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Sammanfattning 
Abstract 

Main purpose of this study was to increase protein expression in Chinese hamster ovary (CHO) cells by improving protein secretion of translated 

proteins. The goal was to find signal peptides from the screening of signal peptide libraries for improvement of protein secretion using a CHO-cell 

express selection system.  

Biopharmaceutical products, proteins such as monoclonal antibodies (mAbs), are most commonly produced using mammalian expression systems 

such as the expression in CHO cells. The posttranslational modifications of the proteins being expressed in CHO cells are similar to the 

expressional modifications in human cells, why the CHO cells are suitable for production of proteins used for human therapy. The expression of 

proteins in the cell is a complex mechanism, fundamentally depending on the DNA sequences in the cell nucleus. Secretion of translated proteins 

has been showed to be a bottleneck when improving expression. Secretion is initiated by the signal peptide, a n-terminal prolongation of the 

protein that is recognized by a signal recognition particle (SRP) when being translated by the ribosome. The sequence and structure of the signal 

peptide has been proved to affect secretion and altering the signal peptide could improve secretion even when changing signal peptide between 

different species. Designing variants of the signal peptides and analyzing protein expression might lead to improvements of the construct design 

and more protein produced from the cells, which would save time, money and material for the producer.  

To construct plasmids containing the gene of interest (GOI) and different signal peptides, several gene cloning methods were used. The plasmids 

were amplified using Escherichia coli (E. coli) transformation. The constructs were expressed by transfection into the CHO cell genome, and 

expression were analyzed using flow cytometry.  

When analyzing expression of a Fc-fusion protein with 5 different signal peptides, the signal peptide Azurocidin is the one showing highest 

expression levels in this study. In addition, IgG kapa and Albumin signal peptides did not show as high protein expression levels, even if they were 

better than the L1d and H5b signal peptides. Since signal peptides are exchangeable between proteins and species, it might be that Azurocidin is 

improving secretion and protein expression with other proteins than Fc-fusion proteins which would be an interesting aspect for further studies.  

When altering signal peptides with library sequences, the experimental challenges were crucial for the protein expression results and due to these 

issues, no library sequence could be seen to conquer others when it comes to protein expression levels. Transfection and cultivation procedures 

needs to be studied and improved before being able to draw conclusions about which signal peptide library sequences that might improve 

secretion and increase the protein expression.  
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(E. coli) transformation. The constructs were expressed by transfection into the CHO cell 

genome, and expression were analyzed using flow cytometry.  

When analyzing expression of a Fc-fusion protein with five different signal peptides, the 

signal peptide Azurocidin is the one showing highest expression levels in this study. In 

addition, IgG kapa and Albumin signal peptides did not show as high protein expression 

levels, even if they were better than the L1d and H5b signal peptides. Since signal peptides 

are exchangeable between proteins and species, it might be that Azurocidin is improving 

secretion and protein expression with other proteins than Fc-fusion proteins which would be 

an interesting aspect for further studies.  

When altering signal peptides with library sequences, the experimental challenges were 

crucial for the protein expression results and due to these issues, no library sequence could 

be seen to conquer others when it comes to protein expression levels. Transfection and 

cultivation procedures needs to be studied and improved before being able to draw 

conclusions about which signal peptide library sequences that might improve secretion and 

increase the protein expression.  
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1. Introduction 

1.1 Purpose of the project 

 

The purpose of the project was to increase protein expression for therapeutic protein 

production by improving protein secretion of translated proteins. Part A of this project was 

to find new universal signal peptides that improves protein secretion for any translated 

biopharmaceutical protein. Part B of this project was to improve the existing signal peptides 

for the antibody Herceptin. Figure 1 shows an illustration of the basic steps used in this 

project to fulfill the purposes. First part of the project, construction of expression vectors 

containing among other things, the gene of interest (GOI) and the alternate signal peptides, 

were created and amplified using molecular cloning methods. The second part of the project 

included cell culturing, transfection of the plasmid DNA into the CHO cells and selection of 

the integrated cells through antibiotic resistance. Final stage of the project was to analyze 

the expression of the GOI using flow cytometry. 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Molecular cloning 

Constructing plasmids with GOI 
Amplification in E. coli 

Cell culture 
HyClone™ CHO cell transfection 

Selection with antibiotic 

Expression analysis 
Production of proteins  

Flow cytometry 

Figure 1. The basic steps of the project illustrated from top to bottom starting with molecular cloning, 
going to cell culture, ending with expression analysis.  
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1.2 Expected impact of study 

The main purpose for GE Healthcare Bio-Sciences AB with this project was to improve 

expression of therapeutic protein in CHO cells. In that way, they could take a step towards 

producing biopharmaceuticals in the most efficient way on the market.  

The purpose beyond the project was to lower the cost for producing therapeutic proteins 

and in that way also lower the cost for the pharmaceutical companies and their customers 

which in turn would increase the possibility for treatment for the patients that need the 

pharmaceuticals.  

 

1.3 Objectives of the work 

The main goal of this project was to identify new signal peptides by screening of signal 

peptide libraries for improved translation and secretion of proteins using a CHO-cell 

selection system. The main goal was subdivided into sub-goals. The sub-goals listed below 

covered both working with existing signal peptides to verify the selection system and the 

selection of improved signal peptide for an increase in protein expression. 

1. Construct control and library plasmids using gene cloning technologies 

2. Verify the CHO-cell/FACS selection system with the control plasmids 

3. Transfect CHO cells with library plasmids to generate library containing CHO cell 

pools 

4. Sort out the highest GFP producing cells with FACS 

5. Identifying new and improved signal peptides  

The project required a laboratory with the available equipment stated under materials and 

was confined to the equipment provided by GE Healthcare Bio-Sciences R&D department, in 

collaboration with their regular work. Since the project was performed on GE’s site in 

Uppsala, constraints for this project included commitment to confidential information.  

To analyze complicated systems such as the signal peptide role for efficient production of 

proteins must be limited to certain constraints. A life time could be spent looking in to these 

systems and still it would not be fully understood.  

 

 

 

 

 

 

 



3 
 

2. Theory and methodology 

2.1 Scientific background 

2.1.1 Production of Biopharmaceuticals  

A biopharmaceutical product can be either a vaccine, clinical reagent or a drug produced 

using biotechnological methods for preventive, therapeutic or diagnostic usage. Most of the 

recent approved biopharmaceuticals has been recombinant proteins and the majority has 

been produced using mammalian expression systems (Wurm, 2004; Zhu, 2012; Kober, Zehe 

and Bode, 2013). Production in E. coli has lower cost, relatively easy processes and produces 

proteins in a higher rate than mammalian cells but expression of large complex proteins can 

be problematic since E. coli lacks the ability for human like posttranslational modifications. 

Glycosylation is a posttranslational modification that is significant for many 

biopharmaceutical proteins e.g. monoclonal antibodies (mAb) (Zhu, 2012). Generally these 

modifications are central for efficiency and stability of the biopharmaceuticals and the 

Chinese hamster ovary (CHO) cells have become a frequent choice for production since they 

secrete proteins with modifications that are similar to the modifications in human cells (Le 

Fourn et al., 2014). 

2.1.2 Mammalian cell production 

Commonly the process for development of protein production in mammalian cells follows a 

standard scheme. The cells are transfected with DNA that contains the GOI and a selector 

gene that gives the transfected cells a selective advantage and prevents growth for the non-

transfected cells. Survivors are evaluated for protein expression where the highest 

producing cells are chosen for further analysis and cultivation that in optimal cases are 

leading up to the design of a new cell line to produce the protein (Wurm, 2004). DNA vector 

engineering has accomplished improvements in product yields when producing proteins in 

mammalian cells (Le Fourn et al., 2014). 

2.1.3 Antibodies as a pharmaceutical 

The mAb sales has been growing and in 2012 it was the main selling biological product on 

the market (Aggarwal, 2014). Monoclonal antibodies have specific mechanisms of action and 

the structure of the molecule can be tuned with engineering technologies for therapeutic 

use. A schematic structure of an antibody is illustrated in figure 2. The mechanism of action 

is complex, although the binding of the Fab part of the mAb to the antigen is central (Hansel 

et al., 2010).  
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2.1.4 Fusion proteins 

When analyzing gene expression in a cell the efficiency is often measured by using reporter 

genes. A central reporter for monitoring gene expression is green fluorescent protein (GFP), 

originally found in the jellyfish Aequorea Victoria. By excite GFP expressing cells with 

ultraviolet light, the cells will yield green fluorescence (Zhang, Gurtu and Kain, 1996). The 

expression of fluorescent proteins in heterogeneous systems has made it possible to analyze 

proteins in vivo. Wild type green fluorescent protein GFP were not optimal for expression in 

mammalian cells, why a modified version called eGFP was created. Mutants of GFP that 

emitting light at different colors are also available (Snapp, 2005). Fluorescent proteins like 

GFP are used in flow cytometric measurements as reporter molecules to analyze gene 

constructs inserted into the cell genome. Often fluorescent proteins are used for detecting 

transfected cells and to sort them with flow cytometric techniques (Zhang, Gurtu and Kain, 

1996). 

2.1.5 Protein expression 

Before synthesis of the protein can begin in the eukaryotic cell, DNA must be turned into 

corresponding mRNA by transcription. A RNA polymerase synthesizes the mRNA using a 

number of additional proteins such as transcription factors and modifying enzymes. The pre-

mRNA resulting from transcription contains not only coding sequences (exons) but also non-

coding sequences (introns). The pre-mRNA needs to be processed before being translated to 

a protein. In the processing, the ends of the pre-mRNA are modified, and the introns are 

removed. The resulting mature mRNA is transported from the nucleus to the cytoplasm 

where it can be translated to a protein and secreted out from the cell. In figure 3, the steps 

from gene to protein in a eukaryotic cell is visualized. In reality, these steps do not occur one 

at the time and many steps often occur simultaneously. The final amount of protein 

expressed by the cell is depending on the efficiency of each step (Alberts et al., 2014). 

Figure 2 Simplified image of the basic structure of an antibody, showing 
light chain (Lc), heavy chain (Hc), Fab- and Fc-regions. 
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An image describing the pre-mRNA resulted from transcription that is modified to mature 

mRNA is showed in figure 4. The RNA-processing steps are necessary for the cell to recognize 

if the RNA message is intact, since the modified ends of the mRNA signalizes that the mRNA 

could be transported out of the nucleus for translation. Capping on the 5’ end and 

polyadenylation of the 3’ end of the pre-mRNA is followed by RNA splicing that removes 

introns leaving the mature mRNA with the exons which is coding for the protein (Alberts et 

al., 2014).  

 

 

 

 

 

 

 

 

 

 

 

Figure 3. Basic process from gene to protein in the eukaryotic cell. 
1. Transcription 2. RNA processing 3. Export 4. Translation 5. 
Secretion 

Figure 4. RNA processing modifies pre-mRNA to mature mRNA by 5’ capping, 3’ polyadenylation and 
splicing of introns.  
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2.1.6 The secretory pathway  

The recombinant protein can be expressed either in the cytoplasm or can be secreted in the 

culture medium by the addition of an appropriate signal peptide (Siegemund et al., 2014). A 

major bottleneck when it comes to production of proteins in mammalian cells is the 

posttranslational modifications and/or secretion why improvements of these bottlenecks is a 

necessity to reach high product yields and stabilize production systems (Le Fourn et al., 

2014; Haryadi et al., 2015). The secretory pathway for proteins produced by mammalian 

cells is a system that involves complex stages. An important and limiting step of the 

secretory pathway is the translocation of the secretory protein into the Endoplasmic 

reticulum (ER) lumen (Kober, Zehe and Bode, 2013; Le Fourn et al., 2014; Attallah et al., 

2017).  

Proteins are synthesized with about 15-20 extra N-terminal amino acids referred to as signal 

peptides. The signal peptides role is to start the export of the secretory protein and guide 

the translocation across membranes, see figure 5. The signal peptide which is produced N-

terminal of the nascent protein in the ribosome, is recognized by a signal recognition particle 

(SRP). SRP guides the protein complex to the ER. After transportation the signal peptide is 

cleaved by signal peptidase and the secretory protein is released into ER for further 

transportation (Huang et al., 2017).  

 

 

 

 

 

Figure 5. Illustration of the initial steps of the secretory pathway showing how the signal peptide gets 
recognized by SRP and transports the protein into the ER lumen. Image gathered from Molecular Biology of 
The Cell (2006)   
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Signal peptides are heterogenous and has been proved to be substitutable between 

different species (Kober, Zehe and Bode, 2013; Haryadi et al., 2015). The signal peptides 

naturally have three domains, at the N-terminus there is a basic domain that usually is 

positively charged and always starts with a start codon – the amino acid methionine. The 

core of the signal peptide is usually hydrophobic, and the C-terminus contains a cleavage 

domain, see figure 6. Alterations in the sequences of these domains has been shown to 

affect the therapeutic levels of secreted proteins (Zhang, Leng and Mixson, 2005). Identifying 

certain peptides that improves secretion efficiency more than others can result in an 

enhancement of protein expression (Kober, Zehe and Bode, 2013). 

 

Since alterations of the signal peptides may increase protein secretion the native signal 

peptide for a protein may not always be the best fitted. To be able to improve secretion and 

increase protein production in mammalian cells, processes for improving and altering signal 

peptides are an important part (Haryadi et al., 2015). In a study, Zhang and coworkers 

showed results of the presence of two arginine’s at the N-region of the signal peptide were 

optimal during certain circumstances for protein secretion (Zhang, Leng and Mixson, 2005). 

Although, alterations of amino acids in the hydrophobic core of the signal peptide should not 

interfere with the function of the region, since it is the core that binds the SRP which is a key 

for transportation to ER. (Belin et al., 1996). Mori and coworkers has improved secretion of 

the protein β-galactosidase by using signal peptide optimization tool for screening of a 

library of SP constructs. It is beneficial to optimize signal sequences to increase the protein 

expression, both regarding small-scale laboratory experiments but also for large-scale 

industrial production. Identification of improved signal peptides from screening libraries has 

been proven successful (Mori et al., 2015). 

 

 

 

 

Figure 6. The structure of a typical signal peptide, containing N-region, H-region and C-region with different characteristics.  
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2.2 Methodology 

2.2.1 Gene cloning  

A small fragment of DNA that contains a gene coding for a certain protein is inserted into a 

plasmid expression vector backbone. The plasmid is transformed into a host cell where it is 

multiplied by the hosts cellular mechanisms. E. coli is commonly used for this purpose since 

it divides often and are, in comparison with other suitable host cells, easy to utilize. A large 

number of E. coli clones are produced, and many copies of the gene has been created. An 

overview of the gene cloning steps is shown in figure 7 (Brown T, 2010). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Expression vectors used for expression in mammalian cells usually contains a cassette for 

genes coding for the antibody and selectable marker genes, and a cassette containing genes 

for vector replication in bacteria. The expression vectors often contains optimized constructs 

for induced expression of the antibody, such as a strong promoter and sequences in 5’ and 3’ 

UTR to increase mRNA export from the nucleus and a signal peptide sequence N-terminal of 

the protein to increase secretion (Li et al., 2010). 

 

Figure 7. The basic steps of gene cloning gathered from 
Gene cloning and DNA analysis (Brown T, 2010) 
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2.2.2 Integration of plasmid into the CHO-cell genome 

The integration of the DNA into the CHO-cell genome can be performed using chemical 

transfection methods or electroporation methods. One method is to transfect the cells with 

a solution called LTX, which causes the cell membrane to be puros and an uptake of DNA is 

possible (Li et al., 2010). 

The CHO-cells usually multiply every 22h and is rather picky when it comes to cultivation 

conditions. For optimal growth, the media needs to be optimized to the cell-line, the 

incubator needs to have optimal adjustments and the volume of the media in correlation to 

the flask volume needs to be adjusted. Mammalian cells in general grow well when the cell 

density is between 0,2 and 10 million cells (MC)/ml. If the cells get to diluted they will enter 

a so-called lag-phase, which means the growth rate will decrease and to cultivate a single 

cell it often needs special assembled media so that it does not die.  

2.2.4 Expression analysis 

The expression of the protein can be analyzed by flow cytometry. The technique is based on 

a flow of cells being measured for different characteristics in a flow cytometer. Among other 

things, it is possible to measure size and fluorescence for each individual cell. The 

fluorescence strength is an indicator on how much protein being produced if the protein is 

fused to a fluorescent protein in the gene. Flow cytometry is a tool for analyzing cell surface 

protein expression in individual cells from heterogeneous populations (Gedye et al., 2014). 

The technique is for each individual cell fast and with high throughput (Pentilla, 1998). It has 

many benefits over other techniques, it is simple to utilize, analyses large cell numbers at a 

high speed and obtains many characteristics of each cell in one measurement (Gedye et al., 

2014).  

The technique within a regular flow cytometer is based on a sample of cells that one at the 

time are passed through a thin channel while light is illuminating the cells. Light emitted or 

refracted from the cells are being detected by sensors in the flow cytometer and data is 

gathered for analysis. Forward scattered light (FSC) is one example of light refracted by the 

cells in the flow channel. It is often used to identify cell size; larger cells have more forward 

scatter light than smaller cells. Side scattered light (SSC) is also a by the cells refracted light, 

but it gives information about granularity or internal complexity, where high granular cells 

will produce more side scattered light than low granular cells. Plotting FSC against SSC for a 

cell sample is used for determining identity of the cells, if they are different cell types or 

living or dead cells. It is also possible for the sensors in the flow cytometer to detect emitted 

light by fluorescent molecules in the cells, such as fluorescence-tagged antibodies (Robinson 

and Pellenz, 2013). 

The selection of cells with higher productivity can be performed using FACS, by incorporating 

reporter genes such as green fluorescent protein (GFP) into the vector. The highest protein 

producing cells will show higher fluorescence and these are the ones being sorted out by the 

FACS (Pentilla, 1998). It is also possible to measure the amount of protein that is secreted 

from the cells by measuring titer in mg/L range from a sample of the cells.   
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3. Materials and Methods 

3.1 Materials 

Restriction enzymes used for digestion were purchased from NEB (UK). Primers used for 

cloning were synthesized by Integrated DNA Technologies. Q5 High-Fidelity DNA polymerase 

used for PCR amplifications and T4 DNA ligase used for ligation were purchased from NEB 

(UK). The purification materials illustra GFX PCR DNA and Gel Band Purification Kit, illustra 

plasmidPrep Mini Spin Kit and illustra plasmidPrep Midi Spin Kit were purchased from GEHC 

Life Sciences.  

The E. coli strains One Shot TOP10 chemically competent E. coli and One Shot TOP10 

Electrocomp E. coli used for amplification of plasmid DNA were purchased from 

ThermoFisher Scientific.  

The CHO-cell line HyClone™ CHO (GEHC) was used for expression of the proteins.  

A detailed list of all materials used in this project is attached in appendix A.  

3.2 Methods  

An overview of the methods used in this study is illustrated in figure 8. Step 1 and 2 involves 

molecular cloning and is closer described in section 3.2.1. Step 3,4 and 5 are performed in 

the cell-lab, involving transfection of plasmid DNA to CHO-cells, cultivation and expression 

analysis.  

 

Figure 8. A simplified image describing the methodologies used in this project for cloning and protein expression. 1. 
Constructing plasmids 2. Amplification in E. coli 3. Integration of plasmid DNA to CHO-cells using transfection 4. 
Cultivation were the protein expression starts 5. Expression analysis 
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3.2.1 General cloning methods 

An overview of the methods used for construction of plasmids is illustrated in figure 9. 

Restriction digest is used for cleaving plasmids and vector fragments for PCR amplification 

and modification and for insertion of fragments by ligation.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Restriction digest of vectors and fragments 

Restriction digest of vectors and fragments was performed using restriction enzymes from 

NEB. Digestions were performed in 37˚C for 1-3 hours. In the cases were the sample was not 

immediately purified inactivation of the enzymes were carried out by freezing the sample to 

-80˚C for 20 minutes or in -20˚C overnight (O/N).  

Agarose gel electrophoresis 

The DNA fragments were separated by size with agarose gel electrophoresis. The gels were 

constructed by dissolving agarose in 1xTAE buffer to a concentration of 0.7 %. Massruler 

express forward DNA ladder mix were loaded to the gel for every run to compare with the 

size of the fragments. Gel loading dye was added to every sample with one to six ratios 

before loading to the gel. The gels were placed in a gel bath with 1xTAE buffer and power 

was turned on at 130-170 V for 30-90 min. After electrophoresis the gel was transferred to 

gel documentation system, Uvidoc HD for UV-trans illumination and analysis. When the 

fragments were purified by the gel it was visualized by UV light whilst the fragments were 

cut out with scalpel.  

Figure 9. Illustration of constructing a new plasmid. 1. Amplifying modified fragments and control fragments using PCR 2. 
Restriction digest of the original vector creating a vector backbone and fragment constructs. 3. Inserting the modified fragments 
into the vector backbone using ligation. 

1. PCR amplification and modification 

2. Restriction digest 
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Purification and concentration of DNA  

The columns in illustra GFX PCR DNA and Gel Band Purification Kit can purify fragments 

ranging in size from 48 kbp to 50 bp. Agarose gel electrophoresis separation after restriction 

digest is only necessary when the unwanted fragments are bigger than 50 bp, otherwise 

purification is performed directly with protocol 5.3. Protocol for purification of DNA from 

solution or an enzymatic reaction. After purification on agarose gel electrophoresis the DNA 

fragments were extracted from the gel by using the associated protocol 5.4. Protocol for 

purification of DNA from TAE and TBE agarose gels. For both protocol 5.3 and 5.4 in illustra 

GFX PCR DNA and Gel Band Purification Kit 10 μl of 3M NaAc pH 5,2 was added to the 

sample before loading to the micro spin column. Fragments of DNA was eluated from the 

columns with eluation buffer type 4 (TRIS) or type 6 (ddH2O). The concentrations of the DNA 

were measured using nanodrop.  

Amplification and modification of control and library fragments 

Polymerase chain reaction was used for amplification of DNA fragments. Template DNA 

fragment was cut out from a suitable vector. Primers for the PCR contained desired 

sequences for constructing the signal peptide control plasmids and the signal peptide library 

plasmids. The PCR reaction conditions were adjusted to Q5 high fidelity DNA polymerase 

protocol from NEB. For each reaction the cycling program were adjusted, depending on 

primers, fragment size, the speed which the polymerase works and volume of the samples. 

The standard program is showed in table 1. Analysis and purification of the PCR products 

were performed using agarose gel electrophoresis and GFX PCR DNA and Gel Band 

Purification Kit.  

Table 1 Standard PCR cycle program used in this project.  

Temperature  98°C 98°C 42-62 °C 72°C 72°C 4°C 

Time 30 s 10s 20s 1 min 5 min ∞ 

Repeats  1x 25x 1x 

 

Ligation of DNA fragments  

Ligation was performed using T4 DNA ligase and T4 DNA ligase buffer with appropriate 

reaction conditions according to NEB protocol. The vector to fragment ratio was one to five 

based on molecule weight and the total volume for each reaction was 20 μl. Ligation 

samples were incubated at RT for 1 hour.  
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Transformation of ligation mix to TOP10 KCM-competent E. coli  

To a 1,5 ml Eppendorf tube, 4 μl ligation mix, 2 μl 5xKCM and 4 μl ddH2O was added and the 

tube were chilled on ice for 5 minutes. 10 μl E. coli TOP 10 KCM competent were added to 

the tube and the sample were incubated on ice for 20 minutes followed by 10 minutes in RT. 

200 μl SOC medium was added to the tube and incubation was carried out in a shake-

incubator at 37˚C for 1 hour. 100 μl from the sample were spread on an agar plate with 

suitable antibiotic. The samples were diluted with PBS before spreading on agar plates. The 

plate was incubated at 37 ˚C O/N. 

Transformation of ligation mix to One Shot® TOP10 Electrocomp™ E. coli 

The vials with One Shot® TOP10 Electrocomp™ cells were thawed on ice and the procedure 

for transformation were based on One Shot® TOP10 Electrocomp™ E. coli protocol. 10 μl of 

ligation mix was added to the vials, mixed and transferred to a pre-chilled electroporation 

cuvette. The cuvette was electroporated with appropriate program. Immediately after 

electroporation SOC medium were added to the cuvette. The sample were added to a new 

tube and incubated in shake-incubator at 37 ˚C for 1 hour. 10 μl of the sample were 

transferred to a dilution series and plated on agar plates with antibiotics. Additional sample 

were transferred to 5-100 ml Luria Broth (LB) medium with 100 μg/ml antibiotics and 

incubated in shake-incubator at 37 ˚C O/N.  

Extraction and purification of plasmid DNA from E. coli.  

Extraction and purification of plasmid DNA from E. coli were carried out using illustra 

plasmidPrep Mini Spin Kit and illustra plasmidPrep Midi Flow Kit with associated protocols. 

The concentration of the purified sample was measured by nanodrop.  

Sequencing 

Sequencing were carried out by sending appropriate concentrations and volumes of the 

plasmids and suitable primer to GATC, Germany. The results were analyzed by using the 

software Geneious.   

Construction of control plasmids 2-5 and library plasmids 1-4 

The construction of plasmids was carried out using expression vectors pGE0381 and 

pGE0382 (GEHC). A closer look at the plasmids and the expression cassettes that contains 

inter alia the SP, GOI and fluorescent reporter genes can be seen in figure 10. 
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All plasmids used and created in this project and their characteristics are stated in table 2. All 

plasmids have been constructed so that they are compatible with GEHC cell-line HyClone™ 

CHO cells. All plasmids contain strong promotors for expressing the GOI and fluorescent 

reporter genes. The control plasmids 1-5 and library plasmids pGE0408 and pGE0409 also 

contain a Fc-BFP construct that was used as reference since the signal peptide for expressing 

Fc-BFP was unmodified and should show the same expression for all cells with transfected 

plasmids regardless of the change in signal peptide for Fc-GFP expression. The plasmids also 

contain a gene for the fluorescent reporter RFP, which was used as an extra control that the 

whole plasmid DNA were integrated to the genome i.e. that no breaks in the sequence had 

occurred if the cells did express the red color. A gene coding for antibiotic resistance is also 

included in all plasmids as well as a pUC ori gene for propagation in E. coli. The plasmids 

pGE0381, pGE0382, pGE0392, pGE0393, pGE0394 and pGE0395 were used as controls to the 

library plasmids pGE0408, pGE0409 and pGE0410.  

Figure 10. The original plasmids used in this project. At top – pGE0381 zoomed in on expression cassette 2 containing the SP 
that will alternate for control plasmids pGE0392-0395 and the Fc-fusion gene. At the bottom – pGE0382 zoomed in on 
expression cassettes 1 & 2, containing SP and Hc/Lc coding genes with fluorescent reporter GFP and BFP. 
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There is also a possibility to study library signal peptide effects on protein expression using a 

library only on one chain of the mAb Herceptin in pGE0410, why pGE0410 Hc, which has only 

the signal peptide library for Hc Herceptin, has been included. Important aspect for studying 

impact from the library signal peptides for expression of whole antibody is that a certain 

signal peptide for Hc might work differently with changed signal peptides for the Lc. Therefor 

improved signal peptides for Hc when keeping signal peptide for Lc constant might not be 

the best fitted ones when changing signal peptide for Lc.  

Table 2. Plasmid used and constructed during this study with information about signal peptides, GOI, vector backbones and 
provider.  

Plasmid  Signal peptide GOI Vector 
backbone 

Provider 

pGE0381 IgG kapa Fc-hIgG1 - Kindly provided by Senior 
Research Engineer Margareta 
Berg and coworkers at GEHC 

pGE0392 Albumin Fc-hIgG1 SbfI/NheI 
pGE0381 

Created during this study 

pGE0393 Azurocidin Fc-hIgG1 SbfI/NheI 
pGE0381 

Created during this study 

pGE0394 L1d Fc-hIgG1 SbfI/NheI 
pGE0381 

Created during this study 

pGE0395 H5b Fc-hIgG1 SbfI/NheI 
pGE0381 

Created during this study 

pGE0382 H5 for Hc and L1d 
for Lc 

Hc & Lc 
Herceptin 

- Kindly provided by Senior 
Research Engineer Margareta 
Berg and coworkers at GEHC 

pGE0408 Library with 
variations for 15 
amino acids 

Fc-hIgG1 SbfI/NheI 
pGE0381 

Created during this study 

pGE0409 Library with 
variations for 5 
amino acids 

Fc-hIgG1 SbfI/NheI 
pGE0381 

Created during this study 

pGE0410 Library for both Hc 
(11 aa variations) 
and Lc (11 aa 
variations) of 
Herceptin 

Hc & Lc 
Herceptin 

NotI/SalI 
pGE410 Hc 

Created during this study 

pGE0410 
Hc 

Library for Hc 
Herceptin with 
variations for 11 
amino acids 

Hc 
Herceptin 

SbfI/NheI 
pGE0382 

Created during this study 
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3.2.2 CHO-cell expression 

Transfection of donor plasmids to HyClone™ CHO-cells  

Transfection of donor plasmids to HyClone™ CHO-cells were performed using 

electroporation or LTX method. For all experiments the work was performed in sterile 

environment and all work with open tubes were carried out in LAF bench.  

Transfection with electroporation were initiated by pre-warming of CD-CHO media with 

6mM L-glutamine in a 24-well plate with 1,5 ml media per well per transfection. Viability and 

cell number of a pool with HyClone™ CHO cells were measured with ViCell and 2*106 cells 

were spun down at 100xG for 7 minutes. The supernatant was removed carefully with a 

1000 μl pipette and 100 μl Nucleofector solution V was added to the cell pellet followed by 

addition of 4 μg plasmid. The solution was transferred to an electroporation cuvette and the 

cells were transfected in with program U-024 in Nucleofector™ 2b by Lonza. The cells were 

slightly rinsed with the pre-warmed media and transferred to the plate and put in static 

incubator at 37 °C. After two days, the cells were transferred to bigger flask with fresh 

ActiPro media with 6 mM L-glutamine and 1mg/ml G418.  

Transfection with Lipofectamine LTX and Plus reagent were initiated by pre-heating CD-CHO 

media with 6 mM L-glutamine and OptiPro™ media were to 37 °C. Viability and cell number 

of a pool with HyClone™ CHO cells were measured with ViCell and diluted to 1*106 cells/ml 

in 30 ml per intended transfection. In a 50-ml conical (A), 1,4 ml OptiPro™ were mixed with 

90 μl LTX solution. In another 50-ml conical (B), 1,4 ml OptiPro™ were mixed with 40 μg 

plasmid and 40 μl Plus Reagent. The diluted LTX (A) was slowly added to the diluted DNA (B) 

in a swirling motion. The mixture was incubated in RT for 5 minutes and then added to the 

pre-diluted cells dropwise with a swirling motion. The transfected cells were placed in a 

shake-incubator at 37 °C. After two days, the cells were spun down in a centrifuge at 100xG 

for 7 minutes. The supernatant was removed, and the cell pellet were dissolved in fresh 

ActiPro media with 6 mM L-glutamine and 1mg/ml of G418.  

Cultivation 

New media was mixed using ActiPro and L-glutamine was added to a concentration of 6 mM 

When G418 was needed it was added to the media mix with a concentration of 1 mg/ml.  

Expression analysis 

The BD FACSJazz was setup according to GE procedures. A sample from the cell culture was 

transferred to a small FACS tube and put in the BD FACSJazz. The sample was run through 

the lasers and data were recorded for 100 000 events. The sample was removed, and the 

sample probe was cleansed for the next sample.  

For control 6, the concentration of antibody produced were measured by Cedex Bio, 

spinning down 200 μl sample and running in Cedex with GEHC procedures.  
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Naming of transfected cells  

The HyClone™ CHO cells transfected with different plasmids were named after their purpose 

to serve as control for secretion or library analysis. Table 3 describes which plasmid DNA the 

cell pools were transfected with.  

Table 3. HyClone™ CHO-cell pool transfected with plasmid DNA and named for their purpose of control or library analysis, 
included information about which plasmid was integrated, the signal peptide and GOI.  

CHO cell pool Transfected 
with 

Signal peptide  GOI 

Control 1 pGE0381 IgG kapa Fc-hIgG1 
Control 2 pGE0392 Albumin Fc-hIgG1 
Control 3 pGE0393 Azurocidin Fc-hIgG1 
Control 4 pGE0394 L1d Fc-hIgG1 
Control 5 pGE0395 H5b Fc-hIgG1 
Control 6 pGE0382 H5 for Hc and L1d for Lc Hc & Lc Herceptin 
Library 1 pGE0408 Library for Fc Fc-hIgG1 
Library 2 pGE0409 Library for Fc Fc-hIgG1 
Library 3 pGE0410 Library for Hc combined with 

library for Lc 
Hc & Lc Herceptin 

Library 4 pGE0410 Hc Library for Hc Hc Herceptin 
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4. Results and Discussion 

4.1 Construction of plasmids 

4.1.1 Control plasmids 

When analyzing the sequencing results from GATC with Geneious for the created control 

plasmids pGE0392-pGE0395, the experimental signal peptide sequences were in 100 % 

correlation with the theoretical sequences for the signal peptides in the control plasmids.  

4.1.2 Library plasmids  

Each library has a theoretical diversity calculated by multiplying the possible amino acids for 

each variable position designed to be in the new signal peptides. When running PCR for the 

library fragments they are amplified a large number of times and the diversity should be 

covered many times in the created fragments after 25 cycles. Diversity can be lost when 

ligating the fragments into the vector if the ligation is inefficient. Since the transformed E. 

coli is spread on agar plates within an hour after transformation the cells will generate 

colony forming units (CFU) o/n. Counting backwards regarding dilution factor on the sample 

spread on the agar plate, the number of CFU that would have emerged if spreading the 

whole transformed sample on a plate were calculated. That CFU count represents a direct 

indication on how many unique variants of the plasmids that were integrated and further, 

the coverage of the library diversities. These values are not absolute but can give grounds for 

further analysis. The results from E. coli transformation with library plasmids and the new 

library diversities as well as coverage percentage are stated in table 4.  

Table 4. Theoretical and experimental diversity for the library plasmids after transformation to E. coli 

 

Since pGE0408 and pGE0410 contains large library diversities with aa variations on 15 

respective 22 amino acid positions the experimental coverage of the diversity was very low. 

This means that there could have been signal peptides from that library that would work 

better or worse with secretion of proteins than the ones constructed during this project, and 

to fully draw conclusions about optimal signal peptides for these libraries is not possible. 

Nevertheless, library plasmids pGE0408 and pGE0410 contains such large diversities that it is 

likely to find signal peptides that improves secretion and increases protein production from 

the experimental diversities. 

 

 

 Theoretical 
diversity (*106) 

Integrated unique 
plasmids (*106) 

Experimental coverage of 
theoretical diversity (%) 

pGE0408 98 000 60 0,06 
pGE0409 0,03 1,2 4000 
pGE0410 1 000 000 3,6 0,0004 

pGE0410 Hc 0,5 24 4800 
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pGE0409 and pGE0410 Hc has theoretically a relatively small library diversity with variations 

on 5 respective 11 amino acids positions. The coverage for these library diversities was 

≥4000% of the theoretical library diversities, which means that many “unique” signal 

peptides probably occur more than once in the constructed samples. The results for 

constructing pGE0409 and pGE0410 Hc were great for analyzing protein expression in CHO 

cells since the possibility to integrate at least one copy of each signal peptide into CHO-cell 

genome increases with more copies constructed. Diversity can also be lost when transfecting 

the plasmid DNA to CHO-cells, this is discussed further in section 4.2.2.  

When sending samples from constructed library plasmids for sequencing, the results were 

analyzed to see if variations in signal peptide sequences had occurred in the right positions 

and if the amino acids at these positions agreed with the theoretical possibilities both 

regarding identity and frequency. 

For confidential reasons, the sequencing results for library signal peptides cannot be 

publicized in this report.  

For pGE0408 the sequencing results showed correct variations and acceptable frequencies 

for the amino acids at the variable positions which indicates on a successful construction of 

the library plasmid.  

The sequencing results from pGE0409 showed that every plasmid contained the original 

signal peptide, which means that the ligation of the library fragments was unsuccessful. One 

possible reason for this event is that the forward primer which contained the library 

sequence did not work correct. If a break in primer sequence emerge, there is a risk that the 

primer binds at a different site on the fragment or that the restriction site is lost. If the 

restriction site is lost within the library fragment, it is impossible for the restriction enzyme 

meant to cleave the fragment to do so. The result of this can first be seen when after ligation 

of the fragment to backbone vector and transforming the ligation mix to E. coli. This would 

explain why the colony data for transforming pGE0409 ligation mix to E. coli is close to the 

data for transforming only the vector backbone to E. coli. Since sequencing data shows that 

the plasmid pGE0409 only contains the original signal peptide it is possible that the T4 DNA 

ligase only ligated the cleaved fragments from pGE0381 that happened to follow the vector 

backbone when purifying the digestion products or relegation of the vector if only one 

enzyme were cleaving right. Even if the gel showed two different bands, the samples cannot 

be expected to be 100% pure after gel electrophoresis and purifications with GFX kit.  

The sequencing results from construction of pGE0409 were not received until a few weeks 

after transfection of the plasmid to CHO cells which means that pGE0409 probably did 

function as another pGE0381 in the CHO cell expression system.  

The sequencing results for pGE0410 did not show any sequences. This means that the part of 

the plasmid that the sequencing primer should anneal to did not exist and something most 

have happened to the vector during construction. The sequencing results from construction 

of pGE0410 were not received until a few weeks after transfection of the plasmid to CHO 

cells and due to time limitations, there were no time for investigating this issue further.  
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4.2 Expression analysis 

4.2.1 Control plasmid transfected CHO cells 

Expression of Fc-fusion protein in control 1-5 

After transfection the cells were taken care of to make sure they will be in good condition 

expressing as much of the protein as possible when analyzing the expression with FACS. To 

check how the cells were feeling a small sample was analyzed using Vi-cell and decision on 

whether the cell needed new media or if they should have more time to recover from 

selection was decided for each sample every time. From Vi-cell data analysis, information 

about cell size, circularity, viability, density and total cell number is gathered. An example of 

how the data could look like in the Vi-cell is shown in figure 11. Since viable cells have intact 

membranes, the trypan blue added by the Vi-cell leaves the nonviable cells blue colored and 

makes it possible to separate the viable cells from the nonviable ones. Most of the cells in 

figure 11 are viable which gives the mean result 98,4 % viability for the whole sample based 

on 50 gathered images. The cell circled in red in the upper middle of figure 11 is dead since it 

has taken up trypan blue or do not apply for viable cells regarding circularity and diameter.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 11. Vi-cell data and image of a sample from Control 1 day 27 after transfection. The image shows 
green circles around viable cells while dead cells is marked in red. Total viability is 98,4%.  
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To compare cell expression, it is important to treat the cell pools in the same way and that 

the viability is similar and preferably over 95 %. Exchanging media for the cell pools and 

measure the viability was important to give the cells opportunity to grow in optimal 

conditions. An overview of the viability data against days after transfection for the control 

CHO-cells 1-5 can be seen in figure 12. After transfection the cells are sensitive and needs 

extra care, why the cells will grow in another richer medium in static incubator without 

selection the first two days after transfection. The selection with antibiotic G418 was started 

at day 2. As a result, the viability decreases for all controls and as seen in figure 12 it is down 

to around 20-30 % on day 9. The integration effectivity when transfecting the cells with 

electroporation is only around 1%. The cells that survived electroporation but did not get the 

plasmid integrated to their genome will eventually die out due to their lack of antibiotic 

resistance.  

The successfully transfected cells will start growing and divide approximately once every 22 

hours when cultivation is performed in optimal conditions. The cell density was as often as 

possible kept under 10 MC/ml since the cells does not thrive in to high cell densities.  

On day 33 the viability for control 2-5 decreases, this event was due to a dilution of the cells 

to under 0,1 MC/ml on day 30. Control 1 was diluted to 0,2 MC/ml and the viability was not 

affected by this. When the cells are too diluted they will enter lag-phase, a phenomenon 

that means that the cells growth rate decreases. After a few days the cells recovered, and 

the viability increased again.  
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Figure 12. Viability data plotted against days after transfection for control cell pools 1-5. 9 days after transfection the 
viability was between 20-30% and after day 22 the viability was over 90 % for all controls. A small temporarily drop in 
viability is shown at day 33. 
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When analyzing the cells with BD FACSJazz the living cells were analyzed in comparison with 

data from a pool of non-transfected HyClone™ CHO cells with high viability. 100,000 events 

were recorded, which means 100,000 cells were analyzed regarding cell size and fluorescent 

expression. For each cell, the data was saved and could be analyzed with the Kaluza 

software. Plotting forward scatter against side scatter gives information about the cell size. 

Since the regular non-transfected HyClone™ CHO cells are studied for this purpose many 

times before, it can be used as a reference when plotting the transfected cells with FSC 

against SSC. In figure 13, gate A represents the living cells from that pool which is 77,39 % of 

the total amount of 100,000 recorded events. With gate A as reference, the viable cells 

when measuring 100,000 events of control 1 cell pool were gated. The cells from this gate 

were further analyzed for the expression of red color RFP. As seen in figure 13, the non-

transfected cell pool has a background expression of RFP which is not correlated with actual 

expression and therefor the gate G in figure 13 for RFP expressing living cells from Control 1 

is the cells that has integrated the plasmid and is selected for further analysis.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 13. Generation of HyClone CHO cells with a without transfection of RFP 
expression. A) Living cells from non-transfected HyClone CHO cells was analyzed by 
FACS as a negative control. B) Living cells from HyClone CHO cells transfected with 
pGE0381 were analyzed and gated at day 16 after transfection. C) Gated living cells 
from A were analyzed for RFP expressing cells by flow cytometry. D) Gated living 
cells from B analyzed for RFP expression  

A) B) 

C) D) 
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All the control 1-5 cell pools were analyzed the same way as control 1 in figure 14. The gated 

RFP producing cells were analyzed for the expression of GFP to the expression of BFP which 

resulted in the graphs illustrated in figure 14 below. All control cell pools are expressing both 

GFP and BFP which indicates on successfully integrated plasmid DNA to the cells.  

 

Since all cells has the same signal peptide for the Fc-BFP gene, and no other changes to the 

gene cassette, the expression of BFP should be quite similar between the controls. The 

impact of altering signal peptides is then indicated by conspicuous disparities in expression 

of GFP. Control cell pools 1-5 are compared with the median cell expression for BFP and 

median cell expression for GFP in figure 15. All control cells seem to express BFP at the same 

range, the expression of GFP is on the other hand better for control cell pool 3 than the 

other ones. According to these results, the protein Fc is expressed better with signal peptide 

Azurocidin, second best with Albumin or IgG kapa and not expressing as high levels with L1d 

or H5b as signal peptide.  

Expressing Fc-fusion proteins, from the results in this study, Azurocidin as signal peptide 

would be a suitable choice. The function of Azurocidin for improved secretion might as well 

work for expression of other proteins or whole antibody, which is interesting for further 

studies on this issue.  

Figure 14. Expression of BFP plotted against expression of GFP for the living cells of control 1-5.  
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Expression of mAb Herceptin in control 6 

When transfecting HyClone™ CHO cells with pGE0382 for control 6, the viability was 

measured first at day 10 after transfection since the cells had to recover from the selection 

and the fewer samples taken for measuring the more cells left to grow in the flask. The 

viability data were at day 10 down at 25,9 % but increased after that and was up at 87,5 % 

viability at day 22. The viability data can be seen in figure 16. The viability for control 6 cell 

pool did not reach over 90 %, probably since the cells were growing in a smaller flask than 

the other controls. These results are also interesting to optimize the culture environment for 

the CHO-cells. The viability drops after day 22 was a result from the decision to not feed the 

cells with new media or dilute them, but to let them grow and die out to let them produce as 

much protein as possible. The Antibody concentration at day 22 was 1 mg/L and at day 29 it 

was 3 mg/L. This means that the production worked, as a result from successful integration, 

and that full antibody Herceptin is being produced by inserting pGE0382 into CHO-cell 

genome.  

 

 

 

 

 

 

 

 

Figure 15. Expression plots of fluorescent reporter BFP to the left and GFP to the right for all control cell pools 1-5.  
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When analyzing the expression of Antibody in control 6 with BD FACSJazz, the results is 

showed in figure 17. Compared to a non-transfected HyClone™ CHO cell pool, the Control 6 

had more dead cells, which is expected when looking at the viability data from figure 16 

above since the control 6 cell pool never had a viability over 90 %. However, the cells are 

expressing both RFP, GFP and BFP which means that the integration of pGE0382 to the 

control 6 CHO-cell genome was successful.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 17. Flow cytometric results for a non-transfected HyClone™ CHO cell pool and control 6 at 
day 22 after transfection with FSC against SSC at the top and fluorescent expression analysis at the 
bottom plots.  
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Figure 16. Viability data plotted against days after transfection for control cell pool 6. 
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4.2.2 Library plasmid transfected CHO cells 

The integration efficiency when transfecting the library plasmids into the CHO cell genome is 

1 % for the CHO cells used in this study. This means that to cover the diversity for the 

libraries, it is desired to transfect at least 100 times as many cells to make sure one copy of 

each unique variant is integrated to the CHO-cell genome. The diversity for pGE0408 library 

and pGE0410 library has changed from cloning since the CFU data in table 4 indicated that 

the diversities for these libraries were not fully covered from transformation. Still, the 

diversities for pGE0408 and pGE0410 are quite large and to cover these diversities when 

transfecting CHO cells, the number of cells needed would be 6000 MC respective 360 MC. To 

transfect and cultivate that many cells would be a challenge and would require a lot of 

material. It was chosen to transfect 120 MC for each of the plasmids pGE0408 and pGE0410 

to be able to utilize the cultivation and save material. Calculations of the diversities after 

transfection to CHO cells is described in table 5. If exactly 1% of the transfected cells 

successfully integrated the plasmid for each library, the integrated cell numbers are shown 

in column 5. The expectation was to still have variants from the integration of pGE0408 and 

pGE0410 plasmids that would show a difference in protein expression when analyzing the 

cells with flow cytometry. The experimental diversity coverage after transfection for library 2 

and 4 are still showing high percentage values. 

Table 5. Library diversities before and after transfection including experimental coverage of theoretical values in percentage.  

CHO-cell 
pool 

Transfected 
with plasmid 

Library 
diversities 
from cloning 
(*106) 

Number of cells 
transfected 
with plasmid 
DNA (*106) 

Integrated 
plasmids based 
on integration 
efficiency 1% 
(*106) 

Experimental 
coverage of 
theoretical 
diversity after 
transfection (%) 

Library 1 pGE0408 60 120 1,2 0,001 

Library 2 pGE0409 0,03 60 0,6 2000 

Library 3 pGE0410 3,6 120 1,2 0,0001 

Library 4 pGE0410 Hc 0,5 15 0,72 144 

 

As for the control plasmids in section 4.2.1, the library plasmids were analyzed with Vi-cell to 

check viability and cell density after transfection. Every cell that did integrate library plasmid 

to their genome were important for the diversity coverage, which is why no sample were 

taken for measuring viability until day 10 after transfection. The expectation was that at day 

10, the cells with integrated plasmid DNA would have proliferate and that more than one 

copy of that cell would be available for analysis at that point. Unfortunately, the cells had 

not start to recover from selection and at day 10, the viability for the library cell pools were 

under 10 %.  
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An overview of viability data for HyClone™ CHO cells transfected with library plasmids is 

illustrated in figure 18. The transfection started at day 0 and the selection with G418 was 

initiated at day 3 for Library 1,2 and 4 cell pools and at day 2 for library 3 cell pool. A 

decrease in viability after cultivation with selection substance is expected, although the cells 

were supposed to recover and increase in viability after a few days like the control 

transfected cell pools in figure 12 and 16. At day 18 for Library 1,2 and 4 cell pools and 15 for 

library 3 cell pool the viability was still not over 11 % so the media were changed to fresh 

media without G418 selection with the intended outcome to let the cells start over and get 

going. Unfortunately, neither of the library cell pools did recover well from this treatment 

and the last measuring points for viability landed on values between 5 to 7 %.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Seen in figure 19 is a randomly selected image from measuring viability on a sample from a 

library 1 cell pool at day 18 after transfection. The total cell number is much higher than the 

viable cell count, which lead to the low viability value. The cells are not in their best 

condition, for example, comparing the average diameter of the viable cells, the viable cells in 

figure 19 are smaller than the viable cells from the random selected sample in figure 11 for 

the control 1 cell pool. This means that even the few viable cells in the sample from library 1 

cell pool are not feeling good.  
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Figure 18. Viability data plotted against days after transfection for library cell pools 1-4. The viability 
dropped after selection with G418 was initiated at day 2 or 3 after transfection and never recovered.  
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Since the library cell pools did not recover well after initiating selection with G418, the 

decision was to try sort out the living cells with FACS and let them grow in new media to be 

able to increase the viability. The results from flow cytometry analyzing a sample from each 

library cell pool and comparing with non-transfected pool and a control cell pool with the 

same GOI is illustrated in figure 20. The gate A for Control 1 and Library 1 and 2 is directly 

copied from the gate A that besets the living cells for the non-transfected cells and the same 

for gate D in the lower graphs for Control 6 and library 3 and 4. In both cases the gates for 

living cells are gating 0% of the library cell pools which means that there are no living cells in 

that 100,000 events that are possible to sort out.  

Figure 19.Data and image from measuring a sample from library 1 using Vi-cell at day 18 after 
transfection. The image shows a large number of non-viable cells marked in red and a few 
green marked viable cells. In results of all the nonviable cells, a lot of small dots, waste, can be 
distinguished in the background.  
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Both viability data and flow cytometry data indicate that the library cells are in a bad 

condition. There are a number of possible reasons why the library cells did not recover. One 

interesting view is that the library cells were transfected with LTX method, perhaps that 

method were not suitable for library DNA. It would be interesting to transfect the library 

plasmids into CHO cell genome through electroporation to see if that makes a difference. 

Unfortunately, to cover the diversity, a large number of electroporation cuvettes would have 

to be used.  

Another possible reason is that the cell density after changing media at day 2 or 3 after 

transfection was too high. The cells were diluted to 3 MC/ml, which might have been too 

high for them. Trying to use different densities after changing media could be an interesting 

experiment to see how they recover. It is also possible that the cells caught an infection 

during this procedure somehow and therefor this step needs to be optimized.  

Due to limitations in the time plan it was not possible to start the experiments over or save 

the few cells that seemed to be alive when measuring the viability in Vi-Cell. The analysis of 

the library signal peptides impact on secretion is handled over to scientist at GEHC for 

further analysis.   

Figure 20. Expression analysis plots from analyzing the library cell pools with a non-transfected cell pool and a control 
expressing the same GOI plotted with FCS against SSC for gating living cells. At the top non-transfected CHO cells, control 1 
compared to library 1 and 2. At the bottom non-transfected CHO cells, control 6 compared to library 3 and 4. No library cells 
were plotted alive from 100,000 events.  
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5. Conclusion 

Improving secretion of translated proteins could have huge impact on biopharmaceutical 

production. Different signal peptides affect the secretion efficiency and analyzing expression 

can lead to improvements of the experimental and genomic design. When expressing Fc-

fusion proteins, this study suggests that Azurocidin is better at secretion than IgG kapa, 

Albumin, L1d and H5b signal peptides. The goal was to find new signal peptides for improved 

secretion of Fc-fusion proteins and Herceptin, which due to experimental challenges and 

time limitations were not figured out during this study. Although the sub-goals, to construct 

control plasmids and verify the selection system with the controls were accomplished. Also, 

important aspects on how to handle the construction and cultivation of library sequences 

were learnt. It was showed that transfection of library plasmids to CHO-cells with LTX can be 

tricky, and that the volumes, cell densities and other environmental factors could affect the 

cell growth. This means the expression analysis for library sequences in plasmid DNA are not 

fully understood and to investigate the process is interesting for gathering greater 

knowledge about gene design and protein expression in CHO-cells in the future.   



31 
 

7. Acknowledgement 

I would like to express my deepest gratitude to those who made this master thesis possible. 

Special thanks to my supervisor Scientist Andreas Jonsson at GE Healthcare Bio-Sciences, for 

being there, guiding me through my journey learning as much about molecular biology and 

cell line development as possible in 20 weeks. Thank you for challenging me and fascinating 

me about the field of molecular biology engineering. I will brag about going to “Andreas 

Jonsson’s school” in the future.  

I would like to thank my supervisor Senior Research Engineer Daniel Ivansson, for inspiring 

me and always showing commitment to my work. I am also grateful to have worked close to 

Senior Research Engineer Margareta Berg and Senior Scientist Peter Oliviusson, thank you 

for helpful guidance and good company at the lab. I would like to thank all the other group 

members from the R&D department at GE Healthcare Bio-Sciences that I have had the honor 

to get to know, for creating a great work environment, both scientifically and socially.  

I would like to express my gratitude to my friend, roommate and co-worker, Ellen Einarsson, 

for cheering me up when I had tough days during this project, and for good laughs and 

discussions both at home and at the office.  

Thanks to my opponent Johannes Lundahl, for helpful discussions and valuable feedback 

regarding the report and my presentation.  

I would like to thank my supervisor from Linköping’s University, Research Engineer Robert 

Gustavsson, for feedback regarding the thesis layout, and my examiner Professor Carl-

Fredrik Mandenius for taking on this master thesis.  

I would also like to use this opportunity to express my appreciation to my friends, my loving 

boyfriend and my family for always being there, supporting me and believing in me.   



32 
 

8. References 

Aggarwal, S. R. (2014) ‘What ’ s fueling the biotech engine — 2012 to 2013’, Nature 
Biotechnology, 32(1), pp. 32–39. doi: 10.1038/nbt1109-987. 

Alberts, B. et al. (2006) Molecular Biology of the cell. 4th edn. New York: Garland Publishing, 
Inc. 

Alberts, B. et al. (2014) Molecular Biology of THE CELL. sixth. Garland Publishing Inc. 

Attallah, C. et al. (2017) ‘A highly efficient modified human serum albumin signal peptide to 
secrete proteins in cells derived from different mammalian species’, Protein Expression and 
Purification. Elsevier Ltd, 132, pp. 27–33. doi: 10.1016/j.pep.2017.01.003. 

Belin, D. et al. (1996) ‘A two-step recognition of signal sequences determines the 
translocation efficiency of proteins.’, The EMBO journal, 15(3), pp. 468–78. doi: 
10.1002/j.1460-2075.1996.tb00379.x. 

Brown T,  a (2010) Gene Cloning & DNA Analysis: An Introduction, Gene Cloning & DNA 
Analysis: An Introduction. doi: 10.1002/0471142727.mb1307s27. 

Le Fourn, V. et al. (2014) ‘CHO cell engineering to prevent polypeptide aggregation and 
improve therapeutic protein secretion’, Metabolic Engineering, 21, pp. 91–102. doi: 
10.1016/j.ymben.2012.12.003. 

Gedye, C. A. et al. (2014) ‘Cell surface profiling using high-throughput flow cytometry: A 
platform for biomarker discovery and analysis of cellular heterogeneity’, PLoS ONE, 9(8). doi: 
10.1371/journal.pone.0105602. 

Hansel, T. T. et al. (2010) ‘The safety and side effects of monoclonal antibodies’, Nature 
Reviews Drug Discovery, 9(4), pp. 325–338. doi: 10.1038/nrd3003. 

Haryadi, R. et al. (2015) ‘Optimization of heavy chain and light chain signal peptides for high 
level expression of therapeutic antibodies in CHO cells’, PLoS ONE, 10(2), pp. 1–17. doi: 
10.1371/journal.pone.0116878. 

Huang, Y. et al. (2017) ‘Identification and quantification of signal peptide variants in an IgG1 
monoclonal antibody produced in mammalian cell lines’, Journal of Chromatography B: 
Analytical Technologies in the Biomedical and Life Sciences, 1068–1069(June), pp. 193–200. 
doi: 10.1016/j.jchromb.2017.08.046. 

Kober, L., Zehe, C. and Bode, J. (2013) ‘Optimized signal peptides for the development of 
high expressing CHO cell lines’, Biotechnology and Bioengineering, 110(4), pp. 1164–1173. 
doi: 10.1002/bit.24776. 

Li, F. et al. (2010) ‘Cell culture processes for monoclonal antibody production’, mAbs, 2(5), 
pp. 466–479. doi: 10.4161/mabs.2.5.12720. 

Mori, A. et al. (2015) ‘Signal peptide optimization tool for the secretion of recombinant 
protein from Saccharomyces cerevisiae’, Journal of Bioscience and Bioengineering. Elsevier 
Ltd, 120(5), pp. 518–525. doi: 10.1016/j.jbiosc.2015.03.003. 

Pentilla, M. (1998) Heterologous protein production in Trichoderma. doi: 10.1007/978-1-
4939-6972-2. 



33 
 

Robinson, R. and Pellenz, S. (2013) What is flow cytometry (FACS analysis)? 

Siegemund, M. et al. (2014) ‘Monoclonal Antibodies’, in, pp. 273–295. doi: 10.1007/978-1-
62703-992-5. 

Snapp, E. (2005) ‘Design and Use of Fluorescent Fusion Proteins in Cell Biology’, Current 
Protocols in Cell Biology. doi: 10.1002/0471143030.cb2104s27.Design. 

Wurm, F. M. (2004) ‘Production of recombinant protein therapeutics in cultivated 
mammalian cells’, Nature Biotechnology, 22(11), pp. 1393–1398. doi: 10.1038/nbt1026. 

Zhang, G., Gurtu, V. and Kain, S. R. (1996) ‘An enhanced green fluorescent protein allows 
sensitive detection of gene transfer in mammalian cells.’, Biochemical and Biophysical 
Research Communications, 227, pp. 707–711. doi: 10.1006/bbrc.1996.1573. 

Zhang, L., Leng, Q. and Mixson, A. J. (2005) ‘Alteration in the IL-2 signal peptide affects 
secretion of proteins in vitro and in vivo’, Journal of Gene Medicine, 7(3), pp. 354–365. doi: 
10.1002/jgm.677. 

Zhu, J. (2012) ‘Mammalian cell protein expression for biopharmaceutical production’, 
Biotechnology Advances. Elsevier Inc., 30(5), pp. 1158–1170. doi: 
10.1016/j.biotechadv.2011.08.022. 

 

  



34 
 

Appendix A 

Table 6,7 and 8 describes details on materials and technical devices used in this study.  

Table 6. Chemicals, substances and biologicals used in this study 

Chemicals and substances Supplier 

HindIII – HF® New England Biolabs  

BsrgI - HF® New England Biolabs  

Q5-HF® DNA Polymerase New England Biolabs  

SbfI-HF® New England Biolabs  

NheI-HF® New England Biolabs  

Antarctic Phosphatase  New England Biolabs  

T4 DNA ligase  New England Biolabs  

XhoI New England Biolabs  

SacII New England Biolabs  

SalI-HF® New England Biolabs  

NotI-HF® New England Biolabs  

TRIS 10 mM pH 8  GEHC 

10XCutSmart buffer  New England Biolabs  

5X Q5 Reaction Buffer New England Biolabs  

Antarctic Phosphatase Reaction Buffer (10X) New England Biolabs  

T4 DNA ligase buffer (X10)  New England Biolabs  

PBS Lonza 

Carbenicillin GEHC 

SOC  Invitrogen 

E. coli Top10 chemo competent (KCM-competent) GE Healthcare Life Sciences 

One Shot® TOP10 Electrocomp™ E. coli Invitrogen™ 

LuriaBroth Invitrogen™ 

BactoAgar Becton Dickinson 

KCM (MgCl2x6H2O, CaCl2, KCl) GEHC 

NaAc 3M pH: 5,2 GEHC 

Deoxynucleotide (dNTP) Solution Mix New England Biolabs  

Ethanol Uvasol Merck 

Isopropanyl EMSURE Merck 

Gel Loading Dye, Purple (6X) New England Biolabs  

Sterile H2O Fresenius Kabi  

MassRuler Express Forward DNA Ladder Mix, ready to use Thermo Scientific 

GeneRuler 1 kb DNA ladder Thermo Scientific 

illustra GFX PCR DNA and Gel Band Purification Kit GE Healthcare Life Sciences 

illustra plasmidPrep Mini Spin Kit GE Healthcare Life Sciences 

illustra plasmidPrep Midi Spin Kit GE Healthcare Life Sciences 

ActiPro™ medium GE Healthcare Life Sciences 
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CD CHO Medium Thermo Scientific 

OptiPRO™ SFM Thermo Scientific 

Lipofectamine LTX with Plus reagent  Thermo Scientific 

HyClone™ L-Glutamine Thermo Scientific 

Cell Line Nucleofector® Kit V Lonza 

G-418 Solution Merck 

 

Table 7. Technical devices used in this study 

Technical device Application Supplier 

Incu-Line Incubator VWR 

EPS XXX  Electrophoresis power 
supply system 

GE Healthcare  

Ecotron Shaker–Incubator Infors-HT  

ES-20 Shaker–Incubator Biosan 

NanoDrop™ One/OneC Microvolume UV-Vis 
Spectrophotometer 

DNA concentration 
measurement 

Thermo 
Scientific™ 

Sorvall™ Legend™ Micro 17R Microcentrifμge centrifuge Thermo 
Scientific™ 

mySPIN™ 6 Mini Centrifuge centrifuge Thermo 
Scientific™ 

Uvidoc HD6 Gel documentation 
system  

Cleaver 
scientific 

Vortex-Genie 2 Vortex Scientific 
industries, Inc 

simpliAmp thermal cycler Thermal cycler  Life 
technologies 

 

Table 8. Software used in this study 

Software Provider 

Geneious    Biomatters Ltd 
 

Kaluza Analysis Software Beckman Coulter 
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Abstract  

The purpose of the project is to increase protein expression for therapeutic protein 

production by improving protein secretion of translated proteins.  

The main goal of this project is to identify new signal peptides (SP) from the screening of 

signal peptide libraries for improvement of translation and secretion of proteins in Chinese 

hamster ovary (CHO) cells. The main goal is divided into sub-goals.  

1. To construct control and library plasmids using gene cloning technologies 

2. Verify the CHO-cell/FACS selecting system with the control plasmids 

3. To transfect and cultivate the library plasmids into CHO-cells  

4. To sort out the highest producing cells with Fluorescence Activated Cell Sorting 

(FACS) 

5. Identifying new and improved signal peptides  

The hypothesis of this project is to find signal peptides that improves secretion and thereby 

increase protein expression of a Fc-fusion protein and the monoclonal antibody Herceptin by 

screening of signal peptide libraries using a CHO-cell express selection system. 

The hypothesis will be investigated using several gene cloning technologies. Constructing 

plasmids and E. coli transformation included. To express the gene of interest transfection 

and cultivation of CHO-cells will be used and sorting the highest producing cells will be 

performed using FACS.  
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Purpose of the project 

The purpose of the project is to increase protein expression for therapeutic protein 

production by improving protein secretion of translated proteins. Part A of this project is to 

find new universal signal peptides that improves protein secretion for any translated 

biopharmaceutical protein. Part B of this project is to improve the existing signal peptides for 

the antibody Herceptin. Figure 2 shows the orange signal peptide followed by the gene of 

interest (GOI) and a gene for green fluorescent protein (GFP) which will be used to 

investigate the expression of the desired protein in Fluorescence Activated Cell Sorting 

(FACS) 

 

Figure 1. The figure shows the start of the secretory pathway (Alberts et al., 2006) 

Figure 2. The figure shows a part of one of the plasmids with signal sequence followed by the 

gene of interest 

The main purpose for GE Healthcare Bio-Sciences AB with this project is to improve 

expression of therapeutic protein in CHO cells. In that way, they can take a step towards 

producing biopharmaceuticals in the most efficient way on the market.  

The purpose beyond the project is to lower the cost for producing protein therapeutically 

and in that way also lower the cost for the pharmaceutical companies and their customers 

which in turn will increase the possibility for treatment for the patients that need the 

pharmaceuticals.  
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Hypothesis 

Part A: 

Increase protein expression by finding new signal peptides with improved translation and 

secretion of a Fc-fusion protein by screening of signal peptide libraries using a CHO-cell 

express selection system. 

Part B: 

Increase protein expression by improving existing signal peptides for the monoclonal 

antibody Herceptin by screening of signal peptide libraries using a CHO-cell express selection 

system.  

CHO-cells are frequently used as host cells for production of therapeutic proteins, partly 

because they are well known and has the capacity for post-translational modifications (Kim, 

et al., 2012).The expression of recombinant proteins is dependent of signal sequences for 

secretion of the translated proteins. Inefficiency in secretion is a limiting factor for the 

productivity of mammalian cells such as CHO (Attallah, et al., 2017). Secretory proteins are 

synthesized with extra amino acids (the signal peptides) at their N-terminals which 

contributes in translocating the proteins to the endoplasmic reticulum in eukaryotic cells 

(Tsuchiya, et al., 2003). Signal peptides locates the protein complex to translocation sites on 

the proper membrane (von Heijne & Abrahamsén, 1989). 

Alternations of signal peptides can make a difference in the amount of protein being 

secreted from the cells. Identifying certain peptides that improves secretion efficiency more 

than others can result in an enhancement of protein expression. (Kober, et al., 2013) It is 

beneficial to optimize signal sequences to increase the protein expression, both regarding 

small-scale laboratory experiments but also for large-scale industrial production. 

Identification of improved signal peptides from screening libraries has been proven 

successful (Mori, et al., 2015). Mori and coworkers has improved secretion of the protein β-

galactosidase by using signal peptide optimization tool for screening of a library of SP 

constructs. 

Flow cytometry is a tool for analyzing cell surface protein expression individual cells from 

heterogeneous populations (Paterson & Ailles, 2017). The selection of cells with higher 

productivity can performed using FACS, by incorporate reporter genes such as green 

fluorescent protein (GFP) into the vector. The highest producing cells will show higher 

fluorescence, and these are the ones being sorted out by the FACS. (Gallagher & Kelly, 2017) 

Based on these implications, it is assumable to find improved signal peptides with improved 

translation and secretion of a Fc-fusion protein and the antibody Herceptin by screening of 

SP-libraries.  
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Objective of the project 

The main goal of this project is to identify new signal peptides by screening of signal peptide 

libraries for improved translation and secretion of proteins using a CHO-cell selection 

system.  

The main goal is subdivided into sub-goals. The sub-goals listed below covers both working 

with existing signal peptides to verify the selection system and the selection of improved 

signal peptide for an increase of protein expression. 

1. To construct control and library plasmids using gene cloning technologies 

2. Verify the CHO-cell/FACS selecting system with the control plasmids 

3. To transfect and cultivate the library plasmids into CHO-cell genome  

4. To sort out the highest GFP producing cells with FACS 

5. Identifying new and improved signal peptides  

The project requires a laboratory with the equipment stated under materials and is confined 

to the equipment provided by GE Healthcare Bio-Sciences R&D department, in collaboration 

with their regular work. Since the project occurs on GE’s site in Uppsala, constraints for this 

project includes commitment to confidential information.  

To analyze complicated systems such as the signal peptide role for efficient production of 

proteins must be limited to certain constraints. A life time could be spent looking in to these 

systems and still it would not be fully understood.  
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Study model 

Figure 3. The figure shows the study model and its key elements 

To be able to investigate the hypothesis it is needed to construct control plasmids with 

known function for the productivity of expressing proteins in CHO-cells. Construction and 

investigation of library plasmids will be performed using the same methods as seen by the 

blue boxes in figure 3. The investigation of the control plasmids will be used to verify the 

selection system as seen by the purple boxes in figure 3. The pink box in figure 3 describes 

the transfection and cultivation of the plasmids to CHO-cells, a step necessary for 

investigation of both control and library plasmids. To sort out the cells with highest secreted 

protein levels the signal peptides with the protein of interest has been fused with green 

fluorescent protein (GFP) so that the FACS system can sort out the cells that shows higher 

fluorescence for further cultivation and sorting, see the orange boxes in figure 3. After 

sequencing the cells with highest productivity an identification of improved signal peptides is 

performed (green box in figure 3). The colors of the boxes in figure 3 are connected to the 

sub-goals of the study.   
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Milestones for the project 

Table 1. Milestone list 

Milestone 
number Short description 

Type of 
deliverable 

Date 
(week) 

1 Planning report ready Report 6 
2 Sequence verification of plasmids Laboratory 9 

3 
Verification of the CHO-cell/FACS selecting system 
with control plasmids  Laboratory 13 

4 Half-time report completed Laboratory 13 

5 
Successful transfection of library plasmids to CHO-
cells Report 14 

6 
Successful FACS-sorting of highest GFP producing 
CHO-cells Laboratory 17 

7 
Successful identification of improved signal 
peptides  Laboratory 19 

8 Analyzing results completed  Laboratory 20 

9 
Draft of final report ready and sent to opponent 
and examiner Report 21 

10 Final GE report completed  Report 22 

11 Presentation at GE Healthcare 
Oral 
presentation 22 

12 Presentation at LiU  
Oral 
presentation 23 

13 Corrected final report to GE for final approval Report 23 

14 
Corrected final report to examiner for final 
approval Report 23 

 

The process for the project involves laboratory work with measurable steps as well as 

reports and presentation of the work which is showed by the list of milestones in table 1.   

Time plan  

The activities for the project are listed in the GANTT-chart on page 44. The activities are 

dependent on previous steps and therefore it is crucial to finish one activity before starting 

the next one. Although through the project there are a few activities that is more flexible, 

such as literature studies, writing the reports and preparing the presentations. The time plan 

might change during the project due to delays and other events in the process.  
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