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SUMMARY 
 
Integrins constitute a heterodimeric cell adhesion receptor family. They connect outside the 
extracellular matrix (ECM) to the inside actin cytoskeleton leading to processes like cell 
adhesion and spreading, cell migration, and anchorage dependent cell survival. Upon ligand 
binding, they are clustered together via interactions in their cytoplasmic region and activate 
several downstream signal transduction pathways including Protein kinases C (PKC) and 
Rac dependent signals. In this study, comparative analysis of the signals triggered by the β1 
integrin in its full-length version (β1A) and in a truncated version deprived of the carboxy-
terminal part (β1B) was performed. PKCs belong to the family of serine/threonine protein 
kinases that are attached to the plasma membrane. Using phorbol esters like TPA (12-O-
tetradecanoyl phorbol-13-acetate), PKC can activate ERK (extracellular signal responsive 
kinase) molecule. However, the mechanism of integrin-mediated activation of ERK through 
PKC is not known. In this study, β1A and β1B cells were stimulated by TPA for a short 
time period. From the results obtained we can say that in β1A cells with PKC stimulation, 
phospho-Raf and phospho-MEK might activate phospho-ERK, whereas in β1B cells 
phospho ERK might be less activated by Raf and MEK. 
 
Rac GTPases are monomeric GTP-binding proteins. Rac GTPases control and activate 
enzymes in the family of p21-activated kinase (PAK) family of serine/threonine kinases. 
Rac promotes actin polymerization and controls the assembly of integrin complexes at the 
plasma membrane. GST (Glutathione-S-transferase) – PAK fusion protein has affinity for 
the active form of Rac (Rac-GTP) as it contains cdc42/rac interactive binding (CRIB) 
domain that binds only to the activated Rac. By using GST-PAK fusion protein the active 
form of Rac was pulled down in β1A and β1B cells. Activated Rac was found in β1A cells 
but not in β1B cells, meaning that Rac protein might be activated through the proximal part 
of cytoplasmic domain of the β-subunit of integrin. 
 
Integrins are expressed in numerous number and they are attached to the plasma membrane 
closely associated with each other forming clusters. The present study addressed the nature 
of these integrin clusters and their functional role, by studying different combinations of 
homo- and heterodimers of integrins. Fos and jun used in this experiment were oligo proto-
oncogene sequences that can dimerise extracellularly. DNA encoding the mini integrins Fos 
α2, Fos α5 and Jun β1, Jun α2 and Jun α5 cDNA in mammalian expression vectors pSecTag2 
A and pSecTag2 C were transfected into GD25 mouse fibroblast cells. FACS (Fluorescence 
Activated Cell Sorting) was performed for all the transfected cell lines to check the protein 
production corresponding to mini-integrin fragments. The results from the FACscan showed 
no marked difference in protein production when compared to non-transfected GD25 cell 
lines. The antibodies (anti-Jun and anti-Fos antibody) used were polyclonal raised against 
the whole proteins and they have very weak or no reactions to the small parts of Jun and 
Fos that was tagged to the mini-integrin fragments. Hence, no significant differences in the 
protein production were found.  
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ABBREVIATIONS  
 
ADAM             A disintegrin and metalloproteinase ( family) 
BSA   Bovine serum albumin  
CAM   Cell adhesion molecule 
CIAP   Calf intestinal alkaline phosphatase 
CRIB   Cdc42/Rac interactive binding protein 
DAG   Diacylglycerol 
DMEM  Dulbecco’s modified Eagle’s medium 
DTT   Dithiotreitol 
ECM   Extracellular matrix 
EDTA   Ethylenediaminetetraacetic acid 
ER   Endoplasmic reticulum 
ERK   Extra cellular signal regulated kinase 
FACS   Fluorescence activated cell sorter 
FAK   Focal adhesion kinase 
FCS   Fetal calf serum 
FITC   Fluorescein isothiocyanate 
Grb2/7   Growth factor receptor binding protein 
GST   Glutathione S-transferase 
GTP    Guanosine triphosphate 
IgCAM  Immunoglobulin cell adhesion molecule 
INV   Invasin 
IPTG   Isopropyl-beta-D-thiogalactopyranoside 
JNK   Jun N-terminal kinase 
LB   Luria-Bertani broth 
MAPK   Mitogen-activated protein kinase 
MEK   Mitogen-extracellular signal responsive kinase 
PAGE   Polyacrylamide gel electrophoresis 
PAK   p21 src-activated kinase 
PBS   Phosphate buffered saline 
PCR   Polymerase chain reaction 
PI-3K   Phosphatidyl inositol-3 kinase 
PKC   Protein kinase C 
Raf   Rapidly growing fibrosarcomas 
Ras   Rat sarcomas 
SBTI   Soyabean trypsin inhibitor 
SDS   Sodium dodecyl sulphate 
Shc   SH2-containing collagen-related proteins 
Src   Rous sarcoma virus oncogene 
TAE   Tris acetate ethylene diamine tetraacetic acid 
TBS   Tris-buffered saline 
TPA   12-O-tetradecanoyl phorbol-13-acetate 
TRIS   Tris (hydroxymethyl)aminomethane 
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INTRODUCTION 
 
Why is communication among cells important? 
 
The development and proper functioning of all multicellular organisms require coordination 
between the cells, for example to form tissues, in defense mechanism, in growth, in 
proliferation and in differentiation (Schwartz et al., 2002). There are several cell adhesion 
molecules like integrins, cadherins, selectins, syndecans and the immunoglobulin superfamily 
of cell adhesion molecules (Ig CAMs) that are important for the cells to perform all these 
functions. These molecules require communication with proteins in cytoplasm and proteins in 
the extracellular matrix. The extracellular matrix, a complex of proteins and carbohydrates 
secreted by cells, is helpful in binding the cells in tissues together, acts as reservoir for many 
hormones controlling cell growth and cell differentiation, and also provides a lattice through 
which cells can move (Lodish et al., 1999). 
 
Integrins are a large family of heterodimeric transmembrane glycoproteins that attach cells to 
extracellular matrix proteins of the basement membrane or to ligands on other cells (Juliano, 
2002). Integrins are composed of large a and smaller ß subunits of sizes 120-170 kDa and 90-
120 kDa, respectively. Mammalian integrins form several subfamilies that share common ß 
subunits that associate with different a subunits. There are 24 types of integrin heterodimers, 
composed of one of 18 a subunits and one of 8 ß subunits (Flier et al., 2001). Integrin mediated 
interactions are required for embryonic development, tumor metastasis, control of cell cycle and 
cell death, blood clotting, and the response of cells to mechanical stress (Fig. 1), (Helmreich, 
2001). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1. Multifunctional role of integrins in a cell. Upon ligand binding, integrins mediate signals to different 
proteins that lead to processes like cell adhesion, spreading, migration, progression, differentiation and survival. 
 
Integrins recruit different cytoskeletal and cytoplasmic proteins that anchor the newly formed 
complexes to the actin cytoskeleton. This leads to the formation of specialized adhesive 
structures called focal adhesions. Other integrin-containing junctions are the hemidesmosomes 
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that link the intermediate filaments to the cytoplasmic domain of β subunit of integrins with 
several associated cytoplasmic proteins. Regulation of integrin conformation by events within 
the cell has been termed as “inside-out” signaling. Integrins are also capable of transducing 
signals from outside the cell into the cytoplasm on binding extracellular ligands termed as 
“outside-in” signaling (Zhao et al., 2004). Apart from serving as bidirectional receptors, 
integrins also function as anchors for the actin cytoskeleton and attach the cells to its 
surrounding (Schwartz et al., 2002). 
 
Signaling through integrins 
 
Integrins exist in 2 conformations: inactive and active for ligand binding (Fig. 2). The 
mechanism of activation of integrins involves binding of a protein called talin to the integrin 
cytoplasmic domain, but the regulation of this interaction is not known. Integrins recognize 
several ligands that include a large number of ECM molecules (fibronectin, collagens, laminins, 
vitronectin, and bone matrix proteins), cell surface receptors (immunoglobulin superfamily cell 
adhesion molecules) and the ADAM (a disintegrin domain  a metalloproteinase domain) protein 
family. An ADAM is a transmembrane protein that contains a disintegrin domain and a 
metalloprotease domain and, therefore, it potentially has both cell adhesion and protease 
activities. The α  and β subunits of integrins are expressed and dimerised in the endoplasmic 
reticulum (ER). They are transported from ER to the cell surface through Golgi compartment 
(Heino et al., 1989).  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2. Conformation of integrin. The bent form of the integrin shows inactive conformation. The active 
conformation in some of the integrins is believed to be due to a protein called talin that separates the cytoplasmic 
domains of integrins.  
 
When the integrins are in resting the condition they are attached to the plasma membrane in a 
bent like conformation called inactive conformation (Fig. 2).When the integrins are active they 
bind to ligands in the extracellular matrix and thus induce different cellular responses. The 
signaling mechanisms of integrins are several. They can induce cellular responses either directly 
or indirectly. They can directly induce responses with the help of a protein called Focal 
adhesion kinase (FAK) and other proteins like caveolin etc. An indirect response produced from 
integrin is due to the association of integrins with several receptors like G-protein coupled 
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receptors and receptor tyrosine kinases etc. They also associate with proteins like Rho, Rac and 
cdc42 that belong to the family of Rho GTPases (Juliano et al., 2004).  
 
The signaling pathways that are activated by integrins are activation of protein tyrosine kinases, 
serine/threonine kinases, increase in the levels of intracellular ions and phosphoinositides. 
These pathways that are activated by integrins show some similarities with pathways activated 
by receptor tyrosine kinases such as growth factor receptors and G-protein coupled receptors. 
Normal cell proliferation requires signals from integrins as well as receptor tyrosine kinases and 
hence cells are dependent on crosstalk between integrins and receptor tyrosine kinases (Alberts 
et al., 1999). 
 
Focal Adhesion Kinase (FAK) plays an important role in integrin mediated signaling. FAK 
depends on the cytoplasmic tail of the β  subunit of several integrins for its activation. It is a 
protein with high phosphotyrosine content identified in v-src (Rous sarcoma virus oncogene) -
transformed cells. FAK serves as a binding site for different signaling molecules like Src, Grb2 
(growth factor receptor binding protein), Grb7, phospholipase-C (PLC) and phosphatidyl-
inositol-3 (PI-3) kinase. Thus FAK acts as scaffold protein that can recruit several signaling 
molecules to the close proximity of integrins. Other than integrins, FAK can also be activated 
by G-protein-coupled receptors and receptor tyrosine kinases (Bachelot et al., 1996). Activation 
of FAK is very important for the cell- migration process (Velling et al., 2004). 
 
In addition to FAK, a number of other protein tyrosine kinases and mitogen activated protein 
kinases (MAP kinases) are considered to be important in integrin signaling. Src kinase activity 
is essential for many integrin mediated processes like cell adhesion, migration, survival and 
proliferation (Lewis et al., 1998). The MAP kinases are other important mediators of integrin 
signaling. They are important in cell survival and proliferation. There are three sub groups in 
the MAP kinase family: extracellular signal responsive kinases (ERKs), jun N- terminal kinases 
(JNKs) and p38 kinases. ERK gets activated by MEK (mitogen -extracellular signal responsive 
kinase), which in turn gets activated by protein called Raf (Rapidly growing fibrosarcomas). A 
protein called Ras, which is central point for control of the whole MAP kinase cascade, in turn 
activates Raf. The Ras/ERK pathway can be activated through FAK or association of Grb2 
along with Shc protein. 
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Figure 3. Analysis of Integrin Function. A represents the integrin signaling pathway for cell survival function as 
known presently. B, C and D are schematic representations of the aims of my project. B - aimed at determining 
integrin-dependent PKC stimulated pathway; C - to find which part of the cytoplasmic domain of ß-subunit of 
integrin is required for the activation of rac; D - to determine signaling as a result of homo- or heterodimers of 
different integrin subunits. 
 
Integrin Function 
 
Protein kinases C (PKCs) play an important role in integrin-dependent cell adhesion. A group of 
molecules called phorbol esters are known to be PKC activators (Rigot et al., 1998). To check 
whether there is an integrin-dependent involvement of signaling molecules like Raf, MEK and 
Shc for activating ERK through PKC, mouse fibroblast GD25 β1A and β1B cells can be 
stimulated with TPA (Fig 3B). 
 
Rac GTPases belong to a sub group of the ras superfamily of small monomeric GTP-binding 
proteins. In order to investigate if rac protein is activated by proximal or terminal part of 
cytosolic domain of ß-subunit of integrin, a Glutathione-S-Transferase – p21 src activated 
kinase (GST-PAK) fusion protein has to be used to pull down activated rac protein in β1A and 
β1B cell lines (Fig 3C). 
 
Integrins are expressed in numerous number and they are attached to the plasma membrane 
closely associated with each other forming clusters. When the integrins are closely associated 
with each other, there are indications of cytoplasmic domain of α  and β subunits of one integrin 
heterodimer interacting with cytoplasmic domain of α  and β  subunits of another integrin 
heterodimer creating combinations of different homo and heterodimers of integrins (Schneider 
et al., 2004). In order to know what happened when different homo and heterodimers of 
integrins were combined and what proteins are associated in the signal transduction induced by 
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them, mini-integrin constructs tagged with fos and jun proto-oncogene sequences has to be used 
to express in GD25 mouse fibroblast cells (Fig 3D). 
 
Fluorescence-activated cell sorter   
 
A fluorescence-activated cell sorter (FACS) allows enrichment and sorting of relevant cell 
populations based upon specific light scattering and fluorescent characteristics of each cell. An 
antibody specific to the cell-surface molecule, integrin, is linked to a fluorescent dye. Any cell 
bearing the integrin molecule will bind to the antibody and will then be separated from other 
cells when it fluoresces in the FACS. Once sorted from the other cells, the selected cell that 
expresses integrin can then be grown in culture. 
 
Aims 
 
The aim of this work was to find the role of the β1 cytoplasmic tail in PKC-mediated activation 
of ERK, to find whether Rac is activated through the distal or the proximal part of the β1 
integrin cytoplasmic domain and to find the signaling  pattern when the tails of different homo- 
and heterodimers of integrins combine with each other. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



RESULTS 
 
Role of the β1 cytoplasmic tail in PKC-mediated activation of ERK? 
 
12-O-tetradecanoyl phorbol-13-acetate (TPA) is a known tumor promoter that acts as direct 
stimulator for protein kinase C (PKC). In the presence of TPA, PKC is known to activate 
ERK through integrins. To investigate the contribution of the β1 cytoplasmic domain to 
PKC-mediated activation of ERK, short TPA stimulation was performed on β1A and β1B 
cells, and analysis of phosphorylated ERK, Shc, Raf and MEK were performed. Mouse 
fibroblast GD25 β1A and β1B cells were grown to 50 % confluence and serum starved one 
day prior to stimulation. The cells were trypsinised and half the amount of cells was 
stimulated for a short time (30 min) with TPA. The remaining half was not treated with TPA 
(used as negative control). Each cell type were then were then placed in the wells coated 
with Bovine Serum Albumin (BSA) and Invasin and were incubated at 37°C for 60 min. 
BSA cannot bind to any of the proteins on the cell and Invasin can bind to the β1 subunit of 
integrin. BSA was used as a negative control and if a particular cell type that was coated in 
the BSA sample showed phosphorylated signals, it can be inferred that the activation of 
signaling molecule is an integrin-independent process. If phosphorylated signals were 
observed in a cell type that was coated with invasion, then it can be inferred that the 
activation of this molecule involves integrin-dependent process. Cells were lysed; proteins 
were extracted and subjected to Western blots, probing the filters with antibodies specific 
for phosphorylated forms of Shc, Raf, MEK and Erk. Phophorylation of Shc was observed 
in β1A and β1B cells both in BSA and Invasin coated well samples. From this we can say 
that activation of Shc is higher in the β1A cells than β1B cells in an integrin independent 
manner (Fig. 4A) where as phosphorylated Raf and MEK was higher in the β1A cells than 
β1B cells in an integrin dependent manner (Fig. 4B&D). Surprisingly, phospho ERK protein 
was present in high levels in β1B cells in integrin-dependent manner (Fig. 4C). The reason 
was unknown. On the whole it can be inferred that in β1A cells with PKC stimulation, 
phospho Raf and phospho MEK might activate phospho ERK molecule where as in β1B 
cells phospho ERK might be less activated by Raf and MEK. 
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Figure 4. Western blotting of TPA stimulated (short time) β1A and β1B cell lysates observed for phosphorylated 
forms of Shc, Raf, MEK and ERK. GD25 cell lines were starved for 24 h in medium devoid of serum and then 
stimulated with TPA for short time. Proteins were extracted and subjected to Western blots, probing the filters with 
antibodies specific for phosphorylated forms as follows: A - Shc, B - Raf, C - MEK and D - Erk stripping the filter 
between each primary antibody.  Later the filters were washed with 1x TBS + 0.5 % Tween. The filters were 
incubated in secondary antibody and again washed as above. The filters then was analysed for the presence of 
signals using ECL. 
 

Is activation of Rac through distal or proximal part of β 1 integrin cytoplasmic domain? 
 
Rac GTPases belong to a sub group of the ras superfamily of small monomeric GTP-binding 
proteins. To know if rac protein is activated by proximal or terminal part of cytosolic domain of 
ß-subunit of integrin, Glutathione-S-Transferase – p21 src activated kinase (GST-PAK) fusion 
protein was used to pull down activated rac protein in β1A and β1B cell lines. The GST-PAK 
fusion protein has a cdc42/rac interactive binding (CRIB) domain that binds only to the 
activated rac protein (Rac-GTP). β1B does not contain the C-terminal part of the cytosolic 
domain of the β-subunit of the integrin.  A lack of activated rac in cell lines containing this 
truncated integrin would indicate that activation of rac protein requires the terminal part of the 
cytosolic domain of the integrin. A pull-down assay was performed for GD25 β1A and β1B 
cells. Mouse fibroblast GD25 β1A and β1B cells were grown to 50 % confluence and serum 
starved one day prior to stimulation. The cells were trypsinized, incubated in the BSA and 
Invasin coated wells for different time intervals (10 min, 20 min and 30 min), lysed and the 
lysates were treated with expressed GST-PAK fusion protein (Fig. 5) and permitted to bind to 
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Rac-GTP protein from lysates of GD25 β1A and β1B cells. Proteins were then analyzed by 
western blot. Since the cells incubated on the wells coated with BSA will not attach, the 
integrins could not mediate any signals and hence Rac-GTP could not be present in those cells. 
β1A cells incubated in the well coated with invasin, at incubating time interval 30 min, showed 
signals of active Rac-GTP (Fig. 6). β1B cells incubated in the well coated with invasin showed 
no signals of active Rac-GTP. Thus, Rac activation requires the C-terminal part of the β1A 
cytoplasmic domain. 
 
 
 
 
 
 
 
 
 
 
 
Figure 5. GST-PAK fusion protein preparation. GST-PAK was expressed from E.Coli TOP10. The supernatant 
from this induced bacterial culture was incubated with GST overnight so that GST -PAK protein can bind to it. 
These samples were taken at concentrations 5, 10, 15, 20 µl and were subjected to gel electrophoresis together with 
BSA at concentrations 1, 3, 5, 10 µg/µl.  The first four lanes represent the GST-PAK protein which is 47 kDa and 
the other four lanes represent BSA which is 66 kDa. Different concentrations of BSA were used to find out the 
concentration of GST-PAK protein approximately. 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 6. Western blot of β1A and β1B cell lysates pulled down with GST-PAK fusion protein. Mouse fibroblast 
GD25 cells expressing β1A and β1B cells were grown to 50 % confluence and serum starved one day prior to 
stimulation. The cells  were trypsinized, grown on plates coated with invasin (each well incubated for different time 
intervals 10 min, 20 min, 30min), lysed and centrifuged. The supernatant was treated with GST-PAK and SDS-
PAGE was performed followed by western blot. The nitrocellulose filter was probed with an anti rac antibody. Rac 
signal was analyzed in β1A and β1B cells at time intervals 10, 20 and 30 min. 
 
Signaling through clustering of integrins  
 
When the integrins are closely associated with each other, there are indications of cytoplasmic 
domain of one integrin heterodimer interacting with the cytoplasmic domain of another integrin 
heterodimer creating combinations of different homo and heterodimers of integrins (Schneider 
et al., 2004). In order to understand what happens when combinations of different homo and 
heterodimers of integrins occur and what proteins are associated in the signal transduction 
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β1B β1A 
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10         20         30         10      20       30  
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induced by them, mini-integrin constructs tagged with fos and jun sequences were expressed in 
GD25 mouse fibroblast cells. Fos and Jun proto-oncogene sequences has dimerising ability and 
hence they were tagged to the mini-integrin sequences. Bacteria (E. coli TOP10, Invitrogen) 
carrying the vectors pSecTag2 A and pSecTag2 C were grown overnight to obtain larger 
amounts of plasmids for further cloning work. The plasmids were purified and linearized, and 
subjected to agarose gel electrophoresis. The plasmids were 5.2 kb in size and the bands 
observed after linearization correspond to fragments slightly larger than 5 kb (Fig. 7). The mini-
integrins Fos α2, Fos α5 and Jun β1 c DNA were inserted in a bacterial expression vector pCR 
T7/NT-TOPO and Jun α2 and Jun α5 cDNA in pCR®2.1-TOPO®.  In order to be expressed in 
mouse fibroblast GD25 cells they had to be moved to the mammalian expression vectors 
pSecTag2 A and pSecTag2 C. Restriction fragments containing these genes were purified by 
agarose gel electrophoresis and ligated into the mammalian expression vectors, transformed into 
Escherichia coli and then purified. PCR followed by DNA sequencing was performed to check 
that the inserts and the sequences matched with the original DNA sequences of the inserts. 
 
The plasmids pSecTag2 A with inserts Fos α2, Fos α5 and Jun β1 and pSecTag2 C with inserts 
Jun α2 and Jun α5 were transfected into GD25 mouse fibroblast cells. FACS (Fluorescence 
Activated Cell Sorting) was performed for all the transfected cell lines to check the protein 
production corresponding to mini-integrin fragments. In this experiment an anti-fos antibody 
was used for all the mini-integrin fragments that were tagged with fos; an anti -jun antibody was 
used for mini-integrin sequences tagged with jun. A fluoro isothiocyanate (FITC) tagged 
secondary antibody was used before subjecting all the transfected cell lines to FACS. The 
results of FACscan (Fig. 8) showed a slight increase in the median value of fluorescence 
intensity for the Fos a2 Jun ß1 cell line when compared to other cell lines. Since the cells were 
growing in the presence of Zeocin, there might be chance of expression of mammalian 
expression vector along with the mini-integrin sequences. GD25 cells that were not transfected 
was used as a negative control. Zeocin is an antibiotic effective on aerobic cells and is therefore 
useful for selection in most eukaryotic cells. It causes cell death by binding to DNA and 
cleaving it. These cells were unable to survive in the presence of zeocin but the other 
transfected cell lines were able to grow. It can be inferred that anti-jun and anti-fos antibodies 
(polyclonal) might not be specific against jun and fos oligosequences. 
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Figure 7. Restriction enzyme analysis of pSecTag2A and C. 1,2,3 lanes were uncut plasmid vectors pSecTag 2A 
and pSecTag2C. In the figure, A and C refer to pSec Tag 2A and pSecTag 2C. pSecTAg2A and 2C vectors are 5.2 
kb in size. 4, 5, 6 lanes represents pSecTag2A digested with restriction enzymes EcoR1 and BamH1. 7 and 8 lanes 
represents digestion of pSecTag2C using restriction enzyme using EcoR1.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

MW A    C    C    A    A     A    C    C 

10 kb 

10000 
8500 
8000 
5500 
3000 
2500 
2000 
1500 
1000 
 
750 
 
 
300 
 
250 

pSecTag 2 

1      2     3       4         5     6      7      8 



 14 

 
Figure 8. FACScan of transfected cell lines. Transfected cells were trypsinized and centrifuged, and the pellets 
were incubated with anti-jun antibody for the mini-integrin sequences tagged with jun and anti-fos antibody tagged 
for the sequences tagged with fos (Both antibodies were taken in two different concentrations, 1 and 2 in the 
legend, and the experiment was performed separately for all the cell types using both antibody concentrations).  
Later the cells were centrifuged, washed and suspended with secondary antibody to which fluoro isothiocyanate 
(FITC) was tagged. The cells were washed with PBS to remove excess antibody. The cells were transferred to 
FACS and analyzed by FACScan. The graph shows median value of fluorescence intensity of cell lines on the y-
axis and the cell lines on the x-axis. The GD25 cell line was taken for the reference, as it does not conta in 
transfected gene to express. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 15 

DISCUSSION 
 
In the first part of project, a link between PKC and activation of ERK through integrins was 
detected. TPA, which is a phorbol ester, activates PKC (in short TPA stimulation). It was known 
earlier that PKC can be activated through integrins, but the possible role of this process in the 
pathway to Mitogen activated protein kinase (MAPK) cascade was not known. The results 
showed that Shc activation was not stimulated by integrins since phosphorylated Shc was present 
in both β1A and β1B cells independently of adhesion, and therefore it may not be involved in the 
activation of the MAPK cascade from integrins and PKC. Adhesion of β1A cells induced 
activation of Raf and MEK, suggesting that they might mediate the activation of the downstream 
molecule ERK. In β1B cells, adhesion-induced activation of ERK clearly involved other upstream 
kinase(s) than Raf and MEK indicating the existence of a previously unknown pathway from 
integrins to ERK. As β1B cells do not contain the C-terminal part of the cytoplasmic domain of 
the β1 subunit of the integrin, it can also be inferred that the activation of PKC might be from the 
membrane proximal part of the cytoplasmic domain of the β1 subunit of integrin. To elucidate the 
role of PKC in integrin mediated activation of ERK future work may be directed towards the 
identification of which PKC member is involved and attempts to identify the intermediary steps 
to ERK by using siRNA towards candidate kinases.  
 
In the second part of the project, the possibility of Rac activation through the cytoplasmic or 
proximal part of the transmembrane region of the β-subunit of integrin was checked. A GST-
PAK fusion protein was purified and incubated with β1A and β1B cell lysate samples. The GST-
PAK fusion protein contains a cdc/42 interactive binding domain where the active form of Rac, 
Rac-GTP, can bind. Since the cells incubated in the wells coated with BSA will not attach, any 
Rac-GTP present in the cells under these conditions cannot be due to integrin signals. β1A cells 
that were stimulated by invasin expressed the active Rac-GTP, but similarly stimulated β1B cells 
did not. Since the β1B cells did not show active Rac, it can be inferred from the results that Rac 
activation requires the C-terminal part of the β1A cytoplasmic domain. 
 
The third part of the project was aimed to express mini-integrins in mouse fibroblast cells for 
studies of signaling from the different combinations of homo- and heterodimers of integrins. 
Even though results of flow cytometry analysis showed a slight increase in the expression of mini 
integrin, Fos α2 Jun β1, significant increase in the gene expression was not found. The transfected 
cell lines were still growing in the presence of zeocin (all the transfected genes possess resistivity 
against Zeocin), indicating that the constructs had been taken up and were expressed in the cells. 
The non-transfected GD25 cell line that was used as negative control did not survive in the 
presence of zeocin. A possible explanation for the negative results is that antibodies (anti-Jun and 
anti-Fos) were not sufficiently specific to identify the Fos- and Jun-tags on the mini-integrins. 
Since the antibodies were polyclonal raised against the whole proteins, they may have weak or no 
reactions to the small parts of Jun and Fos that was tagged to the mini-integrin fragments. By 
synthesizing peptides corresponding to the sequences of C-Jun and C-Fos used in constructs, 
more specific antibodies can be produced which will be useful in identifying the expression of the 
proteins and for functional studies of the different combinations of homo and heterodimers. 
 
 
 



 16 

MATERIALS AND METHODS 

Plasmids 
 
Plasmids pSecTag2 A and pSecTag2 C was used for the expression of mini-integrins in β1 – 
deficient GD25 cells (Table. 1). They are 5.2 kb expression vectors designed for high-level stable 
and transient expression in mammalian hosts (Invitrogen). The ZeocinTM resistance gene in these 
plasmids allows selection in mammalian cells in the presence of the antibiotic ZeocinTM. pGEX 
vector was used for the expression of GST-PAK fusion protein (Invitrogen). Fos α2, Fos α5 and 
Jun β1 encoding mini-integrin DNA sequences were present in the bacterial expression vector 
pCR T7/NT-TOPO® (Invitrogen). Jun α2 and Jun α5 encoding DNA sequences were present in 
another bacterial expression vector pCR®2.1-TOPO® (Invitrogen). 
 
           Table 1. Different types of plasmids used and their properties. 
 

Plasmid Type of 
expression vector 

Antibiotic 
resistance 

Mini-Integrin sequence 
present in the pl asmid 

pSec Tag2 A Mammalian  Zeocin, Ampicillin Fos α2, Fos α5 and Jun β1 
pSec Tag2 C Mammalian Zeocin, Ampicillin Jun α2 and Jun α5 

pCR T7/NT-TOPO® Bacteria Ampicillin Fos α2, Fos α5 and Jun β1 
pCR®2.1-TOPO® Bacteria Ampicillin Jun α2 and Jun α5 
pGEX Bacteria Ampicillin GST-PAK 

 
 
Bacterial strains and growth conditions 
 
Competent Escherichia coli strain TOP10 (Invitrogen) was used for the transformation of 
vector DNA and grown at 37°C in Luria–Bertani (LB) medium (Sambrook and Russel 2001) 
with ampicillin (50 µg/ml). 
 
Cell lines 
 
In this project, the cell lines used were mouse fibroblast GD25 cells derived from the embryonic 
stem cell clone G201. These are deficient in the expression of the β1 subunit of integrin (Fassler 
et al., 1995). GD25 β1A and β1B cells were obtained by electroporating the GD25 cells with an 
expression vector containing the mouse integrin splice variants β1A and β1B. The difference 
between β1A and β1B cells is the C-terminal half of the cytoplasmic domain (Fig. 9). While the 
β1A contains 2 NPXY motifs in this region, β1B lacks NPXY motifs and hence cannot bind to 
talin or FAK to β1 subunit of integrin. 
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β1A - KLLMII*HDRREFAKFEKEKMNAKWDTGENPIYKSAVTTVVNPKYEGK 
β1B - KLLMII*HDRREFAKFEKEKMNAKWDT 
 
Figure 9. Amino acid sequence of the cytoplasmic domains of β1A and β1B cells. The star marks the border 
between transmembrane (KLLMII) and cytosolic domains of the β  subunits of integrins in β1A and β1B cells. 
Sequences showed in bold letters are the sites of binding for Focal adhesion kinase molecule. These sequences 
were absent in β1B cells. 
 
Cell culture 

Supplemented Dulbecco’s Modified Eagle Medium (DMEM) medium contains DMEM 
(Statens Veterinärmedicinska Anstalt, Sweden) with 10 % Fetal Calf Serum (FCS), L-glutamine 
(2 mM), penicillin (100 U/ml), streptomycin (100 U/ml) and Fungizone (2.5 µg/ml).  GD25 
cells were maintained in supplemented DMEM in different sizes of flasks (T-175, T-75, and T-
25) in an incubator at 37°C and a pCO2 around 5.0 %. 
 
Cell counting 
 
Cells were trypsinized in 0.25 % trypsin – 1 mM EDTA followed by the addition of 
supplemented DMEM. The cells were then harvested, centrifuged at 150 g for 5 min and 
resuspended in supplemented DMEM. 25 µl of cell suspension was transferred to a Bürker 
chamber (depth 0.100 mm, Marienfeld, Germany). The number of cells was counted 
microscopically (Nikon Eclipse, TS 100) and converted to number of cells per ml media 
solution. 
 
Cell splitting (trypsinization) 
 
To trypisinize cells the medium was taken away and the cells were washed twice with 
phosphate buffered saline (Sambrook and Russel 2001). Later, the cells were treated with a 
solution of 0.25 % trypsin- 1 mM EDTA in PBS. The flasks were kept in the incubator at 37°C 
for 5-8 min. When the cells had detached from the flask, they were treated with DMEM 
supplemented with serum and other factors as mentioned in the cell culture section. 
 
Plasmid preparation  
 
Plasmids purified with JET star MIDI prep kit (Genomed GmbH, Löhne, Germany) according 
to the manufacture’s protocol. The columns provided in the kit were used to bind the plasmid 
DNA and finally the plasmid DNA was eluted in 250 µl of elution buffer (10 mM Tris-Cl, pH 
8.0) provided in the kit. 
 
Restriction cleavage 
 
Plasmid DNA was cleaved with EcoRI (10 U/µl, Fermentas) and BamHI (15 U/µl, TaKaRa) in 
restriction buffer 10 x K (Takara) or restriction buffer 10 x O+  (Orange, Fermentas) and Not 1 
(10 U/µl, Fermentas) in O+ buffer (Fermentas). The cleavage reactions were mixed with 2 µl of 
6 x loading dye (MBI Fermentas) and analyzed on 1% agarose gel using 1 x Tris Acetate 
Ethylene diamine tetraacetic acid (TAE) electrophoresis buffer  (40 mM Tris-acetate, pH 8.0, 
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0.1 mM Na2EDTA). Montage kits were used for the extraction of DNA from the gel (Millipore, 
Ireland). 
 
Ligation 
 
Mini integrin sequences (TAG, Copenhagen), α2, α5, β1, α2 and α5, were having cytoplasmic 
and transmembrane regions. They are tagged with jun and fos proto-oncogene sequences that 
can dimerise extracellularly. Plasmid DNA (100 ng) was mixed with three fold molar excess of 
mini integrin DNA and 15 µl of nuclease free water (PN 71786, Sigma). 4 µl of ligating 
reaction buffer (Fermentas)and 1 µl of T4 DNA ligase (Fermentas) were added to the above 
mixture and incubated at room temperature (20°C -25°C) for 10 min. The mixture was 
immediately transferred to -20°C for later transformation. 
 
Transformation 
 
Plasmid DNA (pSecTag2A and pSecTag2C) and mini integrin sequences that were ligated into 
mammalian expression vectors (Table 1) were each transformed into 100 µl of competent 
Escherichia coli TOP10 (Invitrogen). The cells were kept on ice for 30 min and heat shocked at 
42°C for 90 sec. The tubes were then transferred on to ice for 2 min and 250 µl of LB was 
added. The inoculum was spread plated on to LB agar plates (Sambrook and Russel 2001) 
containing 50 µg/ml ampicillin (Table 1) and incubated overnight at 37°C. A single colony from 
each LB plate was inoculated into 100 ml LB medium containing 50 µg/ml of ampicillin  and 
grown overnight for further plasmid preparations. 
 
Polymerase Chain Reaction   
 
Polymerase Chain Reaction (PCR) was performed to amplify the mini integrin DNA sequences 
by using the primers as shown in the table 2. PCR was performed in a solution containing 1 µl 
of 10 x PCR buffer Gold, 1 µl of 10 mM MgCl2, 1 µl of 10 mM dNTP mix, 0.5 µl of 5 µM 
forward primer, 0.5 µl of 5 µM reverse primer, 1 µl of DNA sample and 0.1 µl of 5 U/ µl Ampli 
Taq Gold (Applied Bio Systems) for 25 cycles of 95°C for 30 sec, 45°C for 30 sec and 72°C for 
40 sec. The PCR products were analyzed on a 1.4 % agarose gel in TAE.   
 
Table 2. Oligonucleotide primer sequences for mini integrin subunits 
 

Oligonucleotide primers (5’ – 3’)  
Mini integrin 
primers 

Forward Reverse 

Fos α2 TAATACGACTCACTATA  TCAGCTACTGAGCTCTGTG 
Jun α2 TAATACGACTCACTATA  TCAGCTACTGAGCTCTGTG 

Jun β1 TAATACGACTCACTATA  TCATTTTCCCTCATACTTCG 
Jun α5 TAATACGACTCACTATA  TCAGGGATCAGAGGTGGC 
Fos α5 TAATACGACTCACTATA  TCAGGGATCAGAGGTGGC 

T7  TAATAGCCAACTTACAA                        ____ 
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DNA Sequencing 
 
PCR was performed for the mini-integrin constructs using T7 forward primer and reverse mini 
integrin primers (TAG, Copenhagen) as shown in the Table 2. The reaction mix contained 400 
ng of each DNA sample, 2 µl of Sequencing Reagent Premix, and 1 µl of Dilution buffer 
(Amersham Pharmacia Biotech Inc) along with the 0.5 µl of 5 µM primer. Amplification was 
conducted for 25 cycles. Each cycle consisted of denaturation at 96°C for 30 sec, annealing at 
44°C for 15 sec and extension at 60°C for 2 min. PCR products were subjected to ethanol 
precipitation (Sambrook and Russel, 2001) and centrifuged at 16060 g for 15 min. The DNA 
pellet was washed with 70 % ethanol and centrifuged at 16060 g for 5 min. The pellet was air 
dried and resuspended in 16 µl Template Suppression Reagent (ABI PRISMTM) and the mix 
was heated at 95°C for 2 min and sequenced using ABI PRISMTM 310 Genetic Analyzer. The 
DNA sequences obtained were then compared with original sequences using Clustal W 
software. 
 
Transfection 
 
Plasmid DNA was linearized with Not 1 and precipitated with ethanol (Sambrook and Russel, 
2001). GD25 cells were grown in supplemented DMEM. For each transfection 2 µg of 
linearized plasmid DNA with insert was used. The transfection method followed to the 
manufacturer’s protocol (Amaxa). The NucleofectorTM solution provided in the kit and RPMI 
medium were pre-warmed to room temperature. GD25 cells were harvested with trypsin-EDTA 
as described above and later addition of 10 % serum supplemented RPMI medium inhibited 
trypsin action. 2 x 106 cells were taken in a separate tube. The cells were centrifuged at 200 g 
for 10 min. The supernatant was discarded and the pellet was resuspended in 100 µl of 
NucleofectorTM solution. 100 µl of cell suspension was mixed with 2 µg of linearised DNA. The 
mixed sample was then transferred to an Amaxa cuvette. The cuvette was inserted into cuvette 
holder.  The transfection was made using program U-24 as described in the kit.  500 µl of 10 % 
serum supplemented RPMI medium was added and the cells were cultured in a 6-well plate. 
The cells were incubated at 37°C and 5 % CO2.  The cells were allowed to grow for three-four 
days in supplemented DMEM. Later the cells were transferred into supplemented DMEM 
containing ZeocinTM (400 µg/ml, Invitrogen) for selection. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 20 

         Table  3. Antibodies used in identifying mini integrin and signaling proteins  
 

Antibody Source Used as Type 
anti-rac antibody Cell Signaling 

Technology 
Primary antibody Mouse monoclonal 

Shc-pY317 antibody Cell Signaling 
Technology 

Primary antibody Rabbit polyclonal 
antibody 

Anti-Shc-pY239/240 Cell Signaling 
Technology 

Primary antibody Rabbit polyclonal 
antibody 

Akt-pSer473 Cell Signaling 
Technology 

Primary antibody Mouse monoclonal 
IgG1 

Erk1/2-pT202/pY204 Cell Signaling 
Technology 

Primary antibody Mouse monoclonal 
IgG1 

cRaf-pSer338 anti 
body 

Cell Signaling 
Technology 

Primary antibody Rabbit monoclonal 
antibody 

anti phospho PAK anti 
body 

Cell Signaling 
Technology 

Primary antibody Rabbit polyclonal 
antibody 

MEK1-pSer298 
antibody 

Biosource Primary antibody Rabbit polyclonal 
antibody 

Anti-mouse IgG, HRP 
linked whole antibody 

Amersham 
Pharmacia Biotech 

Secondary antibody Mouse IgG 

Anti-rabbit IgG, HRP 
linked whole antibody 

Amersham 
Pharmacia Biotech 

Secondary antibody Donkey IgG 

Anti-jun antibody Abcam Primary antibody Rabbit polyclonal 
antibody 

Anti-Fos antibody Abcam Primary antibody Mouse polyclonal 
antibody 

Anti-rabbit FITC Cell signaling 
Technology 

Secondary antibody Rabbit  

Anti-mouse FITC Cell signaling 
Technology 

Secondary antibody Mouse 

 
Fluorescence Activated Cell Sorting (FACS) 
 
Transfected cells were trypsinized and centrifuged at 95 g for 5 min. The supernatant was 
discarded and the pellet was resuspended in 180 µl of 10 % goat serum in PBS + 0.02 % azide 
mixed with 1µg/ml primary antibody (Table 3). The cells were then transferred to a 96 well 
plate and centrifuged at 95 g for 5 min. The supernatant was removed by inverting the plate 
with quick lash. The cells were resuspended in 100 µl of 1 µg/ml primary antibody (ab) solution 
in goat serum mix (10 % goat serum in PBS + 0.02 % azide). The plate was covered with thin 
foil and incubated on ice for 1 hr at 4°C and later centrifuged at 95 g for 5 min. The pellet was 
washed twice with 200 µl PBS + 0.02 % azide. The cells were resuspended in180 µl of 10 % 
goat serum in PBS + 0.02 % azide mixed with 1 µg/ml fluoro isothiocyanate secondary 
antibody (Table 3). The plate was covered with thin foil and incubated on ice for 1 hr at 4°C 
and then centrifuged at 95 g for 5 min. Again the pellet was washed twice with 200 µl of cold 
PBS + 0.02 % azide. The cells were then transferred to FACS tube (polystyrene round bottomed 
tube) to which 500 µl of cold PBS + 0.02 % azide with propidium iodide to final concentration 
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1 µg/ml had been added. The samples were then covered with foil and analyzed by FACScan 
(BD, Biosciences) and Cell Quest. 
 
Preparation of Glutathione-S-transferase – p21 activated kinase beads 
 
The Glutathione-S-transferase (GST) - PAK fusion protein contains cdc42/rac interactive 
binding domain, the binding site for activated Rac protein (Rac-GTP). E. coli TOP10 containing 
pGEX plasmid (Table 1), encodes GST – PAK fusion protein, was grown in LB at 37°C until 
the optical density at 600 nm wavelength was 0.6 to 0.8. The recombinant protein was induced 
by addition of 0.5 mM isopropylthiogalactosidase for 2 hr at 37°C. The bacteria were 
centrifuged at 5000 g for 15 min. The pellet was washed with 10 ml PBS contained 1 mM Pefa 
block (protease inhibitor, Fermentas ) and centrifuged at 5000 g for 15 min. The pellet was 
stored overnight at -70°C. The pellet was then resuspended in 15 ml lysis buffer (20 mM Tris-
HCl pH 7.5, 150 mM NaCl, 10 mM EDTA, 5 mM EGTA, 1 mM DTT, Aprotinin (protease 
inhibitor, Fermentas ), 1 mM Pefa block and sonicated at high amplitude for 3 min in bursts. 
375 µl of 0.5 % SDS was added and the sample centrifuged at 10000 g for 20 min at 4°C. The 
supernatant was treated with 0.3 ml of glutathione Sepharose suspension (Sigma) and incubated 
for 2 hr at 4°C. The Sepharose beads were washed twice with 1 ml of lysis buffer + 0.5 % 
Triton and centrifuged at 150 g for 5 min. The beads were washed twice in 10 ml TBS + 1 mM 
Dithiotreitol. The beads were stored in  TBS (Sambrrok and Russel, 2001) + 1 mM DTT at 4°C.   
 
Pull Down Assay 
 
β1A and β1B cells were grown until they reached 50 % confluency as described above. The 
cells were washed twice with PBS. DMEM medium devoid of serum but containing L-
glutamine (2 mM), penicillin (100 U/ml), streptomycin (100 U/ml) and Fungizone (2.5 µg/ml) 
was added and cells were serum starved overnight at 37°C. 6 – plate wells were coated with 
BSA and Invasin by adding into each well 1.5 ml Bovine Serum Albumin (BSA, 1 %) and 1.5 
ml of Invasin (INV, 5 µg/ml) respectively. The cells were trypsinized and the trypsin action 
then inhibited by adding Soya Bean Trypsin Inhibitor (Sigma). Cells were collected into 50 ml 
falcon tubes, centrifuged at 95 g for 5 min and resuspended in serum-free DMEM. The cells 
were counted, centrifuged at 150 g (5 min) and resuspended in serum-free DMEM so that 1 ml 
of suspension contained 2.5 x 106 cells/ml. 5 x 106 cells were seeded in each well and incubated 
at 37°C for different time intervals (10, 20, 30, 60 min). The medium with non-attached cells 
was taken into a tube and centrifuged at 16060 g for 5 sec. The attached cells were treated with 
0.5 ml of lysis buffer (100 mM NaCl, 50 mM Tris pH 7.5, 1 % Triton, 1 mM EDTA pH 8.0, 1 
mM EGTA pH 8.0, 12 mM MgCl2, 20 mM NaF, 1 mM NaVO4, 10 mM Na4P2O4 and proteinase 
inhibitors (Fermentas): Aprotinin 10 µg/ml, Pepstatin 1 µg/ml, Leupeptin 1µg/ml, Pefa block 
1mM) and incubated on ice for 4 min. The cells were then scraped, transferred into the 
corresponding tube with non-attached cells and centrifuged at 16060 g for 10 min. 50 µl of 
Glutathione Sepharose was added to each supernatant, incubated for 1 hr at 4°C and centrifuged 
at 16060 g for 3 min. GST-fusion protein beads were added to the supernatant, which was then 
incubated on a wheel at 4°C for 2 hr and centrifuged for 2 min at 594 g. The pellet was washed 
3 times with 1 ml wash buffer (5 mM MgCl 2, 0.1 % Triton-x-100, 1 x PBS). 50 µl of 
SDS/Sample Buffer (50 % SDS-SB mix, 0.1 M DTT) was added, mixed with the pellet and 
heated for 3 min at 95°C and stored at –20 °C. 
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Short TPA (12-O-tetradecanoyl phorbol-13-acetate) Stimulation 
 
β1A and β1B cells were grown until they reached 50 % confluency. The cells were serum 
starved overnight, trypsinized and counted, and the Nunc plates were coated with BSA and 
Invasin as described above. Again cells were centrifuged at 150 g for 5 min and resuspended in 
serum free media to give 4 x 106 cells/ml. Cells were allowed to stay in suspension for 30 min. 
2 µM TPA in DMEM was added to one half of the cells for TPA stimulation. To the other half 
of the cells, only DMEM was added without TPA. The cells were allowed to stay in suspension 
for 30 min at room temperature. Blocking solution was removed from the 6-well plate and the 
wells were washed carefully  3 times with 1 x PBS. 3 x 106 cells/well (1.5 ml) were added and 
incubated for exactly 60 min. After 60 min, the plate was kept on ice and the medium above the 
cells was transferred into 2 ml centrifuge tube and centrifuged at 16060 g for 5 sec. The 
remaining adhered cells were lysed with 150 µl sample buffer (50 mM Tris-HCl buffer, pH 8.6, 
100mM DTT, containing 2% SDS, 20% glycerol and 0.02 % bromophenol blue) diluted 1:1 in 
electrode buffer (25 mM Tris, 192 mM glycine, pH 8.3), containing 1% SDS. Adhered cells 
were scraped thoroughly and transferred to the corresponding tube where the medium was 
collected previously. The cell lysates were passed several times through a 0.4 x 19 mm needle 
to shear the DNA. The samples were denatured by heating at 95°C for 3 min and analyzed by 
SDS-PAGE and western blotting. 
 
Sodium Dodecyl Sulphate – Polyacrylamide Gel Electrophoresis  
 
Sodium Dodecyl Sulphate – Polyacrylamide Gel Electrophoresis was carried out using a Mini 
Protean® II cell (Bio Rad). The gels consisted of a 4% stacking gel and a 12 % separating gel 
(Sambrook and Russel 2001). Samples were dissolved in a sample buffer. Electrophoresis was 
performed for 2 h at a constant 100 V in Tris-glycine electrode buffer. Broad range or 
prestained low molecular weight markers (104 - 19 kDa, Bio Rad) were incorporated into each 
electrophoretic run. 
 
Gel Staining 
 
After electrophoresis, the gel was transferred to a jar that contained 0.1 % Coomassie Brilliant 
Blue (Amersham Biosciences), 20 % methanol and 10 % acetic acid. The dye was attached to 
all the proteins. After incubating 30 min at room temperature the dye was poured off and 
distilled water was added and the gel was cooked in a microwave oven for 5-8 min at 900 W. 
The water was removed and the gel was soaked in a solution containing 20 % methanol + 2 % 
glycerol before drying. 
 
Western Blotting 
 
After SDS-PAGE, the gel was soaked in blotting buffer (20 mM Tris, 150 mM Glycine, 20 % 
methanol, 0.01 % SDS, pH 8.3) for 10-15 min. Wettex, filter papers, nitrocellulose filters were 
also soaked in blotting buffer and arranged in the following pattern:  
(+) ANODE – white plastic – Wettex– 2 Whatman papers – nitrocellulose filter – 
polyacrylamide gel – 2 Whatman papers – Wettex – black plastic – (-) CATHODE.   
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The sandwich was assembled on a Bio -Rad transblot apparatus and transfer run at 130 mA for 
50 min. The membrane was blocked by placing it in blocking solution 5 % dry milk in TBS 0.1 
% Tween for more than 1 hr.  
 
Enhanced ChemiLuminescence (ECL) 
 
Enhanced ChemiLuminescence was used to detect immobilized specific antigens with 
horseradish peroxidase – conjugated secondary antibodies. The filter was sequentially incubated 
with 10 ml primary antibody (1 µg/ml) in 1x TBS + 0.5 % Tween and 5ml of 1 µg/ml 
secondary antibody labeled with horseradish peroxidase in 1x TBS + 0.5 % Tween. After 
incubation, the filter was washed in 30 ml1 x TBS + 0.5 % Tween every 15 minutes for 5 times 
to remove excess antibody. The filter that was washed after incubating in the secondary 
antibody solution was placed in a small flask and equal amounts of ECL detection reagent 1 and 
ECL detection reagent 2 (Amersham Biosciences) were added. The flask was rolled for 1 min. 
The filter was taken out from the flask and wrapped carefully in the plastic film. This package 
was exposed to photographic film and the film was then developed. 
 
Stripping of Nitro-cellulose filters 
 
Once the detection of one antibody was finished the nitrocellulose filter was subjected to other 
antibody detection after stripping. Thus previous antibody was removed by stripping. Thereby, 
filters were reused for several times. The filter was placed in a box containing 50 ml of 
stripping buffer (10 ml 625 mM Tris-HCl pH 6.7, 15 ml 20 % SDS, 75 ml H2O, 1500 µl of 
mercaptoethanol) and incubated for 1 hr at 65°C. Later the filters were removed from the 
stripping buffer and washed thoroughly twice with 1 x TBS-Tween. The filter was then blocked 
in blocking solution and re-used for a second primary antibody. 
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