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Sammanfattning 
 

The purpose of this project was to identify and evaluate nucleotide sequences enhancing translation of proteins in Chinese hamster 

ovary (CHO) cells. Candidate sequences were placed in the 5´-untranslated region (UTR) or 3´ UTR respectively and evaluated in a 

CHO-based expression system with a fluorescent Fc-fusion protein as a model protein. 

 

Five plasmid vectors were constructed, two of which designed to have a randomized nucleotide library in their 5´ and 3´ UTR 

respectively, and three of which designed to hold varying repeats of a known enhancing translation (ET) sequence in their 5´ or 3´ 

UTR. The plasmid constructs were transfected into CHO cells and the protein expression was analyzed both by fluorescence 

intensity in single cells using flow cytometry and in bulk by monoclonal antibody titer analysis based on Protein A affinity. 

 

The main result is that both flow cytometry and titer analysis indicate that insertion of five repeats of the ET in the 5´UTR has a 

negative effect on protein expression as compared to the control which had no ET repeats. Results related to the insertion of three 

ETs in the 5´ UTR were ambiguous. The titer analysis indicated that it had a negative effect on the protein expression compared to 

the control which had no ET repeats, whereas the flow cytometry results suggest that the effect is negligible. Transfection of library 

plasmids was unsuccessful; hence no library expression analysis results were achieved. Due to the time constraints of the project, 

the reason for the unsuccessful transfection of library plasmids was not investigated, but the LTX transfection method is stated as a 

highly plausible cause. 

 

Based on the outcome of this study, two recommendations for future work are suggested. The first one is to continue the focus on 

UTR sequences in terms of library screening, and to improve the method of transfecting library plasmid constructs into CHO cells 

using lipofection. The second suggestion for further studies is to test different UTR sequence lengths without involving potential 

ETs, to rule out the effect and positions of the ETs and investigate the expressional effect of UTR length solely. 
 

 



 

Abstract  

The purpose of this project was to identify and evaluate nucleotide sequences enhancing 

translation of proteins in Chinese hamster ovary (CHO) cells. Candidate sequences were 

placed in the 5´-untranslated region (UTR) or 3´ UTR respectively and evaluated in a CHO-

based expression system with a fluorescent Fc-fusion protein as a model protein. 

 

Five plasmid vectors were constructed, two of which designed to have a randomized 

nucleotide library in their 5´ and 3´ UTR respectively, and three of which designed to hold 

varying repeats of a known enhancing translation (ET) sequence in their 5´ or 3´ UTR. The 

plasmid constructs were transfected into CHO cells and the protein expression was analyzed 

both by fluorescence intensity in single cells using flow cytometry and in bulk by monoclonal 

antibody titer analysis based on Protein A affinity. 

 

The main result is that both flow cytometry and titer analysis indicate that insertion of five 

repeats of the ET in the 5´UTR has a negative effect on protein expression as compared to the 

control which had no ET repeats. Results related to the insertion of three ETs in the 5´ UTR 

were ambiguous. The titer analysis indicated that it had a negative effect on the protein 

expression compared to the control which had no ET repeats, whereas the flow cytometry 

results suggest that the effect is negligible. Transfection of library plasmids was unsuccessful; 

hence no library expression analysis results were achieved. Due to the time constraints of the 

project, the reason for the unsuccessful transfection of library plasmids was not investigated, 

but the LTX transfection method is stated as a highly plausible cause. 

 

Based on the outcome of this study, two recommendations for future work are suggested. The 

first one is to continue the focus on UTR sequences in terms of library screening, and to 

improve the method of transfecting library plasmid constructs into CHO cells using 

lipofection. The second suggestion for further studies is to test different UTR sequence 

lengths without involving potential ETs, to rule out the effect and positions of the ETs and 

investigate the expressional effect of UTR length solely. 

 

 

  



 

Acronyms and abbreviations 

CHO cells  Chinese hamster ovary cells 

UTR  Untranslated region 

ET sequence  Enhancing translation sequence 

 

mAbs  Monoclonal antibodies 

mRNA  messenger-RNA 

Fab region  Antigen-binding region 

Fc region  Fragment crystallizable region 

 

FACS  Fluorescence-activated cell sorting 

FSC  Forward scatter 

SSC  Side scatter 

 

GFP  Green fluorescent protein 

BFP  Blue fluorescent protein 

RFP  Red fluorescent protein 

 

LTX  Lipofectamine transfection reagent 

 

Kaluza  Flow cytometry analysis software 

 

 

Plasmid designations 

Plasmid 381  Control plasmid, reference UTR design 

 

Plasmid 401  5´ UTR ET repeat plasmid, three ET sequences 

Plasmid 402  5´ UTR ET repeat plasmid, five ET sequences 

Plasmid 403  5´ UTR ET repeat plasmid, ten ET sequences 

Plasmid 404  3´ UTR ET repeat plasmid, three ET sequences 

Plasmid 405  3´ UTR ET repeat plasmid, five ET sequences 

Plasmid 406  3´ UTR ET repeat plasmid, ten ET sequences 

 

Plasmid 411  5´ UTR library plasmid, diversity 0.3 x 106 

Plasmid 412  5´ UTR library plasmid, diversity 4.2 x 106 

Plasmid 413  5´ UTR library plasmid, diversity 68 000 x 106 

Plasmid 414  3´ UTR library plasmid, diversity 0.3 x 106 

Plasmid 415  3´ UTR library plasmid, diversity 4.2 x 106 

Plasmid 416  3´ UTR library plasmid, diversity 68 000 x 106 
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1. Introduction  

Monoclonal antibodies (mAbs) are widely used for medical applications such as disease 

diagnostics and targeted mAb therapy for the treatment of diseases such as multiple sclerosis, 

psoriasis, rheumatoid arthritis and various forms of cancer (Catapano and Papadopoulos, 

2013). Furthermore, protein expression is one of the primary areas of focus when it comes to 

improving the yield of recombinant protein production processes (Xiao, Shiloach and 

Betenbaugh, 2014), and the 5´ and 3´ untranslated regions (UTRs) and introns of mRNA play 

an important regulatory role in the expression of a particular gene (Barrett, Fletcher and 

Wilton, 2012). In this project, the 5´ and 3´ UTRs were the focus, and the purpose was to 

evaluate the expressional effects of inserting varying repeats of a known Enhanced 

Translation (ET) sequence in the UTRs of an Fc-fusion protein. 

1.1. Purpose of The Study 

The purpose of this project was to identify and evaluate nucleotide sequences enhancing 

translation of proteins in CHO cells. Candidate sequences were placed in the 5´-UTR or 3´-

UTR respectively and evaluated in a CHO based expression system with a fluorescent Fc-

fusion protein as a model protein. 

1.2. Expected Impact of Study  

Results from this study has the potential of adding knowledge about the key factors governing 

transcription and translation rates in general. Together with knowledge about the other parts 

of the protein expression pathway, this provides possibilities of engineering higher yields in 

biopharmaceutical production systems. Making these biopharmaceuticals more affordable for 

the direct customers in turn makes them more accessible for the end customer, namely the 

patients who need the biopharmaceuticals. 

1.3. Project Objectives  

The main goal of this project was to identify 5´ and 3´ UTR translation enhancing sequences 

(ETs) that improve translation in CHO cells. 

 

The following sub-goals were set to support the main goal of the project: 

 

a) Construct plasmids holding randomized nucleotide libraries in their 5´ or 3´ UTR. 

b) Construct plasmids holding varying repeats of a known Enhanced Translation (ET) 

sequence in their 5´ or 3´ UTR.  

c) Transfect these plasmid constructs into CHO cells, analyse and sort the transfected 

cells based on protein expression levels using flow cytometry, and finally identify the 

best improved variants from the libraries.  
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2. Theory and Methodology  

The theory and methodology section will briefly cover the background knowledge required to 

make this study apprehensible. The section is divided into two main parts where the first one 

will cover the theoretical background regarding monoclonal antibodies and protein synthesis, 

whereas the second part will describe the general principles behind the methodologies applied 

in the study.  

2.1. Scientific Background 

The main topics brought up in this section are antibodies, protein synthesis and recombinant 

protein expression. As for antibodies, their structure, function and role as biopharmaceuticals 

will be clarified. The protein synthesis section will give a detailed description of messenger-

RNA (mRNA) constituents and their role in the mRNA translation process, and finally the 

benefits of mammalian cells and especially CHO-based expression systems will be declared 

in the recombinant protein expression section. 

2.1.1. Antibodies 

Antibodies, or immunoglobulins, are large glycoproteins that serve their purpose in the 

immune system by neutralizing pathogens. They are secreted by B cells that are part of the 

adaptive immune system and constitute the link between the adaptive immune system and the 

effector mechanisms that are part of the innate immune system (Vidarsson, Dekkers and 

Rispens, 2014). 

Structure  

Antibodies consist of one or multiple units, where one unit is 

composed of four polypeptide chains; two identical heavy 

chains and two identical light chains (Thermofisher.com, 

2018b). The amino terminal ends of these polypeptide chains 

are referred to as variable regions due to their variation in 

amino acid composition, which distinguishes them from the 

other relatively constant regions. One light chain is 

composed of one constant and one variable domain, whereas 

three constant and one variable domain make up a heavy 

chain.  

 

In addition to the division of immunoglobulins into light and heavy chains, it is common to 

speak of the antigen-binding regions and the fragment crystallizable region (Fab and Fc) of an 

immunoglobulin. Two identical Fab regions are connected to one Fc region, and the 

connection is accounted for by flexible hinges (Thermofisher.com, 2018b). Additional 

stability of the immunoglobulin macromolecule is ensured by covalent interchain disulphide 

bonds, and the resulting structure is bilaterally symmetric and Y-shaped (Kennedy et al., 

2018). The general structure of a human immunoglobulin can be seen in figure 1, where the 

Fc	

Fab

Antigen
binding
sites

Figure 1. Visualization of the general structure 

of a human immunoglobulin, where the heavy 

chains are depicted in purple and the light 

chains are depicted in yellow. The antigen 
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heavy chains are depicted in purple, the light chains in yellow, and the antigen binding sites, 

Fab region and Fc region are marked. 

Monoclonal Antibody Therapy 

mAbs are widely used for medical applications such as disease diagnostics and targeted 

monoclonal antibody therapy for the treatment of diseases such as multiple sclerosis, 

psoriasis, rheumatoid arthritis and various forms of cancer (Catapano and Papadopoulos, 

2013; Kennedy et al., 2018). The stability and high level of binding specificity and affinity 

that is characteristic for mAbs brings about an exceptionally high efficacy and a low degree of 

adverse events. This, together with the biotechnological engineering possibilities of 

modifying and refining the targets, makes mAbs highly suitable as therapeutics (Zheng, 

Bantog and Bayer, 2011). The Fc part of human immunoglobulins (hIgGs) accounts for 

important key traits which make antibodies suitable as therapeutics (Presta, 2008; Schlothauer 

et al., 2016), including good biochemical and biophysical stability and a long circulatory half-

life. 

3. Protein Synthesis 

Protein synthesis is the process by which biological cells produce new proteins. The central 

steps of this process are depicted in figure 2 and include the transcription of DNA to mRNA, 

followed by translation of the mRNA into protein. In the following section, a more detailed 

description of mRNA will be given. 

 

 

 
Figure 2. Visualization of the central dogma of protein synthesis, including transcription of DNA to mRNA followed by 

translation of mRNA into protein. 

Messenger RNA 

mRNA, consists of several functional elements besides the nucleotide sequences which 

encode the actual protein. In this section, the difference between precursor-mRNA (pre-

mRNA) and mature mRNA will be declared, and the mRNA constituents and their respective 

role in translation regulation will be described. 

Transcription

DNA

Translation

mRNA Protein



 4 

Precursor-mRNA 

In protein synthesis, precursor-mRNA (pre-mRNA) is the first form of RNA that is created 

through transcription. Pre-mRNAs consist of a 5´ UTR, a start codon followed by a varying 

number of exons and introns, a stop codon and finally a 3´ UTR (Kong et al., 2018), see 

figure 3. Exons are nucleotide sequences that code for amino acids that will finally make up a 

protein, whereas introns are nucleotide sequences wedged between the exons that do not 

encode the protein but instead are involved in gene expression regulation. One difference 

between pre-mRNA and mature mRNA is that introns are present in pre-mRNA, which are 

excised by a process called splicing as part of pre-mRNA processing to become mature 

mRNA (Whitford, 2005). The splicing process is accomplished by the spliceosome, a large 

molecular assembly consisting of five small nuclear RNAs and various protein factors that 

govern the transformation of pre-mRNA to mRNA by the excision of introns and joining of 

adjacent exons (Will and Lührmann, 2011).  

Mature mRNA 

Mature mRNA is the protein synthesis 

term for mRNA that has been processed 

and is ready for translation. The 

processing required apart from splicing to 

produce mature mRNA include capping 

and polyadenylation (Chang, Yeh and 

Yong, 2017), and the principle structure 

of mature mRNA is composed of the 5´ 

cap, the 5´ UTR,a start codon followed by 

the coding region, a stop codon, a 3´ 

UTR, and finally a poly-A tail (fig. 3). 

The 5´ Cap 

Capping refers to the addition of a 7-methylguanosine residue to the 5´ terminal end of the 

mRNA, which provides stability and a ribosome binding site. The altered 5´ end nucleotide is 

referred to as the 5´ cap and is depicted in figure 3. The main functions of the 5´ cap include 

promotion of intron excision and translation, prevention of degradation and regulation of 

nuclear export (Whitford, 2005). Chemically, the 5´ cap resembles the 3´ end of RNA, which 

contributes to increased stability in the sense that it provides resistance to 5´ exonucleases. 

(Whitford, 2005; Vvedenskaya et al., 2018) 

The 5´ Untranslated Region 

The 5´ UTR is located directly upstream from the start codon of mRNA (fig. 3) and consists 

of many elements that are involved in the regulation of translation (Araujo et al., 2012). Such 

regulatory elements include upstream open reading frames (uORFs) and upstream AUGs 

(uAUGs). The formation of secondary structures such as hair pins is common within the 5´ 

UTR as this part of the mRNA has a high GC content, and the secondary structures have also 

proved to have an impact on translation regulation (Barrett, Fletcher and Wilton, 2012). 

Introns

5´UTR	 3´UTR	

Exons

5´UTR	 3´UTR	

5´cap Poly-A	tail

Pre-mRNA

Mature	mRNA

RNA-processing

Figure 3. Constituent visualization of pre-mRNA and mature mRNA. 
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The Start Codon 

The start codon separates the 5´ UTR and the coding region of mRNA and is the first codon 

of the mRNA transcript that will be subject for translation by the ribosomes. A start codon is 

dependent on adjacent sequences or eukaryotic initiation factors (eIFs) to initiate translation. 

In eukaryotes, the start codon is always AUG which codes for the amino acid methionine. 

(Whitford, 2005)  

The Coding Region of mRNA 

Adjacent exons that are joint by the spliceosome as part of RNA processing of pre-mRNA to 

mature mRNA (fig. 3) make up the coding region, which is the part of the mRNA that will be 

translated into protein by a ribosome. The coding region starts with a start codon at the 5´ end 

and ends with a stop codon at the 3´ end.  

The Stop Codon 

A stop codon terminates the translation of mRNA into protein and is located at the 3´ end of 

the coding region. The termination is accomplished by the binding of release factors to the 

stop codon, which disassociates the ribosomal subunits and thereby releases the amino acid 

chain that has been synthesized. (Whitford, 2005) 

The 3´ Untranslated Region 

Immediately after the stop codon of mRNA comes the 3´ untranslated region (3´UTR), which 

is composed of multiple regulatory regions that have an impact on polyadenylation, 

translation efficiency, localization and mRNA stability (Plass, Rasmussen and Krogh, 2017). 

The 3´ UTR accounts for binding sites for a variety of regulatory proteins, and microRNAs 

(miRNAs) whose binding decreases gene expression by inhibiting translation or cause 

degradation of the transcript. Typical examples of regulatory proteins which have binding 

sites at the 3´ UTR include repressor proteins that bind to silencer regions and inhibit 

expression of the mRNA, and AU-rich element (ARE) binding proteins that affect stability, 

transcript decay rate and translation initiation by binding the AU-rich elements of 3´UTR. The 

3´ UTR also holds the sequence element AAUAAA that is directly involved in the 

recruitment of the poly-A tail to mRNA, and, like the 5´ UTR, not only the sequences 

themselves but also the secondary structure of the 3´ UTR is connected to translation 

regulation. The 3´ UTR is depicted in figure 3. (Barrett, Fletcher and Wilton, 2012) 

The Poly-A Tail 

The poly-A tail is a stretch of RNA only containing adenine bases which is added to mRNA 

by a nuclear polymerase during a process called polyadenylation. The poly-A tail is marked in 

figure 3 and consists of around 200 adenylate residues and binds poly-A binding proteins 

(PABP). The binding of PABP is connected to the regulation of translation, stability and 

mRNA export from the nucleus to the ribosome. (Whitford, 2005)  
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3.1.1. Recombinant Protein Expression 

Methods and techniques to improve recombinant protein expression are a large focus in the 

biomedical field and especially when it comes to commercializing biopharmaceuticals, with 

monoclonal antibodies being the most important class of proteins  (Xiao, Shiloach and 

Betenbaugh, 2014). CHO cell based expression systems are commonly used in recombinant 

antibody production (Pentilla, 1998; Walsh G, 2014). 

Mammalian Expression Systems and Chinese Hamster Ovary Cells 

Mammalian cell lines possess three beneficial properties that make them preferable for 

producing monoclonal antibodies; they manage posttranslational modification, are able to, 

with consistent quality, express relatively large amounts of mAbs, and they have proved to 

readily adapt to the circumstances that come with large-scale culture bioreactors (Ramezani 

and Ghaderi, 2018). Although many other mammalian expression systems are used for the 

production of biopharmaceuticals, CHO cells remain the most commonly used cell line. 

(Walsh G, 2014; Ramezani and Ghaderi, 2018). Rapid growth and high protein production are 

two key features that make CHO cells the cell line of choice for recombinant protein 

production. 
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3.2. Methodology 

The general principle of methodologies applied in this study will be described in this section. 

3.2.1. Gene Cloning 

The concept of gene cloning refers to the process of constructing multiple copies of a specific 

piece of DNA (Overview: DNA cloning, 2018). An overview of the general procedure of gene 

cloning can be seen in figure 4, where polymerase chain reaction (PCR), digestion, ligation, 

E.coli transformation, and amplification and purification are stated as the main steps. The 

individual steps will be detailed in the subsequent sections. 

 

 
Figure 4. A schematic visualization of the general procedure of gene cloning. 

PCR 

Polymerase chain reaction (PCR) is a method used in molecular biology to amplify a piece of 

DNA or RNA, generating multiple thousands of copies from only one or a few copies as a 

starting point (Overview: DNA cloning, 2018). PCR is performed by mixing a template of the 

desired nucleotide piece with a few reagents in a test tube and running a number of 

temperature cycles in a preprogramed thermal cycler (Brown, 2010). The reagents needed 

include a DNA polymerase, one forward and one reverse primer, deoxynucleoside 

triphosphates (dNTPs) and a buffer solution.  

It is common to design the primers with restriction sites in the 5´ end to generate compatible 

ends of the amplified fragment and the vector into which the fragment is to be inserted (New 

Biolabs, 2018a). 

Restriction Enzyme Digestion 

Restriction endonucleases are enzymes that have a DNA recognition site where they cleave 

DNA into fragments (Brown, 2010). In nature they are found in bacteria and archaea where 

they provide the organism with a defence mechanism as protection from viruses. Today 

isolated restriction endonucleases are widely used in gene cloning to manipulate DNA and 

assist insertion of a desired gene into a plasmid vector. (Brown, 2010) 
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Ligation 

Within the gene cloning and molecular biology field, ligation is defined as the process of 

joining two DNA fragments with the use of an enzyme. In the sense of constructing a 

plasmid, it is a matter of facilitating the insertion of a smaller fragment, such as a gene, into a 

plasmid vector backbone. (Brown, 2010) 

E.coli Transformation 

Transformation is the process where bacterial cells, usually E.coli, take up DNA from their 

surroundings, which can occur in a natural or in an artificial way. Artificial transformation is 

applied for the purpose of introducing recombinant DNA into an E.coli host and there are 

ways to enhance the uptake of DNA by treating the bacteria physically or chemically (New 

Biolabs, 2018b). Chemically competent E.coli are achieved by treating the bacteria with 

divalent cations, which increases the permeability of the bacterial cell membrane and thereby 

makes them more prone to take up DNA from the surrounding media. Electroporation is 

another method for artificial transformation, where an electric current shock generates 

temporary holes in the E.coli membrane that allow exogenous DNA to pass into the cell 

(Brown, 2010). Regardless of if the transformation is performed chemically or by 

electroporation, selection of recombinant bacterial cells can easily be done if the uptake DNA 

is equipped with an antibiotic resistance gene (New Biolabs, 2018b). 

3.2.2. CHO Cell Transfection 

Transfection is the process of introducing nucleic acids into mammalian cells (Vozza-brown 

et al., 2007), and two of the main choices of methods to perform transfection are lipofection 

and electroporation (Bioscience Technology, 2011; Sigma-Aldrich, 2018).  

 

Lipofection is based on the formation of DNA-containing, liposome-like structures which act 

as transfection reagents. The general structure of a cationic lipid includes a positively charged 

head group that attracts the nucleic acid phosphate backbone, accompanied by one or two 

hydrocarbon chains. The nucleic acid-cationic lipid interactions form positively charged 

liposome structures, which mediates fusion of the complex with the negatively charged cell 

membrane, and the actual entering into the cell is likely accomplished through endocytosis 

(Sigma-Aldrich, 2018; Thermofisher.com, 2018a). 

 

In electroporation, cellular pores are generated temporarily as the result of an applied 

electrical pulse, enabling influx of foreign DNA into the cell. Electroporation is a highly 

effective transfection method, its drawback lying in the fact that it can be very toxic for the 

cells (Bioscience Technology, 2011). 
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3.2.3. Trypan Blue Exclusion 

Trypan blue exclusion is a method applicable for cell viability analysis, that is, for calculation 

of the percentage of viable cells with respect to the total number of cells in a cell culture 

(Thermofisher.com, 2018d). The principle that the method is based on is that live cells with 

intact cell membranes possess the ability of excluding dyes such as trypan blue, whereas dead 

cells will let the dye leak into the cytosol (Strober, 2001). A dyed cell culture will therefore 

present live cells with clear cytoplasm, and the cytoplasm of the dead cells will acquire blue 

colour from the dye. Cell counts for acquisition of cell viability has historically been a matter 

of manual work using a hemacytometer, but nowadays there are instruments available which 

automate the cell counting procedure (Tholudur et al., 2006). Examples of such instruments 

include the Vi-CELL XR cell viability analyser from Beckman Coulter (www.beckman.com) 

and the Cedex HiRes from Innovatis (www.innovatis.com).   

3.2.4. Expression Analysis 

Expression analysis refers to the process of quantifying or profiling the synthesis of a 

functional gene product, usually a protein. In this section, expression analysis in terms of flow 

cytometry and titer measurements will be described, respectively.  

Flow Cytometry 

Flow cytometry is a cell-biology technique used to analyse single-cells in terms of their 

physical properties. A cell suspension is passed in a single-cell stream through the nozzle and 

past a set of lasers of the flow cytometer, where profiling of cells is performed based on 

refracted or emitted light of the cells. Two detectors measure the light scatter; the forward 

scatter (FSC) detector measures the scatter along the laser path and the side scatted (SSC) 

detector measures the scatter perpendicular to the laser path. Additional detectors and filters 

in the optical system of a flow cytometer are able to measure the light emitted from 

fluorescent compounds present in the cells. The basic principle of the detection system of a 

flow cytometer is depicted in figure 5. 

 

Fluorescence activated cell sorting (FACS) is a specialized 

type of flow cytometry technique, that enables cell sorting 

based on the light scattering characteristics and fluorescent 

properties of each cell in a heterogeneous mixture of 

biological cells (Bulletin, 2009). Data is collected as in 

conventional flow cytometry, and the sorting is based on 

this data and accomplished through an electrical charge 

that is imposed on a cell of interest (Robinson and Pellenz, 

2013). Although a FACS instrument possesses the ability 

of sorting cells, it can be utilized for the more basic 

purpose of analyzing cell culture samples according to the 

flow cytometry principle. Figure 5. The basic principle of the flow 

cytometer detection system. 
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Forward Scatter, Side Scatter, and Fluorescence 

Forward and side scatter measurements provide information about cell size and cellular 

granularity, respectively. The FSC intensity is determined by the light diffraction around the 

cell, which is detected by a photodiode that converts light into an electric signal based on the 

proportional relationship prevailing between cell diameter and laser wavelength. While FSC 

focuses on cell size, the SSC enables distinction between cells based on their varying level of 

complexity. Cellular components such as granules and the nucleus cause the laser light to 

refract or reflect, which is detected by the SSC detector. For example, granulocytes with 

relatively high levels of granules can be distinguished from the less granular monocytes.  As 

SSC light signals are rather weak, a photomultiplier tube is used to increase the signals and 

make them detectable (Flowjo.com, 2018).  

 

Three characteristics of the electromagnetic pulses detected by the FSC and SSC sensors can 

be recorded; height, width and area. The height parameter as a function of width is commonly 

used to distinguish single cells from doublets, clumps or cell debris. In general, information 

provided from the forward and side scatter data gives a rather well-founded first analysis of 

the properties of individual cells in a heterogeneous mixture of biological cells (Flowjo.com, 

2018).  

 

A fluorescent molecule possesses the ability of absorbing light at wavelengths specific for that 

compound, and the absorption excites an electron in the fluorescent molecule to a higher 

energy level. As the electron decays back to the ground state, energy is emitted again and the 

result is a photon of light. The term fluorescence is used to describe this transition of energy 

(Biosciences, 2000). There are many different fluorescent compounds with different 

wavelength ranges over which they can be excited (absorption spectra) and ranges over 

emitted wavelengths (emission spectra). Notably, more energy is always needed to excite an 

electron than is emitted in the subsequent fluorescent emission, hence the wavelength of 

emitted light is always longer than the wavelength of the light energy which was initially 

absorbed (Biosciences, 2000). The fluorescent property of these compounds can be utilized 

analytically, and more than one can be used simultaneously for analyses as long as peak 

emission wavelengths are sufficiently far from each other. (Biosciences, 2000) 

Graphical Representation of Flow Cytometric Data 

As with any analysis data, graphical representation and scaling of flow cytometric data is 

crucial to make correct interpretations and conclusions. Two commonly applied methods of 

presenting flow cytometric data are linear and logarithmic scaling, the choice of which 

depending on the nature of data. (Flowjo.com, 2018) 

 

Linear vs. Logarithmic Scaling 

A linear scale representation will display a visual distance between data points proportional to 

the actual numerical values of the data points, which would be preferable when displaying a 

dataset with data points evenly spread over a given range. Data points that cover a greater 

dynamic range will instead be better represented in a logarithmic scale that is based on 

exponential differences between the data point values. (Flowjo.com, 2018) 
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Fluorescence measurements usually requires log scale graphical representation, as light 

emitted from positive cells can have intensities thousands of times greater than that of 

negative cells. Forward and side scatter analysis typically do not warrant log scale 

representation but will do good with linear scaling. (Flowjo.com, 2018) 

 

Gating 

The gating function in flow cytometry analysis software makes it possible to select a subset of 

data that fulfil the desired characteristics when two parameters are compared, and analyse 

these data points further. For example, if the purpose is to analyse the fluorescent properties 

of the lymphocytes in a blood sample, one might first gate the lymphocytes from the other 

blood particles (using the FSC to SSC plot), and then continue the fluorescence analysis on 

the population which qualify to be gated as lymphocytes (Biosciences, 2000). In the same 

way, live single cells can be gated from dead cells, doublets and debris in a culture where 

there is a risk that noise from the non-live non-single cells might compromise the quality of 

the flow cytometry data analysis. 

Monoclonal Antibody Titer Analysis Based on Protein A Affinity 

Titer is a unit of concentration that is frequently used to express the concentration of 

biological molecules, usually antibodies or other proteins. In the biopharmaceutical industry, 

affinity titer is a highly important technique (Thermofisher.com, 2018c), and when 

developing new biological products, analysis of the product titer of CHO cell cultures is a key 

procedure (Römling, 2016). 

 

Protein A is a surface protein which was originally found in the bacteria Staphylococcus 

aureus. Today, Protein A is frequently used in antibody applications such as titer 

measurements and antibody purification as the protein it binds the Fc region of antibodies. In 

terms of titer measurements, Protein A based affinity chromatography is a common method 

(Lin et al., 2013). 
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4. Materials  

The key materials used in this study are referred in this section, including information about 

where these were acquired. For further information about chemicals and biologicals used, a 

detailed list of materials can be seen in appendix B.   

4.1. Plasmids 

The ET repeat and library plasmids used in this study were cloned as part of the project. The 

plasmid vector into which the ET and library fragments were inserted is a GE in-house 

plasmid and the ET and library specific fragments were amplified using this vector as 

template. Unique ET and library sequences were incorporated in the fragments with the use of 

primers designed at GE Healthcare and ordered from IDT. 

4.2. KCM Chemically Competent E.coli 

The KCM chemically competent E.coli that were used in the chemically induced plasmid 

transformation experiments were originally supplied as TOP10 chemically competent E.coli 

by Thermo Fisher Scientific, but were treated at GE Healthcare to become KCM competent. 

4.3. Electrocompetent E.coli 

In this study, One Shot™ TOP10 Electrocomp™ E. coli from Thermo Fisher Scientific were 

used in the electrotransformation experiments.  

4.4. Chinese Hamster Ovary Cells 

The CHO cells used in this study were provided by GE Healthcare under the name 

HyCloneTM CHO. 
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5. Experimental Procedures 

The experimental procedures section is divided into four parts; Plasmid construction in E.coli 

transformation, CHO cells transfection, and Expression analysis. The methods applied in this 

study are described under the relevant heading and the specific equipment utilized is stated 

along with information about equipment vendors. For a complete instrumentation overview, 

the equipment is also listed in appendix II. Figure 6 provides a principle overview of the 

vector components and their purpose in the vector, where the expression cassettes in blue, red 

and black were identical by design for all plasmid constructs. The UTRs were altered in the 

expression cassette marked in green in figure 6, where Fc refers to the antibody Fc region, 

whereas GFP, BFP, and RFP is short for green, blue, and red fluorescent protein, respectively. 

The purpose of the fluorescent proteins was to act as markers in the flow cytometry analysis. 

 

 
Figure 6. A principle overview of the vector components and their purpose in the vector. The expression cassettes in blue, red 

and black were identical by design for all plasmid constructs. The UTRs were altered in the expression cassette marked in 

green. Fc refers to the antibody Fc region, whereas GFP, BFP, and RFP is short for green, blue, and red fluorescent protein, 

respectively. 

Figure 7 provides a description of the library plasmid designs, where three plasmids (411-

413) were intended to have libraries of different diversities in their 5´ UTR, and three to have 

libraries of different diversities in their 3´ UTR (414-416). The name and design of the 

plasmids deigned to have varying repeats of the known ET is instead depicted in figure 8.  

 

 

Gene	in	expression	cassette Purpose in	vector

Fc	+	GFP UTR sequence effect indicator

Fc	+	BFP Normalization of	GFP	expression

RFP Intact integration	indicator

Antibiotic	resistance Primary selection of	recombinants,	intact
integration	indicator

Figure 7. An overview of the UTR design of the 

plasmids with varying repeats of the known ET. 
Figure 8. An overview of the UTR design of the library 

plasmids. 

5´ UTR			 GOI							GFP					 3´UTR

Plasmid
414:	Div.	0,3	x106

415:	Div.	4,2	x106

416:	Div.	68	000	x106

Plasmid
411:	Div.	0,3	x106

412:	Div.	4,2	x106

413:	Div.	68	000	x106

Fc 5´ UTR			 GOI							GFP					 3´UTR

Plasmid
404:	3	ETs
405:	5	ETs
406:	10	ETs

Plasmid
401:	3	ETs
402:	5	ETs
403:	10	ETs

Fc
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A schematic overview of the methods applied in the study is given in figure 9, where the first 

steps were dedicated to constructing the plasmids with varying UTR designs in the GFP 

expression cassette.  

 

 
Figure 9. An overview of the methods applied in this study, starting with PCR amplification of 

the plasmid specific fragments and ending with expression analysis of the CHO cells transfected 

with the plasmid constructs. 

5.1. Plasmid Construction 

The candidate sequences, henceforth referred to as ET repeat fragments and library fragments, 

were amplified in PCRs using Q5 high-fidelity DNA polymerase from NEB and the 

simpliAmp thermal cycler from Life technologies. The primers were designed in-house at GE 

Healthcare and purchased from GATC IDT. The general PCR method used can be seen in 

figure 10. Annealing temperatures used were based on estimated Tm values. Assembly-PCRs 

were performed for the construction of ET repeat fragments for plasmid 402 and 403.    

 

 
 

 

The PCR products were purified with agarose gel electrophoresis with the EPS XXX 

electrophoresis power supply system provided by GE Healthcare. The DNA was extracted 

with illustra GFX PCR DNA and gel band purification kit, also from GE Healthcare. The 

protein concentration was determined by UV spectrophotometry with the NanoDrop™ One 

Microvolume UV-Vis Spectrophotometer, supplied by Thermo Fisher Scientific. 

Figure 10. The general PCR method used, with the prevailing temperature, 

duration and number of cycles for each cycle step. 
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ET repeat and library fragments were digested with high-fidelity restriction enzymes from 

NEB, as was the plasmid cloning vector into which the fragments were to be inserted. 

Digestion reactions were incubated statically at 37°C for 1-3 h. No inactivation was 

performed in the case where the digest reaction was directly purified. If not directly purified, 

freeze inactivation was utilized (-80°C). Ligation of digested fragments and vector was done 

with T4 DNA ligase from NEB. A molar ratio of 1:5 vector to insert was applied, and the 

ligation reactions were incubated statically at room temperature for 1-3 h. 

5.2. E.coli Transformation 

Transformation of plasmid constructs into E.coli was performed in two ways; KCM 

transformation was applied for the ET plasmids, whereas electroporation was applied for the 

library plasmids. 

5.2.1. KCM Transformation 

The chemically induced transformation experiments were performed using TOP10 KCM 

Chemically Competent E. coli and 5X KCM that were both prepared at GE Healthcare. 

TOP10 KCM Chemically Competent E. coli was added to a prechilled mixture of ligated 

DNA, 5X KCM (2 µl, 0.5M KCl, 0.15M CaCl2, 0.25M MgCl2) and sterile MilliQ water, 

incubated first on ice for 20 minutes followed by 10 minutes at room temperature. S.O.C. 

medium was then added, and the solution was incubated at 37 °C for 1 h in an ES-20 shaker-

incubator from Biosan. 

5.2.2. Electroporation 

The transformation experiments based on electroporation were performed using One Shot™ 

TOP10 Electrocomp™ E. coli purchased from ThermoFisher Scientific and a MicroPulser™ 

Electroporator from Bio-Rad. Electrocompetent cells and ligation was mixed and transferred 

to 0,1 cm gap cuvettes. The electroporation setting used was Ec1, and S.O.C. medium was 

added to the cuvette immediately after electroporation. The transformation solutions were 

incubated at 37 °C for 1 h in an ES-20 shaker-incubator from Biosan. 

Library Diversity Calculations 

The theoretical diversity maximum was calculated for each library using basic combinatorics, 

given the number of nucleotide positions to be randomized and four possibilities in every 

position (G, A, T, C). The final maintained diversity was then recalculated based firstly on 

transformation dilution series cfu data (colony forming units), and finally adjusted in 

accordance with the transfection scale and the assumption that the transfection efficiency was 

1 %.  
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5.3. CHO Cell Transfection  

Transfection of plasmid construct into CHO was performed using electroporation for the ET 

repeat plasmids 401, 404 and 402, whereas the library plasmids 411 and 414 were transfected 

using lipofection with LTX transfection reagent.  

 

For every electroporation transfection that was performed, two million cells of a HyCloneTM 

CHO culture were spun down in a centriguge. The supernatant was discarded and the pellet 

was resuspended in NucleofectorTM Solution from Lonza. Donor plasmid was added and 

electroporation was performed using NucleofectorTM 2b from Lonza. The transfected sample 

was transferred to preheated CD-CHO medium with L-glutamine (6mM) and incubated 

statically at 37°C overnight. 

5.4. Expression Analysis 

Flow cytometry expression analysis was performed by collecting cell culture data from 100 

000 cells with the cell sorter BD FACSJazz™ from BD Biosciences, and the data was 

analyzed with Kaluza flow cytometry analysis software from Beckman Coulter. Antibody 

titer measurements were performed using the Cedex Bio Analyzer from Roche.  
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6. Results  

The results section will be presented in chronological order, where the gene cloning results 

are presented first, followed by CHO cell transfection and selection results, and finally 

expression analysis results.  

6.1. Gene Cloning 

The gene cloning results presented here primarily include sequencing results that verify or 

dismiss that the plasmid constructs were cloned according to design. For the library plasmids 

411 and 414, calculation of the final achieved diversity is presented. 

Plasmid Construct Verification 

The sequencing results from the ET repeat plasmids 401, 402 and 404 confirm that the 

constructed plasmids are cloned according to the design. Library plasmids 411 and 414 were 

also confirmed to be according to the design. The sequencing results from the library plasmids 

indicate that library plasmid 411 and 414 were correct with nine randomized bases each and 

with the libraries in the right positions. Library plasmids 412, 413, 415, and 416 were not 

correctly cloned, according to the sequencing results. 

 

The unique elements of the correctly cloned plasmids are depicted in figure 11. The plasmid 

constructs differ only in terms of 5´or 3´UTR sequence of the expression cassette holding the 

Fc and GFP genes. The other expression cassettes are identical in all constructs. 

 

 

 
Figure 11. A schematic overview of the unique elements of the correctly cloned plasmids, located in the 5´ or 3´ UTR of the 

expression cassette holding the Fc and GFP genes. The other expression cassettes are identical in all constructs. 

  

Fc
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Final Diversity Coverage 

The theoretical diversity maximum for the library plasmids 411 and 414 was 49  0,3 x106, as 

they were both designed to have 9 randomized bases in respective UTR. The estimated 

maintained diversities for these library plasmids were 0,2 x106. Table 1 gives an overview of 

theoretical and maintained diversities. 

 
Table 1. Theoretical diversity maximum and estimated maintained diversity after transfection for the library constructs 411 

and 414. 

 Theoretical diversity 

maximum 

Estimated maintained 

diversity 

Plasmid 411 0,3 x 106 0,2 x 106 

Plasmid 414 0,3 x 106 0,2 x 106 

 

6.2. CHO Cell Transfection and Selection 

One to three days post transfection, CHO cell cultures were treated with Geneticin antibiotics 

to select for successfully transfected cells. Figure 12 displays the measured viability of the 

cultures with plasmid 401, 404 and 381 as a function of time post transfection, where plasmid 

381 is a control plasmid without candidate sequences. A decrease from close to 100 % to 

around 30 % in viability can be seen for all three cultures, followed by a viability recoveree 

for all three cultures. This indicates a successful transfection and selection. 

 

 
Figure 12. The measured viability of the cultures with plasmid 401, 404 and 381 as a function of 

day post transfection, where plasmid 381 is a control plasmid without candidate sequences. 
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Figure 13 shows the measured viability of the cultures with plasmid 402 and 381 as a function 

of time post transfection, where plasmid 381 is a control plasmid without candidate 

sequences. Viability data was collected only a few times, which was a conscious choice as the 

intention was to just confirm that the viability decreased during selection and recovered after 

a while. The expectation was that the viability curve would be similar for plasmid 402 and 

381 in figure 13 as for plasmid 401, 404 and 381 in figure 12. This was also the observation, 

as the viability trend is similar for the constructs depicted in figure 13 as for the 

corresponding days in the viability trends depicted in figure 12.  

 

 
Figure 13. The measured viability of the cultures with plasmid 402 and 381 as a function of 

day post transfection, where plasmid 381 is a control plasmid without candidate sequences. 

 

The measured viability of the cultures with library plasmids 411 and 414 as a function of time 

post transfection can be seen in figure 14. These cultures did not recover in viability after the 

antibiotic selection initiation, which is an indicator of that the transfection of library plasmids 

411 and 414 into CHO was unsuccessful. 

 

 

 
Figure 14. The measured viability of the cultures with plasmid 411 and 414 as a function of 

day post transfection. 
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6.3. Expression Analysis using Flow Cytometry 

The flow cytometric data was analysed with the cytometry analysis software Kaluza, and the 

analysis was performed in a few defined steps depicted in figure 15. First, live cells were 

gated based on a reference culture with live empty HyCloneTM CHO in a density plot of 

forward scatter (FSC) as a function of side scatter (SSC). From this gate, another density plot 

was done where forward scatter as a function of RFP expression was displayed. From this 

density plot, the population expressing RFP was gated, as the combination of antibiotic 

resistance and RFP expression acts as an indicator that the plasmid construct has remained 

intact at the integration. The third gate was set based on the fraction of BFP expression 

(designated mTagBFP2) to GFP expression (designated eGFP), where cells expressing both 

green and blue were of interest. Figure 15 gives an overview of the general analysis procedure 

applied. 

 

 
Figure 15. General analysis procedure of flow cytometric data. A: Live cells gated. B: RFP expressing cells gated as intact 

integration confirmation. C: Cells expressing both BFP and GFP gated. 

The resulting density plots of BFP expression as a funtion of GFP expression can be seen in 

figure 16 for plasmid 401 404 and their corresponding control plasmid 381. Figure 17 instead 

shows the resulting density plots of BFP expression as a funtion of GFP expression for 

plasmid 402 and its corresponding control plasmid 381.  

 

 
Figure 16. The resulting density plots of BFP expression as a function of GFP expression for cells transfected with plasmid 

401, 404, and the control plasmid 381, respectively. 

A	 B	 C

Plasmid	381 Plasmid	401 Plasmid	404
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Figure 17. The resulting density plots of BFP expression as a function of GFP expression 

for cells transfected with plasmid 402 and the control plasmid 381, respectively. 

From the density plots in figure 16 and 17, cells expressing both GFP and BFP were gated 

and two histograms of the gated cells were done; one where the distribution of BFP 

expression was the focus and one where the distribution of GFP expression was the focus. 

Figure 18 shows the BFP distribution histograms of plasmid 401, 404 and 402, whereas the 

GFP distribution histograms of these plasmids are depicted in figure 19. 

 

 
Figure 18. BFP distribution histograms of cells transfected with plasmid 401, 404 and 402 (yellow), 

as compared to cells transfected with the control plasmid 381 (red). 

 

 
Figure 19. GFP distribution histograms of cells transfected with plasmid 401, 404 and 402 (green), 

as compared to cells transfected with the control plasmid 381 (red). The expression medians are given 

below the histograms. 

Plasmid	381 Plasmid	402
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Figure 20 shows the density plots of forward to side scatter with live gate for empty living 

CHO cells (red) and density plot of forward to side scatter for the cells transfected with 

library plasmids 411 (orange) and 414 (purple). The flow cytometry analysis results of the 

library plasmids 411 and 414 (fig. 20) indicate that barely any of the cells in the cultures were 

alive, which aligns with the indication given from the viability measurements performed for 

cells transfected with plasmid 411 and 414. 

 

 
 
Figure 20. FACS density plots of forward to side scatter with live gate for empty living CHO cells (red) 

and density plot of forward to side scatter for the cells transfected with library plasmids 411 (orange) 

and 414 (purple). 

6.4. Titer Measurements 

The Fc-fusion protein titer was measured for cells transfected with plasmid 401, plasmid 402 

and for two cultures of cells transfected with the control plasmid 381. One control was run in 

parallel with plasmid 401 and one in parallel with plasmid 402, with the purpose of 

compensating for the fact that plasmid 401 and plasmid 402 were not in phase as regards to 

transfection and cultivation and thereby providing better means for comparison of plasmid 

401 and 402. The titers were measured at a stage where the CHO cell cultures had been 

incubated at 37C without addition of fresh media until a cease in cell density was observed in 

VI-cell viability measurements. Table 2 shows the measured titer of the cells transfected with 

plasmid 401, plasmid 402 and their respective controls.   

 
Table 2. Fc-fusion protein titer measured on plasmid 401, plasmid 402 and their respective control plasmid 381. 

Plasmid 401 Plasmid 381 Plasmid 402 Plasmid 381 

33 mg/L 44 mg/L 34 mg/L 49 mg/L 
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7. Discussion  

The viability and flow cytometry results for the library plasmid cultures both indicate that the 

cultures were not in good condition after the antibiotic selection pressure was initiated (figure 

14 and figure 20), which is likely to be a result from a non-successful transfection. The reason 

for this outcome was not investigated, but the common denominator of the unsuccessful 

transfections as compared to the successful ones is the transfection method which was 

applied: electroporation for the successful ones (ET repeat plasmids) and LTX transfection for 

the library plasmids. This implies that the method could be the reason for this outcome. 

Another explanation could be that the library cultures were contaminated with virus or 

bacteria, but given that LTX transfections were performed on two different days, cultivated in 

over 10 different shake flasks, and given media from the same bottles as the successful 

cultures, it would be a statistical progidy if 100 percent of the LTX transfected cultures were 

contaminated, whereas 100 percent of the electroporated cultures remained uncontaminated. 

Hence, the likeliest reason for this outcome should be the LTX transfection method. 

 

The transfection of ET repeat plasmids into CHO cells using electroporation was seemingly 

successful since the viability of all cultures recovered after the antibiotic selection initiation in 

the same manner as for the controls (figure 12 and figure 13). Regarding the expression 

analysis results for the ET repeat plasmid cultures, the desired result from the BFP 

distribution histograms in figure 18 is that the histograms from the different plasmids should 

overlap with the one from their respective control. That would indicate that the BFP 

expression is normal as compared to the control, which is the prerequisite for further 

comparison of the GFP distribution histograms of the plasmids compared to the control. From 

what can be seen, the distributions in the histograms in figure 18 are positioned relatively 

around the same magnitudes, which allows for GFP histogram comparison. Notable though is 

the fact that the cell counts are very low, which compromises the ability of drawing well 

founded conclusions from figure 18. 

 

The GFP distribution histograms in figure 19 serve the purpose of providing means for 

comparison of expressional effects of candidate UTR sequences and the control UTR 

sequence. As can be seen in figure 19, there is no significant difference in GFP expression for 

cells transfected with plasmid 401 (three ET repeats in the 5´ UTR), plasmid 404 (three ET 

repeats in the 3´ UTR) and their respective control, whereas plasmid 402 (five ET repeats in 

the 5´ UTR) appears to have a negative effect on the GFP expression as compared to the 

control. Given the rather low number of cells counts in figure 19, conclusions from this data 

should be drawn with precaution. 

 

According to the titer results in table 2, there is no significant difference between Fc-fusion 

protein expression as regards the control plasmid 381 run parallel with plasmid 401 (three ET 

repeats in the 5´ UTR), and the one run parallel with plasmid 402 (five ET repeats in the 5´ 

UTR). This observation indicates that it is possible to make a comparison between titers of 

plasmid 401 and 402 although they have been subject to slightly different experimental set-

up. Comparison of the titers indicates that there is no significant difference between Fc-fusion 
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protein production of cells transfected with plasmid 401 and plasmid 402. That is, having 

three or five ETs in the 5´ UTR seems to have no significant effect on protein expression 

according to the titer measurements. Comparison between titer results for cells transfected 

with plasmid 401 and plasmid 402 with their respective control further suggests that three and 

five ET repeats in the 5´ UTR both have a negative effect on the GFP expression as compared 

to the control (see table 2). 

 

This means that the flow cytometry and titer results taken together are ambiguous in terms of 

whether the candidate sequence of plasmid 401, namely three ET repeats in the 5´ UTR, has a 

negative effect on the expression or it has a negligible effect as compared to the control. 

Further experiments would be preferable to state with sufficient certainty whether three ETs 

in the 5´UTR is negligible or negative compared to the control, but since the best-case 

scenario seems to be that the effect of changing the UTR according to the plasmid 401 design 

is negligible, one might consider further studies to this purpose rather unnecessary, given that 

a more efficient protein expression is the general aim of the study. 

 

Both flow cytometry and titer data indicate that plasmid 402 has a negative effect on the Fc 

expression as compared to the control (see figure 19 and table 2), suggesting that five ETs in 

the 5´ UTR is not favorable for expression levels.  

 

Previous studies have shown that not only the sequence of the 5´ and 3´ UTRs are 

determinants for protein expression, but also the length of these sequence elements matter 

(Chappell, Edelman and Mauro, 2004; Tsui et al., 2011), and an increase in 5´ UTR length 

has been proved to decrease the +1 nucleosome occupancy which is essential for translation 

initiation (Lin and Li, 2012). This could explain the negative effect of five ETs as compared 

to 3 ETs in the 5´ UTR implicated in this study. 
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8. Conclusion  

From the results in this study, the conclusion can be drawn that insertion of five repeats of the 

ET in the 5´ UTR of the tested plasmid has a negative effect on the protein expression as 

compared to a control plasmid which had no ET repeats. 

 

Regarding the project objectives, not all objectives that were initially stated were met. As the 

transfection of library plasmids into CHO was unsuccessful, no expression analysis results 

were achieved in this study.   

 

The expected impact of the study was to, by providing knowledge on beneficial UTR 

elements for improved expression, support the engineering of higher yield expression vectors 

and thereby make biopharmaceutical production systems more effective. The conclusion 

drawn concerning the negative effect of multiple repeats of a known ET on protein expression 

is an indication of the fact that a longer UTR sequence is not always better for the expression 

levels even if it is composed of sequences that have been proved to enhance expression. This 

indicates that the secret of engineering UTR sequences for improved translation is not just a 

matter of putting elements that separately prove beneficial for protein expression together in a 

“the more the better” manner, but that the clever way of approaching the UTR optimization 

matter should be to focus on the actual sequence of UTRs at a defined length. Unfortunately, 

the library plasmids which were intended for this purpose were not successfully transfected in 

this study, but instead serve as the most pivotal improvement opportunities for future work. 

 

Based on the outcome of this study, one recommendation for future work is to continue the 

focus on UTR sequences in terms of library screening and to improve the method of 

transfecting library plasmid constructs into CHO cells using lipofection. Another suggestion 

for further studies could be to test different UTR sequence lengths without involving potential 

ETs, to rule out the effect and positions of the ETs and investigate the expressional effect of 

UTR length solely. Ideally, this could lead to the identification of a UTR length range within 

which expression levels peak. 
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Abstract 
The main purpose of this project is to improve the translation and thereby increase protein 

expression in Chinese Hamster Ovary (CHO) cells. 

The goal of this project is to identify 5´- and 3´-UTR Enhancing translation sequences (Ets) 

that improve translation of proteins in CHO cells. To investigate and identify new ETs a CHO 

cell express selection system will be used. The sub-goals set to support the main goal include 

construction and preparation of control and library plasmids for CHO cells transfection, 

transfection of control and library plasmids into CHO cells and analyzation of protein 

expression in FACS, sorting CHO cells with library plasmids using FACS, and identification 

and sequencing of the best improved variants from the libraries. 

5´-and 3´-UTRs play an important role in the regulation of gene expression by providing 

relevant secondary structures and binding sites for molecules that affect mRNA stability and 

translation. By altering sequences in the untranslated regions, translation of proteins can be 

improved. 

The method to be used to verify the effect on translation efficiency that comes of altering the 

UTR sequence will be based on fluorescent reporters and detection using FACS. Analyzing 

the expression of the gene of interest (GOI) fused to a fluorophore will enable for us to sort 

out the cells with the most efficient translation of the GOI. 
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Purpose of the project 
The objective of this project is to identify sequences in the 5´-UTR and 3´-UTR that enhances 

translation of proteins using Fc-fusion protein as a model protein in a CHO cell express 

selection system. 

 

 
Figure 1. A graphical representation of the project objective. The 5´- and 3´-UTRs are 

visualized in blue and green respectively. The gene of interest (Fc-hIgG1) is fused to a gene 

encoding a fluorophore (eGFP) which will be used as a reporter to measure the Fc-hIgG1 

expression. 

 

Purpose beyond the project 
Results from this study has the potential of adding knowledge about the key factors governing 

translation rate in general, which together with knowledge about the other parts of the protein 

expression pathway provides possibilities of engineering higher yield in biopharmaceutical 

production systems.   

Making these biopharmaceuticals more affordable for the direct customers in turn makes them 

more accessible for the end customer, namely the patients who need the biopharmaceuticals.    
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Hypothesis of the project 
By altering sequences in the untranslated regions, changes in translation of a Fc-fusion protein 

can likely be seen in a CHO cell express selection system, and sequences improving 

translation could thereby be verified. 

 

Substantiation of the hypothesis 
The translation efficiency and mRNA decay rate are important determinants regarding 

eukaryotic gene expression (Roy and Jacobson, 2013; Plass, Rasmussen and Krogh, 2017) 

and sequence elements located in 5´- and 3´-UTRs are involved in the regulation of mRNA 

translation and stability (Araujo et al., 2012).  

For example, RNA binding proteins (RBP) and microRNAs (miRNAs) are involved in the 

regulation of mRNA stability and translation efficiency by binding sequences in 3′ UTRs of 

the mRNA (Plass, Rasmussen and Krogh, 2017; Cottrell et al., 2018). The 5´-UTR also 

accounts for binding sites for RBP, but also includes regulatory elements such as upstream 

AUGs (uAUGs) and upstream open reading frames (uORFs) (Araujo et al., 2012). 

Furthermore, the 5´-UTR provides secondary structures such as internal ribosome entry site 

(IRES), which enables translation initiation in a cap-independent manner (Bakre, Shim and 

Tripp, 2017).   

Having stated the hypothesis of this project and some of the functions of UTRs, one might 

reflect on the impact of sequence alteration on UTR function. As with any macromolecule, 

UTR secondary structure and target binding will be affected to some extent should the 

prevailing conditions be altered (Khan et al., 2013). Consequently, the UTRs ability to form 

specific secondary structures and bind relevant regulators is specific to the cell type and 

culture condition used and should be affected by UTR sequence variations. 

Evidently, 5´- and 3´-UTRs play an important role in the regulation of gene expression by 

providing relevant secondary structures and binding sites for molecules that affect mRNA 

stability and translation. Altering UTR sequences should alter UTR function and therefore 

have an impact on gene expression. By screening libraries with variation in these regions it is 

probably possible to find UTR sequence elements that prove beneficial for translation 

efficiency.   
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Objective 
Main goal 
The goal of this project is to identify 5´- and 3´-UTR Enhancing Translation sequences (Ets) 

that improve translation of proteins in CHO cells. 

 

Sub-goals 
Four sub-goals have been set to support the main goal of the project. These are presented in 

Table 1 below.  

Table 1. The four sub-goals of the project, presented in the order in which they will come to 

pass 

1. Construction and preparation of control and library plasmids for CHO cells 

transfection 

2. Transfection of control plasmids into CHO cells, cultivation, and analyzation of 

protein expression in FACS 

3. Transfection of library plasmids into CHO cells, cultivation and protein expression 

analyzation and sorting in FACS 

4. Identification and sequencing of the best improved variants from the libraries 

 

Boundary conditions 
The laboratory equipment required for this project is available at GE Healthcare and 

scheduled to be available for the planned experiments. However, in the case of unforeseen 

events that require additional laboratory time, this might become a boundary conditions due to 

either direct time frame limitations for this project or due to more urgent activities that must 

be prioritized at the company.  

The specific boundaries that apply for this project include the slow growth and high infection 

sensitivity of CHO cells, which together contribute to a risk with high likelihood and high 

impact and might affect the prerequisites to achieve results from the study. 

For confidentiality reasons, any information that by GE Healthcare is considered to have an 

impact on ongoing or future IPRs will be omitted from reports intended for external parties. 

This implies a boundary condition in the sense that it limits the level of detail that will be 

exposed to the examiner and supervisor at the University, who are to declare the master thesis 

approved. 
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Study model 
The study model that will be applied in this project will be based on separate screenings of 

several DNA libraries, of which some will consist of variants in the 5´-UTR and some of 

variants in the 3´-UTR. Figure 2 shows the principle work flow that will apply for the project. 

 
Figure 2. Schematic representation of the principle work flow that will apply for the project. 
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Milestones for the project 

  

Time plan 
A Gantt chart over the 20 weeks of work can be seen on the last page of this planning report. 

The laboratory work are all critical steps in the time plan since successful outcomes never can 

be guaranteed when working with living organisms. Especially critical are the procedures 

involving CHO cells, due to their high infection sensitivity and slow growth. All reporting 

steps are also critical in terms of time since approval from GE is required before submission 

to the university. 

 

  

Milestone List 

Milestone (MS) 

or Key 

Examination 

Activity (KEA) 

number 

Short description 

 

 

Type of deliverable Date 

(week) 

KEA1 Planning report ready Report w.5 

MS1 Construction and preparation of control and 

library plasmids for CHO cells transfection 

Laboratory w.8 

MS2 Transfection of control plasmids into CHO 

cells, cultivation, and analyzation of protein 

expression in FACS 

Laboratory w.13 

MS3 Transfection of library plasmids into CHO 

cells, cultivation and protein expression 

analyzation and sorting in FACS 

Laboratory w.18 

KEA2 Half-time report ready Report w.12 

MS4 Identification and sequencing of the best 

improved variants from the libraries 

Laboratory w.20 

KEA3 Final report draft ready Report w.21-22 

KEA4 Presentation at LiU Presentation w.22-23 

KEA5 Corrected final report ready Report w.23-25 
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Appendix II – Materials 

 

General 
Material Supplier Catalogue/reference 

number 

pGE0381 GE Healthcare N/A 

Tris 10mM pH 8  380108-28ML 

Sterile MilliQ Fresenius Kabi 883314 

Isopropanol EMSURE Merck K49088534725 

Ethanol Uvasol Merck K48351680643 

 

PCR 
Material Supplier Catalogue/reference 

number 

Q5 Hot Start High-Fidelity 

DNA Polymerase 

New England Biolabs M0493L 

5X Q5 Reaction Buffer New England Biolabs B9027S 

5X Q5 High GC Enhancer  New England Biolabs B9028A 

10 mM dNTPs New England Biolabs N0447L 

Forward and reverse 

primers 

GATC N/A 

 

Agarose Gel Purification 
Material Supplier Catalogue/reference 

number 

1xTAE buffer BioRad 161-0743 

Agarose BioNordika BN50004 

Gel red Thermo Fisher Scientific 41003-1 

Mass Ruler Forward DNA 

ladder mix 

Thermo Fisher Scientific SM1283 

GeneRuler Mix Thermo Fisher Scientific SM0333 

Loading Dye (6X) New England Biolabs B7024S 
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Digestion 

Material Supplier Catalogue/reference 

number 

BsrGI-HF New England Biolabs R3575S 

HindIII-HF New England Biolabs R3104S 

SbfI-HF New England Biolabs R3642S 

NheI-HF New England Biolabs R3131L 

BclI-HF New England Biolabs R3160S 

CutSmart 10X New England Biolabs B7204S  

Antarctic phosphatase 

enzyme 

New England Biolabs M0289S  

Antarctic phosphatase 

buffer 

New England Biolabs B0289S  

 

Ligation 
Material Supplier Catalogue/reference 

number 

T4 DNA ligase New England Biolabs M0202 

T4 DNA Ligase buffer 

(10X) 

New England Biolabs B0202S  

 

Transformation 
Material Supplier Catalogue/reference 

number 

TOP10 KCM Chemically 

Competent E. coli 

GE Healthcare N/A 

One Shot™ TOP10 

Electrocomp™ E. coli 

Thermo Fisher Scientific C404052 

SOC Invitrogen 15544-034  

PBS Lonza BE17-516Q  

LuriaBroth medium Invitrogen 12795027 

Carbenicillin Disodium 

Salt BioChemica 

ITW Reagents A1491  

 

DNA and Plasmid Purification Kits 

Material Supplier Catalogue/reference 

number 

illustra GFX TM PCR DNA 

and Gel Band Purification 

Kit 

GE Healthcare 28903471 

illustra plasmidPrep Mini 

Spin Kit 

GE Healthcare 28904270 

illustra plasmidPrep Midi 

Flow kit 

GE Healthcare 28904268 
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CHO Cells Transfection and Cultivation 
Material Supplier Catalogue/reference 

number 

HyCloneTM CHO GE Healthcare  

HyCloneTM ActiProTM GE Healthcare SH31039.02 

CD CHO Medium (1X) Life Technologies 10743-011 

HyCloneTM -glutamin 

200mM (100X) solution 

GE Healthcare SH30034.01 

G-418 solution Roche 04727894001 

OptiPROTM SFM Life Technologies 12309-019 

Lipofectamine® LTX with 

PlusTM Reagent 

Thermo Fisher Scientific 15338-100 

Cell Line NucleofectorTM 

Solution V 

Lonza VVCA-1003 
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Appendix III - Instrumentation 

Gene Cloning Laboratory Equipment 
Instrument Application Supplier 

simpliAmp thermal cycler Thermal cycler  Life technologies 

EPS XXX Electrophoresis power 

supply system 

GE Healthcare 

Uvidoc HD6 Gel documentation system  Cleaver scientific 

NanoDrop™ 
One/OneC Microvolume 
UV-Vis Spectrophotometer 

Spectrophotometer for DNA 
concentration 
measurements 

Thermo Scientific™ 

MicroPulserTM Transformation 
electroporator 

Bio-Rad 

Sorvall™ Legend™ Micro 
17R Microcentrifuge 

Centrifuge Thermo Scientific™ 

mySPIN™ 6 Mini Centrifuge Centrifuge Thermo Scientific™ 

Incu-Line Static incubator VWR 

Ecotron Shaker–incubator Infors-HT  

ES-20 Shaker–incubator Biosan 

 

CHO Cell Laboratory Equipment 
Instrument Application Supplier 

NucleofectorTM 2b Transfection electroporator Lonza 

Vi-CELL XR Cell Viability 

Analyzer 

Cell viability analyzer Beckman Coulter 

BD FACSJazz™ Cell sorter BD Biosciences 

Cedex Bio Analyzer Bioprocess analyzer Roche 

SCANLAF Mars LAF hood LaboGene 

Forma Steri-Cycle i160 Static incubator Thermo Fisher Scientific 

Kuhner ISF1-XC Climo-

Shaker 

Shaker-incubator Kuhner 

Micro Star 12 Microcentrifuge VWR 

Centrifuge 5810 Centrifuge Eppendorf 
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