more 
instructive to make a mistake than to always make a perfect result from the beginning. It 
makes you reflect of the process and of what went wrong.  

7.1.1 TEV protease 
First time I purified TEV protease, the yield was poor and the activity seemed to be a bit 
low. Therefore a second purification was made with a satisfying result.  

7.1.2 RB constructs 
It was decided from the beginning that I should express and purify three different RB 
constructs; RBc005, RBc008 and RBc009. Expression of RBc005 did not go as planned 
and later there were no more time to try it out again. The most logical reason for that the 
expression did not work has to be due to the IPTG stock. It is when IPTG is added to the 
culture, the cells will be induced to produce our protein of interest. If the IPTG is not 
working, there will be no expression of the protein. This problem was solved by 
preparation of a new IPTG stock for later expressions.  
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7.1.2.1 Cleavage with TEV 
As told in section 2.6, TEV protease is widely used for cleavage of fused proteins because 
its high specificity for the epitope E-Xaa-Xaa-Y-Xaa-Q-(G/S). It is supposed to cleave 
protein with this epitope with high efficiency, most often while performing a dialysis. For 
me, this procedure did not turn out as expected. Normally, it is enough to add TEV 
protease directly into the pooled protein containing fractions from IMAC, start a dialysis 
overnight and then will the protein be cleaved the day after. For me, it took much longer 
time than that to finish the cleavage. A change of dialysis buffer and addition of more TEV 
protease was needed before the cleavage was done. I can see some possible explanations 
for this.  
 
First, the TEV protease I expressed and purified could have had a lower activity than 
normal and therefore the cleavage took longer time and required a higher concentration of 
protease. This thought was one of the reasons to purify TEV protease once again to be 
able to have something to compare with. But this thesis was not supposed to contain an 
optimization of 6xHis-tag cleavage and therefore, further investigation of the problem was 
not made.   
 
The decrease of activity could also be explained by the high concentration of imidazole in 
the protein sample into which TEV protease was added. It has been shown by Truman and 
Hook (2013) that an engineered form of TEV protease (ProTEV Plus) has decreased 
activity in solutions with concentrations of imidazole above 5 mM. It seems logical for me 
to expect the same behaviour of the TEV protease used in this thesis. When adding TEV 
protease directly into the pooled fractions from IMAC, the protease has to face a 
concentration of imidazole above 100 mM (depending on which fractions that has been 
pooled). I guess that this will affect the activity of TEV protease in the beginning of the 
dialysis. But after a while, when equilibrium of diffusion is reached, the concentration of 
imidazole in the protein sample will be lower than 5 mM, which would make it possible for 
TEV protease to work with full activity again.   
 
It is also possible to discuss the impact of the temperature in which the cleavage is 
performed. It is preferred to use TEV protease at room temperature (20°C) because it has 
the highest activity in that temperature. But regarding the protein to be cleaved, it is better 
to perform the cleavage at 4°C to maintain a stable protein.  

7.1.2.2 Stabi l i ty  o f  15N-labeled RBc008 
When the sensitivity of the 500 MHz magnet was to low the prepared NMR sample was 
left in 4°C in three days waiting for the 600 MHz magnet to be free to use. During this 
time some precipitations were formed. This suggests that RBc008 may not be suitable to 
use for further structural analysis.  

7.2 Structural analysis 
When measuring CD of zinc binding proteins it necessary to add zinc to the buffer to keep 
the protein stable. But zinc is not a good combination with CD spectroscopy and it will 
cause an early voltage drop. Normally, it is possible to measure from 280 nm down to 180 
nm but with zinc in the buffer we were only able to measure down to 200 nm. The 
drawback of this is that we will not be able to get at full view of the proteins secondary 
structure 
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7.2.1 Comparison of wavelength scans 
When comparing wavelength scans it is preferable if both proteins are measured at the 
same concentration. This was not possible due to voltage drop of the CD 
spectrophotometer. The calculated concentration of RBc008 was 1,5 µM and for RBc009 2 
µM. This should create a small difference in ellipticity in the wavelength scans. The 
difference that is visible in Figure 46 is too large to be due to this small difference in 
concentration. Probably were the measured concentration of one or both construct, not 
correct and the difference between them bigger than we believed. When measuring protein 
concentrations it is important to be sure that the concentration of β-mercaptoethanol is the 
same in both the protein sample and in the buffer sample used as a blank. Β-
mercaptoethanol can absorb at 280 nm and will affect the measuring. This is what I think 
has happened for me. It is not possible to tell if RBc008 has more secondary structure than 
RBc009. 
 

 
Figure  46:  Compar ison o f  wave l eng th  s cans  o f  RBc008 and RBc009 
A) Comparison of the wavelength scans in the unit mean residual molar ellipticity (MRME). 
B) Fractional change shows that the difference between the structures is not that that large. 

 

7.2.2 Evaluation of HSQC spectrum 
Even if some precipitations were visible in the protein sample, a well-dispersed HSQC 
spectrum was obtained. Some peaks in the wild type spectra lac corresponding peak in the 
RBc008 spectra but is as it should be because the construct is 11 amino acids shorter than 
the wild type (see Figure 47). 
 

 

 
 
Figure  47 
Alignment of wild type RB and RBc008 to highlight their different length. 

 

7.2.2.1 A non-homogenous sample o f  RBc008 
In the RING-B-box construct there are two tryptophans (Trp, W) located. One tryptophan 
at position 11, close to the N-terminal, and one at position 112, close to the C-terminal. 
These tryptophans occur between 10 to 11 ppm in the HSQC spectra and are easy to 
distinguish from the remaining amino acids (highlighted with a red circle in Figure 48). 
When comparing the HSQC spectra of RBc008 with the HSQC spectra of wild type RB it 
is visible that we do not have a homogenus sample of RBc008 because there are two peaks 
for one of the tryptophans. This result is not a big surprise because the protein sample had 
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started to precipitate when the measuring was performed. Maybe this could be avoided by 
optimizing the concentration of zinc in the NMR-buffer and by performing the 
measurement before the sample start to precipitate. But there are also one risk for that 
these problems are due to that one tryptophan is located in the N-terminal of the protein at 
position 11. Tryptophans are normally buried inside a domain because of its large and 
hydrophobic side chain. In this case, the flanking linker in the N-terminal could be 
responsible for stabilizing the structure around the tryptophan in the wild type. This 
stabilisation effect seems to be interrupted in RBc008 because of the shorter N-terminal 
linker.  
 

 
Figure  48:  HSQC spec t rum with  t ryp tophans h igh l i gh t ed 
In the spectrum of wild type RB (green), the two tryptophans are creating two distinct peaks 
shown inside the red ring. One of the tryptophans of RBc008 is showing two peaks instead of one, 
which implies that we have a non-homogenus sample. 
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7.3 Thermal stability 
The thermal stability of the constructs differ from each other in the way that RBC008 seem 
to unfold in a non-cooperative process while RBc009 unfolds more in a one-step process. 
Partially unfolded state of RBc008 tends to show this non-cooperative thermal stability 
behaviour but it would be interesting to see if it is consistent when measuring thermal 
stability with NMR spectroscopy.  
 
 

 
Figure  49:  Compar ison o f  the  thermal  s tab i l i t y  o f  the  RB cons truc t s  

 

7.4 Functional analysis with Western blot 
It is frustrating that the Western blot experiments did not give any satisfying results. The 
results were instead contradictory and it was impossible to draw some conclusions about 
either the underlying problem or the functional properties of RBc008. Because of the 
complexity of the reaction mix there are many different components that need to be 
evaluated. It is even possible that it is more than one compound that is not working 
properly because of the contradictions of the results. Also the binding of antibodies and 
the detection could contribute with problem. I believe that the best thing to do to solve the 
problem is to start all over with totally new compounds.  
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8 Conclusions and future prospects 
There are still a lot of work to do before it is possible to draw some final conclusions about 
the RB construct’s structure and function. In the future it would be good to include 
RBc005 in the measurements. This construct has a longer N-terminal than RBc008 and 
therefore it would be interesting to compare a HSQC spectrum of RBC005 with the 
HSQC spectra of RBc008 in this thesis. Maybe the stability of the tryptophan will not be 
affected in the same way in these constructs. 
 
It would also be preferable to measure the CD of all constructs once again. Then the same 
concentration of all protein samples should be used to be able to compare them with each 
other. It would for sure be possible to optimize the concentrations of protein and zinc to 
gain better results. 
 
To obtain more insight in the functions of the RING domain and the B-box it is necessary 
to investigate the auto-ubiquitination process further. Optimization of Western blot is a 
struggle and to find a solution to the problems that occurred during this thesis will take a 
long time.  
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Appendixes 

Appendix I – Buffers 

Antibiotics and IPTG 
 
Solution Concentration Composition 

Ampicillin 100 mg/ml Working concentration: 100 µg/ml 
1 g of Amp dissolves in 8 ml MilliQ-H2O 
before volume is adjusted to 10 ml. 

Kanamycin 50 mg/ml Working concentration: 50 µg/ml 
0,5 g of Kan dissolves in 8 ml MilliQ-H2O 
before volume is adjusted to 10 ml. 

Chlorampenichol 34 mg/ml Working concentration: 34 µg/ml 
0,34 g of Chl dissolves in 8 ml ethanol 
before volume is adjusted to 10 ml. 

IPTG 1 M  MW=238,3 g/mol 
2,38 g of IPTG dissolves in 8 ml MilliQ-
H2O before volume is adjusted to 10 ml 

 

Stock solutions used for buffers 
After dissolving all compounds every solution were sterile filtered.  
 
Solution Concentration Composition 

Tris, pH 8 1 M MW=121,2 g/mol 
121,1 g Tris, dissolved in 1 l MilliQ-
H2O 

NaCl 5 M MW=58,44 g/mol 
292,2 g NaCl, dissolved in 1 l MilliQ-
H2O 

Imidazole, pH 8 2 M MW=68,08 g/mol 
68,08 g Imidazole, dissolved in 500 ml 
MilliQ-H2O. Sensitive to light. 
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Buffers used for TEV protease 
All buffers were made with MilliQ-H2O. 
 
Buffer name Volume Composition 

Lysis Buffer 75 ml 75 ml Wash 1 buffer  
5 U/ml DNase 
1 protease inhibitor tablet 
1 mg/ml Lysozyme 

Wash 1 Buffer 500 ml 50 mM Tris pH 8,0  
300 mM NaCl 
10 mM Imidazole pH 8,0 
10% Glycerol 
10 mM β-Mercaptoethanol 

Wash 2 Buffer 100 ml 50 mM Tris pH 8,0  
300 mM NaCl  
20 mM Imidazole pH 8,0  
10% Glycerol  
10 mM β-Mercaptoethanol 

Elution Buffer 100 ml 50 mM Tris pH 8,0  
300 mM NaCl  
300 mM imidazole pH 8,0  
10% Glycerol 
10 mM β-Mercaptoethanol 

Dialysis and  
Gel filtration Buffer 

2000 ml 50 mM Tris pH 8,0  
200 mM NaCl  
10% Glycerol  
0,5 mM TCEP  
2 mM EDTA 
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Buffers used for RB constructs 
 
Buffer name Volume Composition 

Lysis Buffer 75 ml 75 ml Wash 1 buffer  
5 U/ml DNase,  
1 protease inhibitor tablet 
10 µM ZnCl2 
10 mM β-Mercaptoethanol 

Wash 1 Buffer 500 ml 50 mM Tris pH 8,0  
300 mM NaCl 
20 mM Imidazole pH 8,0  
5% glycerol  
10 µM ZnCl2 
10 mM β-Mercaptoethanol 

Wash 2 Buffer 50 ml 50 mM Tris pH 8,0  
300 mM NaCl 
40 mM Imidazole pH 8,0  
5% Glycerol 
10 µM ZnCl2 
10 mM β-Mercaptoethanol 

Elution 1 Buffer 100 ml 50 mM Tris pH 8,0  
300 mM NaCl  
100 mM Imidazole pH 8,0 
5% Glycerol 
10 µM ZnCl2  
10 mM β-Mercaptoethanol 

Elution 2 Buffer 100 ml 50 mM Tris pH 8,0  
300 mM NaCl 
150 mM Imidazole pH 8,0 
5% Glycerol,  
10 µM ZnCl2  
10 mM β-Mercaptoethanol 

Elution 3 Buffer 100 ml 50 mM Tris pH 8,0 
300 mM NaCl 
250 mM Imidazole pH 8,0 
5% Glycerol 
10 µM ZnCl2 
10 mM β-Mercaptoethanol 

Dialysis and  
Gel filtration Buffer 

2000 ml 50 mM Tris pH 8,0 
150 mM NaCl  
10% Glycerol 
20 µM ZnCl2 
10 mM β-Mercaptoethanol 
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Buffers used for auto-ubiquitination assay and Western blot 
 
Buffer name Volume Composition 

TBS  
(Tris Buffered Saline) 

200 or 500 ml 20 mM Tris (0,49 g) 
150 mM NaCl (1,75 g) 
Desolved in MilliQ-H2O and pH 
adjusted to 7,5 
 
Or dissolve 1 TBS tablet in 500 ml 
MilliQ-H2O. 

TBS-T  
(Tris Buffered Saline – 
Tween) 

200 or 500 ml Add 1 ml 10% solution of Tween 20 
to 200 ml TBS 
 
Or dissolve 1 TBS-T tablet in 500 ml 
MilliQ-H2O. 

Blocking Buffer 50 ml 50 ml TBS-T 
5% milk-powder (BSA) (2,5 g) 

5x Reaction Buffer 
(5xRX) 

5 ml 250 µM Tris, pH 7,6 
50 µM ZnCl2 
10 mM β-Mercaptoethanol 

Dialysis and  
Gel filtration (GF) 
Buffer for RB 
constructs 

10 ml 50 mM Tris pH 8,0  
150 mM NaCl  
10% Glycerol 
10 µM ZnCl2 
10 mM β-Mercaptoethanol 
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Appendix II – Protocols 

Purification of TEV protease 

Transformation 
1. Preparation of plates with Amp. 
2. Add 2 µl plasmid to 50 µl cells (BL21(DE3)pLysS) into a electroporation cuvette. 
3. Electroporation. 
4. Add 600 µl LB-media (37°C) to the cuvette, mix and transfer to a eppendorf tube 

for 60 minutes of incubation at 37°C. 
5. Spinn down the cells (1 minute, 3000 rpm) and decant the supernatant. 
6. Resuspend the cells in the liquid that’s left. 
7. Spread 50 µl on agar plate and incubate overnight (o/n) at 37°C. 

Glycero l  s tock of  ce l l s  
1. Take 5ml LB-media to a Falcon tube and add 5 µl Amp and 5 µl Chl 
2. Pick one single colony from the plate and incubate with the LB-media for 4 hours 

at 37°C. 
3. Mix 800 µl bacteria culture with 500 µl glycerol in eppendorf tubes and stored at -

80°C. 

O/N culture 
1. Add 100 µl Amp to 100 ml LB-media before adding 10 µl of the glycerol stock. 
2. Incubate o/n at 37°C and 180 rpm. 

Express ion and inoculat ion 
1. Prepare 2 litres of TB media in two 2,5 l baffled flasks and autoclave (can be 

prepared the day before). 
2. Pre-warm TB-media to 37°C. 
3. Add 1000 µl Amp to each flask with TB-media. 
4. Measure OD600 of the o/n culture and calculate how much to add to the media to 

start with an OD of 0,05. 
5. Incubate in 37°C at 80 rpm and measure OD each hour until it reaches 0,6. 
6. Induce with 1,0 mM IPTG and incubate o/n in 18°C at 80 rpm. 

Harvest ing 
1. Pour up and distribute the cell culture in big centrifugation tubes. 
2. Centrifuge at 3000 rpm for 45 minutes.  
3. Discard the supernatant and dissolve pellet in 75 ml lysis buffer. 
4. Pour on 50 ml Falcon tubes and freeze in liquid nitogen. 
5. Store at -80°C. 

IMAC 
All steps can be performed in room temperature. 

1. Thaw cell lysate in icy water and incubate 30 minutes at 4 °C. 
2. Sonicate: 2 minutes, 2,5 sec ON, 7,5 sec OFF, 30 % amplitude. 

Repeat twice if not homogenous enough. 
3. Centrifuge at 14 000 rpm for 60 minutes. 
4. Meanwhile: Prepare the column. 

- Add 12 ml Ni-bead slurry to a column. 
- Wash with 8-10 column volume (c.v.) H2O and 10-15 c.v. Wash 1 buffer. 
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5. Stop the centrifuge and save the supernatant in Falcon tubes. Save 20 µl as a 
LOAD sample for SDS-PAGE. 

6. Transfer Ni-beads to the Falcon tubes with supernatant and incubate at 4°C, 1h. 
7. Add the Ni-bead-mixture to the column. Leave to settle for 15 minutes.  
8. Collect fractions with speed of 1 ml/min: 

- Flow Through (FT) 
- Wash 1 buffer, 5 ml 10 times, collect in 100 ml glass flask. 
- Wash 2 buffer, 5 ml 10 times, collect in 100 ml glass flask. 
- Elution buffer, 5 ml 4 times, collect each fraction in a separate 15 ml Falcon 

tube. 
9. Run SDS-PAGE of all fractions + LOAD sample. Mix 10 µl sample with 2 µl 

SDS-loading dye.  
10. Pool fractions that contain protein of interest. 

Gel f i l t rat ion 
1. Concentrate protein to 5 ml using a concentrating cell (Amicon) 

- Soak a Ultracel® 10 kDa Ultrafiltration Discs membrane (Millipore) in MilliQ-
H2O for 20 minutes three times. 

- Place the membrane in the bottom of the cell and mount all pieces.  
- Add protein sample to the cell and connect to nitrogen outlet. 
- Adjust the pressure and collect the flow through in a Falcon tube.  
- Concentrate to correct volume. 

2. Wash gel filtration column with two column volume of degassed Milli-Q H2O 
3. Equilibrate gel filtration column with two column Gel filtration/dialysis buffer. 
4. Inject protein into the 5 ml loop. Avoid bubbles!! 
5. Run the purification with 1 ml/minute and with fractions of 1,5 or 2 ml.  
6. Evaluate the fractions with SDS-PAGE. 
7. Pool pure protein and measure concentration. 
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Purification of RB constructs 

Transformation 
8. Preparation of plates with Kan. 
9. Add 2 µl plasmid to 50 µl cells (BL21(DE3)Rosetta2) into a electroporation 

cuvette. 
10. Electroporation. 
11. Add 600 µl LB-media (37°C) to the cuvette, mix and transfer to a eppendorf tube 

for 60 minutes of incubation at 37°C. 
12. Spinn down the cells (1 minute, 3000 rpm) and decant the supernatant. 
13. Resuspend the cells in the liquid that’s left. 
14. Spread 50 µl on agar plate and incubate overnight (o/n) at 37°C. 

Glycero l  s tock of  ce l l s  
4. Take 5ml LB-media to a Falcon tube and add 5 µl Kan and 5 µl Chl 
5. Pick one single colony from the plate and incubate with the LB-media for 4 hours 

at 37°C. 
6. Mix 800 µl bacteria culture with 500 µl glycerol in eppendorf tubes and stored at -

80°C. 

O/N culture 
3. Add 100 µl Kan and 100 µl Chl to 100 ml LB-media before adding 10 µl of the 

glycerol stock. 
4. Incubate o/n at 37°C and 180 rpm. 

Express ion and inoculat ion 
7. Prepare 2 litres of TB media in two 2,5 l baffled flasks and autoclave (can be 

prepared the day before). 
8. Pre-warm TB-media to 37°C. 
9. Add 1000 µl Kan and 1000 µl Chl to each flask with TB-media. 
10. Measure OD600 of the o/n culture and calculate how much to add to the media to 

start with an OD of 0,05. 
11. Incubate in 37°C at 80 rpm and measure OD each hour until it reaches 0,9. 
12. Induce with 0,5 mM IPTG and 10 µM ZnCl2 and incubate o/n in 18°C at 80 rpm. 

Harvest ing 
6. Pour up and distribute the cell culture in big centrifugation tubes. 
7. Centrifuge at 3000 rpm for 45 minutes.  
8. Discard the supernatant and dissolve pellet in 75 ml lysis buffer. 
9. Pour on 50 ml Falcon tubes and freeze in liquid nitrogen. 
10. Store at -80°C. 

IMAC 
All steps should be performed at 4°C or in ice bath. 

11. Thaw cell lysate in icy water and incubate 30 minutes at 4 °C. 
12. Sonicate: 2 minutes, 1,5 sec ON, 1,5 sec OFF, 30 % amplitude. 

Repeat twice if not homogenous enough. 
13. Centrifuge at 14 000 rpm for 60 minutes. 
14. Meanwhile: Prepare the column. 

- Add 12 ml Ni-bead slurry to a column. 
- Wash with 8-10 column volume (c.v.) H2O and 10-15 c.v. Wash 1 buffer. 
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15. Stop the centrifuge and save the supernatant in Falcon tubes. Save 20 µl as a 
LOAD sample for SDS-PAGE. 

16. Transfer Ni-beads to the Falcon tubes with supernatant and incubate at 4°C, 1h. 
17. Place the column in 4°C and add the Ni-bead-mixture. Leave to settle for 15 

minutes.  
18. Collect fractions with speed of 1 ml/min: 

- Flow Through (FT) 
- Wash 1 buffer, 6 ml 10 times, collect in 100 ml glass flask. 
- Wash 2 buffer, 6 ml 8 times, collect in 100 ml glass flask. 
- Elution 1 buffer, 5 ml 4 times, collect each fraction in a separate 15 ml Falcon 

tube. 
- Elution 2 buffer, 5 ml 4 times, collect each fraction in a separate 15 ml Falcon 

tube. 
- Elution 3 buffer, 5 ml 4 times, collect each fraction in a separate 15 ml Falcon 

tube. 
19. Run SDS-PAGE of all fractions + LOAD sample. Mix 10 µl sample with 2 µl 

SDS-loading dye.  
20. Pool fractions that contain protein of interest. 
21. Save Ni-beads for reverse-IMAC  

Cleavage with TEV protease and Dialys is  
1. Soak 25 cm dialysis membrane (MWCO: 10 kDa) in MilliQ- H2O. 
2. Save 20 µl protein sample for SDS-PAGE 
3. Add 300 µl TEV protease (40 µM) to the pooled protein. 
4. Transfer protein mix to the dialysis membrane and dialyze o/n at 4°C. 
5. Evaluate cleavage with SDS-PAGE. 
6. If cleavage not done, add more TEV and perform another dialysis with new 

buffer. 

Reverse -IMAC 
1. Add imidazole to the cleaved protein and to 500 ml of the dialysis buffer to a final 

concentration of 10 mM. 
2. Wash the beads with 10 c.v dialysis buffer. 
3. Save 20 µl protein for SDS-PAGE. 
4. Add the beads to the protein sample and incubate for 60 minutes at 4°C. 
5. Transfer to column and leave to settle for 15 minutes. 
6. Collect fractions: 

- Flow Through 1 (FT1) (= the protein) 
- Flow Through 2 (FT2), 5 ml 4 times collected in a Falcon tube. 
- Elution 1 (E1): 5 ml 4 times, collect in separate 15 ml tubes.  

Use Elution 3 buffer if protein completely cleaved, otherwise use Elution 1 
buffer.  

- Elution 2 (E2): 5 ml 4 times, collect in separate 15 ml tubes.  
Use Elution 3 buffer if protein completely cleaved, otherwise use Elution 2 
buffer.  

7. Evaluate fractions with SDS-PAGE and pool protein containing fractions. 

Gel f i l t rat ion 
8. Concentrate protein to 5 ml using a concentrating cell (Amicon) 

- Soak a Ultracel® 3 kDa Ultrafiltration Discs membrane (Millipore) in MilliQ-
H2O for 20 minutes three times. 

- Place the membrane in the bottom of the cell and mount all pieces.  
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- Add protein sample to the cell and connect to nitrogen outlet. 
- Adjust the pressure and collect the flow through in a Falcon tube.  
- Concentrate to correct volume. 

9. Wash gel filtration column with two column volume of degassed Milli-Q H2O 
10. Equilibrate gel filtration column with two column Gel filtration/dialysis buffer. 
11. Inject protein into the 5 ml loop. Avoid bubbles!! 
12. Run the purification with 1 ml/minute and with fractions of 1,5 or 2 ml.  
13. Evaluate the fractions with SDS-PAGE. 
14. Pool pure protein and measure consentration. 
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Ubiquitination assay and Western blot 

Material  
Proteins for reaction mixes 

- E1 (prepared in a stock solution with 5xRX buffer and MilliQ-H2O) 
- E2 (prepared in a stock solution with 5xRX buffer and MilliQ-H2O) 
- E3 (RBc008 and RING-RBL, prepared in a 5 µM stock with dialysis/GF 

buffer) 
- Ubiquitin 

ATP 
iBlot from Invitrogen 
PVDF transfer membrane from Invitrogen 
Primary antibody (anti-ubiquitin from rabbit, Sigma) 
Secondary antibody (HRP conjugated anti-rabbit, Dako) 
Substrate (Novex® ECL HRP Chemiluminiscent Substrate Reagent Kit) 

Buffers  – See Appendix II 
- 5x Reaction Buffer (RX) 
- Dialysis/GF Buffer 
- TBS 
- TBS-T 
- Blocking Buffer 

Ubiquit inat ion Assay 
1. Prepare reactions. (Total volume: 20 µl) 
2. Content: 

- 50 mM Tris buffer 
- 0,5 mM β-Me  
- 10 µM ZnCl2 
- 50 ng E1 
- 100 ng E2 
- 0,1-1,0 µM E3 (RBc008 or RING-RBL) 
- 5,0 µg Ubiquitin 
- 2 mM ATP and  
- 2,5 mM MgCl2 
E1 is added as last component to start the reaction 

3. Incubat in 30°C water-bath for 90 minutes. 
4. Add 5 µl SDS-loading buffer to all reaction mixes before boiling for 10 minutes at 

80°C.  
5. Freeze at -20°C.  

Resolut ion by SDS-PAGE 
1. Thaw the reaction samples and incubated them at 45°C for 2 minutes.  
2. Load 10 µl on a SDS-PAGE-gel together with a colour-marker (5 µl).  
3. Run for 30 minutes at 200V.  
4. Remove from the cassette, cut the edges (to fit the iBlot) and stored in dH2O. 

Transfer  
1. Place the anode stack with the PVDF transfer membrane in the iBlot.  
2. Place the gel onto the membrane.  
3. Place a soaked filter membrane onto the gel (avoid bubbles).  
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4. Place the cathode stack on top of the filter paper  
5. Place a sponge at the lid of the iBlot.  
6. Transfer is performed with program 3 for 8 minutes.  

Blocking and staining 
1. Remove all the layers down to the gel it in dH2O  
2. Place the membrane membrane in a plastic box and wash it with 25 ml TBS for 5 

minutes . 
3. Pour off TBS and add 50 ml Blocking buffer. 
4. Incubate for 1 hour 
5. Save 2 ml of blocking buffer in two falcon tubes and add 2 µl of primary antibody 

in one tube. 
6. Pour the primary antibody onto a big petri plate and place the membrane on top on 

the liquid. Incubate for 1 hour. 
7. Transfer the membrane to a plastic box and wash it with 25 ml TBS-T for 5 

minutes 3 times.  
8. Dilute 2 µl secondary antibody into 2 ml of blocking buffer and pour onto a petri 

plate. 
9. Place the membrane on top of the liquid and incubate for 1 hour.  
10. Transfer the membrane to a plastic box and wash it with 25 ml TBS-T for 5 

minutes 3 times and with TBS for 5 minutes 2 times. 

Antigen detec t ion and deve loping 
1. Mix 2 ml of reagent A with 2 ml of regent B.  
2. Pour the substrate mix onto a petri plate and place the membrane on top in the 

liquid. Incubate for 5 minutes.  
3. Start the CCD camera and let it cool to -30°C. 
4. Place the membrane in a transparent plastic film. 
5. Take a picture in white light. 
6. Start development with chemiluninescence: 

- Incremental 
- 30 seconds 
- High (sensitivity) 

7. Let the development continue until good resolution. 
8. Save the pictures as 8.bit.tif. 

 
 
 
 
 
  


