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ABSTRACT 
 
The Signalosome is a term used to define a putative signalling complex, which assembles 

near the plasma membrane in response to external signals received at cell surface receptors 
and then migrates towards downstream effectors. It is proposed to regulate the level of 
intracellular Ca2+ and subsequent downstream signalling events. To date it has been defined to 
consist of BTK, BLNK, BCAP, VAV, PLCγ2 and PI3K1-4 in B-Cells. 

This work entailed initiating a new proteomic approach to investigate the nature and extent 
of Bruton�s tyrosine kinase, Btk, involvement in the signalosome � inherently, the aim was to 
study multiple interactions of Btk with other molecules. By transfecting host cells with a Btk 
gene-transfer plasmid, virus particles were produced that were used to up-regulate and analyse 
the expression of Btk in three haematopoietic cell lines: B-cells, Pre-B-cells and a myeloid 
cancer cell. The construction of a new gene-transfer vector was successfully carried out by 
plasmid sub-cloning and it was subsequently found to effectively transfect the host cells and 
produce virus particles. The recombinant virus particles were employed with success in 
transducing three haematopoietic cell lines and with immunopurification and subsequent gel 
separation protein signalosome complexes were obtained ready for analysis by mass 
spectrometrical fingerprinting (to be carried out as a joint effort in Mount Sinai Hospital in 
Toronto, Canada). 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 

 

Life is far too important a thing ever to talk seriously about.  
Oscar Wilde 
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BACKGROUND 
Btk and the Signalosome 

Btk, a cytoplasmic tyrosine kinase, is a key player in the development of B-lymphocytes. It 
has been shown to be the main genetic factor behind the primary immunodeficiency, X-linked 
agamma-globulinemia. The Btk gene, when mutated, arrests the development of B-
lymphocytes between the pro- and the pre-B-cell stage5. Since its discovery in 1993 the 
structure of Btk has been determined and, although quite a lot has been learned in the past 
decade about the nature of B-cell signalling, the role of Btk in this pathway remains poorly 
understood. The domain structure of Btk and some of the proteins that interact with it are given 
in fig. 1. 

 

Figure 1. Btk tyrosine kinase structure.#5  
Btk consists of various domains that allow it to interact with different molecules and also allow it to translocate to 
various regions within the cell. The kinase domain on the right is the catalytic domain of Btk. Btk is itself 
phosphorylated by a SRC kinase in this region (at Y551) to initiate Btk activation. Btk then phosphorylates itself at Y223 
to become fully active and it is then that it can translocate to the membrane where it attaches to lipid molecule PIP3 via 
its PH (Pleckstrin Homology) domain. Btk also has an SH2 (SRC homology 2) domain so that it can attach to 
phophorylated tyrosines such as those on the adapter molecule, BLNK. Btk also interacts with other molecules such as 
small tyrosine kinases, Fyn and Lyn via its TH domain; and with the GTPase activating protein, VAV, via its SH# 
domain. 

 
Extensive research has been carried on in order to elucidate the nature of the signalling 

pathways that Btk is involved in, the nature of which has concentrated on determining the 
interaction of Btk with specific proteins and lipids such as caveolin-117 and phosphoinositides16.  
Various approaches have been taken such as cross-linking of the B-cell receptor and blocking 
phosphatases in order to keep signalling paths turned on21, transfecting cells with putative 
interactants15 or silencing Btk with siRNA18. It seems that Btk is involved mostly at the 
beginning of signalling paths near the cell�s plasma membrane, although evidence has been 
provided of Btk�s presence in the nucleus19. Btk is important for B cell development and 
function and recent evidence has been found for its involvement in Toll-like signalling paths20 
emphasising the need to gain as much as much knowledge as possible about this little, yet 
significant, tyrosine kinase.  Details of signalling events that occur in B-Cells after stimulation 
are shown in fig. 2. 
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Figure 2. The role of Btk in B-Cell signalling.#5  
When the BCR is stimulated by an external signal (e.g. antigen that causes cross linking of the BCRs) this causes a series 
of phosphorylation events that lead to the activation of Btk by a Src kinase. Another cytoplasmic kinase, Syk, 
phosphorylates BLNK, an adapter molecule, which links together several proteins into a signalosome complex allowing 
them to interact more easily. One of these molecules is PLC- γ2 which is phosphorylated and activated by Btk. PLC-γ2 
is a lipase and its catalyses the hydrolysis of lipid molecule PIP2 to release IP3 and DAG, two important signalling 
molecules involved in the regulation of Ca2+

 in the cell. Ca2+
 and DAG help to activate PKC, a kinase that stimulates 

downstream signalling events involved in gene expression and cell growth. Vav is another molecule activated by this 
signalosome protein complex and in itself activates the GTPase, Rac, which is also involved in downstream signalling 
events such as cytoskeleton remodelling that leads to cell differentiation. 

Retroviruses 

Retroviruses have a number of features that make them suitable for delivering genes to 
cells. Their life cycle includes a pro-viral state when they are integrated state with the DNA of 
the host chromosome. Depending upon where the virus integrates to the host DNA (this is 
often influenced by cell type specific promoter events) the retroviral promoter can direct high-
level, efficient expression of recombinant genes encoded within its genome. The inclusion of 
foreign genes is possible since the retroviral genome can accommodate changes to its 
configuration (as has been seen by the discovery of oncogenes within certain strains of 
leukaemia and sarcoma-inducing murine retroviruses7). The structure of a typical RNA 
retrovirus is given in fig. 3. 

 
Figure 3. Retrovirus structure.#1  
The lipid bilayer is shown as two 
concentric outer circles in which 
the envelope protein complex is 
embedded. The capsid proteins, 
which surround and protect the 
viral RNA, are shown as a 
hexagon. The two copies of the 
RNA genome are shown as a 
loop bound by nucleoproteins. 
The matrix protein is the most 
abundant acting to hold the inner 
capsid structure together with the 
outer envelope. The outer 
envelope contains glycoproteins 
that interact with cell receptors 
allowing the virus to enter and 
infect the cell . 
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The retroviral genome consists of three major segments as outlined in fig. 4, and this codes 

for all necessary proteins needed by the virus to enable it to progress through its complete life 
cycle from integrating into the host chromosomal DNA to the packaging of new virus particles. 

 
Figure 4. Retrovirus genome. #1 

The retroviral genome consists of three major parts: GAG 
(group antigens) encodes the viral matrix, capsid and 
nucleoproteins; POL proteins include reverse transcriptase 
(the enzyme that turns the positive sense RNA genome into 
a double stranded DNA form), and an integrase which is 
involved in provirus integration; ENV (envelope) encodes 
glycoproteins and transmembrane proteins that reside in the 
lipid bilayer. The genome is bordered on the 5' and 3' sides 
by long terminal repeats (R or LTR) that are used to aid 
integration with the host chromosomal DBNA and also aids 
transcription (there are promoters in the U3 region of the 
LTR). 

 
The specificity of the virus-cell interaction is determined largely by the envelope protein(s) 

of the retrovirus and this then determines the phenotype or tropism of the retrovirus. 
Ectotropic viruses such as MMULV (Moloney murine leukemia virus) infect dividing murine or 
rat cells whilst amphotropic viruses such as HIV (Human immunodeficiency virus) infect most 
dividing mammalian cells (including dividing human cells). As shown in fig. 5 during the life 
cycle of a retrovirus new viral mRNA sequences are created simultaneously with chromosomal 
DNA transcription. These are exported from the nucleus and assemble with (translated) viral 
proteins in the cytoplasm to form new viral particles that exit the cell via exocytosis. The 
genome of a typical retrovirus is approximately 8-12 kilobases of DNA (depending upon the 
retroviral species). 

 
 
Figure 5. Retrovirus life cycle.#1 

Infection of a target cell leads to injection 
of the virus nucleoprotein core (consisting 
mostly of gag-derived proteins, full-length 
genomic RNA, and the reverse 
transcriptase protein). Once a double-
stranded DNA copy of the virus genome 
has been produced by the POL proteins it 
enters the nucleus of an infected cell. This 
DNA then integrates with the host 
chromosomal DNA using the 5' and 3' 
LTR�s (long terminal repeats) as 
homologous sequences to aid integration. 
At this stage of the retrovirus life cycle 
this integrated retroviral genome is known 
as a provirus. Viral DNA is transcribed to 
mRNA simultaneously with the host DNA 
(depending upon which promoter is in the 
vicinity of the provirus) and is exported to 
the cell cytoplasm. Newly transcribed 
viral mRNA is exported to the cytoplasm 
and this assembles with (translated) viral 
capsid and envelope proteins to form new 
viral particles. These exit the virus 
producer cell via exocytosis and infect 
new target cells by attaching envelope 
glycoproteins to new target cell membrane 
receptors. 
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Gene transfer using retroviral transfection and transduction 
Retroviruses are an efficient means to deliver single DNA expression constructs to a wide 

range of mammalian cell types. They represent an efficient means of delivering genes stably to 
mammalian cells, especially non-adherent cells such as haematopoietic cells that are very 
difficult to transduce by conventional methods. Although many different modified virus types 
can be used as gene transfer vectors the retrovirus vector has the added advantage in that the 
gene is incorporated (usually permanently) into the host chromosomal DNA. This can lead to 
the development of a new cell line that contains the gene of interest and which secretes viral 
particles to be collected and used to transduce other cell types. Systems used to create viral 
particles usually consist of three components: a retroviral gene transfer vector containing the 
recombinant gene of interest; envelope vectors used to determine the tropism of the viral 
particles; a packaging cell line used to assemble and secret virus particles10. 

 

Retroviral gene transfer vectors 
Most frequently used retroviral vectors are derived from the Moloney murine leukaemia 

virus (MMLV), which is capable of integrating its transgene into human DNA. Expression of the 
transgene into the desired protein is controlled either from the viral LTR regions and an 
included internal vector promoter. One such vector, pBABE-puromycin, based on MMLV is 
shown in fig. 6. The retroviral RNA, containing the inserted gene of interest, is packaged 
together with envelope proteins provided from the host cell or from an additional plasmid. 

  
Figure 6.pBABE-puromycin retroviral plasmid construct.#2 

The pBABE vector is based on the Moloney murine 
leukaemia virus (MMLV). The 5' and 3' LTRs are used to 
aid integration of the viral DNA into the host chromosome 
and to additionally act as a promoter for RNA transcription. 
The gene of interest is inserted at the MCS (multiple cloning 
sites) downstream of the 5' LTR with the LTR acting as the 
promoter. The MCS contains cutting sites for various 
restriction enzymes that may be used to cut and insert the 
gene of interest. The selector for cells that have been 
successfully transfected is puromycin resistance (an 
antibiotic that is also toxic to eukaryotic cells). The 
puromycin resistance gene is driven off a SV40 (simian 
virus) promoter. Other viral constructs use GFP (green 
fluorescent protein) as the selector. The origin of replication 
and ampicillin marker (used to select cells when cloning the 
plasmid in bacteria) are outside of the LTR�s. The pBABE 
vector is not replication competent since it lacks critical 
viral proteins (the gag gene is truncated). 

Retroviral envelope vectors 
In order to be able to create recombinant virus particles of various determinations 

(tropisms) the MMLV gene transfer vectors can be used with different envelopes. The envelope 
used depends upon the cell type to be infected since each cell has different receptors utilised by 
the various viruses for entry into the cell. Modified MMULV envelopes, MMLV-10A1, have been 
used to great effect in the transduction of human cells11. An added advantage to using an 
envelope other than the normal MMLV envelope is that resultant virus particles can have higher 
resistance to inactivation. Gibbon ape leukaemia virus (GALV) envelope has, for example, been 
used for the efficient transduction of human T-Cells and other haematopoietic cells9. PG13 is an 
example of a packaging cell line which has this episomal DNA permanently integrated into its 
chromosomal DNA.  Other envelopes are based on the human vesicular stomatitis virus 
glycoprotein (VSV-G) as shown in fig. 7. 
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Figure 7.  pM2DG retroviral 
envelope  construct.#3 
The pMD2G plasmid 
retroviral vector is based 
comprises a gene encoding 
for human vesicular 
stomatitis virus glycoprotein 
(VSV-G) and is used to 
pseudotype retroviral vectors 
based on non-human virus 
types. Protein expression is 
driven by a cytomegalovirus 
promoter making this 
envelope construct 
particularly effective for use 
in transducing human cells. 

 

Retroviral packaging cell lines � transient and stable virus production 
The retroviral packaging cell is used to assemble the virus particles. As well as transfecting 

the packaging cells with the gene transfer and envelope plasmids, as already described, a third 
plasmid containing the gag-pol genes is usually required to enable full production of 
recombinant virus particles. Some cells lines however such as the Phoenix cell line6 (described 
in fig. 8) do not require this additional plasmid since they already have this plasmid pre-
integrated into their chromosomal DNA.    

 
Figure 8. Phoenix retrovirus packaging cell.#1 
Various phoenix cell lines have been developed based on HEK 
293T cells. Virus particles are produced by the transfected 
packaging cell which either already contains DNA for the 
virus envelope proteins, or is simultaneously transfected with 
a plasmid construct containing the envelope DNA. The 
Phoenix-Eco cell line contains a pre-integrated ecotropic 
envelope and the Phoenix-Ampho cell line contains a pre-
integrated amphotropic envelope (used for infecting dividing 
mammalian cells). The Phoenix-GP (gag-pol) cell line 
contains no envelope DNA and can thus be used for 
pseudotyping of various viral vectors. The resultant viral 
particles produced and secreted by the packaging cells may be 
collected in the cell medium and used to transduce other sets 
of cells. This procedure is identical to the procedure used in 
gene therapy. 
 

Production of recombinant retroviral particles in a producer cell line can be done either 
transiently or by stable virus production. Transient viral production is achieved by co-
transfecting the producer cells with the two or three vector plasmids required for virus 
production i.e. a possible gag-pol plasmid (if required by the packaging cell line), an envelope 
plasmid and the recombinant gene transfer vector plasmid (containing the gene of interest). 
Transfecting the packaging cell line with these plasmids leads to a temporary or transient 
production of viral particles that may then be used to transducer other cells with the gene of 
interest. Transient viral production is useful for pseudotyping viral vectors i.e. to produce viral 
particles with the same recombinant gene vector but altering the env. plasmid � this allows the 
production of both ectotropic (pertaining to dividing rat or murine cells) and amphotropic 
(pertaining to dividing cells of most mammalian species including human) retroviruses. For 
transient transfection the HEK (human embryonic kidney) 293T cell lines are used most 
frequently since a very high efficiency of transfection and high level of expression can be 
achieved with this cell line6. The various Phoenix cell lines described in fig. 8 are based on 
human 293T cells.  
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Stable viral production is achieved from a packaging cell line into which all component 
plasmids required for production of viral particles have been pre-integrated. This allows for 
permanent or stable secretion of virus particles, which may then be used to transduce other 
cells with the gene of interest. Several stable cell-lines have been produced based on mouse 
3T3 fibroblasts e.g. PG1312 which produces gibbon-ape leukaemia virus (GALV)-pseudotyped 
viral vectors. 

 

AIMS 
This aim of this study was to transduce various haematopoietic cells with a recombinant Btk 

fusion protein (Btk-3G-FLAG) so that the Btk signalosome could be stimulated and purified in a 
controlled environment. The fusion protein contained a tag (FLAG tag � Sigma) that would 
facilitate easy detection and purification of putative signalling complexes. Anti-FLAG antibodies 
would be used for detection of Btk-3G-FLAG expression in the host cells and later an affinity gel 
containing FLAG antibody conjugated beads would be used in the immuno purification 
procedure of signalosome complexes.  

Recombinant retrovirus particles were to be used as a means of infecting and transducing   
haematopoietic cells with Btk-3G-FLAG. Virus particles were initially to be produced transiently 
by transfecting Phoenix GP cells with plasmids containing both viral envelope proteins and the 
recombinant Btk-3G-FLAG gene. Three haematopoietic cells lines (K562, Namalwa and Ramos) 
were to be transduced with these particles and then stimulated under suitable conditions to 
allow signalosome complexes to form. An additional aim was to create a stable virus producer 
line by transducing PG13 cells with recombinant virus particles. New viral particles would then 
be constantly available which would make transient production in Phoenix cells unnecessary. 

Various gene transfer plasmids were to be used as a vehicle for incorporating the Btk-3G-
FLAG gene into virus particles. The previously used constructs were based on pBABE with a 
puromycin reporter gene and to improve the efficiency of the selection process a new construct 
was to be designed that used GFP as a reporter gene. This would then allow cell sorting by 
fluorescent cytometry.  

 

     METHODS and MATERIALS 
Cell cultures 

All cells were obtained from the American Type Culture Collection (ATCC). Adherent cells 
such as Phoenix GP (derived from HEK 293T cells) and PG13 (derived from mouse 3T3 
fibroblast cells) were used for virus production and these were cultured in Dulbecco�s modified 
Eagle�s medium, (DMEM; Gibco/Invitrogen), supplemented with 10% foetal bovine serum (FBS) 
and 1% Gentamicin antibiotics (Invitrogen). Three haematopoietic B-cell lines were used for 
viral transduction of the BTK construct. Two of these cell lines, Namalwa and Ramos, were B-
cell lines (both of which are derived from patients suffering from Burkitt�s lymphoma) and the 
third cell line, K562, was from a myeloid lineage (derived from a patient suffering from Chronic 
Myelogenous Leukaemia, CML). These suspension cells were cultured in Roswell Park Memorial 
Institute (RPMI) 1640 medium (Gibco/Invitrogen) supplemented with 10%FBS and 1% 
Gentamycin antibiotics. All cell cultures were incubated in 5% CO2 enriched air at 37oC. 

Retroviral plasmid constructs 
Two different gene-transfer retroviral constructs were used. The first plasmid, pBABE-Btk-

3G-FLAG-puromycin, was based on pBABE (a modified mouse MMLV virus construct) that uses 
the antibiotic, puromycin, as a selective marker for plasmid uptake. Beston Nore at the MCG 
group designed an oligonucleotide sequence, Btk-3G-FLAG containing Btk and FLAG and sub-
cloned this recombinant DNA into the pBABE-puromycin construct. FLAG is a small hydrophilic 
protein tag used to create recombinant fusion proteins that are easily expressed and come with 
a range of associated products for detection and purification (Sigma). FLAG is linked to the Btk 
protein by a flexible arm of 3 glycines so as not to interfere with Btk expression and 
functionality.  

The second plasmid used, pMSCV-Btk-3G-FLAG-IRES-GFP, was based on pMSCV-IRES-GFP 
(a mouse stem cell virus construct), which uses green fluorescent protein (GFP) as the 
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selective marker (expression of GFP is driven by an Internal Ribosome Entry Site, IRES, 
sequence). A sub-cloning company in India was employed to insert the Btk-3G-FLAG fragment 
into an empty pMSCV-IRES-GFP plasmid. 

For transient transfection of Phoenix GP cells an envelope viral construct was also 
employed: pMDG, which is based on the human VSV-G virus.  

Plasmid cloning and analysis 
50µl of competent bacteria cells, DH5α E-Coli, from frozen stocks were thawed on ice for 30 

mins in a 14ml Falcon tube and were then incubated with 1µl of the relevant plasmid for a 
further 30 mins. The mixture was heat-shocked gently in a water bath at 37oC for 20s, to allow 
the transduction process to occur, and then returned to ice for 2 mins. 1ml of Luria-Bertani 
(LB) broth was added to the transformed bacteria and incubated at 37oC on shake (300rpm) for 
2 hours. 50µl of bacteria solution was then streaked on selective ampicillin agar plates and 
grown at 37oC over night. The following morning one colony on the plate was selected, 
dissolved in 5ml LB broth containing ampicillin (100µg/ml) and grown on a shake incubator 
(37oC) for 8 hours to create a starter culture. The starter culture was then diluted with 400ml 
LB (containing ampicillin) broth in a 2L flask and incubated with vigorous shaking (220rpm) at 
37oC over night (at least 12 hours). The bacteria cells were then harvested by 15 min 
centrifugation at 4oC. The plasmid DNA was then extracted from the cells using the QIAGEN 
Maxi plasmid purification kit and following the manufacturer�s instructions. Briefly this entailed 
cell lysis followed by column elution of DNA and isopropanol precipitation. From a 400ml 
bacterial culture the plasmid DNA yield was in the order of 2µg and this was frozen down until 
needed in the transfection experiments. The DNA concentration was measured using a 
NanoDrop spectrophotometer, ND-1000 (Saveen Werner, USA), where only one micro litre of 
sample is required for concentration determination. 

To verify a plasmids identity by bacterial restriction endonucleases the following assay was 
performed. 1µl of the relevant DNA plasmid was mixed in an eppendorf tube on ice with 1µl of 
restriction enzyme, 1µl of enzyme-associated buffer, 1µl of bovine serum albumin (BSA) and 
6µl of double distilled water (ddH2O). To allow the digestion process to occur the solution was 
then incubated for 2-3 hours at 37oC (or overnight) and then loaded onto a 1% agarose gel for 
electrophoresis (1 hour) at 100V. To visualise the result 2 drops of fluorescing ethidium 
bromide was added to the gel after electrophoresis, which was then incubated on a shaker for 
15 mins at RT and a photographic image taken of the gel. 

Phoenix GP cell transient transfection  
Retroviral vectors were produced transiently and from a stable producer cell line. Transient 

productions of pseudotyped viral particles were achieved by transfecting Phoenix GP cells with 
gene-transfer vector plasmids (pBABE or pMSCV) together with a VSV-G envelope plasmid 
(pMDG). Transfection of the plasmids into Phoenix GP cells was achieved via liposomal 
encapsulation using FuGENE reagent (Roche).  FuGENE is a mixture of lipids dissolved in 
ethanol that is used for liposome transfection of DNA into adherent cells. Various ratios of 
FuGENE to DNA were tried although adequate transfection was achieved with a 3:1 ratio.  
Retrovirus production assay 

Day 0. Phoenix GP cells were split into a 35mm six-well dish to give 50% confluency, 
corresponding to approximately 105 cells per well, for the following day transfection. 

Day 1. The cells were washed with serum free DMEM medium, SFM (serum interferes with 
FuGENE action) and 900µl of SFM was thereafter applied to each well. 6µg of FuGENE to 2µg of 
plasmid DNA was used per well. Plasmid DNA consisted of 3 parts pBABE/pMSCV vector 
plasmid to one part pMDG envelope plasmid to ensure that most viral vectors would have an 
envelope. 36µl of FuGENE (1µg/µl) for all wells was added to 600µl SFM (100µl for each well) 
and incubated for 5 mins at room temp (RT). The retroviral plasmids were mixed in a separate 
eppendorf tube and the FuGENE mixture added drop wise to it and incubated for 15 minutes at 
RT. 100µl of this liposomal plasmid solution was dropped onto the phoenix GP cells in each well 
in the dish which were then incubated at 37oC for 2 hours to allow transfection to occur. 1ml 
complete DMEM with 20% FBS was then added giving a total of 2ml 10% medium in each well. 
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Day 2, 3, 4. The supernatant from all six wells was collected and filtered with a 0.22um 
Millex-GP syringe-top filter (Millipore Corporation) to separate viral particles from cell debris. 
The viral particles were then used to transduce haematopoietic and PG13 cells as described in 
the following section. Alternatively the viral particles were frozen down at -70oC in aliquots for 
future transduction experiments. The Phoenix cell medium was carefully replaced with 2ml pre-
warmed 10% FBS DMEM. 

Day 5. The Phoenix cells were harvested. This was done by first trypsinising the cells with 
500µl TrypLE Express (Invitrogen) for 2 mins and washing each well with 2x500µl PBS. Cells 
were centrifuged at 1700rpm (3000g) and either lysed directly for protein analysis or frozen 
down at �20oC for later analysis.  

Transduction of haematopoietic and PG13 cells 
Transduction of three haematopoietic cell-lines (Ramos, Namalwa and K562) with the Btk-

3G-FLAG viral vector was performed using viral particles harvested from the Phoenix GP cell 
supernatant. Viral particles produced transiently from the Phoenix GP transfection process were 
also used to transduce PG13, a stable packaging cell line, which then served as a stable 
producer of viral particles. Phoenix GP cells produce viral particles up to 96 hours after 
transfection with the vector plasmids whereas the PG13 line, once established, provides viral 
particles for a much longer period. 
Transduction and selection assay 

Day 0, 1. Waiting for first viral particles from Phoenix cell transfection. 
Day 2. The collected and filtered Phoenix supernatant containing the viral particles was 

treated with Polybrene (hexadimethrine bromide; Sigma) with a ratio of 4µg polybrene per ml 
of viral particles. Polybrene is a positively charged polymer (a polycation) that enhances virus 
interaction with the lipid cell surface by neutralising the somewhat negatively charged virus 
particles. The transduction process is most effective when the viral particles are placed against 
a thin layer of cells. 2ml of the cells to be transduced (approx. 105 cells) were first centrifuged 
at 1400 rpm for 5 mins to form them into a pellet, which was then re-suspended in 5-6ml of 
Polybrene/viral particle solution. The cell plus viral solution was transferred as 1ml aliquots into 
10ml round-bottomed Falcon tubes ensuring a thin cell layer for efficient viral transduction. The 
tubes were centrifuged at 2000rpm for 2 hours after which the cells were re-suspended in fresh 
medium (RPMI for suspension haematopoietic cells; DMEM for adherent PG13 cells). 

Day 3, 4. As for day 2 viral particles were collected from Phoenix GP cell supernatant. 
According to the particular experiment either the same cells from the previous day were 
transduced again or new haematopoietic/PG13 cells were transduced. 

Day 5. Cells that had been transduced during the week with the pBABE plasmid were 
collected in a Falcon tube, pelleted down (centrifuged at 1400 rpm for 5 mins) and re-
suspended in puromycin selection medium - RPMI or DMEM with 4µg/ml puromycin). They were 
then allowed to grow in this medium for a week before being stimulated for BTK expression. 
Cells that had been transduced with the pMSCV plasmid were selected using FACS (fluorescent-
activated cell sorting) since the selective marker (reporter) for BTK expression was GFP on this 
plasmid. Successfully transduced PG13 cells were then used for the stable production of GALV-
pseudotyped virus particles providing an alternative to the transiently produced VSV-
pseudotyped particles from Phoenix GP cells. These stably produced viral particles were also 
used to transduce the haematopoietic cells with the Btk-3G-FLAG vector. 

SDS-PAGE gel electrophoresis 
Cells for protein analysis were first lysed by adding 50-100µl of lysis buffer (depending on 

size of cell pellet) to the cell pellet on ice. The lysis buffer used was radio immunoprecipitation 
buffer (RIPA) prepared as a 2ml solution, pH 7.5, containing 50mM Hepes buffer, 1% (w/v) 
Nonidet P-40, 0.5% Na-deoxycholate, 0.05% SDS, 1mM DTT and a dissolved protease inhibitor 
tablet (Roche). The pellet was incubated on ice for 20 mins with intermittent vortexing followed 
by centrifugation at 13,000rpm (16,000g) for 12 mins at 4oC. To prepare the samples for 
electrophoresis 45µl of the lysate supernatant was added to 15µl of 4X pre-prepared sample 
buffer (SB) and incubated at 65oC for 3-4 mins. 4X SB consisted of mixing a 100µl aliquot of 
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1:1 0.8M Na2CO3:0.8M DTT with a 100µl aliquot of 1:1 60% sucrose: 20%SDS. 20µl of 
saturated solution of bromo-phenol blue dye was then added to the SB. 

The protein samples were then separated by electrophoresis on either pre-cast or self-
prepared gels. The self-prepared tricine modified gels13 consisted of a 4% T stacking gel and a 
10.6% T separation gel prepared from 37.5:1 Acrylamide: Bisacrylamide solution (Bio-Rad 
Laboratories, USA). The pre-cast gels were 12% Bis-Tris NuPAGE gels (Invitrogen). Usually 15-
20µl of each sample was loaded into the gel lanes and one or two lanes were loaded with 5-8µl 
of a standard molecular marker, DualColour (Bio-Rad). The running buffer used for the 
electrophoresis was 0.5M Tris-base pH 8.4, 1M Tricine and 1% (w/v) SDS. 

Western blotting with ECL immunodetection 
After gel electrophoresis the gels were washed twice in TBST (20mM Tris-HCl pH 7.6, 

137mM NaCl, 0.05% Tween) before being electrophoretically transferred from the gel to a 
nitrocellulose membrane (0.2µm pore size, Whatman). The transfer buffer used was a Towbin 
buffer pH 8.8. The membrane was washed twice in TBST before being blocked for 2-3 hours in 
a non-fat 5% dried milk solution (diluted in TBST). After washing 4x5 mins in TBST the 
membrane was then incubated with primary antibody overnight on a rocker at 4oC. The primary 
(1o) antibodies used were monoclonal mouse anti-FLAG antibody (Sigma) and polyclonal rabbit 
anti-Btk antibody, both diluted 1:1000 in 5% milk and 1% anti-bacterial reagent Thymerasol 
(Sigma). The appropriate secondary (2o) antibody: polyclonal goat anti-rabbit or polyclonal goat 
anti-mouse (DakoCytomation), conjugated with horseradish peroxidase (HRP), was diluted 
1:2000 in TBST and incubated with the membrane 1-2 hours on a rocker. A washing step of 
4x5 mins was also performed between primary and secondary antibody incubations. 

The chemiluminescence (ECL) kit, Super Signal West Pico (Perbio Science), was used for the 
ECL reaction with the HRP-conjugated 2o antibodies. 2ml of solution was prepared by mixing 
the two reagents, peroxide and luminol solutions were mixed 1:1 and pouring it onto the 
membrane with incubation at RT for 5 mins. The protein bands on the membrane were then 
visualised by exposing the membrane to photosensitive film for varying time intervals 
(depending upon the strength of signal expected, 5-10 mins was usually sufficient) and then 
developing it.  
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RESULTS 
Cloning and verification of new Btk vector with GFP reporter gene 

A biotech company (Chembiotek, India) was enlisted to perform a subcloning of the Btk-3G-
FLAG oligonucleotide from source plasmid, pSVK3-Btk-3G-FLAG, to target plasmid, pMSCV-
IRES-GFP. As shown in fig. 9, a 2 kb fragment containing the Btk sequence, was cut out using 
Mlu1 and Xho1 endonucleases. The destination plasmid was opened at one site with EcoR1 and 
with Xho1 at another. The sticky end overhangs produced by Mlu1 and EcoR1 were filled in 
using the Klenow fragment of DNA polymerase14 to produce blunts ends on one side of both the 
recombinant Btk fragment and target plasmid. The other sites, having both been cut with Xho1, 
were directly compatible for ligation. The excised Btk fragment was then ligated into the target 
pMSCV plasmid and sent to Sweden. The new recombinant plasmid was amplified by 
transforming competent DH5α E-Coli cells and mini DNA preparations of two samples were 
obtained; designated pMSCV-Btk-3G-FLAG-Clone1 (concentration 0.45µg/µl) and pMSCV-Btk-
3G-FLAG-Clone2 (concentration 0.116µg/µl).  

 

Figure 9. Creation of new gene-transfer vector for Bkt-3G-FLAG transduction. 

The source plasmid (containing the 2kb Btk-3G-FLAG) insert and the target plasmid were opened with MluI and 
EcoRI respectively. The resulting staggered ends were filled in using the Klenow fragment to enable ligation. The 
other end of the insert was cut with XhoI as was the target plasmid to give blunt ends that were directly ligation 
compatible. The Btk-3G-FLAG fragment was ligated into the open target plasmid and the resultant sub-cloned 
plasmid was then transformed into competent E-Coli for amplification.
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Source 
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insert 
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To confirm the sub-cloning procedure and verify that the recombinant plasmid clones 
contained the new Btk insert an experiment was devised to cut all three plasmids (source 
insert, empty target plasmid, target plasmid sub-cloned with insert) with the endonuclease 
HindIII. Fig. 10 shows the HindIII sites in these plasmids together with the expected 
number of fragments after the endonuclease digestion. 

 
 
 
 
 
 
 
 
 
 
 
 

 
 

Figure 10. Verification of Btk-3G-FLAG sub-cloned in pMSCV-IRES-GFP vector.#4 
 

0.5µg of Clone 1, clone 2 sub-cloned plasmids and the source and target plasmids were 
digested with HindIII and loaded onto a 1% agarose gel for electrophoresis. As a control, 
samples of all these plasmids without endonuclease digestion were also loaded onto the gel. 
The result, shown in fig. 11, confirms that the subcloning strategy has been correctly 
performed. The recombinant plasmids were cut in three places by HindIII (lanes 7and 8) and 
gave rise to three DNA fragments as expected. It is worth noting that lane 6, representing the 
uncut empty target plasmid, shows a single band at approx. 4kb compared to the DNA streak 
ending at approx. 6kb in lanes 2 and 3, which represent uncut recombinant plasmid. This 2kb 
difference is approximately equal to the insert size, Btk-3G-FLAG, providing further 
confirmation of the new plasmids correct configuration.   

 
Figure 11. HindIII digested plasmids. 
The lanes were loaded as follows: 
 
1,2 DNA ladder reference.   
3    pMSCV-Btk-3G-FLAG-IRES-GFP Clone 1 control. 
4    pMSCV-Btk-3G-FLAG-IRES-GFP Clone 2 control. 
5    pSVK3-Btk-3G-FLAG control. 
6    pMSCV-IRES-GFP control. 
7    pMSCV-Btk-3G-FLAG-IRES-GFP with HindIII. 
8    pMSCV-Btk-3G-FLAG-IRES-GFP with HindIII. 
9    pSVK3-Btk-3G-FLAG with HindIII. 
10  pMSCV-IRES-GFP with HindIII. 
 
Control lanes 3 and 4 give large bands ending at 
approximately 6kb corresponding to undigested new 
clones containing the Btk-3G-FLAG insert. Control lanes 
5 and 6 representing source and target plasmids 
respectively also had bands representative of undigested 
plasmids. Note that the lane 6 band, containing the target 
plasmid, is approx. 4kb, 2kb smaller than lane 3&4 that 
contain this plasmid with the 2kb Btk-3G-FLAG insert. 
Lanes 7 and 8, containing the HindIII digested 
recombinant plasmids contain 3 bands. Lane 9, 
containing HindIII digested source plasmid has one band. 
Lane 10, containing HindIII digested target plasmid has 
two bands. 
 

 1  2  3  4  5  6      7  8  9 10  
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Transient transfection of Phoenix GP cells with Btk construct 
Phoenix GP (P.GP) cells were transfected with various retroviral constructs containing a 
recombinant Btk gene (Btk-3G-FLAG) in order to determine the best conditions for 
transfection to occur and to also determine the transfection efficiency of each plasmid. 
Three different Btk plasmids were used: (as verified during this phase of the signalosome 
study); pBABE-Btk-3G-FLAG-puromycin and pBABE-Btk-3G-FLAG-opti (plasmids 
developed during previous phases of the study, B. Nore, unpublished). Non-transfected 
P.GP cells and K562 were also lysed and used as a negative control. The samples were 
loaded onto two identical gels and after immunoblotting the membrane was probed with 
1o α-FLAG and 2o HRP conjugated antibodies. From the results shown in fig. 12 a band 
corresponding to recombinant Btk protein, Btk-3G-FLAG, was received for plasmid pMSCV-
Btk-3G-FLAG-IRES-GFP (fig. 12a) and also for pBABE-Btk-3G-FLAG-opti (fig. 12b). 
Inconsistency of these results demonstrates the difficulty with the α-FLAG antibodies may 
have been over diluted thus limiting detection. Also seen in fig. 12a is an additional weak 
signal at approx. 50kDa (unknown protein) in lanes 3 and 5-9 which correspond to the 
lysed Phoenix cells that were grown in DMEM. This signal could be due to anti-FLAG 
binding to a serum protein contained in DMEM since the band is not seen for K-562 cells 
which, as suspension cells, are grown in RPMI.  

  Figure 12 (a). Phoenix transfected cells 
   The gel was loaded as follows: 
    1    Empty. 
    2    K-562 haematopoietic cells (negative control). 
    3    pMSCV-Btk-3G-FLAG-IRES-GFP sample 1. 
    4    Dual colour molecular marker. 
    5    Non-transfected P.GP cells (negative control). 
    6    pBabe-Btk-3G-FLAG-opti. 
    7    pBabe-Btk-3G-FLAG-puromycin clone 12. 
    8    pMSCV-Btk-3G-FLAG-IRES-GFP sample 2. 
    9    Dual colour molecular marker. 
    10  Empty. 
    First and last lanes on the gel were left empty to   
    avoid �smiling�. The membrane was probed     
    with anti-FLAG antibody. A positive signal for    
    the presence of Btk-3G-FLAG, at 75kDa, was   
    received in lane 8 only. A weak signal is seen at   
    approx. 50kDa (unknown  protein) in lanes 3 and   
    5-9 corresponding to the adhesive cells grown in   
    DMEM. This could be a  protein contained in  
    the medium since the band is not seen for K-562   
    cells which, as suspension  cells, are grown in  
    RPMI.  
 
    Figure 12 (b). 
    The gel was loaded with the    
    same samples as above and    
    this time the recombinant   
    Btk protein is detected in  
    lanes 3, 7 and 8. 
 
  

P.GP cells transfected with pMSCV-Btk-3G-FLAG-IRES-GFP could be visualised due to 
expression of the GFP reporter gene (fig. 13). 

Figure 13. P.GP cells transfected with                   
pMSCV-Btk-3G-FLAG-IRES-GFP.Phoenix GP 
cells illuminated with both normal and blue light 
simultaneously in order to discern cells 
successfully transfected with the GFP containing 
plasmid. 

1  2  3   4    5    6    7    8   9  10 
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Transduction of haematopoietic cells with Btk retroviral particles 
P.GP cells (50% confluency, six-well plate)) were transfected with gene-transfer vector 

pMSCV-Btk-3G-FLAG-IRES-GFP and envelope vector, pMDG, so that pseudotyped retroviral 
particles could be collected and were used to transduce various haematopoietic cells (5x104 

cells/ml). Successfully transduced K-562 cells are shown in fig. 14, expressing Btk-3G-FLAG 
followed by GFP controlled by IRES sequence. 
 
 

 
       

 
 
 
 
 

        Nomarski image of K562 cells.                   Nomarski and GFP gated image.                                   GFP gated image.        
                                    

Figure 14. Confocal images(x40)  of haematopoietic K-562 cells expressing Btk-3G-FLAG and GFP  
 

The transduced cells were grown for a further ten days after transduction (until they 
reached a concentration of approx. 2x106 cells/ml), after which GRP positive cells were selected 
using fluorescent activated cell sorting (FACS). As shown in fig. 15 the overall efficiency of gene 
transduction was between 5%-10% for Nomalwa cells (15a) and 8%-15% for K562 cells (15b). 
In both cases 200,000 cells were sorted for further growth. 

 
Figure 15(a). FACS analysis of 
transduced Nomalwa cell 
population. 
As seen from the cell scatter plot 
(on left) the chosen population, 
P1, represents about 80% of the 
total population (the black area, 
indicative of highly dense 
granular cells, represents a small 
apoptotic population). Of the P1 
cells, the P2 population (plot on 

right) is a set of fluorescent cells that represents about 5% of the total cell 
population. Only cells that fluoresced with a high intensity were chosen 
although approximately 5%-10% of cells were estimated to be GFP 
positive. 

 
 Figure 15(b). FACS analysis of 
transduced K562 cell population. 
The transduction of the K562 
cells was somewhat higher than 
the Nomalwa cells.  The P2 
fluorescent cell population 
represents  8% of the total, 
although, since the fluorescence 
threshold was chosen to be high, 
the total population that were 
GFP positive were estimated to 
be 8%-15% of the total.  

 
 
 

(GFP) 

 
 
 

 (GFP) 
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DISCUSSION 
The overall aim of the study, to which this project has contributed, is to elucidate the 

nature of the signalling pathways in which Btk is involved. Earlier studies performed at the MCG 
laboratory and other laboratories1-4 have targeted the Btk signalosome in order to determine 
the components of this dynamic complex and to establish the conditions under which it is 
assembled and activated22.  

The main contribution of this study has been to provide an effective means of transducing 
various haematopoietic cell lines with a FLAG tagged version of Btk, allowing an easy means of 
complex purification under mild conditions, via a new gene-transfer viral construct. Previous 
studies (B. Nore, unpublished data) have used other constructs that have also proved 
successful in the insertion and expression of recombinant Btk, although not in B-cells. The 
constructs employed in this previous work were based on the pBABE-puromycin plasmid which 
utilises antibiotics as a means of reporter selection. This proved time consuming and the 
efficiency of transduction was not high. At the beginning of this study such constructs were also 
used (pBABE-Btk-3G-FLAG and pBABE-Btk-3G-opti), although only an extremely low level of 
successful B-cell transduction was achieved (results not shown). The reason for this, however, 
was not necessarily the gene-transfer construct, it may well have been the Phoenix GP cells 
used which were in excess of four months old; these cells have been reported to loose the gag-
pol episomal construct after 8-9 passages6, which would then render them unable to produce 
viral particles. An advantage of the new pMSCV-IRES-GFP based Btk transfer construct is that 
cells positive for transduction are easily selected by FACS allowing homogenous cultures of 
transduced cells to be more efficiently created.  

Problems with using α-Btk antibody for clean signalosome complex purification arose during 
part of this earlier MCG work22 which led to the decision to use a tagged Btk fusion protein for 
this purpose. The FLAG immuno-purification system (SIGMA) includes several α-FLAG 
antibodies that can be used to isolate signalosome complexes from haematopoietic cells. One 
such α-FLAG 1o antibody is directly conjugated to HRP, eliminating the need for a 2o antibody. 
This antibody, however, did not prove reliable since early attempts to detect FLAG-tagged Btk 
in transfected and transduced cells gave a very weak signal (results not shown): this however 
may have been related to the earlier discussed problem concerning older Phoenix cells. The use 
of a 1o anti-FLAG antibody and subsequent usage of 2o HRP-conjugated antibodies proved to be 
more effective as shown in the results and a reasonable ECL signal was received. Also, from 
previous studies, the FLAG-tag system has been shown to be affective in immuno-precipitation 
procedures in which Btk signalosome complexes were isolated (B. Nore, unpublished data).  

In conclusion the pMSCV-Btk-3G-FLAG-IRES-GFP gene-transfer construct has proven to be 
effective in transfecting Phoenix GP cells. The subsequent viral particles collected in the 
supernatant are able to successfully transduce the various haematopoietic cells lines with Btk-
3G-FLAG. Continuation of this work will entail immuno-purification of Btk signalosome 
complexes from transduced cells that have been suitably stimulated under various conditions. 

Assays for measuring the level of virus titre would be useful in future experiments so that 
conditions for Phoenix cell transfection and subsequent haematopoietic cell transduction may 
be optimised. A next step in this study will also involve the establishment of a PG13 stable 
producer cell line that will speed up the process of virus particle production.     

With this new proteomic approach it is hoped that, in addition to confirming Btk�s role in B-
cell development, a more detailed picture of the signalling molecules involved may be 
ascertained. Instead of studying individual interactions this approach will allow multiple 
interactions of Btk and other molecules to be studied. It is thus envisaged that not only will the 
quality, but also the quantity of information on the Btk signalosome, be improved upon. 
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FIGURES 
#1 Adapted from retroviral system lecture notes, Nolan Lab., Stanford University6.  
#2 Adapted from protocols at Stewart Lab., Washington University. 
 http://www.stewartlab.wustl.edu/  
#3 Adapted from protocols at Salmon Lab., Geneva school of medicine. 
 http://www.medecine.unige.ch/~salmon/ 
#4 Adapted from plasmid planning strategies at MCG Lab., Clinical Research Centre,  
          Karolinksa Institute. 
#5      Adapted from lecture notes of Beston Nore at the MCG lab as above. 


