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Abstract 

VPREB3 has previously been identified as a useful diagnostic marker, however its precise 

biological function is still unknown. Previous research has attempted to propose a function 

however, due to a lack of phenotype in VpreB3-deficient mice (unpublished) and a lack of 

robust reagents, i.e. monoclonal antibodies recognising VPREB3, it is still unknown. Its 

intracellular localisation and restricted expression have made it difficult to produce large 

amounts of the protein to be used in the production of monoclonal antibodies. This project 

attempted to address the production of soluble protein by creating a vector expressing a 

potentially soluble VPREB3 accomplished by replacement of the protein’s signal peptide 

with that of VPREB1, coupled with a HaloTag. The study sought to express the modified 

VPREB3 coupled with the HaloTag, following different transfection approaches in HEK 293T 

cells, with the HaloTag acting as a proxy for expression. Fluorescent labelling using the 

R110Direct Ligand and fluorescent imaging of the cells detected the expression of the 

HaloTag, indicating HaloTag expression from the transfection vector. However, Sanger 

Sequencing revealed a lack of the modified sequence within the vector and as such a lack of 

VPREB3 expression. The analysis of the data from the images proved a significant difference 

in transfection efficiency between the Invitrogen-7.5 and Alternative-7 methods, at a p = 

0.05 significance level. The findings in this study contribute to the methods required for 

establishing a secretory VPREB3 expression system, which can be used to facilitate 

production of monoclonal antibodies specific for the protein and thereby aid in identifying 

its function. 
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Popular Scientific Summary 

B cells go through multiple stages of development, the first two are called the progenitor 

and precursor B cells, often shortened to pro and pre-B cells. VPREB3 is one of the proteins 

found in these cells. Although VPREB3 and VPREB1 belong to the same family of proteins, 

VPREB1 is expressed on the cell surface forming a pre-B cell receptor together with 

antibody heavy chain and IGLL1, meaning that it is transported to the cell surface, whereas 

VPREB3 remains inside the cell, likely in the endoplasmic reticulum. However, the function 

of VPREB3 remains unknown. The absence of specific and sturdy reagents, and since the 

protein is found intracellularly, has made it hard to purify, therefore, steps were taken to 

identify a way to produce it in a secreted form in large quantities. Proteins which are 

deposited on the cell surface membrane or are secreted have conserved signal peptides. 

These peptides are short chains of amino acids (around 20 aa) which direct the proteins to 

their destinations. Unlike VPREB1, VPREB3 does not appear to be transported to the cell 

surface. Therefore, the signal peptide of VPREB3 was replaced with that of VPREB1. This 

modified VPREB3 was used to create a circular DNA molecule, with a TAG (marker) attached 

to it. This DNA was then used to attempt to produce the protein with the TAG, in human 

embryonic kidney cells, using different methods. A fluorescent molecule that attaches to the 

TAG was added to the cells and images were taken to determine whether the fluorescent 



 

molecule could be observed. In the images, the fluorescent molecule was visible, 

demonstrating that the TAG marker was produced however, sequence analysis showed that 

the modified VPREB3 sequence was not present in the transfection vector. From the images, 

the percentage of fluorescent cells was calculated for each method and a statistics test 

carried out to determine which method led to the highest proportion of cells producing the 

protein.    

  



 

Abbreviations 

aa Amino Acids 

amp Ampicillin 

dH2O Deionised Water 

DH5α E. coli Subcloning Efficiency™ DH5α Competent 

E. coli Cells 

E. coli Escherichia coli 

HEK 293T Human Embryonic Kidney 293T Cell Line 

LB Luria Broth 

LC Ligation Colony 

mVPREB3 Modified pre-B Lymphocyte Protein 3 

mVPREB3-Halo Construct Expressing mVPREB3 Coupled 

with the HaloTag 

NC Negative Control 

NF Nuclease Free 

ORF Open Reading Frame 

pre-B Precursor B cells 

pre-BCR Pre-B cell receptor  

pro-B Progenitor B cells 

RV Recombinant Vector 

SP Signal Peptide 

TBE Tris-Borate-EDTA 

VPREB pre-B Lymphocyte Protein 

 

 



 

Table of Contents 

1 Introduction .................................................................................................................................................................... 1 

2 Aims and Objectives..................................................................................................................................................... 3 

3 Materials and Methods ............................................................................................................................................... 4 

3.1 Digital Construct Creation ........................................................................................................................... 4 

3.1.1 Protein Analysis ............................................................................................................................. 4 

3.1.2 Digital Digestion and mVPREB3 Vector Design ............................................................... 4 

3.2 Cloning the mVPREB3 Vector .................................................................................................................... 4 

3.2.1 mVPREB3 Vector Quantification and DH5α E. coli transformation ........................ 4 

3.2.2 Culturing of Bacteria and mVPREB3 Vector Miniprep Purification ........................ 5 

3.2.3 mVPREB3 Vector Digestion and Gel Electrophoresis.................................................... 5 

3.2.4 mVPREB3 Vector Midiprep Isolation and Digestion...................................................... 5 

3.3 Creating the Transfection Vector ............................................................................................................. 5 

3.3.1 Ligation and Transformation ................................................................................................... 5 

3.3.2 Vector Purification and Validation......................................................................................... 6 

3.4 Transfection Expression Analysis in HEK 293T ................................................................................ 6 

3.4.1 Transfection and Labelling ........................................................................................................ 6 

3.4.2 Two-Way ANOVA ........................................................................................................................... 7 

4 Results................................................................................................................................................................................ 8 

4.1 Digital Construct .............................................................................................................................................. 8 

4.2 Cloning the mVPREB3 Vector ................................................................................................................. 10 

4.2.1 mVPREB3 Vector Quantification and DH5α E. coli transformation ..................... 10 

4.2.2 mVPREB3 Vector Isolation and Digestion ....................................................................... 10 

4.3 Creating the Transfection Vector .......................................................................................................... 11 

4.3.1 Ligation and Transformation ................................................................................................ 11 

4.3.2 Vector Purification and Validation...................................................................................... 12 

4.4 Transfection into HEK 293T Cells and Expression Analysis ..................................................... 13 

4.4.1 Quantification of the difference in transfection efficiency between methods 13 

5 Discussion ..................................................................................................................................................................... 16 

5.1 Digital Construct ........................................................................................................................................... 16 

5.2 Cloning the mVPREB3 Vector ................................................................................................................. 16 

5.3 Creating the Transfection Vector .......................................................................................................... 17 

5.4 Transfection into HEK 293T Cells ........................................................................................................ 18 

6 Conclusion ..................................................................................................................................................................... 19 

7 Ethical Considerations ............................................................................................................................................. 20 

8 Future Perspectives .................................................................................................................................................. 20 

9 AI declaration .............................................................................................................................................................. 21 

10 References ..................................................................................................................................................................... 22 

Appendix 1 – Full VPREB3 and VPREB1 SignalP analysis and the ORF Sequence ..................................... 30 

Appendix 2 – Gel Reaction Components ........................................................................................................................ 31 

Appendix 3 – Alternate-7 Protocol and Complete Culture Media ...................................................................... 35 

Appendix 4 – VPREB3 and VPREB1 Pairwise alignment ....................................................................................... 36 

Appendix 5 – Benchling ........................................................................................................................................................ 37 

Appendix 6 – Quantification Results ............................................................................................................................... 39 



 

Appendix 7 – Mycoplasma Test ......................................................................................................................................... 40 

Appendix 8 – Spark® Cyto (TECAN) Data and Scans .............................................................................................. 41 

 

 



 

  1 

1 Introduction 

The immune system defends the body from foreign substances by recognition and 

elimination of invading pathogens. B lymphocytes are vital to the immune system, 

with their primary role being antibody production. B lymphocytes recognise 

antigens via B-cell receptors, which results in their activation, clonal expansion 

and differentiation into plasma cells producing antibodies against the antigen; the 

antibodies bind to the antigen and neutralise it by different means. The antigen-

antibody complexes act as signals to activate pathways to eliminate the antigens 

and to build long-term immunity (Chaplin, 2010).  

Due to the B lymphocytes vital role in the immune response, their development 

has been studied extensively, although much is still unknown (Hoffman et al., 

2016). B lymphocytes develop from pluripotent haematopoietic stem cells in a 

stepwise manner during which the immunoglobin heavy and light chain genes 

undergo rearrangement. Progenitor (pro) B cells represent the earliest stage of B 

cell development, which develop into precursor (pre) B cells that express a pre-B 

cell receptor (pre-BCR) (Dorshkind, 2000; Licence et al., 2003). The pre-BCR is 

composed of an antibody heavy chain and surrogate light chain, the latter 

comprised of pre-B lymphocyte protein (VPREB) and IGLL1 (λ5 in mice). The pre-

BCR expression confirms the successful rearrangement of the immunoglobin μ 

heavy chain and induces rapid proliferative expansion (Winkler & Mårtensson, 

2018). 

In mice, there are two VPREB genes, VpreB1 and VpreB2 that are 97% identical 

and are expressed in pro- and pre-B cells, with VpreB1 being expressed at higher 

levels (Winkler & Mårtensson, 2018). These proteins are transported to the cell 

surface in the form of a pre-BCR. VpreB3 however, has not been found on the cell 

surface, but rather having been detected in the cell’s endoplasmic reticulum 

(Ohnishi & Takemori, 1994). VPREB3 has been shown to be useful as a diagnostic 

marker in identifying lymphomas, however, it’s function in pro-B and pre-B cells 

is still unclear (Rodig et al., 2010). Shirasawa et al. (1993) speculated that the 

protein may be involved in the transport of the antibody heavy chain, while Wang 

et al. (2012) proposed it might evaluate the compatibility of nascent μ chains with 

light chains, and concluded that further investigation into the VPREB3 protein is 

required. Previous research has attempted to propose a function, however a lack 

of robust reagents, i.e monoclonal antibodies recognising VPREB3 and a lack of 

phenotype in VpreB3-deficient mice, as seen in unpublished lab observations, have 

made it difficult (I. Mårtensson, personal communication, January 2026). 

VPREB3 is expressed throughout B-cell development, in pro-B, pre-B cells, 

immature and mature B cells. However, there are currently no monoclonal 

antibodies available, only polyclonal antibodies that are not as robust and specific 

(I. Mårtensson, personal communication, January 2026). To establish monoclonal 

antibodies would require production of purified VPREB3 that can be used for 

immunisation of mice followed by hybridoma production and testing these for 

binding to VPREB3 (Ansar & Ghosh, 2013). Expressing a secreted form of the 
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protein in Human Embryonic Kidney 293T (HEK 293T) cells could allow for simple 

production of VPREB3 in larger quantities. HEK 293T cells are advantageous as 

they come from humans, meaning that the protein would go through human post-

translational modifications, allowing for protein folding to occur in as close a 

manner as possible to what occurs in human B-lineage cells when expressing 

endogenous VPREB3. The HEK 293T cells also have a high transfection efficiency 

and proliferate rapidly, making them promising candidates for rapid VPREB3 

production (Tan et al., 2021; Zhang et al., 2024). 

To ensure high transfection efficiency and a high frequency of cells expressing 

VPREB3 and, by inference, larger amounts of the protein, performing a method 

comparison of transfection methods and amounts of vector DNA, in the HEK 293T 

cell line would be beneficial.  

In stable cell lines, the transfected genetic material is integrated into the host 

genome which allows for long term expression, however, stable cell lines tend to 

be more time consuming as screening and selection are necessary, the process of 

creating a stable line is usually more complex than that of transient transfection 

(Chong et al., 2021; Fus-Kujawa et al., 2021). In transiently transfected cells, the 

transfected genetic material is not integrated into the host cells genome, but is 

expressed for a short period of time, and is then lost (Juncker et al., 2023; Kim & 

Eberwine, 2010). Due to this nature of transient transfection, screening and clone 

selection is not necessary (Castan et al., 2018). Stable cell lines have been proven 

to produce larger volumes of the desired material, however, due to stable cell lines 

needing screening and close selection steps, transient lines are preferable in short 

term processes, such as pilot studies like this project (Castan et al., 2018; Green et 

al., 2023). 

Choosing the correct expression vector is vital for correct protein expression. 

Further, if the purpose is to express relatively large amounts of protein and there 

is a lack of specific reagents to detect the protein, a TAG can be used as a proxy. 

The choice of TAG is also important, as for example N-terminus fluorescent tags 

can disrupt the signal peptides, since almost all signal peptides are located on the 

N-terminus, and more importantly, can potentially alter how the protein is folded 

(Palmer & Freeman, 2004). Adding a TAG at the C-terminus may therefore be 

advantageous, although this can potentially also alter protein conformation. 

Nevertheless, pFC27A HaloTag CMV-neo is a mammalian expression vector which 

contains bacterial components allowing it to be cloned in E. coli. It contains a 

HaloTag on the C-terminus, which can be used to emit fluorescence using synthetic 

ligands, as well as binding to a resin for efficient protein purification for 

downstream applications (Los et al., 2008).   

Signal peptides have been shown to affect secretion levels of proteins, and it has 

been found that, in proteins with low secretion levels, replacing the signal peptide 

with one from a protein with high secretion, the modification causes increased 

secretion levels in the altered protein (Güler-Gane et al., 2016). Güler-Gane et al. 

(2016) showed that, for proteins that are not secreted in their unaltered state, 

changing the signal peptide can induce secretion. VPREB3 is not a secreted protein 
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but it does contain a signal peptide, replacing this with the signal peptide of a 

secreted protein, such as VPREB1, would theoretically allow secretion of VPREB3.  

B lymphocytes are vital to the immune system and VPREB3, which is expressed 

during B-cell development, has been identified as useful diagnostic biomarker. 

Despite this, its function remains unknown and difficult. A lack of robust 

monoclonal antibodies that specifically identify the protein acts as an important 

reason for this. Since monoclonal antibodies could act as a vital aid in the 

identification of the function of VPREB3, a methodological need for the 

establishing a recombinant expression system to produce detectable, and 

ultimately, secreted, VPREB3, has been identified as potentially valuable to closing 

the current knowledge gap. This project attempts to address this by investigating 

the feasibility of generating, validating and expressing a signal-peptide-modified 

VPREB3 construct, in HEK 293T cells, for the purpose of protein production and 

future monoclonal antibody generation.  

 

2 Aims and Objectives  

The aim of the study was to evaluate the feasibility of generating and validating a 

signal-peptide-modified VPREB3-HaloTag (mVPREB3-Halo) expression construct 

and to assess transfection conditions in HEK 293T cells as a potential platform for 

future recombinant VPREB3 production.  

1 - Design a modified VPREB3 sequence in which the native signal peptide is 

replaced with the VPREB1 signal peptide. 

2 - Clone the modified VPREB3 sequence into a HaloTag-containing mammalian 

expression vector. 

3 - Validate the resulting construct using restriction digestion and Sanger 

sequencing. 

4 - Transfect HEK 293T cells using selected transfection approaches and detect 

HaloTag expression using R110Direct ligand. 

5 - Quantify and statistically compare transfection efficiency between the selected 

approaches. 
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3 Materials and Methods  

3.1 Digital Construct Creation 

3.1.1 Protein Analysis 

EMBOSS-Needle (Madeira et al., 2024) was used to align human  VPREB3 and 

VPREB1. Reactome (Ragueneau et al., 2026) was used to assign signal peptide (SP) 

sequences in the respective proteins, and SignalP 6.0 (Teufel et al., 2022) was used 

for visualisation. The 20 aa SP sequence of VPREB3 was replaced with that of 

VPREB1, and a second replacement was performed with VPREB1’s protein and 5’- 

QP -3’. SignalP analysis was performed on full protein sequences and on the first 

30 amino acids (aa).  

3.1.2 Digital Digestion and mVPREB3 Vector Design 

The pFC27A HaloTag® CMV-neo-Flexi® (pFC27A) Vector (Promega) was selected 

as the final vector to use for transfections. Therefore, the modified VPREB3 

(mVPREB3) was altered to contain SgfI and PmeI restriction sites at the 5’ and 3’ 

ends, respectively, and the stop codon was removed, resulting in the open reading 

frame (ORF) (Appendix 1). Digital digestion and ligation were performed using 

Benchling (Benchling, 2026). The acceptor vector sequence was imported into 

Benchling via its GenBank Accession Number, JN122283, and the ORF as a “New 

DNA Sequence”. The “Digest and Ligate” tool was used, as described (Appendix 5). 

The new reading frame was analysed.  

5 µg of a pMA-T vector containing the ORF, further referred to as the mVPREB3 

vector, was ordered from ThermoFisher.  

3.2 Cloning the mVPREB3 Vector 

3.2.1 mVPREB3 Vector Quantification and DH5α E. coli transformation 

The mVPREB3 vector was reconstituted in 100 µl of nuclease-free (NF) water and 

quantified using the NanoDrop One spectrophotometer (ThermoScientific), which 

was used for all subsequent quantifications. Escherichia Coli (E. coli) Subcloning 

Efficiency™ DH5α Competent Cells (DH5α E. coli) (Invitrogen) were transformed 

with 10 ng of the mVPREB3 vector in 5 µl, per manufacturer's instructions, and 

plated onto Luria Broth (LB) plates containing 100 μg/ml ampicillin (amp) (Sigma-

Aldrich), all subsequent usage of amp are at the same concentration. 100 µl and 

125 µl transformation reactions were spread on two LB antibiotic plates, 

respectively. For a positive control, DH5α E. coli (Invitrogen) was transformed 

with 250 pg of pUC19 in a volume of 2.5 µl, and 100 µl of the reaction was spread 

on an LB antibiotic plate. As a negative control (NC), 100 µl of untransformed DH5α 

E. coli (Invitrogen) was plated on an LB antibiotic plate. 
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3.2.2 Culturing of Bacteria and mVPREB3 Vector Miniprep Purification 

Three colonies were chosen from the mVPREB3 vector plates, labelled mVPREB3 

A-C, and cultured in 5 ml of LB-amp overnight in Falcon tubes, and purified 

following the Wizard® Plus SV Minipreps DNA Purification Systems protocol 

(Promega Corporation, 2024b) for high-copy-number plasmids. One Falcon tube 

containing the LB antibiotic medium without bacteria was incubated as a NC. 

Purified samples were quantified.  

3.2.3  mVPREB3 Vector Digestion and Gel Electrophoresis 

The mVPREB3 vector was digested for each sample following the Flexi® Vector 

Systems protocol (Promega Corporation, 2025) using 200 ng of the mVPREB3 

vector in a 20 µl volume; components are listed in Table 1 (Appendix 2). Digestion 

was confirmed by gel electrophoresis following the Agarose Gel Electrophoresis 

Protocol (Addgene, n.d.). 1% agarose gel was prepared in a volume of 100 ml, using 

1x TBE buffer - diluted from 10X TBE buffer (Bio-Rad) -, and 10 µl of 10,000X Red 

Gel Nucleic Acid Gel Stain (Biotium). 10 µl of Quick-Load® 1kb Plus DNA ladder 

(NEB) was loaded into the first well of every gel and 20 µl of each sample was 

loaded with 1 µl of Gel Loading Buffer (Sigma-Aldrich) per 5 µl of sample. Gels were 

run at 130 V in 1x TBE until the dye line had migrated down ¾ of the gel. Digestion 

troubleshooting was performed by varying the amount of vector, enzyme and 

digestion time in each reaction (Appendix 2). Gels were imaged using the LiCor 

Odyssey® XF Imaging System (LICORbio). A digestion reaction method was 

selected to move forward with. 

3.2.4 mVPREB3 Vector Midiprep Isolation and Digestion 

Two colonies validated in 3.2.2-3.2.3 were chosen, labelled mVPREB3 1 and 2, 

cultured in 50 ml of LB-amp alongside a bacteria-free NC - overnight in glass 

bottles, and purified following the PureYield™ Plasmid Midiprep System protocol 

(Promega Corporation, 2023) for high-copy-number plasmids. Purified samples 

were quantified and validated via gel electrophoresis.  The pFC27A Vector was 

linearised following the Flexi® Vector Systems acceptor C-terminal reaction 

(Promega Corporation, 2025). Multiple mVPREB3 vector digestions were 

subsequently run for insert isolation also cleaved on a UV plate (Boehringer 

Ingelheim Bioproducts). The inserts were purified using the Wizard® SV Gel and 

PCR Clean-Up System (Promega), per manufacturer’s instructions, pooled, and 

quantified.  

3.3 Creating the Transfection Vector 

3.3.1 Ligation and Transformation 

Duplicate ligation reactions were performed following the Flexi® Vector Systems 

(Promega Corporation, 2025) protocol, using 50 ng linearised pFC27A Vector, 100 

ng mVPREB3 fragment, 20 units T4 DNA Ligase and 10 µl Flexi® Ligase Buffer 

(Promega), incubated at room temperature for 1 hour and quantified.  DH5α E. coli 
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(Invitrogen) was transformed per manufacturer’s instructions using two 

conditions per ligation: one using 10 ng and plated at 100 µl and 200 µl onto two 

LB-amp plates; another using 5 µl of undiluted ligation reaction, with 25 µl spread 

onto half an LB-amp plate, respectively. Controls were as described in 3.2.1. The 

plates were incubated overnight at 37°C. Five colonies were identified, streaked 

onto new LB-amp plates, labelled ligation colonies (LC) A-E and incubated 

overnight alongside an empty LB-amp plate as a NC. 

3.3.2 Vector Purification and Validation 

One colony from each LC A-E plate was processed as in 3.2.2 through to vector 

quantification. To confirm insertion of the mVPREB3 fragment, purified samples 

LC A-E were double-digested using XhoI/BglII (NEB) following the protocol from 

NEBCloner (NEB), with digestion time increased to 1 hour and heat inactivation 

omitted. Digested samples were run alongside the NC; undigested sample A 

(Appendix 2, gel 5). Of the five clones, one was considered a ‘true’ clone, henceforth 

referred to as mVPREB3-Halo.  

The corresponding colony was taken through the midiprep and quantification 

process (section 3.2.4) in triplicate.  The XhoI/BglII (NEB) double-digestion was 

repeated on all three replicates, validated by gel electrophoresis (section 3.2.3) 

with digested mVPREB3-Halo as a positive control, undigested mVPREB3-Halo 

vector and digested Halo vector as NC.  

Replicates were diluted to around 60 ng/µl, and 11 µl was sent to ABI 3730 DNA 

Analyzers at Karolinska Institute for Sanger Sequencing using the T7 promoter 

primer; 5’- AATACGACTCACTATAGG -3’. Results were analysed using SnapGene 

Software (Dotmatics, 2026). 

 

3.4 Transfection Expression Analysis in HEK 293T 

3.4.1 Transfection and Labelling 

HEK 293T (ATCC) cells were thawed per the HEK 293T Cell Line Technical Manual 

(ThermoFisher Scientific, 2012a), with centrifugation lowered  to 300 x g. 

Mycoplasma testing was performed using the MycoStrip® Mycoplasma detection 

kit (InvivoGen), per manufacturer's instructions. Cells were cultured in a HERAcell 

II CO2 Incubator (ThermoFisher), at 5.0 % CO2 and 37 °C, in complete culture 

medium: DMEM, high glucose with GlutaMAXTM Supplement and pyruvate (Gibco), 

supplemented with 1 x Penicillin-Streptomycin (10,000 U/ml) (Gibco) to a final 

concentration of 100 U/ml, and 10 % Foetal Bovine Serum (Gibco), heat 

inactivated at 56 °C for 30 minutes. After cell expansion, transfection and labelling 

were performed in a BioWizard Silver SL-200 Class II cabinet (KOJAIR). Prior to 

each transfection, at 70-90% confluence, cells were counted using the LUNA-FX7TM 

Automated Cell Counter (Logos Biosystems). Transfections were performed using 

Lipofectamine™ 3000 and P3000TM Enhancer Reagent (Invitrogen). Four wells 
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per plate of two Costar® 6-Well Plates (Corning) were seeded at 0.5 × 10⁶ cells/ml 

in 1ml per well, with one well per plate designated for NCs.  Plates were labelled 

D1 and D2. Cells were grown to 70 – 90% confluence before transfection. Two 

wells per plate were transfected per manufacturer’s recommendations, using 

either the 3.75 µl or 7.5 µl protocol. The third well was transfected following the 

alternative protocol, previously used in the lab (Appendix 3), the protocols 

differed in that the Invitrogen conditions were performed in wells on adhered 

cells, whereas the Alternate-7 protocol was performed with a 6-hour incubation in 

a shaking incubator on cells in solution in Eppendorf tubes. To maintain consistent 

cell numbers between all conditions, during step 3, cells were detached, pelleted 

at 300 x g for 3 minutes, and resuspended in 1 ml OptiMEM (Gibco), before 

proceeding with step 6. Step 7 was performed at 37 °C and 250 rpm using a PHMT 

Thermoshaker (Grant-bio). Cells were then reseeded in complete medium 

(Appendix 3).  

R110DirectTM Ligand (Promega) was added to the D1 plate one day, and the D2 

plate two days post transfection, using the No-Wash Labelling (Overnight) 

protocol (Promega Corporation, 2024a). The plates were imaged the day after 

labelling, using the Spark® Cyto (TECAN), in Brightfield and Green channels (80 

% LED intensity, 30 µm Focus Offset, 150 ms Exposure Time), 25 fields were 

analysed per well, using the same, manual settings, each time. This was repeated 

three times, each with a different NC: transfected cells without ligand, un-

transfected cells with ligand, and mock-transfected cells (no DNA), with ligand, 

totalling six plates, ending in three biological replicates, and two technical 

replicates per biological replicate.  

3.4.2 Two-Way ANOVA 

Transfection efficiency was analysed from the Spark® Cyto (TECAN) data 

(Appendix 8, Tables 7-10) using GraphPad Prism (GraphPad Software, 2026), with 

conditions labelled Invitrogen-7.5, Invitrogen-3.75, Alternate-7. The proportion of 

R110DirectTM Ligand (Promega) positive cells was calculated for each condition. 

Arcsine square root was used to transform the proportion data, which was the 

dependent variable. A two-tailed ANOVA test was performed on the transformed 

data, and the residuals were tested. The factors of the Anova were the transfection 

method and days post transfection, with the biological replicates, or independent 

transfection rounds, treated as the unit of analysis. A Shapiro-Wilk test was 

performed on the residuals. GraphPad’s inbuilt Spearman’s test for 

heteroscedasticity was consulted.  
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4 Results 

4.1 Digital Construct  

The results of the VPREB3 and VPREB1 alignment (Figure 12, Appendix 4) showed 

that the sequences are only 46.4 % similar. VPREB1 is 22 aa longer than VPREB3. 

According to Reactome, the SP of VPREB3 is 20 aa, and the SP of VPREB1 is 19 aa. 

The ends of the SPs are marked on Figure 12 with red lines. Visual analysis of the 

alignment shows that the sequences appear more closely aligned after the SP. 

Figure 1 shows SignalP analyses of the different sequences. Image A shows the first 

30 aa of VPREB3, and image B of VPREB1. From this, it is evident that there is a 

typical ‘secretory’ SP in VPREB1 but not VPREB3. Image C shows the result of 

VPREB3 with its SP replaced with that of VPREB1, and image D shows the result of 

VPREB3 with its SP replaced with the first 21 aa of VPREB1. The results of full 

sequence analysis are found in Figure 8 (Appendix 1). Based on these analyses, it 

was decided to replace the 20 aa SP of VPREB3 with the 19 aa SP of VPREB1. This 

new mVPREB3 sequence was appended with the restriction enzymes SgfI and 

PmeI, which were used for ligation into the final vector, creating the ORF (open 

reading frame). A digital digestion and ligation were performed with the ORF and 

pFC27A vector to confirm the reading frame, the ligated part of which can be seen 

in Figure 14 (Appendix 5) remains intact and proved successful. The vector 

resulting from the digital digestion can be found in Figure 13 (Appendix 5). The in 

silico design supported the modification of VPREB3 with the VPREB1 SP and 

demonstrated compatibility with the final vector through a preserved reading 

frame, after the confirmation of which, a vector with the ORF was ordered.   
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Figure 1. The results of sequence analysis using SignalP. A and B show the first 30 aa of 

VPREB3 and VPREB1, respectively, with A showing that the probabilities of a classical SP 

being present in VPREB3 are relatively low, and B showing a high probability of a classical 

SP in VPREB1. C shows VPREB3 with VPREB1’s SP, supporting the modification by showing 

a high probability of the classical SP in the modified sequence and D shows VPREB3 with 
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the first 21 aa of VPREB1, indicating that the inclusion of the extra two amino acids would 

lower the probability of a classical SP.  

4.2 Cloning the mVPREB3 Vector 

4.2.1 mVPREB3 Vector Quantification and DH5α E. coli transformation 

After reconstitution and quantification of the mVPREB3 vector (Appendix 6, Table 

6). to produce more plasmid DNA, DH5α E. coli was transformed with the 

mVPREB3 vector. Both the LB-amp plate spread with 100 µl and 125 µl of the 

transformation reaction contained over 250 colonies. The LB-amp plate spread 

with 100 µl of DH5α E. coli transformed with pUC19 contained over 140 colonies 

and the LB-amp plate with untransformed bacteria was empty (Figure 2).  

 

Figure 2. Shows the transformation and control LB-amp plates after overnight growth. 

Plate A contains 100 µl of DH5α E. coli transformed with the mVPREB3 vector and plate C 

contains 125 µl of the same reaction, both plates contain over 250 colonies. Plate B contains 

100 µl of DH5α E. coli transformed with pUC19, showing over 140 colonies and plate D 

shows 100 µl of untransformed DH5α E. coli and no growth. 

4.2.2 mVPREB3 Vector Isolation and Digestion 

From the plates above, three colonies were selected, cultured overnight 

whereafter minipreps were prepared and quantified (Appendix 6, Table 6). To 

ensure the presence of the right size mVPREB3 insert, the DNA was digested with 

SgfI and PmeI enzymes and analysed on 1 % agarose gel. Confirming the presence 

of the right size fragment, midipreps were prepared to ensure sufficient amounts 

of DNA for subsequent restriction digest and gel purification of the insert. Before 

digesting a large amount of DNA, the yield was quantified and the DNA analysed 

by restriction digest to confirm that the insert was present. 

After purifying and quantifying, the mini- and midiprep mVPREB3 A-C, 1 and 2 

(Appendix 6, Table 6) were digested with SgfI and PmeI enzymes. Samples 

digested in accordance with the protocol in the Flexi® Vector Systems protocol 

(Promega Corporation, 2025), showed incomplete digestion of all three samples 

(Appendix 2: Table 1 and Figure 9). Therefore, troubleshooting was performed 

using the miniprep samples (Appendix 2: Tables 1-4, figures 9-11,). This revealed 

A B 

C D 
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that extending the digestion time from 30 minutes to 3 hours, and increasing the 

enzyme volume from 2 µl to 3µl,  resulted in complete digestion with the insert 

band appearing at the expected location for 374 bp (Figure 3) and complete 

digestion of miniprep samples mVPREB3 A and B in lanes three and four, lane five 

contains undigested vector, and lane six shows complete digestion of sample 

mVPREB3 C in the 2x reaction.  

Thereafter, the midipreps were digested and the insert excised and purified. After 

insert purification, the yield was quantified (Appendix 6, Table 6). The purity of 

the insert returned low, with the A280/A230 at 0.13, the concentration was low 

4.9 ng/µl and the yield was 210 ng. Quick-Load® 1kb Plus DNA ladder (NEB) 

                                                       

Figure 3. Shows the results of mVPREB3 3-hour digestion using SgfI/PmeI. Well 1 contains 

Quick-Load® 1kb Plus DNA ladder (NEB). Lanes 3 and 4 contain mVPREB3 samples A and 

B, lane 5 – undigested vector and lane 6 – a 2x mVPREB3 digestion, all digested samples 

show a digested band slightly below the 500 bp mark on the ladder, as expected of a 374 

bp fragment.  

4.3 Creating the Transfection Vector 

4.3.1 Ligation and Transformation 

Once the insert had been quantified, a ligation reaction using the purified insert 

and pFC27A vector was performed to create the final transfection vector, 

mVPREB3-Halo. After ligation, DH5α E. coli was transformed with the ligated 

vector for the purpose of producing more mVPREB3-Halo.  

The ligation reaction quantification measurements are shown in Table 6 

(Appendix 6). Transforming DH5α E. coli with the undiluted ligation reactions 

resulted in five colonies, LC A-E (Figure 4A), whereas transforming with diluted 

ligation reactions yielded zero colonies. DH5α E. coli transformed with pUC19 

contained over 100 colonies (Figure 4B), whereas the plate spread with 100 µl of 

untransformed DH5α E. coli presented with no growth. The plates spread with 
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colonies LC A-E grew in dense streaks, while the empty LB-amp plate had no 

growth.  

 

 

Figure 4. Shows the transformation and control LB-amp plates after overnight growth in 

the images on the left, and streak plates in the image to the right. Plate A is split in half and 

spread with 25 µl, per side, of DH5α E. coli transformed with the undiluted ligation 

reactions, the left side contains only one colony, and the right contains four. Plate B 

contains 100 µl of DH5α E. coli transformed with pUC19 and has over 100 colonies. The 

plates streaked with LC A-E are on the right, alongside an empty LB-amp plate.  

4.3.2 Vector Purification and Validation 

From the smear plates above, 1 colony per plate was selected, cultured overnight 

and minipreps were performed and quantified (Appendix 6, Table 6). To ensure 

the presence of the correctly sized insert, restriction digestions were performed 

using XhoI and BglII and analysed on 1% agarose gels. After confirming the 

presence of the correctly sized insert, midipreps were performed on the selected 

true clone, to ensure sufficient DNA for downstream applications. The midipreps 

were quantified (Appendix 6, Table 6) and verified using the above restriction 

digestion to confirm the presence of the insert prior to transformation. 

The XhoI/BglII double-digestion (Table 5) revealed complete digestion of all five 

miniprep colonies (Figure 5) and the expected fragment size of around 1.5 kbp in 

miniprep sample mVPREB3-Halo D in lane 6, lanes 3-5 and 7 contained mVPREB3-

Halo A-C and E, and undigested vector in lane 8. Thereafter, minipreps of colony D 

were selected for transfection.  

Although the vector procured from colony D was used for transfection, Sanger 

Sequencing later revealed that the plasmid did not contain the mVPREB3 sequence 

but an irrelevant sequence of the same size. As this was unknown at the time, 

transfections were performed and analysed, and although the vector did not 

express mVPREB3, it did express the Halo-TAG.  

 

B 
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Figure 5. Shows the results of the XhoI/BglII double digestion reaction. Lane 1 contains 

Quick-Load® 1kb Plus DNA ladder (NEB). Lane 6 shows mVPREB3-Halo D, with the 

cleaved band at around the expected 1.5 kbp, lanes 3-5 and 7 show mVPREB3-Halo A-C and 

E with the cleaved band around 2 kbp, and lane 8 shows undigested vector.  The gel shows 

that only the mVPREB3-Halo D sample contains a band of the expected 1.5 kbp size, which 

was taken to indicate the presence of the correct insert, although this was later proven false 

by Sanger Sequencing.  

4.4 Transfection into HEK 293T Cells and Expression Analysis 

4.4.1 Quantification of the difference in transfection efficiency between methods 

HEK 293T cells were selected for transfection due to their high transfection 

efficiency and rapid growth. These cells, originally from ATCC, were retrieved from 

a group, in-house, expanded and tested to ensure they were free of mycoplasma, 

using a mycoplasma strip test. As the HEK 293T cells tested negative for 

mycoplasma (Appendix 7, Figure 15), transfections were carried out (3.4.1). One 

and two days post-transfection, the cells were labelled overnight with the 

R110Direct Ligand. Thereafter, they were imaged (Appendix 8, Figures 16-22) to 

determine whether the TAG could be detected (Figure 6), and counted, for 

transfection efficiency quantification (Appendix 8, Tables 7-9).  

Figure 6 shows that the TAG could be detected in the green channel with the green 

fluorescence indicating HaloTag expression and successful transfection. However, 

since the construct did not contain mVPREB3, the fluorescence indicates only the 

presence of the HaloTag-R110Direct ligand and cannot be interpreted as 

mVPREB3-Halo expression. The top two images of Figure 6 show the brightfield 

and green channel images of a D1 Invitrogen-7.5 well from the second replication. 

The brightfield image shows all the cells within the scanned area, and the green 

channel, shows only the fluorescing cells, indicating the presence of the HaloTag. 

The green channel noticeably shows fewer cells than the brightfield, showing that 

not all cells were transfected. The bottom two images show the mock-transfection 

negative control, with the brightfield image showing the presence of cells in the 
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scanned area and the green channel showing a lack of luminescence, indicating 

that all fluorescence seen in transfected cells is a result of the HaloTag-R110Direct 

ligand presence.  

 

Figure 6. Representative brightfield -top right- and green channel -top left- images of HEK 

293T cells transfected with the vector labelled mVPREB3-Halo D, using the Invitrogen-7.5 

protocol, and labelled using the R110Direct ligand on day one post transfection. Green 

fluorescence indicates HaloTag expression in transfected cells. The mock transfection – 

bottom images – shows a lack of detectable fluorescence under the same imaging settings. 

As Sanger Sequencing revealed the lack of VPREB3 presence in the vector, fluorescence is 

indicative of HaloTag expression only, not of mVPREB3-Halo expression.  

The proportion of fluorescing cells per well was used for the arcsine square root 

transformation (Appendix 8, Table 10), to quantify the difference in transfection 

efficiency. A bar graph showing the arcsine square root transformation of the 

proportion of fluorescing HEK 293T cells was created to compare the transfection 

efficiency of the three methods across two days (Figure 7). The error bars, 

representing mean ± SD indicate that there is no difference between the two days, 

but that there is a difference between the Invitrogen-7.5 and Alternate-7 methods. 

The means, calculated from the arcsine transformed data, of the cells labelled one 

day post transfection were as follows; Invitrogen-7.5: 0.118 ± 0.047, Invitrogen-

3.75: 0.110 ± 0.070, Alternate-7: 0.039 ± 0.037. The means of the cells labelled two 
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days post transfection were as follows; Invitrogen-7.5: 0.120 ± 0.013, Invitrogen-

3.75: 0.104 ± 0.050, Alternate-7: 0.048 ± 0.028. For all conditions, n = 3. 

A two-way ANOVA was performed on the arcsine square root transformed data to 

determine whether there was a significant difference in HaloTag expression in 

HEK 293T cells between transfection methods or days. The two-way ANOVA 

showed no significant difference between plates labelled one and two days post-

transfections (p = 0.9300) and showed no significant difference in interaction (p = 

0.9533); however, it did show a significant difference between transfection 

methods (p = 0.0270).  Tukey’s multiple comparisons test revealed a significant 

difference between the Invitrogen-7.5 and Alternate-7 (p = 0.0315) methods, 

while Invitrogen-7.5 vs Invitrogen-3.75 (p = 0.8883) and Invitrogen-3.75 vs 

Alternate-7 (p = 0.0714) showed no significant differences. The Shapiro-Wilk test 

indicated the residuals to be normally distributed (W = 0.9635 p = 0.6705) and, 

using Spearman’s test for heteroscedasticity, no significant heteroscedasticity was 

detected (Rs = -0.1599, p = 0.2631), indicating that the assumptions of the two-

way ANOVA were met.  

  

Figure 7. Comparison of transfection efficiency between Invitrogen-7.5, Invitrogen-3.75 

and Alternate-7 protocols. Values show the arcsine square root transformed proportions 

of R110Direct ligand positive HK 293T cells per condition, labelled on day one and two post 

transfection. Bars represent mean ± SD from 3 different replicates.  
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5 Discussion 

The aim of this project was assessing the feasibility of expressing the B-cell 

associated protein VPREB3 in HEK 293T cells and determining the transfection 

efficiency between approaches. The findings demonstrated that although in silico 

the construct was logical and supportable, and HaloTag transfection was 

measurable using R110Direct ligand detection, allowing for quantification of the 

difference in transfection efficiency between approaches, expression of the 

modified VPREB3 was not achieved due to challenges with digestion and ligation.  

5.1 Digital Construct  

Unlike VpreB1 and VpreB2, which are transported to the surface of the cell, VpreB3 

has been mostly detected in the endoplasmic reticulum of cells in mice, and is not 

expressed on the cell surface (Ohnishi & Takemori, 1994). SignalP analysis of the 

full VPREB3 showed a high probability of SP at the expected location; however, 

when analysing only the first 30 aa, the probability score decreased, as seen in 

Figure 1A and Figure 8E (Appendix 1). Unlike VPREB3, the SignalP probability 

remained high for VPREB1’s SP in both the full analysis and when viewing only the 

first 30 aa, as shown in Figure 1B and Figure 8F (Appendix 1). The weak 

probability of the presence of the VPREB3 SP when analysed in SignalP at the 30 

amino acid level; implies that the SP may not be classical, which is consistent with 

its intracellular location. As such, the SP of VPREB3 was switched out for the SP of 

VPREB1, even though the presence of a SP does not always indicate secretion 

(Nielsen et al., 2019).  

The VPREB3 SP ends with 5’- QT -3’, and the two aa after the SP in VPREB1 are 5’- 

QP -3’, which is a match to 5’- QT -3’ (Appendix 4, Figure 12), implying the two 

sequences are similar at this position. As such, when selecting the new SP sequence 

to append to VPREB3, SignalP scans were performed both with and without the 5’- 

QP -3’ which follows VPREB1’s SP. Figure 1, images C and D, show that when 

VPREB3 was modified with VPREB1’s full SP, the SP probability remained high for 

the signal peptide’s full sequence; however, adding the 5’- QP -3’ to the end of the 

SP disrupted the probability of its presence, so, the sequence without the 5’- QP -

3’ was selected for downstream applications. SgfI and PmeI were chosen as 

restriction enzymes for compatibility with the acceptor vector, and the stop codon 

was removed to allow tag expression, creating the modified VPREB3 sequence 

shown in Appendix 1. Digital digestion and ligation of the modified VPREB3 

sequence with the acceptor vector, shown in Appendix 5, proved that the modified 

sequence was compatible with the vector. The reading frame was preserved and 

no frameshift mutations detected.  

5.2 Cloning the mVPREB3 Vector 

Figure 2 suggests that cloning of the mVPREB3 vector was successful. The NC 

confirmed ampicillin selection and absence of contamination on the plates.  
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Samples are considered pure when the A260/A280 ratio falls around 1.8, and the 

A260/A230 is between 2 and 2.2 (Lucena-Aguilar et al., 2016). The reconstituted 

vector used to transform the DH5α E. coli was pure; however, while the A260/A280 

purity ratios for miniprep samples mVPREB3 A-C were around the desired 1.8, the 

A260/A230 values were below the threshold. The low A260/A230 values suggest the 

presence of contaminants such as organic compounds, possibly due to insufficient 

washing or residual ethanol after washing (Russo et al., 2022). Purity ratio values 

improved for the midiprep, and both mVPREB3 1 and 2 fell within the ranges 

expected of pure samples.   

Digestion of the mVPREB3 vector per protocol resulted in incomplete digestion, 

requiring troubleshooting. The first few gels showed that digestion was 

incomplete, so mVPREB3 could not be seen, or was too faint to purify. Increasing 

enzyme volume led to more digested sample appearances; however, the samples 

were still not completely digested. Increasing the digestion duration produced 

digestions that appeared more complete and provided an mVPREB3 band that was 

more visible and thus cleavable, so, the 3-hour digestion with 3 µl of enzyme was 

selected for downstream applications. Gel four, seen in Figure 3, validated this new 

digestion reaction, proving a 2x reaction was unsuitable, as the mVPREB3 band of 

the 2x reaction was visibly fainter than that of the 1x reactions. Multiple gels 

presented with smeared and diffused bands, the ThermoFisher Scientific (n.d.) gel 

troubleshooting guide attributes this to overloading of the wells or running the gel 

at too high a voltage, preventable by loading less sample and running the gels 

slower for longer. 

5.3 Creating the Transfection Vector 

Quantification of the mVPREB3 fragment showed low purity ratios and low 

concentration. Arslan et al. (2021) showed concentrating samples can lead to more 

intense bands, while diluting samples can lead to fainter bands. If lower sample 

concentrations lead to less intense bands, less intense bands can be inferred to 

contain lower sample amounts (Johnson et al., 2004; ThermoFisher Scientific, n.d.). 

As the mVPREB3 insert is only 376 bp long, and most gel bands were relatively 

faint, low post-purification concentration was expected.   

The Wizard® SV Gel and PCR Clean-Up System protocol (Promega Corporation, 

2024c) calls for fragments to be excised in as small a gel volume as possible; 

however, since UV light damages DNA, and multiple bands required excision, the 

mVPREB3 fragment bands were excised quickly, leading to larger than desired gel 

fragments (Gründemann & Schömig, 1996). This may have left excess agarose in 

the sample post-purification, affecting the A260/A230 ratio. Repeating wash steps 

may have helped address this. Alternatively, viewing and excising the fragments 

under a blue light transilluminator would decrease DNA damage by removing UV 

exposure and allow for more precise excision (ThermoFisher Scientific, 2012b). 

Another potential cause of the low ratio could be guanidine isothiocyanate, a salt 

component of the gel cleanup kit, or residual ethanol, which, per protocol, could be 

addressed by ethanol-precipitation of the DNA (Promega Corporation, 2024c; 



 

  18 

Russo et al., 2022). A low A260/A280 purity ratio is considered to indicate protein 

contamination (Poovakka et al., 2018). However, this is unlikely in a sample 

purified from an agarose gel, and both guanidine isothiocyanate and residual 

ethanol have been shown by Oxford Nanopore Technologies (n.d.) to cause low 

A260/A280 values even if they mainly act on the A260/A230 ratio. If the contamination 

is due to proteins, proteins can interfere with downstream applications such as 

ligations (Rezadoost et al., 2016).  

The atypical ligation reaction purity ratios were likely artificially high due to buffer 

presence (Koetsier & Cantor, 2019). The impure mVPREB3 fragment and its low 

concentration likely impacted the ligation reaction, especially since salt 

contaminants can inhibit T4 DNA ligase activity, likely explaining the low 

transformation efficiency was low and why only five colonies grew (ThermoFisher 

Scientific, 2026b). Additionally, agarose contamination, and UV damage to the 

mVPREB3 fragment  are possible causes of low transformation efficiency 

(Gründemann & Schömig, 1996; Sloan et al., 2021).   

Samples LC A-E showed A260/A280 and A260/A230 ratios similar to the mVPREB3 A-

C samples, likely for the same reasons, and the midiprep samples were again pure. 

Digestion of miniprep samples LC A-E showed that of the five colonies which grew 

on the transfection plates, and were spread on new plates, only colony D contained 

an mVPREB3 fragment of the expected length. A potential cause of only one colony 

presenting as a true clone could be blunt end ligation. While Sgfi leaves sticky ends, 

both PmeI and EcoICRI leave behind blunt ends. Since SgfI leaves sticky ends, 

directional cloning was expected, with the PmeI blunt end on the mVPREB3 

fragment ligating to the EcoICRI blunt end of the acceptor vector; however, as seen 

in Figure 5, the blunt ends led to double insertion instead.  

Sanger sequencing ultimately proved the vector created through insert 

purification and ligation to the pFC27A vector did not contain mVPREB3, likely 

caused by compounding issues. Potential damage from excising insert fragments 

on a UV plate, even done as quickly as possible, combined with the low 

concentration and probable agarose presence in the purified insert, likely 

coalesced into DNA mutations and incorrect ligation. Due to time constraints, 

Sanger Sequencing results returned after transfections were already performed. 

Although this means the aim could not be fully achieved, the project still presented 

useful information by identifying vulnerabilities within the methodology and the 

practical barriers to cloning a small insert.  

5.4 Transfection into HEK 293T Cells 

As described by Nikfarjam & Farzaneh (2012), mycoplasma is a bacterium without 

a cell wall which contaminates cell cultures and is almost impossible to eliminate. 

Mycoplasma contamination can cause, among others, abnormalities in cell growth, 

faster consumption of cell media, eukaryotic DNA and RNA degradation and loss 

of cell cultures. Results from cultures contaminated by mycoplasma cannot be 

viewed as reliable, due to the changes the contamination induces in the cells. The 
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HEK 293T cells used for this project tested negative for mycoplasma, so the results 

and conclusions drawn from them are not affected by abnormal conditions.  

Figure 6 shows that the R110DirectTM Ligand, which binds the expressed HaloTag, 

can be detected using the green channel on the Spark ® Cyto (TECAN). Since the 

culture media to which the ligand was added was replaced prior to imaging, 

fluorescing HEK 293T cells can be summarised as actively expressing the HaloTag, 

though it is now confirmed they are not expressing mVPREB3.  

The two-way ANOVA revealed a significant difference in transfection efficiency 

between transfection methods, with Tukey’s multiple comparisons test showing a 

significant difference between the Invitrogen-7.5 and Alternate-7 methods (p = 

0.0315) at the 0.05 significance level. At the p = o.10 level, there would also be a 

difference in transfection efficiency between the Invitrogen-3.75 and Alternate-7 

methods (p = 0.0714) but not between the two Invitrogen methods (p = 0.8883). 

Since the assumptions of a two-way ANOVA were met, the results can be 

considered statistically valid; however, as a pilot study, this project contains a 

relatively small sample size, with only three biological replicates per condition, 

which may decrease statistical power. The two-way ANOVA showed the optimal 

conditions for transfection; however, this may not necessarily indicate optimal 

conditions for future VPREB3 secretion, as, although Lipofectamine 3000 is, 

according to ThermoFisher Scientific (2026a), their gentlest transfection reagent, 

it still remains at least somewhat cytotoxic, so a lower reagent volume may result 

in more favourable conditions for future VPREB3 secretion.  

6 Conclusion 

The aim of this project was assessing the feasibility of expressing the B-cell 

associated protein VPREB3 in HEK 293T cells and determining the transfection 

efficiency between approaches. Due to the relatively small size of 376 base pairs 

of the VPREB3 modified with the SP of VPREB1, acquiring a practical volume of the 

mVPREB3 fragment proved challenging, and creating an mVPREB3-Halo vector 

expressing mVPREB3 coupled with the HaloTag ultimately proved unsuccessful. 

Nevertheless, HEK 293T expression of the created vector, using different 

transfection approaches, was successful, with HaloTag detection confirming 

transfection. Comparison of transfection efficiency across different transfection 

approaches was quantified using a two-way ANOVA, revealing a significant 

difference between the Invitrogen-7.5 and Alternate-7 method, at p = 0.05. An 

exploratory trend was noted at p = 0.10, with a difference also observed between 

the Invitrogen-3.75 and Alternate-7 method. There was no significant difference 

between the two Invitrogen conditions. These findings were limited by multiple 

key details, including the small sample size of only 3 biological replicates and the 

failure to ligate VPREB3 into the final construct, however they  show that despite 

challenges leading to failure in expressing the target protein, the study overall 

revealed valuable information, and partially fulfilled the project’s aim, informing 

future methodological choices for further research, although going forward, 
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Sanger sequencing should be performed prior to transfection, and conditioned 

media should be tested for secretion via a protein-level validation assay. 

This project did not produce VPREB3 and as such did not solve the lack of VPREB3 

monoclonal antibodies; however, it did validate a potential method for the 

production of the protein, and identified methodological barriers which need to be 

overcome before production of large quantities of the protein, and thereafter of 

the monoclonal antibodies, can commence.  

7 Ethical Considerations 

Ethical approval from a committee is not necessary for this project. Human 

biological materials, such as the HEK 293 cells, will be used during this study and, 

according to the Guide to the Ethical Review of Research on Humans (Görman, 

2023) ethical approval is required if the biological material can be linked to a 

person, however, the biological materials which will be used for this study are 

commercially available and as such, cannot be sourced back to a specific person. 

Since the materials cannot be linked to a person, ethical approval for this aspect of 

the study is not required.  

The use of animals within bioscience studies falls under strict ethical guidelines 

within the European Union. Animals, specifically VPREB3 knockout mice, will be 

immunised using the VPREB3 protein expressed using methods informed by this 

study; however, the animal work will be performed exclusively by a licensed 

external provider, who holds the necessary ethical approval. The author will not 

participate in any procedures performed on the mice. Therefore, the procedures 

performed on the mice fall outside the ethical scope of this project, and ethical 

approval is not required for the methods and work to be performed by the author 

as part of this study. 

Monoclonal antibodies against VPREB3 may lead to further understanding of B 

lymphocytes and thus the immune system, and to more accessible research tools.  

Although Rodig et al. (2010) do not mention sex differences when discussing the 

use of VPREB3 as a diagnostic marker, studies have shown that lymphomas are 

more prevalent in men, which is something that should be considered in future 

studies into the subject (Radkiewicz et al., 2023). Nevertheless, VPREB3 related 

tools should be applicable to research into immune biology across all patient 

groups as B-cells are vital to the immune system regardless of sex.  

 

8 Future Perspectives 

The modified VPREB3 sequence created in this project should be secretory. The 

next step would be to verify that it can be inserted into the pFC27A vector, and that 

it is secretory, as this would allow easy large-scale production of VPREB3. 
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Alterations to the cloning methodology, especially adjusting the fragment isolation 

step, could improve likelihood of successful vector creation. 

Polyclonal VPREB3 antibodies are commercially available, however, these 

antibodies are often broad-reacting, making them incompatible with investigation 

directly into VPREB3 due to the risk of cross-reactivity with the other VPREB 

proteins (Frank, 2002). Therefore, monoclonal antibodies, which only react to the 

target protein, are necessary to investigate VPREB3 (Jalalizadeh et al., 2023). 

However, while these antibodies are commercially available, they are frequently 

expensive, supplied in limited volumes, or, as seen on the ThermoFisher VPREB3 

monoclonal antibodies, marked for, research use only, typically only for Western 

Blot or Elisa tests. Generation of antibodies against low expressing proteins is 

difficult, as a minimum of one microgram of the purified protein is necessary for 

the process (Chambers & Johnston, 2003). Since VPREB3 is not commonly used for 

research, and expressed in small quantities in B-cells, the generation of 

monoclonal antibodies against it both difficult and niche, which explains the 

limited availability of the antibodies. Due to this, novel methods of monoclonal 

VPREB3 antibody generation are needed.  

If monoclonal antibodies generated against VPREB3 expressed in HEK 293T 

successfully reacted against the VPREB3 protein expressed in B-cells without cross 

reacting, it would allow for simpler generation of antibodies for the protein, 

permitting further investigation into VPREB3 at a cheaper cost and with easier 

access to the necessary reagents. This would facilitate more studies into the 

currently unknown function of VPREB3 in early B-cell development and contribute 

to a broader understanding of pre-B cell receptor biology. 

9 AI declaration 

For the purposes of this project, Grammarly (Grammarly, 2026) has been used to 

check the spelling, punctuation and grammar of the text, and Claude Sonnet 4.6 

(Anthropic, 2026) has been used to aid in the shortening of the Materials and 

Methods (Section 3). 
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Appendix 1 – Full VPREB3 and VPREB1 SignalP analysis and the ORF 

Sequence   

 

Figure 8. SignalP analysis images E, and F, showing the results of full sequence analysis, with E 

showing VPREB3 and F showing VPREB1, although only the first 70 aa can be seen. 

 

The ORF sequence:  

5’ -
GCGATCGCCATGTCCTGGGCTCCTGTCCTGCTCATGCTGTTTGTCTACTGCACAGGTTGTGGTC

CTGTCCTGGCCCAGCTGGATGCACTGCTGGTCTTCCCAGGCCAAGTGGCTCAACTCTCCTGCAC

GCTCAGCCCCCAGCACGTCACCATCAGGGACTACGGTGTGTCCTGGTACCAGCAGCGGGCAGGC

AGTGCCCCTCGATATCTCCTCTACTACCGCTCGGAGGAGGATCACCACCGGCCTGCTGACATCC

CCGATCGATTCTCGGCAGCCAAGGATGAGGCCCACAATGCCTGTGTCCTCACCATTAGTCCCGT

GCAGCCTGAAGACGACGCGGATTACTACTGCTCTGTTGGCTACGGCTTTAGTCCCGTTTAAAC – 

3’ 
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Appendix 2 – Gel Reaction Components 

Table 1. Gel 1 - Following Flexi® Vector Systems protocol (Promega Corporation, 2025) 

    

Well Sample Sample 

Volume 

(ng) 

Flexi ® 

Enzyme 

Blend 

(SgfI & 

PmeI) 

(Promega) 

(µl) 

5X Flexi ® 

Digest 

Buffer 

(Promega) 

ul 

NF water 

to a 

volume 

of (µl) 

Digestion 

time 

(hrs) 

1 Quick-

Load® 1kb 

Plus DNA 

ladder 

(NEB) 

500     

3 mVPREB3 A 200 ng 2 4 20 0.5 

4 mVPREB3 B 200 ng 2 4 20 0.5 

5 mVPREB3 C 200 ng 2 4 20 0.5 

 

 
Figure 9. Images of gel 1 showing incomplete digestion of all samples. The image was taken using the 
LiCor Odyssey ® XF Imaging System (LICORbio). 

 
 
Table 2. Gel 2 - Enzyme to Vector Ratio Changes    

Well Sample Sample 

Volume 

(ng) 

Flexi ® 

Enzyme 

Blend (SgfI 

& PmeI) 

5X Flexi ® 

Digest 

Buffer 

(Promega) 

ul 

NF 

water to 

a 

volume 

of (µl) 

Digestion 

time (hrs) 
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(Promega) 

(µl) 

1 Quick-

Load® 1kb 

Plus DNA 

ladder (NEB) 

500     

3 mVPREB3 C 500 4 4 20 0.5 

4 mVPREB3 C 200 4 4 20 0.5 

5 mVPREB3 C 500 2 4 20 0.5 

6 mVPREB3 C 200 2 4 20 0.5 

 

 

Figure 10. Images of gel 2, showing incomplete digestion of all samples, listed in table 2, with a thick 
faint, almost smear like, band at the expected insert location. The image was taken using the LiCor 
Odyssey ® XF Imaging System (LICORbio) 
 
 

Table 3. Gel 3 - Enzyme to Vector Ratio Change, Digestion Time Change  

  

Well Sample Sample 

Volume 

(ng) 

Flexi ® 

Enzyme 

Blend 

(SgfI & 

PmeI) 

(Promega) 

(µl) 

5X Flexi ® 

Digest 

Buffer 

(Promega) 

ul 

NF 

water to 

a 

volume 

of (µl) 

Digestion 

time 

(hrs) 
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1 Quick-Load® 

1kb Plus DNA 

ladder (NEB) 

500     

3 mVPREB3 C 200 3 4 20 3 

4 mVPREB3 C 200 0 4 20 3 

 

 

Figure 11. Images of gel 3, showing complete digestion of sample C, with a with a faint band at the 
expected insert location. The image on the left is an image taken using the LiCor Odyssey ® XF 
Imaging System (LICORbio), and on the right an image taken with the gel viewed under a UV light. 
 

Table 4. Gel 4 - Sample A and B confirmation, Double Volume Test 

Well Sample Sample 

Volume 

(ng) 

Flexi ® 

Enzyme 

Blend (SgfI 

& PmeI) 

(Promega) 

(µl) 

5X Flexi ® 

Digest 

Buffer 

(Promega) 

ul 

NF 

water to 

a 

volume 

of (µl) 

Digestion 

time (hrs) 

1 Quick-

Load® 1kb 

Plus DNA 

ladder (NEB) 

500     

3 mVPREB3 A 200 3 4 20 3 

4 mVPREB3 B 200 3 4 20 3 

5 mVPREB3 A 200 0 4 20 3 

6 mVPREB3 C 400 6 8 40 3 
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Table 5. Gel 5 - True Clone Identification from Miniprep Culture Samples 

Well Sample Sample 

Volume 

(ng) 

XhoI 

(NEB) 

(units) 

BglII  

(NEB) 

(units) 

10X 

NEBBuffer 

r3.1 (NEB) 

(µl) 

NF 

water 

to a 

volume 

of (µl) 

Digestion 

time 

(hrs) 

1 Quick-

Load® 1kb 

Plus DNA 

ladder 

(NEB) 

500      

3 LC A 1000 20 10 5 50 1 

4 LC B 1000 20 10 5 50 1 

5 LC C 1000 20 10 5 50 1 

6 LC D 1000 20 10 5 50 1 

7 LC E 1000 20 10 5 50 1 

8 Undigested 

LC C 

200      
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Appendix 3 – Alternate-7 Protocol and Complete Culture Media 

 

The alternative protocol used, labelled Alternate-7 is:  

HEK Transfection 

1. Prepare the following mixes: 

(A) Add 7µl of Lipofectamin 3000 to 125µl of OptiMEM media (no additions) for each 

condition 

(B) Add DNA (1µg) and P3000 Reagent (2µl) to OptiMEM media 

2. Mix (A) and (B) for each condition. Mix properly and incubate for 15 min at RT 

3. Detach HEK cells, spin down and resuspend in 4mL of OptiMEM media 

4. Dilute 1:100 and count 

5. Prepare 1*10^6 cell/mL cell solution (1 mL per condition) 

6. Mix 1mL cell solution with respective mix of (A+B) 

7. Incubate for 6h in shaking incubator 37C and 180rpm 

8. Seed into 6 well plate in complete culture media 
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Appendix 4 – VPREB3 and VPREB1 Pairwise alignment 

 
 
Figure 12. An image of the Emboss-Needle Pairwise alignment of VPREB1 and VPREB3 with the ends 
of the SP’s marked using red lines.  
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Appendix 5 – Benchling 

The acceptor vector sequence was imported into Benchling via its GenBank Accension 

Number, JN122283, using the “Import DNA/RNA Sequences” function. The ORF was 

imported into Benchling as linear DNA using the “New DNA/RNA Sequence” function. After 

both sequences were imported, the “Assembly wizard” was opened from the “Assembly” 

menu, and “Digest and Ligate” was selected. The acceptor vector sequence was opened, and 

“Backbone” was selected in the “Preview” menu of the “Assembly wizard”.  The enzymes 

SgfI and EcoICRI were “shift” selected from the sequence map, and the sequence was 

inverted so that the 6140 bp fragment was selected, which was then set as the backbone 

using “Set from Selection”. The ORF sequence was then opened, and the process was 

repeated, using the SgfI and PmeI enzymes, and selecting the 374 bp fragment, and the 

ligation was performed.   

 

 

 
Figure 13. An image of the pFC27A vector digitally ligated with the ORF, created using Benchling.   
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Figure 14. A screenshot of the ORF sequence inserted into the pFC27A vector. The SgfI cut site, which 
remains intact, is highlighted. The PmeI/EcoICRI digestions are blunt ended and neither remains post 
ligation.  
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Appendix 6 – Quantification Results 

Table 6. Contains quantification results for all samples measured in this project.  

Sample A260/A280 A260/A230 Concentration 

ng/µl 

Reconstituted 

mVPREB3 

1.90 2.07 58.1 

mVPREB3 A 1.83 1.48 53.3 

mVPREB3 B 1.84 1.46 45.5 

mVPREB3 C 1.87 1.60 89.1 

mVPREB3 1 1.88 2.09 228.5 

mVPREB3 2 1.88.2 2.06 254.2 

Purified insert 1.69 0.13 4.9 

Ligation 1 3.17 2.82 518.1 

Ligation 2 3.08 3.18 509.8 

LC A 1.83 1.51 106.3 

LC B 1.83 1.43 91.0 

LC C 1.83 1.42 102.2 

LC D 1.82 1.37 86.5 

LC E 1.83 1.46 100.2 

mVPREB3-

Halo 1 

1.91 2.14 330.2 

mVPREB3-

Halo 2 

1.92 2.20 325.1 

mVPREB3-

Halo 3 

1.92 2.23 348.8 
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Appendix 7 – Mycoplasma Test 

  
Figure 15. The MycoStrip® Mycoplasma detection kit result. The left is the positive control, and the 
right is the negative result of the HEK 293T cells used for this project.   
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Appendix 8 – Spark® Cyto (TECAN) Data and Scans 

 

Table 7. Tansfection Replicate 1 Spark® Cyto (TECAN) cell counts  

Method Day Brightfield Green 

Channel 

Transfected 

no ligand 

1 44393 33 

Invitrogen-

7.5 

1 42557 3553 

Invitrogen-

7.5 

2 26679 2826 

Invitrogen-

3.75 

1 26685 837 

Invitrogen-

3.75 

2 37225 1697 

Alternate-7 1 26685 1817 

Alternate-7 2 15361 251 

      

     

Table 8. Tansfection Replicate 2 Spark® Cyto (TECAN) cell counts   

Method Day Brightfield Green 

Channel 

Un-

transfected, 

with ligand  

1 99663 65 

Invitrogen-

7.5 

1 66989 11375 

Invitrogen-

7.5 

2 33023 4339 

Invitrogen-

3.75 

1 89892 14635 



 

  42 

Invitrogen-

3.75 

2 14075 1900 

Alternate-7 1 16961 1380 

Alternate-7 2 19858 1379 

  

     

Table 9. Tansfection Replicate 3 Spark® Cyto (TECAN) cell counts  

    

Method Day Brightfield Green 

Channel 

Mock-

transfected, 

with ligand  

1 69393 43 

Invitrogen-

7.5 

1 32138 3161 

Invitrogen-

7.5 

2 45666 5546 

Invitrogen-

3.75 

1 49745 6686 

Invitrogen-

3.75 

2 65830 8524 

Alternate-7 1 22504 322 

Alternate-7 2 81778 4832 

 

Table 10. The calculated percentage of green cells per condition, and the corresponding arcsine 

square root value.  

Sample Day Green 
probability 

sin⁻¹(√p) 

Invitrogen-
7.5 

Day-1 0.083 0.084 

Invitrogen-
7.5 

Day-1 0.170 0.171 
 

Invitrogen-
7.5 

Day-1 0.098 0.099 

Invitrogen-
7.5 

Day-2 0.106 0.106 
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Invitrogen-
7.5 

Day-2 0.131 0.132 
 

Invitrogen-
7.5 

Day-2 0.121 0.122 

Invitrogen-
3.75 

Day-1 0.031 0.031 

Invitrogen-
3.75 

Day-1 0.163 0.164 

Invitrogen-
3.75 

Day-1 0.134 0.135 
 

Invitrogen-
3.75 

Day-2 0.046 0.046 

Invitrogen-
3.75 

Day-2 0.135 0.135 

Invitrogen-
3.75 

Day-2 0.129 0.130 

Alternative-
7 

Day-1 0.020 0.020 

Alternative-
7 

Day-1 0.081 0.081 

Alternative-
7 

Day-1 0.014 0.014 

Alternative-
7 

Day-2 0.016 0.016 
 

Alternative-
7 

Day-2 0.069 0.069 

Alternative-
7 

Day-2 0.059 0.059 
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The green channel images in this Appendix have had their contrast and exposure edited so 

that the fluorescence can be seen. This is due to compression of the images distorting the 

fluorescence and the original images being too large to include in a word document without 

the file corrupting.  

 

Figure 16. The brightfield (right) and green channel (left) scans of the mock-transfection NC. The top 

two images are of transfected cells with no ligand; the middle two images are of un-transfected cells 

with ligand added and the bottom two images are of the mock-transfection with ligand added. The 

green channel images show no fluorescence.  
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Figure 17. The brightfield (right) and green channel (left) scans of the first transfection, Day-1. The 

top two images are from the Invitrogen-7.5 method, the middle two are from the Invitrogen-3.75 

method and the bottom two are from the Alternative-7 method. 
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Figure 18. The brightfield (right) and green channel (left) scans of the first transfection, Day-2. The 

top two images are from the Invitrogen-7.5 method, the middle two are from the Invitrogen-3.75 

method and the bottom two are from the Alternative-7 method. 
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Figure 19. The brightfield (right) and green channel (left) scans of the second transfection, Day-1. 

The top two images are from the Invitrogen-7.5 method, the middle two are from the Invitrogen-3.75 

method and the bottom two are from the Alternative-7 method. 
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Figure 20. The brightfield (right) and green channel (left) scans of the second transfection, Day-2. 

The top two images are from the Invitrogen-7.5 method, the middle two are from the Invitrogen-3.75 

method and the bottom two are from the Alternative-7 method. 
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Figure 21. The brightfield (right) and green channel (left) scans of the third transfection, Day-1. The 

top two images are from the Invitrogen-7.5 method, the middle two are from the Invitrogen-3.75 

method and the bottom two are from the Alternative-7 method. 
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Figure 22. The brightfield (right) and green channel (left) scans of the first transfection, Day-2. The 

top two images are from the Invitrogen-7.5 method, the middle two are from the Invitrogen-3.75 

method and the bottom two are from the Alternative-7 method. 

 


