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Abstract  

 

Epigenetics plays a key role in regulation of gene transcription. Instead of being encoded in the 

DNA sequence, epigenetic regulation is achieved by modifications of the DNA and the histone 

proteins it wraps around. Dysregulation of the process has been linked to many diseases 

including cancer, and the enzymes responsible for these modifications have therefore become 

very interesting as potential therapeutic targets. In this project, the focus is on two histone 

demethylases, namely Lysine Specific Demethylase 1 (LSD1) and 2 (LSD2). They regulate 

gene transcription through demethylation of histone proteins resulting in altered chromatin 

structure and recruitment of additional regulatory proteins. While the production and 

purification of LSD1 from bacteria was done using established protocols, the development of 

novel protocols for the production and purification of LSD2 using baculovirus infected insect 

cells was explored. Progress was made in obtaining the recombinant virus, which was 

confirmed to be infectious, to contain the gene of interest, and to have a suitable viral titer for 

expression. Further optimization will be necessary for the expression of LSD2. LSD1 was 

further characterized and explored as a target for fragment based drug discovery (FBDD) 

through the design of a biosensor-based assay using surface plasmon resonance (SPR). In 

conclusion, LSD1 was produced in a form suitable for SPR-driven FBDD, while the production 

of LSD2 requires further optimization. 
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Popular Science Description  

 

Epigenetics plays a major role in the regulation of gene transcription and are a fundamental 

part of human physiology.1 They are crucial for human development as they regulate stem cell 

differentiation, a process resulting in all of the different types of specialized cells that make up 

the human body. They also allow for the dynamic interaction of cells with their environment, 

allowing cells to react to various environmental factors such as food, toxins and carcinogens 

that influence the epigenetic regulation.2 In simpler terms, they are the incredible phenomenon 

that allows moths to turn into butterflies and identical twins to portray different phenotypical 

features despite the fact that in both cases the DNA sequences are identical.3  

Dysregulation of epigenetic regulation can lead to various pathologies including 

cardiovascular, autoimmune and neurodegenerative diseases, metabolic disorders, and 

cancers.2 Due to the wide range of diseases stemming from epigenetic alterations, where 

epigenetic enzymes (epigenetic modifiers) are dysregulated causing altered gene transcription, 

many of the enzymes have in recent years been identified as potential drug targets. What makes 

these enzymes especially interesting as drug targets is their dynamic features, their ability to 

regulate gene transcription and their apparent role a broad range of diseases.  Because of this, 

the field of epigenetics has been and continues to be a very active field of research. 

Identification of drug compounds capable of safely and efficiently targeting and inhibiting 

pathological epigenetic changes continues to be of great clinical interest for numerous diseases. 

At the molecular level, epigenetics is a term that describes post translational modifications 

exerted upon DNA and the histone proteins that the DNA wraps around. These modifications 

lead to changes in the overall structure and topology of DNA, making it more or less accessable 

for factors that induce or repress gene transcription. Thus, epigenetics adds to the complexity 

of the genetic code by allowing changes in gene expression without any changes in the primary 

genetic code.1  

One interesting group of epigenetic modifiers are histone demethylases whose existence was 

not discovered until 2004. The discovery of these enzymes and the fact that histone methylation 

is a reversible process opened up a new therapeutic opportunity for diseases in which histone 

methylation patterns are abnormal.4 The enzymes involved in this project, LSD1 and LSD2, 

are both lysine specific histone demethylases (KDMs). They are involved in a number of 

physiological processes such as transcriptional regulation, development, cell growth and 

differentiation. Because of their activity in various types of cancers, they are both of immense 

interest as drug targets.5,6,7,8  

In this project, the aim was to produce both LSD1 and LSD2 and to develop and optimize a 

biophysical assay for exploring LSD1 as a drug target.  
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1. Introduction 
Epigenet ics is a dynamic and reversible process that plays an  important role in 

gene transcript ion and regulat ion. While being responsible for the establishment  

and maintenance of normal cellular phenotypes, they are also behind the 

dysregulat ion and pathological events occurring in many human diseases.  

Epigenet ic enzymes are responsible for regulat ion and gene transcript ion through 

catalysis of post translat ional modificat ions of histone proteins and DNA. There 

has been an increasing interest  in recent years due to the potential of these enzymes 

as drug targets.1 In particular, epigenet ic dysregulat ion has been found to be a 

common feature of cancers. Many inhibitors targeting these enzymes are current ly 

in clinical trials for evaluat ion of their therapeut ic potential. 8  

In this report, the focus is on two epigenet ic enzymes that regulate demethylat ion 

of lysine residues on histone tails , namely LSD1 and LSD2. These enzymes are 

both important drug targets as they have been found to play an important role in 

many diseases such as acute leukaemia (AML), small cell lung cancer (SCLC), 

prostate and breast cancer. 9 In this project, the goal was to produce LSD1 with 

established protocols using bacterial cells, and the development of a novel method 

for production and purificat ion of LSD2 in baculovirus infected insect cells was 

attempted. Furthermore, the development of a biophysical assay for explorat ion of 

LSD1 as target in FBDD was commenced.  

 

1.1 Epigenetics 

The term epigenet ics refers to heritable changes in gene expression that do not 

involve alterat ions in the genet ic code itself. Instead, epigenet ic modificat ions 

alter the chromatin structure which subsequent ly leads to an altered gene 

expression.1 A good example of epigenet ics at work is how ident ical twins can 

differ in height even though their DNA sequence is ident ical. Longitudinal twin 

studies on epigenet ic heritability have furthermore shown that they are heritable 

and that the epigenet ic variability increases with t ime, which demonstrates the 

dynamic responsive nature of epigenet ics. 3 Epigenet ics thus plays a key role in 

maintaining and developing the physical  characterist ics and the biological 

funct ions of each cell and are therefore a fundamental aspect of the human 

physiology.1  

The fundamental elements of chromatins are the nucleosomes which are made up 

of DNA and histone octamers (H2A, H2B, H3 and H4). The histone octamers serve 

as spools for the DNA which t ight ly wraps around them, result ing in a condensed 

size of the DNA. This arrangement allows for regulat ion of DNA transcript ion 

through a process termed chromatin remodelling where the DNA is loosened or 

tightened, allowing greater or less access of transcript ional regulators to the 

DNA.10 This regulat ion of gene transcript ion through dynamic chromatin 

remodelling occurs as a result of epigenet ic modificat ions including DNA 

methylat ion and various posttranslat ional modificat ions (PTMs) of histones. 11 A 
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schematic representat ion of chromatin structure and epigenet ic modificat ions is 

shown in Figure 1.1. 

 

Figure 1.1 The genetic material seen from chromosomal view all the way down to the DNA 

helices. Indicated are the open and closed states of chromatin  (A and B), individual nucleosomes 

and their histone tails (C and D), the DNA sequence and DNA methylation (E) as well as other 

epigenetic modifications (F) that take place in the histone tails .  12   

In this project the focus is on histone lysine demethylat ion, a process involved in 

the removal of methyl groups from Lys residues on histone tails, which along with 

acetylat ion is one of the most common and best understood histone PTMs. 13,14 

Other PTM modificat ions include phosphorylat ion, deaminat ion and 

ubiquit inat ion. They all primarily occur on the flanking tails of the histone 

proteins and can alter gene expression either by altering chromatin structure or 

serving  as a binding site for reader proteins that recognize the specific mark. 13  

The epigenet ic state of cells is malleable and evolves during cellular 

different iat ion and development of the organism. Epigenet ics are responsible for 

the cellular plast icity, which allows for reprogramming of cells and allows them 

to respond to environmental st imuli. It is because of the malleable feature of 

epigenet ics that they play a part icularly important role in diseases related to 

lifestyle, diet, early life experiences and environmental exposure to toxins.  

Furthermore, because of their ability to regulate gene expression, epigenet ic 

enzymes are of therapeut ic relevance in ma ny other diseases such as cancer, 

inflammatory diseases, metabolic diseases and neuropsychiatric disorders. 1 

 

1.1.1 Histone methylation 

Histone methylat ion was for a long period of t ime considered to be an irreversible 

process.15 It  was not unt il 2004 that the first histone demethylase was discovered, 
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namely LSD1, that the view changed. 9 The methyl marks created, by either 

methylat ion or demethylat ion, do not alter the charged state of the lysine  or 

arginine residues and do not appear to alter the chromatin structure direct ly.  

Instead, the various methyl marks serve as binding sites for other proteins that 

either compact nucleosomes together or bring addit ional regulatory proteins to the 

chromatin sites. Each modificat ion const itutes a specific signal that is recognized 

by highly evolved methyl-lysine binding domains that recognize not only the level 

of methylat ion, but in many cases, the surrounding amino acid sequence too. 1  

Since the discovery of LSD1, a repertoire of histone demethylases has been 

discovered which can be categorized into two families, namely the amine oxidase 

domain containing protein family (AOD) and the Jumonji C (JmjC) domain 

containing histone demethylases (JHDMs). The families have dist inct enzymatic 

mechanisms and substrate specificity. The JHDMs are a dioxygenase family 

thought to consist of at least 20 different family members, all of which use oxygen, 

Fe2+ and alfa-ketoglutarate as cofactors for catalysis. 16,4 The mechanism involves 

conversion of the methyl group on the methylated lysine to an unstable 

hydroxymethyl ammonium intermediate, which subsequent ly is released as 

formaldehyde. While JHDMs can catalyse the removal of one to three methyl 

groups from mono-, di-, or trimethylated lysine residues,  the AOD family members 

can only demethylate mono- and dimethylated lysine residues. 16 The AOD family 

solely consists of lysine specific demethylases 1 and 2 (LSD1 and LSD2), 4 which 

will be further introduced in the following sect ions.  

 

1.1.2 Lysine specific demethylases (AOD family)  

LSD1 and LSD2 represent the only lysine specific demethylases in the AOD 

family. This family of enzymes have substrate specificity for the fourth and ninth 

lysine residues on the histone protein H3 (H3K4 and H3K9) and follow a two-step 

mechanism for lysine demethylat ion. 11 The first step includes the use of the flavin 

adenine dinucleot ide (FAD) cofactor which aids in the oxidat ion of the methylated 

lysine by abstracting a hydride anion from the methylated ε-nitrogen atom. This 

results in the format ion of an imine cation intermediate. Subsequent ly the 

intermediate undergoes hydrolysis result ing in a carbinol amine which decomposes 

to form formaldehyde and the demethylated lysine residue. The F AD cofactor is 

reoxidized by molecular oxygen result ing in the regenerated oxidized FAD and a 

molecule of hydrogen peroxide. The react ion mechanism is shown in Figure 1.2. 

 

Figure 1.2 Reaction mechanism for AOD family of histone demethylases .1 6   
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The limitat ions to the enzyme’s catalyt ic ability, to only demethylate mono- and 

dimethylated lysine residues, can be understood from the first step of the catalyt ic 

mechanism which requires the ε-nitrogen atom to be protonated in order for  

catalysis to take place.9,16  

Apart from having the same catalyt ic domain (AOD) and SWIRM domain and 

being of relat ively similar size, LSD1 being 852 amino acids and LSD2 822, the 

two family members differ in composit ion. As can be seen from Figure 1.3, LSD1 

consists of an addit ional Tower domain and N-terminus domain while LSD2 is 

addit ionally composed of two Zn finger domains, ZF and Zf -CW, which are 

connected to the SWIRM domain by a Linker region. The funct ion of the different 

domains and the biological roles of each enzyme will be further described in the 

following sect ions.5  

 

Figure 1.3 A) Schematic overview of LSD1 and LSD2 domains.  B) Surface overview of LSD1 

and LSD2. The AO domain are coloured in marine blue, the SWIRM domains in cyan, LSD1 

Tower domain in purple, the two Zn finger domains of LSD2 (ZF and Zf -CW) in yellow and 

green respectively and the linker domain of LSD2 in hot pink. Figures generated by PyMol. PDB 

2Z5U and 4GU1.  

1.1.3 LSD1 

LSD1 (KDM1A) is highly conserved in eukaryotes and has an important role in 

various biological processes, such as development and tumorigenesis. 17 It  can act 

both as a transcript ional repressor and act ivator and is mainly enriched at promoter 

regions.18,9 Structurally, LSD1 consists of 852 amino acids and has three dist inct 

domains, the N-terminal SWIRM domain, catalyt ic AO domain and a Tower 

domain. The SWIRM domain and AOD pack together to form a globular structure 

while the Tower domain forms a coiled coil structure that extrudes from the 

globular core, as can be seen in Figure 1.4. 
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Figure 1.4 Ribbon structure of LSD1 in complex with CoREST and histone H3 (1 -21). The AOD 

is coloured in marine blue, the SWIRM domain in cyan, the Tower domain in purple, CoREST 

in orange and the SANT2 domain in mustard. A ribbon structure of the H3 tail is coloure d in red 

with the site chain of H3K4, here Met4, represented as stick model. The FAD cofactor  is 

represented as stick model coloured in green. Picture generated in PyMOL. PDB: 2V1D.  

The AOD can be subdivided into an expanded Rossma nn fold that includes a 

cofactor binding site and the substrate-binding lobe. The substrate binding cavity 

of LSD1 is large compared to other amine oxidases (~1245 Å3) and has been 

suggested to explain the broad substrate specificit y of LSD1, including non-

histone proteins.18 Due to the large volume of the act ive site, LSD1 can 

accommodate not only the methylated lysine residue but also the surrounding 

residues, allowing recognit ion of several neighboring residues of the target lysine. 

The binding cavity is lined with negat ively charged residues which facilitate the 

binding of the substrate through electrostatic interact ions with the posit ively 

charged histone tail. Furthermore, substrate interact ions may take place in the 

surface cleft between the SWIRM and AO domain. 9    

The Tower domain serves as a binding site for the CoREST transcript ion 

repression complex whose binding is essent ial for LSD1 associability to the 

chromosome and thus its demethylase activity. 16 The docking of the LSD1- 

CoREST complex to the chromosome is achieved through the DNA binding domain 

of CoREST, SANT2.5,16 Furthermore, because the Tower domain originates from 

the catalyt ic domain it may provide a site for allosteric regulat ion of catalysis and 

substrate recognit ion.9   

The SWIRM domain serves as a plat form for protein-protein interact ions and is 

for example responsible for LSD1 interaction with the androgen receptor, an 

interact ion thought to switch the enzyme specificity from H3K4 to H3K9. 9 This 

switching of substrate specificity allows the enzyme to switc h from its general 

role as a repressor to being a coactivator , since H3K9me1/2 mark is repressive. 16  

LSD1 has been ident ified in numerous protein complexes e.g. CoREST, NuRD and 

the MLL coact ivator complex. These complexes appear to be essent ial for the 

enzyme to exert its catalyt ic funct ion to demethylate nucleosomes. More 

specifically, the interact ion with RCOR1 and MTA2 in the CoREST and NuRD 

complexes respect ively seems to be required for LSD1 catalyt ic act ivity. 9  
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Overexpression of LSD1 has been implemented in several cancers such as SCLC, 

AML, prostate, ovarian and breast cancer. Drug discovery targeting the enzyme 

has been ongoing for a long period of t ime and some compounds are already in 

clinical trials.4 In this project, target validation of LSD1 is carried out by SPR 

analysis of the binding of two peptides of CoREST to LSD1.  

 

1.1.4 LSD2 

LSD2 (KDM1B) is the only mammalian homologue of LSD1 and as LSD1 

catalyses the demethylat ion of mono- and dimethylated H3K4 and H3K9 in a FAD 

dependent manner.4 Although they have a conserved primary sequence and share 

the same catalyt ic and SWIRM domains, they differ in composit ion regarding other 

domains. This renders them capable of associat ing with different cellular 

complexes and to be involved in different biological processes. 17,5  

Unlike LSD1, LSD2 lacks the Tower domain that provides a plat form for binding 

to the nucleosome through interact ion with CoREST. This indicates that the two 

enzymes have a structurally dist inct mechanism of demethylat ion. Although LSD2 

does not interact with CoREST, NPAC (GLYR1; glyoxylate reductase homolog 1)  

is an LSD2-specific cofactor that by binding to the groove between the AOD and 

SWIRM domain, promotes LSD2 interact ion with the nucleosome and enhances 

LSD2 catalyt ic act ivity towards histone H3.4,19  

Structurally, LSD2 takes on a boot like shape and comprises four domains; an N -

terminal Zn finger domain, a CW-Zn finger domain, a SWIRM domain and an AOD 

as shown in Figure 1.5.  

 
Figure 1.5 Ribbon structure of LSD2 in complex with NPAC and histone H3 (1 -26). The AOD 

is coloured in marine blue, the SWIRM domain in cyan, the linker  domain in hot pink, the CW-

Zn finger in green, the N-terminal Zn finger in yellow and the NPAC cofactor  in orange. A 

ribbon structure of the H3 tail is coloured in red with the site chain of H3K4, here Met4, 

represented as stick model. The FAD cofactor  is  represented as stick model coloured in green. 

Picture generated in PyMOL. PDB 4GUS.  



15 

 

Even though the N-terminal Zn finger domain bears litt le similarity to 

Cys4His2Cys2-type or other types of zinc finger domains, it  does coordinate two 

zinc atoms though a Cys4His2Cys2 mot if whereas the CW-Zn finger domain 

coordinates only one zinc atom through four Cys residues.5 Although some CW-

Zn finger domains funct ion as readers for methylat ion of H3K4 tails, the CW 

domain of LSD2 does not bind to the H3 pept ide. Nevertheless,  both of the Zn 

finger domains are required for the demethylat ion act ivity of LSD2 through the 

relay of Zn-finger-SWIRM-AOD interact ion that leads to a suitable conformation 

for binding of the FAD cofactor and subsequent catalysis. 20 This is different from 

LSD1, whose N-terminal region is dispensable for the enzymatic act ivity. 5  

Overall, the fact that LSD2 has Zn finger do mains while LSD1 does not, could 

play an important role for LSD2 specificity.  

Although both LSD1 and LSD2 contain SWIRM and AO domains, they are not 

ident ical. One significant difference between the SWIRM domains is the extended 

coiled loop at the N-terminal end of the SWIRM domain of LSD2, whereas the 

corresponding region in LSD1 is a short α -helix. The loop allows for addit ional 

hydrogen bonding to the H3 substrate which is unique to LSD2 and therefore have 

a role in LSD2 catalyt ic act ivity. 5  

The AOD of LSD1 and LSD2 share significant similarity. They have the same 

overall fold and conserved posit ions for residues important for catalysis and 

binding of the FAD cofactor. This results in indist inguishable catalyt ic cavit ies 

for both the enzymes, which is consistent with the ir similar substrate specificit ies. 5  

Factors that could explain any differences in substrate specificity include the 

Tower domain of LSD1 which produces out of the AOD and furthermore the 

second binding site of LSD2. Interest ingly, structural studies of LSD2 in complex 

to NPAC have found that LSD2 has two binding sites that together provide binding   

to H3(1-26). The primary binding site is in the AOD domain while the second 

binding site is made up of the linker region and the extended loop of the SWIRM 

domain and accommodates residues 19-26 of H3. This is different from the 

substrate binding observed for LSD1 where only H3(1 -16) is visible in the crystal 

structure, suggest ing that the rest (17-21) is flexible.17  

LSD2 has, as its homolog LSD1, been studied as a possible therapeut ic target for 

the treatment of various cancers. Although less extensively studied, LSD2 has 

been found implemented in many cancers such as breast and lung cancer,  

colorectal, thyroid and liver cancers. 4,6 Interest ingly, LSD2’s role in cancer is not 

clear as it  has appeared to funct ion as an oncogene and a tumor -suppressor in 

different studies. Thus, it  is likely to be an integral to pathways that lead to both 

affects.6  

 

1.2 Protein expression using baculovirus infected insect cells 

Protein expression in baculovirus infected insect cells provides many advantages 

over the customary expression of proteins in E. coli. It  is especially advantageous 

when it comes to production of biologically act ive mammalian proteins where it 



16 

 

has several advantages over yeast and bacterial expression  systems. Because insect 

cells are eukaryot ic they allow protein product ion that resembles closely that of 

mammalian cells. Furthermore, they can perform protein oligomerizat ion and 

various post-translat ional modificat ions such as glycosylat ion and palmitolat ion 

that resemble that of mammalian cells.  

The most common host cell lines used for protein production by baculovirus 

infected insect cells are all of the Lepidoptera insect family (moths and 

butterflies). Two of the three most widely used cell lines are derived from the fall 

armyworm Spodoptera frugiperda , generally referred to as Sf21 and Sf9, the Sf9 

cell line being a subclone of the Sf21. The third one is derived from the cabbage 

looper Trichoplusia ni  and has been commercialized by Invitrogen as HighFiveT M.  

Since first described in the early 1980s, the Baculovirus -insect cell expression 

system has been widely and successfully used for production of recombinant  

proteins. In principle it  is applicable to any given gene and offers  protein 

production in a two-step system. In the first step, the insect cells are grown to an 

optimal density and in the second step they are infected with the baculovirus. Just 

like other viruses, the baculovirus takes control of the cell ’s expression machinery 

and replicates itself in the nucleus of the cell using its metabolic machinery. 

Because of the engineering of the virus, the process triggers the expression of the 

desired target protein.21  

 

1.2.1 Baculoviruses 

Baculoviruses are enveloped, rod-shaped DNA viruses whose genome is double 

stranded and circular. The life cycle of baculoviruses starts by ingest ion of 

polyhedron occlusion bodies (OBs)  by the insect and the subsequent entry into the 

midgut of the insect host where the alkaline environment causes them to disrupt 

and release occlusion-derived virions (ODVs). The ODVs cause a primary 

infect ion of the midgut epithelial cells of the host  and virus replicat ion starts to 

take place in the cells. The result is the format ion of budded virions (BVs) that 

are released through budding out of the plasma membrane of the infected cell. The 

BVs cause a secondary infect ion of other tissues which leads to the format ion of 

occlusion bodies (OBs) that are subsequent ly released to the environment by cell 

lysis and death of the insect, to cont inue horizontal transmission of infect ion. 21  

The whole life cycle is schematically depicted in Figure 1.6.  
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Figure 1.6 The life cycle of a baculoviruses. Starting from the dissolution of the OBs in the 

insect gut which leads to the fusing of ODV with midgut cells, the virus starts its replication in 

the host insect in a process termed primary infection. Following the primary infection, BVs are 

budded out of the host cell that subsequently start a seconda ry infection of other cells. The 

secondary infection leads to the formation of new BV as well as OBs which are released upon 

cell lysis and host death. It is the BVs that are used in the deliberate infection of insect cells in 

culture for  recombinant protein production. 2 1  

Baculovirus gene expression takes place in four phases; the immediate -early 

phase, the delayed-early phase, the late phase and the very late phase. The first 

two phases are associated with expression of viral transregulators and genes 

implicated in establishment of infect ion, replicat ion of the virus and manipulat ion 

of the host. In the late phase, budded viruses and nucleocapsid production takes 

place and DNA replicat ion and protein synthesis ceases in the host cell. The BVs 

spread the infect ion further in the host before the very late phase of gene 

expression starts. In the very late phase the virions become occluded and the main 

proteins needed for the format ion and release of the OBs from the nucleus,  

polyhedron and P10, are produced in large quant it ies. Finally, the host cells are 

lysed with viral proteases. 21  

The virus form associated with infect ion of insect cells in culture is the BVs. Since 

they do not need the polyhedron proteins or P10, the virus can be engineered to 

replace those genes with a heterologous gene that subseque nt ly can be expressed 

under the control of the very late polyhedron (P H) and p10 promoters. Both of 

these promoters allow for high product ion of the recombinant protein in the very 

late stage of infect ion.21  

 

1.2.2 The Bac-to-Bac expression system 

The Bac-to-Bac Baculovirus expression system is a rapid and efficient method for 

generat ion of recombinant baculoviruses. Practical advantages of the Bac-to-Bac 

system is that it  allows for rapid baculoviral product ion and an easy blue/white 

select ion of recombinant colonies. 22  
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The system is based on transposit ion of an expression cassette into a baculovirus 

shuttle vector (bacmid) cult ivated in DH10Bac TM E. coli cells. This results in a 

recombinant bacmid that then can be purified and used to transfect insect cells and 

subsequent ly infect insect cells for expression studies. Generally, the viral stock 

is amplified to create a high-t iter stock before expression studies are performed. 

The t iter of the viral stock can be determined by performing a plaque assay which 

allows determinat ion of the plaque forming unit (pfu) of the virus stock. When a 

suitable t iter has been reached, the viral stock can be used to infect insect cells 

that subsequent ly can be harvested and assayed for recombinant protein 

expression. 22 The process of recombinant protein expression using the Bac -to-

Bac system is schematically shown in Figure 1.7.  

 

Figure 1.7 The Bac-to-Bac system for recombinant protein expression. The steps include 

transformation of a recombinant donor plasmid into competent DH10Bac TM E. coli cells (1), 

transposition where the mini -Tn7 element (containing the expression cassette) is translocated to 

an attTn7 target site on the bacmid (2), purification of bacmid (3), transfection of insect cells 

(4) and infection of insect cells to perform a viral plaque assay (5) or  alternatively for  viral 

amplification or  expression studies (6).2 2  

When the pFastBac vector is transformed into the E. coli cells, t ransposit ion will 

occur between the bacmid and the vector through the attTn7 target site on the 

bacmid and the mini-Tn7 element on the vector. The mini-Tn7 element contains 

the expression cassette that includes a P H promoter, gentamicin resistance gene 

(Gen), mult iple cloning site (MCS) and SV40 polyadenylat ion signal that are 

flanked by the left and right arms of the mini-Tn7 elements. To aid the 

transposit ion process the E. coli cells also contain a helper plasmid that harbours 

transposases needed for the transposit ion process.22 A schematic representation of 
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the pFastBacTM HT A vector, used for LSD2 expression in this project, is shown 

in Figure 1.8.  

 

Figure 1.8  The pFastBacTM HT A donor plasmid. Positions of the mini -T7 element and other 

crucial elements are indicated. Figure generated with SnapGene Ⓡ software.  

Verificat ion of a successful transformation and transposit ion is obtained through 

the specific ant ibiot ic resistance markers that are incorporated into all three  

components involved in the processes; Gen resistance in the pFastBac vector, 

Tetracycline (Tet) resistance in the helper plasmid and Kanamycin (Kan) 

resistance in the bacmid itself. Furthermore, the transposit ion is verified by 

blue/white screening of the colonies.  

After a successful transposit ion the recombinant bacmid can be isolated and used 

to transfect insect cells for preliminary expression experiments. Before a large -

scale expression is performed, the virus is generally amplified to obtain a high -

titer stock and a viral t iter assay is performed to determine the titer of the viral 

stock. The viral t iter can be calculated by Equat ion 1.   

    𝑡𝑖𝑡𝑒𝑟 (
𝑝𝑓𝑢

𝑚𝐿
) = 𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑝𝑙𝑎𝑞𝑢𝑒𝑠 ∙ 𝑑𝑖𝑙𝑢𝑡𝑖𝑜𝑛 𝑓𝑎𝑐𝑡𝑜𝑟 ∙

1

𝑚𝐿 𝑜𝑓𝑖𝑛𝑜𝑐𝑢𝑙𝑢𝑚 𝑝𝑒𝑟 𝑤𝑒𝑙𝑙
    (Eq. 1) 

Various factors can influence determinat ion of optimal expression condit ions such 

as the cell line used, the mult iplicity of infection (MOI), t ime of incubat ion  (TOI) 

and the nature of the gene of interest. 22 MOI is defined as the quant ity of virus in 

terms of plaque forming units (pfu) that are  added to the culture per insect cell. 
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The optimal MOI depends on various factors such as the cell line and media used 

and the physiological stage of the cells.  It affects the infect ion efficiency, 

production of interfering part icles and the time that prot eins are exposed to 

proteases.21  

Since various factors are at play regarding protein production in Bac -to-Bac 

systems, different culture condit ions are generally empirically tested by varying 

the aforement ioned variables, such as the MOI and TOI, in order to find the most 

optimal condit ion suitable for large-scale product ion. Apart from culture 

condit ions, genet ic manipulat ion can also be used to optimize recombinant protein 

production. As an example,  the construct can be designed to lack chit inase and 

cathepsin to hinder cell lysis and thus prevent the protein from proteolyt ic 

degradat ion. Proteolysis of the target protein can alternat ively be diminished by 

using promoters that are active during the early phases of infect ion. Finally,  

different affinity tags can also be tested to optimize the purificat ion process. 21  

 

1.3 Early stage drug discovery 

The drug discovery process is a long and complex process which can take 12-15 

years and cost over a $1 billion. The process involves several steps including basic 

research to ident ify a target biomolecule, lead discovery, preclinical development, 

clinical development and FDA filing as indicated in Figure  1.9. The early stage of 

the drug discovery process includes steps from target ident ificat ion and validat ion 

through assay development, screening, hit ident ificat ion, lead optimizat ion and 

select ion of a candidate molecule that can precede further into cli nical 

development.23 

Figure 1.9 Schematic outline of the drug discovery process from basic research to filing of a 

compound along with the estimated timescale for  each step. 23   

The motivat ion to init iate such a process is the unmet clinical need for suitable  

medical products for a given disease or condition. Init ial research, often performed 

within academia, generates hypothesis that the inhibit ion or activat ion of a protein 

or pathway may result in posit ive therapeut ic effects for the disease and thus leads 

to ident ificat ion of a target molecule. Target ident ificat ion and validat ion is one 

of the most important steps in the drug discovery process since there needs to be 

a clear link between the target and the disease and the target needs to be 

druggable.23  

The process of hit generat ion to preclinical trials is long and not a routine act ivity 

in any way. To find hit molecules various types of screening methods exist e.g. 
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high throughput screening (HTS), focused or knowledge-based screening, virtual 

screening and fragment-based screening, which all have their different advantages. 

While HTS is extensively used in industry, the academia is more focused on 

structure based approaches or focused screenings due to the high cost of extensiv e 

HTS.23  

At the early stage, the hit molecules are generally screened to meet relat ively 

simple criteria with high throughput assays. The molecules are then validated with 

orthogonal assays that can be lower throughput. The assays used depend both upon 

the type of target molecule and the drug discovery strategy. For example, fragment  

binders in fragment based drug discovery (FBDD) require sensit ive methods to 

detect the binding due to their low affinity for the target, whereas the affinity 

criteria is higher for larger compounds that are screened in other types of drug 

discovery processes.23  

The init ial refinement process ideally begins with primary assays being performed 

that generate reliable dose-response curves that allow for comparison of 

compounds based on their IC50 (half maximal inhibitory concentrations). 

Secondary assays can then be used to measure the funct ionality of the hits in cell -

based assays. This gives reassurance t hat the compound can modulate act ivity in 

a more intact system as compared to the primary assays. 23  

Pharmacodynamic and pharmacokinet ic (PD-PK) studies are also performed to 

obtain informat ion regarding absorption, distribut ion, metabolism and excret ion 

(ADME). Furthermore, the solubilit y and permeabilit y of the compounds are 

assessed as well as their efficacy and safety profile in vivo disease models. It is 

crit ical that the compounds have drug like features at the end of this stage, i.e. 

follow Lipinski’s Rule of Five, so that no major alterat ions are needed later on in 

the process.23  

When a lead compound has been ident ified the lead optimizat ion stage is entered 

where the aim is to preserve favourable properties of the lead compound while 

improving any deficiencies in the structure, improving potency and select ivity.  

The compounds will then undergo final characterizat ion before being declared as 

preclinical candidates.23  

In this project , a surface plasmon resonance (SPR)-based biosensor assay was 

setup where LSD1 interact ion with two peptide fragments of the CoREST cofactor 

was analysed for validat ion of LSD1 as a druggable target . This is a step preceding 

the design of an interact ion assay for the discovery of putative binders that can be 

developed into new drugs.   

 

1.3.1 Fragment based drug discovery  

In fragment-based drug discovery (FBDD), small compounds (>300 Da) are 

screened against a target  molecule and then grown to optimize the affinity and 

select ivity of the compound. The greatest advantage of the method is the size of 

the library and how well chemical space can be covered , as compared to HTS 
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where the compounds are much larger  and the library needs to be larger. The small 

size of the fragment compounds minimizes the available chemical space and thus 

makes it much easier to cover the space and thus probe for the optimal chemical 

space in a relat ively small library. Furthermore, the growing  of the compound 

during the process, allows for an early on design of compounds that meet various 

requirements such as biocompat ibility and solubilit y that can be difficult to reach 

later on in the process should the compounds not already have those qualit ies.  

Another advantage is the high-quality of the interact ions discovered. While the 

fragments are very weak binders with a typical binding affinity of 0.1 -10 mM, 

they st ill must bind with sufficient affinity for detection and therefore they are of 

high quality. Altogether, the whole process of FBDD results in very “atom 

efficient” binders. Because of these advantages and the  applicabilit y to various 

target types, FBDD has become firmly established in drug discovery both in 

industry and in academia. 24  

As the process of FBDD involves the development of potent small drug like 

molecules from low molecular weight  (MW) fragments, the fragment compounds 

typically follow the Rule of Three instead of the more commonly followed Rule 

of Five. Compounds compliant to The Rule of Three are defined as having MW 

less than 300 Da, no more than 3 hydrogen bond donors and 3 hydrogen  bond 

acceptors and a calculated logP (cLogP) no greater than 3. 24  

The whole process of FBDD can be divided into three stages including (1) 

fragment library design, (2) fragment screening in vitro by means of various 

biophysical methods and (3) fragment elaborat ion where the fragments are 

synthet ically elaborated into lead compounds using structural, in silico design and 

bio affinity data.24 Figure 1.10 depicts the process nicely.  

 

Figure 1.10 General workflow of fragment -based drug discovery. Indicated are the steps from 

target selection and library design to screening and elaboration of fragments resulting in a drug 

candidate. The steps involved in the iterative cycle of fragment elaboration include binding 

mode determination, affinity measurements and rational synthesis. 2 4  

The biophysical methods used in FBDD must be sensit ive as the compounds have 

low affinit ies.  Some biophysical methods typically used for determinat ion of 

binding affinity include isothermal t itrat ion calorimetr y (ITC), thermal shift (TS) 

and SPR.  Apart from the biophysical methods, the development of fragments in 

FBDD is heavily based on structural biology and synthet ic chemistry as the 

compounds are developed in a step wise and logical manner guided by structu ral 

informat ion and elaborated using chemical synthesis.24  
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1.3.2 Surface plasmon resonance 

Since first introduced in the early 1990s, surface plasmon resonance  (SPR) has 

proven to be one of the most powerful techniques to determine affinity, specificity 

and kinet ic parameters of various biomolecular interact ions between e.g. protein-

protein, protein-DNA, enzyme-substrate/inhibitor and lipid membrane-proteins. It 

is a reliable and label-free technique which allows for real-t ime interact ion studies 

on nat ive biomolecules. Because of its high sensit ivity, it  is an excellent choice 

for use in fragment  based drug discovery.  

SPR biosensors consist of two phases, a liquid phase and a solid phase. The liquid 

phase refers to the microfluidic system containing the analyte in solut ion while 

the solid phase refers to the sensor surface. The sensor surface generally consists 

of a disposable sensor chip with a glass surface coated with a gold layer upon 

which biomolecules, referred to as ligands, are immobilized on  (Figure 1.11 A).  

 

Figure 1.11 Schematic representation of the detection principle in a SPR biosensor. A) Overview 

of the setup. Polychromatic light is applied to the sensor chip surface through a high refractive 

glass prism. The microfluidic system in the flow channel contains ana lytes that can interact with 

the ligand that is immobilized upon the chip surface. Binding interactions of free analytes with 

the immobilized ligand causes changes in the refractive index nearby the surface which results 

in changes in the angle of the refl ected light. B) Top: A spectrum of the reflected light before 

and after  refractive index change. Bottom: A sensorgram showing the refractive index changes 

caused by the molecular  interactions in the reaction medium .2 5  

During a measurement, the analyte solut ion flows over the sensor surface allowing 

binding interact ions to take place between the analyte and the  immobilized ligand. 

The binding is detected by a change in the refract ive index of the sensing medium 

occurring near the biomolecular interact ion which results in a change in the angle 

of the reflected light.  

In principle, the detection is achieved by applicat ion of an external electric field 

(incident light) to the metal surface at a varied angle through a high-refract ive 

index glass prism. At a certain angle, a part of the incident light couples with the 

electrons in the metal coat ing result ing in the propagation of electrons parallel to 
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the metal surface due to excitat ion. This movement of the electrons is what  is 

referred to as plasmon and the plasmon oscillat ion generates an electric field 

between the metal surface and sample solution. As the angle at which SPR can 

occur is dependent upon the refract ive index of the area near the surface, a small 

change in the refract ive index of the sensing medium, occurring e.g. as a result of 

analyte binding to an immobilized ligand, can hinder the format ion of plasmon. 

The changed refract ive index of the medium therefore causes the angle of the 

reflected light obtained on a detector to change  which is indicat ive of binding 

interact ion.26 Figure 1.11 schematically depicts the principle of the method and 

the read out curves obtained from binding interact ion between an immobilized 

biomolecule and an analyte in solut ion.   

SPR allows for kinet ic analys is as well as determinat ion of binding affinity (k D). 

In general, analyte solut ion is measured at various concentrat ions which allows 

for determinat ion of the associat ion rate constant (kon or ka) and disassociat ion 

rate constant (koff or kd). The output of a SPR biosensor experiment is a response 

signal curve measured in real t ime, called sensorgram.26  

SPR is commonly used in drug discovery and development. It allows for detection 

of fragments down to 100 Da in mass and has a detection limit on the order of 10 

pg/mL. Due to its sensit ivity and the fact that it  allows for high throughput 

screening of compounds it is ideal for rapid screening of fragment libraries. 24  

 

1.4 Aims and objectives 

The aim of the project  was to produce and characterize LSD1 and LSD2. While 

the production of LSD1 was be done using established protocols, the goal was to 

develop a new production and purificat ion method for LSD2 using baculovirus  

infected insect cells. Furthermore, the goal was to develop and optimize a 

biophysical assay for explorat ion of LSD1 as a drug target  using SPR.  

 

 

 

 

 

 

 

2 Materials and Methods 
 

2.1 Expression and purification of LSD1 



25 

 

2.1.1 Verification of pET15b-LSD1 plasmid 

The pET15b-LSD1 construct was transformed into DH5α cells by mixing 1 µL of 

the plasmid with 50 µL of thawed DH5α cells. A negat ive control was prepped 

that contained only 50 µL cells and no plasmid. The tubes were incubated on ice 

for 30 minutes before the cells were heat shocked at 42°C for 30 seconds and put 

back on ice for 2 minutes. Next , 500 µL of LB media (10 g/L tryptone, 5 g/L yeast 

extract and 5 g/L NaCl) were added to the tubes which were subsequent ly 

incubated at 37°C for 30 minutes. The transformed cells were then spread on agar 

plates containing ampicillin and the plates were incubated at 37°C overnight.  

A single colony was inoculated in 4 mL LB media containing 100 µg mL -1  

ampicillin and 35 µg mL -1 chloramphenicol and inoculated at 37°C overnight.  The 

cells were harvested by centrifugat ion at 5500 g for 4 minutes. The DNA was 

purified per protocol with the GeneJet Plasmid Miniprep Kit (Thermo Fisher). The 

DNA concentration was measured with Nano Drop TM 2000 and the DNA was sent 

for sequencing to verify the cloning using T7 and T7term primers.  

2.1.2 Expression of LSD1  

The pET15b-LSD1expression construct was heat shock transformed into E.coli 

Rosetta 2 strain (R2) by mixing 0.5 or 1 µL (96 or 145 ng/µL) of the plasmid with 

50 µL of thawed Rosetta 2 cells. The mixture was incubated on ice for 30 minutes.  

The cells were heat shocked at 42°C for 30 seconds and put back on ice for 2 

minutes. Next 500 µL of LB media were added to the tube which was subsequent ly 

incubated at 37°C for 30 minutes.  The transformed cells were then spread on agar 

plates containing ampicillin and chloramphenicol and the plates incubated at 37°C 

overnight. 

A single colony was inoculated in 4 mL TB media containing 100 µg mL -1  

ampicillin and 35 µg mL -1 chloramphenicol and inoculated at 37°C overnight. The 

culture was then expanded to a 500 mL of TB media (24 g/L yeast extract, 20 g/L 

tryptone, 4 mL glycerol, 100 mL phosphate buffer (0.17 M KH 2PO4, 0.72 M 

K2HPO4)) supplemented with the same amount of ant ibiot ics as before. The culture 

was grown at 37°C unt il a optimal density of OD600 = 0.6 was reached. The 

expression was then induced with isopropyl -β-D-1-thiogalactopyranoside (IPTG) 

to a final concentration of 0.2 mM and the cel ls were cult ivated over night at 18°C. 

The cells were harvested by centrifugat ion at 5000 g for 20 minutes and 

resuspended in cold lysis buffer (25 mM Tris-buffer pH 8 including 300 mM 

NaCl,10 mM imidazole, 2 mM EDTA, 0.25 mg/mL lysozyme) and incubated at 

4°C for 15 minutes. The cells were lysed in a French press at 1.7 k bar. The lysate 

was then supplemented with 4 mM MgCl2, 1 mM CaCl2 and 10 ug mL -1 of both 

DNAse I and RNAse and 1 mM β-me and clarified by centrifugat ion at 25000 g 

for 30 minutes at 4°C. 

Alternat ively, the R2 cells were made competent for Mix and Go transformation 

by adding 1 mL of fresh overnight culture to 50 mL SOB medium (29 g/L Tryptone, 

5 g/L yeast extract, 0.58 g/L NaCl, 0.19 g/L KCl, 10 mM MgCl2, 10 mM MgSO4,  

pH 6.5) and cult ivate unt il OD600 of 0.4-0.6 was reached. The culture was then 
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stored on ice for 10 minutes before cells were pelleted by centrifugat ion at 2000 

g for 10 minutes at 4°C. The cells were subsequent ly resuspended gent ly in 5 mL 

ice-cold 1X Wash Buffer and re-pelleted at same condit ions as before. The 

supernatant was then completely removed, and the pellet resuspended in 5 mL 

ice-cold 1x Competent Buffer.   

The pET15b-LSD1expression construct was then chemically transformed into 

E.coli Rosetta 2 strain per protocol with the Mix & Go E. Coli Transformation Kit  

& Buffer set. The competent cells were thawed on ice before 100 µL of cells were 

mixed with 1 µL of the plasmid construct. The mixture was stored on ice for 5 -10 

minutes before adding 400 µL of LB media and incubat ing the cells at 37°C for 1 

hour. The transformed cells were then spread on agar plates containing ampicillin 

and chloramphenicol and the plates incubated at 37°C overnight.  

2.1.3 Purification of LSD1 

LSD1 was purified using Äkta explorer FP LC system (GE Healthcare) monitoring 

the optical density at 260, 280 and 460 nm. All steps were performed at 4°C. First 

the protein was purified on a Ni-NTA Sepharose column by loading the column 

with loading buffer (25 mM Tris, 300 mM NaCl, 10 mM Imidazole, 5mM 

β-mercaptoethanol, pH 8.0) and inject ing the clear lysate. The column was washed 

with 10 CV wash buffer (25 mM Tris, 300 mM NaCl, 30 mM Imidazole, 5mM 

β-mercaptoethanol, pH 8) before the protein was eluted with elut ion buffer (25 

mM Tris, 300 mM NaCl, 250 mM imidazole, 5mM β-mercaptoethanol, pH 8).   

Next the eluate was buffer exchanges on a HiPrep 26/10 desalt ing column (GE 

Healthcare) to AEC buffer A (25 mM Tris, 50 mM NaCl, 1 mM β-mercaptoethanol, 

pH 8.0) before loading it on a HiTrap Q HP Sepharose column (GE Healthcare).  

The protein was eluted with a step salt gradient at 173.5 mM NaCl. Samples were 

collected for SDS-PAGE analysis throughout the purificat ion process. The protein 

that was to be used in subsequent SPR experiments was buffer exchanged to 

storage buffer (100 mM HEPES, 150 mM NaCl, 2 mM DTT, pH 7.4) and stored 

at -80°C.  

 

2.2 Expression and purification of LSD2  

2.2.1 Generation of the recombinant bacmid  

2.2.1.1 Verification of pFastBacTMHT A LSD2 plasmid 

The same procedure was carried out for amplificat ion of the pFastBacTMHT A 

LSD2 plasmid stock as the pET15b LSD1 stock. The pFastBacTM construct was 

transformed into DH5α cells by mixing 1 µL (100 ng/µL) of the plasmid with 50 

µL of thawed DH5α cells cells. A negat ive control was prepped that contained 

only 50 µl cells and no plasmid. The tubes were incubated on ice for 30 minutes 

before the cells were heat shocked at 42°C for 30 seconds and put back on ice for 

2 minutes. Next 500 µL of LB media were added to the tubes which were  

subsequent ly incubated at 37°C for 30 minutes. The transformed cells were then 
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spread on agar plates containing ampicillin and the plates incubated at 37°C 

overnight. 

A single colony was inoculated in 4 mL LB media containing 100 µg mL -1  

ampicillin and 35 µg mL -1 chloramphenicol and inoculated at 37°C overnight.  The 

cells were harvested by centrifugat ion at 5500 g for 4 minutes. The DNA was 

purified per protocol with the GeneJet Plasmid Miniprep Kit (Thermo Fisher). The 

DNA concentration was measured with Nano DropTM 2000 and the DNA was sent 

for sequencing to verify the cloning using pFastBac primers from Europhins.  

2.2.1.2 Transformation of DH10Bac TM E. coli 

The pFastBacTMHT A LSD2 plasmid was transformed into MAX Efficiency® 

DH10BacTM Competent E. coli cells per protocol with Bac-to-Bac™ Baculovirus 

Expression System. A postit ive control, pFastBac LS -AchBP, was included to 

verify the transposit ion process. The plasmid (25 or 50 ng) was mixed with 20 µl 

of the competent cells and the tubes incubated on ice for 30 minutes. The cells 

were heat shocked at 42°C for 45 seconds and put back on ice for 2 minutes before 

900 µl of SOC media (0.5% (w/v) yeast extract, 2% (w/v) tryptone, 10 mM NaCl, 

2.5 mM KCl, 20 mM MgSO4, 10 mM MgCl2 and 20 mM glucose) was added to 

each tube and the tubes incubated at 37°C with for 4 hours with shaking at 225 

rpm. A serial dilut ion (10 -1, 10 -2 and 10 -3) was made for each sample and 100 µl 

of each dilut ion was plated on LB agar plates containing 50 µg/ ml kanamycin, 7 

µg/ml gentamicin, 10 µg/ml tetracycline, 100 µg/ml X-gal, and 40 µg/ml IPTG. 

The plates were incubated for 48 hours at 37°C allowing for a blue -white screening 

of the colonies to verify the transposit ion specifically. The X-gal and IPTG in the 

agar medium are important for the blue/white screening as X-gal funct ions as a 

chromogenic substrate for the β-Galactosidase (LacZα gene) which is encoded  in 

the bacmid (LacZ attTn7 element) and IPTG is needed for transposase expression. 

White colonies indicate a successful transposit ion, while blue ones indicate an 

unsuccessful transposit ion process.  

2.2.1.3 Isolation of recombinant bacmid DNA  

A single white colony was picked and inoculated in LB media supplemented with 

50 µg/ml kanamycin, 7 µg/ml gentamicin and 10 µg/ml tetracycline. The culture 

was incubated overnight at 37°C with shaking at 225 rpm. The bacmid DNA was 

isolated with isopropano l DNA precipitation. First, the cells (1.5 mL) were 

pelleted at 10000 rpm and resuspended in 300 µl resuspension buffer (50 mM Tris, 

10 mM EDTA, 100 µg/mL RNAse A, pH 8.0). Subsequent ly, 300 µl of lysis buffer 

(200 nM NaOH, 1% SDS (w/v)) were added and the  mixture incubated for 5 

minutes at RT. Next, 300 µl of neutralizat ion buffer (4.2 M guanidine 

hydrochloride, 0.9 M potassium acetate, pH 4.8) were added followed by 10 

minute incubat ion on ice. The mixture was then centrifuged at 13000 rpm at 4°C 

for 10 minutes. The supernatant was transferred to a new tube and 800 µl of 

isopropanol were added to the mixture followed by a 10 minute incubat ion on ice. 

The mixture was then centrifuged at 13000 rpm at 4°C for 30 minutes. The pellet  

was subsequent ly washed 2x with 70% ethanol and then once again centrifuged 

for 5 minutes at the same condit ions. The supernatant was removed, and the pellet  

was air dried at RT for 15 minutes. The pellet was dissolved in 50 µL TE buffer 
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(10 mM Tris, 1 mM EDTA, pH 8.0) and DNA conce ntration measured with Nano 

DropTM 2000. 

To verify the transposit ion, a PCR was performed. A PCR mix containing 5 µL 

10X PCR buffer (Invitrogen), 0.2 mM dNTP, 0.6 mM MgCl 2, 125 pmol M13_F 

and 125 pmol M13_R primers (ThermoFisher) and 2.5 U Taq polymerase w as 

prepared for each sample. Then 100 ng of bacmid were added to each sample and 

the volume was adjusted to 50 µL with MQ water. The PCR program shown in 

Table 2.1 was used. The PCR products were analysed by electrophoresis on 0.8% 

agar gel with SYBR staining.  

Table 2.1 PCR program for verification of LSD2 transposition.  

Step Temp [°C] Time [sec] Number of cycles 

Initial denaturation 94 180 1 

Denaturation 94 45  

35 Annealing 55 45 

Extension 72 300 

Final extension 72 420 1 

 

2.2.2 Production of recombinant baculovirus 

2.2.2.1 Transfection of insect cells  

Sf9 insect cells were transfected with the recombinant bacmid using Cellfect in TM 

II reagent. The cell culture was diluted to 0.4 ∙ 106 cells/mL and 2 mL were 

aliquoted to each well on a 6-well plate, result ing in 0.8 ∙ 106 cells per well. The 

plate was stored for 15 minutes at RT before the media was carefully removed and 

2.5 mL plat ing media (Insect X-press media, 1.5% FBS) were added t o each well. 

Then 40 µL Cellfect inTM II reagent was diluted in 500 µL Insect X-press media 

and 15 µg bacmid was diluted in 500 µL Insect X-press media. The Cellfect in 

(540µL) and plasmid (500µL) solut ions were then gent ly mixed together and 

incubated for 20 minutes at RT before 208 µL were added dropwise to 5 wells of 

the 6-well plate and the plate incubated at 27°C for 4 -5 hours. The plat ing media 

was then carefully removed and 2 mL of complete growth medium (Insect X-press 

media supplemented with 10% FBS,  100 U penicillin and 100 µg streptomycin)  

was added. The plate was incubated at 27°C for 72 hours.  

2.2.2.2 Isolation and amplification of viral stocks  

The media was collected and centrifuged at 500 g for 5 minutes. The supernatant 

was transferred to a new tube and stored at 4°C (P1 viral stock). The baculoviral 

stock was amplified by infect ing 30 mL culture of 1 ∙ 106 cells/mL Sf9 cells with 

4 mL of P1 viral stock inoculum. The cells were cultured at 27°C for 72 h. The 

new viral stock was isolated by centrifugat ion at 500 g for 5 minutes as before and 

stored at 4°C (P2 viral stock).  

2.2.2.3 Viral plaque assay  

In order to determine the viral t iter of the baculovirus stock a viral plaque assay 

was performed. A plaquing medium was prepared by melt ing 4% agar ose gel in a 

70°C water bath for 30 minutes and incubat ing Insect X-press media supplemented 

penicillin and streptomycin in an incubator at 27°C. Working quickly in a sterile 
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hood, 30 mL of the medium were combined and mixed with 10 mL of the melted 

4% agarose gel in an prewarmed 100 mL bottle. The plaquing media was kept in a 

40°C water bath while a 30 mL culture of Sf9 cells at 0.5 ∙ 106 cells/mL were 

prepared. Then 2 mL of the cell culture were aliquoted to each well in two 6 -well 

plates (duplicates). The plates were stored for 1 h at RT. Meanwhile a serial 

dilut ion of the P2 viral stock was prepared (10 -1 to 10-8) by dilut ing it with insect 

X-press media supplemented with ant ibiotics as before. After the 1 hour 

incubat ion, the media was removed from all wells of the plates and 1 mL of each 

virus concentration from 10 -4 to 10-8  were added to the wells of each plate. As a 

negat ive control, 1 mL of media was added instead of the virus to one well of each 

plate. The plates were incubated at RT for 1 hour.  After the incubat ion, the virus 

solut ion was removed from each well and 2 mL of the plaquing medium were 

added. The agarose layer was allowed to harden for 1 hour before the plates were 

sealed in and incubated at 27°C for 7-8 days or until the plaques are visible and 

ready to count. 

To facilitate the counting of the plaques, the plaques were stained with 1 mg/mL 

Neutral Red solut ion by adding 0.5 mL of the solut ion to each well and incubat ing 

the plate at RT for 1-2 hours. Excess stain was pipetted off and  the plaques counted 

to calculate the viral t iter.  

2.2.3 Expression of LSD2 

2.2.3.1 Small-scale test expressions of LSD2 

LSD2 test expressions were performed in either 24-well plates by seeding 0.6 ∙ 106 

cells per well or in 6-well plates using 0.75 ∙ 106 cells per well. The cells were left  

to attach for 1 hour before the media was replaced with 0.5 mL or 2.0 mL growth 

media (Insect X-press supplemented with ant ibiot ics as before and 1% FBS) 

respect ively. The appropriate amount of P2 baculoviral stock was then added to 

each well, depending on the MOI desired. Equat ion 2 shows how to calculate the 

virus inoculum needed to achieve a desired MOI .22  

            𝐼𝑛𝑜𝑐𝑢𝑙𝑢𝑚 𝑟𝑒𝑞𝑢𝑖𝑟𝑒𝑑 (𝑚𝐿) =  
(𝑀𝑂𝐼 (

𝑝𝑓𝑢

𝑐𝑒𝑙𝑙
)∙𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑐𝑒𝑙𝑙𝑠)

𝑡𝑖𝑡𝑒𝑟 𝑜𝑓 𝑣𝑖𝑟𝑎𝑙 𝑠𝑡𝑜𝑐𝑘 (
𝑝𝑓𝑢

𝑚𝐿
)

       (Eq. 2) 

As a control, one well was mock-infected (uninfected). Three sets of plates were 

prepared, one for each time period tested (48, 72, 96 h), and incubated at 27°C for 

48, 72 or 96 h. 

2.2.3.2 Large-scale expression of LSD2  

Larger-scale expression experiments of LSD2 in suspension cultures were carried 

out on a 30 mL, 125 mL and 500 mL scale. The Sf9 cell cultures were infected 

with the bacmid at 1.0 ∙106-2.0 ∙106 cells/mL density, the amount of virus inoculum 

corresponding to the desired MOI. The culture flasks were then incubated at 27°C 

incubator at 90 rpm for 40, 48 or 72 hours.  

2.2.3.3 Analysis of small-scale test expressions of LSD2 

The Sf9 cells were harvested by centrifugation at 500 g for 5 minutes. Th e cell 

pallets were washed once with Insect X-press media and centrifuged again at same 
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condit ions. The cells from each well were then lysed with 400 -500 µL 1x 

SDS-PAGE buffer (62.5 mM Tris-HCl, pH 6.8, 2% SDS). The LSD2 expression 

was subsequent ly verified by either SDS-PAGE or Western blot.  

For SDS-PAGE analysis, the samples were mixed with 4x Laemmli buffer (200 

mM Tris-HCl, pH 6.8, 8% SDS, 40% glycerol, 4% β-mercaptoethanol, 50 mM 

EDTA and 0.08% bromophenol blue) and loaded on pre -casted NuPage 4-12% 

Bis-Tris gels (Invitrogen). The electrophoresis was run at 190 V for 30 -45 minutes 

and the gels were stained with Coomassie Brilliant Blue G250.  

For Western blot analysis, SDS-PAGE was carried out as previously described 

except for the staining of the gels  which was skipped. Instead the gels were soaked 

in 1x transfer buffer (25 mM Tris, 190 mM glycine, 20% methanol, 0.1% SDS) for 

10-15 minutes. Then the transfer cassette was assembled and placed in the transfer 

tank (XCell 2 blot II module, Invitrogen). The proteins were transferred to a 

PVDF/nitrocellulose membrane (0.45 µm pore size) at 30 V for 1 hour. After the 

transfer, the membranes were washed 2x with TBST (20 mM Tris, pH7.5, 150 mM 

NaCl, 0.1% Tween20) and then incubated in 50 mL blocking solut ion (1 % (w/v) 

bovine serum albumin in TBST) per membrane for 1 hour to minimize unspecific 

binding of primary ant ibody to the membrane. The membranes were then incubated 

overnight in 10 mL of 1000x or 2000x diluted (0.25 or 0.1ng/µL) Penta -HisTM 

primary ant ibody (Qagen), on a tilt ing table at 4°C.  

The membranes were then rinsed 4x for 10 minutes in TBST before incubat ion in 

10 mL of 3000x diluted HRP-conjugated secondary ant ibody (ECT TM peroxidase 

labelled ant i-mouse ant ibody, Abcam) for 1 hour at RT.  The membranes were then 

rinsed again for 5 minutes in TBST before 2-3 mL of the TMB substrate 

(3,3′,5,5′-Tetramethylbenzidine (TMB) Liquid Substrate for Membranes, 

Sigma-Aldrich) was added to the membranes. The membranes were kept in dark 

for development before visualizat ion of the colorimetric signal.  

2.2.3.4 Analysis of large-scale expression of LSD2  

The Sf9 cells were harvested by centrifugat ion at 1500 rpm for 5 minutes. The cell 

pellet was resuspended in LSD1 lysis buffer (25 mM Tris -buffer, 300 mM NaCl,10 

mM imidazole, 2 mM EDTA, 0.25 mg mL -1 lysozyme, pH 8.0) and sonicated two 

times at 70% for 10 seconds with 5 second interval. Subsequent ly, 4 mM MgCl 2,  

1 mM CaCl2, 10 µg/mL DNAse I and RNAse I were added, and the lysate was 

centrifuged at 13200 rpm for 20 minutes at 4°C.  

In case of 30 mL expression culture, 25 µL of Ni-NTA were washed 1x with 500 

µL LSD1 loading buffer (25 mM Tris, 300 mM NaCl, 10 mM Imidazole, pH 8.0) 

by centrifugat ion at 500 g for 5 minutes. After clarificat ion of the cell lysate, 500  

µL of the lysate were added to the Ni-NTA slurry and the mixture incubated at 

4°C on a tilt ing table for 30 minutes.  The beads were then pelleted by 

centrifugat ion at 1800 rpm for 1 minute. The supernatant was discarded and 1 mL 

of LSD1 wash buffer (25 mM Tris, 300 mM NaCl, 30 mM Imidazole, pH 8) was 

added and the beads gent ly mixed with the buffer before centrifugat ion at 1800 

rpm for 1 minute. The washing step was repeated 4 times. Then 20 µL of 4x 
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Laemmli buffer were added to the beads and the tube incu bated at 110°C for 5 

minutes. The samples were analysed by SDS-PAGE.  

In case of the larger scale expressions, 1 mL Ni-NTA was added to gravity flow 

purificat ion columns and the beads equilibrated with LSD1 loading buffer. The 

clarified cell lysate was then added, and the column washed two times with 5 mL 

LSD1 wash buffer. The protein was eluted with 2 mL LSD1 elut ion buffer and the 

fract ions analysed by SDS-PAGE.  

 

2.3 Characterization of LSD1 and Development of SPR assay  

2.3.1 Characterization of LSD1 using DSF 

Purified LSD1 was characterized using different ial scanning fluorimetry ( DSF) 

and monitoring intrinsic fluorescence. Samples were measured in triplicates in the 

Tycho instrument (NanoTemper) using e ither the fully concentrated protein 

solut ion in AEC buffer (4.07mg/mL) or 0.1 mg/mL in SPR running buffer or 

immobilizat ion buffer.  

2.3.2 Development of SPR assay 

Binding analysis of LSD1 with fragment peptides of CoREST (47- and 65-mer) 

were performed on a CM5 chip. The chip was primed three times with running 

buffer (10 mM HEPES, 150 mM NaCl, 0.05% (v/v) surfactant P20, 1% DMSO, 1 

mM DTT, pH 7.4). LSD1 was then immobilized at 0.1 mg/mL in immobilizat ion 

buffer (10 mM acetate pH 5.0) following a modified amine coupling procedure at 

25°C. After surface act ivat ion with NHS/EDC mixture the protein was injected , 

aiming for a surface density of 14000 RU. After immobilizat ion, the surface was 

washed with Tris based running buffer (10 mM Tris, 150 mM NaCl, 0.05% (v/v) 

surfactant P20, 1% DMSO, 1 mM DTT, pH 7.4) to quench any remaining act ivated 

carboxymethylated groups. Following this procedure, the immobilizat ion level of 

LSD1 was around 11000 RU.  

Before interact ion analysis was begun, the instrument was thermostated to 15°C 

and a DMSO solvat ion correction was run using an eightfold dilut ion series of 

DMSO from 2% - 0%. Interaction analysis with the pept ides was then performed. 

The pept ides were diluted in running buf fer and run in concentration series with 

twofold dilut ion at 15°C with a flowrate of 30 µL/min, starting at the lowest 

concentration and ending with the highest concentration of 100 µM. The 

associat ion time was set to 120 seconds and disassociat ion time wa s 600 seconds. 

After the interact ion analysis, signals from a reference flow channel (no 

immobilizat ion) were subtracted from the test flow channel to correct for 

nonspecific bulk responses and unspecific interactions with the surface 

matrix.  

 



32 

 

3 Results 
3.1 Expression and purification of LSD1  

The pET15b-LSD1 plasmid was transformed into DH5α E. coli cells and the 

transformation was verified by sequencing. The verified p ET15b-LSD1 construct 

was transformed into R2 (DE3) E. coli cells. Init ially there was a problem with 

the transformation as no colonies were obtained. Control experiments verified that 

the cells grew on plates with chloramphenicol alone but not on plates with 

ampicillin or both ant ibiot ics, indicat ing that the cells had lost their tr ansformation 

efficiency.  

After many attempts of using previously made competent R2 cells with no success, 

an attempt was made to make the cells more chemically competent by using the 

Mix&Go transformation kit & buffer set. The following transformations wer e 

successful, however subsequent expression of LSD1 resulted in uneven growth 

curves with bumps in the logarithmic phase (Figure A1).   

Transformation in a new batch of R2 (DE3) cells was successful and the growth 

curves obtained were excellent (Figure A2) . The protein was purified according to 

previously established protocol using IMAC and AEC chromatography. The final 

concentration ranged from 1.0 – 4.1 mg/mL. Figure 3.1 shows the SDS-PAGE 

analysis from the purificat ion process, with bands represent ing the LSD1 protein 

at 73.6 kDa.  

 

Figure 3.1 SDS-PAGE analysis of LSD1 purification. Starting from the left is the MW marker, 

lysate, wash , IMAC eluate, desalting elution , AEC elution  and concentrated AEC elution . MW 

marker: PageRuler TM Unstained Protein Ladder.   
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3.2 Expression and purification of LSD2  

3.2.1 Generation of the recombinant bacmid  

The pFastBacTMHT A LSD2 construct was transformed into DH5α cells. The DNA 

was purified and sent for sequencing for verificat ion. No mismatche s were 

observed.  

The pFastBacT MHT A LSD2 plasmid was then transformed into MAX Efficiency® 

DH10BacTM Competent E. coli cells per protocol with the Bac-to-Bac™ 

Baculovirus Expression System. A posit ive control, pFastBac LS -AchBP, was also 

included to verify the transposit ion process. The blue-white screening indicated a 

successful transposit ion for both the LSD2 construct and the control protein 

construct (Table A1-A2).  

The bacmid DNA was isolated by isopropanol DNA precipitat ion. A total of three 

batches were prepped and their measured DNA concentration was 79 0, 610 and 

940 ng/µL respect ively. PCR was performed to further verify the presence of the 

LSD2 gene in the bacmid. Agarose gel electrophoresis of the samples (Figure 3.3), 

shows that the expression cassette (~2430 bp) with the LSD2 gene (~2333 bp) is  

clearly present as a band at ~4763 bp.  

 
Figure 3.3 Agarose gel electrophoresis of bacmid PCR samples. The samples contain PCR 

amplifications of the expression cassette inserted into the bacmid (~47 63 bp). Sample 1, 2 and 

3 represent the three batches prepared of the recombinant bacmid respectively. The first three 

correspond to 10 µL samples while the other three samples are 5 µL samples. Ladder: 1 kb Plus 

DNA Ladder.   

3.2.2 Production of recombinant baculovirus 

Sf9 cells were transfected with the recombinant bacmid using Cellfect in TM II  

reagent. Figure 3.4 compares transfected cells with un-transfected control cells.  
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Figure 3.4 Transfection of Sf9 cells. A) Un -transfected control Sf9 cells. B) Transfected Sf9 

cell.  The lack of confluent monolayer, increased cel l diameter  and larger nuclei are signs of late 

stage infection.  

Lack of confluent monolayer in B, enlarged cells showing signs of late stage 

infect ion.  

The virus was harvested from the media (P1 stock) and amplified to create a P2 

viral stock. In order to determine the viral t iter of the P2 baculovirus stock a viral 

plaque assay was performed (Figure 3.5). The titer of the vital stock was calcu lated 

using Equat ion 1. 

A total of two P2 viral stocks were prepared. The titer of the first P2 viral stock 

was est imated to be 1.6  ∙ 108 pfu/mL and the second one was est imated to be 1.1  ∙

 108 pfu/mL. Later on the second viral stock was amplified to P3 to  use for further 

expression experiments, unfortunately due to time restrict ion the viral t iter could 

not be determined.  

 

Figure 3.5 A magnified view (4x) of one of the plaques formed during the second viral plaque 

assay. The cells were stained with 1 mg/mL neutral red solution for  1 h. The excess stain was 

removed, and the formation of white spots was observed indicative of plaque formation.  
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3.2.3 Test expression of LSD2 

Small scale test expression studies were performed in order to estimate the optimal 

expression condit ions. The test expressions were set up in a well format using 

either 0.6  ∙ 106 or 0.75 ∙ 106 Sf9 cells per well which were inocu lated with various 

amount of viral stock to achieve a range of MOI (from 2 to 20). Furthermore, the 

experiment was done in triplicate, with each replicate having different incubat ion 

time (48, 72, 96h). Table 3.1 shows the experimental outline.  

Table 3.1 The setup of the test expressions performed on LSD2 in Sf9 insect cells. A total of 

two test expression rounds were performed, all having samples ranging in incubation time 

(48-96 h) and MOI (2.5-20 or 2-16).  

Expression study I 

Incubation [h] MOI 

48 2.5 5 7.5 10 12.5 15 17.5 20 

72 2.5 5 7.5 10 12.5 15 17.5 20 

96 2.5 5 7.5 10 12.5 15 17.5 20 

Expression study II 

Incubation [h] MOI 

48 2 4 6 8 10 12 14 16 

72 2 4 6 8 10 12 14 16 

96 2 4 6 8 10 12 14 16 

 

The test expressions were analysed by SDS-PAGE and Western blotting using ant i 

penta-His ant ibody. The expected size of the His tagged LSD2 construct (51 -822) 

was around 89.6 kDa. As can be seen from the SDS-PAGE results of the first test 

expression (Figure 3.6), the results did not confirm a successful expression as the 

negat ive control samples had similarly strong bands at around MW of 85 and 100 

kDa were the His tagged LSD2 protein is expected to be.  

Analysis of the Western blot was difficult since the protein marker was missing 

and because of a high level of unspecific binding (Figure 3.7). In addit ion to the 

unspecific binding of most ly the control samples, two bands were observed in 

almost every well near the top of membrane 1  (Figure 3.4 A). Unfortunately, since 

the marker was missing it cannot be confirmed that these bands represent LSD2 

expression. No bands appeared on membrane 2 apart from some faint bands from 

the negat ive control.  
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Figure 3.6 SDS-PAGE of the first LSD2 test expression study. A) Gel 1, samples from 48 and 

72 hour expression studies. Starting from the left,  negative control (48h), samples ranging from 

MOI 2.5 - 20 respectively, negative control (72h) and samples ranging from MOI 2.5 - 12.5 

respectively. B) Gel 2, samples from 72 and 96 hour  expression studies. Starting from the left,  

samples ranging from MOI 15 to 20 from the 72 hour expression study, negative control (96h) 

and samples ranging from MOI 2.5 to 20  from the 96 hour expression study. PageRuler TM  

Unstained Protein Ladder.   

 

 

 

 

 

Figure 3.7 Western blot of the first LSD2 test expression study. A) Membrane 1,  samples from 

48 and 72 hour expression studies. Starting from the left,  negative control (48h), samples ranging 

from MOI 2.5 - 20 respectively, negative control (72h) and sam ples ranging from MOI 2.5 - 12.5 

respectively. B) Membrane 2, samples from 72 and 96 hour  expression studies. Starting from 
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the left,  samples ranging from MOI 15 to 20 from the 72 hour expression study, negative control 

(96h) and samples ranging from MOI 2.5 to 20 from the 96 hour expression study. PageRuler TM  

Unstained Protein Ladder.  

The SDS-PAGE results for the second test expression (Figure 3.8) study were 

similar to the first one. In the second test expression study, MOI in the range of 

2-16 (2, 4, 6, 8, 10, 12, 14, 16) was tested with incubat ion time s of 48, 72 and 96 

hours as before. The results do not specifically indicate LSD2 expression at any 

time point, at any MOI, even though protein bands at the expected size of LSD2 

are present in almost every sample well from the 72 and 96 h test expressions, as 

the negat ive control samples do have similarly strong protein bands at the same 

size.  

Figure 3.9 shows the results of the Western blotting of the samples. Here, bands 

at the expected size for LSD2 (89.6 kDa) can be seen more clearly at MOI 2-6 (48 

h) and for all MOI for the 72 and 96 hour expressions. Again, since these bands 

were also observed in the negat ive control samples, they do not confirm LSD2 

expression.  

 

 

 

 

 

 

 

Figure 3.8 SDS-PAGE of the second LSD2 test expression study. A) Gel 1, samples from 48 

and 72 hour expression studies. Starting from the left,  negative control (48h), samples ranging 

in MOI from 2-16, negative control (72h) and samples ranging in MOI from 2 -6. B) Gel 2, 

samples from 72 and 96 hour expression studies. Starting from the left,  samples ran ging from 

MOI 8-16, negative control (96h) and samples ranging in MOI from 2 -16 from the 96 hour 

expression study. Ladder: Precision Plus Protein TM KaleidoscopeTM.   
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Figure 3.9 Western blot of the second LSD2 test expression study. A) Membrane 1, samples 

from 48 and 72 hour expression studies. Starting from the left,  negative control (48h), samples 

ranging in MOI from 2-16, negative control (72h) and samples ranging in MOI from 2 -6. B) 

Membrane 2, samples from 72 and 96 hour expression studies. Starting from the left,  samples 

ranging from MOI 8-16, negative control (96h) and samples ranging in MOI from 2 -16 from the 

96 hour expression study. Ladder: Precision Plus Protein TM KaleidoscopeTM.   

  

 

3.2.4 Verification of infection and large-scale expression of LSD2 

Since no sign of LSD2 expression was seen in the test expression studies, the 

infect ion process of the Sf9 cells was analysed. Table 3.2 shows the results of 

comparison between a small-scale culture of uninfected and infected (MOI 6) Sf9 

cells. The results indicate a successful infection.  

Table 3.2 Verification of Sf9 cell infection. The viability and cell density was monitored over 

a five day period.   

  Control Infected 

Incubation [Days] Viability [%] Density [cells/mL] Viability [%] Density [cells/mL] 

2 97 2.1 ∙ 106  87 0.8 ∙ 106    

3 99 3.2 ∙ 106   79 0.9 ∙ 106    

5 99 12.1 ∙ 106   17 0.6 ∙ 106    
 

After verificat ion of the infect ion process, a larger scale expression of LSD2 was 

attempted using a newly purified P2 viral stock. At first , a 30 mL culture with a 

MOI around 6 and cult ivat ion t ime of 48 hours was tried. No expression was 

observed as concluded from SDS-PAGE analysis. Then a 125 mL culture with MOI 

of 6 and incubat ion time of 72 h was attempted. A quick purificat ion was 

performed, however SDS-PAGE analysis indicated no LSD2 expression (Figure 

3.10). Next, a 500 mL culture with a MOI of 2 and incubat ion time of 48 hours 
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was attempted to verify expression of LSD2 should it be very low. Again, the 

results turned out negat ive (Figure 3.11).  

 

Figure 3.10 SDS-PAGE results of LSD2 expression in a 125 mL culture incubated for  48 h with 

a MOI of 6. Samples from the left are lysate, flow though, wash and IMAC eluate. Ladder: 

PageRuler TM Unstained Protein Ladder.  

 

Figure 3.11 SDS-PAGE results of LSD2 expression in a 500 mL culture incubated for  48 h with 

a MOI of 6. Samples are from the left media, lysate before clarification, lysate after  clarification, 

flow though, wash and IMAC eluate. Ladder: Pa geRuler TM Unstained Protein Ladder.  
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As a final attempt, the viral stock was amplified to P3 and used to infect two 500 

mL cultures aiming for a MOI of 6 and incubated period of 40 and 72 hours  (Figure 

3.12). No sign of expression was seen.   

 

Figure 3.12 SDS-PAGE results of LSD2 expression in a 500 mL, aiming for  a MOI of 6 and 

incubated for  40 h and 72 h. Starting from the left,  samples from the 4 0 hour expression; media, 

pellet,  lysate, wash and IMAC eluate, follows by the same order of sampl e from the 72 hour 

expression.  Ladder: PageRuler TM Unstained Protein Ladder.  

 

3.3 Characterization of LSD1 

3.3.1 Characterization of LSD1 using DSF 

The quality of the purified LSD1 protein was determined by nanoDSF where the 

structural integrity (foldedness) of the protein over a thermal gradient was 

monitored and compared to previous batches (Figure 3.13 A). The inflect ion 

temperature (T i) for the thermal unfolding protein was 49.4°C while for the control 

it  was 48.4°C, indicat ing that the purified protein was comparable to previous 

batches of LSD1. 

Characterizat ion of the protein using DSF in different buffers used for SPR 

experiments, indicated that  the protein was in similar quality in the SPR running 

buffer as in the AEC elut ion buffer and thus not damaged (Figure 3. 13 B). 

Furthermore, no major changes were observed between the unfolding curves for 

the protein in AEC elut ion/SPR running buffer and the protein in immobilizat ion 

buffer which indicates that the protein is correctly folded when immobilized for 

SPR interact ion analysis.  
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Figure 3.13 Thermal unfolding analysis of purified LSD1 in different buffers. Changes in the 

intr insic fluorescence at 350 and 330 nm (Trp and Tyr) are measures over a temperature gradient 

and plotted as a ratio over the thermal gradient. A) LSD1 in AEC buffer  (pink) and LSD1 

reference (grey). The inflection temperature (T i),  the temperature where transition in the folding 

occurs, is at 48.4°C and 49.4°C for  the reference and purified protein respectively. B) The 

protein in AEC elution buffer  pH 8.0 (grey), running buffer  pH 7.4 (purple) and immobilization 

buffer  pH 5.0 (blue). The inflection temperature (T i) is at 49.4°C, 49.5°C and 51.3°C for  the 

protein in AEC, running buffer  and immobilization buffer  respectively.  

 

3.3.2 Development of SPR assay for LSD1 target validation   

An SPR assay was designed and used for explorat ion of LSD1 as target for 

fragment based lead discovery (FBLD). The LSD1 protein was immobilized to a 

CM5 chip via amine coupling and binding interact ion analysis was carried out 

using two peptides fragments represent ing CoREST, namely a 47-mer (5225 Da) 

and a 65-mer (7226 Da), see Figure 3.14. A serial dilut ion of each pept ide was 

made to obtain a sensorgram showing dose response curves of their binding to the 

protein. (Figure 3.14 and 3.15).   
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Figure 3.14 Ribbon structure of LSD1 in complex with CoREST and histone H3 (1 -21), with the 

CoREST peptide fragments used for  the SPR-based interaction assay emphasized . LSD1 (grey)  

with  CoREST (blue) and the 47-mer and 65-mer peptide fragments (red). The ribbon structure 

of the H3 tail is coloured in green with the site chain of H3K4, here Met4, represented as stick 

model. The FAD cofactor  is represented as stick model coloured in magenta. Picture generated 

in PyMOL. PDB: 2V1D.  

 

Figure 3.15 Sensorgram from SPR interaction analysis. A twofold dilution series was prepared 

of the 47-mer peptide fragment of CoREST, starting from 100 µM. The sensorgram shows dose 

response curves from titration of the peptide to  the immobilized LSD1 ligand. Response from a 

reference flow channel with no immobilization was subtracted from the response from the test 

flow channel. 
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Figure 3.16 Sensorgram from SPR interaction analysis. A twofold dilution series was prepared 

of the 65-mer peptide fragment of CoREST, starting from 100 µM. The sensorgram shows dose 

response curves from titration of the peptide to the immobilized LSD1 ligand. Response from a 

reference flow channel with no immobilization was subtracted from the response from the test 

flow channel.  

The experiments confirmed that immobilized LSD1 interacted with the two 

CoREST peptides fragments although quant ificat ion of affinit i es or kinet ic 

parameters was not possible due to the inconclusiveness of the data.  

The experiments resulted in very high immobilizat ion levels, with theoret ical Rma x 

est imated to be 781 and 1080 RU for the 47-mer and the 65-mer, respect ively, as 

calculated by Equat ion 3.  Generally, Rma x of 100 RU is desired for kinet ic 

measurements as it  reduces crowding and non-specific binding at the chip surface. 

 

𝑅𝑚𝑎𝑥  (𝑅𝑈) =  
𝑅𝑙𝑖𝑔𝑎𝑛𝑑  ∙ 𝑀𝑤𝑎𝑛𝑎𝑙𝑦𝑡𝑒 ∙ 𝑉𝑎𝑙𝑒𝑛𝑐𝑦𝑙𝑖𝑔𝑎𝑛𝑑

𝑀𝑊𝑙𝑖𝑔𝑎𝑛𝑑
    (Eq. 3) 

 

Furthermore, the baseline after dissociat ion did not return to zero in either, most 

likely due to too short dissociat ion t ime and mass transfer effects.  Due to 

aforement ioned reasons, further optimizat ion of the assay will be required to 

generate affinity values and kinet ic parameters. This includes reduct ion of the 

immobilizat ion levels and lowering of the pept ide concentrat ions.  Following 

optimizat ion of the assay, it  could be used for ident ificat ion of novel fragment 

binders that may inhibit the LSD1-CoREST interact ion.  
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4 Discussion 
 

A. LSD1 expression and purification  

The production of LSD1 was problematic throughout the project all unt il new R2 

cells were obtained.  Attempts were made to vary the plasmid concentration used 

for the transformation and vary the heat shock time  to achieve a successful 

transformation, all without success. The viability of the cells was also verified by 

growing them on plates with chloramphenicol resistance only, which was 

successful. At the end it could be concluded that it  was the heat shock 

transformation of the LSD1 plasmid that was the problem. Therefore, a new 

chemical transformation method was tried, which resulted in successful 

transformations. However, when using the cells for LSD1 expression, the cells 

grew very slowly, reaching OD600 in 10 hours, and did not portray an undisturbed 

normal logarithmic growth curve, indicat ing that the cells were most likely not 

competent for growth in suspension.  

Transformation with the new Rosetta cells was a success from first attempt and 

the whole production and purificat ion process was successful from there.  

B. LSD2 expression  

In order to find optimal expression conditions for LSD2, a plaque assay was 

performed to estimate the titer of the viral stocks. With a known t iter, cells can be 

infected with a known MOI which is important to optimize the expression 

condit ions. Optimal MOI varies between cell lines and the infect ion kinet ics of 

the viral stock, however, a MOI of 1 -5 is a general starting point.    

In addit ion to the MOI, it  is also important to determine the expression kinet ics of 

the recombinant protein by expressing the protein for various amount of t ime. A 

general start ing point for excreted proteins are 48, 72 and 96 hour incubat ion 

period. This is important since many proteins can be degraded by cellular proteases 

that are released in the cell culture on the later stages of infect ion.  

Finally, the culture condit ions also matter, that is which media is used , and which 

cell line and the state of the cells. It is important that the cells are not restricted 

by nutrit ional factors. Furthermore, it  is optimal to infect the cells in their 

mid-logarithmic phase (1.0  ∙106 – 2.0 ∙106) to maximize the final protein yield. The 

Sf9 cells used in this project generally grew well in the media used (Insect X-

press) and had high viability (97-99%) as indicated in the infect ion/control 

experiment performed.  

C. Results from small- and large-scale LSD2 test expressions  

Overall, the results from the small-scale LSD2 test expression experiments, where 

the aim was to titer the best expression condit ions in terms of MOI and TOI, did 

not confirm any expression of the protein.  
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The SDS-PAGE results for the first  test expression did not give any indicat ion of 

LSD2 expression. The only bands observed at the expected size of the protein 

(89.6 kDa) were bands that also were observed in the negat ive control and thus do 

not indicate an expression. Western blot analysis, although difficult to analyse due 

high degree of unspecific binding and the lack of a molecular marker, did not 

indicate any LSD2 expression. Apart from the unspecific ant ibody binding , mainly 

in the control samples, a streak of two bands was observed at the top of membrane 

1, from every sample well. At first, these bands were thought to indicate LSD2 

expression, which couldn’t be confirmed because of lack of a molecular marker.  

However, at later stages these bands were thought to most likely indicate 

unspecific binding. Furthermore, when compared to the western blot results of the 

second test expression series, the blotting of the proteins in the first western blot 

was perhaps not totally successful since much fewer bands are observed on the 

membranes than compared to the western blot of the second expression series. This 

is further supported by the lack of bands observed on membrane 2 from the first 

western blot.  However, the difference could also stem from insufficient blocking 

of unspecific binding in the second western blot study. This must however be 

considered unlikely, since the exact same blocking procedure were carried out in 

both experiments.  

It is clear from the use of ant i-penta His antibody in the western blot detection of 

LSD2 in this project that a more specific primary ant ibody is needed in order to 

verify the expression e.g. an KDM1B specific ant ibody. However, the unspecific 

binding could also be due to the relat ively high concentration used of the primary 

and secondary ant ibodies (1000/2000x and 3000x diluted respect ively) or because 

of incomplete blocking of the membrane,  causing a higher risk of unspecific 

binding with the primary ant ibody. As for insect cells, they contain a higher 

percentage of hist idine residues than E. coli bacterial cells, with that in mind a 

high level of unspecific binding is not that surprising especially in the control 

samples where the transcript ion machinery has not been disturbed at all by the 

virus.  

The SDS-PAGE results for the second test expression showed no sign of successful 

LSD2 expression. Notably two broad bands at ca. 60 kDa were observed in samples 

of MOI 4 and 6 from the 72 h expression study. In fact, these bands can be observed 

from the 48 expression samples to the 96 hour samples with increasing band 

intensity up unt il MOI 4 and 6 of the 72 h expression. These bands possibly 

represent proteases that are released during the later stages of infect ion.  The 

western blot results were inconclusive just as the SDS-PAGE results due to the 

amount of unspecific binding between the primary ant ibody and other cellular 

proteins.  

With no confirmed LSD2 expression, the insert ion of the LSD2 gene in to the 

bacmid was verified by PCR. The PCR results were posit ive. Furthermore, the 

infect ion capacity of the viral stocks was verified in the plaque assays and 

infect ion/control experiments performed.  
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In order to definitely verify whether LSD2 was being expressed or not, larger scale 

suspension cultures (30 mL - 500 mL) were made and quick IMAC purificat ions 

were done so that the readout of the SDS-PAGE would be clearer. The results were 

negat ive for all the attempts.  

Even though LSD2 expression was not achieved during the time period of this 

project, some progress was made on steps preceding the recombinant protein 

expression. The LSD2 sequence was verified by sequencing, the transposit ion 

process was verified by PCR, a suitable t iter of the viral stocks for expression of 

the protein was reached and the baculovirus was confirmed to be infect ious both 

by the viral plaque assays performed and the infect ion/control experiment that was 

done (Table 3.2).  

To conclude, since the Sf9 cells were found to be alive and well and the 

baculovirus was shown to be infect ious, a successful expression of LSD2  seems to 

be a matter of further optimizat ion of the process. Unfortunately, due to time 

restrict ions the optimizat ion process could not be explored further. The work done 

however, gives a solid ground for further experiments in the quest of finding 

suitable expression condit ions for LSD2 in insect cells.  In future experiments, 

further troubleshooting could be done to check for proteolysis of the protein during 

expression and furthermore some molecular biology work could be done e.g. 

changing the His tag to a GST tag as an attempt to achieve a successful expression. 

Alternat ively, another cell strain could be tried e.g. HighFive T M cells that are 

known to produce high yields of recombinant proteins.   

D. Characterization and target validation of LSD1 using DSF and SPR  

LSD1 was characterized by using DSF and comparing the results to  a previously 

made batch of the protein. As the unfolding curves and the measured inflect ion 

temperatures (T i) were similar between the batches, a conclusion could be drawn 

that the protein was correctly folded and had not been damaged during the 

purificat ion process. The proteins stability was also characterized in the SPR 

running buffer and immobilizat ion buffer and compared to the protein in AEC 

elut ion buffer. The unfolding curves and the T i turned out to be similar in all three 

buffers indicat ing that the protein quality was comparable in all buffers and 

promising that the protein was correctly folded after immobilizat ion.  

The SPR interact ion analysis performed on LSD1 using two CoREST peptides was 

performed in order to explore the protein as a drug target . Furthermore, the 

experiment marks the beginning of the design of a SPR biosensor-based assay for 

discovery of fragment compounds that may inhibit the CoREST-LSD1 binding 

interact ion.  

The results from the interact ion assay were that  neither of the pept ides showed 

ideal dose responses and, in neither case, did the baseline after the dissociat ion 

reach zero. Because of this, the curves could not be fitted nicely, and no affinity 

or kinet ic data could be obtained. It is therefore clear that optimizat ion of the 

experimental condit ions is needed. From looking at the sensorgrams it is clear that 

a couple of factors can be improved for optimizat ion of the assay. First of all, the 
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maximal response obtained was about 400 RU for both peptides, and the calculated 

Rmax was 781 and 1080 RU for the 47-mer and 65-mer pept ides respect ively. In 

general, for kinet ic measurements, the desired total analyte response (R ma x) is 100 

RU. The high Rma x obtained is most likely the result of too high immobilizat ion 

level and surface crowding of pept ides which increases the signal intensity. One 

possible solut ion, is to add extra wash steps between inject ions of each pept ide 

concentration to make sure that excess analytes have been removed before the start 

of the next inject ion. The t ime for dissociation could also be increased for the 

same reason and should result in the baseline reaching zero response units. Finally,  

the RU response level aimed for during immobilizat ion could simply be lowered 

considerably.  

Other factors that could lead to the imperfect interaciton curves obtained is the 

immobilisat ion technique used,  level of LSD1 immobilizat ion and the 

concentrations of the pept ide compounds.  Too crowded surface can lead poor 

accessibility to the target site which in this case is the Tower domain, due to steric 

hindrances. Furthermore, immobilizat ion via amine coupling does no lead to 

uniform immobilizat ion i.e. the protein can bind in all sorts of different posit ions 

that perhaps lead to poor accessibility to the Tower domain. Furthermore, for 

generat ion of a suitable interact ion assay, the concentration of the analytes should 

be about 100x the their KD. As the affinity of the pept ides is in the low micro to 

nanomolar range, the concentration series could be optimized to achieve better 

dose response curves.   

To conclude, although the assay was not optimized it showed that the LSD1 

produced during the project is useful for SPR experiments. With further design 

and optimizat ion of the assay, it  could be used for screening of fragment 

compounds that inhibit the CoREST-LSD1 binding interact ion.  
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Appendix 
 

Tables 

Table A1  First Blue-white screening of pFastBacTMHT A LSD2 plasmid transformation in 

DH10BacTM E. coli cells.  

Sample Plasmid 

concentration 

(ng) 

Dilution 

factor 

White 

colonies 

Blue colonies 

LSD2 50 10-1  3 40+ 

LSD2 50 10-2  0 12 

LSD2 50 10-3  0 0 

LSD2 25 10-1  8 60+ 

LSD2 25 10-2  1 18 

LSD2 25 10-3  0 0 

LS-Ach BP 48 10-1  21 60+ 

 

Table A2  Second Blue-white screening of pFastBacTMHT A LSD2 plasmid transformation in 

DH10BacTM E. coli cells.  

Sample Plasmid 

concentration 

(ng) 

Dilution 

factor 

White 

colonies 

Blue colonies 

LSD2 50 10-1  0 0 

LSD2 50 10-2  0 0 

LSD2 25 10-1  2 25 

LSD2 25 10-2  0 25 

LS-Ach BP 48 10-1  2 33 
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Figures 

 

Figure A1 Example of growth curve obtained from LSD1 expression from the chemically 

transformed Mix&Go R2 cells. As can be seen on the graphs the log phase had a large bump 

possibly indicating some type of contamination or  that the cells were not competent for  growth 

in suspension culture.  

 

Figure A2 Example of growth curve obtained from LSD1 expression in the new batch of R2 

DE3 cells.  


