Gene targeting in embryonic stem cells

ABSTRACT
The skeletal and cardiac muscles contain the Dystrophin Glycoprotein Complex, which is a multi subunit protein complex. This complex helps in the proper functioning of the skeletal and cardiac muscles. Defects in the proteins of Dystrophin Glycoprotein Complex caused due to mutations in genes encoding for them causes muscular dystrophy of various types and cardiomyopathy in some cases. The function of sarcospan (25 kDa), an integral component of the Dystrophin glycoprotein complex in not yet clearly defined, though it is believed to be a part of the Tetraspanin superfamily of proteins having functions similar to it like cell adhesion, facilitating protein protein interactions within the Dystrophin Glycoprotein Complex and cell signalling. There are many isoforms of sarcospan which are encoded by alternative splicing of the SSPN Mrna. Two of these known isoforms are nanospan (8.5 kDa) and microspan (14 kDa). Sarcospan knockout mice, deficient in sarcospan protein, created by homologous recombination did not exhibit any phenotype of muscular dystrophy. While the transgenic mice over expressing microspan die prematurely. Microspan does not strongly interact with the sarcoglycan subcomplex while the sarcospan forms a tight sub complex with the sarcoglycans in wild type mice. It was observed that in sarcospan deficient mice an isoform of sarcospan named nanospan is over expressed compared to its expression in mdx mice and sarcospan deficient mice. This observation led us to the hypotheses that probably the nanospan compensates for the absence of sarcospan in sarcospan knockout mice which prevents any phenotype of muscular dystrophy in these mice. In this project we are going to create a knockout mice model for all isoforms of sarcospan, in order to find out the role played by nanospan (if any) in the Dystrophin glycoprotein complex. We will also investigate the interaction of nanospan with the sarcoglycan complex.
INTRODUCTION

Dystrophin Glycoprotein Complex
The Dystrophin Glycoprotein Complex (DGC) (Campbell and Khal, 1998; Ervasti et. al, 1990, 1991; Yoshida and Ozawa, 1990; Ervasti and Campbell, 1991) is a multi subunit protein complex (see figure 1) which is found in the sarcolemma of the skeletal and cardiac muscles. The various components of DGC are Dystrophin, Dystrobrevin, Syntrophins (these are the intra cellular components), �-Dystroglycan (�- DG), Sarcoglyans (SG), Sarcospan (SSPN) (these are the transmembrane components) and a Dystroglycan (this is the cell surface component). (For review, Michele and Campbell, 2003)

DGC helps maintain the integrity of the sarcolemma by connecting the intracellular cytoskeleton with the extracellular matrix in a muscle fibre. It prevents the damage that maybe caused to the muscle cells during muscle contraction (Weller et al, 1990 Petrof et al, 1993). It is also hypothysed that the DGC plays a role in cell signalling. Signalling proteins like Grb 2 and Filamin 2 interact with �-DG AND SG's respectively ( Brenman et al, 1995; Yang et al, 1995; Chang et al, 1996).

The amino terminal (NH2) of Dystrophin interacts with F-actin (Rybakova et al, 1996; Rybakova and Ervasti, 1997) while the carboxyl terminal (COOH) binds to the COOH of �-DG, the other terminal of which binds a-DG on the cell surface (Jung et al 1995). ?-DG binds with Laminin-2 receptor. This is how the DGC connects the cytoskeleton with the extracellular matrix (Ervasti and Campbell, 1993). The Sarcoglycan complex (a, �, ?, d) and SSPN form a sub complex within the DGC. The a-DG is anchored to the plasma membrane by the interaction between SG complex and �-DG (Holt et al 1998).
Muscular dystrophies caused due to mutations in DGC encoding genes
Mutations in genes encoding for these proteins cause various types of muscular dystrophies (For review see Campbell, 1995; Straub and Campbell, 1997). Mice models deficient on each component of the DGC are present. Duchene muscular dystrophy and Becker's muscular dystrophy are caused by mutations in the dystrophin gene. These are the most common muscular dystrophies found caused due to a point mutation in exon 23 of the Dystrophin gene. Absence of Dystrophin also leads to the absence of all the components of the DGC at the sarcolemma. Diaphragm is the most affected muscle in the mdx mice. Mice models in which Dystrophin and Utrophin (a homologous protein of dystrohin) both are absent exhibit a more severe phenotype (For review, Durbeej and Campbell, 2002).

Mutations in the SG complex cause various types of Limb Gurdle Muscular Dystrophies, also known as Sarcoglycanopathies (For review, Durbeej and Campbell, 2002). Disruption of a-SG causes muscular dystrophy and loss of �, ? and d SG along with SSPN from cardiac and skeletal muscle. The e-SG is still expressed in both the muscles in this case and no cardiomyopathy occurs in such mice. But this deficiency leads to destabilization of a-DG. The � or d SG deficient mice develop cardiomyopathy and severe muscular dystrophy. In these muscular dystrophies loss of e-SG also occurs. Disruption of SG complex was observed in smooth muscles in case of � and d -SG deficient mice but this was not the case in a-SG deficient mice. It is known that a and e SG are homologous to each other. This has lead to the hypothesis that probably there are two SG complexes present in cardiac, skeletal and smooth muscle, one with a-SG and the other with e-SG (For review, Cohn and Campbell, 2000)

The DG deficient mice die at very early stages of embryo development while the chimeric mice in which DG is not expressed in skeletal muscles develop muscular dystrophy. The SG and Dystrophin are also absent in these cells. Dystrobrevin deficiency on the other hand causes mild muscular dystrophy even though the rest of the DGC is present at the membrane. Dystrobrevin deficiency may cause disruption in the signalling function of DGC which might cause the mild dystrophic phenotype. Till date no mutations in the SSPN gene have been reported in humans neither has any unclassified muscular dystrophy been mapped to the SSPN chromosome.
Sarcospan: An integral component of DGC
Sarcospan is one of the core components of the DGC having a molecular weight of 25kDa (Crosbie et al, 1997). It is found in the DGC of skeletal, cardiac and smooth muscles (Crosbie et al, 1997, 1999). The gene coding for SSPN is present on human chromosome 12p11.2. The exons 1, 2 and 3 encode (see figure 2) for SSPN protein (Heighway et al, 1996). SSPN was named so because it has multiple sarcolemma spanning domains (Crosbie et al, 1997). There are four transmembrane domains (TM), one large extra cellular loop (LEL) and one small extra cellular loop (SEL). The N-terminal and C-terminal op SSPN protein lie intracellular (Crosbie et al, 1997; Heighway et al, 1996; Scott et al, 1994)(see figure 3).

The other transmembrane proteins of DGC have only a single membrane spanning domain. Protein sequence analysis indicates that SSPN is related to the tetraspan super family of proteins (Crosbie et al, 1997). The tetraspanin family of proteins were discovered in 1990's. These proteins can react with many molecules and they play a role in cell adhesion, differentiation and signalling. These molecules help larger complexes perform their function more efficiently by holding it together. They are found on human chromosome 12, 11 and 19 (Maecker et al, 1997). SSPN is closely related to the Rom-I, Uroplakin and peripherin which are all divergent members of the tetraspan super family of proteins (Crosbie et al, 1997). Probably the SSPN also plays this role of 'molecular facilitators' and make the DGC more efficient (Holden et al, 1997).
Sarcoglycan and Sarcospan sub complex and its interaction
The SG are an important component of the DGC as any mutations in a, �, ? or d SG causes autosomal limb girdle muscular dystrophy (a group of disorders). In this group of disorders the muscles of shoulder and girdle are affected (Roberds et al, 1994; Lim et wl, 1995; Nigro et al, 1996; Noguchi et al, 1995). The LGMD are of type 2D (Roberds et al, 1994; Picolo et al, 1995; Lejunggren et al, 1995), 2E (Lim et al, 1995; Bonnemann et al, 1995), 2C (Ben et al, 1992, Piccolo et al 1996) and 2F (Passus Bueno et al, 1996; Nigro et al, 1996) caused by mutations in a, �, ? and d SG genes. The SSPN and SG proteins interact with each other strongly (Crosbie et al, 1999) to form a sub complex within the DGC inspite of the fact that these proteins vary greatly in their properties. The SG consists of four types of glycoproteins, a, �, ? and d each having one transmembrane domain (For review see Lim and Campbell, 1998) and the SG are glycosylated proteins. On the other hand SSPN spans the membrane four times and does not have any N- glycosylation sites.

Mutations in any of the SG genes which causes the partial or complete loss of the SG's (a, �, ? or d) also leads to loss of SSPN in the membrane (Crosbie et al, 2000). In a sarcoglycanopathy where the primary mutation is in the a SG gene, it was observed that the SSPN was either not expressed at the sarcolemma or expressed at very low quantity. In such cases, the expression of � or d SG also did not increase the SSPN expression at the sarcolemma. In cases of LGMD 2C, the � and d SG are expressed normally, but there is still no SSPN protein detected at the muscle plasma membrane. Normal expression of three (a, � and d) out of the four SG also does not help in the sable expression of SSPN (Crosbie et al, 2000). More than 600 cases of LGMD were screened for any mutation in the SSPN gene as in these LGMD cases there was noprimary mutation detected in the SG genes. But mutation in the SSPN gene was not seen in any of these cases. Though during this screening, there were a few polymorphisms detected in the SSPN gene, but it was later concluded that none of these polymorphisms cause any muscle disease. A novel case was observed where the mutant form of the SG complex is expressed at the membrane. In this form the a, � and d SG were expressed normally at the membrane but the C- terminal region of ?- SG was missing. In this case the stabilization of SSPN occurred at the membrane but the normal functioning of the muscle was prevented (Crosbie et al, 2000) hence the whole SG complex is necessary for the membrane stabilization and expression of SSPN. The stable expression of other DGC component is also important for the stable expression of SSPN. No SSPN is detected in the mdx mice. But the SSPN is normally expressed in laminin a2 deficient mice models (Crosbie et al, 1999). So off all the components of DGC it is the Dystrophin and SG'S whose normal expression is a pre requisite for stabilization of SSPN. This can be explained by the interaction between the SG complex and the SSPN. Based on the predicted functions of the tetraspanins, one of the function of the SSPN should be to facilitate the interactions between the proteins of DGC . but in cases where these proteins are only absent due to some mutation, the expression of SSPN is futile.

SSPN is believed to be related to the tetrasanin superfamily of proteins (Crosbie et al, 1997). These tetraspans form a web like structure at the membrane by homo and hetro oligomerisation (Hemler, 2001; Seigneuret et al, 2001).Tetraspanins form these web like structures by intermolecular interactions between its various domains (For review, Levy et al, 2005). It was thus hypnotised that maybe SSPN also forms similar structure at the membrane, and homo oligomerization of SSPN proteins was observed in skeletal muscles. With the help of recombinant fusion proteins, immune precipitation and SDS - PAGE under non reducing conditions, protein bands corresponding to 50kDa, 100kDa are seen. Thus SSPN homo oligomerizes to form dimmers, tetramers and pentamers (Miller et al, 2006).

Recombinant fusion proteins for the N- terminal (NT), C- terminal (CT) and Large extracellular loop (LEL) were designed with Maltose Binding Protein (MBP) and glutathione- s - transferase (GST). With the help of these fusion proteins the domains of SSPN involved in formation of oligomers were investigated. The N- terminal of SSPN is involved in intermolecular interaction, as the fusion protein GST- NT interacts with MBP- NT and leads to the formation of oligomers. While no interaction was found between GST- CT and MBP- CT, indicating that C- terminal of SSPN proteins do not interact with each other. Interaction between GST- NT and MBP- CT was found in SSPN protein overlay assays. Thus the intracellular C- terminal and N- terminal interact with each other. The large extracellular loop also interacts with each other to form homo oligomers.(Miller et al, 2006)

Point mutations in the N- terminal domain, C- terminal domain, Transmembrane domains and LEL were done to investigate the exact sequences within these regions which are responsible for the homo oligomer formation. CHO cell expression system was used to introduce SSPN mutants in them to express the protein. Only the mutant in which the entire TM4 and C- terminal domain was missing was stably expressed in the CHO cell system. Immune blot analysis was carried out for the SSPN protein expressed by this mutant and it was seen that monomers and dimmers had formed. Hence the C- terminal region is not necessary for the dimmer formation. Then there were mutants created in which only a few consecutive amino acids were removed (6) so that these mutants are stably expressed. A few of these LEL mutants did not form stable monomers and a few did not form trimers or tetramers. This indicated the importance of LEL in stable monomer formation as well as formation of homo oligomers. The cystein residues present in the TM3 are important for the formation of tetramers as there might be disulfide linkages between the cystein residues of two SSPN molecules. But the cystein residues present in the N- terminal and C- terminal are not needed for the bond formation. The cystein residues of LEL are important in stabilization of monomers and are not required for the formation of oligomers (Miller et al, 2006).

Transfection of CHO cells with SG and SSPN expression genes and immunoprecipitation of protein lysates with monoclonal antibodies for �- SG also co immunoprecipitates the SSPN proteins (Crosbie et al, 1999). Using the CHO cell system the regions of SSPN protein interacting with SG was investigated. It was shown that the N- terminal region did not interact with the SG, but a few LEL mutants also did not interact with SG. Thus certain regions in the LEL and certain cystein residues (thiol linkage) are important for the interaction between SG and SSPN proteins (Miller et al, 2006).
Effects of over expression of SSPN gene
SSPN transgenic mice were created by introducing the SSPN Cdna into the mice under the control of a- actin promoter (Peter et al, 2007). The maximum over expression of transgene that was achieved in the mice was 10 fold. SSPN transgenic mice (SSPN-Tg) over expressing SSPN tenfold were much smaller in size compared to wild type. They develop severe muscular pathology and die in 6-8 weeks. But the SSPN- Tg mice over expressing SSPN only two fold were indistinguishable from the wild type. This high SSPN over expressing mice is called phenotypic SSPN Tg mice and low SSPN over expressing mice were called non phenotypic SSPN Tg mice. In spite of development of severe muscle pathology in the former, the membrane integrity is not affected by this over expression (Evans Blue Dye Test was negative). Over expression of other DGC proteins was observed in SSPN- Tg mice but no disruption was found in their localization at the sarcolemma of muscle cells. In phenotypic SSPN- Tg mice, homo oligomerization of the SSPN protein took place which probably caused aggregation of the SG complex (high levels of SG complex was observed in insoluble fractions). The level of SG was not as high in the non phenotypic SSPN- Tg mice. The stable expression of the SG- SSPN complex is one of the factor responsible for the stable expression of a-DG at the membrane surface (Duclos et al, 1998; Holt et al, 1998). But in SSPN Tg mice, probably due to aggregation of SG's accumulation of Laminin 2 and destabilization of a-DG occurs (Peter et al, 2007).
SSPN and the utrophin glycoprotein complex
The SSPN transgenic mice created by over expressing SSPN ten fold and two folds was crossed with a mdx mice (Peter et al, 2008). Utrophin, a homologous protein of dystrophin is present at the post synaptic region of the neuromuscular junctions. Utrophin forms the Utrophin glycoprotein complex (UGC). It was observed that over expression of SSPN lead to an increase in the area of utrophin expression. Earlier it was present in only the neuromuscular post synaptic junctions but in SSPN Tg mice utrophin was expressed throughout the sarcolemma. The presence of utrophin in the sarcolemma reduces the severe effects of muscular dystrophy in mdx mice (Tinsley et al, 1996, 1998). Over expression of SSPN in muscles of mdx mice also leads to an increase in the expression of a/� DG, a, �, ? -SG at the sarcolemma. Thus the components of UGC are expressed in mdx: SSPN Tg mice which reduces the severe muscle pathology in mdx mice. Probably it even compensates for the conditions caused due to loss of dystrophin (Peter et al, 2008).

Experiments carried out to prove that SSPN was a core component of UGC were positive. The sarcospan, utrophin and utophin associated protein are all fractionated together in samples taken from mdx: SSPN Tg mice. Experiments have shown that UGC is not only present at the sarcolemma in mdx: SSPN Tg mice but probably it even functionally replaces DGC, as there was very little tissue necrosis seen in quadriceps samples of mdx: SSPN Tg mice and the membrane integrity was maintained in the muscle cells (Evans Blue Dye test). Hence SSPN acts as the main factor or protein in expressing and stably maintaining the UGC at the sarcolemma in the mdx: SSPN Tg mice. Probably it can also be used as a therapeutic treatment to treat mdx. Its small size of Cdna (1 kb), easy packaging into Adeno associated virus vectors and its expression in a variety of tissues other than skeletal muscle gives SSPN advantage over other methods (Peter et al, 2008).
SSPN knockout mice model
In 1999 Lebakken and co workers created a SSPN deficient mice model (Lebakken et al, 1999). This was done by the method of homologous recombination to knockout exon 2 and coding sequence of exon 3 from the SSPN gene in mouse embryonic stem cells. Exons 2 and 3 code for the LEL, C- terminal domain and three of the four TM domains. By the Neomycin resistance and Thymidine Kinase selection the transient cells were isolated, expanded and then injected into blastocyst which was then introduced into pseudo pregnant mice. Thus the muscles of the homologous SSPN deficient (SSPN-/-) mice model obtained were analyzed. It was found that these SSPN-/- mice did not exhibit any phenotype of muscular dystrophy. The other components of DGC including the SG's were expressed as normal on the sarcolemma in these mice. The integrity of sarcolemma was determined by the Creatine Kinase assay and Evans Blue dye uptake. The level of serum creatine kinase was low and no uptake of Evans Blue dye was seen in muscle samples from SSPN-/- mice. The muscles also had normal power generation and force capabilities.

Northern blot analysis of mRNA from skeletal muscles of normal, heterozygous SPN+/- mice and homozygous SSPN-/- deficient mice was performed. A 4.5 kb SSPN specific transcript was detected in normal and heterozygous mice but not in mice homozygous for SSPN-/-. In earlier studies in human skeletal and cardiac muscle two SSPN transcript were detected, one of 6.5 kb and the other of 4.5 kb. The 4.5 kb transcript was also found in prostrate, thymus, testis, ovary, small intestine, colon and spleen (Crosbie et al, 1997). The 6.5 kb transcript does not hybridize with probes of exon 2 and 3 (Heighway et al, 1996). It is an alternatively spliced isoform of SSPN.
Alternatively spliced isoforms of SSPN
Microspan (�SPN) (Miller et al, 2006) and Nanospan (Nspn) (Miller unpublished data) are two isoforms of SSPN(see figure 4) known till date formed due to alternative Mrna splicing. �SPN is a 14 kDa protein (much smaller than SSPN) containing the N- terminal region and first two TM domains encoded by exon 1 and 2. �SPN also has 6 novel amino acids at the C- terminal encoded by exon 4(see figure 5). This exon 4 is located approximately 22 kb downstream of exon 3 (Miller et al, 2006). These SSPN related transcripts were isolated by screening the human skeletal muscle Mrna library with two probes of one of exon 1 and another of exon 3. Transcripts which hybridized only to exon 1 were selected. Four such transcripts were found, �SPN being one of them.

Tissue distribution of �SPN was investigated using Multiplex RT PCR and it was found in tissues of skeletal muscle, testis, colon, heart, brain, breast and bone marrow. But the levels of �SPN Mrna was less in tissues from lung tumour compared to the levels expressed in normal lung tissue. It was also found that �SPN is not a core component of the DGC (Miller et al, 2006). No �SPN is observed in immune blots of purified DGC with antibodies for each component of DGC and �SPN antibodies. The �SPN expression is not affected in the mdx mice where dystrophin is missing. The TM 3 and TM 4 and LEL which are important for interaction with DGC are absent in �SPN (Miller and Crosbie, 2006). Transgenic mice over expressing the human skeletal muscle �SPN protein were engineered. Most of these transgenic mice died at very early stages, but there were a few which produced F1 generation. These F1 generation mice also died between 6-8 weeks of age. These transgenic mice exhibited severe muscle pathology in muscles of quadriceps, tibialis anterior and soleus muscles. The diaphragm muscles were not so severely affected while no defects were present in the cardiac muscles (Miller et al, 2006).
HYPOTHESIS
Alternative splicing of the SSPN mRNA is shown to express certain other SSPN related isoforms, like �SPN in skeletal muscle tissues and cardiac tissues (Miller et al, 2006). Another isoform of SSPN was observed during Multiplex RT PCR in skeletal muscles and was named nanospan (Miller, unpublished data). Nanospan is encoded by the exon 1 and exon 4 of the SSPN gene and the protein expressed consists of the N- terminal and the TM 1 of the SSPN. The C- terminal has the 6 unique amino acids which are encoded by exon 4. Southern blot analysis also showed that the nanospan is over expressed in SSPN-/- mice compared to the wild type and mdx mice(see figure 6).

SSPN is known to be related to the tetraspanin superfamily of proteins (Crosbie et al, 1997) and the importance of SSPN is known in the sarcolemmal expression of utrophin glycoprotein complex in mdx: SSPN Tg mice (Peter et al, 2008). It is believed that the SSPN plays an important role in the DGC, hence it was surprising when SSPN-/- mice did not show any phenotype of muscular dystrophy.

We hypothyse that another isoform of SSPN (which we believe is nanospan) compensates for the loss of SSPN from the sarcolemma which prevents any muscular dystrophy phenotype. Probably this is the reason why nanospan is over expressed in SSPN-/- mice, which have no phenotype of muscular dystrophy. And if nanospan does compensate for SSPN, then it must be interacting with the SG complex in some way. Exon 1 is the common exon for all the known isoforms of SSPN till date. So probably knocking if out would prevent the sysnthesis of any of the SSPN isoforms and its possible that the effects produced in such a mice would through some light on the precise function of SSPN (the function that nanospan compensates for).

It has been shown that microspan is not an integral component of DGC neither does it form a strong complex with the SG's (Miller et al, 2006). Hence it can be argued that the regions of the SSPN protein interacting with SG are also absent in nanospan as they were for microspan. But the exact structure or the 3-D conformation of nanospan is not yet know. It is possible that nanospan orients itself in such a way that it is able to interact with the SG or the DGC. Also, in the predicted structure of the nanospan based on the structure of SSPN, it can be seen that the C- terminal in this case is present in the extra cellular matrix. Cystein is one of the 6 amino acids at the C- terminal. Hence it could be possible that these changes may in some manner assist nanospan in taking over or performing the function of SSPN. It is based on these hypothesis that this project is being carried out.
AIM
There are two main aims of the project:-
1. To construct a target sequence to make a knockout mice by the method of homologous recombination for all SSPN related isoforms. [ This construct would then be transfected into embryonic stem cells of mouse to be grown in culture and selected to be later transfected in to blastocyst which would be injected into pseudo pregnant mouse.]

2. The second aim of the project is to investigate whether nanospan interacts with the sarcoglycans in any manner.

3. If time permits, by the end of the year, the project would also include the analysis of results obtained from the mice knocked out for all isoforms of SSPN.
PROCEDURE
1. For the construction of the target for knockout by homologous recombination
PRINCIPLE
Exon 1 is the common exon, encoding for TM 1 and N- terminal region in all the three SSPN related isoforms (SSPN, �SPN, nSPN) known till date. Hence using the homologous recombination technique, exon 1 would be knocked out from the mice embryonic stem cell. This will be achieved by constructing a target sequence containing two regions on either sides which are homologous to the untranslated regions flanking the mouse SSPN exon 1. The target construct would contain selectable markers like Neomycin resistance gene and iresLac Z gene in between the homologous sequences for positive selection and the Diphtheria toxin gene, outside the homologous arm for negative selection. Hence only those cells will survive and will be selected where the knockout has occurred at the correct position.
HOST LAB CONTRIBUTION
One of the homologous arm, upstream of SSPN exon 1 was amplified by PCR from the BAC sequence containing the whole SSPN gene insert. This amplified DNA is 4.9 kb in size and contains Sal I restriction sites at both the ends. This SSPN Sal I insert was cloned into 2.1 TOPO vector, transfected in to E-coli cells and plated on plates. The appropriate colonies were selected and store in LB Broth for later use.
OUTLINE OF THE PROCEDURE
* Cloning the upstream homologous sequence

The SSPN Sal I insert (upstream homologous sequence) will be extracted from the TOPO vector by restriction digestion with Sal I and subsequent extraction from the gel.

* Ligation of the SSPN Sal I insert would then be done with p1049 vector which would have been digested with Xho I and dephosphorylated. [ p1049 is the vector in which the two homologous sequences and Diphtheria toxin gene would be cloned. This vector contains the Neomycin resistance and ires Lac Z gene]

* Cells transfected with this ligation product would be selected and further cultured.

* Cloning the downstream homologous arm

The BAC DNA would be used again to amplify the second homologous arm, downstream of exon 1. This arm would contain Xba I restriction sites at both ends.

* This amplified SSPN Xba I insert would approximately be 5 kb in size and would be cloned into 2.1 TOPO vector. The appropriate colonies would be selected (blue / white selection) and sub cultured in LB Broth.

* The insert would be sequenced to verify that it contains the correct homologous sequence and then the insert would be extracted (if it is the correct one) from TOPO using restriction digestion and ligate it to the Xba I digested p1049 vector which already contains the other upstream homologous sequence.

* Cloning of diptheria toxin. The diphtheria toxin gene from the given vector will be restricted using the Not I enzyme and ligated into the p1049 vector restricted with NotI , which already contains the two homologous arm.

2. Investigate the interaction between sarcoglycan and nanospan, if any.
PRINCIPLE
If two proteins have strong interactions with each other, then they precipitate together during immunoprecipitation experiments. These proteins can then be detected using SDS-PAGE. The immune precipitation is carried out under undenaturing conditions where the conformation of the protein and environment of the cell is unchanged. We will be testing the interaction between SG and Nspn proteins, by using antibodies for either SG or nanospan. If during SDS-PAGE both the SG and nanospan proteins are present it means that both of them have strong interactions among themselves. But if the interaction is weak or not present at all, then one of the proteins (depending on the antibody used) would be washed away in one of the washing steps and we would be able to see only one protein during SDS-PAGE.
HOST LAB CONTRIBUTION
The sarcoglycan gene and the nanospan gene has already been cloned into the pcDNA 3 vector which is 5.4 kb in size.
OUTLINE OF THE PROCEDURE
· The pcDNA 3 vector containing the SG gene and nanospan gene will be first transfected into the C2C12 cells.

· The transformed cells will be selected and sub cultured.

· Antibody of one of the proteins would be added to the protein lysate and the immune precipitation procedure would be carried out, followed by SDS-PAGE.
TECHNIQUES THAT WOULD BE USED
1) Polymerase chain reaction (PCR)

2) Gel electrophoresis

3) Restriction digestion

4) DNA extraction

5) Transformation of bacterial cells

6) DNA ligation

7) Immuno precipitation

8) SDS-PAGE
CONCLUSION
This is an important project in order to understand the protein protein interaction within the DGC. The results of this project will not only tell us whether nanospan has a role to play in sarcospan deficient mice to prevent muscular dystrophy, but it will also tell us about the functional role that sarcospan plays in the DGC. If the results show that the nanospan deficient mice do not develop and phenotype of muscular dystrophy, then it would mean that either there is some other protein which is compensating for the function of sarcospan or that sarcospan and nanospan are not required in the normal functioning of the DGC. It is very unlikely that the latter would happen because we know that sarcospan does interact with the pther components of DGC and help in the expression and stabilization of the UGC at the sarcolemma. The results obtained from this project will in future, also help to classify any muscular dystrophies based on its phenotype and chromosome mapping of its gene.
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