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Summary 

The aim of the present study was to investigate the physical interactions between proteins that 

have been associated with the autoimmune disease systemic lupus erythematous (SLE).  SLE 

is characterized by the hyperactivation of B-cells and subsequent generation of auto- 

antibodies. However, the cellular events triggering the onset of clinical manifestations have 
not been fully defined so far.  

Genetic analyses comparing the genotypes of healthy individuals and SLE patients have 

permitted the localization of candidate susceptibility genes for SLE. One of the susceptibility 
genes for SLE, identified by a genome wide association analysis, is B-cell scaffold protein 

with ankyrin repeats 1 (BANK1). The gene codes for a B-cell specific scaffold protein and 
was previously shown to interacting with the SRC kinase LYN. cDNA analysis of BANK1 

identified two isoforms, full length BANK1 and BANK1 D, which lacks exon-2. I have tested 

the functional properties of BANK1 variants as well as their interactions with the SRC 

kinases BLK and LYN. 

Protein-protein interactions between the BANK1 variants and SRC kinase protein variants 

were studied.  Expression plasmids expressing full length BANK1 and BANK1D were 
constructed. Co-transfection, immunoprecipitation, and Western blotting were used to study 

protein-protein interactions in this work.  

A constitutively active form of BLK (Blk-Y501F) phosphorylated all BANK1 variants and 

interacted more tightly than LYN with BANK1. Mutagenesis of the BANK1 exon-2 tyrosine 

did not contributed to the interaction with SRC kinases. 
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List of abbreviations 

SLE  Systemic lupus erythematosus 

BANK1  B-cell scaffold protein with ankyrin repeats 1  

BLK  B lymphoid tyrosine kinase 

LYN  V-yes-1 Yamaguchi sarcoma viral related oncogene 

IFN  Interferon  

IP  Immunoprecipitation 

BLK-wt  BLK- wild type 

BLK- mSH3  BLK SH3 domain 

BLK-mSH2  BLK- SH2 domain 

BLK-KL  Mutation in the kinase domain from amino acid K to L 

BLK-YF  Mutation in the regulatory domain from amino acid Y to F 

PVDF  Polyvinylidine fluoride
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Introduction 

The immune system is divided into two parts; innate and adaptive immunity. Innate immunity 

is a first line of defence whereas the adaptive immune response is a much more sophisticated 

response. The innate immune response activates the adaptive immune response with which it 

works together to fight pathogens. In comparison, the adaptive immune response responds 

after innate response, with high specificity and immunological memory. The adaptive immune 

system includes two major classes of lymphocytes, B-cells and T-cells (Kurtz et al.,), which 

induces an antibody response and cell-mediated response. The antibody immune response is 

activated by B-cells. Activated B-cells release antibodies that circulate in the blood stream to 

find pathogens and neutralize them (Kuby 2007). The cell-mediated immune response 

activates T-cells that react directly against a foreign antigen presented on the host cell and 

kills the infected cell (Alberts 2002). 

Interferon (IFN) is part of the innate immunity and belongs to the family of inducible 

cytokines (Diamond et al., 2000). There are two types of IFNs, Type I and Type II, which are 

distinguished on the basis of receptor complex used for the signalling and sequence homology 

(Henrichsen et al., 2005). Type 1 interferons present in humans are IFN α, IFN β, and IFN ω 

(Liu et al., 2005). 

Autoimmunity 

Immune systems recognize foreign pathogens and neutralize infectious agents. Immunity 

distinguishes foreign antigens from those derived from the body’s own tissue; it destroys the 

pathogens and is not responsive to self-antigens. Unresponsiveness to self-antigens is called 

self-tolerance and it is largely due to inactivation or autoreactive lymphocytes, induced by 

exposure to those antigens. If self-tolerance fails, autoimmunity arises and leads to 

autoimmunity. B-cells produce antibodies to neutralize foreign pathogens. Hyperactivation of 

the B-cell leads to production of auto-antibodies against self systemic organs (human body 

systems and organs) of individuals.   

Systemic Lupus Erythematosus 

Systemic Lupus Erythematosus (SLE) is a prototypic complex autoimmune disease (Kozyrev 

et al., 2008). Multiple organs are affected in this disease. The affected systems and organs 

include skin, kidney, joints, the nervous system and the cardiovascular system. In patients 

affected by SLE the antibodies attack their own tissue instead of protecting them from foreign 

pathogens. Women are greatly affected by this disease. One of the symptoms of SLE disease 

is butterfly rash. Several genetic factors contributing to SLE disease have been identified. 

SLE affects 6-35 individuals per 100,000 people in the world (Belmont et al., 2005). Along 

with genetic factors, some environmental factors also contribute to the development of SLE 

disease (Grondal et al., 1999).  

Genetic studies are used in the understanding of the disease. The International Consortium for 

Systemic Lupus Erythematosus is studying genetic factors of the SLE disease (John et al., 

2008). To date, more than 36 genomic associations have been identified (Moser et al., 2009). 
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Functions of the B-cell in immune response 

B cells are mainly produced in the bone marrow. After maturation they circulate in the blood 

and lymphatic system. The main function of the B-cells is to produce antibodies (Natalay et 

al., 2009), but they have also other roles (fig 1)  

 

 

 

 

 

 

 

 

 

Fig 1: B cell and its functions in the immune system. 

  

B-cell scaffold protein with ankyrin repeats 1  

B-cell scaffold protein with ankyrin repeats 1 (BANK1) has been identified as an adaptor 

protein for interacting partner proteins. The protein contains 785 aa with a molecular weight 

of 120 kDa and the gene maps to the locus 4q22-24. BANK1 is expressed in B cells. The 

precise function of BANK1 is unknown, but it has been shown to be involved in calcium 

signalling. BANK1 interacts with the LYN kinase, which is an activator in the B-cell receptor 

pathway (Yokoyama et al., 2002). 

Analysis of the transcripts of BANK1 has revealed two main polymorphisms. An alternative 

splicing of the mRNA results in exon 2 being skipped in the BANK1 mRNA. The full length 

mRNA transcript is BANK1 G and the exon 2 skipping BANK1 form is BANK1 D. The full 

length BANK1 exon 2 region has been reported to bind to the inositol triphosphate type 3 

receptor (IP3R). The other isoform is generated by a single nucleotide polymorphism, either 

G or A at codon 61, resulting in an amino acid change from an arginine to histidine (Kozyrev 

et al., 2008).  

BANK1 has in total 13 predicted tyrosine phosphorylation sites (Netphos 2.0, 

phosphorylation site prediction server). Among those 13 tyrosines, the BANK1 exon 2 

region has 2 tyrosine phosphorylation sites (Y125, Y146).  
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Rous sarcoma virus kinase:  

Sarcoma (SRC) kinase belongs to the family of proto oncogenic non-receptor kinases. SRC 

family proteins are well known for their multiple roles in cell proliferation, survival, adhesion, 

differentiation, cell cycle progression, apoptosis, morphology and motility (Thomas et al., 

1997). Rous sarcoma virus (RSV) was first described by Francis Peyton Rous in 1911 as a 

virus causing chicken sarcoma. In humans, altogether nine SRC kinases have been identified 

(Sudol et al., 1993). The proteins of the SRC family range from 52 to 60 kDa, and contain 6 

functional domains. The domains are SRC homology domain 4 (SH4), unique domain, SH3 

domain, SH2 domain, a catalytic domain (SH1) and a C terminal domain (Brown et al., 

1996). The SH4 domain contains amino acids needed for N-terminal myristylation of the 

kinase at amino acids gly-2 and ser-6, which are conserved in all myristylated proteins. Other 

functions of SH4 amino acids are in membrane targeting and membrane bound protein 

interaction (Rech et al., 1993). SH2 and SH3 play a role in substrate recognition and protein 

interaction. The SH3 domain is 85-140 residues long. The SH3 domain is found in many 

proteins involved in tyrosine kinase signaling. The SH3 domain interacts with protein 

substrates and also ensures the intramolecular binding and controlling catalytic activity in the 

cell. The SH3-binding site consists of proline-rich peptides of approximately 10 amino acids 

(Yu et al., 1994). The SH2 domain is a modulating domain with 141-260 amino acids, which 

controls protein interaction of the SRC family kinase. Tyrosine phosphorylation and 

dephosphorylation can be controlled by the SH2 domain. The SH2 domain typically binds to a 

phosphorylated tyrosine kinase residue within a target protein (Waksman et al., 1992).  The 

kinase domain is found in all SRC kinase proteins. It functions in tyrosine kinase activity and 

has a role in substrate specificity (Witjetunge et al., 1996). The C-terminal domain has an 

important role in the regulation of the SRC kinase activity. All kinases of the SRC family 

have a C-terminal region of 15-19 amino acid residues with a tyrosine in a constant position. 

C-terminal tyrosine phosphorylation inhibits kinase activity by 98% (van Hoek et al., 1997). 

The arrangement of the SRC kinase domains is illustrated in fig 2. 

 

 

 

 

 

 

 

Fig 2: The model domain distribution of a SRC kinase. 

 Unique 
domain 

SH3 
domain 

SH2 domain 

 

Kinase domain  

C-terminal domain N-terminal myristylation 
domain (SH4), located in 

the membrane 

Tyr-501 
Gly-2, Ser-6 



6 

 

V-yes-1 Yamaguchi sarcoma viral related oncogene homolog (LYN)  

V-yes-1 Yamaguchi sarcoma viral related oncogene homolog, or LYN, is a SRC protein 

tyrosine kinase in the B cells. The LYN gene is located on human chromosome 8q13 

(Yamanashi et al., 1987). LYN has both positive and negative roles in signaling. LYN is a 

modulator of different signaling responses and (Martin et al., 1997) negatively regulates the 

signaling pathways by phosphorylating several inhibitory receptors, adaptors. It is a key 

mediator in the B cell activation pathway (Noesel et al., 1993). LYN and the inositol 1,4,5-

triphosphate receptor (IP3R) are associated with BANK1. The BANK 1 protein promotes 

LYN-mediated tyrosine phosphorylation of IP3R (Yokoyama et al., 2002). 

B lymphoid tyrosine kinase 

The B lymphoid tyrosine kinase gene, encodes the specific lymphoid tyrosine kinase BLK 

of the SRC kinase family. BLK is a 55 kDa polypeptide composed of 505 amino acids. It 

functions in a signal transduction pathway that is limited to B-lymphoid cells. BLK is only 

expressed in the B cell lineage (Dymecki et al., 1990). Expression is highest during the pro-B 

cell stage and the expression remains stable at later B-cell division stages (Wasserman et al., 

1995). The gene localizes to chromosome 8p23-p22. 

Immunoprecipitation 

Immunoprecipitation is an antibody and antigen reaction-based purification procedure. An 

antibody (polyclonal or monoclonal) is allowed to form an immune complex with the antigen 

it recognizes, typically a protein present in a suspension (cell lysate). The immune complex is 

then captured on a solid support (agarose or sepharose) carrying immobilized protein A or 

protein G. The components of the immune complex (antigen and antibody) are eluted and 

analyzed by sodium dodecyl sulfate polyacrylamide gel electrophoresis (SDS-PAGE) followed by 

Western-blot analysis (Jeremy et al., 1995).  

Co-immunoprecipitation 

Co-immunoprecipitation is a technique used to examine protein interactions in the cytoplasm. 

The target protein is expressed in cultured mammalian cells, which are lysed to release the 

cytoplasmic contents. The target protein is precipitated from the lysate with an antibody. 

Proteins associated with the target protein remain associated in the antibody-protein complex. 

Protein A or G is attached to beads, before it is added to the lysate. The target protein, 

associated protein and protein A or G beads is gently isolated from the total lysate and 

recovered by centrifugation (or magnetic precipitation). The complex is studied by SDS-

PAGE followed by Western-blot. 

Protein tag 

To accomplish a protein-protein interaction network, the target protein should be tagged either 

at the N- or C-terminal end. Recombinant hybrids containing a polypeptide fusion partner 
(protein tag) are called tagged protein. Protein tags are used in easier immunological 

recognition. Many proteins and domains can be tagged with protein tags. 
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FLAG expression system 

The FLAG system is used to detect recombinant proteins and in protein purification. The 

FLAG tag system is constructed with an 8 amino acid long peptide and used to detect 

recombinant proteins (Hopp et al., 1988). The FLAG tag can be attached at the N-terminal or 

C-terminal of the target protein. This system is used in several systems like bacteria and 

several cell lines (Blanar et al., 1992). It can be detected by monoclonal or polyclonal 

antibodies.  

V5 tag 

The V5 epitope is a 14 amino acid long peptide. The V5 epitope tag is a small epitope present 

on the N- and C- terminal proteins of the paramyxovirus of simian virus (SV5) (Southern et 

al., 1991). The V5 template can be inserted into a plasmid DNA at the N- or C-terminal end 

of target. Polyclonal and monoclonal antibodies have been developed to detect the epitope. 

Enhanced green fluorescent protein tag 

The Enhanced green fluorescent protein (EGFP) tag is a red-shifted variant of wild type green 

fluorescent protein that has been optimized for fluorescence signal and higher expression in 

mammalian cells. EGFP encodes the GFPmut1 variant which is a double amino-acid 

substitution of phe-64 to leu and ser-65 to thr. GFP is extremely useful as a marker for gene 

expression and as a tag in protein localization (Brendan  1996). It has become the major 

tag tool for protein localization in prokaryotes (Prasher et al., 1992).  The green fluorescent 

protein of jellyfish Aequorea victoria absorbs light at 390 nm excitation and fluoresces with 

an emission at 510 nm. 

Aim 

The aim of the study was to perform a molecular mapping of the protein-protein interaction of 

BANK1 and the SRC kinases BLK and LYN.  My task was to determine the binding affinity 

of the BANK1 and kinase proteins. The final aim was to understand the molecular 

relationship between the hyperactivity of B-cells observed in SLE patients and the kinase 

activity associated with BANK1. 
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Results 

Production of a mutation in BANK1 G at tyrosine positions Y125 and Y146 

Mutant proteins were produced to study the interaction between BANK1 and the kinases.  The 

BANK1 exon 2 region has two tyrosine phosphorylation sites (Y125, Y146). Inverse PCR was 

performed on BANK1 G at Y125 and Y146, causing a mutational change from tyrosine to 

phenylalanine. 

Cloning 

Mutant and wt BANK1 G were cloned into the pIRES2-egfp vector, which has a size of 5308 

bp. BANK1G has a coding sequence of around 2355 bp. The cloning was performed by PCR 

amplification analysis. The gel electrophoresis showed a broad band around 8000 bp, which 

corresponds to the plasmid with the BANK1 G insert (fig 3). 

  

 

 

 

Fig 3: Agarose gel electrophoresis and analysis of the mutants that were cloned into the 

pIRES vector. Lane: 1 BANK1 G Y125F; Lane: 2 DNA ladder; Lane: 3 BANK1 G Y146F; 
Lane: 4 BANK1G. 

Later on, the plasmids were sent for sequencing. The presence of the mutations in BANK1 G 

at Y125 and Y146 was confirmed by sequence comparisons with the wild type plasmid (Fig 
4). 

1 2 4 3 
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 3000 bp 

 1000 bp 
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 a    b 

Fig 4: Sequence analysis of BANK1 mutations.  a, Y146F b, Y125F, in both panels compared 

to the wild type sequence shown above. 

BANK1 and kinase overexpression and immunoprecipitation 

BLK-Y501F binds and phosphorylates BANK1 A 

The two BANK1 isoforms and BLK mutants were co-transfected (Lipofectamine) into HEK 

293 cells. Mutations along BLK from the N-terminal to the C-terminal (mSH2 domain 
mutation, mSH3 domain mutation, active domain mutation, C-terminal mutation) were tested 

with BANK1 to map the protein interaction network of BLK and BANK1. The transfection 
scheme of BANK1 variants and kinase variants are shown in fig 5. SRC kinases (LYN, BLK) 

were tagged with the V5 epitope. Total proteins were extracted and fractionated into total 
lysates and immunoprecipitation lysates. V5 immunoprecipitation was performed with total 

lysates for identifying specific V5 tagged proteins. The examination of protein expression and 
post-translational modifications was studied with immunoblotting (Western-blot). The 

membrane was probed for three times with three antibodies for determining expression. 

BLK- wt-V5 

+ 

FLAG-BANK1 A 

BLK- wt-V5 

+ 

FLAG-BANK1 D 

BLK mSH3-V5 

+ 

FLAG-BANK1 A 

BLK mSH2-V5 

+ 

FLAG-BANK1 A 

BLK- KL-V5 

+ 

FLAG-BANK1 A 

BLK-YF-V5 

+ 

FLAG-BANK1 A 

Fig 5: Transfection scheme for the first experiment. In accordance with the above order BLK mutants were fused 

to epitope V5 and BANK1 isoforms were co-transfected. BLK-wt: wild type, BLK- mSH3: mutation in the SH3 

domain; BLK-mSH2: mutation in the SH2 domain; BLK-K(275)L: mutation in the kinase domain; BLK-

Y(501)F: mutation in the regulatory domain. BANK1 A and BANK1 D are the two isoforms of BANK1. Two 
µg of plasmid DNA from each plasmid were used for transfection. 
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Fig 6: Western-blot (WB) analyses of BANK1, BLK and post-translational modification (phosphorylation) of 

BANK1 in HEK 293 cells. BLK was tagged with V5 tag. Expression was determined by 10 µg of total protein 

extracted from HEK cells after 48 hrs incubation. Sample loaded were lysates from co-transfections shown in fig 
5. Panel (a) western analysis of BANK1, panel (b) western analysis of BLK and phosphorylation was detected in 

panel (c). The expression of BANK1 was detected using an anti-BANK1 antibody, expression of BLK using an 

anti-V5 antibody and phosphorylation was detected using an anti-P-TYR-100 antibody. The 120kDa corresponds 

to BANK1 and 58kDa corresponds to BLK. 1-6 samples were total lysates and 7-12 samples were 

immunoprecipitated with anti- V5 antibody. 

BANK1 expression was determined by using an anti-BANK1 antibody (fig 6, panel (a) lane 

1-6). Interaction of the BANK1 and BLK-YF was observed in the detection of BANK1 

probing of immunoprecipitate with an anti-BANK1 antibody (fig 6, panel (a) lane 12). The 
V5 tagged BLK protein expression was determined by using an anti-V5 antibody (fig 6, panel 

(b) lane 7-12).  In all the experiments, no protein expression was observed in negative control 
(untransfected cell lysate, lane 0 and 13). 

An anti-P-TYR-100 antibody recognises phosphor-TYR in a manner largely independent of 

the surrounding amino acid sequence. BANK1 phosphorylation with BLK-YF (BLK Y501F) 
was determined by an anti-P-TYR-100 antibody (fig 6, panel (c) lane 12). The conclusion 

from this first experiment was that BLK-YF interacted with BANK1 and phosphorylated 

BANK1. The mutation of BLK-KL at the kinase domain did not show any phosphorylation of 

BANK1, indicating that the mutation generated a kinase null protein. 

BANK1 isoforms and mutants interaction with BLK-YF (Y501F) 

The BLK-Y501F plasmid was used for co-transfection experiments to test whether BANK1 

isoforms and its mutants affect the binding between the two proteins. Transfection 

combination scheme for co-transfection of BLK-YF and BANK1 variants are shown in fig 7.  

135 kD 

100 kD 

120 kD 

58 kD 

70kD 

50 kD 

120 kD 

a 

b 

c 
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FLAG-BANK1 G PL 

+ 

BLK-YF-V5 

 

FLAG-BANK1 A PL 

+  

BLK-YF-V5 

 

FLAG-BANK1 D AT 

+ 

BLK-YF-V5 

 

FLAG-GFP 

+ 

BLK-YF-V5 

 

FLAG-BANK1 A 

+ 

BLK-YF-V5 

 

FLAG-BANK1D 

+ 

BLK-YF-V5 

Fig 7: Co-transfection scheme for the second experiment. The ‘BANK1’ variants and constitutively active BLK 

(BLK-Y501F) for the transfection experiment. BLK (BLK-Y501F) was tagged with V5 tag. BANK1 G PL: 

BANK1 G mutation from P to L, BANK1 A P(513)L: BANK1 A mutation from P to L, BANK1 D AT: BANK1 D 

mutation from A to T, Flag-GFP: Flag tagged GFP, BANK1 A: BANK1 A wt, BANK1 D: BANK1 D wt, BLK-YF: 

(BLK-Y501F). Two µg of each plasmid was transfected within the HEK 293 cells. 

 

Fig 8: Western-blot (WB) analyses of BANK1, BLK and post-translational modification (phosphorylation) of 

BANK1 in HEK 293 cells. Expression was determined by 10 µg of total protein extracted from HEK cells after 
48 hrs incubation. Sample loaded were lysates from co-transfections shown in fig 7. BLK was tagged with V5 

tag. The expression of BANK1 was detected using an anti-BANK1 antibody, expression of BLK using an anti-

V5 antibody and phosphorylation was detected using an anti-P-TYR-100 antibody. Panel (a) western analysis of 

BANK1, panel (b) western analysis of BLK and phosphorylation was detected in panel (c). The 120kDa 

corresponds to BANK1 and 58kDa corresponds to BLK. 1-6 samples were total lysates and 7-12 samples were 

immunoprecipitated with anti-V5 antibody. Flag-GFP is a negative control. 

135 kD 

100 kD 

120 kD 

58 kD 
70 kD 

100 kD 

120 kD 

135 kD 

100 kD 
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The expression and protein interaction of BANK1 variants and V5 tagged BLK Y501F was 

studied in a second experiment (Fig 8). Proteins were extracted and immunoprecipated as in 

the previous experiment. Monoclonal anti-BANK1 antibodies were used for immunoblotting 

to check the expression of BANK1.  The FLAG-GFP was used a negative control as it does 

not have any expression signal (Fig 8 panel (a) lane 4). The interaction was confirmed 

between BANK1 mutants and BLK Y501F (fig 8 panel (a) lanes 7-12). The expression of 

BLK Y501F was determined by using an anti-V5 antibody (fig 8 panel (b) lanes 7-12). The 

membrane was re-probed with the monoclonal anti-P-TYR-100 antibody to detect the 

phosphorylation. The phosphorylation signal was observed within all the slots of transfection 

(fig 8 panel (c) lanes 7-12). The conclusion from the second experiment was that BANK1 (A, 

G, D) interaction was observed with BLK Y501F. The BANK1 variants were phosphorylated 

with BLK Y501F. 

The tyrosine 125 and 145 residues of BANK1 do not influence the total phosphorylation of 

BANK1 or its interaction with BLK 

The BANK1 exon 2 region has two tyrosine phosphorylation sites (Y125 and Y146). These 
two phosphorylation sites were changed by induced site directed mutagenesis (Y125F, Y145F) 

(fig 3). These alterations might explain some interaction.  

This experiment was performed to check the interactions of altered BANK1 Y125 and Y145 

with two kinases (LYN, BLK and kinase mutants). Other plasmid expressing GFP-V5, LYN-

YF (no V5) was used as positive and negative controls (fig 9).  

BLK- wt-V5 

+ 

FLAG-BANK 1 

G Y146F 

BLK- wt-V5 

+ 

FLAG-BANK1 

G Y125F 

BLK- wt-V5 

+ 

FLAG-BANK1 

G 

GFP-V5-V5 

+ 

FLAG-BANK1 

G 

BLK-KL-V5 

+ 

FLAG-BANK1 

G 

LYN-KL-V5 

+ 

FLAG-BANK1 

G 

BLK-YF-V5 

+ 

FLAG-BANK1 

G 

LYN-YF (no V5) 

+ 

FLAG-BANK1 

G 

GFP-V5 

+ 

FLAG-BANK1 

D 

BLK-wt-V5 

+ 

FLAG-BANK1 

D 

LYN-wt-V5 

+ 

FLAG-BANK1 

G 

 

 

Fig 9: The transfection scheme for the third experiment BANK1 G, mutants (Y125, Y146); 

both kinase (LYN, BLK) wild type, mutant variants; GFP-V5: green fluorescent protein; were 

co-transfected according to the above scheme. 



13 

 

 

 

Fig 10 Western-blot (WB) analyses of BANK1, BLK and post translational modification (phosphorylation) of 
BANK1 in HEK 293 cells. Expression was determined by 10 µg of total protein extracted from HEK cells after 

48 hrs incubation. Sample loaded were lysates from co-transfections shown in fig 9. The expression of BANK1 

was detected using an anti-BANK1 antibody, expression of BLK using an anti-V5 antibody and phosphorylation 

was detected using an anti-P-TYR-100 antibody. Panels (a), (b) Western analysis of BANK1, panels (e), (f) 

western analysis of BLK-V5 and phosphorylation was detected in panels (c), (d). The 120 kDa corresponds to 

BANK1 and 58 kDa corresponds to BLK. Panels (a), (c), (f) were total lysates and panels (b), (d), (e) were 

immunoprecipitated with V5 antibody. All kinase (BLK, LYN) variant plasmids were tagged with V5 tag and 

GFP-V5 considered as positive control. Only LYN-YF (no V5) considered as negative control (lane 10). Yellow 

box of panel (b) was representation of interacted protein lanes 3, 4, 5, 9, 13. V5- tagged GFP expected size is 36 

kDa, bottom thick bands in panel (e) and (f). 1 and 2 lanes in all panels were empty.  
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The expression study (Fig-10) was performed to detect the interaction between the BANK1 

Y125, Y146 and kinases (LYN, BLK wild type and mutants). Total proteins were extracted 

from transfected cells to prepare lysates and IP samples. The interaction of BANK1 mutants 

and other set of recombinant proteins were tested with monoclonal anti-BANK1 antibodies. 

The BANK1 expression from total lysate was confirmed by a BANK1 Western-blot (fig 10 

panel (a) lane 3-13). GFP-V5 was used as a positive control. 

This experiment showed a strong interaction of BLK-YF, LYN-wt with BANK1. A stronger 

interaction was observed with the LYN-Wt (fig 10(b), lane 13). BLK-wt interaction with 

BANK1 mutants (Y146F, Y125F) was observed but there wasn’t strong interaction contrast 

with BLK-YF (fig 10 panel (b), lanes 3, 4, 5). LYN-YF mutant and LYN wild type constructs 

did not interact with BANK1 (fig 10 panel (b), lanes 1, 2, 10).  

Phosphorylation of total lysates was examined by the monoclonal anti-phospho-P-100-TYR 
antibody. Phosphorylation of BANK1 by BLK was observed in BANK1 G mutants of Y146F, 

Y125F and wild type (Fig 10 panel (c), lanes 3, 4, 5, 9, 12, 13). Lane 12 and 13 samples were 
phosphorylated more strongly than lanes 3, 4, 5, 9. 

BLK-YF and LYN interacted, as well as phosphorylated BANK1 (Fig 10 panel (d), lane 9 and 

13).  

The kinases and other recombinant protein expression were studied by the anti-V5 antibody 

((Fig 10 panel (e) lane 1-13). LYN-YF was the negative control ((Fig 10 panel (e) lane 10). 

Since there LYN-YF wasn’t tagged with V5 epitope.  And there was no expression in slot 10.  

An anti-V5 probing was performed to examine the expression of SRC kinases (LYN, BLK) in 

immunoprecipated samples. From the results (Fig 10 panel (f) lane 1-13), the expression of 
V5 tagged kinase and other control proteins within the IP samples was identified. The 

negative control was not expressed (Fig 10 panel (f), lane 10). This expression was studied 
with monoclonal anti-V5 antibody. The positive and negative controls were used in order to 

check the proper transfection. 

The conclusion from this experiment (Fig. 10) was that tyrosine 125 and 145 of BANK1 do 

not influence the total phosphorylation of BANK1 or its interactions. 
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Discussion 

Mutation on BLK interacted with BANK1 

The data obtained in this study demonstrated that BLK-YF mutation has interacted with 

BANK1 protein. The C-terminal domain of BLK was mutated from tryrosine(Y) to 

phenylalanine (F). The mutated BLK-YF interacted and phosphorylated BANK1 protein. The 

mutated BLK-YF interacted and phosphorylated BANK1 protein. The wild type BLK and 

mutated domains of BLK-SH2, SH3, kinase, did not interact with BANK1. A previous study 

has shown that BANK1 interacted with LYN kinase (Yokoyama et al., 2002).  

Interaction of BANK1 and mutations with BLK-YF 

Results showed that mutations along BANK1 interacted with BLK-YF and phosphorylate 

BANK1. The two isoforms of BANK1, BANK1 (full length), BANK1 D (exon 2 skipping) 

interacted with BLK-YF,and mutations along the BANK1 were found to interact with BLK-
YF and got phosphorylated. The mutations on exon 2 region of BANK1 at tyrosine 125 and 

145, do not influence the interaction and the phosphorylation. In conclusion, the constitutively 
active BLK-YF mutation can explain the interaction network between BANK1 and BLK. The 

disrupted BANK1 D variant did not showed any interaction with BLK-YF. This study was 
carried out in the HEK 293 cells and protein level interaction was observed within SLE 

associated BLK. 

 

Future approach 

This study was performed with in HEK 293 cell lines. The better understanding of BLK and 

BANK1 interaction with in B-cell line must be studied. This study can give information about 

the B-cell proteins interaction and their activity in a broader aspect. 
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Materials and methods 

Biological material 

HEK-293 cells were cultured in Dulbecco’s Modified Eagle Medium (DMEM) purchased 

from Invitrogen (Carlsbad, CA). The medium was supplemented with 10% fetal bovine serum 

(FBS, Invitrogen), 1% penicillin and streptomycin. Cells were incubated at 37°C with 5% 

CO2. Transformation bacterial strain E. coli (DH10BTM) was obtained from Invitrogen. E.coli 

DH10B
TM

 is suitable for cloning DNA containing methylated cytosine or adenine. 

 pCDNA3.1 is a 5.4 kb vector designed for high level stable expression and transient 

expression in mammalian cell lines. This vector was purchased from Invitrogen. The vector 
contains human cytomegalovirus immediate-early (CMV) promoter and multiple cloning sites 

to facilitate cloning. The plasmid encodes neomycin resistance for selection. BLK insert was 
inserted in the pCDNA3.1 vector with a V5 epitope tag. 

pIRES2-EGFP, a 5.3 kb vector contains the internal ribosome entry site (IRES) of the 

encephalomyocarditis virus between the multiple cloning site and the enhanced green 
fluorescent protein coding region. This is a bicistronic expression vector, designed for 

expression of two different translation products from one transcript. The CMV promoter 
allows the transcription of the inserted gene and the gene downstream of the IRES sequence, 

resulting in one transcript. The vector backbone also contains a kanamycin resistance gene 

and the SV40 origin of replication. pIRES2-EGFP was designed for efficient selection of 

transiently transfected mammalian cells expressing EGFP and the protein of interest. BANK1 

was inserted in pIRES2-EGFP vector for the experiments. BANK1 was tagged with the FLAG 

tag at N-terminal end with polymerase chain reaction. BANK1 wild type and isoform 

constructs were provided by Casimiro Castellijo Lopez and mutants of BANK1 (Y146F, 

Y125F) were cloned into pIRES2-EGFP vector. 

Plasmid and gene insert information are given in table 1. BANK1 templates and its mutants 

were inserted in pIRES2- EGFP and rest of the inserts were in pCDNA 3.1. Bacterial cell 
culture growth conditions were 200 ml lysogeny broth medium (LB medium, tryptone (10g) 

yeast extract (5g) sodium chloride (5g) per liter) with 50 µg/ml ampicillin for pCDNA 3.1 

plasmid. And 200 ml LB medium with 50 µg/ml kanamycin for pIRES2- EGFP vector 

plasmid was used. The model plasmid construction for all gene templates is displayed in fig 

11. 

 

 

  

   

Fig 11: The plasmid construction with respect template and epitope showed in the picture. 

 

pIRES EGFP 2 Flag BANK1 

pcDNA3.1 Kinase V5 
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Table 1 Plasmids 

Plasmid name                  properties                                           Source 

pIRES EGFP 2 BANK1 A              pIRES EGFP 2 backbone: 5308 bp        Dr. Casimiro Castillejo-Lopez

              BANK1 A  insert size: 2355 bp  

pIRES EGFP 2 BANK1 G             pIRES EGFP 2 backbone: 5308 bp         Dr. Casimiro Castillejo-Lopez

             BANK1 G  insert size: 2355 bp 

pIRES EGFP 2 BANK1D             pIRES EGFP 2 backbone: 5308 bp         Dr. Casimiro Castillejo-Lopez

             BANK1D  insert size: 1956 bp 

pIRES EGFP 2 BANK 1 G Y146F             pIRES EGFP 2 backbone: 5308 bp                     Myself

            BANK 1 G Y146F  insert size: 2355 bp, 785 aa 

pIRES EGFP 2 BANK 1 G Y125F             pIRES EGFP 2 backbone: 5308 bp                      Myself

            BANK 1 G Y125F  insert size: 2355 bp, 785 aa 

pIRES EGFP 2 BANK1 G PL            pIRES EGFP 2 backbone: 5308 bp         Dr. Casimiro Castillejo-Lopez

            BANK1 G PL  insert size: 2355 bp, 785 aa 

pIRES EGFP 2 BANK1 D AT            pIRES EGFP 2 backbone: 5308 bp         Dr. Casimiro Castillejo-Lopez

           BANK1 D AT  insert size: 1956 bp 

pcDNA3.1 BLK- wt          pcDNA3.1 backbone: 5428 bp          Dr. Casimiro Castillejo-Lopez

          BLK- wt insert size: 1515 bp, 505 aa 

pcDNA3.1 BLK-YF           pcDNA3.1 backbone: 5428 bp        Dr. Casimiro Castillejo-Lopez

           BLK-YF  insert size: 1515 bp, 505 aa 

pcDNA3.1 BLK mSH3          pcDNA3.1 backbone: 5428 bp       Dr. Casimiro Castillejo-Lopez

          BLK mSH3  insert size: 1515 bp, 505 aa 

pcDNA3.1 BLK mSH2           pcDNA3.1 backbone: 5428 bp        Dr. Casimiro Castillejo-Lopez

          BLK mSH2  insert size: 1515 bp, 505 aa 

pcDNA3.1 BLK- KL          pcDNA3.1 backbone: 5428 bp        Dr. Casimiro Castillejo-Lopez

          BLK- KL insert size: 1515 bp, 505 aa 

pcDNA3.1 LYN          pcDNA3.1 backbone: 5428 bp        Dr. Casimiro Castillejo-Lopez

         LYN  insert size: 1536 bp, 512 aa 

pcDNA3.1 LYN-KL         pcDNA3.1 backbone: 5428 bp        Dr. Casimiro Castillejo-Lopez

         LYN-KL  insert size: 1536 bp, 512 aa   

pcDNA3.1 LYN-YF        pcDNA3.1 backbone: 5428 bp        Dr. Casimiro Castillejo-Lopez

        LYN-YF  insert size: 1536 bp, 512 aa 

Table 1. Plasmids are named according to their inserts. BANK1 mutants (PL & AT), BLK mutants (mSH2 

domain, mSH3 domain, YF, KL), LYN mutants (KL, YF) were used. pCDNA3.1 plasmid purchased from 

Invitrogen and pIRES-EGFP2 plasmid purchased from Clontech.  
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Mutagenesis by PCR 

Primers with the desired mutation were used to amplify the BANK1G plasmid pIRES EGFP 2 

BANK1G to create amino acid changes Y125F and Y146F in BANK1 G. Mutagenesis was 
performed with primers described in table 2. 

Table 2 Mutation primers for the inverse polymerase chain reaction. 

Mutation primer   Sequence with mutation 5' to 3' 

BANK1 G Y125 Forward  TCAGCTCTTTGAATTACTAAATATC 

BANK1 G Y125 Reverse  GTAATTCAAAGAGCTGATCTGAACTC 

BANK1 G Y146 Forward  TGAAGACTTCATCTCTGTAATCCAG 

BANK1 G Y146 Reverse  TACAGAGATGAAGTCTTCAGGTTCCT 

All these primers were obtained from Thermo Fisher Scientific. 

Table 3 Polymerase chain reaction mixture 

Ingredient     Volume (µl) 

Pfu Buffer 10X (New England Biolabs)   2.5 

5 mM dNTP (Fermentas)    1.5 

Template (Plasmid)- 50ng    2 

Pfu Ultra DNA polymerase (Stratagene)   0.3 

Double distilled H2O    17.7 

Forward primer (10 µM)    0.5 

Reverse primer (10 µM)    0.5 

 

Polymerase chain reaction cycle  

Temperature settings were initial denaturation for 3 min at 95°C; 14 cycles of denaturation 
(95°C for 15 sec), annealing (55°C for 15 sec) and extension (72°C for 2 min), final extension 

step was for 7 min at 72°C. 

DpnI digestion 

This DpnI digestion is crucial to destroy the plasmid template. DpnI cleaves the methylated 

sites along the plasmid DNA. DpnI does not cleave the PCR product. Digest reaction (table 4) 
was carried out for 3 hours at 37°C. DpnI (ER1701) was purchased from Fermentas. 
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Table 4 DpnI digestion reaction 

Component    Y125F  Y146F 

    

PCR reaction product   12 µl  12 µl 

H2O    41µl  41µl 

NEBuffer 4(10x) (New England Biolabs) 6 µl  6 µl 

DpnI    1 µl  1 µl 

 

Purification 

DpnI digested amplicans were purified with gel exclusion chromatography using the GFX kit 

(Illustratm, GE Healthcare) to get rid of DpnI digested plasmid DNA. 

TOPO cloning reaction and transformation 

After purification the PCR product was transformed into E. coli DH10B by TOP10 chemical 

one shot transformation (Invitrogen). One µl of TOPO cloning reaction was used to transform 

24 µl of the bacterial cells. This reaction was kept on ice for 30 min; heat shock was given for 

30 seconds at 42°C. After the treatment bacteria cells were mixed with 250 µl of SOC 

medium (15544-034, Invitrogen) and incubated at 37°C for 1hour. The transformation 

mixture was placed and streaked on to kanamycin containing agar plate, and incubated 

overnight at 37°C. Single colonies were observed next day and some used for culture. 

Plasmid preparation 

Single colonies were taken from the kanamycin-agar plate and used for culture, 100 ml LB 

(Luria-Bertani broth) medium with kanamycin (50 ug/ul). Plasmid preparation was done by 

the Gen Elute HP Plasmid Midiprep Kit from Sigma Aldrich. The preparation was done by 

the vacuum method. The concentration of the eluted plasmid DNA concentration was 

quantified by the spectrometry method with Nanodrop instrument (ND-1000 3.3). The yields 
of isolated plasmids were determined at 260/280 absorbance ratios. Plasmid preparations with 

absorbance (260/280) ratios below 1.8 were not used for transfection. 

 

Transfection of HEK 293 cells 

Seeding of HEK 293 cells in 6-well plate 

One day before cells were trypsinized, cells were counted (0.45×10
6
) and seeded into a 6 well 

plate. Transfection experiment cells were seeded in DMEM without antibiotics.  
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Transfection 

The BANK1 and kinase overexpressing plasmids were transfected to HEK 293 cells by means 
of liposome mediated gene transfer by using LipofectamineTM 2000 CD reagent from 

Invitrogen. The 6 well culture plate was used for the co-transfection experiments with 10 cm
2
 

area per well. Total 4 ug of plasmid DNA per well was required for the transfection, so 2 µg 

of plasmid DNA was used from each plasmid for the co-transfection. 10 ul of Lipofectamine 

was used in 250 ul OptiPro 
TM 

SFM medium (Gibco, Invitrogen) for the transfection.  

After the transfection plates were incubated at 37°C for 48 hrs.  

Protein extraction 

The protein extraction was done by disrupting the cells and scraped cells were collected in an 

eppondorf tube. Proteins were extracted 48 hrs after transfection. The cells were washed with 

2 ml cold phosphate saline buffer (137 mM NaCl, 2.7 mM KCl, 10 mM Na2HPO4, 1.76 mM 

KH2PO4, pH 7.4).  Cells were treated with lysis buffer (50 mM HEPES (pH 7.1), 150 mM 

NaCl, 1 mM EDTA, 2 mM Na3VO4 , 1% Triton X-100, 10% glycerol, 0.1% sodium dodecyl 

sulfate, 1 mM phenylmethylsulfonyl fluoride) and incubated for 20 min on ice. It was 

important to maintain cold temperature from this step. The lysates were stored at -20°C 

overnight. Lysates were centrifuged for 15 min at 13000 x g at 4°C temperature. The 

supernatant was collected in to a fresh tube. PMSF (phenylmethylsulfonyl fluoride) is a serine 

protease inhibitor. Sodium orthovanadate inhibits ATPase. 

Sample preparation for polyacrylamide gel electrophoresis 

The total protein lysate was divided into two separate fractions for the western-blot 

experiment, total lysate and sample for immunoprecipitation. 20 µl of total lysate was mixed 

with 20 µl of 4X loading buffer (NP0007, Invitrogen).  The remaining lysate was used for the 
immunoprecipitation preparation. 

Immunoprecipitation and preparation of Dynabeads protein-G: 

Preparation of Dynabeads 

Preparation of Dynadeads protein-G (Invitrogen, Immunoprecipitation Kit-Dynabeads ®) was 

done, Dynabeads protein-G was rotated on roller for 10 minutes. These dynabeads were 

developed with magnetic property. 

50 µl of the resuspended Dynabeads Protein-G was used for cross linking with the 

monoclonal anti-V5 antibody. Conjugation of the monoclonal anti-V5 antibody and 

Dynabeads Protein G was done by incubation at room temperature for 10 min. 200 µl of 

binding & washing buffer (Invitrogen) was used for the conjugation and PBS buffer 

(Invitrogen kit for Immunoprecipitation) for the washing of Dynabeads and antibody 
complex. Washing was done on the roller machine. Binding & washing buffer was PBS + 

0.02%Tween20. 

Immunoprecipitation of target antigen and elution 

The Dynabeads were conjugated with monoclonal anti-V5 antibody (see table 5), and this 

complex was mixed with cell lysates (antigen). The resulting complex 
(Dynabead+V5+antigen) was incubated for 20 min at room temperature. The 

immunoprecipated complex (Dynabeads, monoclonal anti-V5, and antigen) was collected by 
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the magnetic particle concentrator (DynaMag
TM

-2). The immunoprecipitated sample was re-

suspended in 15 µl 4X Nupage sample buffer (NP0007) from Invitrogen. 

Table 5: Monoclonal primary antibodies. 

Primary antibody Host Dilution (µl)  Source 

anti-BANK  Goat 1 in 250       Dr. Casimiro-Castillejo Lopez 

anti-V5  Mouse 1 in 5000                    Invitrogen 

anti-P-TYR-100  Mouse 1 in 2000       Cell Signaling Technology 

anti-V5 binds to epitope V5 tagged with kinase. Anti-P-TYR binds to phosphor-TYR which is issued to detect the phosphorylation. 

 

Table 6: Polyclonal secondary antibodies. 

Secondary antibody       Host Dilution (µl)  Source 

anti–rabbit, conjugated to horseradish peroxidase     Mouse 1 in 10000         Santa Cruz Biotech 

anti–mouse, conjugated to horseradish peroxidase     Rabbit 1 in 10000            Santa Cruz Biotech 

 

Polyacrylamide gel electrophoresis and Western-blot 

For the electrophoresis NuPAGE®Novex Bis-tris 4-12% polyacrylamide gradient gels from 

Invitrogen were used. Total 15 µl of protein sample was loaded on to the gel. NuPAGE MOPS 

running buffer was used for the experiment. The electricity conditions were 1.30 hr and 150 

V.  

Prepared protein samples, lysates and immunoprecipitated samples were loaded on the gel. 

The loading marker (Fermentas SM 1811 page ruler) was used to identify the protein 

separation within the gel. 

Transfer on to the membrane  

A Polyvinylidine fluoride (PVDF) membrane (Amersham Biosciences) was taken according 

to gel dimensions. The membrane was activated in methanol for 7 seconds and washed in 

milliQ water for 5 minutes. After this, the membrane was incubated in MOPS running buffer 

for 10 minutes.  

The separated proteins were transferred to the PVDF membrane. The transfer was done by 

preparing sandwich of the blotting pads, filter paper (Whatman 2 mm), gel, and prepared 
PVDF membrane. The protein transfer onto the membrane was done by the NuPAGE transfer 

buffer supplied by Invitrogen. The transfer conditions were 400 mA at 4°C. The membrane 
blot was performed from electrode charge negative to positive (Bio-Rad blotter).  

Blocking of non-specific protein binding was achieved by blocking the membrane in a 20 ml 

TBS-T (10 mM Tris-HCl pH 7.4, 150 mM NaCl, 0.05% Tween 20) + 5% no fat milk powder 

at room temperature for 45 minutes. The membrane was incubated in primary antibody (table 

5) solution overnight at 4°C. Unbound primary antibodies were washed with TBS-T buffer for 
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3 times. Next, membrane was incubated with horseradish peroxidase (HRP) conjugated 

polyclonal antibody (with 5% no fat milk powder) for one hour (table 6). Unspecific 

secondary antibody was removed by washing the membrane with TBS-T for three times. The 

membrane was incubated with a chemiluminescent reagent ECLTM plus (Amersham 

Biosciences), which was luminesced when exposed to the reporter on the secondary antibody. 

The light was detected by photographic film (GE Healthcare). This incubation was done in the 

dark room. 
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