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Resumo 

 Hoje em dia 60-70% da produção de farmacêuticos a partir de proteínas recombinantes usa células 

animais como hospedeiro. De todas as linhas celulares, as células CHO (Chinese Hamster Ovary) são as mais 

populares para a produção de terapêuticos recombinantes, tais como os anticorpos monoclonais. Várias 

estratégias têm sido empregues para aumentar a produtividade volumétrica e a produção de anticorpos por 

linhas de células animais. A engenharia de linhas celulares é um dos métodos que tem contribuído com êxito 

para a otimização da produtividade de células hospedeiras, manipulando os mais variados processos celulares. 

Embora tenham sido feitos muitos progressos nesta matéria, estes métodos de engenharia celular estão 

maioritariamente direcionados a genes individuais e, como tal, abordam apenas uma questão do desempenho 

celular. O mTOR (mammalian target of rapamycin) é uma quinase conservada e tem um papel chave num grande 

número de processos celulares. Este projeto tem como principal objetivo investigar o crescimento e 

produtividade de linhas celulares CHO-K1, quando transfectadas de forma estável com o mTOR em comparação 

com a mesma linha celular transfectada com um vetor vazio (apenas expressando GFP). Neste estudo 

demonstrou-se que as células transfectadas com mTOR têm vantagens no crescimento, atingindo concentrações 

celulares e taxas específicas de crescimento mais elevadas. Para além disso, os clones transfectados com mTOR 

mostraram ter maior resistência a condições de stress, provocadas por osmolalidades elevadas e hipoxia. Os 

resultados obtidos reforçam a importância do mTOR como um alvo promissor para a melhoria da produção de 

anticorpos em células animais.   

 

PALAVRAS-CHAVE: células animais; células CHO (Chinese Hamster Ovary); anticorpos monoclonais; 

engenharia de linhas celulares ; mammalian target of rapamycin (mTOR) 
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Abstract 

Today 60-70% of the recombinant protein pharmaceuticals production uses mammalian cells as a host. 

From all cell lines, Chinese Hamster Ovary (CHO) cells are the most popular for the production of recombinant 

therapeutics, such as monoclonal antibodies (mAbs). Several strategies have been used to increase the 

volumetric productivity and the product titer of mammalian cell lines. Host cell line engineering is one approach 

that successfully contributed to improve the cell productivity by manipulating various cellular processes. 

Although several advancements have been made in this field, these cell engineering approaches have mostly 

targeted single genes and, thus, addressing one single issue in the cell performance.  The mammalian target of 

rapamycin (mTOR) is a conserved kinase which plays a key role in a large number of cellular processes. This 

project aimed to investigate the growth and productivity of CHO-K1 cell lines, when stably transfected with mTOR 

in comparison to the same cell line transfected with an empty vector (expressing only GFP). Here we show 

evidence that mTOR transfected cell lines have an advantage in growth, showing higher cell concentrations and 

specific growth rates in the batch experiments made. Furthermore, mTOR transfected clones also showed a 

higher resistance to stress conditions, such as higher osmolalities and hypoxia, than the empty vector control. 

These results reinforce the importance of mTOR as a promising target for the improvement of mammalian 

production cell lines. 

 

KEYWORDS: mammalian cells; Chinese Hamster Ovary (CHO) cells; monoclonal antibodies; cell line 

engineering; mammalian target of rapamycin (mTOR) 
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1 Introduction 

1.1 Background 

The establishment of recombinant DNA (deoxyribonucleic acid) technologies in the past several decades 

has made it possible to develop a wide variety of therapeutic proteins and, in 2005, biopharmaceuticals 

represented already 1 in every 4 new pharmaceuticals to entry the market [1][2]. 

Monoclonal antibodies are the dominant product within the biopharmaceuticals market, representing half 

of its total sales with a global sales revenue of nearly $75 billion. The number of monoclonal antibodies approved 

for commercial sale in United States (US) and Europe is continually growing and goes from 3 to 5 new products 

annually [3]. 

The monoclonal antibodies are used to treat a wide range of diseases, which include cancer and 

autoimmune deficiencies. The continuous interest in the monoclonal antibody as a therapeutic biological product 

has to do with the robust and flexible nature of the immunoglobulin molecule and the rapid advancement of the 

understanding of the disease at a molecular level and the advances in the applied sciences from the 

biotechnology and the pharmaceutical industry [3][4]. 

1.2 Mammalian cells for recombinant protein production 

Today, 60-70% of all recombinant protein pharmaceuticals use mammalian cells as its main hosts [5], 

although other systems, such as microbial, insect and transgenic animals or plants, are also available [6].  

Microbial systems, especially E. coli, have the advantage of low cost in establishing a production strain, 

quick production cycle, easy in-process control, and high productivity compared to mammalian expression 

systems [7].  Although the choice of an expression system takes into consideration issues such as patenting status 

and economics [8], other factors like the expression of large complex proteins containing multiple subunits, 

cofactors, disulphide bonds, and post-translational modifications are very important and only available with 

mammalian cells machinery [7]. 

Other expression systems, like E. coli, yeast and plants, result, for instance, in no or not human-like 

glycosylation in the recombinant proteins, which affect its biological function and, in therapeutic proteins, can 

be harmful for treatment in humans [8]. 

1.2.1 Host Cell lines 

The production of recombinant proteins is well established in a panoply of different mammalian cell lines, 

such as, Chinese hamster ovary (CHO) cells, murine myeloma lymphoblastoid-like (NS0 and Sp2/0-Ag14) cells, 

Human Embryonic Kidney 293 (HEK 293) cells and baby hamster kidney cells (BHK-21) [7]. More recently, other 

human cell lines, like the human retina-derived (Per.C6) cells [9] and CEVEC’s Amniocyte Production (CAP) cells 

[10], have been developed.  

From all cell lines, Chinese hamster ovary (CHO) cells and the murine myeloma cells (SP2/0 and NS0) are 

the most popular for the production of recombinant therapeutics [11], with nearly 70% of all therapeutic today 

being produced in CHO cells [12]. 
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The popularity of the CHO cell line as recombinant DNA host is mostly due to the following reasons. Firstly, 

CHO cells are able to produce proteins with glycoforms both compatible and bioactive in humans. Secondly, for 

the last two decades, CHO cells have been proven safe for synthesis of biologicals, which makes it easier for 

therapeutic proteins produced by this host cell line to obtain approval from regulatory agencies, such as FDA 

(Food and Drug Administration). Finally, their adaptability and ease of genetic manipulation made them the most 

used cell line for the industrial production of therapeutic proteins. CHO cells are easily adapted to growth in 

serum-free suspension cultures and readily scaled to >10,000-L bioreactors. Also, the isolation of cells deficient 

in DHFR (dehydrofolate reductase) enzyme has led to effective means for the selection of stable clones and 

amplification of genes, thereby dramatically increasing specific productivity levels and overcoming the low values 

obtained in mammalian cells [12]. 

1.2.2 Products from mammalian cells  

In 1986 human tissue plasminogen activator (tPA) became the first therapeutic protein from recombinant 

mammalian cells to obtain market approval [5], marking the beginning of therapeutic biopharmaceuticals from 

mammalian cells. 

Mammalian cell culture is now well established and allows the production of a large number of complex 

recombinant proteins. These include viral vaccines, cytokines, growth factors, hormones, recombinant 

thrombolytic agents, recombinant coagulation factors, recombinant enzymes and monoclonal antibodies [13]. 

Figure 1 shows the sales distribution of the major classes of biopharmaceuticals in 2012. Monoclonal 

antibodies maintained their ranking as the highest selling class of biologics, with their US sales reaching ~$24.6 

billion, an 18.3% growth over their 2011 sales [14]. 

 
Figure 1: Top nine categories of biologic drugs in terms of US sales in 2012, adapted from [14]. 

1.3 Antibodies 

Antibodies are the secreted form of the B-cell receptor. These molecules are similar in all features except 

for a small portion of the C-terminus of the heavy chain constant region, which is hydrophilic in antibodies and 

hydrophobic in the B-cell receptors [15]. 

1.3.1 Structure and classes 

The basic structural unit of an antibody, shown in Figure 2, consists of a Y-shaped molecule with four 

polypeptide chains – 2 identical light chains and 2 identical heavy chains. The four chains are held together by a 
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combination of non-covalent and covalent bonds (disulphide bridges) [16]. Together, the two heavy chains (with 

50 kDa each) and the two light chains (with 25 kDa each) have a molecular weight of 150 kDa [15]. 

The antibody molecule is divided into variable and constant domains. The variable domains of the heavy 

and light chains, VH and VL, respectively, make up the V region of the antibody and allow the specific binding to 

the antigen. The constant domains of the heavy and light chains, CH and CL, respectively, make up the C region. 

In the heavy chain, the C domains are numbered from the amino-terminal end to the carboxy terminus (CH1, CH2, 

and so on) [15]. Most heavy chains, like the ones in Figure 2, have three constant domains (CH1, CH2, and CH3), 

but those of IgM and IgE antibodies have four [16]. 

The protease papain cleaves the antibody molecule into 3 fragments: 2 Fragment antigen binding (Fab) 

and one Fragment crystallisable (Fc) fragment. The Fab fragments are identical and contain the antigen-binding 

activity, which corresponds to the complete light chains and the VH and CH1 domains of the heavy chains. The 

other fragment has no antigen-binding activity and corresponds to the Fc portion of the antibody, which consists 

of the paired CH2 and CH3 domains and determines the other biological properties of the molecule [15]. 

 

Figure 2: Schematic drawing of a typical antibody molecule. The Y-shaped molecule consists of two heavy chains (in blue) 
and two light chains (in red) held together by a disulphide bridge. The two identical arms of the of the antibody molecule 
have the antigen-binding activity and are termed the Fab fragments, while the other fragment has no antigen-binding 
activity and is called the Fc region. (Adapted from [17]) 

 In mammals, there are five classes of immunoglobulins each with its characteristic type of heavy chain 

- α, δ, ε, γ, and μ, for IgA, IgG, IgE, IgD and IgM, respectively. There are also two types of light chains κ and λ, 

which occur in all the antibody classes [17]. The IgG is by far the most common antibody molecule and has the 

simplest structure, represented in Figure 2.  

1.3.2 Monoclonal antibodies 

If an animal is injected with an antigen, each normal B lymphocyte is capable of producing a single type of 

antibody directed against a specific epitope on that antigen molecule. Each antigen-activated B lymphocyte 

forms a clone of cells, in the spleen or lymph nodes, with each cell of the clone producing the same identical 

antibody, termed monoclonal. Nevertheless, the majority of the natural antigens have more than a single 

epitope, which stimulates the formation of several B-lymphocyte clones, each producing a different antibody. 

The mixture of antibodies recognising different epitopes on the same antigen is called polyclonal [18]. 
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In theory, the production of a monoclonal antibody (mAb) requires the growth of a clone of B lymphocytes 

and collection of the antibody produced by these genetically identical cells. However, in practice, B-lymphocytes 

are mortal and do not allow the unlimited supply of mAbs for large scale production [19]. 

Köhler and Milstein (1975) devised a technique that allows the growth of clonal populations of cells 

secreting homogeneous antibodies with a defined specificity [20]. The basic idea is to take an oncogenically 

transformed antibody-producing cell (myeloma cell) and mutate it so that it can no longer produce its own 

antibody. Then it is fused to a normal antibody-producing cell to generate a hybrid cell line (hybridoma). Such a 

cell line, which is potentially immortal, has the capacity to produce unlimited quantities of one particular type of 

antibody molecule [21]. 

1.4 Engineering strategies for improved productivity 

For any commercial process, high volumetric productivity and/or high product titer are desired for reasons 

of profit. These goals can be achieved by increasing the specific productivity and/or the time integral of viable 

cell concentration during culture [6]. 

Three main approaches have been pursued: (1) improvement of expression vectors and transcription of the 

gene of interest; (2) improvement of media composition and cultivation process; and (3) host cell engineering 

[22]. 

Transcription is probably not limiting antibody secretion in the current generation of cell lines, since they 

were constructed using expression vector systems developed to give high mRNA levels. In early expression 

systems, the increase in transfection was generally achieved by gene amplification, especially with the DHFR 

expression system. However, this expression system although it may increase the productivity, it can also have a 

detrimental effect on other cellular properties, alter the inherent stability of expression and often requires the 

continued presence of the selective agent. The glutamine synthetase (GS) system and some variants of the DHFR 

one do not rely upon amplification to achieve high productivities. Instead, these systems rely upon insertion of 

the antibody construct into a transcriptionally active region. One approach is to use site specific recombination 

of the gene(s) of interest into a known transcriptionally active locus or take the sequences flanking the 

transcriptionally active locus and incorporate them into the expression vector. An alternative approach is to 

transfect the cells with a conventional expression vector but then bias the selection method so that only 

transfectants where the vector integrated into a transcriptionally active site are selected [23]. 

Medium and process optimization have led to significant accomplishments in the culture performance. The 

use of the right feeding strategy led to several fold improvements in specific productivity, viable cell numbers 

and culture longevity. The medium optimization generally aims the production of a minimum amount of toxic 

byproducts like ammonia and lactate, through the adjustment of the concentration of essential components, like 

glucose and glutamine. The process optimization also include the control of the different culture parameters, 

which mainly include pH, dissolved oxygen (DO), osmolality and some medium additives [24]. 

More recently, the engineering of host cells used in large-scale production of biopharmaceuticals has also 

contributed significantly to improving productivity and has enabled a better understanding of cellular physiology 

in a mammalian cell culture context [25]. 
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The various cellular processes that have been engineered include apoptosis, cell proliferation, cell 

metabolism, cell cycle arrest and the improvement of protein folding, transport and secretion. Apoptosis is one 

of the main limiting factors for protein production in mammalian cells. Eliminating or delaying this process could 

increase viable cell densities and also extend the culture duration. Several strategies have been successfully 

employed which include the up-regulation of anti-apoptotic proteins, the down-regulation of pro-apoptotic 

proteins and the disruption of apoptotic pathways. Another approach is the enhancement of the cell 

proliferation, through the manipulation of cell cycle regulatory machinery, which has basically the same effect 

as reducing apoptosis. Much effort has also been directed to the engineering of the cell metabolism, since the 

high concentrations of by-products, such as lactate and ammonia, are one of the reasons for low product titers, 

by adversely affecting cell growth and viability. A common approach to increasing the specific productivities is 

cell cycle arrest, which can be done through chemical agents, temperature shifts and also through cellular 

engineering. Finally, protein folding was proven as a bottleneck in protein production and the manipulation of 

several proteins, like chaperones, glucose regulated protein of 94 kDa and foldases, could be another way of 

improving the specific productivity in mammalian cells [22]. 

Although, recently, several advancements have been made in this field, much of the cell engineering work 

has focused on the targeting of a single gene. It is clear that to engineer a super-producer, more robust for the 

production of recombinant proteins, one needs to take into account the global effect of altering one or multiple 

genes across different cellular pathways [25]. 

1.5 Mammalian Target of Rapamycin (mTOR)  

The target of rapamycin (TOR) is a highly conserved protein kinase originally discovered in yeast but also 

conserved in eukaryotes, such as mammalians [26]. 

The mammalian TOR (mTOR) plays a central role in regulating critical cellular processes, such as cell growth, 

cell proliferation, cytoskeletal organization, transcription, protein synthesis and ribosomal biogenesis [27]. 

mTOR is present in two major complexes, commonly referred as mTOR complex 1 (mTORC1) and mTOR 

complex 2 (mTORC2). The mTOR complexes have different sensitivities to rapamycin as well as different 

upstream and downstream inputs, shown in Figure 3. mTORC1 is inhibited by rapamycin, which uncouples mTOR 

from its substrates, whereas mTORC2 is not, although prolonged exposure can interfere with its reassembly [27]. 

mTORC1 and mTORC2 are both composed of mTOR protein kinase, mammalian lethal with sec-13 and protein 8 

(mLST8/GβL), dep domain containing mTOR-interacting protein (deptor) and Tt1/Tel2 complex. The regulatory-

associated protein of mammalian target of rapamycin (raptor) and proline-rich Akt substrate 40KDa (PRAS40) 

are specific of mTORC1, whereas rapamycin-insensitive companion of mTOR (rictor), mammalian stress-activated 

map kinase-interacting protein 1 (mSin1) and protein observed with with rictor 1 and 2 (protor ½) are specific of 

mTORC2 [28]. 

Four major inputs, including growth factors, nutrients, energy and stress, can trigger the upstream 

phosphorylation cascade of mTOR. The response to these inputs results in the activation of different pathways, 

which eventually lead to the phosphorylation of tuberous sclerosis complex (TSC) [29]. TSC, formed by TSC1 and 

TSC2, is one of the major upstream inhibitory regulators of mTOR [30] and one of its main roles is reducing the 
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phosphorylation of mTORC1 main downstream targets - 4EBP and S6K1 [27]. The phosphorylation of these 

targets by mTOR is responsible for promoting protein translation and increasing cell mass, resulting in cell growth 

[30]. Of course this is just one example of the many cell processes that mTOR controls through the different 

downstream targets [29]. 

 

 

Figure 3: Schematic overview from the mTOR signalling pathway to regulate translation initiation at the 5’ CAP (catabolite 
activator protein). (Adapted from [31]) 

 Several authors have studied the implication of mTOR pathway in various cellular processes.  

Dreesen et al. [32] have verified that the transient expression of mTOR improved several cell 

characteristics, including cell growth, proliferation, viability, robustness and specific productivity. Edros at al.[33] 

compared the expression of 84 target genes related to mTOR signalling in two CHO cell and identified high 

expressing genes in the cell line with 17.4 fold higher specific productivities, reinforcing the importance of mTOR 

pathway for the recombinant protein production. Courtes et al.[31], using polysome profiling technology, 

stablished a connection between the global/specific translation activity and the activation of mTOR signalling 

pathway through nutrient supplementation in CHO cell cultures. 

 These results suggest that the engineering of mTOR pathway could be a route for the design of a novel 

super-producer with increased cell proliferation as well as productivity. 
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2 Materials and methods 

2.1 Molecular biology 

2.1.1 Plasmids 

The following integrative plasmids were used in this project: 

 mTOR vector (Catalog nº: EX—mm31144-M80; Accession nº: NM_020009; 736.2 ng/µL; Gene 

CopoeiaTM, 14286 bp) – Figure 4 

 Empty vector (EV) (Catalog nº: EX-NEG-M80; 571.6 ng/µL; Gene CopoeiaTM, 6620 bp) – Figure 5. 

 

Figure 4: mTOR vector sequence map. The diagram shows the CMV (cytomegalovirus) promotor and the mTOR and GFP 

inserts, separated by the IRES2 (internal ribosome entry site) sequence. It also shows the mammalian selection marker 

(puromycin) and the bacterial selection marker (ampicillin). 

 

Figure 5: Empty vector sequence map. The diagram shows the CMV promotor and the IRES2 sequence followed by the GFP 

insert. It also shows the mammalian selection marker (puromycin) and the bacterial selection marker (ampicillin). 

2.1.2 E.coli transformation 

The plasmid concentration was measured using the NanoDrop™ (Thermo Scientific) equipment, with a 

1:10 dilution of the stock solution, with a measurement wavelength of 260 nm and a reference wavelength of 

280 nm. After the concentration of plasmid was determined, a 100 µL solution with 1 pg/µL of each plasmid was 

prepared. 3 pg of each plasmid were used to transform 1.9x1010 cells of E.coli using Gene Pulser Xcell™ 

Electroporation Systems (Bio Rad) at 2000 V, 25 μF and 200 Ω, in a 1 mm cuvette. As negative control, the same 

bacteria was transformed with autoclaved water. Posteriorly, the cell suspension was immediately re-suspended 
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in 1 mL of LB medium without antibiotic and placed in a heating plate for 1h at 37ᵒC.  Afterwards, the transformed 

bacteria were plated in LB medium with 100 mg/mL ampicillin in a 1:1000 dilution, with two petri dishes per 

plasmid and for the negative control (with 50 and 100 µL of cell suspension in each plate). The cells were 

incubated at 37ᵒC and after approximately 24 h, the CFU in each plate were counted to estimate the efficiency 

of transformation. 

2.1.3 Polymerase Chain Reaction (PCR) 

A PCR with the transformed colonies of mTOR vector and EV was made to verify the plasmid size and, 

subsequently, that the right plasmid was transformed. 

For the PCR, 4 colonies of each plasmid were tested with both GFP primers – d2eGFP-sense (5’– 

GTGAGCAAGGGCGAGGAG) and d2eGFP-antisense (5’ – TGCTCAGGTAGTGGTTGTCG) - and mTOR primers – 

mTOR-s1-4485 (5’ – GCAGTGCTGTGAAAAGTGGA) and mTOR-murine-as-4909 (5’ – GGATTTTCTGCCAGTCCTCA) –

, which in total resulted in 16 reactions (8 for each plasmid).  The amplified product with mTOR primer was 

expected to have a length of 386 bp, whereas the amplified product with GFP primer was expected to have a 

length of 570 bp. 

For 1 PCR reaction, the MasterMix (NEB) had a total volume of 12.5 µL with 1.25 µL Thermo Pol Buffer, 

0.25 µL dNTP’s, 0.25 µL primer forward, 0.25 µL primer reverse, 0.0625 µL Taq DNA polymerase and 1 µL of 

template. The templates were prepared by harvesting the colonies to 5 µL of autoclaved water.  

The PCR products were analysed in an electrophoresis gel (1% agarose), which was prepared using 2.6 mL 

of 50-fold TAE buffer, 1.3 g of agarose, 2.6 µg of EtBr and water. 15 µL of each PCR product, with 2.5 µL of loading 

buffer (0.25% w/w Bromphenol blau, 0.25% w/w Vylencyanol and 30% w/v glycerine) were loaded into the gel. 

6 µL of GeneRuler DNA ladder Mix (with 0.5 µg of DNA) was used as marker. The gel ran for 27 minutes at 120 V. 

2.1.4 Plasmid Purification 

One colony of each plasmid was inoculated in a 500 mL shaking flasks in 200 mL of LB medium with 100 

mg/mL of ampicillin in a 1:1000 dilution. The flasks were incubated in a shaking platform at 37ᵒC for 24 hours. 

The plasmids of the grown cell suspensions were purified using the Endotoxin-free DNA purification Kit 

(NucleoBond Xtra Midi EF, MN, ref#740410.10, lot#P58570), which has a yield of 500 µg of DNA. 

The volume of cell suspension used for each plasmid was calculated for an ODV of 400, as was mentioned 

in the protocol for a plasmid high copy number – Equation 1. A sample of 2 mL of each cell suspension was taken 

for the OD measurement, previously diluted to an OD within the linear range of 0.025 to 0.6. 

𝑽[𝒎𝑳] =
𝑶𝑫𝑽

𝑶𝑫𝟔𝟎𝟎

 (1) 

The protocol used was the one indicated for high copy number plasmids. In the “Washing and Drying” 

step of the protocol, 2.5 mL of 70% ethanol were used and the mix was centrifuged for 30 min. In the 

“Reconstitution” step 500 µL of the H2O-EF were used.  

The final purified mixture was loaded to a 1% agarose gel, to verify both plasmid sizes. The mTOR vector 

was cut in two fragments of 3201 bp and 11085 bp, with XHO I enzyme (#R01465, 20000 U/mL, 0,25 mL, 

lot#0550904, assay 4/09), whereas the empty vector was cut in two fragments of 3546 bp and 3074 bp, with 
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BAM HI enzyme (#R3136G, 20000 U/mL, 0.02 mL, lot#0020904, assay 4/09). The enzymatic reaction was 

performed for 1h at 37ᵒC, using 1 µg of sample DNA, 10 un of enzyme and 5 µL of 10x Cut Smart Buffer (#B7204S, 

1.25 mL, lot#0071304, NEB) in a total volume of 50 µL, filled with autoclaved water. For each sample a negative 

control was prepared using 1 µg of sample DNA and water, in a total volume of 50 µL. The enzymatic reaction 

was stopped with an increase in temperature to 65ᵒC for 20 min. 

50 µL of each sample, and the respective negative controls, were loaded into the gel with 10 µL of 

loading buffer (0.25% w/w Bromphenol blau, 0.25% w/w Vylencyanol and 30% w/v glycerine). 12 µL of GeneRuler 

DNA ladder Mix (1 µg of DNA) were used as marker. The gel ran for 27 minutes at 120 V. 

The final concentrations of the purified plasmids were measured with the Nanodrop™ at a measurement 

wavelength of 260 nm and a reference wavelength of 280 nm.  

2.2 Cell culture 

2.2.1 Cell lines 

The cell line used throughout this project was CHO-K1 PG9, kindly provided by Polymun Scientific, which 

recombinantly expressed a PG9 antibody, directed against the glycoprotein 120 of the HIV-1 envelope protein. 

The cell line was adapted to grow in CD-CHO medium (Gibco by Life Technologies) supplemented with 6 mM L-

alanyl-L-glutamine (Merck), 0.5 mg/mL of G418 (Gibco by Life Technologies) and 15 mg/mL of phenol red (Sigma-

aldrich). The CHO-K1 PG9 cell line was transfected with a plasmid containing either mTOR or an Empty Vector 

control, as described in section 2.4, and subsequently cultivated in the medium described above plus 2.5 µg/mL 

puromycin. Table 1 shows the used cell lines and the respective media. 

Table 1: Designation of used cell lines and respective cultivation medium. 

Cell line Clone designation Medium 

PG9 CHO-K1 PG9 

CD – CHO, 6 mM L-alanyl-L-
glutamine, 0.5 mg/mL of G418, 15 

mg/mL of phenol red 
 

mTOR 97 CHO PG9 mTOR/97 

CD – CHO, 6 mM L-alanyl-L-
glutamine, 0.5 mg/mL of G418, 15 
mg/mL of phenol red, 2.5 µg/mL 

puromycin 
 

mTOR 96 CHO PG9 mTOR/96 

mTOR 93 CHO PG9 mTOR/93 

mTOR 89 CHO PG9 mTOR/89 

mTOR 84 CHO PG9 mTOR/84 

mTOR 82 CHO PG9 mTOR/82 

EV 54 CHO PG9 Empty vector/54 

EV 511 CHO PG9 Empty vector/511 

2.2.2 Thawing of a cryopreserved cell line 

The used cell line was cryopreserved in a 1 mL vial containing 5 × 106 cells, which was quickly thawed 

at room temperature with gentle agitation. The cells were transferred to a 10 mL centrifuge tube, already with 

8 mL of pre-warmed medium, and centrifuged for 10 minutes at 1000 rpm. The cell pellet was re-suspended in 4 

mL of pre-warmed medium and placed in a T-25, already containing 6 mL of the same medium. The medium used 

was CD-CHO medium (supplemented with 6 mM L-alanyl-L-glutamine, 0.5 mg/mL of G418 and 15 mg/mL phenol 

red). 
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2.2.3 Cultivation systems 

The routine cultures were maintained in 125 mL Erlenmeyer flasks (Corning) in an ISF1-X shaking 

incubator (Kuhner) with standard cultivation conditions (37ᵒC, 7% CO2, 140 rpm, 90% relative humidity). 

Some cultures were also cultivated in T-25 flasks, which had a working volume of 10 mL, and kept in the 

static incubator (Heracell™ 240i, ThermoScientific) at 37ᵒC and 7% CO2 and 90% humidity. 

2.2.4 Routine procedures 

2.2.4.1 Sampling and passaging 

The culture was sampled routinely two times a week for passage. The sampling was made under the 

laminar flow chamber on sterile conditions. During sampling of the routine cultures the cell concentration, 

viability and cell diameter were determined as described in sections 2.2.4.2, 2.2.4.3 and 2.2.4.4, below. 

After determining the cell concentration the cells were passaged to a seeding concentration of 3 × 105 

cells/mL. According to the cell concentration, the appropriate volume of cell suspension was added to the culture 

flask, which was then filled with fresh medium to reach the desired working volume.  

2.2.4.2 Cell concentration  

The cell concentration of the culture was determined using the Z2 Coulter counter® (Beckman Coulter) 

equipment. A sample of cell suspension was centrifuged for 10 minutes at 1000 rpm. The cell pellet was re-

suspended in Coulter counter® Buffer (0.1 M citric acid and 2% Triton X-100) and the supernatant was discarded, 

or saved for further analysis.  After at least 1 hour incubation time, an aliquot of the lysed cells in buffer was 

pipetted to the Coulter counter® cuvette and 9 mL of isotone (physiologic NaCl (0.9%)) were added. Using 

AccuComp® software, all the particles with a size above 3.449 µm were selected and assumed to have an intact 

cell nucleus, which allowed counting the number of nucleus in suspension. The measurement was repeated two 

times and the final cell count was the average of the two values given. 

The cell concentration was calculated with Equation 2, in which CC means cell concentration, I means 

isotone, A means cells aliquot, CCB means Coulter counter® buffer and S is the sample volume. 

𝑪𝑪 [𝒄𝒆𝒍𝒍𝒔 𝒎𝒍⁄ ] =
𝑪𝒆𝒍𝒍 𝒄𝒐𝒖𝒏𝒕 𝟏 + 𝑪𝒆𝒍𝒍 𝒄𝒐𝒖𝒏𝒕 𝟐

𝟐
× 𝟏𝟎 ×

𝑰 (𝒎𝑳) + 𝑨 (𝒎𝑳)

𝑨 (𝒎𝑳)
×

𝑪𝑪𝑩 (𝒎𝑳)

𝑺 (𝒎𝑳)
 (2) 

The cell concentration could also be determined using the Vi-cell®® (Beckman Coulter), which 

determines the cell number without the need of cell lysis. 

2.2.4.3 Cell viability 

The cell viability was determined using both the haemocytometer and the Vi-cell®® (Beckman Coulter).

 ´ 

For the haemocytometer determination, a sample was taken from the cell suspension and the cells were 

diluted 1:5 in Trypan blue. The Trypan blue dilution was loaded into the counting chamber (LaborOptik). The 

living cells and dead cells (blue cells) in each square were counted. The viability was calculated through the ratio 

of living cells and total cells counted – Equation 3. 

𝑽𝒊𝒂𝒃𝒊𝒍𝒊𝒕𝒚 [%] =
𝑽𝒊𝒂𝒃𝒍𝒆 𝑪𝒆𝒍𝒍𝒔

𝑻𝒐𝒕𝒂𝒍  𝑪𝒆𝒍𝒍𝒔
× 𝟏𝟎𝟎 (3) 
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For the Vi-cell®® determination, a sample of the cell suspension was taken and pipetted to an 

appropriate cuvette. The cuvette was placed in the Vi-cell®® sample support and the viability was automatically 

determined. The sample didn’t need to be diluted and the working volume was 0.7 mL. 

2.2.4.4 Total cell and nucleus diameter  

The cell size was determined using the Vi-cell®® equipment and had roughly a 15 µm diameter. 

The size of the cell nucleus was determined for the G1 and G2 phases of the cell cycle, using the peaks 

obtained with the Coulter counter® analysis. Cells in the G1 phase had a nucleus size of roughly 4 µm, whereas 

cells in the G2 phase had a nucleus size of roughly 5 µm. 

2.2.4.5 Metabolite concentration  

The concentration of key metabolites (glucose, glutamine, glutamate, lactate and ammonia) was quantified 

using BioProfile™ 100 Plus (Nova Biomedical), using a sample of 1 mL of cell suspension. 

2.2.5 Cryopreservation of cell lines 

All cell lines used throughout this project were cryopreserved in liquid nitrogen. Each vial used for 

cryopreservation contained 5 × 106 cells in a volume of 1 mL.  

To prepare the cell bank, after determining the cell concentration and viability of the culture, an aliquot 

of the cell suspension was taken with enough cells for 5 vials. The cell suspension was then centrifuged for 10 

minutes at 1000 rpm and the cell pellet was re-suspended in 5 mL of Synth-a-Freeze® cryopreservation medium. 

1 mL was transferred to each vial, previously cooled at -20ᵒC. The 5 vials were transferred to an isopropanol-

based container (Mr. Frosty) and placed in the -80ᵒC freezer overnight. Afterwards the vials were transferred to 

the liquid nitrogen tank. 

2.3 MTT assay 

An 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT) assay was performed with non-

mTOR-transfected cells to determine the puromycin concentration at which the recombinant CHO-K1 PG9 cells 

could not grow anymore. This was a prerequisite for the subsequently planned transfections with the mTOR and 

EV plasmids and the selection of positively transfected cells in the presence of puromycin. 

2.3.1 Puromycin dilution plate 

 The lowest inhibitory antibiotic concentration for selection after transfection was determined through 

a MTT assay. The antibiotic tested with this assay was puromycin (cat#A11138-03, lot#1636195, 09/2015, 10 

mg/mL, Life technologies) and the cell line used was the non-transfected CHO-k1 PG9. 

140 µL/well of CD-CHO base medium supplemented with 6 mM L-alanyl-L-glutamine, 15 mg/mL of 

phenol red and 0.5 mg/mL of G418 were added to a 96-well plate, except on row H, with a multichannel pipette. 

5 mL of the same medium with 80 µg/mL of puromycin were prepared and 280 µL/well were added to the H row 

of the previous plate. The antibiotic was diluted in medium in a dilution series of 1:2, using the multichannel 

pipette.  
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2.3.2 Cell suspension plate 

A cell suspension with 2 × 105  cells/mL was prepared with fresh medium without puromycin. For that 

purpose, an aliquot of the cell suspension, with the appropriate amount of cells, was centrifuged (10 min, 1000 

rpm) and the cell pellet was re-suspended in fresh medium. 

50 µL per well of the prepared cell suspension were transferred to a 96-well plate, using a multichannel 

pipette.  

2.3.3 Transfer from puromycin dilution plate to cell suspension plate 

50 µL per well of the diluted puromycin, in the dilution plate, were transferred to the prepared cell 

suspension plate. The final plate had 100 µL per well of total volume with a cell concentration of 1 × 105 cells/mL 

and the puromycin concentrations are described in Table 2. 

Table 2: Final puromycin concentrations in each row of the 96-well plate. 

Plate Row Puromycin concentration (µg/mL) 

H 40 

G 20 

F 10 

E 5 

D 2.5 

C 1.25 

B 0.6 

A 0 

2.3.4 Addition of MTT reagent 

After one week, once de cell density was higher, 10 µL per well of the MTT solution (5 mg/mL) were 

added to the 96 well plate with a multichannel pipette and incubated for 3.5 hours at 37ᵒC. After the first 

incubation time, 100 µL per well of SDS HCl (10% SDS + 0.1 M HCl) were added to the plate and it incubated for 

3.5 more hours.  

2.3.5 Analysis  

After the second incubation time the absorbance was measured using a plate reader (TECAN Infinite 

M1000) with a sample wavelength of 570 nm and a reference wavelength of 690 nm. The results were obtained 

using iControl software (version 1.6.19.2). The higher the absorbance signal, more were the viable cells in that 

well, since, through an enzymatic reaction, they are capable of converting MTT reagent into formazan, which has 

a purple colour that can be measured by this method.  

2.4 Transfection  

 Both mTOR and EV plasmids were stably transfected into the CHO K1 PG9 cell line, using polyethylimine 

(PEI) as the transfection agent. The mediums used in the transfection are summarized in Table 3. 

Table 3: Description of the mediums used for the transfection procedure. 

Mediums Description 

Culture medium CD-CHO, 6 mM L- glutamine, 15 mg/mL phenol red, 0.5 mg/mL G418 

Transfection medium ProCHO5 (Lonza), 4 mM L-glutamine, 15 mg/mL phenol red 

Selection medium 
CD-CHO, 6mM L-glutamine, 15 mg/mL phenol red, 0,5 mg/mL G418, 

2.5 µg/mL puromycin 
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2.4.1 Cell suspension preparation 

 The day before transfection the cell line was passaged to a cell concentration of 5x105 c/mL. The cell 

concentration and viability were determined using the Coulter counter® and the haemocytometer, respectively. 

The viability was assured to be higher than 95%. 

For the transfection, 2.5 million cells of the cell suspension were centrifuged (1000 rpm, 10 min) and the 

cell pellet was re-suspended in 5 mL of transfection medium. The cell suspension was transferred to a T-25 and 

incubated at 37ᵒC. This procedure was repeated four times, one for each plasmid and the corresponding negative 

controls. 

2.4.2 DNA/PEI complex formation 

The reagents used to prepare the transfection mix and PEI mix are listed in Table 4. 

Table 4: Reagents used in the PEI and transfection mixes. 

 Reagent V [µL] C [µg/ µL] 

PEI Mix 

Polyethylimine (PEI) 
(PEI, 06.02.14, W.S.) 

125 1 

HBS buffer 
(HBS pupfer, pH=7.5, 13.03.14, W.S.) 

375 1 

Transfection mix (mTOR) 
DNA (mTOR) 41 0.3045 

HBS buffer 459 1 

Transfection mix (Empty 
vector) 

DNA (Empty vector) 68 0.1841 

HBS buffer 432 1 

 

 The PEI mix and the transfections mixes had a resting time of 10 minutes. The DNA/PEI complex was 

formed by adding the PEI mix to the transfection mix. The complexes also rested 10 minutes. 

 The negative control consisted of 500 µL of PEI mix and 500 µL of HBS buffer. 

2.4.3 Addition of DNA/PEI complex to cell suspension 

 The DNA/PEI complex of each plasmid and of the negative controls was added to the respective cell 

suspensions in the T-25, which then incubated for 4h at 37°C. Afterwards, the cell suspensions were centrifuged 

(1000 rpm, 10 min) and the cell pellet was re-suspended in 5 mL of culture medium. The cell suspension was 

transferred to a T-25 and incubated for 24h at 37°C. After the incubation time the cell suspensions were 

centrifuged (1000 rpm, 10 min) and the cell pellet was re-suspended in 5 mL of selection medium. 

The transfected cell lines and its negative controls were subcloned in a 384 well plate with 50 µL/well and 

5x105 cells/mL, which results in 2.5x104 cells/well. 

The efficiency of transfection was determined one week post transfection through the ratio of GFP 

positive cells and the total number of living cells, using a fluorescence microscope (Leica DMI6000B) at an 

excitation wavelength of 488 nm and an emission wavelength of 530 nm. 

2.4.4 Selection and expansion  

 The plates with the transfected cells were observed daily under the microscope, to check the culture 

viability and density. The selection pressure used was 2.5 µg/mL of puromycin.  
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 The growing wells were successively passaged 1:2, firstly in the 384-well plate (to a volume of 100 µL) 

and then expanded to a 96-well plate until a complete row of the plate (8 wells with 200 µL each) was filled with 

the same clone.  

After being confirmed as a GFP positive population through fluorescence microscope observation, at an 

excitation wavelength of 488 nm and an emission wavelength of 530 nm, the growing clones were pulled to a T-

25 and passaged 1:2 in selection medium.  

The culture was successively passaged, according to its approximate cell concentration, estimated under 

the microscope, until it had enough volume (10 mL) to undergo the routine procedures of cell concentration and 

viability determination.  

Once the cell culture was dense enough it was expanded to an Erlenmeyer shake flask, with a working 

volume of 15 to 30 mL, and cultivated in a shaking incubator at 37ᵒC, 7% CO2, 140 rpm and 90% relative humidity.  

2.4.5 Maintenance 

 The transfected populations were passaged 2 times a week, with the adequate splitting ratio, in 

selection medium. Cell concentration, cell viability and cell diameter were determined, using the Coulter 

counter® for the first and the Vi-cell® for the other parameters, before each passage. 

The titer of the cultures was determined using Biolayer Interferometry (Octèt) with a 1:5 sample dilution 

with PBST.  

 The GFP signal of the chosen populations was observed with a fluorescence microscope and quantified 

using a flow cytometer.  

2.5 Titer quantification 

Culture supernatant was stored at -20ᵒC until the titer was quantified. The antibody concentration was 

then quantified using ELISA (Enzyme-Linked Immunosorbent Assay) or Biolayer Interferometry. 

2.5.1 Enzyme-Linked Immunosorbent Assay (ELISA) 

The reagents used in the ELISA procedure are listed in Table 5. 

Table 5: List of ELISA reagents and its respective composition. 

Reagents Composition 

Coating buffer (1L) 
8.4 g NaHCO3 and 4.2 g Na2CO3 filled up to a total 

volume of 1 L with dH2O pH 9.5 – 9.8 

Coating antibody 
goat anti-human immunoglobulin (gamma chain 

specific), Sigma I3382, 1 mg/mL 

10x PBS stock solution (5L) 
57.5 g Na2HPO4 * 2 H2O 10 g KH2PO4 10 g KCl 400 g 

NaCl filled up to a total volume of 5 L with dH2O 

Washing buffer (1L) 
100 mL of 10x PBS stock solution and 1 mL Tween 

filled up to a total volume of 1 L with dH2O 

Dilution buffer (100 mL) 
100 mL washing buffer and 1 g bovine serum albumin 

(BSA) 

Standard antibody 
200 ng/mL IgG from human serum (Sigma I4506 1 

mg/mL) or purified monoclonal antibody 

Conjugation antibody HRP-goat anti-human IgG (γ-chain specific) (Invitrogen 
62-8420) 

Colouring reagent 3,3’,5,5’-Tetramethylbenzidine (TMB)(Sigma-Aldrich) 

Stopping reagent H2SO4 
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2.5.1.1 Coating of 96-well Microplate 

100 µL per well of coating antibody (goat anti-human immunoglobulin (gamma chain specific), Sigma 

I3382, 1 mg/mL) diluted 1:2000 in coating buffer were transferred to the 96-well plate (Nunc, MaxiSorp, Themo 

Fisher Scientific) using a multichannel pipette. For antibody binding, the plate was incubated for 2 hours on a 

shaker (300 rpm, RT) or overnight without shaking (4 °C). Afterwards the non-bound antibody was washed off 

the plate using a plate washer and washing buffer. 

2.5.1.2 Sample and standard preparation 

A standard of 200 ng/mL IgG from human serum (Sigma I4506 1 mg/mL) or purified monoclonal antibody 

adjusted to a concentration of 200 ng/mL was used and diluted 1:5 in dilution buffer.  

The samples were pre-diluted in dilution buffer to a concentration close to the standard. 

Standards and samples were diluted in dilution buffer in a 1:2 dilution series on a dilution plate using a 

multichannel pipette.  

2.5.1.3 Transfer of samples from dilution plate to the pre-coated plate 

50 µL of sample were transferred to the pre-coated plate and incubated for 1 hour on a shaker (300 

rpm, RT) and afterwards the plate was washed 3 times. 

2.5.1.4 Conjugation with secondary antibody 

1:2000 diluted HRP-goat anti-human IgG (γ-chain specific) (Invitrogen 62-8420) in dilution buffer was 

used for detection. 50 µL of conjugate per well were transferred to the microtiter plate. The plate was incubated 

one hour on a shaker (300 rpm, RT) for binding of secondary antibody to the product and afterwards washed to 

remove unbound antibody using the plate washer. 

2.5.1.5 Colour reaction and analysis 

The colour reaction was induced by adding 100 µL of TMB (Sigma-Aldrich) to each well and stopped by 

adding 100 µL of H2SO4. 

The plate was analysed using a plate reader (TECAN Infinite M1000) (excitation wavelength 492 nm, 

emission 620 nm) and with the software application Magellan V6.6 the quantification relative to the standard 

curve was done. 

2.5.2 Bio-layer Interferometry 

2.5.2.1 Sample and biosensor preparation 

The samples were diluted, at least 1:4, in filtered PBST (PBS + 0.1% Tween) and 200 µL were pipetted 

into a black and flat bottom 96-well plate.  

A 10 mM glycine (pH 2.5) solution was used as regeneration buffer and filtered PBST was used as 

neutralization buffer. 200 µL of the regeneration and neutralization buffer were added to rows 11 and 12 of the 

plate (or vice-versa), respectively, in as many wells as tips used. 
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For each column of the 96-well plate filled with samples, a protein A biosensor (Dip and ReadTM 

Biosensors, lot#1412291, cat#18-0004, 2016/01, FortéBio) was used for detection. The needed biosensors were 

placed in the proper tray, which inside had 96-well pre-wet plate filled with neutralization buffer.  

2.5.2.2 Analysis 

The plate was read in an Octét QK (FortéBio, PALL life sciences), selecting a “Basic quantitation with 

regeneration” method in the Octét software and a “High sensitivity assay with regeneration” with 1000 rpm 

agitation, 300 s measurement and 3 cycles of 5s each of regeneration and neutralization at 30ᵒC. The antibody 

concentration was calculated according to its binding rate and using an existent standard file 

(PG9_HS_100µg_300s_1000rpm.fsc). This method has a concentration range of 1 μg/mL to 500 μg/mL. 

2.6 Flow Cytometer 

2.6.1 GFP quantification 

 The GFP signal was quantified using living cells and it didn’t required any pre-treatment besides the 

pellet wash. For this procedure, 1 million cells were taken from the cell suspension and centrifuged (10 min, 1000 

rpm). The cell pellet was washed in 8 mL of DPBS and centrifuged once again (10 min, 1000 rpm). The cell pellet 

was re-suspended in 500 µL of DPBS and pipetted to flow cytometer sample tubes. As negative control, the CHO-

K1 host cell line was used. The analysis was made using a Gallios flow cytometer (Beckman Coulter) and the 

results considered were measured by FL1 laser detector at a wavelength of 488/509 nm.   

2.6.2 Intracellular specific protein quantification 

2.6.2.1 Ethanol fixation 

The desired amount of cells (usually 3x106 cells) was centrifuged (10 min, 1000 rpm) and the cell pellet 

was washed in 8 mL DPBS. The washed cells were again centrifuged (10 min, 1000 rpm) and the cell pellet re-

suspended. 1 mL of 70% ice cold EtOH was added under the vortex slowly drop wise to prevent formation of 

clumps. The suspension was incubated at 4°C for at least 20 minutes. As negative control, the CHO-K1 host cell 

line was also fixed and posteriorly stained under the same conditions. 

2.6.2.2 Staining 

The fixed cell suspension was centrifuged (10 min, 1000 rpm) and washed in 1 mL Tris buffer (100 mM 

of Tris, 0.1% of Triton X-100 and 2 mM of MgCl2). The buffer was added slowly and drop-wise as for the ethanol 

fixation. The suspension was centrifuged (10 min, 1000 rpm) and washed in 100 µL Tris/20% FCS. Afterwards, it 

incubated at 37°C for 30min.  

100 µL of 1st antibody, with the appropriate dilution in Tris/20% FCS, were added to the cell suspension 

and incubated at 37oC for 30min. The cell suspension was centrifuged (10 min, 1000 rpm) two times and washed 

in 1 mL Tris buffer. After the first wash, it was centrifuged (10 min, 1000 rpm) again and washed in 1 mL Tris/20% 

FCS. 

200 µL of the 2nd antibody, diluted in Tris/20% FCS, were added to the cell suspension and incubated at 

37oC for 30min. The cell suspension was centrifuged (10min, 1000 rpm) and washed in 1 mL Tris buffer 2 times. 
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The cell pellet was re-suspended in 500 µL Tris buffer (with or without DAPI) and pipetted into the flow 

cytometer sample tubes. 

The stained sample was analysed in a Gallios Flow cytometer (Beckman Coulter) using FL6 laser detector 

at a wavelength of 650/668 nm. 

2.6.2.2.1 Intercellular antibody content 

For the analysis of the intercellular antibody content, the 1st antibody used in the staining was the Goat 

anti-hu κ or λ (biotin) (#NB100-621; lot#H6202-VJ37E; NEB), diluted 1:100, for light chain quantification, and the 

Goat anti-hu (Alexa Fluor-488) (A18821; lot#34-25-092013; Life Technologies), diluted 1:100, for heavy chain 

quantification. As 2nd antibody, Alexa Fluor-647 (strep) (#S21374; lot#1596042; Life technologies) was used, 

diluted 1:100. 

2.6.2.2.2 mTOR content 

For the analysis of the intracellular mTOR content, Rabbit anti-hu mTOR (7C10) (#2983; lot#14; NEB) was 

used as 1st antibody and Goat anti-rabbit IgG (H+L) Alexa Fluor-647 (A21244; lot#1654324; Life Technologies) 

was used as 2nd antibody.  

2.7 SDS-PAGE and Western Blotting 

2.7.1 SDS-PAGE sample preparation 

After the titer quantification of the culture supernatants, an appropriate amount of LDS NuPAGE sample 

buffer (4x) and autoclaved water were added to the sample, giving a loading protein amount of 100 ng in a total 

volume of 12 µL. As positive control, 100 ng of IgG standard (Immunoglobulin G (IgG) from human serum, I4-506-

10MG; lot#050M7006V, Sigma) were used, with the appropriate amount of LDS buffer (4x) and autoclaved water, 

in a total volume of 12 µL. 12 µL of Page ruler – pre-stained protein ladder (lot#00182327, product#26616, 

expiration date 08.2015, Thermo scientific) were used as marker. 

2.7.2 SDS PAGE/Western blotting 

The electrophoresis was set up in a Novex 12% Tris-glycine mini protein gel (EC60052BOX, lot#14100614, 

expiration date on 29.12.2014) with Tris-glycine running buffer (10x). The gel ran at 125 V and 50 mA for 2h in 

the Xcell sure lock (life technologies) system. 

The protein blot was transferred to a PVDF membrane, previously activated in methanol, using the XCell 

II Blot module (Life technologies) for wet transfer with NuPage transfer buffer. The transfer occurred for 1h with 

30 V and 170 mA. 

2.7.3 Membrane blocking and antibody incubation 

After the transfer, the membrane was incubated at 4ᵒC overnight or 2h at room temperature in blocking 

buffer (PBST with 3% milk powder (Milchpulver, Blotting grade, pulv., fettarm, Carl Roth GmbH + Co., 500g)). 

Afterwards, the membrane was incubated 1h at room temperature with the appropriate antibody. For 

light chain determination anti-lambda antibody (HRP)/clone JDC-12 (ABIN135654, lot#I0812-MH73, exp. Date on 

Aug 2015, 1 mg/mL) was used and for heavy chain determination anti-human gamma HRP (A6029, Sigma Aldrich) 

was used. Both antibodies were pre-diluted 1:2000 in blocking buffer. 
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After the antibody incubation, the membrane was washed 3 times with PBST with 5 minutes of incubation 

between each wash. 

2.7.4 Detection and analysis 

To visualize the blot with chemiluminescent detection, the membrane was incubated in the dark for 5 

minutes with 800 µL of Super signal west Pico chemiluminescent substrate (#34087, lot#PA194807, 

ThermoScientific), using equal parts of the Stable Peroxide Solution and the Luminol/Enhancer Solution. 

The blot signal was measured by chemiluminescence using Fusion Fx7-7026M WL/LC and the software 

Fusion CAPT version 15.1. 

2.8 Batch experiments 

 The generated PG9 antibody expressing cell lines which were transfected with either the mTOR or EV 

plasmid were tested in different formats in batch experiments. In pre-experiments, so-called mini-batches, a 24-

well plate was used. In small-scale batch experiments 125 mL shake flasks were applied. Finally, different 

conditions were tested in the DASGIP®bioreactor under controlled conditions. Table 6 summarizes the different 

cultivation formats. 

 

Table 6: Summary of the batch experiments performed and the corresponding cultivation systems. 

Type Cultivation system 

Mini-batch 24 well plate (1 mL working volume) 

Shaker batch 125 mL shake flask (35/36 mL working volume) 

Bioreactor batch DASGIP®bioreactor (450 – 600 mL working volume) 

 

Table 7 summarizes all experiments that were conducted with the cell lines and gives a short description 

of the investigated parameters. 

Table 7: Summary of all the batch experiments conducted in this project. 

Experiment Brief description 

Mini-batch 1 Investigate growth and productivity of the non-transfected CHO K1 PG9 cell line 

Mini-batch 2 Compare growth and productivity of mTOR and EV expressing clones 

Mini-batch 3 
Compare growth and productivity of mTOR and EV expressing clones and the non-
transfected CHO K1 PG9 cell line 

Shaker batch 1 
Compare growth and productivity of mTOR and EV expressing clones and the non-
transfected CHO K1 PG9 cell line 

Shaker batch 2 Investigate the resistance of mTOR expressing clones to osmotic stress 

Shaker batch 3 Compare growth and productivity of mTOR and EV expressing clones in MV3-2/6 medium 

Bioreactor batch 1 
 Compare growth and productivity of mTOR and EV expressing clones 

 Compare culture longevity, when the temperature was shifted from 37 to 34ᵒC 

Bioreactor batch 2 
 Compare growth and productivity of mTOR and EV expressing clones 

 Compare culture longevity, when the temperature was shifted from 37 to 34ᵒC 
(at a higher seeding concentration and earlier temperature shift) 

Bioreactor batch 3 Investigate the resistance of mTOR expressing clones to hypoxia conditions (5% O2) 

2.8.1 Mini-Batch 1 

 The Mini-Batch 1 was performed using CHO-K1 PG9 cell line with a seeding concentration of 3x105 c/mL 

in a 24-well plate as support (only 12 wells were used) and using as medium CD-CHO supplemented with 6 mM 

of L-alanyl-L-glutamine, 0.5 mg/mL of G418 and 15 mg/mL Phenol red. 
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 Cell concentration and viability of the PG9 culture were analysed using the Coulter counter® and the 

haemocytometer, respectively. After the cell concentration was determined, an aliquot of the cell culture was 

taken and centrifuged (10 min, 1000 rpm). The cell pellet was re-suspended in fresh medium and 1 mL was 

pipetted to each well of the 24 well plate. The plate layout is shown in Table 8.  

 On each sampling day, the cell suspension of the corresponding well was harvested and 950 µL were 

used to determine the cell concentration and the spear 50 µL were used to determine the viability, using the 

Coulter counter® and the haemocytometer, respectively. 

Table 8: 24-well plate layout, with reference for the seeding cell concentration and the rows correspondent to 
each sampling day. 

 Seeding cell concentration  

  3x105 c/mL 3x105 c/mL 

D C B A Sampling 

1     Day 0 

2     Day 3 

3     Day 4 

4     Day 5 

5     Day 6 

6     Day 7 

2.8.2 Mini-Batch 2 

 The Mini-Batch 2 was performed using the selected clones of CHO-K1 PG9 cell line transfected with 

mTOR and EV as listed up below: 

 mTOR 89 

 mTOR 97 

 mTOR 82 

 mTOR 93 

 mTOR 84 

 mTOR 96 

 EV 511 

 EV 54 

 The cell suspension was seeded to a concentration of 3x105 c/mL in a 24-well plate and using as medium 

CD-CHO supplemented with 6 mM of L-alanyl-L-glutamine, 0.5 mg/mL of G418, 15 mg/mL phenol red and 2.5 

µg/mL of puromycin. Since 8 clones were tested, there was the need of 2 plates with 4 sampling points per clone. 

 For the mini batch preparation, the cell concentration and viability of the cultures corresponding to each 

clone were determined using a Coulter counter® and a haemocytometer, respectively. 

 After the cell concentration was determined, an aliquot of each cell suspension was taken and 

centrifuged (10 min, 1000 rpm). Each cell pellet was re-suspended in 5 mL of medium and 1 mL per well was 

pipetted to the 24 well plate. The plate layout is shown in Table 9 

 

Table 9. 
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Table 9: 24-well plate layout, with reference for the clone seeded to each column and the rows correspondent to each 

sampling day. 

 6 5 4 3 2 1 Sampling 

A mTOR 89 mTOR 97 mTOR 82 mTOR 93 mTOR 84 mTOR 96 Day 0 

B       Day 3 

C       Day 4 

D       Day 5 

 

 6 5 4 3 2 1 Sampling 

A EV 511 EV 54     Day 0 

B       Day 3 

C       Day 4 

D       Day 5 

 In each sampling day, the cell suspension of the corresponding well was harvested and 950 µL were used 

to determine the cell concentration and the spear 50 µL were used to determine the viability, using the Coulter 

counter® and the haemocytometer, respectively. 

2.8.3 Mini-Batch 3 

 The Mini-Batch 3 was performed using the CHO-K1 PG9 cell line (non-transfected) and the clones 

transfected with mTOR and EV, as listed up below: 

 CHO K1 PG9 (non-transfected) 

 mTOR 89 

 mTOR 97 

 mTOR 82 

 mTOR 93 

 mTOR 84 

 mTOR 96 

 EV 511 

 EV 54 

 The cell suspension was seeded to a concentration of 3x105 c/mL in a 24-well plate and using as medium 

CD-CHO supplemented with 6 mM of L-alanyl-L-glutamine, 0.5 mg/mL of G418 and 15 mg/mL Phenol red for the 

non-transfected cell line and the same medium with 2.5 µg/mL of puromycin for the transfected clones. Since 9 

clones were tested, there was the need of 2 plates with 4 sampling points per clone. 

 For the mini batch preparation, the cell concentration, viability and cell size of each culture, were 

determined using the Vi-cell®. 

 After the cell concentration was determined, an aliquot of each cell culture was taken and centrifuged 

(10 min, 1000 rpm), to have the desired cell concentration in 5 mL of medium. Each cell pellet was re-suspended 

in 5 mL of medium and 1 mL per well was pipetted to the 24 well plate. The plate layout is shown in Table 10. 
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Table 10: 24-well plate layout, with reference for the clone seeded to each column and the rows correspondent to each 

sampling day. 

 6 5 4 3 2 1 Sampling 

A mTOR 89 mTOR 97 mTOR 82 mTOR 93 mTOR 84 mTOR 96 Day 0 

B       Day 3 

C       Day 4 

D       Day 5 

 

 6 5 4 3 2 1 Sampling 

A EV511 EV54 PG9    Day 0 

B       Day 3 

C       Day 4 

D       Day 5 

 

 In each sampling day, the cell suspension of the corresponding well was harvested and 0.7 mL were used 

to determine cell concentration, viability and cell size, using the Vi-cell®. 

2.8.4 Shaker batch experiment 1 

 In this experiment, the 6 clones of mTOR, 2 Empty vectors (EV 511 and 54) and the non-transfected cell 

line (PG9) were used for batch cultivation in 125 mL Erlenmeyer shake flasks, as listed below:  

 CHO K1 PG9 (non-transfected) 

 mTOR 89 

 mTOR 97 

 mTOR 82 

 mTOR 93 

 mTOR 84 

 mTOR 96 

 EV 511 

 EV 54 

The medium used for cultivation was CD-CHO medium (supplemented with 6 mM L-alanyl-L-glutamine 

and 15 mg/mL Phenol red). One passage before the experiment, all cell lines were passaged, in CD-CHO medium), 

to a seeding concentration of 5x105 c/mL.  

 The concentration and viability of the cell suspensions were determined, using the Coulter counter® and 

Vi-cell®, respectively. An aliquot of the cell suspensions, with enough cells for a seeding concentration of 3x105 

c/mL in a working volume of 36 mL, was centrifuged (10 min, 1000 rpm) and re-suspended in fresh medium. The 

Erlenmeyer flasks were cultivated in a shaking incubator with standard conditions (37ᵒC, 7% CO2, 90% humidity).  

 On the inoculation day (day 0), a sample of 0.7 mL was taken and used to determine cell concentration, 

viability and cell size. 1 mL of the sample supernatant was stored in the -20ᵒC freezer for further titer 

determination. On day 1 and everyday thereafter, the samples were taken as described in Table 11. On specific 

days, an aliquot with 3x106 cells were taken, fixed with ethanol and stored at 4ᵒC for later analysis by FACS.  
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Table 11: Sample plan showing sample volume in mL for the respective analysis of batch cultures. 

 

D
ay

 0
 

1 2 3 4 5 6 7 8 9 10 11* 

Cell concentration 

Viability 

Cell size 

(Vi-cell®) 

0.7 0.7 0.7 0.7 0.7 0.7 0.7 0.7 0.7 0.7 0.7 7.7 

Titer, qP 

(Octét) 
0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 3.3 

FACS (fixed) -> 3×106 cells - - - x - x - x - x - x 

*Sample day 11 refers to the day when the viability is <60% and the culture is terminated. 

 On the last day of the batch, which corresponds to a viability lower than 60%, the cell suspension was 

harvested, centrifuged (10 min, 1000 rpm) and the supernadant was stored at -20ᵒC for later analysis. 

2.8.5 Shaker batch experiment 2 

2.8.5.1 Standard curve  

 Prior to the experiment itself, a standard curve, relating the osmolality of the medium and the amount 

of salt added to it, was stablished. The medium used was an in-house formulation MV 3-2/6 (Merck base powder 

medium) supplemented with 6 mM glutamine. To stablish the standard curve, defined volumes of a solution with 

2.5 M NaCl (Merck) were added to 1 mL of medium and its osmolality was measured with the osmometer 

(Osmomat 030, Gonotec). 

2.8.5.2 Batch experiment 

 In this experiment, one mTOR clone (mTOR 89) and one Empty vector clone (EV 511) were used for 

batch cultivation in 125 mL Erlenmeyer shake flasks and using as medium the in-house formulation MV3-2/6 

(supplemented with 6mM of L-glutamine). 

 The medium osmolality was changed, through the addition of a defined volume of a 2.5M NaCl solution, 

to approximately 400, 450 and 500 mOsm/kg. The medium without the addition of salt was also used as control.  

 One passage before the actual experiment, the cell lines were adapted to the MV3-2/6 medium.  

 The cell concentration and viability of the cell lines were determined, using the Coulter counter® and 

the Vi-cell®, respectively. An aliquot of the cell suspension, with enough cells for a seeding of 3x105 c/m in a 

working volume of 35 mL, was centrifuged (10 min, 1000 rpm) and re-suspended in fresh medium with the 

corresponding osmolality. 

 The Erlenmeyer flasks were cultivated in a shaking incubator with standard conditions (37ºC, 7% CO2, 

90% humidity). 

 On the inoculation day (day 0), a sample of 2.7 mL was taken and used to determine cell concentration, 

viability, cell size, nucleous size and metabolite concentration (1mL for Coulter counter®, 0.7 mL for Vi-cell® and 

1mL for bioprofiler). 1 mL of the sample supernatant was stored in the -20ºC freezer for further titer 

determination. On day 1 and everyday thereafter, the samples are taken as described in Table 12.  
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Table 12: Sample plan showing sample volume in mL for the respective analysis of batch cultures. 

 

D
ay

 0
 

1 2 3 4 5 6 7 8 9 10 11* 

Cell concentration 
Viability 
Cell size 

Nucleous size 
(Coulter counter® and Vi-

cell®) 

1.7 1.7 1.7 1.7 1.7 1.7 1.7 1.7 1.7 1.7 1.7 18.7 

Metabolites 
(Bioprofile) 

1 1 1 1 1 1 1 1 1 1 1 11 

Titer, qP 
(Octét) 

1 1 1 1 1 1 1 1 1 1 1 11 

*Sample day 11 refers to the day when the viability is <60% and the culture is terminated. 

 On the last day of the batch, which corresponds to a viability lower than 60%, the cell suspension was 

harvested, centrifuged (10 min, 1000 rpm) and the supernadant was stored at -20ᵒC for later analysis.   

2.8.6 Shaker batch experiment 3 

 In this experiment, one mTOR clone (mTOR 89) and one Empty vector clone (EV 511) were used for 

batch cultivation in 125 mL Erlenmeyers. The medium used for cultivation was MV3-2/6 medium (supplemented 

with 6 mM of L-glutamine). 

 One passage before the experiment, both cell lines were adapted to MV3-2/6 formulation. 

 The concentration and viability of the cell suspensions were determined, using the Coulter counter® and 

Vi-cell®, respectively. An aliquot of the cell suspensions, with enough cells for a seeding concentration of 3x105 

c/mL in a working volume of 35 mL, was centrifuged (10 min, 1000 rpm) and re-suspended in fresh medium. The 

Erlenmeyer flasks were cultivated in a shaking platform with standard conditions (37ᵒC, 7% CO2, 90% humidity). 

 On the inoculation day (day 0), a sample of 2.7 mL was taken and used to determine cell concentration, 

viability, cell size, nucleus size and metabolite concentration (1mL for Coulter counter®, 0.7 mL for Vi-cell® and 

1mL for bioprofiler). 1 mL of the sample supernatant was stored in the -20ᵒC freezer for further titer 

determination. On day 1 and everyday thereafter, the samples are taken as described in Table 13.  

 

Table 13: Sample plan showing sample volume in mL for the respective analysis of batch cultures. 

 

D
ay

 0
 

1 2 3 4 5 6 7 8 9 10 11* 

Cell concentration 
Viability 
Cell size 

Nucleous size 
(Coulter counter® and Vi-cell®) 

1.7 1.7 1.7 1.7 1.7 1.7 1.7 1.7 1.7 1.7 1.7 18.7 

Metabolites 
(Bioprofile) 

1 1 1 1 1 1 1 1 1 1 1 11 

Titer, qP 
(Octét) 

1 1 1 1 1 1 1 1 1 1 1 11 

*Sample day 11 rers to the day when the viability is <60% and the culture is terminated. 
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 On the last day of the batch, which corresponds to a viability lower than 60%, the cell suspension is 

harvested, centrifuged (10 min, 1000 rpm) and the supernadant is stored at -20ᵒC for later analysis.   

2.8.7 Bioreactor experiments 

2.8.7.1 Bioreactors set-up 

The DASGIP® system had four bioreactors running in parallel, which were assembled before each 

experiment. The system had five lines: waste, medium, base, anti-foam and inoculum (added later on). 

The controlled variables and its standard values are resumed in the following table – Table 14. 

Table 14: Controlled variables and respective standard settings. 

Controlled Variables Standard set-up 

T [ºC] 37.0 

pH 7.00 

DO [%] 30.0 

F [L/h] 1.0 

N [rpm] 80 

 

The vessels and all tubings were depyrogenated (in a 0.1 M NaOH) and posteriorly washed with water.  

The pH probes were calibrated following the DASGIP® software instructions and using the adequate 

solutions of pH 4.00 and pH 7.00. 

After all probes and tubing were assembled to the vessels, a pressure test was made, to make sure there 

weren’t any leaks in the system that could lead to future contaminations. 

 The vessels, all the tubing and bottles were autoclaved. In the autoclaving procedure, each vessel was 

filled with approximately 200 mL of a 250 mM potassium phosphate buffer, diluted 1:50. Afterwards, the vessels 

were emptied using the waste line and the medium was introduced, using a scale to make sure each reactor had 

approximately the same mass of medium. 

The vessels and tubing were set up in the DASGIP® system and the software was initialized and the 

dissolved oxygen probes were calibrated, following the software instructions. 

The inoculum was introduced in the vessels through a posteriorly added line, using a sterile tube fuser. 

The pH control was done using a solution with 0.5 M of NaOH (1.0649.0500, 2015/01/31, Merck) and 

the foam control was done using anti-foam C emulsion (A8011-250ML, Sigma), diluted 1:50 in deionised water. 

2.8.7.2 Bioreactor experiment 1: temperature shift 

 In this experiment, one mTOR clone (mTOR 89) and one Empty vector clone (EV 511) were used for 

batch cultivation in the DASGIP® bioreactors, using as medium the in-house formulation MV3-2/6 (supplemented 

with 6 mM L-glutamine). 

One passage before the actual experiment in the bioreactor both cell lines were passaged from CD CHO 

medium to the in-house formulation MV3-2/6 medium including the supplements as described above. The 

inoculum was prepared in 500 mL shake flasks (200 mL working volume) at a starting cell concentration of 3×105 

c/mL. The cell suspensions (mTOR 89 clone and EV 511 clone) were centrifuged and re-suspended in fresh 

medium. Two bioreactors were inoculated with each cell line at a starting cell concentration of 3×105 c/mL with 
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a working volume of 600 mL. On day 4, for one cell line each, a parameter shift was performed in which the 

cultivation temperature was reduced. Details about the cultivation parameters are shown in Table 15. 

Table 15: Set points for batch cultures. 

Bioreactor Parameter Set point 1 Set point 2 

T1 – mTOR 89 

T3 – EV 511 

Temperature [°C] 

DO [%] 

pH 

37.0 

30.0 

7.00 

T2 – mTOR 89 

T4 – EV 511 

Temperature [°C] 

DO [%] 

pH 

37.0 

30.0 

7.00 

34.0 

30.0 

7.00 

At the day of inoculation and every day thereafter samples were taken to determine the following 

parameters: cell concentration and nucleus size (Coulter counter®); cell size and viability (Vi-cell®). 1 mL of 

sample supernatant was stored at -20ᵒC for posterior titer analysis (Octét). On specific days, cell samples were 

taken, fixed with 70% EtOH and stored at 4°C for later analysis by FACS.  Detailed information is shown on Table 

16. 

Table 16: Sample plan showing sample volume in mL for the respective analysis of batch cultures. 

 

D
ay

 0
 

1 2 3 4 5 6 7 8 9 10 11* 

Cell concentration 
Viability 
Cell size 

Nucleous size 
(Coulter counter® & Vi-cell®) 

4 4 4 4 4 4 4 4 4 4 4 56* 

Titer, qP 
(Octét) 

1 1 1 1 1 1 1 1 1 1 1 12* 

Metabolites 
(BioProfile) 

1 1 1 1 1 1 1 1 1 1 1 12* 

FACS (fixed) -> 3×106 cells - - - x - x - x - x - x* 

Cell pellet (5×106 cells) - - - x - x - x - x - x* 

*Sample day 11 refers to the day when the viability is <60% and the culture is terminated. 

 On the last day of the batch, which corresponds to a viability lower than 60%, the cell suspension was 

harvested from the bioreactor, centrifuged (10 min, 1000 rpm) and the supernadant is stored at -20ᵒC for later 

analysis.   

2.8.7.3 Bioreactor experiment 2: temperature shift 

 In this experiment, one mTOR clone (mTOR 89) and one Empty vector clone(EV 511) were used for batch 

cultivation in the DASGIP® bioreactors, using as medium the in-house formulation MV3-2/6 (supplemented with 

6 mM L-glutamine). 

One passage before the actual experiment in the bioreactor both cell lines were passaged from CD CHO 

medium to the in-house formulation MV3-2/6 medium including the supplements as described above. The 

inoculum was prepared in 500 mL shake flasks (200 mL working volume) at a starting cell concentration of 3×105 

c/mL. The cell suspensions (mTOR 89 clone and EV 511 clone) were centrifuged and re-suspended in fresh 

medium. Two bioreactors were inoculated with each cell line at a starting cell concentration of 1×106 c/mL with 
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a working volume of 450 mL. On day 1, for one cell line each, a parameter shift was performed in which the 

cultivation temperature was reduced. Details about the cultivation parameters are shown in Table 17. 

Table 17: Set point for batch cultures. 

Bioreactor Parameter Set point 1 Set point 2 

T1 – mTOR 89 

T3 – EV 511 

Temperature [°C] 

DO [%] 

pH 

37.0 

30.0 

7.00 

T2 – mTOR 89 

T4 – EV 511 

Temperature [°C] 

DO [%] 

pH 

37.0 

30.0 

7.00 

34.0 

30.0 

7.00 

At the day of inoculation and every day thereafter samples were taken to determine the following 

parameters: cell concentration and nucleus size (Coulter counter®); cell size and viability (Vi-cell®). 1 mL of 

sample supernatant was stored at -20ᵒC for posterior titer analysis (Octét). On specific days, cell samples were 

taken, fixed with 70% EtOH and stored at 4°C for later analysis by FACS.  Detailed information is shown on Table 

18. 

Table 18: Sample plan showing sample volume in mL for the respective analysis of batch cultures. 

 

D
ay

 0
 

1 2 3 4 5 6 7 8 9 10 11* 

Cell concentration 
Viability 
Cell size 

Nucleous size 
(Coulter counter® & Vi-cell®) 

4 4 4 4 4 4 4 4 4 4 4 56* 

Titer, qP 
(Octét) 

1 1 1 1 1 1 1 1 1 1 1 12* 

Metabolites 
(BioProfile) 

1 1 1 1 1 1 1 1 1 1 1 12* 

FACS (fixed) -> 3×106 cells - - - x - x - x - x - x* 

Cell pellet (5×106 cells) - - - x - x - x - x - x* 

*Sample day 11 refers to the day when the viability is <60% and the culture is terminated. 

 On the last day of the batch, which corresponds to a viability lower than 60%, the cell suspension was 

harvested from the bioreactor, centrifuged (10 min, 1000 rpm) and the supernadant was stored at -20ᵒC for later 

analysis.   

2.8.7.4 Bioreactor experiment 3: hypoxia conditions  

 In this experiment, one mTOR clone (mTOR 89) and one Empty vector clone (EV 511) were used for 

batch cultivation in the DASGIP® bioreactors, using as medium the in-house formulation MV3-2/6 (supplemented 

with 6 mM of L-glutamine). 

One passage before the actual experiment in the bioreactor both cell lines were passaged from CD CHO 

medium to the in-house formulation MV3-2/6 medium including the supplements as described above. The 

inoculum was prepared in 500 mL shake flasks (200 mL working volume) at a starting cell concentration of 3×105 

c/mL. The cell suspensions (mTOR 89 clone and EV 511 clone) were centrifuged and re-suspended in fresh 

medium. Two bioreactors were inoculated with each cell line at a starting cell concentration of 3×105 c/mL with 
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a working volume of 550 mL. On day 0, for one cell line each, a parameter shift was performed in which the 

oxygen supply was reduced. Details about the cultivation parameters are shown Table 19. 

Table 19: Set points for batch cultures. 

Bioreactor Parameter Set point 1 Set point 2 

T2 – mTOR89 

T4 – EV511 

Temperature [°C] 

O2 [%] 

pH 

37 

Variable (21-) 

7.00 

37 

5% 

7.00 

T1 – mTOR89 

T3 – EV511 

Temperature [°C] 

O2 [%] 

pH 

37 

Variable (21-) 

7.00 

 

At the day of inoculation and every day thereafter samples were taken to determine the following 

parameters: cell concentration and nucleus size (Coulter counter®); cell size and viability (Vi-cell®). 1 mL of 

sample supernadant was stored at -20ᵒC for posterior titer analysis (Octét). 

On day 3 and every day thereafter samples were taken as described below. On specific days, cell samples 

were taken, fixed with EtOH and stored at 4°C for later analysis by FACS. Detailed information is shown on Table 

20. 

Table 20: Sample plan showing sample volume in mL for the respective analysis of batch cultures. 

 

D
ay

 0
 

1 2 3 4 5 6 7 8 9 10 11* 

Cell concentration 
Viability 
Cell size 

Nucleous size 
(Coulter counter® & Vi-cell®) 

4 4 4 4 4 4 4 4 4 4 4 56* 

Titer, qP 
(Octét) 

1 1 1 1 1 1 1 1 1 1 1 12* 

Metabolites 
(BioProfile) 

1 1 1 1 1 1 1 1 1 1 1 12* 

FACS (fixed) -> 3×106 cells - - - x - x - x - x - x* 

Cell pellet (5×106 cells) - - - x - x - x - x - x* 

*Sample day 11 refers to the day when the viability is <60% and the culture is terminated. 

 On the last day of the batch, which corresponds to a viability lower than 60%, the cell suspension was 

harvested from the bioreactor, centrifuged (10 min, 1000 rpm) and the supernadant was stored at -20ᵒC for later 

analysis.   

2.9 Subclones 

In order to obtain a mTOR and EV clone with an homogeneous population, the selected mTOR 89 and EV 

511 were subcloned. 

The subcloning procedure occurred in 384-well plates (one for each clone) with 3 different cell 

concentrations - 0.6 cells/well, 1.2 cells/well and 2.4 cells/well. The wells had an initial working volume of 50 μL 

and each concentration occupied a total of 96 wells in the 384-well plate. 
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To prepare the cell suspensions with the desired concentrations, the routine cultures of mTOR 89 and EV 

511 were analysed for cell concentration and viability. For each clone and cell concentration, an aliquot of the 

respective culture was taken and centrifuged (10 min, 1000 rpm). The cell pellet was re-suspended in the same 

medium (CD – CHO, 6 mM L-alanyl-L-glutamine, 0.5 mg/mL of G418, 15 mg/mL of phenol red, 2.5 µg/mL 

puromycin). The prepared cell suspensions were then plated using a multichannel pipette. 

The plates were analysed daily for viability and confluence. Once the medium was acidic and/or the well 

was too confluent, the cells were passaged 1:2, in the same well, adding 50 μL of medium.  

The growing wells, with 100 μL, were then expanded to a 96-well plate with a 1:2 passage.  

The growing clones in the 96-well plate, were passaged 1:2, in a working volume of 200 μL, until a complete 

row (8 wells) was filled with the same clone, with a total volume of 1.6 mL. The whole row was then pulled to a 

T-flask and passaged 1:2. 

In total, 7 mTOR clones were pulled – m1O17, m2A3, m1J15, m1N17, m1J23, m1B3 and m1D1 - to T-flasks 

and analysed for GFP signal with flow cytometry and with fluorescence microscopy. 

The 2 mTOR clones selected – m1B3 and m1D1 – were further cultivated in shake flasks and kept in culture 

for routine procedures.  
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3 Results 

3.1 Molecular biology 

3.1.1 E.coli transformation 

The E.coli transformation has the objective of generating clones that contain the plasmid. By growing the 

generated transfectants the mTOR and EV plasmids can be multiplied, purified and posteriorly used in the 

transfection of the CHO cell line. The efficiency of the E.coli transformation, using 3 pg of DNA of mTOR and 

empty vector, was determined using the data presented in Table 21. 

Table 21: Efficiency of E.coli transformation in CFU/µg of DNA and data used in its determination.  

 
Volume of cell 

suspension [µL] 
CFU/plate CFU/mL 

Efficiency 
[CFU/µg DNA] 

Empty vector 
50 219 4380 1.46 × 109 

100 261 2610 8.70 × 108 

mTOR 
50 102 2040 6.80 × 108 

100 164 1640 5.46 × 108 

Negative control 
50 0 0 0 

100 0 0 0 

 

The average efficiency of transformation of empty vector was (1.17 ± 0.30) × 109 CFU/µg DNA and of 

mTOR was (6.13 ± 0.67) × 108 CFU/µg DNA. Knowing that an efficiency of 100% would mean that 105 CFU/mL 

were transformed, in average, the empty vector had an efficiency of (3.9±0.9) % and mTOR had an efficiency of 

(1.8±0.2) %. 

3.1.2 PCR – Polymerase chain reaction 

To confirm that the right plasmids were transformed, a PCR was performed and afterwards the amplified 

products were loaded onto an agarose gel to determine the DNA’s molecular size of the amplicon. As previously 

explained, four transformed colonies with mTOR and empty vector were selected and the plasmid was amplified 

through PCR, using both mTOR and GFP primers. 

Figure 6 shows the amplified product in an electrophoresis agarose gel, for the 4 colonies of mTOR and of 

empty vector, amplified with mTOR and GFP primers. 
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Figure 6: Electrophoresis gel with PCR products of mTOR and empty vector transformed in E.coli and amplified with mTOR 
and GFP primers. 

 Through the linear relation between the log of each marker band bp and the migrated distance it was 

possible to estimate the real length of the amplified products, presented in in Table 22. It was considered that, 

for each primer, the four products of PCR of mTOR and of empty vector migrated the same distance. 

Table 22: Length of the migrated bands of mTOR and EV amplicons, amplified with mTOR and GFP primers. 

Plasmid/primer Length [bp] Length on the agarose gel 

mTOR/mTOR 369 confirmed 

mTOR/GFP 496 confirmed 

EV/mTOR 351 confirmed 

EV/GFP 484 confirmed 

 

Figure 6 shows that both the colonies transformed with empty vector and with mTOR have the mTOR 

gene in the plasmid. This can be due to an error in the transformation, where the mTOR plasmid was used instead 

of EV. For the plasmid purification, posteriorly used in the CHO transfection, another colony transformed with 

EV was used. 

3.1.3 Plasmid Purification 

To be used later on in this project, the multiplied plasmids were purified using a commercially available kit. 

The purified mTOR and empty vector plasmids were cut two times with the appropriate restriction enzymes– 

XHO I and BAM HI, respectively – and then loaded into the gel. For each plasmid, a negative control was made 

using the intact plasmid, without the use of restriction enzymes.  

Figure 7 shows the gel with the purified mTOR and empty vector plasmids. 
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Figure 7: Gel showing the purified mTOR and empty vector plasmids. 

 Though a linear relation between the log of the maker molecular weights and the migrated distance it 

was possible to estimate the size of the DNA in each band. The length of the bands are shown in Table 23. As 

referred previously in section 2.1.4, it was expected that the mTOR had two fragments of 3201 and 11085 bp 

and that the empty vector had two fragments of 3546 and 3074 bp. 

Table 23: Length of the migrated bands of mTOR and Empty vector. 

Plasmid Length [bp] Length on the agarose gel 

Empty vector 
4420 confirmed 

3797 confirmed 

mTOR 
12054 confirmed 

4288 confirmed 

 

 Since one of mTOR fragments has a size outside the range of the marker, its length was estimated 

through extrapolation, which can lead to deceiving results. 

 The final concentrations of the purified mTOR and empty vector plasmids, measured with the 

Nanodrop™, were 304.5 ng/µL (260/280=1.91) and 184.1 ng/µL (260/280=1.89), respectively. 

3.2 MTT assay 

 The goal of this MTT assay was to find out the lowest inhibitory concentration of puromycin, using the 

CHO-k1 PG9 cell line. 

 This colorimetric assay was able to estimate the viability of the cells under each antibiotic concentration 

measuring the absorbance of formazan, which had a purple color. 

 The plate absorbance was analysed using a measurement wavelength of 570 nm and a reference 

wavelength of 690 nm. The analysis made with the reference wavelength had the goal of excluding background 

interferences, which could interfere with the results of the actual measurement. The difference between the two 

wavelengths, in each well of the plate, is shown in Table 24. 
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Table 24: Difference between the absorbances measured at a wavelength of 570 nm and 690 nm, for each puromycin 
concentration. Wells with viable cells have been marked in green; wells with dead cells have been marked red. 

<> 1 2 3 4 5 6 7 8 9 10 11 12 
Puromycin 

concentration [µg/mL] 

A 0.07 0.11 0.08 0.08 0.14 0.07 0.12 0.07 0.07 0.11 0.07 0.08 0 

B 0.08 0.11 0.11 0.11 0.12 0.13 0.16 0.15 0.12 0.11 0.12 0.07 0.6 

C 0.02 0.04 0.08 0.09 0.07 0.07 0.07 0.07 0.07 0.07 0.05 0.02 1.25 

D 0.02 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.02 2.5 

E 0.02 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.02 5 

F 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.02 10 

G 0.02 0.01 0.02 0.02 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.02 20 

H 0.03 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 40 

 

 Table 24 highlights in green the wells with viable cells and in red the wells with dead cells. The puromycin 

concentration considered as the lowest inhibitory was of 2.5 µg/mL, since it was the first plate row to show a 

drop in the absorbance value, meaning that all the cells from that point on should be dead. 

3.3 Transfection  

The previously purified mTOR and empty vector plamids were transfected into the CHO-K1 PG9 cell line, 

using PEI as the transfection agent. The efficiency of transfection was measured using a fluorescence microscope 

and doing the ratio of GFP positive cells and total cells counted. 

The empty vector transfected cells and its negative control were analysed through fluorescence microscopy 

5 days post transfection and the captured pictures can be seen in Figure 8 and Figure 9Figure 9, respectively.  

The mTOR transfected cells and its negative control were analysed through fluorescence microscopy 4 days 

post transfection and the pictures captured can be seen in Figure 10 and Figure 11, respectively. 

  
A B 

Figure 8: Empty vector transfected cells captured with fluorescence microscopy. A – Bright field; B – Fluorescence field. 

  
A B 

Figure 9: Negative control of Empty vector transfected cells captured with fluorescence microscopy. A – Bright field; B – 
Fluorescence field. 
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A B 

Figure 10: mTOR vector transfected cells captured with fluorescence microscopy. A – Bright field; B – Fluorescence field. 

  
A B 

Figure 11: Negative control of mTOR transfected cells captured with fluorescence microscopy. A – Bright field; B – 
Fluorescence field. 

 It was estimated that the efficiency of transfection for empty vector was of approximately 3%, whereas 

for the mTOR the efficiency appeared 0% since, at this point, the cells didn’t have a GFP positive signal. Both 

negative controls didn’t show the presence of any GFP positive cells (Figure 9 and Figure 11). 

3.3.1 Selection and expansion  

The selection and expansion procedures allowed the selection of one or several clones from each plasmid 

and the increase in culture volume, more favourable for growth and productivity of the cell lines. 

5 and 6 days post transfection, for mTOR and Empty vector, respectively, the cells were overgrowing and 

the wells of the 384-well plate were very confluent. The cells were then passaged in a 1:4 ratio to a 96-well plate. 

The 384-well plates were kept and medium was added to the wells. 

3 days after the passage to the 96-well plate, the selection pressure was increased from 2.5 to 5 µg/mL 

of puromycin and in the 384-well plate it was maintained as 2.5 µg/mL, for both mTOR and EV clones. 

The empty vector clones in the 96-well plate, 20 days post transfection and with a puromycin 

concentration of 5 µg/mL, can be seen in Figure 12. The mTOR clones 19 days post transfection, under the same 

conditions, can be seen in Figure 13. The pictures for both clones were captured using a fluorescence microscope. 
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A B 

Figure 12: Empty vector transfected cells 20 days post transfection with 5 µg/mL of puromycin, captured with fluorescence 
microscopy. A – Bright field; B – Fluorescence field. 

  
A B 

Figure 13: mTOR transfected cells 19 days post transfection with 5 µg/mL of puromycin, captured with fluorescence 
microscopy. A – Bright field; B – Fluorescence field. 

 Approximatly 2 weeks after the puromycin concentration was increased to 5 µg/mL, the cell density 

remained unaltered and there were almost no living wells in the 96-well plate. In Figure 14 and Figure 15, for 

empty vector and mTOR, respectively, the viability was very low, although the GFP signal was still positive. 

 

  
A B 

Figure 14: Empty vector transfected cells 29 days post transfection with 5 µg/mL of puromycin, captured with fluorescence 
microscopy. A – Bright field; B – Fluorescence field. 

  
A B 

Figure 15: mTOR transfected cells 28 days post transfection with 5 µg/mL of puromycin, captured with fluorescence 
microscopy. A – Bright field; B – Fluorescence field. 
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Since most of the cells with the increased selection pressure were dying or dead, the puromycin 

concentration was again reduced to 2.5 µg/mL, using the cells in the first 384-well plate. Figure 16 and Figure 17 

show the empty vector and mTOR transfected cells, respectively, in the 384-well plate. The GFP signal was similar 

for empty vector clones, but less intense for mTOR clones.  

  
A B 

Figure 16: Empty vector transfected cells 29 days post transfection with 2.5 µg/mL of puromycin, captured with 
fluorescence microscopy. A – Bright field; B – Fluorescence field. 

  
A B 

Figure 17: mTOR transfected cells 28 days post transfection with 2.5 µg/mL of puromycin, captured with fluorescence 
microscopy. A – Bright field; B – Fluorescence field. 

For both empty vector and mTOR, the living clones were passaged 1:2 from the 384-well plate to a 96-

well plate. The clones of empty vector and mTOR, expanded to a 96-well plate. 

The empty vector and mTOR living clones were expanded in the 96-well plate with 1:2 passages until a 

row of 8 wells, with the same clone and a working volume of 200 µL per well, was filled. The 8 wells were then 

pulled to a T-25, with a working volume of approximatly 4.8 mL. 

It was possible to select 6 mTOR clones and 2 empty vector clones in total, as described above: 

 mTOR 89 

 mTOR 97 

 mTOR 82 

 mTOR 93 

 mTOR 84 

 mTOR 96 

 EV 511 

 EV 54 

In Figure 18 and Figure 19 the selected clones of empty vector and mTOR, respectively, are shown in the 

T-25 flasks. 
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1a 2a 

  
1b 2b 

Figure 18: Selected clones of the empty vector transfected cell line captured by fluorescence microscopy, 57 days post 
transfection. 1 – EV54 (1a- bright field; 1b- fluorescence field); 2 – EV511 (2a- bright field; 2b- fluorescence field). 

   
1a 2a 3a 

   
1b 2b 3b 

   
4a 5a 6a 
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4b 5b 6b 

Figure 19: Selected clones of the mTOR transfected cell line captured by fluorescence microscopy, 56 days post 
transfection. 1 – mTOR89 (1a- bright field; 1b- fluorescence field); 2 – mTOR97 (2a- bright field; 2b- fluorescence field); 3 – 
mTOR82 (3a- bright field; 3b- fluorescence field); 4 – mTOR93 (4a- bright field; 4b- fluorescence field); 5 – mTOR82 (5a- 
bright field; 5b- fluorescence field); 6 – mTOR96 (6a- bright field; 6b- fluorescence field).  

 The selection and expansion of the mTOR and empty vector clones from a 384-well plate to an 

Erlenmeyer shake flask took approximately 60 days, since the day the cell line was transfected with the plasmids. 

 The images captured by fluorescence microscopy of the selected mTOR and empty vector clones, while 

cultivated in the shake flasks, can be seen in Figure 20 and Figure 21, respectively. 

  
1a 2a 

  
1b 2b 

Figure 20: Selected clones of the empty vector transfected cell line captured by fluorescence microscopy, 92 days post 
transfection. 1 – EV54 (1a- bright field; 1b- fluorescence field); 2 – EV511 (2a- bright field; 2b- fluorescence field). 
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1a 2a 3a 

   
1b 2b 3b 

   
4a 5a 6a 

   
4b 5b 6b 

Figure 21: Selected clones of the mTOR transfected cell line captured by fluorescence microscopy, 91 days post 
transfection. 1 – mTOR89 (1a- bright field; 1b- fluorescence field); 2 – mTOR97 (2a- bright field; 2b- fluorescence field); 3 – 
mTOR82 (3a- bright field; 3b- fluorescence field); 4 – mTOR93 (4a- bright field; 4b- fluorescence field); 5 – mTOR82 (5a- 
bright field; 5b- fluorescence field); 6 – mTOR96 (6a- bright field; 6b- fluorescence field).  

Analysing the figures with the transfected mTOR clones, it’s possible to observe that the GFP signal is 

getting weaker over time, while the empty vector clones seam to maintain the same GFP intensity. In Figure 21, 

the absence of GFP signal is visible for clones mTOR82 (3b), mTOR82 (4b) and mTOR84 (5b).  

3.4 Cell culture 

3.4.1 Characterization of the routine cultures 

The following cell lines were routinely sampled and passaged for at least 10 passages, until they were 

cryopreserved and no longer necessary for the planed experiments: 

 Non-transfected CHO-K1 PG9 

 mTOR 89 
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 mTOR 97 

 mTOR 82 

 mTOR 93 

 mTOR 84 

 mTOR 96 

 EV 54 

 EV 511  

The data obtained with the routine cultures is represented in Figure 22 and in Table 25. Figure 22A has 

the evolution of the cell concentrations and viability, whereas Figure 22B has the evolution of the antibody titer. 

 

A 

 
B 

Figure 22: Evolution of the cell concentration and viability (A) and the antibody titer (B) with the number of passages for 
the routine cultures. A – the continuous lines represent the cell concentration and the dashed lines represent the cell 
viability. 
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The average of the most important parameters for the routine cultures is shown in Table 25.  

Table 25: Characterization of the routine cell lines showing the number of passages, the average cell concentration, the 
average viability, the average titer, the average growth rate (μ), the average specific productivity (qp) and the average cell 
diameter.  

Cell line 
Passage 

[#] 
Cell concentration 

[cells/mL] 
Viability 

[%] 
Titer 

[μg/mL] 
μ  [day-1] qp [pcd] 

Cell diameter 
[μm] 

mTOR 89 24 (3.66 ± 1.52) × 106 91.6±7.3 129±47 0.67±0.13 23.4±5.2 15.1±0.4 

mTOR 97 10 (3.99 ± 2.26) × 106 95.2±5.1 144±78 0.71±0.12 24.7±4.7 14.9±0.3 

mTOR 82 10 (2.67 ± 1.31) × 106 93.4±4.4 115±36 0.57±0.14 26.7±13 15.6±0.3 

mTOR 93 10 (4.35 ± 2.84) × 106 88.7±12 119±64 0.71±0.18 21.6±9.6 14.6±0.2 

mTOR 84 10 (3.77 ± 1.90) × 106 91.1±11 135±53 0.69±0.19 25.8±8.6 15.0±0.2 

mTOR 96 10 (3.26 ± 1.58) × 106 90.7±12 120±50 0.63±0.11 25.8±13 14.8±0.3 

EV 54 10 (3.31 ± 1.23) × 106 89.0±13 145±37 0.60±0.12 25.3±4.8 14.8±0.7 

EV 511 25 (2.90 ± 1.40) × 106 93.0±5.1 146±49 0.59±0.16 32.1±9.2 15.0±0.4 

PG9 47 (3.92 ± 1.49) × 106 89.8±10 120±46 0.71±0.14 21.5±5.7 14.5±0.4 

 

The non-transfected PG9 was the cell line kept for a longer period of time in culture – 47 passages – 

followed by the mTOR 89 and EV511, passaged 24 and 25 times, respectively, which were the clones selected for 

the bioreactor experiments. All the cell lines in culture were passaged to a seeding concentration of 3 × 105 

cells/mL and reached average cell concentrations between approximately 3 and 4 million cells/mL. mTOR 93 

reached the highest average cell concentration - (4.35 ± 2.84) × 106 , although it is also the value with the 

biggest standard deviation. On the other side, mTOR 82 was the clone that had the lowest average cell 

concentration - (2.67 ± 1.31) × 106. The average viability was very close to 90% for all the cell lines, although 

the majority of the clones had some passages with lower viabilities – mTOR 93, mTOR 84, mTOR 96, EV 54 and 

PG9 – which resulted in higher standard deviations. The average titers were between 115±36 μg/mL for mTOR 

82, which was also the cell line with the lowest average cell concentration, and 146±49 μg/mL for EV 511, which, 

interestingly, was the second cell line with a lower average cell concentration. According to the average specific 

growth rates, all the cell lines multiplied at very similar velocities, although mTOR 97, mTOR 93 and PG9 had the 

highest μ – 0.71 day-1. mTOR 82 had the highest average cell diameter - 15.6±0.3 μm – despite being also the 

cell line that had the lowest average titer. PG9 had the lowest average cell diameter - 14.5±0.4 μm. The cell line 

with the highest average specific productivity was EV 511 (32.1 pcd), which was the culture that had the highest 

average titer, despite having one of the lowest average cell concentration. PG9 was the culture with the lowest 

average specific productivity with 21.5 pcd. 

3.4.2 Flow cytometer results 

1.1.1.1 GFP signal 

 The GFP signal of the mTOR and empty vector clones was analysed with the FL1 detector (488/509 nm) 

of the flow cytometer.  

 The GFP signal of the mTOR clones in comparison with the non-transfected PG9 is shown in Figure 23A 

and in Table 26. The most interesting mTOR clones concerning the GFP signal are mTOR 82, mTOR 89 and mTOR 

96. However none of them have homogeneous populations, especially mTOR 89 and mTOR 96 which have two 

clearly distinct populations, one of them with a higher GFP signal (Figure 23A). mTOR 82 is the clone with the 
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highest percentage gated (92.21%), influenced by its widest peak, however mTOR 96 is the clone with the highest 

geometric mean (8.23) and, subsequently, with the highest GFP signal (Table 26). All the other clones, especially 

mTOR 93, have a very weak GFP signal, close to the negative control (Figure 23A). 

 The GFP signal of the empty vector clones in comparison to the non-transfected PG9 is shown in Figure 

23B. None of the empty vector clones have homogeneous populations. EV 511 have at least 2 visible populations, 

while EV 54 have at least 3 visible populations. EV 54 has a higher GFP signal than EV 511, with a percentage 

gated of 56.32 and a geometric mean of 31.97 (Table 26).  

 The mTOR clones have lower geometric means than empty vector, suggesting that the latter has a 

stronger GFP signal. mTOR 96 is still the clone with the GFP signal closest to EV 511 (Table 26).  

  
A B 

Figure 23: GFP signal of mTOR (A) and empty vector clones (B), using non-transfected PG9 cell line as negative control, 
obtained with FL1 laser detector (488/509 nm) of the flow cytometer. 

Table 26: Percentage gated and geometric mean of the GFP signal obtained by the flow cytometer with FL1 laser detector 
(488/509 nm) for the negative control, mTOR and empty vector clones. 

Clone % Gated Geometric mean 

PG9 NEG 1.11 0.96 

mTOR 82 (PG9 m82) 92.21 2.41 

mTOR 84 (PG9 m84) 45.76 1.25 

mTOR 89 (PG9 m89) 24.20 4.68 

mTOR 93 (PG9 m93) 1.88 1.02 

mTOR 96 (PG9 m96) 87.53 8.23 

mTOR 97 (PG9 m97) 13.72 1.42 

EV 511 (PG9 E511) 42.06 11.74 

EV 54 (PG9 E54) 56.32 31.97 

 

1.1.1.2 Intracellular antibody content 

To determine the relative quantity of intracellular antibody content, the light chain and heavy chain 

were stained and analyzed separately.  

Figure 24 shows the intracellular light chain content of mTOR and empty vector, when compared to a 

non-producing cell line. 

 In Figure 24A, mTOR 97 stands out as the clone with the highest content of antibody light chain with a 

percentage gated of 98.47 and a geometric mean of 38.99 (Table 27). EV54 has a geometric mean of 38.41 (Table 

27), which is very close to the values obtained for mTOR 97. 
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A B 

Figure 24: Light chain signal of mTOR (A) and empty vector clones (B), using a non-producer cell line as negative control, 
obtained with FL6 laser detector (650/668 nm) of the flow cytometer. 

Table 27: Percentage gated and geometric mean of the light chain signal obtained by the flow cytometer with FL6 laser 
detector (650/668 nm) for the negative control, mTOR and empty vector clones. 

Clone % Gated Geometric mean 

CHO NEG 0.98 3.28 

mTOR 82 (CHO m82) 95.42 12.24 

mTOR 97 (CHO m97) 98.47 38.99 

mTOR 96 (CHO m96) 91.09 14.37 

mTOR 93 (CHO m93) 98.19 20.92 

mTOR 89 (CHO m89) 97.03 14.77 

mTOR 84 (CHO m84) 92.43 12.52 

EV 511 (CHO EV511) 97.74 14.12 

EV 54 (CHO EV54) 96.45 38.41 

 

The heavy chain content of mTOR and empty vector is shown in Figure 25A and Figure 25B, respectively. 

As for the light chain content, mTOR 97 was the mTOR clone that had the highest intracellular content of heavy 

chain with a percentage gated of 99.11 and a geometric mean of 88.18 - Table 28. However, in this case, EV54 

was the clone with the highest heavy chain signal, with a geometric mean of 111.40 - Table 28. 

  
A B 

Figure 25: Heavy chain signal of mTOR (A) and empty vector (B) clones, using a non-producer cell line as negative control, 
obtained with FL6 laser detector (650/668 nm) of the flow cytometer. 
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Table 28: Percentage gated and geometric mean of the heavy chain signal obtained by the flow cytometer with FL6 laser 
detector (650/668 nm) for the negative control, mTOR and empty vector clones. 

Clone % Gated Geometric mean 

CHO NEG 0.99 3.48 

mTOR 82 (CHO m97) 99.11 88.18 

mTOR 97 (CHO m96) 99.36 38.44 

mTOR 96 (CHO m93) 99.66 50.34 

mTOR 93 (CHO m89) 97.70 49.47 

mTOR 89 (CHO m84) 99.06 30.77 

mTOR 84 (CHO m82) 99.19 32.75 

EV 511 (CHO EV511) 99.43 32.71 

EV 54 (CHO EV54) 97.18 111.40 

 

 For both the light chain (Figure 24) and the heavy chain (Figure 25) the clones have homogeneous 

populations. 

1.1.1.3 Intracellular mTOR content 

To analyse the intracellular content of mTOR, an experiment was made using 3 different concentrations 

of the staining antibody (Rabbit anti-hu mTOR). This antibody was applied with a 1:100 (Figure 26A), 1:200 (Figure 

26B) and 1:400 (Figure 26C) dilution ratios, in order to investigate its effectiveness. 

This experiment was made using the selected clones for the bioreactor experiments – mTOR 89 and EV 

511 -, PG9 and the host cell line (CHO-K1) as negative control. 

Figure 26 shows the mTOR content of mTOR 89 and EV 511, when different concentrations of antibody 

were applied. It can be seen that all clones had similar responses amongst each other and also to the various 

concentrations of staining antibody, although they all have higher signals than the negative control. The 

geometric means, shown in Table 29, were very similar and in a range from 2 to 4 for all the cell lines, including 

the negative control. 

   
A B C 

Figure 26: mTOR intracelular content of mTOR and empty vector clones, obtained with FL6 laser detector (650/668 nm) of 
the flow cytometer. A – 1:100 dilution; B – 1:200 antibody dilution; C- 1:400 antibody dilution. 

Table 29: Percentage gated and geometric mean of the mTOR signal obtained by the flow cytometer with FL6 laser detector 
(650/668 nm) for the negative control, mTOR and empty vector clones. 

Clone 
1:100 1:200 1:400 

% Gated Geometric mean % Gated Geometric mean % Gated Geometric mean 

PG9 (CHO PG9) 66.31 4.14 64.17 3.18 70.77 3.39 

mTOR 89 (CHO mTOR) 80.98 4.08 63.52 2.96 76.45 3.13 

EV 511 (CHO EV) 71.73 3.13 77.49 3.02 82.29 3.00 

CHO NEG 1.02 3.36 1.23 2.16 0.97 2.24 
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3.5 Titer quantification 

3.5.1 ELISA and Octét comparison 

To select the most appropriate method for titer quantification, the antibody concentration of 10 samples 

from Mini-Batch 1 was determined using both ELISA and Octét. The samples measured by Octét were diluted 1:3 

and 1:6 in filtered PBST.The samples measured by ELISA were pre-diluted, as shown in Table 30, and posteriorly 

diluted in a 1:2 dilution series.  

Table 30: Pre-dilutions made in the samples measured by ELISA.  

Sample ID ELISA pre-dilution 

MB 3.1 5/5 1:4000 

MB 3.2 5/5 1:4000 

MB 1.1 7/5 1:6000 

MB 1.2 7/5 1:6000 

MB 3.1 7/5 1:6000 

MB 3.2 7/5 1:6000 

MB 1.1 8/5 1:7000 

MB 1.2 8/5 1:7000 

MB 3.1 8/5 1:7000 

MB 3.2 8/5 1:7000 

  
Figure 27 shows the antibody titers analysed by ELISA and Octét. It is possible to verify that with ELISA the 

antibody titers are much higher than the ones obtained with Octét.  

 

Figure 27: Antibody titers determined with ELISA and Octét. 

 This mini batch used duplicate samples for the seeding concentrations of 1 × 105 cells/mL and 3× 105 

cells/mL, which allowed to calculate the average titer of each seeding concentration measured by ELISA and 

Octét and also the respective standard deviation. 

 Figure 28 shows the average titers calculated for each duplicate and the respective standard deviations. 

As in Figure 27, the average titers determined with ELISA were higher than the ones determined with Octét. The 

standard deviations of the values determined by ELISA are much higher than the ones determined by Octét, 

suggesting that Octét is the most reliable method for the titer quantification. 
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Figure 28: Average titers and standard deviations determined by ELISA and Octét. ELISA 3 – Average titers determined by 
ELISA of the wells with a seeding concentration of 3x105 cells/mL; ELISA 1 – Average titers determined by ELISA of the wells 
with a seeding concentration of 1x105 cells/mL; Octét 3 – Average titers determined by Octét of the wells with a seeding 
concentration of 3x105 cells/mL; Octét 1 – Average titers determined by Octét of the wells with a seeding concentration of 
1x105 cells/mL. 

3.6 Batch experiments 

3.6.1 Mini-Batch 1 and 2 

In mini batch 1 and 2 the growth and productivity of the non-transfected PG9 clone (mini-batch 1) was 

compared to the mTOR transfected clones in a static 24 well plate.  

The analysis of the results obtained with this experiment are shown in Appendix 7.1  

3.6.2 Mini-Batch 3 

Mini-batch 3 had the goal of comparing the performances of all the mTOR clones with the empty vector 

clones and the non-transfected cell line. 

Figure 29 shows the evolution of the cell concentration. PG9 was the cell line that reached the highest cell 

concentration, whereas EV 54, had the lowest cell concentrations. All mTOR clones grew to similar cell 

concentrations, although mTOR 96 reached the highest values amongst them.  

In respect to the specific growth rate (Figure 62 – Appendix 7.2), it was very similar for all mTOR clones, 

with a slight advantage from mTOR 97 and mTOR 96. EV clones had the lowest specific growth rates. 

 

Figure 29: Evolution of the cell concentration of mTOR clones, empty vector clones and the non-transfected PG9 over the 
time. The continuous lines represent the cell concentration and the dashed lines represent the cell viability. 
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 The cell viability (Figure 29) was quite similar for all the clones, except for mTOR 82 and EV 511 that 

reached a lower viability than all the others in a shorter period of time. mTOR 82 was able to maintain its viability 

from day 6 to day 10 and finished the experiment with a percentage of viable cells quite similar to the other 

clones, whereas the viability of EV 511 dropped further. Figure 30 shows the antibody production over the 

experiment time. mTOR 96 was the clone with the highest antibody production, while mTOR 82, mTOR 89 and 

mTOR 93 were the ones with the lowest titers. All the other clones, including the non-transfected cell line have 

similar production levels.  

 

Figure 30: Evolution of the antibody production of mTOR clones, empty vector clones and PG9 over the time in culture. 

 All clones had similar cell sizes (Figure 64- Appendix 7.2), from 16 to 13 µm, although mTOR 82 has 

higher values in the first two sampling points. 

Overall, EV 511 had the highest specific productivities (Figure 66 - Appendix 7.2), except on day 0-5, 

where EV 54 had the highest value. mTOR 89 and PG9 had the lowest specific productivities, while the other 

clones had similar results. 

The main results of this experiment are presented in Table 31. 

Table 31:  Summary of the main results of mini-batch 3. 

Clone 
Peak CC 
[c/mL] 

End Titer 
[µg/mL] 

VCCD 
[c/mL] 

qP 
[pg/c/d] 

µ 
[1/d] 

Cell size 
[µm] 

mTOR 89 2.20x106 76.0 (1.71±0.74)x107 12.4±3.5 0.32±0.09 14.5±0.4 

mTOR 97 2.21x106 100.0 (1.91±0.79)x107 13.7±3.1 0.34±0.11 14.2±0.6 

mTOR 82 2.09x106 79.5 (1.59±0.65)x107 13.7±4.3 0.31±0.09 14.8±0.8 

mTOR 93 1.85x106 77.0 (1.54±0.65)x107 12.2±3.4 0.30±0.09 14.3±0.4 

mTOR 84 2.07x106 93.5 (1.78±0.72)x107 14.4±3.3 0.31±0.10 14.6±0.6 

mTOR 96 2.45x106 124.0 (2.10±0.93)x107 16.0±3.5 0.34±0.09 14.6±0.3 

EV 54 1.73x106 106.5 (1.54±0.68)x107 16.2±2.6 0.29±0.09 14.8±0.3 

EV 511 1.74x106 103.5 (1.32±0.47)x107 17.0±3.7 0.27±0.09 14.5±0.7 

PG9 3.23x106 110.5 (1.89±0.93)x107 13.5±3.7 0.33±0.08 14.6±0.3 

 

The graphs concerning the specific growth rates (Figure 59), specific productivities (Figure 60) and the 

cell diameters (Figure 61) of the clones are in Appendix 7.2. 

0

50

100

150

0 2 4 6 8 10 12

Ti
te

r 
[µ

g/
m

L]

Time [days]

mTOR 89 mTOR 97 mTOR 82
mTOR 93 mTOR 84 mTOR 96
EV 54 Ev 511 PG9



47 
 

3.6.3 Shaker batch experiment 1 – Clone screening 

The shaker batch experiment 1 was made in 125 mL shakers and had the purpose of selecting one mTOR 

clone and one empty vector clone for further experiments in the bioreactor. This selection had in consideration 

clone growth, longevity and its productivity. 

 Figure 31 shows the evolution of the cell concentrations and viability over the experiment time. mTOR 

93 was the clone that that had the highest cell concentrations over the experiment time, but it was also amongst 

the clones with a lower longevity. mTOR 82 and mTOR 96 were the clones that had lower cell concentrations, 

although mTOR 82 had a longevity of 10 days and could produce cells until the very last sampling day. The other 

clones produced a similar amount of cells and mTOR 84, mTOR 97 and EV 511 had also a longevity of 10 days. 

 

Figure 31: Evolution of the cell concentration and viability of mTOR clones, empty vector clones and the non-transfected 
PG9 over the time. The continuous lines represent the cell concentration and the dashed lines represent the cell viability. 

 Figure 32 shows the cell titers over the experiment time. All clones had a similar antibody production 

until day 7 of the batch, except for mTOR 96 that had a slightly lower productivity from day 5 to day 7. EV 511 

reached the highest titer, followed by mTOR 84.  

 

Figure 32: Evolution of the cell titer of mTOR clones, empty vector clones and the non-transfected PG9 over the time. 
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 mTOR 97 and mTOR 89 had the highest specific productivities, whereas mTOR 93 was the clone with the 

lowest specific productivities. From the EV clones EV511 was the clone with the highest specific productivities. 

Overall, mTOR 89 had a mean specific productivity of 11.18 pcd and EV511 had a mean specific productivity of 

10.76 pcd. The specific productivities can be seen in Figure 66 of Appendix 7.3. 

 The cell diameters (Figure 67 – Appendix 7.3) were very similar amongst all clones, with a variation 

smaller than 4 µm between the highest and the lowest diameters. mTOR 82 and mTOR 96 were the clones that 

reached the highest diameters, whereas mTOR 93 was the clone with the lowest diameter. 

 The light chain intracellular content, shown in Figure 33, was rather similar amongst all the cell lines and 

also over the experiment time. All the clones, except for mTOR 89, had a lower geometric mean from day 5 to 

day 9 (Table 32). 

   
A B C 

Figure 33: Light chain signal of mTOR and empty vector clones, using a non-producer cell line as negative control, obtained 
with FL6 laser detector (650/668 nm) of the flow cytometer. A – Day 5; B – Day 7; C- Day 9. 

Table 32: Percentage gated and geometric mean of the light chain signal obtained by the flow cytometer with FL6 laser 
detector (650/668 nm) for the negative control, mTOR and empty vector clones. 

Clone 
Day 5 Day 7 Day 9 

% Gated Geometric mean % Gated Geometric mean % Gated Geometric mean 

EV 511 (LCs EV511) 53.05 1.01 71.56 1.04 67.10 0.78 

EV 54 (LCs EV54) 47.06 0.96 56.42 0.83 74.93 0.87 

mTOR 96 (LCs m96) 77.71 1.35 87.47 1.08 71.28 0.86 

mTOR 84 (LCs m84) 66.43 1.09 50.28 0.78 78.95 0.85 

mTOR 93 (LCs m93) 67.97 0.94 46.22 0.73 83.52 0.85 

mTOR 82 (LCs m82) 64.99 1.08 55.77 0.79 75.89 0.99 

mTOR 97 (LCs m97) 80.57 1.37 70.72 0.94 81.14 0.93 

mTOR 89 (LCs m89) 52.60 0.81 52.75 0.80 95.55 1.26 

PG9 (LCs PG9) 88.82 1.41 55.26 0.77 82.34 0.87 

LCs NEG 1.20 0.68 1 0.71 1 0.71 

 

 The heavy chain intracellular content, shown in Figure 34, suffered some variations over the experiment 

time and, on day 7 (Figure 34B), was different amongst the cell lines. Unlike for the light chain, the heavy chain 

signal was not homogeneous and most of the clones have two populations. 

 The clone with the highest intracellular content of heavy chain was mTOR 84 with a geometric mean of 

43.44 (Table 33). Except for mTOR 96, the signal of the majority of the clones, decreased from day 5 to day 7 and 

increased from day 7 to day 9. 
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A B C 

Figure 34: Heavy chain signal of mTOR and empty vector clones, using a non-producer cell line as negative control, obtained 
with FL6 laser detector (650/668 nm) of the flow cytometer. A – Day 5; B – Day 7; C- Day 9. 

Table 33: Percentage gated and geometric mean of the heavy chain signal obtained by the flow cytometer with FL6 laser 
detector (650/668 nm) for the negative control, mTOR and empty vector clones. 

Clone 
Day 5 Day 7 Day 9 

% Gated Geometric mean % Gated Geometric mean % Gated Geometric mean 

EV 511 (HCs EV511) 97.66 14.09 98.34 9.04 98.50 12.85 

EV 54 (HCs EV54) 95.59 36.52 98.36 7.98 99.85 10.80 

mTOR 96 (HCs m96) 98.81 10.65 99.50 17.90 99.30 10.50 

mTOR 84 (HCs m84) 98.77 43.44 99.20 15.63 99.62 22.26 

mTOR 93 (HCs m93) 98.15 31.52 99.89 5.64 99.79 19.55 

mTOR 82 (HCs m82) 97.52 33.71 98.84 7.78 98.67 13.01 

mTOR 97 (HCs m97) 99.59 12.49 98.26 6.22 99.61 9.17 

mTOR 89 (HCs m89) 97.75 19.26 99.42 6.03 99.23 12.36 

PG9 (HCs PG9) 98.61 22.40 98.76 9.77 99.80 12.37 

HCs NEG 0.99 0.63 0.99 0.63 1.12 0.61 

 

 Figure 35 shows the mTOR content of the mTOR clones, EV vector clones and PG9. It can be seen that 

the mTOR transfected cell lines don’t show a difference in the mTOR content, when compared to EV or PG9.  

 The geometric means of the mTOR, empty vector and PG9 were very similar and even lower than the 

negative control, although for the percentage gated mTOR 96 showed higher values than the other clones –Table 

34. 

   
A B C 

Figure 35: mTOR signal of mTOR and empty vector clones, using a non-producer cell line as negative control, obtained with 
FL6 laser detector (650/668 nm) of the flow cytometer. A – Day 5; B – Day 7; C- Day 9.  
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Table 34: Percentage gated and geometric mean of the mTOR signal obtained by the flow cytometer with FL6 laser detector 
(650/668 nm) for the negative control, mTOR and empty vector clones. 

Clone 
Day 5 Day 7 Day 9 

% Gated Geometric mean % Gated Geometric mean % Gated Geometric mean 

EV 54 (mTOR EV54) 8.07 8.79 0.92 10.67 2.33 9.04 

EV 511 (mTOR EV511) 8.79 8.54 0.99 10.20 5.11 8.89 

mTOR 96 (mTOR m96) 5.81 8.75 17.95 9.43 26.78 11.02 

mTOR 84 (mTOR m84) 9.08 8.81 1.23 9.05 4.78 9.69 

mTOR 93 (mTOR m93) 6.95 9.01 0.67 10.37 5.85 8.96 

mTOR 82 (mTOR m82) 7.88 8.97 4.60 8.59 5.94 9.56 

mTOR 97 (mTOR m97) 5.52 8.74 0.68 10.54 2.90 10.10 

mTOR 89 (mTOR m89) 4.01 9.04 2.06 9.33 12.43 9.91 

PG9 (mTOR PG9) 20.72 9.24 1.68 9.50 4.55 9.97 

mTOR NEG 1.07 12.32 1.07 12.32 1.07 12.32 

 

 Figure 36 shows the western blot made to confirm the size of the light chain and heavy chain of the 

produced antibody. Besides the marker, it was also used an IgG standard. It is possible to verify that for both 

the light chain and the heavy chain, the antibody has the same size as the IgG standard and, according to the 

marker, has more than 170 kDa. 

 

  
A B 

Figure 36: Western blot analysis for the heavy (B) and light (A) chain content of the PG9 antibody produced by PG9 and 
mTOR and empty vector clones. 

 Since there wasn’t a mTOR and empty vector clone that clearly stood out in terms of growth and 

productivity, the choice fell on the clones with the highest average specific productivities – mTOR 89 and EV 511. 

 The main results of this experiment are summarized in Table 35. 

Table 35:  Summary of the main results of shaker batch experiment 1. 

Cell lines  
Peak CC 
[c/mL] 

End Titer 
[µg/mL] 

VCCD 
[c/mL] 

qP 
[pg/c/d] 

µ 
[1/d] 

Cell size 
[µm] 

mTOR 89 9.45x106 496,0 (2.90±1.14)x107 11.2±5.0 0.31±0.28 14.9±1.0 

mTOR 97 1.22x107 489,6 (3.62±1.56)x107 9.3±6.6 0.27±0.32 14.1±0.8 

mTOR 82 7.93x106 402,0 (2.59±1.05)x107 9.9±6.4 0.22±0.28 15.2±0.7 

mTOR 93 1.26x107 416,0 (3.98±1.42)x107 7.5±4.4 0.31±0.32 13.9±0.9 

mTOR 84 1.10x107 513,9 (3.60±1.64)x107 9.6±5.2 0.27±0.27 14.3±0.8 

mTOR 96 8.68x106 336,0 (2.13±0.71)x107 9.2±4.5 0.32±0.26 15.0±0.7 

EV 54 1.14x107 422,0 (2.79±1.24)x107 10.1±5.6 0.37±0.28 14.4±0.9 

EV 511 9.03x106 550,0 (3.32±1.48)x107 10.7±4.9 0.25±0.29 14.8±0.5 

PG9 1.14x107 471,0 (2.98±1.37)x107 10.8±4.7 0.36±0.28 14.2±0.8 
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The graphs concerning the specific growth rates (Figure 62), specific productivities (Figure 63) and the 

cell diameters (Figure 64) of the clones are in Appendix 7.3. 

3.6.4 Shaker batch experiment 2 – Osmolality screening 

The shaker batch experiment 2 had as a goal to investigate the resistance of mTOR to higher medium 

osmolalities, in comparison to empty vector. 

This experiment was done with mTOR 89 and EV 511, previously selected with shaker batch experiment 

1. 

1.1.1.4 Standard curve  

Figure 37 shows the linear relation between the osmolality and the volume of NaCl stock solution (2.5 

M) in 1 mL of medium.  

 

 

Figure 37: Linear relation between the osmolality and the volume of NaCl stock solution (2.5 M) in 1 mL of medium. 

 The standard curve is represented by equation 1 and has an R2 of 0.9925. Using equation 1 it was 

possible to calculate the volume of NaCl stock solution needed to obtain the osmolalities of 400, 450 and 500 

mOsm/kg.  

𝒚 = 𝟓. 𝟓𝒙 + 𝟐𝟗𝟓. 𝟗 (3) 

1.1.1.5 Batch experiment 

This batch experiment was done in a 125 mL Erlenmeyer flask and using mediums with different 

osmolalities – no salt added (NS), 400 mOsm/kg (400), 450 mOsm/kg (450) and 500 mOsm/kg (500). 

Figure 38 shows the cell concentrations of mTOR and EV for the different medium osmolalities. mTOR 

and empty vector with no salt addition had roughly the same production of viable cells, which resulted from the 

higher cell concentrations reached by mTOR NS, although it lasted 2 less days in culture. For all the other 

osmolalities, mTOR could reach higher cell concentrations than empty vector. 
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Figure 38: Evolution of the cell concentration and viability of mTOR clones and empty vector clones with no salt addition 
(NS), 400, 450 and 500 mOsm/Kg. The continuous lines represent the cell concentration and the dashed lines represent the 
cell viability. 

Figure 39 shows the cell titers of mTOR and EV clones over the experiment time. Except for the condition 

with no salt addition, mTOR reached the highest titers. The higher osmolalities resulted in lower titers for both 

mTOR and empty vector. 

 

Figure 39: Evolution of the cell titer of mTOR clones and empty vector clones with no salt addition (NS), 400, 450 and 500 
mOsm/Kg. 

 Empty vector had higher specific productivities, which can be seen in Figure 66 of Appendix 7.4, than 

mTOR and also, for both clones, higher osmolallities have resulted in higher specific productivities. This means 

that, although higher osmolalities result in lower titers, the antibody production per cell is higher. 

 The cell diameter (Figure 67 of Appendix 7.4) was quite similar for both mTOR and empty vector for the 

same osmolality. However, higher osmolalities have resulted in higher cell diameters, being mTOR at 500 

mOsm/kg the culture that reached the highest cell diameter. 

 The cell nucleus (Figure 73 of Appendix 7.4) were quite similar for all clones, despite the medium 

osmolality, for both G1 and G2 phases. Still, mTOR with no salt addition has the biggest cell nucleus, in both 

phases of the cell cycle, followed by empty vector in the same conditions. 
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 The nutrients consumption, shown by the evolution of glucose (Figure 68 of Appendix 7.4) and 

glutamine (Figure 69 of Appendix 7.4) concentrations over time, reflect the higher cell concentrations obtained 

by mTOR clones in comparison to empty vector. Since mTOR was able to grow more, it was also the clone that 

spent its energy sources quicker. 

 The clones that grew to higher concentrations – mTOR NS, mTOR 400, mTOR 450 and EV NS – consumed 

almost all the glutamate (Figure 70 of Appendix 7.4) present in the medium, whereas the clones with lower cell 

concentrations were able to maintain its concentration in the medium. However, EV NS, despite being the clone 

with the highest cell concentrations, it wasn’t the one that consumed more glutamate. 

 The production of lactate (Figure 71 of Appendix 7.4) was more accentuated for the mTOR clones and 

also higher in the mediums with lower osmolalities, except for mTOR NS which was the mTOR clone that 

produced lower amounts of this metabolite. 

 The ammonia production (Figure 72 of Appendix 7.4) was quite similar for all clones, however the mTOR 

clones were the biggest producers. Lower osmolalities can be related to lower concentrations of ammonia. 

 To confirm the size of the produced antibody a western blot was made, shown in Figure 40, using a pre-

stained protein ladder and an IgG standard. The product size is similar for all the growing cell lines and has also 

the same size as the IgG standard. However, according to the marker, the product size is above 170 kDa.  

 The heavy chain was not stained, since the results expected are the same and the light chain analysis 

has the possibility of staining free light chain as well. 

 

Figure 40: Western blot analysis for the light chain content of the PG9 antibody produced by PG9 and mTOR and empty 
vector clones. 

 Table 36 summarizes the main results of the shaker batch experiment 2. 

Table 36:  Summary of the main results of shaker batch experiment 2. 

Clone 
Peak CC 
[c/mL] 

End Titer 
[µg/mL] 

VCCD 
[c/mL] 

qP 
[pg/c/d] 

µ 
[1/d] 

Cell size 
[µm] 

mTOR NS 7.62x106 306.6 (2.26±0.97)x107 10.2±6.1 0.37±0.37 14.9±0.9 

mTOR 400 7.10x106 338.3 (1.87±0.80)x107 11.3±5.4 0.44±0.42 15.0±1.2 

mTOR 450 3.90x106 210.4 (1.12±0.45)x107 7.1±13.6 0.38±0.22 15.9±1.1 

mTOR 500 1.93x106 149.9 (6.48±2.47)x106 12.2±4.3 0.13±0.24 16.6±0.9 

EV NS 5.83x106 415.5 (2.31±1.08)x107 10.2±5.1 0.23±0.32 14.6±0.8 

EV 400 3.11x106 267.7 (1.04±0.50)x107 13.0±6.7 0.22±0.26 15.7±0.7 

EV 450 1.51x106 150.2 (5.40±2.32)x106 14.7±5.5 0.17±0.15 16.0±1.1  

EV 500 8.17x105 103.3 (3.08±1.09)x106 17.5±4.2 0.09±0.12 16.0±1.1 
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The graphs concerning the specific growth rates (Figure 65), specific productivities (Figure 66), cell 

diameters (Figure 67), glucose (Figure 68), glutamine (Figure 69), glutamate (Figure 70), lactate (Figure 71) and 

ammonia (Figure 72) concentrations and nucleus size (Figure 73)  can be found in Appendix 7.4. 

3.6.5 Shaker batch experiment 3 – Medium screening 

The shaker batch experiment 3 had as a goal to compare the growth and productivity of mTOR 89 and EV 

511 in MV3-2/6 medium. This experiment was also made to confirm the results of shaker batch experiment 2 

(for the clones without salt addition) and shaker batch 1, which used CD-CHO medium ( 

Table 38). 

Figure 41 shows the cell concentrations of mTOR 89 and EV 511 over the experiment time. The mTOR 89 

reached a peak cell concentration of 8.5x106 cells/mL, which was 1.5 fold higher than EV511. The viability of 

mTOR 89 dropped faster than EV 511, which on day 8 still had 64% of viable cells in culture. 

EV 511 had a higher productivity than mTOR 89 until day 4 of the experiment, however the mTOR clone 

had a higher increase in the antibody production from day 4 to 6, reaching on day 8 a peak titer of 303.8 μg/mL, 

whereas EV511 had a maximum titer of 287 μg/mL (Figure 42). 

 
Figure 41: Evolution of the cell concentration and viability of mTOR clones and empty vector clones. The continuous lines 
represent the cell concentration and the dashed lines represent the cell viability. 

 

Figure 42: Evolution of the cell titer of mTOR clones and empty vector clones. 
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Overall EV511 had higher specific productivities than mTOR89, despite its lower antibody production 

(Figure 75 of Appendix 7.5). 

mTOR 89 maintain its cell diameter (Figure 76 of Appendix 7.5) until day 6 and reached the lowest cell 

diameter by the end of the experiment. EV 511 had an increase in the cell size from day 4 to 6, which then 

decreased until the end of the batch. 

Table 37 summarizes the main results of shaker batch experiment 3 (in MV3-2/6 medium) and  

Table 38 summarizes the main results of shaker batch experiment 1 (in CD-CHO medium). 

Table 37:  Summary of the main results of shaker batch experiment 3. 

Clone 
Peak CC 
[c/mL] 

End Titer 
[µg/mL] 

VCCD 
[c/mL] 

qP 
[pg/c/d] 

µ 
[1/d] 

Cell size 
[µm] 

mTOR 89 8.50x106 303.8 (3.02±0.34)x107 7.3±2.9 0.33±0.30 14.3±0.8 

EV 511 5.84x106 287.0 (1.75±0.29)x107 14.5±9.9 0.39±0.16 15.1±0.5 
 

Table 38:  Summary of the main results of shaker batch experiment 1 for mTOR 89 and EV 511. 

Cell lines  
Peak CC 
[c/mL] 

End Titer 
[µg/mL] 

VCCD 
[c/mL] 

qP 
[pg/c/d] 

µ 
[1/d] 

Cell size 
[µm] 

mTOR 89 9.45x106 496,0 (2.90±1.14)x107 11.2±5.0 0.31±0.28 14.9±1.0 

EV 511 9.03x106 550,0 (3.32±1.48)x107 10.7±4.9 0.25±0.29 14.8±0.5 

 

The graphs concerning the specific growth rates (Figure 74), specific productivities (Figure 75) and cell 

diameters (Figure 76) can be found in Appendix 7.5. 

3.6.6 Bioreactor experiment 1: temperature shift 

The bioreactor experiment 1 has as a goal to investigate the performance of mTOR 89 in comparison to 

EV 511, when a temperature shift from 37 to 34ᵒC was applied. In this case, the shift in temperature only occurred 

on day 4 of the experiment. 

Figure 43 shows the evolution of the cell concentrations. Before the temperature shift (on day 4), the 

two mTOR cell lines and EV grow to similar cell concentrations, although in mTOR’s case mTOR shift already 

shows a slightly advantage in the cell concentration. After the temperature shift, mTOR shift starts to grow a lot 

faster and it could reach higher cell concentrations than mTOR at 37ᵒC, also because the culture stayed viable 

for more three days. For EV this difference in cell concentrations wasn’t as significant, although EV shift could 

also reach higher cell concentrations and stay viable for a longer period of time. Both mTOR cell lines could reach 

higher cell concentrations than EV for the shift and 37ᵒC. 
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Figure 43: Evolution of the cell concentration and viability of mTOR clones and empty vector clones at 37ᵒC and with the 
temperature shift to 34ᵒC. The temperature was sifted on day 4 from 37°C to 34°C. The continuous lines represent the cell 
concentration and the dashed lines represent the cell viability. 

 The antibody production, shown in Figure 44, was rather similar for both mTOR and EV clones, although 

in the end EV had a higher antibody production and, for the two clones, the shift for 34ᵒC had a favourable effect 

on productivity. From day 2 to day 6, mTOR had higher titers than EV, however mTOR at 37ᵒC started to produce 

less than the other cell lines until eventually on day 9 it stopped producing. 

 

Figure 44: Evolution of the cell titer of mTOR clones and empty vector clones at 37ᵒC and with the temperature shift to 
34ᵒC. 

 The EV clones, in both conditions, have a 1.7 fold higher specific productivities over the whole process 

(Figure 80 – Appendix 7.6). For both mTOR and EV, the productivity per cell is higher at 37ᵒC, even though they 

didn’t grow to as high cell concentrations. 

 For both glucose (Figure 82 – Appendix 7.6) and glutamine (Figure 83 - Appendix 7.6), mTOR cell lines, 

which had the highest cell concentrations, consumed all the nutrients quicker than EV. mTOR consumed all the 

glucose and glutamine on days 5 and 4, respectively, and there isn’t a difference between the two conditions, 

since the temperature shift only occurred on day 4 and, by that time, most of the nutrients were already spent. 
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For EV, especially for the glucose consumption, the clone at 37ᵒC spent its nutrients quicker than the one with 

the shift in temperature. 

 The glutamate concentration (Figure 84 - Appendix 7.6) was very similar for all the cell lines, being mTOR 

shift the clone that had higher variations. 

 Until day 6, mTOR cell lines were the biggest producers of lactate (Figure 85 - Appendix 7.6), however 

from this day on the EV cell lines had a higher concentration of lactate in the medium. On day 5, when the glucose 

was completely consumed, the mTOR cell lines started using lactate as an energy source. 

The ammonia concentration (Figure 86 - Appendix 7.6) had a similar evolution for both mTOR and EV 

clones, although mTOR shift was the cell line with the highest production of ammonia and, for both mTOR and 

EV, the decrease in temperature resulted in slightly higher concentrations.  

Although all the cell lines started with a similar cell size (Figure 81 - Appendix 7.6), mTOR verified a bigger 

decrease in its diameter in comparison to EV. The cell lines with the temperature shift had a less accentuated 

drop in the cell diameter and EV could maintain a cell size relatively constant, losing less than 2 µm in its diameter. 

The nucleus size (Figure 87 - Appendix 7.6), for both G1 and G2 phases, suffered very few variations and 

it was very similar for all cell lines. The G2 nucleus was approximately 1 µm bigger than G1 nucleus. 

Figure 45 of Appendix 7.6 shows the western blot analysis for the light chain content in the mTOR and 

EV cell lines. It can be seen that the product has the same size as the IgG standard, around 170 kDa. 

 

Figure 45: Western blot analysis for the light chain content of mTOR and empty vector clones at 37°C and with a shift to 
34°C. F63 T1 – mTOR 37°C; F63 T2 – mTOR shift; F63 T3 – EV 37°C; F63 T4 – EV shift. 

Table 39 summarizes the main results of the bioreactor experiment 1. 

Table 39:  Summary of the main results of bioreactor experiment 1. 

Clone 
Peak CC 
[c/mL] 

End Titer 
[µg/mL] 

VCCD 
[c/mL] 

qP 
[pg/c/d] 

µ 
[1/d] 

Cell size 
[µm] 

mTOR 37ᵒC 5.52x106 245.0 (1.34±0.82)x107 14.0±7.0 0.58±0.27 14.1±1.3 

mTOR shift 6.91x106 328.3 (2.34±1.33)x107 13.1±7.6 0.76±0.09 14.0±1.4 

EV 37ᵒC 3.59x106 314.9 (8.85±6.00)x106 22.4±11.0 0.40±0.11 14.5±0.7 

EV shift 3.59x106 346.8 (1.18±0.78)x107 20.1±9.7 0.41±0.13 14.7±0.4 

 

The graphs concerning the VCCD (Figure 77) the specific growth rates (Figure 78), specific productivities 

(Figure 79 and Figure 80), cell diameters (Figure 81), glucose (Figure 82), glutamine (Figure 83), glutamate (Figure 
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84), lactate (Figure 85) and ammonia (Figure 86) concentrations and nucleus size (Figure 87) can be found in 

Appendix 7.6. 

3.6.7 Bioreactor experiment 2: temperature shift 

The bioreactor experiment 2 has as a goal to investigate the performance of mTOR 89 in comparison to 

EV 511, when a temperature shift from 37 to 34ᵒC was applied. However, in this case, a higher cell seeding of 1 

million cells per mL was applied and the temperature shift occurred on day 1 of the experiment. 

 Figure 46 shows the cell concentrations and viability of mTOR and EV clones over the experiment time. 

mTOR shift has the highest cell concentrations and EV shift the lowest. EV at 37ᵒC had higher cell concentrations 

than EV shift, although the latter had the highest longevity. 

 

Figure 46: Evolution of the cell concentration and viability of mTOR clones and empty vector clones at 37ᵒC and with the 
temperature shift to 34ᵒC. The temperature was shifted on day 1 from 37°C to 34°C. The continuous lines represent the 
cell concentration and the dashed lines represent the cell viability. 

 Figure 47 shows the cell titers reached by mTOR and EV over the experiment time. Even though mTOR 

at 34ᵒC had higher cell concentrations and EV at 34ᵒC had a higher longevity than the remaining cell lines, it was 

EV at 37ᵒC that reached the highest antibody titers. Interestingly, in mTOR’s case it was the cell line at 34ᵒC that 

reached the highest titers, which is opposite to what was verified for EV. 
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Figure 47: Evolution of the cell titer of mTOR clones and empty vector clones at 37ᵒC and with the temperature shift to 
34ᵒC. 

The specific productivity over the whole process (Figure 91 of Appendix 7.7) was higher for EV in both 

conditions. The cell lines kept at 37ᵒC were able to have a specific productivity approximately 1.3 fold higher than 

the ones at 34ᵒC. 

 Glucose (Figure 93 of Appendix 7.7) and glutamine (Figure 94 of Appendix 7.7) concentrations had a 

quite similar evolution for mTOR and EV cell lines. EV shift showed a slightly lower rate of consumption of 

nutrients, eespecially for glucose. 

 The glutamate concentration (Figure 95 of Appendix 7.7) had a higher variation for the clones that 

suffered the temperature shift to 34ᵒC. mTOR shift was the cell line with the highest consumption of glutamate 

and with the highest peak in production from day 9 to 10. 

 The lactate concentration (Figure 96 of Appendix 7.7) had a similar trend for all the cell lines, except for 

EV shift that had the concentration peak a day later than the other cell lines. The cell lines with the temperature 

shift had a slightly higher consumption of lactate than the cell lines at 37ᵒC. 

 The production of ammonia (Figure 97 of Appendix 7.7) was similar for all the cell lines, although EV 

shift, which was also the cell line with higher longevity, reached lower concentrations.  

 Over the experiment time, all the cell lines had a decrease in the cell diameter (Figure 92 of Appendix 

7.7), although the cell lines with the temperature shift to 34ᵒC had a slower decline than the remaining ones. 

The nucleus size (Figure 98 of Appendix 7.7), for both G1 and G2 phases, suffered very few variations 

and it was very similar for all cell lines. The G2 nucleus was approximately 1 µm bigger than G1 nucleus. 

Figure 48 shows the western blot analysis for the light chain content in the mTOR and EV cell lines. It 

can be seen that the product has the same size as the IgG standard, around 170 kDa. 
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Figure 48: Western blot analysis for the light chain content of mTOR and empty vector clones at 37°C and with a shift to 
34°C. F64 T1 – mTOR 37°C; F64 T2 – mTOR shift; F64 T3 – EV 37°C; F64 T4 – EV shift. 

 Figure 49 shows the results obtained with the flow cytometer analysis for the GFP signal over the 

fermentation time. It can be seen that none of the analyzed cell lines have an homogeneous population. 

 The EV clones had the highest GFP signals and its geometric mean had a 2 fold increase from day 3 to 

day 8, whereas mTOR cell lines had a more constant signal over the experiment time, with a slight decrease from 

day 3 to day 8 – Table 40. 

 

 

   
A B C 

Figure 49: GFP signal of mTOR and empty vector clones, obtained with FL1 laser detector (488/509 nm) of the flow 
cytometer, using CHO-K1 cell line as negative control. F64 T1 – mTOR 37°C; F64 T2 – mTOR shift; F64 T3 – EV 37°C; F64 T4 
– EV shift. A – Day 3; B – Day 6 and C – Day 8. 

Table 40: Percentage gated and geometric mean of the GFP signal obtained by the flow cytometer with FL6 laser detector 
(650/668 nm) for the negative control, mTOR and empty vector clones. 

Clone 
Day 3 Day 6 Day 8 

% Gated Geometric mean % Gated Geometric mean % Gated Geometric mean 

EV shift (CHO F64 T4) 68.26 2.23 98.75 2.86 99.56 5.44 

EV 37°C (CHO F64 T3) 77.62 1.66 99.88 2.87 99.88 4.02 

mTOR shift (CHO F64 T2) 53.14 1.72 87.69 1.00 85.78 1.28 

mTOR 37°C (CHO F64 T1) 36.00 1.85 84.34 0.85 82.34 1.08 

CHO NEG 1.02 0.53 0.99 0.65 1.07 0.83 
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Table 41 summarizes the main results of the bioreactor experiment 2. 

Table 41:  Summary of the main results of bioreactor experiment 2. 

Clone 
Peak CC 
[c/mL] 

End Titer 
[µg/mL] 

VCCD 
[c/mL] 

qP 
[pg/c/d] 

µ 
[1/d] 

Cell size 
[µm] 

mTOR 37ᵒC 4.83x106 291.6 (1.46±0.78)x107 13.8±7.0 0.38±0.18 14.4±1.3 

mTOR shift 5.92x106 337.4 (2.09±1.12)x107 12.0±6.64 0.49±0.24 15.1±1.4 

EV 37ᵒC 4.32x106 407.1 (1.52±0.74)x107 25.2±23.9 0.38±0.24 14.4±0.7 

EV shift 3.92x106 365.5 (1.74±0.85)x107 15.8±8.0 0.29±0.17 14.2±01.3 

 

The graphs concerning the VCCD (Figure 88) the specific growth rates (Figure 89), specific productivities 

(Figure 90 and Figure 91), cell diameters (Figure 92), glucose (Figure 93), glutamine (Figure 94), glutamate (Figure 

95), lactate (Figure 96) and ammonia (Figure 97) concentrations and nucleus size (Figure 98) can be found in 

Appendix 7.7. 

3.6.8 Bioreactor experiment 3: hypoxia conditions 

The bioreactor experiment 3 has as a goal to investigate the resistance of mTOR 89 in comparison to EV 

511, when in standard conditions (std) and with 5% of oxygen. In this case, the hypoxia conditions were applied 

in the inoculation day. 

 Figure 50 shows that the standard cultivation conditions (with 30% DO) resulted in higher cell 

concentrations. Furthermore, the mTOR clone reached the highest values, despite having a lower longevity than 

EV’s. 

 

Figure 50: Evolution of the cell concentration and viability of mTOR clones and empty vector clones with 5% O2 and with 
standard conditions. The continuous lines represent the cell concentration and the dashed lines represent the cell viability. 

The antibody titer, shown in Figure 51, was higher for the cell lines growing in standard conditions. 

mTOR std had a faster production than EV std until day 6 of the experiment and it had higher titers until its last 

day in culture, however, because of its higher longevity, EV std reached a higher titer in the end of the 

experiment. The cell lines with 5% O2 had lower titers.  
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Figure 51: Evolution of the cell titer of mTOR clones and empty vector clones with 5% O2 and with standard conditions. 

 The specific productivity over the whole process (Figure 102 of Appendix 7.8) was higher for the cell 

lines with only 5% of O2. The EV 5% O2 was the cell line with the highest specific productivity, which was 1.2 fold 

higher than EV with standard conditions and mTOR 5% O2. mTOR with standard conditions was the cell line with 

the lowest specific productivity, which was 1.8 fold lower than mTOR 5% O2 and EV std. 

 The glucose concentration (Figure 104 of Appendix 7.8) decreased faster for mTOR clones than for EV 

clones. The cell lines with 5% O2 had a slower consumption of glucose than the corresponding clones with 

standard conditions.  

The cell lines with standard conditions consumed the glutamine (Figure 105 of Appendix 7.8) faster than 

the cell lines with 5% O2, although until day 5, mTOR 5% O2 had a lower concentration of glutamine. Similar to 

the glucose concentration, also EV with 5% O2 had the slowest consumption of glutamine. 

 mTOR at 5% O2 was the clone that reached the highest concentration of glutamate (Figure 106 of 

Appendix 7.8) in the medium, while the same clone in the standard conditions consumed the highest amount of 

the same metabolite. The 2 EV clones were able to maintain the glutamate concentration in the medium with 

very similar production and consumption behaviours. 

 mTOR with 5% O2 was the cell line that had the highest production of lactate (Figure 107 of Appendix 

7.8), whereas EV under the same conditions was the cell line with the lowest production of lactate. The mTOR 

clone with standard conditions had the highest consumption of this metabolite. 

 The ammonia production (Figure 108 of Appendix 7.8) was higher for the mTOR clones and for the cell 

lines cultivated in standard conditions. 

 The cell diameter (Figure 103 of Appendix 7.8) did not have an accentuated decrease over the 

experiment time and it was maintained quite constant, especially for the EV clones. The mTOR 5% O2 had an 

increase in the cell diameter from day 0 to 4 and a decrease until the end of the run, whereas mTOR std only 

increased slightly its diameter from day 0 to 1, having a descending trend from that moment on. Unlike mTOR 

clones, the EV clones didn’t have an increase in the cell diameter at the beginning of the experiment, but from 

day 6 on. On day 8 EV 5% O2 kept increasing the diameter, whereas Ev std decreased it. 

0

50

100

150

200

250

0 2 4 6 8 10 12

Ti
te

r 
[m

g/
L]

Process Time [d]

mTOR std mTOR 5% O2 EV std EV 5% O2



63 
 

The nucleus size (Figure 109 of Appendix 7.8) for both G1 and G2 phases suffered very few variations 

and it was very similar for all cell lines. The G2 nucleus was approximately 1 µm bigger than G1 nucleus. 

Figure 52 shows the western blot analysis for the light chain content in the mTOR and EV cell lines. It 

can be seen that the product has the same size as the IgG standard, around 170 kDa. 

 

 

A B 
Figure 52: Western blot analysis for the light chain (A) and heavy chain (B) of the produced antibody by mTOR and empty 
vector cell lines. F66 T1 – mTOR std; F66 T2 – mTOR 5% O2; F66 T3 – EV std; F66 T4 – EV 5% O2. 

 

Table 42 summarizes the main results of the bioreactor experiment 2. 

Table 42:  Summary of the main results of bioreactor experiment 3. 

Clone 
Peak CC 
[c/mL] 

End Titer 
[µg/mL] 

VCCD 
[c/mL] 

qP 
[pg/c/d] 

µ 
[1/d] 

Cell size 
[µm] 

mTOR std 5.07x106 195.9 (1.17±0.80)x107 10.6±6.8 0.61±0.22 14.9±0.6 

mTOR 5% O2 1.50x106 102.7 (4.45±2.01)x106 15.6±3.0 0.38±0.32 16.3±0.9 

EV std 3.14x106 202.9 (6.18±0.45)x106 16.4±5.4 0.30±0.18 14.4±0.3 

EV 5% O2 1.07x106 100.5 (2.75±0.17)x106 18.4±3.8 0.20±0.10 14.4±0.6 

 

The graphs concerning the VCCD (Figure 99) the specific growth rates (Figure 100), specific productivities 

(Figure 101 and Figure 102), cell diameters (Figure 103), glucose (Figure 104), glutamine (Figure 105), glutamate 

(Figure 106), lactate (Figure 107) and ammonia (Figure 108) concentrations and nucleus size (Figure 109) can be 

found in Appendix 7.8. 

3.7 Subclones 

The main objective of the subcloning procedure was to obtain homogeneous populations from the 

previously selected and studied clones – mTOR 89 and EV511. The expanded mTOR clones in T-flasks were 

analysed by fluorescence microscopy and by flow cytometry, to select clones that formed an homogeneous 

population. The 7 mTOR subclones analysed by fluorescence microscopy, shown in Figure 53, had a visible GFP 

signal, which was more intense than the signal verified for the original mTOR 89 in Figure 21 1b. 
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1a 2a 3a 4a 

    
1b 2b 3b 4b 

   
5a 6a 7a 

   
5b 6b 7b 

Figure 53: mTOR subclones analysed by fluorescence microscopy. 1 – m1J23; 2 – m1O17; 3 – m2A3; 4 – m1J15; 5 – m1N17; 
6 – m1B3; 7-m1D1 a – brightfield; b – fluorescence field. 

 The selected subclones were analyzed by the flow cytometer for the GFP intensity and the homogeneity 

of the population. It can be seen that, in Figure 54, there are two clear homogeneous populations of mTOR 

subclones – m1B3 and m1D1. EV 511 is the cell line with the highest geometric mean and all the subclones are 

GFP positive and have a higher geometric mean than PG9 – Table 43. 

 

Figure 54: GFP signal of mTOR subclones, mTOR 89, EV511, PG9 and the negative control obtained with FL1 laser detector 
(488/509 nm) of the flow cytometer. 
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Table 43: Percentage gated and geometric mean of the GFP signal obtained by the flow cytometer with FL1 laser detector 
(488/509 nm) for mTOR subclones, mTOR 89, EV511, PG9 and the negative control. 

Clone % Gated Geometric mean 

CHO m1B3 99.48 6.10 

CHO m1D1 97.16 4.39 

CHO m1J15 34.96 5.40 

CHO m1J23 57.79 5.62 

CHO m1N17 78.48 3.80 

CHO m1O17 57.58 4.63 

CHO m2A3 34.96 5.40 

CHO EV 511 21.96 16.09 

CHO mTOR 40.33 4.50 

CHO PG9 9.77 2.87 

CHO NEG 1.01 1.62 
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4 Discussion 

4.1 Transfection  

 The stable transfection of mTOR and empty vector in CHO-K1 PG9 cell line used a 1:10 DNA:PEI ratio.  

 The efficiency of transfection was quantified using fluorescence microscopy, through the viable 

cells/GFP positive cells ratio. This method allowed to estimate an efficiency of transfection of 3% for EV and 

unknown efficiency for mTOR.  

 The low transfection efficiency of empty vector could be improved through the use of higher DNA:PEI 

ratios, taking into account a toxicity limit and also a lower complex formation temperature [34]. The incapability 

of estimating a transfection efficiency of mTOR may suggest a very low percentage of transfected cells and/or a 

GFP signal too weak to be seen by this method. Kreiss et al. [35] stated that high plasmid sizes result in lower 

transfection efficiencies, thus mTOR’s whole plasmid molecular weight - 14286 bp - might have been an obstacle 

to its successful transfection (as compared to 6620 bp for the EV plasmid). Also, it was reported that IRES-

dependent second gene expression is lower than cap-dependent first gene expression [36], which explains the 

non-visible GFP signal verified for the mTOR transfectants. Furthermore, other methods, such as flow cytometry, 

might have been more sensitive to quantify the GFP signal and, subsequently, determine the transfection 

efficiency rather than visual inspection by fluorescence microscopy. 

4.1.1 Selection and expansion  

Over the selection and expansion period it was verified that the empty vector transfectants had a higher 

GFP signal than mTOR clones (for instance, in Figure 20 and Figure 21) and also that in the latter case the GFP 

signal decreased over time (this can be seen through the difference in GFP signal intensity between Figure 13 

and Figure 21). This can be due to the lower GFP expression of the mTOR clone being related with IRES-dependent 

second gene expression being weaker than cap-dependent gene expression [36].  

The decrease in the GFP expression by the mTOR clones might have been related with an heterogeneous 

population, which besides GFP positive cells, could also include a subpopulation which silenced the GFP gene 

over time [37] and possibly also overgrow the subpopulation with GFP positive cells. 

4.2 Cell culture 

The results of the routine cultures of the 6 mTOR clones, 2 EV and PG9 are discussed in this section. 

During routine culture, mTOR 97 and mTOR 93 had the highest average specific growth rates (0.71 d-1 - 

Table 25), together with PG9, which were 25% higher than for mTOR 82 and approximately up to 10% higher 

than for the other mTOR clones. EV clones had 20% lower specific growth rates than mTOR 97 and mTOR 93. 

In average, the mTOR clone with the highest titer was mTOR 97 (144 µg/mL - Table 25), which was 

approximately 10% more than mTOR 89 and mTOR 84 and 20% more than the other mTOR clones. Regarding EV, 

both clones, had the same antibody production than mTOR’s biggest producer.  

mTOR 82 was the mTOR clone with the highest average specific productivity (26.7 pcd - Table 25), 

approximately 20% higher than mTOR 93 and 10% higher than mTOR 89, although for the other mTOR clones 
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this percentage didn’t go above 10%. EV 511 had the highest specific productivity (32.1 pcd - Table 25), which 

was 20% higher than mTOR 82. 

Overall, empty vector clones had better results regarding antibody production, since they presented the 

highest titers and specific productivities. On the other hand, mTOR clones had the best results in terms of growth, 

although these were similar to the non-transfected cell line (PG9), which can suggest that they are not related 

with the mTOR expression. 

4.2.1 Flow cytometer results 

1.1.1.6 GFP signal 

The analysis of the GFP signal of mTOR and EV routine cultures was made with the goal of comparing 

the signal and population homogeneity between the 6 mTOR clones and also between mTOR and EV clones.  

As expected from the fluorescence microscope observations, the empty vector clones have a much 

higher GFP signal than mTOR clones.  

All clones, besides mTOR 97 and mTOR 93, which had a mostly negative GFP signal, had two distinct 

populations – one GFP positive and other GFP  negative (Figure 23). Considering that the GFP intensity is also 

related with the mTOR expression, in the mTOR clones, these results suggest that mTOR 97 and mTOR 93 may 

not be transfected with the mTOR gene, or at least have a weaker mTOR expression than the other clones. 

Furthermore, the results obtained for the other clones may suggest that the selection procedure did not occur 

as desired and the majority of the clones consisted of two subpopulations, one of them which was non-

transfected or which gradually silenced the transgenes over time [37]. As a consequence, the heterogeneous 

populations were subcloned to select a homogeneously cloned population for future work. 

1.1.1.7 Intracellular antibody content 

 The analysis of the intracellular antibody content revealed, that for both the light chain and the heavy 

chain, the clones have homogeneous populations, verifying the cell lines stability, regarding antibody production 

(Figure 24 and Figure 25). 

 Furthermore, mTOR 97 and EV 54 were the clones that exhibited the highest antibody content. 

These results do not support the conclusions taken by Dreesen et al. [32], which verified up to 4-fold 

increase in the total protein content of the mTOR-expressing clones, in comparison with the parental cell lines. 

In our case, mTOR and EV clones had rather similar antibody productivities of 115-150 µg/mL or 25-30 

pg/cell/day. It should be mentioned that the method used in this quantification was completely different and 

targeted specifically the light chain and heavy chain of the PG9 antibody, whereas in [32] the total protein content 

was determined non-specifically using a spectrophotometer.   

1.1.1.8 Intracellular mTOR content 

The analysis of the mTOR content was performed using mTOR 89, EV 511, PG9 and a negative control 

with different concentrations of anti-mTOR staining antibody. 

The results obtained did not clarify the existence of a higher mTOR content in the mTOR transfected 

clone in comparison to empty vector and PG9. Also, the increasing concentration of anti-mTOR antibody (1:100, 
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1:200, 1:400) didn’t seem to affect the signal intensity. The non-transfected negative control (a CHO K1 host cell 

line) clearly differed from the recombinant PG9, mTOR and EV cell lines. However, no substantial difference was 

found amongst the mTOR expression in the three different recombinant cell lines. 

This results may suggest that the mTOR transfection was not successful and, in fact, all the cell lines 

have a similar content of the mTOR protein. Other justification could be the inefficacy of the anti-mTOR antibody, 

which may not be sensitive enough for this kind of detection. Also, the use of a positive control, with a defined 

amount of mTOR protein could be helpful in the results interpretation. The use of another method, such as RT-

PCR, using as a probe part of the mTOR transfected plasmid, could be a more reliable method of quantification. 

Furthermore, the quantification of other proteins, such as Akt protein kinase, 4E binding protein (4BP1) and 

ribosomal protein S6 kinase (S6K) [33], could give further clues about the activation of mTOR signalling pathway. 

4.3 Titer quantification 

4.3.1 ELISA and Octét comparison 

The comparison of titer quantification methods revealed more precise results, given by lower standard 

deviations, from biolayer interferometry (Octét). 

This can be explain by the shorter and simpler protocol of Octét, which, besides other steps, doesn’t have 

the need of a dilution series and also very high pre-dilutions, particularly for higher concentrated samples, that 

can lead to systematic errors from the operator. Octét is a method with a significantly lower preparation time 

and without incubation steps. It also allows the analysis of 80 samples simultaneously, while ELISA has the 

capacity of only 12 samples per plate.  

Octét’s main disadvantage, when compared with ELISA, is its lower sensitivity, with a concentration range 

that goes from 1 to 100 µg/mL, whereas ELISA has a concentration range goes from 0.1 to 2 µg/mL (in our case 

1.6 ng/mL to 200 ng/mL).  

Due to these results Octét was considered as the more appropriate method for titer quantification in this 

project. 

4.4  Batch experiments 

4.4.1 Mini-batch 1 and 2 

Mini-batch 1 and 2 were two separate experiments made in a 24-well plate, which compared the 

performance of the PG9 cell line and the mTOR clones. 

Regarding growth, mTOR 89 was the clone that reached the highest peak cell concentration (1.6x106 

cells/mL - Figure 55), which was 1.3 fold higher than PG9. mTOR 89 had a specific growth rate on day 0-7 from 

1.5 to 2.4 fold higher than the other mTOR clones and 1.3 fold higher than PG9 (Figure 56). 

mTOR 97 and mTOR 82 had a final titer of approximately 100 µg/mL (Figure 57).Until day 7, mTOR 97 

was able to produce 1.5 fold more than the PG9 cell line.  

Overall, except mTOR 89, mTOR clones had highest specific productivities than PG9. On day 0-7 mTOR 

82 and mTOR 96 had 1.7 and 1.9 fold higher specific productivities than PG9, respectively. 
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In general the mTOR clones had a better performance than PG9, concerning both growth and 

productivity. These results also suggest that the cell lines that grow to higher cell concentrations are not, 

necessarily, the ones that have the highest antibody titers. Therefore, under certain conditions cells may invest 

more energy into cell growth and biomass accumulation rather than investing their energy in the production of 

a recombinant protein. 

The mini-batch 1 and 2 was not considered a decisive experiment for this project, since static cultures 

have limited oxygen mass transfer and low mixing levels which, subsequently, have an effect on cell growth and 

antibody production [38].  

4.4.2 Mini-batch 3 

 Mini-batch 3 was a preliminary experiment made to evaluate growth and productivity of mTOR, empty 

vector and PG9 cell lines. 

Regarding growth, mTOR 96 was the mTOR clone with the highest peak cell concentration (2.45x106 

cells/mL-Figure 29). EV 54 and EV 511 had peak cell concentrations of 1.73 x106 cells/mL and 1.74 x106 cells/mL 

(Figure 29), respectively. PG9 had a peak cell concentration of 3.23x106 cells /mL (Figure 29). mTOR 96 had a 1.4 

fold higher peak cell concentration than EV clones , although PG9 was the best growing clone, with a peak cell 

concentration 1.3 fold higher than mTOR 96 and 1.9 fold higher than the EV clones.  

mTOR 96 was the cell line to reach the highest antibody titer (124 µg/mL). EV 54 and 511 had the antibody 

production of 106.5 µg/mL and 103.5 µg/mL, respectively, whereas PG9 had an antibody titer of 110.5 µg/mL. 

(Figure 30). mTOR 96 had up to 1.6 fold higher titers than the remaining mTOR clones, 1.2 fold higher titers than 

the EV clones and 1.1 fold higher titers than PG9.  

mTOR 96 was also the best mTOR clone in respect to the specific productivity, which on day 0-4 was up 

to 20.3 pcd, followed by mTOR 82 with 19.8 pcd. Still, the best specific productivities were reached by EV 511 

with 23.1 pcd, with was 1.1 fold higher than mTOR 96. PG9 had a maximum specific productivity of 17.9 pcd, 1.3 

fold lower than EV511 and 1.1 fold lower than mTOR 96.  

This experiment suggests that mTOR 96 was the clone that had the best performance regarding both 

growth and productivity, although PG9 had a higher peak cell concentration and EV511 had better specific 

productivities.  

In comparison to mini batch 1 and 2, for the same time frame, the results were quite similar, with the best 

growth results from mTOR 97 and PG9 and the best titers from PG9 and mTOR 96. However, mini-batch 3 had 

up to 3 fold higher cell concentrations and 1.5 fold higher titers. Since the cultivation conditions were the same, 

there were probably errors in the seeding concentration or the low sampling volumes lead to errors in the cell 

concentration. These comparison also suggest that the additional sampling points might affect the outcome of 

the experiment. 

For the same reasons stated for mini-batch 1 and 2, mini-batch 3 was not considered a key experiment 

for this project. 
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4.4.3 Shaker batch experiment 1 

The shaker batch experiment 1 was made in 125 mL shake flasks and the main goal was to investigate the 

performance of the generated mTOR and empty vector clones and, ultimately, select one clone of each to 

proceed with subsequent fermentation experiments. 

Regarding cell growth, mTOR 93 had the best results with a peak cell concentration of 1.26x107 cells/mL, 

followed by mTOR 97 with 1.22x107 cells/mL. The best EV clone was EV54, which had a peak cell concentration 

of 1.14 x107 cells/mL, the same as PG9 (Figure 31). In terms of specific growth rate, mTOR 93 reached a maximum 

of 0.8 d-1, followed by 0.67 d-1 from both mTOR 97 and mTOR 89, whereas EV54 and PG9 had a maximum specific 

growth rate of 0.74 and 0.73 d-1, respectively (Figure 62 of Appendix 7.3). Both mTOR 93 and 97 had 10% higher 

cell concentrations than EV54 and PG9. EV54 had 30% higher cell concentrations and 10% higher specific growth 

rates that EV511.  

mTOR 84 and 89 had the highest titers within the mTOR clones with 514 and 496 µg/mL (Figure 32). EV511 

had a titer of 550 µg/mL (Figure 32), which corresponded to the highest titer amongst all the cell lines, 10% 

higher than the titers reached by the best producing mTOR clones. PG9 had a final titer of 471 µg/mL (Figure 32), 

20% lower than EV511 and approximately 10% lower than the mTOR clones.  

mTOR 89 and mTOR 97 had the highest maximum specific productivities of 18.6 and 18.7 pcd (Figure 63 

of Appendix 7.3), respectively. EV511 had a maximum specific productivity of 17.6 pcd, whereas PG9 had a 

maximum specific productivity of 17 pcd (Figure 63 of Appendix 7.3). mTOR 89 and EV511 had also the highest 

average specific productivities of 11.2 and 10.7 pcd. mTOR 89 and 97 had specific productivities up to 50% higher 

than the other mTOR clones and 10% higher than the EV clones and PG9. The average specific productivity of 

mTOR 89 was 20% higher than mTOR 97 and up to 50% higher than the other mTOR clones, although it was less 

than 10% higher than EV511 and PG9. In comparison to EV54, EV511 had 30% higher titers and 10% higher 

specific productivities. 

The intracellular mTOR content could be a decisive parameter for the choice of a mTOR clone. However, 

according to the flow cytometry analysis, both mTOR and empty vector clones had very similar mTOR content. 

Thus, these results led to the selection of mTOR 89 as the best mTOR clone, since it has good results both 

in growth (with high specific growth rates) and productivity (with high titers and specific productivities). 

Nevertheless, mTOR 89 had only better results than both EV clones regarding the specific productivities. From 

the EV clones, EV511 was the selected for further experiments, considering the specific productivity as the most 

important parameter and also that the cell concentration and specific growth rate of this clone was quite similar 

to the ones reached by mTOR 89. 

4.4.4  Shaker batch experiment 2 

The shaker batch experiment 2 had as a main goal to investigate the resistance of mTOR 89 clone to higher 

medium osmolalities, in comparison to EV 511. 

 Regarding growth, mTOR NS was the clone with the highest peak cell concentration (7.62x106 cells/mL 

- Figure 38), followed by mTOR 400 (6.96x106 cells/mL -Figure 38), which were 1.5 and 1.3 fold higher than the 

peak cell concentration of EV NS, respectively. 
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For the mTOR clone, the osmolality of 400 mOsm/Kg induced a decrease of only 1.1 fold in the cell 

concentration, whereas for 450 and 500 mOsm/Kg the impact of the osmolality was more noticeable, inducing a 

decrease of 2 and 4 fold in the peak cell concentrations of mTOR 450 and mTOR 500. For the EV clone, the 

increase in osmolality had a more prominent effect, which caused a decrease in the peak cell concentrations of 

1.9, 3.8 and 7.5 fold in EV 400, EV 450 and EV 500, respectively, in comparison with the clone with no salt addition.  

For the osmolalities of 400, 450 and 500 mOsm/Kg the mTOR clone had approximately 2.3, 2.4 and 2.6 fold higher 

cell concentrations that EV, respectively.  

mTOR 500 and had an average specific growth rate of 0.13 day-1 showing a decrease of 2.8-fold relatively 

to mTOR NS (0.37 day-1), whereas EV 500 had a specific growth rate of 0.09 day-1, showing a decrease of 2.6-fold 

relatively to EV NS. These results are very similar to [39], which reported a 3 fold decrease in the specific growth 

rate of the culture at 500 mOsm/kg (0.15 day-1), relatively to the culture at 300 mOsm/kg (0.46 day-1).  

 The highest antibody titer was reached by EV NS with 415.5 µg/mL (Figure 39), which was 1.4 and 1.2 

fold higher than mTOR NS and mTOR 400. Nevertheless, for the osmolalities of 400, 450 and 500 mOsm/Kg, the 

mTOR clone had end titers 1.3, 1.4 and 1.5 fold higher than EV. Amongst the mTOR clones, mTOR 400 reached 

the highest titer, which was 1.1 fold higher than mTOR NS. In comparison with mTOR NS, mTOR 450 and mTOR 

500 had a productivity decrease of 1.5 and 2 fold, respectively, although mTOR 400 had an increase in 1.1 fold. 

Relatively to the EV clone without salt addition, the productivity of EV 400, EV 450 and EV 500 had a decrease of 

1.6, 2.8 and 4 fold due to the increase in osmolality, respectively. 

 The specific productivities (Figure 66 of Appendix 7.4), in general, were higher for EV and also increased 

in higher osmolalities. EV 500 had the highest average specific productivity (17.5 pcd), which was 2 fold higher 

than EV NS. In comparison to EV NS, the average specific productivities of EV 400 and EV 450 had an increase of 

1.5 and 1.7 fold, respectively.  Regarding the mTOR clones, the highest average specific productivity was 12.2 

pcd of mTOR 500, which was 1.2 fold higher than mTOR NS. mTOR 400 also had an increase of 1.1 fold in specific 

productivity. However, for mTOR 450 the tendency of higher specific productivities with higher osmolalities was 

not verified, since this clone had a decrease of 1.4 fold, relatively to mTOR NS. For the osmolalities of 400, 450 

and 500 mOsm/Kg EV had 1.1, 2.1 and 1.4 fold higher average specific productivities, respectively, in comparison 

to mTOR clones. mTOR NS had, however a 1.2 fold higher average specific productivity than EV NS. Takagi et al. 

[39] reported a 1.4 fold higher specific productivity for the culture at 500 mOsm/kg (3.9 pcd) relatively to the 

one at 300 mOsm/kg (2.9 pcd), which is close to the tendency of the results obtained in this experiment, although 

in [39] the absolute values of the qP were much lower. 

Higher osmolalities resulted in an increase in the cell diameter (Figure 67 of Appendix 7.4), particularly 

noticeable for mTOR 500 (1.2x) and EV 500 (1.1x). This difference in cell diameter between the cell lines cultivated 

with no salt addition and with 500 mOsm/Kg was also verified by [39], although in this case the authors reported 

an increase of 1.52 fold.  

In general, the medium osmolality had an effect in growth and productivity of mTOR and EV cell lines. 

For higher osmolalities, both cell lines had decreasing specific growth rates and increasing specific productivities. 

Takagi et al. [39] and Zhu et al. [40] both reported similar results of cell growth and specific productivity. The 

decreasing specific growth rates for higher osmolalities, may be related to a slowdown in cell metabolism [39], 
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which for this experiment was verified by the slower consumption of glucose (Figure 68 of Appendix 7.4) and 

glutamine (Figure 69 of Appendix 7.4). One of the reasons of increase in specific productivities in clones at higher 

osmolalities may be explained by the higher cell volumes, as reported in [39].  

 Overall, mTOR had better results than EV, which may confirm that mTOR protein has an effect in the 

clone resistance, as reported in [32]. 

4.4.5 Shaker batch experiment 3 

The shaker batch experiment 3 had as a goal the comparison between growth and productivity of mTOR 

89 and EV 511 cultivated in the in-house medium formulation MV3-2/6. 

mTOR 89 had the highest peak cell concentration (8.5x106 cell/mL -Figure 38), which was 1.5 fold higher 

than EV511 (5.8x106 cell/mL).  

Regarding the antibody titers (Figure 39), mTOR 89 (303.8µg/mL) had a slightly higher production than 

EV511 (287.0 µg/mL), although in terms of specific productivity EV had a 2 fold higher average specific 

productivity relatively to mTOR (7.3 pg/c/d compared to 14.5 pg/c/d, respectively).  

In comparison to shaker batch experiment 2, the results were slightly different, although, in theory, both 

experiments were made in the same cultivation conditions. mTOR 89 reached a 1.1 fold higher peak cell 

concentration than mTOR NS for the same experiment time (8 days), whereas for EV there was no difference 

between the values of the two experiments. However, for shaker batch experiment 2 EV NS had a longevity of 

12 days, while in this experiment the clone lasted only 8 days in culture (the same as mTOR). The antibody titers 

(on day 8) were similar for the mTOR clones, whereas EV NS had a slightly higher value (1.1x). The results obtained 

for the specific productivities were opposite in the two experiments, since in batch experiment 2 mTOR NS had 

higher values in comparison with EV NS. The average specific productivities obtained in this experiment were 1.4 

fold lower for mTOR and 1.7 fold higher for EV.   

These results suggest that mTOR has a better performance than EV in terms of growth and productivity 

in the MV medium. Moreover, these results support most of the results obtained with shaker batch experiment 

2 for mTOR NS and EV NS. It is yet unclear why the clones had opposite results for the specific productivities in 

shaker batch experiment 2. 

Relatively to shaker batch experiment 1, which was made in CD-CHO medium, both clones had a slightly 

worst performance in MV3/6-2 medium. mTOR 89 in CD-CHO reached a 1.1 fold higher peak cell concentration 

than mTOR in MV3-2/6, whereas EV had a 1.6-fold higher peak cell concentration in CD-CHO. For shaker batch 

experiment 1 mTOR 89 had a longevity of 9 days, while in this experiment the clone lasted only 8 days in culture. 

EV511 had also a higher longevity in shaker batch experiment 1, 10 days instead of 8. On day 7 the antibody titers 

in shaker batch experiment 1 were already 1.3 fold higher for mTOR 89 and 1.4 fold higher for EV 511 than the 

titers in shaker batch experiment 2 on day 8. The average specific productivity of mTOR 89 was better in CD-CHO 

(1.5x), whereas for EV511 the qP had a higher average in MV-3-2/6 (1.4x).   

These results suggest that both clones have a better performance in CD-CHO than in MV3-2/6 medium, 

which may be due to CD-CHO being a commercial medium of high performance, whereas MV3-2/6 is an in-house 

formulation, which still needs some level of optimization.  
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4.4.6 Bioreactor experiment 1: temperature shift 

The bioreactor experiment 1 has as a goal to investigate the performance of mTOR 89 in comparison to 

EV 511, when a temperature shift from 37 to 34ᵒC was applied.  

Regarding the cell concentration (Figure 43), mTOR had a peak of 5.5x106 cells/mL (at 37ᵒC) and 6.9x106 

cells/mL (with the temperature shift), which was 1.5 and 1.9 fold higher than EV 37ᵒC and EV shift, respectively. 

mTOR shift had a peak cell concentration 1.3 fold higher than mTOR 37ᵒC, whereas EV shift had a similar value 

to EV 37ᵒC.  

 The shift in temperature had an influence in the process longevity (Figure 43), prolonging the 

experiment time from 10 to 13 days, in the case of mTOR, and from 11 to 13 days in the case of EV. 

 The antibody production (Figure 44) was higher for the EV clones and, for both clones, was positively 

influenced by the temperature shift. mTOR 37ᵒC had a final titer of 245 mg/L, 1.3 fold lower than the end titer of 

mTOR shift (328 mg/L), whereas EV 37ᵒC had an end titer of 315 mg/mL, 1.1 fold lower than EV’s shift (347 

mg/mL). In comparison to EV, mTOR 37ᵒC and mTOR shift had 1.3 and 1.1 fold lower end titers, respectively.  

The specific productivity over the whole process (Figure 80 of Appendix 7.6) of mTOR and EV was 1.2 

fold higher at 37ᵒC than with the temperature shift. In both conditions, EV had 1.7 higher specific productivities 

than mTOR.  

The glucose (Figure 82 of Appendix 7.6) and glutamine (Figure 83 of Appendix 7.6) consumption was 

quite similar at 37ᵒC and with the temperature shift for mTOR, whereas in the case of EV the temperature shift 

delayed the glucose consumption 1 day. In both conditions, mTOR exhausted the glucose and glutamine 

concentrations 1 to 2 days earlier than EV. 

Vergara et al. [41] reported that hypothermia influenced growth, productivity and process longevity. 

However, in contrast to what was verified in this experiment, the decrease in temperature resulted in lower 

specific growth rates, which was attributed to a delay in the consumption of carbon sources, and higher specific 

productivities. A review on mild hypothermia on CHO cell productivity [42] also shows a clear correlation 

between a decrease in temperature and the increased specific productivity of recombinant proteins. This was 

suggested to be a consequence of a cell cycle arrest at G0/G1 phase and/or a delay in the apoptosis, caused by 

a delay in signals, associated with the exhaustion of key nutrients. Even though most authors reported opposite 

results to the ones we had, it is also true that the effect of sub-physiological temperatures is variable between 

cell lines, expression systems and the product of interest. [43] 

The low seeding concentration of 3x105 cells/mL may have influenced the results, since by the time the 

shift to 34ᵒC was made most of the nutrients were already totally consumed (Figure 82 and Figure 83 of Appendix 

7.6), particularly for mTOR clones. Therefore, a second experiment was conducted with a higher seeding cell 

concentration as well as an earlier induced temperature shift already on day 1. 

4.4.7 Bioreactor experiment 2: temperature shift 

The bioreactor experiment 2 was similar to bioreactor experiment 1, however this time a seeding 

concentration of 1x106 cells/mL was used and, to prevent an early nutrient exhaustion, the temperature shift 

was induced earlier (on day 1). 
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Similar to the first temperature shift experiment, mTOR shift was once again the clone with highest peak 

cell concentrations (Figure 46) of 4.83x106 c/mL, whereas at 37°C had a peak cell concentration of 5.92x106 c/mL. 

The peak cell concentrations of mTOR shift and at 37°C were 1.5 fold and 1.1 fold higher than EV with the 

temperature shift (3.92x106 c/mL) and at 37ᵒC (4.32x106 c/mL), respectively. The temperature shift had different 

effects in the cell concentration of mTOR and EV – mTOR shift had a higher (1.2x) peak cell concentration than 

mTOR 37ᵒC, whereas EV 37ᵒC had a higher (1.1x) peak cell concentration than EV shift. 

The process longevity (Figure 46) of the mTOR clone wasn’t prolonged by the temperature shift, whereas 

for EV the temperature shift prolonged the experiment time for 3 more days (from 10 to 13 days). This might be 

due to the nutrient consumption (Figure 93 and Figure 94 of Appendix 7.7) of EV being delayed (have a lower 

slope) by the temperature shift, whereas mTOR didn’t suffer any changes.  

EV was able to produce higher antibody titers (Figure 47) than mTOR – 1.4 fold higher at 37ᵒC and 1.1 

fold higher with the temperature shift. As for the cell concentrations, the temperature shift had an opposite 

effect on mTOR and EV, increasing the titer of mTOR (1.2x) and decreasing the titer of EV (1.1x). 

In respect to the overall specific productivities (Figure 91 of Appendix 7.7), EV 37ᵒC had a 1.4 fold higher 

specific productivity than mTOR 37ᵒC and EV shift had a 1.5 fold higher specific productivity than mTOR shift. The 

temperature shift caused a decrease in the overall specific productivity of both EV (1.2x) and mTOR (1.3x). 

This experiment had different results for EV than the ones obtained with bioreactor experiment 1, 

causing a drop in both the cell concentration and the antibody titer, although EV shift had 1.2 fold higher peak 

cell concentration and a 1.1 fold higher end titer than the ones verified in bioreactor experiment 1. This may 

suggest that the timing of the temperature shift - made 1 day after inoculation in this experiment and 4 days 

after inoculation in bioreactor experiment 1 – and also the higher seeding concentration have an effect in the 

results obtained. These results imply that the decrease in temperature have a higher impact in EV than in the 

mTOR clone, which had similar results in both experiments. 

These results have again shown different results to the ones reported in literature [41] and [42], except 

for the growth rate of EV which this time was lower in the shift conditions. The specific productivities of both 

clones was still higher in the standard conditions,  which is contradictory to the  results in literature [41] and [42], 

which have reported that mild hypothermia enhances the specific productivity. 

It is unclear why the results differ from the ones reported in most literature on this subject, however, 

as previously stated, the effect of mild hypothermia is dependent on cell lines, expression systems and the 

product of interest [43]. It is not likely also that this results are related with mTOR pathway, since similar results 

were verified for EV. 

4.4.8 Bioreactor experiment 3: hypoxia conditionns 

The bioreactor experiment 3 has as a goal to investigate the resistance of mTOR 89 in comparison to EV 

511, when subjected to hypoxia in the inoculation day. 

In both conditions, mTOR had a higher peak cell concentration than empty vector, 1.6 fold in standard 

conditions of 21% oxygen and 1.4 fold with 5% oxygen. The hypoxia conditions had a big impact in the cell 
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concentrations, which were much higher in standard conditions, for both clones, with differences of 3.4 fold for 

mTOR and 3 fold for EV. 

Regarding the culture longevity (Figure 50), mTOR had a faster decrease in viability than empty vector. 

Nevertheless, the lower culture longevity of mTOR doesn’t seem to be related with the hypoxia conditions, since 

it was the same also for the standard conditions, with 9 days for mTOR and 10 for EV. 

Regarding the antibody production (Figure 51), in standard conditions, mTOR had a faster production 

rate until day 6 and higher titers until day 8 (1.2x) than EV. However, EV had the highest end titer (203 mg/mL), 

even though it was less than 10% higher than mTOR’s (196 mg/mL). In hypoxia conditions, mTOR, despite its 

lower longevity, reached a similar end titer to EV – 103 mg/mL for mTOR and 101 mg/mL for EV. Both clones had 

approximately 2 fold higher end titers in standard conditions, in comparison with the 5% oxygen. 

In both conditions, EV reached higher specific productivities than mTOR (Figure 102 of Appendix 7.8), 2 

fold higher in standard conditions and 1.2 fold higher in hypoxia. The hypoxia conditions favoured the production 

per cell and, subsequently, resulted in higher specific productivities – 2 fold higher for mTOR and 1.2 fold for EV. 

mTOR had a faster consumption of glucose (Figure 104 of Appendix 7.8) and glutamine (Figure 105 of 

Appendix 7.8), which might be the reason behind its lower longevity. The consumption was delayed by the 

hypoxia conditions, which can be seen by the smaller slopes in the curves regarding the nutrients concentration, 

especially for EV. Interestingly, the mTOR clone in hypoxia conditions had the fastest production of lactate (Figure 

107 of Appendix 7.8) and also reached the highest concentrations of this by-product, although this wasn’t 

reflected in a much higher cell concentration or lower longevity.  

The results suggest that under stress conditions, like hypoxia (with 5% oxygen), mTOR can reach higher 

cell concentrations and similar antibody titers as empty vector, besides latter’s higher process longevity. This 

resistance to hypoxia, which was reflected in higher cell concentrations, was also reported by [32], which verified 

that the clones transiently transfected with mTOR had higher cell concentrations than the CHO-K1 host cell line 

with 1% O2. 

The hypoxia conditions favoured the productivity per cell suggesting that, under stress conditions, the 

clones spend more energy in production. The lower longevity of mTOR may be related with its faster 

consumption of nutrients, which in both conditions had resulted in higher cell concentrations.  
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5 Conclusions  

From the clone screening made in the batch experiment 1, mTOR 89 and EV 511 were selected to proceed 

for further experiments, since they had higher specific productivities and similar behaviours in growth and 

productivity. 

The batch experiment 2 has shown evidence that the mTOR clone has a higher resistance to high osmotic 

pressures (400, 450 and 500 mOsm/Kg), due to its higher peak cell concentrations and titers in comparison to 

EV. 

The bioreactor experiment 1 and 2 showed that the decrease in temperature didn’t influence a significant 

slowdown in the consumption of nutrients, particularly for the mTOR clones, and have resulted in lower specific 

productivities for both clones, in opposite to what was found in most of the literature. 

In bioreactor experiment 3, the mTOR clone showed a higher resistance to hypoxia than EV, reaching higher 

cell concentrations and higher titers. 

In general, the results obtained in this project reinforce the use of mTOR in the pursue of a mammalian 

superproducer. 

Future work include the use of homogeneous clone populations and fed-batch experiments, which can 

prolong the longevity of the experiments and also the activation of mTOR signalling pathway. Also, it would be 

interesting to quantify the expression of mTOR and other proteins in the mTOR signalling patway, such as Akt, 

4EBP, S6K1, TSC and so on. 
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7 Appendix 

7.1 Mini-Batch 1 and 2 

The results obtained with mini-batches 1 and 2 were analysed together, since mini-batch 1 was done only 

with the non-transfected cell line and can be used as a control for mini-batch 2, which used all the mTOR 

transfected clones. 

Figure 55 compares the evolution of the cell concentration and viabilities of the mTOR clones and the 

non-transfected cell line. It can be seen that mTOR 89 and mTOR 97 are the clones that grew to higher cell 

concentrations comparing with the non-transfected cell line (PG9), being mTOR 89 the clone that reaches the 

highest cell concentration. All the other mTOR clones cannot reach higher concentrations than the original PG9. 

mTOR 89 is the clone which maintains a higher viability over the whole experiment, while mTOR 82, although 

being the clone with the highest viability on day 0, reaches the lowest viability over the same period of time and 

it is the one with the most similar behaviour to PG9. All the other clones have a similar behaviour amongst them, 

starting with a lower viability on day 0, but recovering it on day 3.  

 

Figure 55: Evolution of the cell concentration and viability of mTOR clones and the non-transfected PG9 over the time in 
culture. The continuous lines represent the cell concentration and the dashed lines represent the cell viability. 

Figure 56 shows the specific growth rates of the mTOR and the PG9 cell lines. mTOR 89 and PG9 were the 

clones with the highest specific growth rates and mTOR 89 was still growing to higher cell concentrations until 

the last sampling day. 

Figure 57 shows the antibody production over time. mTOR 89 reaches the highest titer, followed by mTOR 

82, which interestingly, according to Figure 55, is one of the clones with the lower cell concentrations. All clones 

have a similar behaviour, except for PG9, which from day 4 to 5 has a more accentuated production, despite its 

descending viability and low increase in cell concentration (Figure 55). 
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Figure 56: Evolution of the specific growth rate of mTOR clones and the non-transfected PG9 over the time in culture. 

 

Figure 57: Evolution of the titer of mTOR clones and the non-transfected PG9 over the time in culture. 

In Figure 58, mTOR 82 and mTOR 96 had higher specific productivities, since they had a relatively higher 

titer (Figure 57) and lower cell concentrations (Figure 55). 

 

Figure 58: Specific productivity (qp) of mTOR clones and the non-transfected PG9. 
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7.2 Mini-batch 3 

 

Figure 59: Evolution of the specific growth rate of mTOR clones, empty vector clones and the non-transfected PG9 over 
the time. 

 

Figure 60: Specific productivities of mTOR clones, EV clones and PG9 over the time intervals (0-n). 
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Figure 61: Evolution of the cell diameter of mTOR clones, empty vector clones and PG9 over the time in culture. 

7.3 Shaker batch experiment 1 

 

Figure 62: Evolution of the specific growth rate of mTOR clones, empty vector clones and the non-transfected PG9 over 
the time. 
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Figure 63: Evolution of the specific productivity of mTOR clones, empty vector clones and the non-transfected PG9 over 
the time. 

 

Figure 64: Evolution of the cell diameter of mTOR clones, empty vector clones and the non-transfected PG9 over the 
time. 
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7.4 Shaker batch experiment 2 

 

Figure 65: Evolution of the specific growth rate of mTOR clones and empty vector clones with no salt addition (NS), 400, 
450 and 500 mOsm/Kg. 

 

Figure 66: Evolution of the specific productivity of mTOR clones and empty vector clones with no salt addition (NS), 400, 
450 and 500 mOsm/Kg. 
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Figure 67: Evolution of the cell diameter of mTOR clones and empty vector clones with no salt addition (NS), 400, 450 and 
500 mOsm/Kg. 

 

Figure 68: Glucose consumption of mTOR and EV with no salt addition (NS), 400 mOsm/kg, 450 mOsm/kg and 500 
mOsm/kg, over the culture time. 

 

Figure 69: Glutamine consumption of mTOR and EV with no salt addition (NS), 400 mOsm/kg, 450 mOsm/kg and 500 
mOsm/kg, over the culture time. 
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Figure 70: Evolution of glutamate concentration of mTOR and EV with no salt addition (NS), 400 mOsm/kg, 450 mOsm/kg 
and 500 mOsm/kg, over the culture time. 

 

Figure 71: Lactate production of mTOR and EV with no salt addition (NS), 400 mOsm/kg, 450 mOsm/kg and 500 
mOsm/kg, over the culture time. 

 

Figure 72: Ammonia production of mTOR and EV with no salt addition (NS), 400 mOsm/kg, 450 mOsm/kg and 500 
mOsm/kg, over the culture time. 
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Figure 73: Nucleus size of mTOR and EV with no salt addition (NS), 400 mOsm/kg, 450 mOsm/kg and 500 mOsm/kg, over 
the culture time. 

 

7.5 Shaker batch experiment 3 

 

Figure 74: Evolution of the specific growth rate of mTOR clones and empty vector clones. 
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Figure 75: Evolution of the specific productivity of mTOR clones and empty vector clones. 

 

Figure 76: Evolution of the cell diameter of mTOR clones and empty vector clones. 

7.6 Bioreactor experiment 1: temperature shift 

 
Figure 77: Evolution of the VCCD of mTOR clones and empty vector clones at 37ᵒC and with the temperature shift to 34ᵒC. 
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Figure 78: Evolution of the specific growth rate of mTOR clones and empty vector clones at 37ᵒC and with the 
temperature shift to 34ᵒC. 

 

Figure 79: Evolution of the specific productivity of mTOR clones and empty vector clones at 37ᵒC and with the 
temperature shift to 34ᵒC. 

 

Figure 80: Specific productivity of mTOR and EV shift and 37ᵒC over the whole process. 
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Figure 81: Evolution of the cell diameter of mTOR clones and empty vector clones at 37ᵒC and with the temperature shift 
to 34ᵒC. 

 

 

Figure 82: Glucose concentration over time for mTOR and EV 37ᵒC and shift. 

 

Figure 83: Glutamine concentration over time for mTOR and EV 37ᵒC and shift. 
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Figure 84: Glutamate concentration over time for mTOR and EV 37ᵒC and shift. 

 
Figure 85: Lactate concentration over time for mTOR and EV 37ᵒC and shift. 

 

Figure 86: Ammonia concentration over time for mTOR and EV 37ᵒC and shift. 
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Figure 87: Nucleus size over time for mTOR and EV 37ᵒC and shift. 
 

7.7 Bioreactor experiment 2: temperature shift 

 
Figure 88: Evolution of the VCCD of mTOR clones and empty vector clones at 37ᵒC and with the temperature shift to 34ᵒC. 

 

Figure 89: Evolution of the specific growth rate of mTOR clones and empty vector clones at 37ᵒC and with the temperature 
shift to 34ᵒC. 

0,0

1,0

2,0

3,0

4,0

5,0

6,0

0 5 10 15

N
u

cl
eo

u
s 

si
ze

 [
µ

m
]

Process Time [d]
mTOR 37°C_G1 mTOR shift_G1 EV 37°C_G1

EV shift_G1 mTOR 37°C_G2 mTOR shift_G2

0

5

10

15

20

25

30

35

40

0 2 4 6 8 10 12 14

V
C

C
D

 [
1

0
6

ce
lls

/m
L]

Process Time [d]

mTOR 37°C mTOR shift EV 37°C EV shift

-2,00

-1,50

-1,00

-0,50

0,00

0,50

1,00

0 5 10 15

µ
 [

d
-1

]

Process Time [d]

mTOR 37°C mTOR shift EV 37°C EV shift



94 
 

 

Figure 90: Evolution of the specific productivity of mTOR clones and empty vector clones at 37ᵒC and with the 
temperature shift to 34ᵒC. 

 
Figure 91: Specific productivity of mTOR and EV at 37ᵒC and with a temperature shift to 34ᵒC over the whole process. 

 

 

Figure 92: Evolution of the cell diameter of mTOR clones and empty vector clones at 37ᵒC and with the temperature shift 
to 34ᵒC. 
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Figure 93: Glucose concentration of mTOR and EV at 37ᵒ and with a temperature shift to 34ᵒC. 

 

Figure 94: Glutamine concentration of mTOR and EV at 37ᵒC and with a temperature shift to 34ᵒC. 

 

Figure 95: Glutamate concentration of mTOR and EV at 37ᵒC and with a temperature shift to 34ᵒC. 
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Figure 96: Lactate concentration of mTOR and EV at 37ᵒC and with a temperature shift to 34ᵒC. 
 

 

Figure 97: Ammonia concentration of mTOR and EV at 37ᵒC and with a temperature shift to 34ᵒC. 
 
 

 

Figure 98: Nucleus size over time for mTOR and EV 37ᵒC and shift. 
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7.8 Bioreactor experiment 3: hypoxia conditions 

 
Figure 99: Evolution of the VCCD of mTOR clones and empty vector clones with 5% O2 and with standard conditions. 

 

 
Figure 100: Evolution of the specific growth rate of mTOR clones and empty vector clones with 5% O2 and with standard 

conditions. 

 
Figure 101: Evolution of the specific productivity of mTOR clones and empty vector clones with 5% O2 and with standard 

conditions. 
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Figure 102: Specific productivity of mTOR clones and empty vector clones over the whole process with 5% O2 and with 
standard conditions. 

 

 
Figure 103: Evolution of the cell diameter of mTOR clones and empty vector clones with 5% O2 and with standard 
conditions. 

 

Figure 104: Evolution of the glucose concentration of mTOR clones and empty vector clones with 5% O2 and with standard 

conditions. 
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Figure 105: Evolution of the glutamine concentration of mTOR clones and empty vector clones with 5% O2 and with 
standard conditions. 

 

Figure 106: Evolution of the glutamate concentration of mTOR clones and empty vector clones with 5% O2 and with 
standard conditions. 

 

Figure 107: Evolution of the lactate concentration of mTOR clones and empty vector clones with 5% O2 and with standard 

conditions. 
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Figure 108: Evolution of the ammonia concentration of mTOR clones and empty vector clones with 5% O2 and with 
standard conditions. 

 

Figure 109: Nucleus size over time of mTOR clones and empty vector clones with 5% O2 and with standard conditions. 
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