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ABSTRACT

CHARACTERISATION OF A CLUSTER OF NOVEL GENES IN THE 
HUMAN MAJOR HISTOCOMPATIBILITY COMPLEX

Mark G. Olavesen Corpus Christ! College 
Submitted for the degree of D.Phil. Hilary Term, 1993

The human MHC has been shown to be associated with susceptibility to a large 
number of diseases. Within the MHC class III region, which consists of a -1,100kb 
segment of DNA located between the class I and class II multigene families, at least 
38 genes have been identified, some of which could be involved in disease 
susceptibility. Analyses of the homologous mouse H-2S region have localised two 
loci responsible for susceptibility to experimental autoimmune orchitis, Orch-1, and 
corticosteroid-induced cleft palate, Cps-I, to an ~100kb segment of DNA. The 
characterisation of four genes located within the homologous region of the human 
MHC class III region is described here.

The G7 gene is a novel gene located 58kb telomeric of the HSP70-Hom locus. G7 
has been sequenced at the cDNA and genomic levels. The G7 gene, which contains 
27 exons that span ~22kb of DNA, is expressed as an -3kb mRNA. This mRNA was 
shown to be present at low levels in all of the cell types analysed, and was most 
abundant in monocytes and macrophages. Sequence analysis of cDNA clones 
revealed that the G7 mRNA contains two alternatively spliced exons which alter the 
putative G7 protein at the C-terminus. The different mRNA species encode putative 
protein products of 747 and 788 amino acids. The putative G7 proteins appear to be 
intracellular although their function remains to be determined. However, the 
putative G7 protein sequences do share significant similarity with bacterial DNA 
mismatch repair proteins and other similar proteins in yeast, mouse and man. A 
Pvull RFLP associated with the G7 gene was shown to result in a potential Thr >Ala 
amino acid substitution in -25% of the haplotypes analysed.

The G7b gene is another novel gene which is located between the HSP70-Hom 
and valyl-tRNA synthetase (VARS2) genes and may be homologous to other genes 
elsewhere in the human genome. G7b has been sequenced at the cDNA and genomic 
levels. The G7b gene contains 5 exons that span ~10kb. The G7b gene expressed an 
~0.9kb mRNA that was present in all of the cell types analysed and was most 
abundant in monocytes and macrophages. The G7b cDNA clones encode a putative 
G7b protein of 95 amino acids. Polyclonal antisera have been raised against the 
putative G7b protein which detected an ~5kDa protein in U937 cell lysates. 
Therefore, the putative G7b protein appears to be an intracellular protein for which 
the function remains to be determined. However, the putative G7b protein shares 
significant sequence similarity to the human small ribonucleoprotein Sm-D for 
which autoantibodies are present in patients with SLE.

A new gene G7c located between the G7 and valyl-tRNA synthetase (VARS2) 
genes has been identified as a result of the presence of non-repetitive sequence in the 
intergenic region that were shown to be conserved between species. Exon trapping 
analysis has identified two discrete exons from within this region.

The mouse homologue of the human HSP70-Hom gene, Hsc70t, is a potential 
candidate gene for the Orch-1 locus. As a result it was been sequenced in H-2 
congenic mouse strains known to be resistant and susceptible to experimental 
autoimmune orchitis. Sequence polymorphism was detected although this did not 
correlate with resistance or susceptibility to the disease.
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CHAPTER 1



INTRODUCTION

1.1 IDENTIFICATION OF THE MAJOR HISTOCOMPATIBILITY COMPLEX

The major histocompatibility antigens play a central role in tissue compatibility and 

were originally identified during studies of alloreactivity and allograft rejection in 

mice (Gorer et al. 1948). The genetic loci that encode these cell surface molecules in 

mice were found to be closely linked and were defined as the histocompatibility-2, 

H-2, complex. Analysis of recombinant congenic mouse strains indicated that there 

were two major loci within this region, H-2K and H-2D, that encode multiple allelic 

variants (Klein 1975). In man, the use of alloantisera from polytransfused 

individuals and multiparous women led to the identification of the human 

leukocyte antigens, HLA (Bach and van Rood 1976), which were related to the 

mouse alloantigens. These polymorphic HLA antigens have been designated the 

MHC class I antigens and in man are encoded by the HLA-A, -B and -C loci of the 

MHC.

The class II antigens were discovered when inbred mouse and guinea pig strains 

were found to vary in their antibody responses to antigens, which have a limited 

range of antigenic determinants. The genetic control of the T cell dependent 

immune response, Ir genes (McDevitt and Chinitz 1969), was later mapped to the / 

region of the H-2 complex, close to the H-2K region (McDevitt et al. 1972). The 

human HLA-D/DR region was identified as responsible for the 'mixed lymphocyte 

reaction' (Niederhuber and Frelinger 1976) and was shown to encode polymorphic 

cell surface molecules corresponding to the mouse Ir gene products of the H-2I 

region. The HLA-D/DR loci were later shown to be linked to the HLA-A and HLA-B 

regions in the human MHC (Dausset 1981).

To further characterise the class II region, recombinant congenic mice were 

analysed, resulting in subdivision of the / region into the I-A and /-£ subregions. In 

man, primed lymphocyte typing (Shaw et al. 1981) and DNA cloning (Trowsdale et 

al. 1985) led to the identification of additional loci subsequently defined as the DP
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and DQ subregions of the HLA complex.

In addition to the class I alloantigen loci and the class II Ir genes, another group of 

loci were also mapped to the mouse H-2 complex. Demant et al. (1973) observed that 

haemolytic complement levels among inbred mouse strains were controlled by a 

gene or genes linked to the H-2 complex. These genes mapped to a region designated 

H-2S, between H-2I and H-2D, and were subsequently identified as the C2, Sip, Ss (C4) 

and Bfloci (Shreffler 1976). The corresponding human genes C2, C4A, C4B and factor 

B were mapped as a tightly linked cluster to the same region of the human MHC 

(Carroll et al 1984), now known as the class III region.

1.2 THE ORGANISATION OF THE MHC

The histocompatibility antigens are encoded by a single gene complex in 

mammalian species. In man the MHC is located on the short arm of chromosome 6 

(Olaisen et al. 1987) and the mouse H-2 complex is located on chromosome 17 

(Figueroa and Klein 1986). The corresponding rat, RTl, and rabbit, RLA, complexes 

have also been identified (Klein and Figueroa 1986) and MHC class I and class II loci 

have been identified in nonhuman primate species, birds (chicken), reptiles, 

amphibians (axolotl) and fish (carp) (Accolla et al. 1991).

1.2.1 Structure of the mouse MHC

The mouse H-2 complex on chromosome 17 spans ~2.3Mb (Muller et al. 1987a; 

Lafuse et al. 1992) and is divided into several gene clusters (Figure 1.1). The class I 

genes are located in the X, D Qa and Tla regions, but only the highly polymorphic 

H-2K and H-2D loci encode the major class I antigens (Klein et al. 1983). The class II 

genes are located in the I-A and /-£ subregions, between the K and S regions, which

express the Aa, Ap, Ea and Ej3 class II antigens (Hood et al. 1983). The S region 

encodes the complement gene cluster (C2, C4, Sip and Bf) and lies between the / and 

D regions.

Recent analysis of the H-2 complex has led to the identification of many novel 

genes in the region [section 7.3].
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Figure 1.2 Schematic representation of human chromosome 6 and the MHC.
The light and dark band regions on the left side correspond to the G-light and G-dark bands 
of chromosome 6.The region of the chromosome corresponding to the MHC, in band 6p21.3 
is enlarged on the right. The extents of the class I, class II and class III regions are marked 
and genes are represented by bars. In the class III region the complement (C4, C2 and factor 
B) and the TNF genes arc marked (from Milner and Campbell 1992b).



1.2.2 Structure of the human MHC

The human MHC is located on the short arm of chromosome 6 at 6p21.3 (Figure 1.2; 

Olaisen et al. 1987). Unlike the mouse H-2 complex, the human class I genes all lie 

telomeric of the class III region. As a result the class II, HLA-D, region is located at 

the centromeric end and the class I, HLA-B, -C and -A, loci are located at the 

telomeric end of the MHC. The class III region lies between the most telomeric class 

II locus, DRA, and the most centromeric class I locus, HLA-B. The organisation of 

the genes in the human MHC has been determined by PFGE (Hardy et al. 1986; 

Carroll et al. 1987; Dunham et al. 1987; Lawrance et al 1987; Shukla et al. 1991) and by 

cosmid and YAC cloning (Ragoussis et al 1991; Sargent et al. 1989a; Spies et al. 

1989a,b 1990; Kendall et al. 1990; Chimini et al. 1990; Geraghty et al. 1992a). The 

locations of the genes are shown in figure 1.3 (Trowsdale et al 1991).

1.3 THE MHC CLASS I REGION

1.3.1 The class I genes

The human MHC class I region comprises -2Mb of DNA (Lawrance et al. 1987) and 

contains >25 related genes, pseudogenes and gene fragments (Koller et al. 1989; 

Geraghty et al. 1992a,b). Seven genes have been characterised (Shukla et al. 1991; 

Chimini et al. 1990) and mapped in the order:

CEN - HLA-B - HLA-C - HLA-X - HLA-E - HLA-A - HLA-G - HLA-F - TEL

The pseudogenes HLA-H (Chorney et al 1990) and HLA-J, cda 12, (Ragoussis et al. 

1989) are located telomeric and centromeric of HLA-A, respectively (Figure 1.3). Only 

the classical class I genes HLA-A and HLA-B are known to encode polypeptides that 

are functional in the presentation of antigens to T cells. HLA-C is closely linked to 

HLA-B and these loci are believed to have been generated by the duplication of an 

ancestral gene. However, HLA-C expression is very low and antigen presentation by 

HLA-C antigens has not been observed (Gussow et al. 1987). HLA-E, -F and -G all 

express mRNA transcripts (Houlihan et al 1992) and HLA-F has been detected in the

cytoplasm (Geraghty et al. 1990). HLA-E and HLA-G form heterodimers with p2

3
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microglobulin ((32m), but only HLA-G is expressed on the cell surface and its role

there is unclear (Koller et al 1988; Geraghty et al 1990). The pseudogenes HLA-H 

(Chorney et al. 1990) and HLA-J (Messer et al. 1992) contain deleterious mutations 

and the class I related gene HLA-X has not been shown to be expressed. The DNA 

content of the class I region can vary as a result of ~50kb deletions between the 

HLA-A and HLA-G loci. These deletions include the HLA-H pseudogene and are 

associated with the HLA-A23 or HLA-A24 haplotypes (Venditti and Chorney 1992).

Several cDNA clones not related to the MHC class I genes have been isolated by 

cDNA selection, using a yeast artificial chromosome (YAC) encoding part of the 

MHC class I region including the HLA-A locus (Parimoo et al. 1991), but no sequence 

data from these clones has been reported. However, another cDNA clone, mapped 

~5kb from the 5' end of the HLA-E gene, encodes a putative G-protein (Denizot et al. 

1992).

1.3.2 Expression and function of the classical class I antigens

The class I antigens are expressed on the surface of all nucleated cells and are

upregulated in response to viral infection and cytokines e.g. TNFoc and IFN-y 

(David-Watine et al. 1990). The regulatory sequences that control MHC class I gene 

transcription are also present in the (3 2m gene promoter, located on chromosome 15 

in man (Goodfellow et al. 1975), indicating that there may be a common mechanism 

for the control of class I and (3 2m expression. Nascent class I a chains and (32m are

targeted to the endoplasmic reticulum (ER) where the presence of (32m is essential 

for correct folding of the a chain (Krangle et al. 1979), possibly because part of the a 

chain structure is stabilised by interactions with (32m (Saper et al. 1991). Short 

peptides are also essential for complete assembly of the class I-p2m complex and its

transport to the cell surface (Townsend et al. 1989).

The class I antigens are responsible for the MHC restriction of T cell mediated 

cytotoxicity to allogeneic or virally infected cells (Zinkernagel and Doherty 1979). The 

cytotoxic T cell response requires the presentation of foreign antigen in the context of 

self MHC molecules at the cell surface. Class I molecules bind peptides derived from 

endogenous proteins (Jardetzky et al. 1991) in the ER and are transported to the cell
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Figure 1.4 Primary structures of the MHC class I and class II antigens.
A Class I antigen. The extracellular domains of the class I a chain and f^m are indicated.

B Class II antigen. The extracellular domains of the class II oc and (3 chains are indicated.



surface where virally encoded antigenic peptides are recognised by T cell receptors. 

The MHC class I molecules are recognised by T cell receptors on cytotoxic T cells 

because the cell adhesion molecule CDS on their cell surface specifically recognises 

the relatively invariant 03 domain of the class I molecule (Salter et al. 1990).

1.3.3 Structure of the classical class I antigens

The HLA-A and HLA-B loci of the MHC class I region encode the glycosylated,

highly polymorphic a chain (45kDa) of the class I antigens which become 

noncovalently linked to the invariant (3 2m 02kDa) chain (Cresswell et al. 1973). 

Amino acid and nucleotide sequence analysis has shown that the class I a chain has 

three extracellular domains, 04, a 2 and a3 (Figure 1.4), of 90, 92 and 92 amino acids, 

respectively, each of which is encoded by a separate exon (Srivastava et al. 1985). The 

membrane proximal, 0x3, domain and (32m have strong similarity to the 

immunoglobulin domain and belong to the Ig superfamily (Williams and Barclay 

1988) whilst the membrane distal, 04 and o^/ domains contain the most polymorphic

regions of the a chain (Parham et al. 1988). A short transmembrane domain and a

cytoplasmic tail of -30 amino acids anchor the extracellular domains to the cell 

membrane.

The crystallisation of soluble class I HLA-A2 molecules has allowed the three- 

dimensional structure of the alf a 2 and 03 domains, complexed with (3 2m, to be 

determined by X-ray crystallography (Bjorkman et al. 1987a). Subsequently the 

structures of the HLA-A68 and HLA-B27 molecules have been determined (Garrett 

et al. 1989; Madden et al. 1991) and found to have the same structure (Figure 1.5). The 

molecule is composed of two sets of structurally homologous domains. As expected

from the sequence homology, the cc3 and |3 2m domains have the Ig constant domain 

structure of two antiparallel (3 sheets connected by an internal disulphide bond. The 

two Ig domains are paired together and the CDS a chain binding site has been

identified on an exposed loop connecting two of the |3 strands of the oc 3 domain 

(Salter et al 1990).
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Figure 1.5 A ribbon diagram of the human MHC class I molecule structure.

P sheets are represented by thick arrows and a helices by helical ribbons. The CDS binding

site on the oc3 domain is shown in black and the peptide binding groove and hypothesised area 

of interaction with the T cell receptor are indicated (from Lawlor et d. 1990).



The o^ and a2 domains both consist of a four-stranded antiparallel (3 sheet and a 

long a helical region. These two domains interact to form a platform of 8 

antiparallel (3 strands above the a3 and (3 2m Ig domains and the two a helical regions

lie antiparallel on top (Figure 1.5; Bjorkman et al. 1987a). The two a helical regions 

generate a deep groove along the top surface of the class I molecule, the base of 

which is formed by the central strands of the (3 sheet. This groove contained

unaccounted electron density that has subsequently been shown to be peptides in an 

extended conformation (Garrett et al. 1989; Saper et al. 1991). The polymorphic

amino acid residues of the HLA class I molecules, concentrated in the o^ and o^ 

domains (Parham et al. 1988), occur mainly at positions that orientate their side 

chains into the peptide-binding groove, either from the sides of the a helical regions

or at the base from residues in the (3 sheet pointing upwards (Bjorkman et al. 1987b).

Refinement and comparison of the class I molecule structures has revealed that 

the peptide-binding groove contains pockets, the shape and structure of which varies 

according to the polymorphic residues present (Garrett et al. 1989; Madden et al. 

1991). The peptides bound in the groove have been isolated and some have been 

sequenced (Jardetzky et al. 1991; Guo et al. 1992). Most of the peptides are 8-10 

residues in length and contain conserved 'anchor' residues located towards the ends 

of the peptides that vary between different class I molecules (Jardetzky et al. 1991; 

Guo et al. 1992). The structure of several mouse and human class I structures, 

complexed with single peptides, have been determined to reveal the conformation 

of the peptides in the groove (Fremont et al. 1992; Matsumura et al. 1992; Zhang et

al. 1992; Silver et al. 1992). The peptides adopt an extended (3 conformation, bound 

and oriented in the groove by their termini and the side chains of the anchor 

residues which make specific interactions with residues in pockets at the ends of the 

groove. Heterogeneous peptide populations can be accommodated within the 

peptide-binding groove of a single class I molecule because intermolecular 

interactions in the middle of the groove are less specific, thereby allowing peptides of 

variable length to fit by bulging out of the groove in the middle (Guo et al 1992). In 

addition, the side chains of residues pointing out of the groove are not restricted 

(Jardetzky et al. 1991; Guo et al. 1992). Therefore, the structure of the class I molecule-



antigen complex allows presentation of antigens in a form that can be recognised by 

the T cell receptor (Figure 1.5).

1.4 THE MHC CLASS II REGION

1.4.1 The class II genes

The human class II region comprises ~900kb of DNA (Hardy et al. 1986) at the 

centromeric end of the MHC (Figure 1.2), although the DNA content has been 

shown to vary from ~750kb up to ~860kb between haplotypes (Dunham et al. 1989). 

This region is divided into subregions of related loci, HLA-DP, -DQ and -DR, 

(Trowsdale etal. 1985), each containing at least one A and one B gene encoding the 

class II a and P chains, respectively. Additional loci, DOB, DMA, DMB and DNA, 

have been identified and their arrangement in the class II region is:

CEN - DP - DNA - DMA - DMB - DOB - DQ - DR - TEL

The DP, DQ and DR subregions contain multiple genes and pseudogenes (Figure 

1.3; Trowsdale et al. 1991). In the DP subregion there are two functional genes, DPA1

and DPB1, encoding the DP a and (3 chains and two pseudogenes DPA2 and DPB2. 

The DQ subregion contains two functional genes, DQA1 and DQB1, encoding the DQ 

a and (3 chains and three related sequences, DQA2, DQB2 and DQB3, which are not 

known to be expressed. In the DR subregion there is one functional DRA locus 

encoding the DR a chain and up to 5 DRB genes and pseudogenes, the number 

depending upon the DR haplotype. These include four expressed genes, DRB1, 

DRB3, DRB4 and DRB5, that can all associate with the DR a chain, and five 

pseudogenes, DRB2, DRB6, DRB7, DRB8 and DRB9 (WHO Nomenclature 

Committee 1992).

The variation in DNA content observed between haplotypes (Dunham et al 1989) 

occurs between the DQ and DR loci (Kendall et al. 1991). The DR3, DR5 and DR6 

haplotypes contain ~750kb, DR2 haplotypes have 30kb of extra DNA within the DR 

subregion and DR4, DR7 and DR9 haplotypes have an extra 110kb between HLA-DQ

7



and HLA-DR (Dunham et al. 1989; Kendall et al. 1991).

A large number of non-classical class II genes have also been mapped to the class II 

region and these are described in section 1.4.4.

1.4.2 Expression and function of the class II antigens

The class II HLA antigens are expressed on a limited range of cell types such as B 

lymphocytes, macrophages, dendritic cells, thymic epithelium, Kupffer cells 

Langerhans cells and activated T lymphocytes. Expression of the class II antigen 

genes is regulated by cytokines (Benoist and Ma this 1990) via transcription regulatory 

elements that include X, Y and S boxes which have also been identified in the 

promoter of the invariant chain, a polypeptide which associates with the class II 

antigen in the ER, the gene for which is located on human chromosome 5.

Nascent class II a and (3 chains are directed into the ER where they complex with

the invariant chain (Kvist et al. 1982) that can exist in various forms due to post- 

translational modifications (Teyton and Peterson 1992). The class II/invariant chain 

complex is transported towards the cell surface and in the Golgi complex the 

invariant chain is proteolytically processed, resulting in transport of the class II 

molecules to endosomes (Lotteau etal. 1990) where the invariant chain is removed.

Class II antigens are responsible for the MHC restriction of T helper cell activity 

(Benacerraf 1981). These polymorphic glycoproteins present peptides derived from 

exogenous proteins (Rudensky et al. 1991). Extracellular proteins are internalised by 

antigen presenting cells and, after proteolytic degradation, peptides bind to class II 

molecules in the endosomes (Harding et al. 1991). The acidic environment within 

the endosomes facilitates the dissociation of the invariant chain and allows

association of peptides with the class II ocp dimers, which is essential for correct, 

stable folding of the class II molecule (Sadegh-Nasseri and Germain 1992). The MHC 

class II/peptide complex is then transported to the cell surface. T helper cells bearing 

the CD4 cell adhesion glycoprotein specifically recognise MHC class II molecules and 

the identification of foreign antigenic peptides by T cell receptors results in the 

activation of an immune response via the production of lymphokines.
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1.4.3 Structure of the class II antigens

The MHC class II molecules are noncovalent heterodimers consisting of a highly

polymorphic p chain (27-29kDa) and a less variable a chain (33-35kDa). Sequence 

analysis (Kappes and Strominger 1988) has shown that the a and P chains are similar 

in structure. Both chains have two extracellular domains, a} , o^ and p p p2, of -90

amino acid residues, which are encoded by separate exons, and a C-terminal 

hydrophobic transmembrane sequence -25 amino acids long, followed by a short 

cytoplasmic tail of 10-20 amino acid residues (Figure 1.4).

The crystal structure of the class II molecule is not yet available, but the oc 2 and p2 

domains bear strong sequence homology to the Ig constant domain (Kaufman et al. 

1984) and are members of the Ig superfamily (Williams and Barclay 1988). These two 

membrane proximal domains are therefore believed to correspond to a pair of 

domains in a similar way to the p 2 m an<3 % domains in the class I structure of 

Bjorkman et al. (1987a).

The N-terminal o^ and (^ domains of the class II molecule appear to be

responsible for binding peptides (Babbitt et al. 1985) and are highly polymorphic 

(Kaufman et al. 1984). As a result, these two domains have been modelled upon the

class I o^ and oc 2 domain peptide-binding groove (Brown et al. 1988). The class II 04 

and P1 domains show very little pairwise homology with the class I o^ and o^ 

domains. However, a disulphide bond in the class I a2 domain is present in the class 

II (3 1 domain, the N-glycosylation site in the class I c^ domain is present in the class II

a-| domain, there are several structural residues conserved between the sequences 

and the polymorphic residues in the class I molecule occur in the corresponding 

positions in the class II a l and p1 domains.

Using this information, Brown et al. (1988) modelled the predicted class II a} and 

P: domain secondary structures onto the class I c^ and a2 domain tertiary structure 

of Bjorkman et al. (1987a) to form a peptide-binding groove of a helical regions and a 

p sheet. Additional salt bridges within the proposed structure are also conserved and 

help to stabilise the tertiary structure. Many of the polymorphic residues in the class



II molecule occur at positions in which they are likely to interact with peptide in the 

groove of the modelled structure and may thus determine the peptides bound to the 

class II molecule for presentation to the T cell receptor.

Peptides have been eluted from class II molecules and sequenced by Rudensky et 

al. (1991). The sequences obtained revealed several differences with those of peptides 

eluted from class I molecules. The peptides isolated from class II molecules, 13-17 

residues in length, are longer than the 8-10 residue peptides isolated from the class I 

molecules and are more heterogeneous in length, even amongst overlapping 

peptides with the same antigenic determinant. In addition there do not appear to be 

any conserved 'anchor' residues in the peptides isolated from class II molecules. As a 

result, Rudensky et al. (1991) proposed that one end of the peptide-binding groove 

may be open, thereby allowing peptides to protrude from the molecule.

1.4.4 Novel non-HLA class II genes

The MHC class II region has been cloned in overlapping YAC clones (Ragoussis et al. 

1991) and mapped in detail by PFGE (Hanson et al. 1991). Using HTF-islands (Bird 

1986, 1987) mapped within the region as markers for genes (Hanson et al. 1991) and 

cDNA probes mapped to the mouse H-2K region (Janatipour et al 1992), fifteen new 

genes have been mapped within the ~450kb of DNA located centromeric of the 

HLA-DOB locus (Figure 1.3; Trowsdale et al. 1991).

Six of the novel genes are located centromeric of DPB2 and may not be part of the 

class II region although it has not been determined whether or not there are 

additional class II A and B genes centromeric of DPB2 (Trowsdale et al. 1991). HKE2-5 

and HSET are human homologues of the mouse genes KE2-5 and SET, respectively, 

(Janatipour et al. 1992) for which no function has been determined. COL 11A2 is the

o2 (XI) collagen gene (Hanson et al. 1989), and RING1 and RING2 are two novel 

genes (Hanson et al. 1991), one of which, RING1, contains a novel cysteine-rich 

sequence motif (Freemont et al. 1991).

The nine novel genes mapped within the class II region between DNA and DOB 

(Figure 1.3) encode a diverse mixture of protein products. The DMA (RING6) and 

DMB (RING7) genes encode the a and (3 chains of the HLA class II-related locus DM 

(Kelly et al. 1991a). The RING3 (Y4) gene encodes a homologue of the Drosophila
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female sterile homeotic (fsh) gene and also has partial sequence homology with 

other proteins involved in cell cycle control, cell division and the regulation of cell 

growth (Beck et al. 1992).

The RING4, 9, 10-12 genes are a very tightly linked gene cluster ~10kb centromeric 

of the DOB locus (Figure 1.3) that include two pairs of related proteins that are 

upregulated by IFN-y (Kelly et al. 1991b). RING12 and RING10 (Y2) encode

polypeptides from a large intracellular protease complex, called the proteasome 

(Kelly et al 1991b; Glynne et al. 1991), which have been named LMP2 and LMP7, 

respectively (WHO Nomenclature Committee 1992). The RING4 (Y3, PSF1) and 

RING 11 (Yl, PSF2) genes encode polypeptides that contain the ATP-binding cassette 

(ABC) and share homology with the ABC superfamily of transporter proteins 

(Trowsdale et al. 1990; Spies et al. 1990; Bahram et al. 1991; Powis et al. 1992a). These 

genes have been named TAP1 and TAP2, for - 'transporter associated with antigen 

processing' (WHO Nomenclature Committee 1992). No further data on Y5 (Spies et 

al. 1990) or RING9 (Glynne etal. 1991) has been reported.

1.4.5 Functions of the novel HLA class II gene products

The functions of the TAP1, TAP2, LMP2 and LMP7 gene products and their mouse 

and rat homologues have been studied, in particular with reference to their possible 

roles in antigen processing and presentation as well as their involvement in 

susceptibility to autoimmune diseases.

Mutant human and mouse cell lines deficient for cell surface expression of MHC 

class I molecules have been analysed to determine the cause of this defect. The 

addition of exogenous peptides to cells was found to upregulate cell surface 

expression of the class I molecules and it was proposed that a defect in intracellular 

peptide transport was responsible for the deficiency (Townsend etal. 1989). Some of 

the mutant cell lines contained deletions within the MHC (Cerundolo et al. 1990) 

that were mapped to the class II region (Spies etal 1990) and have subsequently been 

shown to include the LMP and TAP genes.

The identification of LMP2 and LMP7 in the human MHC (Brown et al 1991; 

Glynne et al 1991) and mouse H-2 complex (Ortiz-Navarrete etal. 1991; Martinez 

and Monaco 1991), closely linked to the TAP genes or their homologues, suggested 

that the LMP protease components play a role in the degradation of proteins in the

11



cytoplasm, possibly for antigen presentation (Brown et al. 1991; Ortiz-Navarrete et al. 

1991; Martinez and Monaco 1991). However, Arnold et al. (1992) and Momburg et al. 

(1992) have subsequently shown that LMP2 and LMP7 are not essential for peptide 

processing and subsequent presentation by MHC class I molecules. Thus, the 

functions of the LMP2 and LMP7 gene products are not known.

The pair of TAP genes in the human MHC (Bahram et al. 1991; Powis et al. 1992a) 

have homologues in the mouse H-2 complex and the rat RT1 complex named Ham, 

histocompatibility antigen modifier (Monaco et al. 1990), and mtp, MHC-linked 

transporter protein (Deverson et al 1990), respectively. The presence of these genes 

within the regions deleted in mutants defective for assembly and transport of MHC 

class I molecules (Deverson et al. 1990; Spies et al 1990) has suggested that these 

genes encode proteins that transport peptides from the cytoplasm to the ER for 

association with MHC class I molecules. These proteins share homology with the 

ABC superfamily of transporter proteins that are symmetrical molecules consisting 

of two ATP-binding cassettes and up to twelve transmembrane helices in two 

hydrophobic domains (Higgins et al 1990). In the cystic fibrosis transmembrane 

conductance regulator protein (CFTR) and the multidrug resistance (MDR) proteins 

these domains are encoded by a single polypeptide chain. However, TAP1, TAP2 and 

their homologues each encode a polypeptide with a single ATP-binding cassette and 

six putative transmembrane helices (Trowsdale et al 1990; Spies et al 1990; Deverson 

et al 1990; Monaco et al 1990; Bahram et al 1991; Powis et al 1992a). It has been 

shown that the TAP1 and TAP2 gene products form a complex, possibly a 

heterodimer, and both proteins are required for MHC class I molecule assembly and 

antigen presentation (Kelly et al 1992; Spies et al. 1992). In addition, Kleijmeer et al 

(1992) have shown that the putative transporter complex is located in the ER and is 

probably oriented with its ATP-binding domains in the cytosol. Functional data 

supporting the role of the TAP and Ham gene products in intracellular peptide 

transport has come from the restoration of class I antigen presentation in mutant 

cell lines transfected with transporter gene cDNA clones (Spies and DeMars 1991; 

Powis et al 1991; Attaya et al 1992).

Evidence conflicting with the model that the TAP gene products are 

ATP-dependent peptide transporters has been presented by Levy et al (1991) who 

have demonstrated that peptide transport across the ER membrane is ATP
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independent and Gaskins et al. (1992) who discovered that the TAP gene products do 

not show affinity for ATP-agarose beads. However, more direct evidence for the 

association of peptide transporters with antigen presentation has been provided by 

Powis et al. (1992b) who have shown that polymorphism in the rat mtp genes is 

associated with variation in the spectrum of peptides bound to the rat MHC class I 

molecules. Polymorphic analysis of four mtp2 alleles revealed 29 variable positions, 

of which 25 correlated with the variation in peptide binding and most of these occur 

in the N-terminal region of the polypeptide which contains the hydrophobic, 

membrane spanning regions (Powis et al. 1992b). In the mouse a point mutation 

resulting in a truncated Ham2 gene protein product in the RMA-S cell line appears 

to be responsible for deficient class I assembly and antigen presentation (Yang et al. 

1992). In man 7 different polymorphic nucleotides in 6 alleles, resulting in six amino 

acid changes, have been identified in the TAP1 and TAP2 genes in both the ATP- 

binding cassette and the hydrophobic domain (Powis et al. 1992a; Spies et al 1992; 

Colonna et al. 1992a). However, none of these polymorphisms appear to be 

associated with susceptibility to ankylosing spondylitis, insulin-dependent diabetes 

or coeliac disease (Colonna et al. 1992a). This level of polymorphism in man appears 

to be lower than in the rat and has not been shown to be functional.

1.5 THE MHC CLASS III REGION

1.5.1 Organisation of the MHC class III region

The -1,100kb of DNA located in the human MHC between the class II DRA locus 

and the class I HLA-B locus is referred to as the class III region. The gene products 

encoded within this region have a diverse range of functions that differ from the 

classical class I and class II antigens. Originally identified as a result of variations in 

haemolytic complement levels associated with the mouse H-2 complex (Demant et 

al 1973), the genes for complement components C2, C4A, C4B and factor B were the 

first to be mapped within this region. Subsequently the gene for cytochrome P-450 

steroid 21-hydroxylase, CYP21, responsible for congenital adrenal hyperplasia, and 

the TNF-A and B genes were mapped within the class III region (White et al 1985; 

Carroll et al 1985, 1987; Dunham et al. 1987). Following the isolation of cosmids
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from this region (Sargent et al. 1989a; Spies et al. 19893,5, 1990; Kendall et al. 1990) a 

large number of novel unrelated genes have been identified (Figure 1.3). These 

include the genes for the major heat shock proteins HSP70-1 and HSP70-2 and the 

homologous gene HSP70-Hom (Sargent et al. 1989b; Milner and Campbell 1990) as 

well as valyl-tRNA synthetase (Hsieh and Campbell 1991).

The MHC class III region contains three duplicated loci. The CYP21, C4 and 

opposite strand gene (OSG or X) are duplicated (Morel et al. 1989; Gitelman et al. 

1992) and show haplotype dependent variation in gene copy numbers (Campbell et 

al. 1990). The TNF locus contains the TNF-A and TNF-B genes whilst the HSP70 

locus contains three genes HSP70-1, HSP70-2 and HSP70-Hom (Milner and Campbell 

1990). Analysis of the DNA content within the MHC class III region in seven HLA 

haplotypes by PFGE (Dunham et al. 1990) has revealed that there is no variation 

other than the deletions or duplications observed at the C4 and CYP21 loci, and the 

length polymorphism of C4 (Campbell et al. 1990).

1.5.2 Characterisation of the MHC class III region

Detailed characterisation of the human MHC class III region has been facilitated by 

isolating overlapping cosmid clones in a single contig from HLA-B to within ~200kb 

of the DRA locus (Sargent et al. 1989a; Spies et al. 1989a,b, 1990; Kendall et al. 1990). 

The complement genes, the TNF genes and the duplicated CYP21 genes, previously 

mapped to this region, were located within the contig and comparative mapping 

also identified human homologues of the mouse genes B144 (Tsuge et al. 1987) and 

RD (Levi-Strauss et al. 1988) within the class III region. The remaining -30 genes 

identified within the human MHC class III region were detected by searching for 

genes within the isolated cosmids.

Sargent et al. (1989a) cloned a 540kb DNA segment and used CpG-rich HTF- 

islands, which are often associated with the 5' end of genes (Bird 1986, 1987), to 

predict the locations of new genes within this region. These islands were identified 

by the presence of multiple, clustered, restriction sites for methylation-sensitive, 

rare-cutting restriction enzymes in uncloned genomic DNA. Probes flanking the 

HTF-islands were used in Northern blot analysis to detect novel transcripts. This 

approach confirmed the localisation of B144 close to TNF-A, and RD within the 

complement gene cluster, and in addition identified eleven novel genes Gl-11
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(Sargent et a I. 1989a), plus the duplicated HSP70 genes (Sargent etal. 1989b).

Spies etal. (1989a,b, 1990) cloned -900 kb extending from HLA-B towards DRA and 

used cosmid inserts to probe Northern blots of RNA derived from a selection of 

cultured cell lines (Spies et al 1989a). Following the detection of transcripts, the 

cosmid inserts were used to screen cDNA libraries constructed from RNA derived 

from B and T lymphocytic cell lines. cDNA clones from the 'HLA-B associated 

transcripts' (BAT) were isolated and have been named BAT1-5 (Spies etal. 1989a)and 

BAT6-9 (Spies et al. 1989b). The genes identified centromeric of the complement 

cluster have been named Xl-6 (Spies etal 1990).

The cosmid contig isolated by Sargent et al. (1989a) was extended by Kendall et al. 

(1990) with an additional ~160kb being isolated in overlapping cosmids centromeric 

of CYP21B. Cosmid inserts spanning this region were used to screen a cDNA library 

constructed from RNA derived from a monocytic cell line and seven new genes 

G12-18 were identified. The cosmids isolated by Sargent et al. (1989a) have also been 

used to isolate new probes and to screen directly for additional cDNA clones encoded 

with cosmid inserts. Two new genes, G7a (Hsieh and Campbell 1991) and G9a 

(Milner and Campbell 1993), were isolated in this manner. In addition another gene, 

G3a, has been identified in the G3-G4 interval. Two other genes, designated XA and 

XB, have been identified immediately centromeric of, and overlapping the CYP21A 

and CYP21B genes, respectively (Morel etal 1989; Gitelman etal 1992).

Many of the BAT and X genes are the same as the G genes and the corresponding 

names have been listed by Trowsdale et al. (1991). The locations of these genes are 

shown in figure 1.3.

1.5.3 The complement gene cluster

The genes encoding the complement components C2, C4A, C4B and factor B are 

clustered within an -120kb region located ~400kb telomeric of the HLA-DRA locus 

(Carroll et al. 1984, 1987; Dunham et al. 1987).

The complement system is a cascade of at least 30 plasma and membrane bound 

proteins that perform many of the major effector functions of humoral immune 

and inflammatory responses (Campbell et al. 1988; Law and Reid 1988). The main 

functions of this proteolytic cascade are: complement mediated cytolysis of target 

cells; opsonisation of microorganisms and antigens to promote phagocytosis by
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leukocytes; activation and recruitment of cells involved in the immune response to 

the site of complement activation and solubilisation of large antibody-antigen 

complexes for immune clearance.

The central component of the complement system is C3 which is activated by the 

C3 convertases which cleave C3 to yield C3a and C3b. C3a is a potent anaphylatoxin 

in the inflammatory response and C3b can be deposited on foreign cells where it 

covalently binds, via a reactive acyl group, to promote adherence to phagocytic cells 

or, in association with the C3 convertase, activate the complement lytic pathway, via 

cleavage of C5, resulting in cytolysis.

There are two different C3 convertases which are generated by the classical and 

alternative pathways of complement activation. The classical pathway is activated 

primarily by the interaction of Cl, via Clq, with immune complexes containing IgM 

and subclasses of IgG. The Cls component of the activated Cl complex then cleaves 

C4 to yield C4a, an anaphylatoxin, and C4b which covalently binds to the target 

surface via a reactive acyl group. The serine protease C2 then binds to C4b and is split 

by Cls to yield the C3 convertase C4b2a.

The alternative pathway is activated on antigenic surfaces where C3b, 

continuously present at low levels in the fluid phase, can bind. Surface bound C3b 

can bind the serine protease factor B which is cleaved by factor D to produce the 

alternative pathway C3 convertase C3bBb. Thus, C2, C4 and factor B play essential 

roles in the complement system. C2 and factor B are highly related serine proteases 

that form the catalytic components of the C3 and C5 convertases. These proteins 

share -35% sequence identity and probably evolved from a duplication of an 

ancestral gene (Campbell 1987). The two forms of C4, C4A and C4B, both form 

covalent linkages with hydroxyl and amino groups, but C4A has a greater affinity for 

amino groups (Law et a 1. 1984).

1.5.4 The CYP21A and CYP21B genes

The duplicated steroid 21-hydroxylase genes CYP21A and CYP21B lie ~3 kb from the 

3' ends of the C4A and C4B genes, respectively (White et al 1985; Carroll et al 1987). 

The CYP21B gene, adjacent to C4B, is expressed as the microsomal enzyme 

cytochrome P450 steroid 21-hydroxylase which plays an important role in the 

synthesis of cortisol in the adrenal cortex (Nerbert and Gonzalez 1987). CYP21A is a
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pseudogene containing numerous mutations in the coding sequence. Deficiency or 

dysfunction of steroid 21-hydroxylase is the most common cause of congenital 

adrenal hyperplasia (Miller 1988).

1.5.5 The TNF genes

The TNF-A and TNF-B genes are closely linked and lie ~220kb centromeric of

HLA-B (Carroll et al. 1987; Dunham et al. 1987). The protein products, TNF-a

(cachectin) and TNF-(3 (lymphotoxin) share -35% sequence identity. TNF-a is mainly 

secreted by macrophages, following activation by lipopolysaccharides, whilst TNF-p

is mainly produced by activated T cells. These cytokines interact with a common cell 

surface receptor and upregulate the adhesion of leukocytes to the endothelium as 

well as activating macrophages, granulocytes and cytotoxic T cells resulting in the

destruction of virally infected and tumour cells. TNF-a and (3 therefore play an 

important role in the regulation of an immune response (Beutler and Cerami 1989).

1.5.6 The HSP70 gene cluster

The genes encoding three members of the HSP70 family of proteins have been 

located in the MHC class III region, HSP70-1, HSP70-2 and HSP70-Hom (Sargent et al. 

1989b; Milner and Campbell 1990). The HSP70-1 and HSP70-2 genes are ~12kb apart 

and lie ~92kb telomeric of the C2 gene (Sargent et al. 1989b). These encode identical 

protein products (Milner and Campbell 1990) while HSP70-Hom, which is located 

~4kb telomeric of HSP70-1, encodes a homologous protein of the same size which 

shares 90% identity with them (Milner and Campbell 1990). Expression of the genes 

for the major HSP70 proteins, HSP70-1 and HSP70-2, is induced by heat shock and 

other stress stimuli, but HSP70-Hom has not been shown to be heat inducible 

(Milner and Campbell 1990).

HSP70 proteins associate with ribonucleoproteins and play a role in recovery of 

heat shocked cells. In addition, HSP70 proteins interact with other proteins and 

peptides in an ATP-dependent manner and act as chaperones in the secretion of 

unfolded proteins or the folding of proteins in the ER, mitochondria and cytosol 

(Deshaies etal. 1988).
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The protein and peptide binding activities of HSP70 proteins has resulted in the 

suggestion that they may play a role in antigen presentation (Pierce et al. 1989).

1.5.7 The B144 and RD genes

The B144 and RD genes were mapped within the mouse H-2S region (Tsuge et al. 

1987; Levi-Strauss et al. 1988) and human homologues were identified at 

corresponding positions in the human MHC class III region (Sargent et al. 1989a; 

Levi-Strauss et al. 1988).

B144 lies ~10kb centromeric of the TNF-A gene and is expressed in B lymphocytes 

and macrophages (Sargent et al. 1989a). The predicted mouse protein sequence has 

been determined, but does not show any significant sequence identity with any 

known protein (Tsuge et al. 1987).

RD is located within the complement gene cluster, ~10kb centromeric of the factor 

B gene in both man and mouse, and is expressed in all the tissues examined (Levi- 

Strauss et al. 1988). The predicted protein sequence of the 41kDa human RD protein 

contains 24 dipeptide repeats of alternating basic and acidic residues, similar to those 

present in the Ul small nuclear ribonucleoprotein (snRNP) 70kDa subunit (Speiser 

and White 1989).

1.5.8 Other novel genes in the MHC class III region

During the identification of the novel genes in the human MHC class III region, 

Gl-18, G3a, G7a, G9a, BAT1 and BATS, the distribution of their expression was 

examined by Northern blot analysis (Sargent et al. 1989a; Spies et al. 1989a,b, 1990; 

Kendall et al. 1990; W Thomson personal communication). All of the genes except 

Gl and G7 were shown to be ubiquitously expressed in the cell lines examined. The 

nucleotide sequences of many of the novel genes identified in the MHC class III 

region have now been identified, thereby allowing putative protein sequences to be 

predicted. No nucleotide sequence data is currently available for the BAT1, G5/BAT4, 

BATS or G10 genes. Expression of Gl, G3a, G4, G6, G9a, Gil, G13 and G16 at the 

protein level has been shown by Western blot analysis (Cheng 1991, Milner and 

Campbell 1993, N Gomez Escobar and A Khanna personal communications).

Gl is a single copy 1kb gene that expresses an ~0.6kb mRNA detected in non- 

granular leukocytic cell lines. The mRNA transcript encodes a novel ~10kDa
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intracellular protein that contains two potential 'EF hand' calcium binding domains 

in the N-terminal region (Olavesen et al 1993). The function of Gl is unknown, but 

the activation of non-granular leukocytes involves an increase in intracellular 

calcium levels and Gl may play a role in intracellular signalling following this 

event.

G2/BAT2 encodes a putative novel ~228kDa proline rich polypeptide (Banjeri et 

al. 1990). The predicted protein sequence contains several related regions plus four 

RGD motifs typical of the integrin receptor family, however, the absence of a 

hydrophobic leader peptide indicates that the putative BAT2 protein is an 

intracellular protein.

G3/BAT3 encodes a putative novel ~120kDa proline rich protein containing 

sequence homology in an N-terminal domain with ubiquitin (Banjeri et al 1990).

G3a encodes two different mRNA transcripts in liver and monocytes as a result of 

alternative splicing at the 5' end. The putative G3a novel peptides contain two 

N-glycosylation sites, but only the transcript isolated from liver contained a 

hydrophobic leader peptide that allows secretion of the protein (W Thomson 

personal communication). The ~23kDa G3a protein has been detected in plasma 

(Cheng 1991).

G4 is a single copy gene that encodes a novel ~50kDa protein with homology to 

glucose transporter proteins (W Thomson personal communication).

G6 encodes mRNA transcripts of 1.4 and 1.5kb and is related to a homologous 

gene outside the MHC (Cheng 1991). Both mRNA transcripts encode a putative 

~26kDa novel protein with regions of sequence homologous to the E.coli stringent

starvation protein (SSP), which may be a transcription factor, and the tubulin a

chain (Cheng 1991).

G7a/BAT6 is a single copy gene that encodes a putative ~140kDa polypeptide, the 

sequence of which shares 48% identity with the valyl-tRNA synthetase of 

Saccharomyces cerevisiae over 1043 amino acids and at the N-terminus shares 28% 

identity over 150 amino acids with the elongation factor 1 y-chain from the brine

shrimp, Artemia salina (Hsieh and Campbell 1991). In addition, the predicted 

molecular weight of the G7a gene product is similar in size to other mammalian 

tRNA synthetases, strongly suggesting that G7a encodes the human valyl-tRNA
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synthetase.

G8 is a single copy gene that encodes a novel, putative ~13kDa protein that shares 

no significant homology with any known protein sequence (Partanen and Campbell 

1992).

G9 encodes a putative novel ~38kDa polypeptide, the sequence of which shows 

22% sequence identity with the sialidase, neuraminidase, enzyme of Clostridium 

perfringens over its entire length (R D Campbell, S Smith and C Milner personal 

communication). Neuraminidases remove sialic acid moieties from 

oligosaccharides on glycoproteins or glycolipids. In the mouse the Neu-1 locus 

controlling liver neuraminidase activity has been mapped to the S region of the H-2 

complex (Figueroa et al 1982). G9 therefore appears to be the human equivalent of 

the mouse Neu-1 locus.

G9a is a single copy gene that encodes a novel ~110kDa polypeptide (Milner and 

Campbell 1993). The G9a protein contains six contiguous copies of a 33 amino acid 

motif known as the ankyrin or 'type C' notch repeat, a polyglutamic acid region, a 

cysteine rich region and a C-terminal region that shares homology with the 

Drosophila trithorax protein that binds zinc (Milner and Campbell 1993).

Gil encodes a number of alternatively spliced transcripts that encode a variety of 

putative polypeptide products (Kendall 1992; Hsieh 1992). One of the putative novel 

products shows 23% sequence identity over 125 amino acids with cytochrome P450 

aldosterone synthase (Kendall 1992). Although this level of homology is low, it is 

interesting to observe that the cytochrome P450 steroid 21-hydroxylase gene CYP21B 

and the CYP21A pseudogene lie -50 and -25kb away, respectively. The major 

putative Gil product contains a bipartite nuclear localisation signal and shares 

protein sequence homology with Fujinamic sarcoma virus tyrosine kinase 

transforming protein (Hsieh 1992). At the C-terminus the shared homology 

corresponds to the tyrosine kinase domain, whilst at the N-terminus the 

homologous region is believed to be responsible for transformation activity.

G13 is a single copy gene that encodes a novel ~77kDa protein that shares protein 

sequence similarity to the cAMP response element binding (CREB) protein, proto- 

oncogene c-jun and activation of transcription factor 6 (ATF-6) in an N-terminal 

region that contains a leucine zipper DNA binding domain and to fumarate 

hydratase at the C-terminus (Khanna and Campbell 1993).
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G14 and G15 are single copy genes that express mRNA species of 2.0 and 2.1kb, 

respectively. Partial cDNA sequences reveal the presence of a putative hydrophobic 

leader peptides at the N-termini of both sequences (Kendall 1992).

G16 contains sequences that cross hybridise to DNA fragments from outside the 

MHC and is therefore related to a homologous gene or pseudogene elsewhere in the 

human genome. The G16 protein is an ~20kDa polypeptide that shares 25% sequence 

identity over 85 amino acids with the transforming protein ret (A Khanna personal 

communication).

G17 is another gene that cross hybridises with nucleotide sequences elsewhere in 

the human genome and the original probe used to detect the gene hybridised to 3 

mRNA species of -1.6, 2.4 and 3.3kb in Northern blot analysis (Kendall etal 1990).

G18 is a single copy gene that is transcribed to produce mRNA transcripts of -1.4 

and 1.5kb. cDNA sequence analysis has revealed two possible ORFs (Kendall 1992), 

one of which encodes a putative polypeptide that shares 21 % sequence identity over 

the whole sequence with Mullerian inhibitory substance (MIS), a glycoprotein that 

causes regression of the Mullerian duct in both the male and female reproductive 

systems (Kendall 1992).

The characterisation of novel genes G7 and G7b is described in chapters 3 and 4.

1.5.9 G12, OSG/XB and Tenascin

G12 was identified by Kendall et al. (1990) when two ~lkb cDNA clones, isolated 

from a library constructed from RNA derived from a monocytic cell line, were 

shown to hybridise to a 23-34kb region of DNA located ~9kb centromeric of CYP21B. 

However, no mRNA species was detected by Northern blot analysis.

Morel et al. (1989) identified a pair of novel, duplicated genes, designated XA and 

XB, transcribed on the opposite strand from the C4A and C4B/CYP21B genes, 

respectively. XA expresses an -2.6 kb mRNA species in adrenal tissue and XB 

expresses an mRNA species of at least 3.5kb, primarily in steroidogenic tissues 

(Morel et al. 1989). XA contains a deletion and an insertion, relative to XB, within 

the coding sequence that result in a frameshift and premature termination of the 

putative protein product (Gitelman et al. 1992). The putative XB gene product 

contains a C-terminal domain with homology to a fibrinogen domain and three type 

III fibronectin repeats. Potential coding sequence for three additional type III
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fibronectin repeats was also identified upstream of the 5' end of the longest 2.7kb, 

cDNA clone (Morel et al. 1989).

By sequencing genomic DNA fragments located centromeric of XB and by 

hybridisation with a partial XB cDNA sequence encoding two of the type III 

fibronectin repeats, Matsumoto et al. (1992a,b) identified four potential type III 

fibronectin repeats oriented in the same direction as XB and hybridisation data for 

the existence of a further four repeats. Additional 5' sequence data has also revealed 

18.5 potential EGF repeats (Matsumoto et al. 1992b). This arrangement of tandem 

EGF repeats, tandem type III fibronectin repeats and a C-terminal fibrinogen domain 

is homologous to tenascin, a multidomain and multifunctional extracellular matrix 

glycoprotein, which contains 15 EGF repeats, 15 type III fibronectin repeats and a 

fibrinogen domain at the C-terminus (Siri et al. 1991). In addition, partial sequence of 

the putative G12 protein (Kendall 1992) shows significant homology to the sequences 

determined by Morel et al (1989) and Matsumoto et al. (1992a,b) and to that of 

tenascin. Matsumoto et al. (1992a,b) have proposed that G12 and XB are parts of the 

same tenascin-like gene. However, there is no evidence for the presence of coding 

sequence for the heptad repeats, present at the N-terminus of tenascin, in the MHC 

class III region and no explanation has been offered for the independent expression 

of XA, homologous to the 3' end of XB.

Tenascin is transiently expressed in many organs during development and can 

mediate intercellular interactions, including those of the immune system.

Although homologous proteins and homologous domains have been identified for 

many of the putative protein products encoded by the novel genes in the MHC class 

III region, the significance of the sequence homologies has yet to be determined. The 

only functional data obtained is the zinc-binding property of the C-terminal region 

of G9a that is homologous to the Drosophila trithorax protein (Milner and Campbell 

1993). The relationships between other sequence homologies and structural motifs 

with respect to protein function remain to be established.
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1.6 POLYMORPHISM IN THE MHC

The HLA antigens are highly polymorphic proteins and the loci encoding them 

constitute one of the most highly polymorphic gene clusters identified (Bjorkman 

and Parham 1990). Originally identified using serological and cell typing methods, 

the alleles can now be identified by nucleic acid sequencing (Bell et al. 1987) and 

typed using PCR and allele specific oligonucleotides (Todd et al. 1987).

1.6.1 The class I antigens

The mixed lymphocyte reaction (MLR) and primed lymphocyte typing (PLT) have 

currently been used to define 28 HLA-A, 59 HLA-B and 10 HLA-C serological 

specificities (WHO Nomenclature Committee 1992). Additional genetic 

polymorphisms have also been observed and, as a result, at the class I polymorphic 

loci, HLA-A, B, C and E, 41 HLA-A alleles, 61 HLA-B alleles, 18 HLA-C alleles and 4 

HLA-E alleles have currently been identified (WHO Nomenclature Committee 

1992).

1.6.2 The class II antigens

The class II a and (3 chains encoded by the A and B genes, respectively, in the DP, DQ

and DR subregions encode the following number of recognised HLA specificities: 

Dw26, DR 24, DQ 9 and DP 6 (WHO Nomenclature Committee 1992). At the DRA 

locus only two alleles have been identified whereas at the DRB loci 72 alleles have 

been identified that are responsible for virtually all the DR polymorphisms. Both the 

DQA and DQB loci are polymorphic and 14 DQA and 19 DQB alleles have been 

identified, while at the DP locus 8 DPA and 8 DPB alleles have been identified (WHO 

Nomenclature Committee 1992).

1.6.3 The MHC class III region

1.6.3.1 The complement genes

The complement components C2 C4 and factor B are polymorphic at both the DNA

and protein levels. The C4 isotypes, C4A and C4B, exhibit extensive structural

polymorphism (Campbell et al. 1990), but there are only 15 amino acid differences

between C4A and C4B (Belt et al. 1985; Yu et al. 1986) which are responsible for their
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different haemolytic activities, covalent binding activities and antigenic 

determinants. There are at least 33 polymorphic C4 variants (Mauff et al. 1983), but 

there is no obvious variation in their function, except for the C4A6 allele product 

which is haemolytically inactive (Dodds etal. 1985).

Recombination has been shown to occur in the C4/CYP21 region and deletion or 

duplication of the null, C4AQO and C4BQO, alleles has been observed. Identical 

alleles can occur at the C4A and C4B loci and deletion or duplication of the C4 loci 

can result in haplotypes containing between one and four C4 genes (Campbell et al 

1990).

Factor B is polymorphic with two major variants, F and S, and two minor 

variants, Fl and SI, as well as 14 very rare variants having been identified (Dykes et 

al. 1983). C2 polymorphism is very limited as the major variant C2C has a frequency 

of 0.97 whilst rare allotypes C2A and C2B have frequencies of 0.01 and 0.02, 

respectively (Alper 1976). 

1.6.3.2 Other genes in the MHC class HI region

Polymorphic analysis of other genes in the MHC class III region and their protein 

products has not been extensive. Two variants of the TNF-B gene have been 

identified, on the basis of an Ncol RFLP (Abraham et al. 1991; Messer etal 1991) that 

differ by a single amino acid residue.

Analysis of the HSP70 genes for polymorphism in a limited number of haplotypes 

revealed very limited sequence variation (Milner and Campbell 1992a). Six base 

changes were observed between HSP70-1 and HSP70-2 which occur in the 5' flanking 

region of HSP70-1 and the 5' untranslated regions and coding regions of both genes. 

However, none of these is associated with any amino acid polymorphism. In the 

HSP70-Hom gene two base changes were observed in the coding region, one of 

which is associated with an amino acid change.

G4 has been sequenced from three different haplotypes and nucleotide variations 

indicate that this gene may be polymorphic (Cheng 1991). 

1.6.33RFLPs and microsatellite repeats

RFLP analysis of an ~100kb region extending centromeric of TNF-A has been carried 

out by Cross et al. (1991) and six RFLPs were detected using cosmid inserts as 

hybridisation probes. Four of these are located within the region of DNA that 

contains the G2 and G3 genes, one is located within the region that contains the Gl
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gene and the other is located within the region that contains the G4 and G5 genes.

Twelve (CA) n dinucleotide repeats have been mapped within the MHC class III 

region (Hsieh 1992; Colonna et al 1993). Ten of these microsatellite repeats are highly 

polymorphic and may be used to study disease associations across the region. A 

variable number of tandem repeats (VNTR) has also been identified at a locus 

within the third intron of the C2 gene (Zhu et al. 1992) and five different alleles have 

been observed by RFLP analysis (Cross et al. 1985; Ratanachaiyavong et al. 1989).

1.6.4 Linkage disequilibrium and extended haplotypes

Although the MHC class I and class II loci are highly polymorphic, they are very 

closely linked. As a result, particular alleles exhibit a tendency to remain associated 

rather than separate by recombination so that the frequency of a pair of alleles 

occurring together is greater than the product of their individual allelic frequencies. 

This phenomenon is known as linkage disequilibrium. The resulting combinations 

of alleles that have been observed are termed extended haplotypes and 

approximately 30 have been identified which account for most linkage disequilibria 

observed. The combinations of alleles may confer advantages upon an individual 

e.g. particular class II TAP alleles and class I alleles, or may remain linked due to 

infrequent recombination within the MHC.

Many extended haplotypes, or supratypes, have specific disease associations 

(Dawkins et al. 1983) and the linkage disequilibrium, or low recombination 

frequency, within the MHC has made recombination mapping of the associated 

diseases more difficult than in regions of the human genome where linkage 

disequilibrium does not occur.

1.7 MHC AND DISEASE

The human MHC has been shown to be associated with genetic susceptibility to a 

large number of diseases (Tiwari and Terasaki 1985; Batchelor and McMichael 1987; 

Thomson 1988). Patients with these diseases show an increased frequency of certain 

MHC alleles compared with normal individuals. However, as a result of linkage 

disequilibrium, some diseases are associated with loci encoding several different
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antigens i.e. a particular extended haplotype (Table 1). Sometimes this can be 

overcome by analysing patients from several different ethnic groups which may 

contain different haplotype combinations. However, most MHC associated diseases 

are both polygenic and multifactorial such although the genetic factors may cause 

susceptibility to a disease, environmental factors are also important in the 

pathogenesis of the disease.

The MHC-associated diseases can be divided into three categories: diseases that are 

not due to chronic autoimmunity, diseases that involve autoimmunity and diseases 

of unknown pathogenesis.

1.7.1 Diseases in which immunological mechanisms are not involved 

Several diseases of non-immunological pathogenesis are known to be associated 

with genes in the MHC. Congenital adrenal hyperplasia is a metabolic disorder 

caused by deficiency of cytochrome P450 steroid 21-hydroxylase activity as a result of 

deletion or mutation of the CYP21B gene (Rodrigues et al 1987; Collier etal. 1989).

Infantile sialidosis type II, neuraminidase deficiency, was found to be associated 

with congenital adrenal hyperplasia in a Japanese family (Oohira et al. 1985) and one 

of the novel genes in the MHC, G9, shares sequence homology with a bacterial 

sialidase.

Idiopathic haemochromatosis is characterised by abnormal iron metabolism and 

is associated with the HLA-A3 antigen, and to a lesser extent with HLA-B7 and B14, 

although the disease pathogenesis is unknown.

1.7.2 Autoimmune diseases

This is the largest group of diseases associated with the MHC, but the direct 

involvement of the MHC in disease pathogenicity is not known, even though some 

disease associations are very strong.

Ankylosing spondylitis, or rheumatoid spondylitis, is characterised by 

inflammation of the spinal joints, but the disease aetiology is unknown. Incidence of 

the disease is very strongly associated with the HLA-B27 antigen which is present in 

95% of patients, but only 7% of normal controls. However, only -2% of individuals 

with HLA-B27 suffer from ankylosing spondylitis, implicating the importance of
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Disease Race Patients (% positive) Controls (% positive) Relative Risk 

Ankylosing Spondylitis (AS)

B27 C 89 9 69.1
B27 O 85 15 207.9
B27 N 58 4 54.4

Idiopathic Haemochromatosis

A3 C 72 28 6.7
B7 C 48 26 2.9
B14 C 19 6 2.7

Coeliac Disease

B8 C 68 22 7.6
DR3 C 79 22 11.6
DR7 C 60 15 7.7

Insulin Dependent Diabetes Mellitus (IDDM)

B8 C 40 21 2.5
B15 C 22 14 2.1
DR3 C 52 22 3.8
DR4 C 74 24 9.0

Rheumatoid Arthritis (RA)

B27 C 16 9 2.0
DR4 C 68 25 3.8
B54 O 24 11 2.5
DR4 O 66 39 2.8
DR4 N 40 10 5.4

Systemic Lupus Erythematosus (SLE)

B8 C 40 20 2.7 
DR3 C 42 21 2.6

Narcolepsy

DR2 C 100 22 129.8 
DR2 O 100 34 358.1

C = Caucasian O = Oriental N = Negro 

Table 1 Some HLA disease associations (data from Tiwari and Terasaki 1985; Thomson 1988)



environmental factors in the pathogenesis of this disease. The Klebsiella 

pneumoniae nitrogenase and the B27 antigen share six consecutive amino acids 

(Oldstone 1987) and this molecular mimicry may play a role in ankylosing 

spondylitis pathogenesis.

Rheumatoid arthritis involves inflammatory changes in the synovial membrane 

and is associated with the DR4 specificity. This association is stronger with the Dw4

and Dwl4 subtypes and a ten amino acid epitope, present in the DRp chain

membrane distal domain of several of the associated haplotypes, is present in 83% of 

patients and 46% of controls (Wordsworth etal. 1989).

Insulin dependent diabetes mellitus (IDDM), or type I diabetes, is characterised by

selective and irreversible destruction of insulin producing pancreatic p cells. This is

the best characterised of the class II associated diseases. Sixty per cent of IDDM 

patients possess B8 or B15 specificities and 95% possess DR3 or DR4, with DR3/DR4 

heterozygotes being at greatest risk (Nepom and Erlich 1991). Sequence analysis of 

HLA-DQ and DR alleles, however, has revealed that the DQp chains of IDDM

patients contain Ala, Val and Ser at position 57, correlating with susceptibility to the 

disease, and the presence of Asp at this position correlates with reduced susceptibility 

to IDDM in some haplotypes and dominant protection in others (Todd 1990). In the 

proposed MHC class II antigen structure modelled upon the class I structure (Brown 

et al. 1988), position 57 is located at one end of the peptide binding groove and forms

a salt bridge with a conserved Arg residue at position 79 in the DQa chain (Todd et

al. 1987). The absence of this salt bridge could conceivably allow the structure to 

become more permissive and allow presentation of peptides that result in IDDM 

pathogenesis. However, there are low levels of concordance of IDDM in 

monozygotic twins and HLA identical siblings, indicating that other genetic or 

environmental factors are also required for IDDM pathogenesis.

The possible role of an environmental factor in an autoimmune disease has been 

proposed for coeliac disease. Associated with the B8/DR3 haplotype and the DR7 

serological specificity, this syndrome is characterised by malabsorption following 

ingestion of gluten-containing foods. The A-gliadin peptide of gluten shares 

significant sequence similarity with the E1B protein of the intestinal adenovirus 

Ad-12 and an immune response against the virus could result in the induction of T
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cells cross reactive with gluten (Shanahan and Weinstein 1988).

One disease shown to be associated with the MHC class III region is systemic lupus 

erythematosus (SLE). This is a chronic inflammatory disorder of the connective 

tissue and affected individuals contain autoantibodies against nuclear and 

cytoplasmic cellular components. Deficiency of the classical complement pathway 

components, including C2 and C4, and the terminal components, C5-8, is associated 

with idiopathic SLE, but C2 and C4 null alleles in particular occur with significantly 

increased frequencies in SLE patients (Batchelor and McMichael 1987). One of the 

functions of the complement system is the clearance of immune complexes and 

deficiency of C2 or C4 may result in the accumulation of immune complexes leading 

to inflammation, cell destruction and release of autoantigens characteristic of SLE 

patients.

The advent of sequence analysis of the peptides bound to MHC molecules 

(Jardetzky et al. 1991; Rudensky et al. 1991) may assist in the identification of 

peptides, the specific antigens to which they are bound and the environmental 

factors that play a role in the pathogenesis of many of the MHC-linked autoimmune 

diseases.

1.7.3 Diseases of uncertain pathogenesis

Narcolepsy, a neurological disorder characterised by recurrent, uncontrollable brief 

episodes of sleep, is -100% associated with haplotypes containing the DR2 specificity. 

Psoriasis is a common, chronic squamous dermatosis known to have a polygenic 

inheritance pattern although the B13, B17, B37, Cw6 and DR7 haplotypes do show 

association with the condition in both Caucasian and oriental populations.

1.8 GENETIC TRAITS AND LOCI MAPPED WITHIN THE MHC

Many diseases have been shown to be associated with the MHC, however, even in 

cases where the association is strong it is not clear whether it is the associated allele 

or a closely linked allele, in linkage disequilibrium with the associated allele, that is 

responsible for disease susceptibility. In both the human and mouse MHCs several 

loci have been mapped to specific regions of DNA.
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1.8.1 Loci mapped within the human MHC

In man, the EC2 locus, controlling natural killer cell alloreactivity, was mapped 

between the complement factor B gene and the HLA-A locus (Ciccone etal. 1990) and 

subsequent analysis has shown association of the EC1 locus with HLA-C or a closely 

linked gene (Colonna etal 1992b).

Common variable immunodeficiency (CVID) and IgA deficiency (IgA-D) have 

been mapped to the MHC class III region by association with C4A and CYP21A 

deletions and C2 RFLPs (Schaffer et al 1989). This supports the hypothesis that the 

two conditions are related disorders, susceptibility to which is determined by a single 

locus. Subsequent familial analysis of CVID and IgA-D suggests that a locus 

controlling these conditions is located between the C4B and C2 genes (Volonakis et 

al 1992).

1.8.2 Loci mapped in the mouse H-2 complex

In the mouse H-2 complex several loci have been mapped, in particular between the 

Hsp70 gene cluster and the Tnfa gene, where recombinations have been mapped in 

congenic mouse strains. The major haemopoietic histocompatibility antigen 

regulatory locus, Hh-1, has been mapped centromeric of the H-2D region (Rembecki 

et al. 1988), within a region that corresponds to the position within which the EC1 

locus has been mapped in man, supporting the hypothesis that the EC2 and Hh-1 

genes may encode related products.

Control of the antibody response to TNP-ficoll has been mapped between H-2S 

and H-2D (Hillstrom-Shapiro etal 1991) to the interval between C2 and Bat5 (Snoek 

et al. 1991). The locus encoding corticosteroid induced cleft palate susceptibility, 

Cps-I, was mapped to the H-2D region (Demant 1985) and subsequently to the 

Hsp70.1-Bat5 interval (Snoek etalA991).

One locus of particular interest is the Orch-1 locus which plays a role in 

controlling susceptibility to the induction of experimental autoimmune orchitis 

(EAO). Originally mapped towards the H-2D region (Teuscher et al. 1985), this locus 

has since been mapped to the Hsp70.1-G7 interval (Snoek et al 1991,1993).
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1.9 EXPERIMENTAL AUTOIMMUNE ORCHITIS AND THE Orch-1 LOCUS

1.9.1 Infertility and orchitis

Idiopathic infertility is believed to occur as a result of the presence of anti-sperm 

antibodies, aspermatogenesis or stenosis of the epididymis or vas deferens arising 

from orchitis or epididymovasitis. Orchitis is characterised by inflammation of the 

testis marked by pain and swelling and, in man, may occur idiopathically or as a 

result of infection e.g. mumps, tuberculosis or syphilis, often resulting in infertility. 

To determine the immune mechanisms responsible for the pathogenesis of 

idiopathic infertility, both clinical and experimental analyses have been carried out. 

Focal monocytic orchitis in infertile men has been associated with anti-sperm 

autoantibodies which are also produced in -50% of men following vasectomy. The 

phenotypic expression of infertility is characterised by multiple testicular 

abnormalities associated with an immune response to sperm or other testis specific 

antigens, including deposition of IgG and C3 around the seminiferous tubules.

Animal models of spontaneous autoimmune infertility have been seen in 

partially inbred 'A' line beagle dogs, T/t w18 backcross mice and black mink (Fritz et al. 

1976; Dooher et al. 1981; Tung et al. 1981). The phenotypic expression of infertility in 

these models resembles idiopathic azoospermia or oligozoospermia and is 

characterised by multiple testicular abnormalities accompanied by autoimmune 

responses to sperm and testis-specific antigens. A similar testicular autoimmune 

disease occurs in guinea pigs, rabbits and rhesus macaques following vasectomy 

(Tung 1978; Bigazzi et al. 1976; Tung and Alexander 1980).

The best characterised animal model is murine experimental autoimmune 

orchitis (EAO) which can be reproducibly induced in BALB/c mice. In this model, 

dialysed, lyophilised, mouse testicular homogenate, emulsified in complete 

Freund's adjuvant, is used to immunise mice which simultaneously receive 10|j,g of 

Bordetella pertussis extract, rich in pertussigen (Kohno et al. 1983). Active EAO is 

then induced in the mice 20 days later, manifested as inflammation of the testes, 

aspermatogenesis, epididymovasitis and vasitis. Passive EAO can be induced by 

adoptive transfer of testis-sensitised lymphocytes (Mahi-Brown et al. 1987).
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Figure 1.6 Morphology of the mouse testis.
Seminiferous tubules (1), straight tubules (2), rete testis (3), 
ductus efferentes (4), epididymis (5) and vas deferens (6)



1.9.2 Immunopathology of orchitis

Active EAO is characterised by inflammatory lesions located in the testis (100%), rete 

testis (37%), cauda epididymis (21%) and vas deferens (37%) (Figure 1.6) and 

autoantibodies to testicular antigens in the serum (Kohno et al 1983). However, there 

is no correlation between the histopathological changes and antibody-dependent 

cytotoxicity or antibody titres despite the deposition of IgGl and IgG3 on germ cells 

outside the cells of the blood-testis barrier (Person et al. 1993).

In passive EAO, maximum orchitis is located in the straight tubules, rete testis 

and ductus efferentes (Figure 1.6) which produce maximal periductal and epithelial 

MHC class II antigen expression. Therefore, active and passive EAO are believed to 

arise by different immunopathogenic mechanisms.

The early lesions formed during active EAO contain eosinophils, neutrophils 

lymphocytes and macrophages both in and around the seminiferous tubules. This is 

followed by aspermatogenesis and desquamation of spermatocytes and spermatids. 

The late lesions are characterised by necrosis and fibrosis of the seminiferous tubules 

and disruption of the blood-testis barrier (Kohno et al. 1983).

The role of Bordetella pertussis extract in EAO is unknown, but in addition to 

lymphocytosis and a possible role as an adjuvant, it is known to cause histamine 

sensitivity of the blood-brain barrier and increase tissue barrier sensitivity to 

vasoactive substances (Bergman et al. 1978). Therefore, the Bordetella pertussis 

extract may be required to sensitise the testis-blood barrier for cellular infiltration 

rather than in the inflammatory stage of EAO induction, even though germ cells 

located outside the blood-testis barrier express autoantigens that are accessible to the 

vascular and lymphoid systems.

1.9.3 Immunogenetics of EAO

The role of genetic factors in infertility and orchitis was originally suggested 

following the observation that the development of anti-sperm antibodies after 

vasectomy is strongly associated with the MHC. HLA-A28 and B40 frequencies are 

increased among azoospermic patients and HLA-B7 is associated with anti-sperm 

antibodies in infertile couples. These associations imply that a common locus closely 

linked to HLA-A and HLA-B may control the two conditions (Person et al. 1993). In 

addition, such immune responses in animals have been mapped to MHC and non-
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MHC loci (Teuscher et al 1985, 1990), suggesting that control of autoimmune 

infertility is polygenic.

In order to study orchitis and generate a better understanding of human fertility, 

the loci controlling EAO in mouse have been studied. Using inbred mouse strains it 

has been observed that susceptibility to EAO is controlled by a locus or loci in the H- 

2 complex. H-2 d genetic backgrounds correlate with susceptibility to EAO and H-2k or 

H-2b correlate with low susceptibility or resistance to EAO (Teuscher et al. 1985). 

Subsequent analysis of a large panel of intra H-2 recombinant congenic mouse 

strains that possess various defined crossovers within the H-2 region mapped the 

orchitis susceptibility gene-1 (Orch-1) with the H-2 d alleles as a single dominant 

autosomal trait between the H-2S and H-2D regions (Teuscher et al. 1990). Further 

analysis of intra H-2 recombinant mouse strains by RFLP analysis, using cDNA 

probes corresponding to novel genes located within the human MHC class III region, 

has reduced the location of the Orch-1 locus to the region between Hsp70.1 and G7 

(Snoek etal. 1991,1993).

Not all mouse strains exhibiting the susceptible Orch-1 genotype develop EAO. 

Some mouse strains are resistant, indicating that other non-MHC genes play a role 

in controlling disease susceptibility. The orchitis susceptibility gene-2 (Orch-2) has 

been implicated in controlling EAO in backcross experiments where the Orch-2 locus 

is inherited as a dominant trait (Person etal. 1993). A third gene, Orch-3, controlling 

resistance to EAO has been identified by segregation analysis of mouse strains that 

vary in the severity of orchitis. This is a recessive locus and in mice with the wild- 

type Orc/z-3 locus, susceptibility to EAO is controlled by Orch-1 (Person et al. 1993). 

However, this locus is also implicated in passive EAO following adoptive transfer. 

Orch-2 and Orch-3 both appear to play a role in immune suppression, Orch-2 is a 

non-H-2 complex dominant gene that does not behave as a T cell suppressor (Person 

etal. 1993) and Orch-3 is a recessive locus controlled by the Orch-1 locus. The Orch-1 

locus itself has been postulated to be a second order Ir gene regulating the level of 

proliferation or development of the effector mechanisms involved in testicular 

lesions (Person etal. 1993).
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1.10 AIMS OF THE PROJECT

A large number of diseases have been shown to be associated with the human MHC 

(Tiwari and Terasaki 1985). In addition, several genetic traits have been mapped 

within the corresponding mouse H-2 complex. These include the Orch-1 (Teuscher 

et al. 1990) and Cps-1 (Demant 1985) loci which have both been mapped to the same 

~100kb region between the Hsp70 gene cluster and the Bat5 gene in the mouse H2-S 

region (Snoek et al. 1991). The corresponding region of the human MHC class III 

region contains the G6, G7 and G7a genes. G6 and G7a have been characterised and 

G7a has been shown to encode valyl-tRNA synthetase (Hsieh and Campbell 1991). In 

order to search for the human homologues of the Orch-1 and Cps-1 loci, and to 

investigate the potential roles of additional genes between HSP70-Hom and BATS in 

autoimmune disease pathogenesis, the following approaches were adopted:

1. The novel gene G7 was characterised at the cDNA and genomic levels in order to 

determine the protein product. The derived amino acid sequence was analysed to 

investigate the potential functions of the G7 protein product and its possible role in 

MHC-associated diseases.

2. The intergenic gaps within the HSP70-Hom to BATS interval were investigated to 

search for additional genes in the region and two new genes, G7b and G7c, were 

discovered. G7b was characterised at the cDNA and genomic levels to determine the 

protein product. The derived amino acid sequence was analysed in order to 

investigate the potential functions of the G7b protein product and its possible role in 

MHC-associated diseases.

3. The mouse homologue of a candidate gene for the Orch-1 locus was analysed for 

polymorphism in mouse strains shown to be susceptible or resistant to EAO.
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CHAPTER 2



MATERIALS & METHODS

2.1 MATERIALS

2.1.1 Chemicals and Reagents

All chemicals and reagents were obtained from BDH Chemicals Ltd. (AnalaR grade) 

or Sigma Chemical Company Ltd. except those listed below or specified in the text.

Acrylamide solutions; Accugel 40

Protogel

Agarose; Seakem HGT 

SeaPlaque LGT

BiTek Agar 

BactoTryptone

dATP, dCTP,dGTP, dTTP (lOOmM Li salts)

BCIG

Tris

Dextran sulphate 

Ficoll 400 

Sephadex G-100

Guanidine isothiocyanate 

1kb DNA ladder

National Diagnostics

FMC Laboratories

Difco Laboratories

Boehringer Mannheim

Pharmacia

Gibco BRL

Amersham

Phenol (saturated solution pH8) Camlab

Radioactive nucleotides;

[a-32P]dATP, [a-32P]dCTP, [a-32P]CTP 

specific activity >3000 Ci/mmol,

[^32p]ATP specific activity >5000 Ci/mmol, 

[oc-35S]-thio dATP specific activity >1000 Ci/mmol, 

all at lOmCi/ml.
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PBS (Dulbecco's 'A') pH7.3 tablets 

Yeast extract

Oxoid

2.1.2 Enzymes

Restriction enzymes were obtained from Amersham, Boehringer Mannheim, Gibco 

BRL, Pharmacia, Promega and New England Biolabs. Other modifying enzymes 

were obtained from the following suppliers.

Klenow fragment (cloned)

T4 DNA ligase

Reverse Transcriptase RAV2

Amersham

Calf intestinal phosphatase 

T4 polynucleotide kinase

Boehringer Mannheim

Proteinase K 

RNase A

Sigma

Sequenase (modified T7 DNA polymerase) USB Corporation

Taq DNA polymerase Promega

2.1.3 Reagent Kits

Reagent kits for DNA and RNA manipulation were obtained from the following

sources.

cDNA Synthesis System Plus 

Multiprime DNA Labelling System

Amersham

dsDNA Cycle Sequencing system Gibco BRL
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Magic Minipreps DNA Purification System Pro mega 

Magic PCR Preps DNA Purification System 

Riboprobe Gemini System II

Sequenase Version 2.0 DNA Sequencing Kit USB Corporation

2.1.4 E.coli Cloning Vectors

pBluescript Stratagene (Short et al. 1988)

pBC Stratagene (catalogue 1991 /2)

CDM8 gift from D Simmons (Seed 1987)

pDVcos (Knott et al. 1988)

pGEM-3Zf Promega (Sambrook et al. 1989)

pGEX-2T Amrad Corporation (Smith and Johnson 1988)

M13mplO Amersham (Messing and Vieira 1982)

pSPLl gift from A.J. Buckler (Buckler et al. 1991)

2.1.5 E. coli Strains

MC1061/p3 gift from D. Simmons (Sambrook et al. 1989)

NM554 (Raleigh et al. 1988)

TG1 (Sambrook et al 1989)

2.1.6 Standard buffers and solutions

4% native acrylamide gel mix 4% acrylamide (Accugel 40) in Ix TBE

polymerised with 0.08% (w/v) APS and 

0.25% (v/v) TEMED

6% denaturing acrylamide 6% acrylamide (Accugel 40)

gel mix 7M urea in Ix TBE polymerised with

0.08% (w/v) APS and 0.25% (v/v) TEMED

Formamide deionised using Duolite MB 6113 mixed resin

and filtered through Whatman 50 paper

Formamide loading dyes lOmM EDTA pH7.4

0.1% (w/v) bromophenol blue

0.1% (w/v) xylene cyanol in formamide
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Filter hybridisation buffer 50% (v/v) formamide

1M NaCl

50mM Tris-HCl pH7.4

10% (w/v) dextran sulphate

0.2% (w/v) BSA

0.2% (w/v) Ficoll 400

0.2% (w/v) polyvinylpyrrolidone

0.1% (w/v) sodium pyrophosphate

0.1%(w/v)SDS

Glycerol loading dyes 30% (v/v) glycerol

5mM EDTA pH7.4

0.1% (w/v) bromophenol blue

0.1% (w/v) xylene cyanol

Phenol, solid phenol was dissolved in 1M Tris-HCl pH8 

(for genomic DNA preparations) and equilibrated in lOmM Tris-HCl/lmM EDTA

until pH8

Prewash buffer 1M NaCl 

50mM Tris-HCl 

ImM EDTApHS.O

TE lOmM Tris-HCl 

O.lmM EDTApH7.4

lOx TBE 0.9M Tris 

0.9M Boric acid 

20mM EDTA

20x SSC 3M NaCl

0.3M tri-sodium citrate

MTPBS 150mM NaCl 

16mM Na2 HPO 4 

4mM NaH2 PO4 pH7.3

SDS-polyacrylamide gels: 

10% separating gel 10% (w/v) acrylamide (Protogel) 

0.375M Tris-HCl pH8.8 

0.025% (w/v) SDS polymerised with 

0.1% (w/v) APS and 0.1% (v/v) TEMED
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5% stacking gel

lOx running buffer

2x sample loading buffer

Coomassie blue stain

5% (w/v) acrylamide (Protogel)
0.125MTris-HClpH6.8
0.025% (w/v) SDS polymerised with
0.1% (w/v) APS and 0.1% (v/v) TEMED

0.25M Tris

1.9MglycinepH8.2
0.1% (w/v) SDS added to Ix buffer prior to use

6% (w/v) SDS 

20% (v/v) glycerol 

1.4M {3-mercaptoethanol

0.12MTris-HClpH6.8
0.025% (w/v) bromophenol blue

0.05% (w/v) Coomassie brilliant blue R (BioRad) 
40% (v/v) methanol 
10% (v/v) acetic acid

Destain 7% (v/v) methanol 
5% (v/v) acetic acid

Western blot transfer buffer 50mM Tris
40mM glycine 

0.05% (w/v) SDS

All other buffers and solutions are specified in the text.

2.1.7 Bacterial culture media
L broth 1% (w/v) BactoTryptone

1% (w/v)NaCl 

0.5% (w/v) yeast extract

L plates 

Top agar 

2x TY broth

As for L broth with 1.5% (w/v) agar and lOmM MgSO4.7H 2O 

As for L broth with 0.7% (w/v) agar

1.6% (w/v) BactoTryptone 
1% (w/v) yeast extract 
0.5% (w/v) NaCl

38



2x TY plates As for 2x TY broth with 1.5% (w/v) agar

HMF-1 plates 0.5% (w/v) yeast extract

1.0% (w/v) BactoTryptone 

1.0% (w/v)NaCl 

1.5% (w/v) agar 

lOmM MgSO4 .7H2O 

3.6mM

1.3mMKH 2PO 4

2mM tri-sodium citrate

5% (w/v) glycerol

HMF-2 plates As for HMF-1 plates with 25% (v/v) glycerol

lOx Hogness buffer 40% (v/v) glycerol

lOmM MgSO4 .7H2O 

36mM K2HPO4 

13mM KH2 PO4 pH7.4

20mM tri-sodium citrate

Ampicillin stock 20mg/ml ampicillin in IM NaHCO 3 (filter sterilised) 

Chloroamphenicol 30mg/ml in ethanol (filter sterilised) 

Kanamycin lOmg/ml in water (filter sterilised) 

Tetracycline lOmg/ml in 50% ethanol (filter sterilised)

MgSO4 was excluded from media or plates when tetracycline was used. 

LA plates contained ampicillin at 100|ig/ml.

LAT plates contained ampicillin at 20(ig/ml and tetracycline at 10|ig/ml.

LCm plates contained chloroamphenicol at 30|J.g/ml.

In liquid cultures ampicillin was added at SOing/ml, chloroamphenicol at 30|Lig/ml,

kanamycin at 75|ig/ml and tetracycline at 10|J,g/ml.
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2.2 STORAGE AND GROWTH OF ESCHERICHIA COLI BACTERIAL STRAINS

2.2.1 Storage of bacterial strains and clones

Frozen stocks were prepared from 500 |ul of an overnight culture by adding 55|il lOx

Hogness buffer and then stored at -70°C.

2.2.2 Overnight cultures

L broth or 2x TY broth was inoculated with a single colony or 10|il of glycerol stock

and, for transformed strains, the appropriate amount of antibiotic was added. The 

culture was grown overnight in a shaking incubator, at 37°C.

2.2.3 Preparation of competent bacterial cells for immediate use

1ml of an overnight culture of the required strain was added to 10ml of 2x TY broth 

and incubated at 37°C for ~3 h. The cells were pelleted by centrifugation at 625g for 5 

min at 4°C and gently resuspended in 2ml ice cold CaCl2 solution (50mM CaCl 2, 

lOmM Tris-HCl pH7.4). After incubation on ice for 30 min, the cells were repelleted 

and gently resuspended in 2ml ice cold CaCl 2 solution and stored on ice for >30 min 

before use.

2.2.4 Preparation of frozen competent bacterial cells

A single colony from the required bacterial strain, streaked out and grown on an L 

plate, was used to inoculate 5ml 2x TY broth containing lOmM MgSO4 and grown at 

37°C for 2 h. 100ml of 2x TY broth containing lOmM MgSO4 was added to the culture 

and grown at 37°C until the OD 600 was 0.5-0.9. The cells were pelleted by 

centrifugation for 15 min at 625g at 4°C, resuspended in 30ml cold Tfbl buffer (30mM 

potassium acetate, 50mM MnCl 2, lOOmM KC1, lOmM CaCl 2, 15%(v/v) glycerol, filter 

sterilised) and incubated on ice for 10 min. The cells were repelleted by 

centrifugation at 625g for 10 min at 4°C and resuspended in 4ml cold Tfbll buffer 

(lOmM Na-MOPS, pH7.0, 75mM CaCl 2 , lOmM KC1, 15%(v/v) glycerol, filter 

sterilised). The cells were aliquoted into prechilled 1.5ml tubes, frozen on dry ice and 

stored at -70°C
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2.3 PREPARATION OF NUCLEIC ACIDS

2.3.1 Recovery of nucleic acids from solution

2.3.1.1 Organic extraction

To remove proteins from nucleic acid solutions an equal volume of phenol or 

phenol/chloroform/isopropanol (25:24:1) was added and vortexed together. After 

centrifugation at 12,000 rpm for 5 min in a microfuge (or 625g in a Beckman GPR 

centrifuge) the aqueous, upper layer was removed to a fresh tube and subsequently 

extracted with an equal volume of chloroform/ isopropanol (24:1).

2.3.1.2 Ethanol precipitation of nucleic acids

To concentrate nucleic acids, 0.1 volume of 3M sodium acetate pH7 and 2.5 volumes

of cold ethanol were added to one volume of aqueous solution. The nucleic acids

were precipitated at -20°C overnight or at -70°C for 10-30 min before recovery by

centrifugation at 12,000 rpm for 5-10 min in a microfuge. Nucleic acid pellets were

washed with 70% (v/v) ethanol and air dried before resuspending in the appropriate

buffer.

2.3.2 Small scale preparation of plasmid and cosmid DNA

2.3.2.1 Alkali lysis method (Birnboim and Doly 1979)

A 10ml overnight culture [section 2.2.2] was centrifuged at 625g for 15 min and the

cell pellet was resuspended in 200 jil lysis buffer (50mM glucose, lOmM EOT A, 25mM 

Tris-HCl pH8) before transferring to a 1.5ml microfuge tube. The cell suspension was 

mixed, by inversion, with 400|ul of freshly prepared 0.2M NaOH/1% (w/v) SDS until

the solution had cleared. 300|iil of 3M sodium acetate pH4.8 was then added and 

mixed to precipitate cell debris and genomic DNA. The debris was pelleted by 

centrifugation at 12,000 rpm for 10 min in a microfuge and the plasmid/cosmid

DNA was precipitated from the supernatant, using 600|il isopropanol, at -70°C for 10

min. This was recovered by centrifugation and resuspended in 200|0.1 0.3M sodium 

acetate pH7 before phenol/chloroform extracting and reprecipitating with 

isopropanol, as above. After washing with 70% (v/v) ethanol, the pellet was 

resuspended in 50|U.l TE pH7.4 before RNase digestion with 20(J,g/ja.l heat inactivated
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RNase A (Sigma Type III-A) at 37°C for 30 min. The DNA, 0.5-ljU.g/fil, was stored at

-20°C.

2.3.2.2 Magic minipreps DNA purification (Promega)

For reliable, rapid purification of plasmid DNA for double-stranded sequencing,

plasmid minipreps were carried out from 5ml overnight cultures [section 2.2.2]

using the Magic miniprep DNA purification system, as described in Promega

Technical Bulletin No. 117, using disposable syringes.

2.3.3 Large scale preparation of plasmid DNA (Sambrook et al. 1989) 

A 10ml culture [section 2.2.2], grown for ~5 h at 37°C in L broth containing the 

appropriate antibiotic, was used to inoculate 500ml of L broth containing antibiotic 

which was then grown overnight at 37°C in a shaking incubator. The cells were 

pelleted by centrifugation at 4,225g for 10 min at 4°C in a Sorvall GS-3 rotor (RC-5b 

centrifuge DuPont instruments) and resuspended in 10ml lysis buffer [section 2.3.2.1] 

containing 2mg/ml lysozyme. After incubation on ice for 30 min, 40ml of 0.2M 

NaOH/1% (w/v) SDS was added, mixed and incubated on ice for a further 5 min. 

30ml of 3M sodium acetate pH4.8 was added and after 30 min incubation on ice the 

bacterial debris and genomic DNA was pelleted by centrifugation at 16,755g at 4°C for 

10 min. Plasmid DNA was precipitated from the supernatant, using 2 volumes of 

cold ethanol, at -70°C for 1 h and pelleted by centrifugation for 10 min at 16,755g and 

4°C.

The pellet was resuspended in 6ml of SET buffer (150mM NaCl, 5mM EDTA, 

50mM Tris-HCl pH8) containing 0.015% (w/v) ethidium bromide. CsCl, 7g of Optical 

Grade (Sigma), was dissolved in the DNA solution in order to adjust the density to 

~1.6g/ml. The solution was centrifuged in sealed polyallomer tubes overlaid with 

paraffin at 206,000g and 18°C for >12 h with acceleration=5 and deceleration=5 (Ti70.1 

rotor, Beckman L8 ultracentrifuge) and the gradient was relaxed at 138,000g for 1 h 

before stopping with no brake.

The lower, closed circular, DNA band was removed from the gradient using a 19G 

gauge syringe needle. The ethidium bromide was removed by repeated extractions 

with an equal volume of water-saturated butan-1-ol. Three volumes of water were 

added and the sample precipitated in Corex tubes (DuPont), using 2 volumes of 

ethanol, for 1 h at -70°C. The DNA was recovered by centrifugation for 30 min at
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12,000g in a Sorvall SS-34 rotor at 4°C, resuspended in 400|ul 0.3M sodium acetate 

pH7 and reprecipitated using 1ml ethanol overnight at -20°C. The recovered DNA 

was resuspended in lOOjil TE pH7.4 and stored at 4°C.

2.3.4 Preparation of genomic DNA (Bell et al. 1981)

10ml of whole blood, containing lOmM EOT A, was centrifuged at 625g for 15 min 

and 4°C and the upper, plasma layer removed to leave the buffy coat and red blood 

cells. The cells were lysed by resuspending in 40ml of genomic lysis buffer (lOmM 

Tris-HCl pH7.4, 5mM MgCl 2, 0.32M sucrose, 1% (v/v) Triton X-100) and the nuclei 

were pelleted by centrifugation for 15 min at 625g. The process was repeated until the 

pellet was off-white in colour. Cells grown in tissue culture (~2xl O 7) were washed 

three times in PBS (Dulbecco's, Gibco BRL) before lysing once, as above. The final

pellet was resuspended in 10ml of SET buffer [section 2.3.3] containing 200|ig/ml

freshly added proteinase K (Sigma Type XI) and 0.5% (w/v) SDS and incubated at 

37°C for 12-24 h until the solution was clear. Two phenol extractions and one 

phenol/chloroform/isopropanol (25:24:1) extraction were carried out [section 2.3.1.1] 

with removal of the phenol layer using a syringe. The final aqueous layer was 

transferred to a fresh tube using a syringe to avoid shearing the DNA. Two volumes 

of cold ethanol were added and gently mixed by inversion to precipitate the DNA, 

which was removed from solution using a sealed, glass capillary tube. The DNA

precipitate was washed with 70% ethanol, dried briefly and resuspended in 200 [i\ TE 

pH7.4 at 4°C overnight.

2.3.5 Preparation of total RNA (Chirgwin et al. 1979)

To avoid RNA degradation all the plasticware used was sterile and stock solutions

were autoclaved before use.

Tissue culture cells (10 7-10 8) were washed three times in ice cold PBS and the 

washed pellet resuspended in 3ml of freshly mixed 4M guanidine isothiocyanate,

0.1M p-mercaptoethanol. A 3ml cushion of 5.7M CsCl, 25mM tri-sodium citrate, 

lOOmM EDTA pH7 was placed in the bottom of an ultraclear centrifuge tube and an 

equal volume was mixed with the cell suspension which was then layered on top of 

the cushion. The sample was overlaid with paraffin, heat sealed and centrifuged at

43



83,000g and 18°C for 16 h (T170.1 rotor, Beckman L8 ultracentrifuge) with no brake.

After centrifugation the tube was cut open and the supernatant discarded. The 

pellet was washed with 70% (v/v) ethanol and resuspended in 400^1 TES (25mM

Tris-HCl pH7.4, ImM EDTA, 0.2% (w/v) SDS). The RNA was stored as an ethanol 

precipitate at -20°C.

2.3.6 Preparation of oligonucleotide primers

Oligonucleotides for use in sequencing, reverse transcription or in PCR reactions

were synthesised on an Applied Biosystems 381A automated DNA synthesiser by Dr

A } Day and T Gascoyne. (3-cyanoethyl phosphoramidite nucleoside derivatives were

added to the 5' end of the oligonucleotide attached to a solid support on a column. 

The dimethoxytrityl protecting group of the last nucleotide was removed prior to 

completion of synthesis.

The oligonucleotides were released from the column using 2ml concentrated 

ammonia solution (-35%), in 0.5ml stages, at room temperature, over 1 h. 

Oligonucleotides were then deprotected by incubation at 55°C in 35% ammonia

solution for -14 h. 400|il aliquots of the deprotected oligonucleotide were

precipitated using 1ml ethanol and 40|0.1 3M sodium acetate pH7, at -20°C. The DNA

pellets were washed, air dried and resuspended in lOOjil of water for storage at -20°C. 

Oligonucleotides were selected from regions of sequence that avoided runs of a 

single nucleotide greater than three and that avoided G/C or A/T rich sequences. 

Most oligonucleotides were 20-30 bases long with T j >60°C For duplexes <25bp;

Td={4x(G+C)}+{2x(A+T)}

2.3.7 Reverse transcription of RNA to cDNA

First strand cDNA synthesis was carried out using ~10|ig total RNA using the cDNA 

Synthesis System Plus kit (Amersham). Synthesis was primed using an oligo dT 

primer (supplied in the kit) or with a sequence specific primer. Reactions were 

carried out as directed by the manufacturer, followed by incubation with an 

additional 20U of reverse transcriptase for 45 min. The reaction was stopped by 

heating the sample at 70°C for 10 min and then stored at 4°C.
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2.3.8 Polymerase chain reaction (PCR) protocols (Saiki et al. 1988, Erlich et al. 1991) 

PCR amplification was carried out in a DNA Thermal Cycler (Perkin Elmer Cetus). 

Reaction mixtures contained Ix Taq polymerase buffer (50mM KC1, lOmM Tris-HCl 

pH8.8, 1.5mM MgCl 2, 0.1% (v/v) Triton X-100) 100-200jiM dNTPs, IjiM each primer, 

1-4 units Taq polymerase and 10-200ng template in a 50 or 100|J,1 final volume which 

was overlaid with paraffin. Uncloned templates (genomic DNA, first strand cDNA) 

and bacterial cultures were used directly whilst cloned templates were linearised by 

digestion prior to amplification.

PCR conditions were determined by the size and concentration of the target 

sequence in the template DNA and the primers used. All denaturation steps were 

carried out at 94°C for 30 seconds, annealing was carried out ~2°C below the lower T^ 

of the two primers for 30 seconds and extension at 72°C was for 1-3 min, dependent 

upon the length of the target sequence. 15-35 cycles were carried out followed by 

incubation at 72°C for 10 min to ensure all extensions had been completed.

2.3.9 Estimation of nucleic acid concentration

The concentrations of DNA and RNA in solution were determined by measuring 

the OD 260 °f a dilution (1:200 or 1:1,000) of the sample, in water, in a quartz cuvette. 

At 260nm one absorbance unit corresponds to 50|ig/ml of double-stranded DNA, 

40|Lig/ml of RNA or 37jj.g/ml of single-stranded DNA.

2.4 GENERAL NUCLEIC ACID MANIPULATIONS

2.4.1 Restriction enzyme digests

Restriction digests were carried out according to the suppliers recommended 

conditions. Spermidine was added to 5mM for all digests containing >50mM NaCl 

and those carried out >37°C were overlaid with paraffin. Cosmid, plasmid and PCR 

samples (0.1-1 fig) were digested to completion in 1-2 h using a fivefold excess of 

enzyme, ensuring that <5% (v/v) glycerol was present.

Genomic digests were carried out with 20-30U of enzyme per 5^g DNA, in the 

presence of 2mM spermidine, for 24 h.
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2.4.2 Fractionation of DNA by agarose gel electrophoresis (Southern 1975) 

Digested DNA samples were fractionated on submerged horizontal slab gels (10 x 10 

x 0.5cm) prepared by melting 0.8-2.0% (w/v) HGT agarose in 60ml TBE and ethidium 

bromide was added to a final concentration of 0.01% (w/v). Samples were loaded in 

Ix glycerol dyes and gels were electrophoresed at 75mA for 1-2 h.

Genomic DNA digests were fractionated on 0.8% (w/v) HGT agarose 24x 20x 0.5cm 

gels and stained by soaking in 0.001% (w/v) ethidium bromide for 30 min following 

electrophoresis.

Size markers were electrophoresed on gels to facilitate size determination of DNA 

fragments which were visualised on a UV Transllluminator TM-20 (UVP Inc.) and 

photographed.

2.4.3 Isolation of DNA probes using LGT agarose

Preparative DNA digests were fractionated on 0.8-1.0% (w/v) agarose minigels in Ix

TBE. Samples were loaded in Ix glycerol dyes and electrophoresed at 5mA and room

temperature, or 30mA and 4°C, in Ix TBE. Agarose slices, containing DNA fragments

corresponding to probes, were excised and heated at 70°C for 10 min with two

volumes of deionised water. The samples were thoroughly vortexed and stored at

-20°C

2.4.4 End-filling of digested DNA with recessed 3' termini

Following restriction enzyme digestion, 3' recessed termini of DNA fragments were 

end-filled using the Klenow fragment of E.coli DNA polymerase I. The DNA was 

resuspended in Ix Klenow buffer (50mM NaCl, lOmM Tris-HCl pH7.4, lOmM MgCl 2/ 

ImM DTT, 50(ig/ml BSA) with 250^iM dNTPs and 2U of enzyme and incubated at 

room temperature for 30 min. The Klenow enzyme was heat-inactivated at 70°C for 

5 min.

If the digested DNA was to be separated by polyacrylamide gel electrophoresis then

10% of the DNA was end-labelled using 5|iCi [a-32P]-dATP in place of dATP or [a- 

32P]-dCTP in place of dCTP in the reaction mixture. The two reactions were pooled 10 

min before the end of the reaction.
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2.4.5 Fractionation of DNA by polyacrylamide gel electrophoresis 

End-filled, radiolabelled DNA [section 2.4.4] was fractionated on 0.4mm thick, 

3.5-6.0% (w/v) native polyacrylamide gels. The gels were cast between glass plates 

(35 x 20cm) one of which was treated with dimethyldichlorosilane 2% (v/v) in 

trichloroethane. Samples were loaded in 2x glycerol dyes and run at 30mA in Ix TBE 

for 1.5-3 h. After electrophoresis, gels were covered with Saran Wrap (Dow 

Chemical Company) and exposed for autoradiography [section 2.6.3] at room 

temperature, without sensitising the film, to allow detection of the DNA fragments.

2.4.6 Recovery of DNA fragments from polyacrylamide gel slices 

Using the autoradiograph to locate the required DNA fragments, polyacrylamide gel 

slices were excised from the gel and transferred to 1.5ml microfuge tubes containing 

500(il 0.3M sodium acetate pH7. The DNA was eluted overnight in a shaking 

incubator at 37°C. The gel slice was removed and the DNA recovered from the 

supernatant using three sequential ethanol precipitations. The final pellet was 

washed with 70% (v/v) ethanol, air dried and resuspended in TE pH7.4.

2.4.7 Fractionation of RNA by agarose gel electrophoresis (Fourney et al. 1988) 

RNA was fractionated on submerged horizontal slab gels (24 x 20 x 0.5cm) prepared 

by melting 1% (w/v) HGT agarose in 255ml dH 2O, 30ml lOx MOPS buffer (0.2M 

MOPS, 50mM sodium acetate, lOmM EDTA pH7) and then adding 15.3ml of 37% 

(v/v) formaldehyde to the gel at 50°C to give a final concentration of 1.9% (v/v) 

formaldehyde.

lOjig of total RNA samples were recovered from ethanol precipitates and 

resuspended in 5|o,l RNase-free water. The samples were denatured by heating at 

65°C in 25|Lil RNA sample buffer (50% v/v) formamide, 16% (v/v) of 37% 

formaldehyde, 4% (v/v) glycerol, Ix MOPS buffer, 0.005% (w/v) bromophenol blue) 

with 0.03% (w/v) ethidium bromide. Samples were loaded immediately and 

electrophoresed at 40mA in Ix MOPS buffer. Samples were visualised and 

photographed as in section 2.4.2.
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2.5 TRANSFER OF NUCLEIC ACIDS TO NITROCELLULOSE MEMBRANES

2.5.1 Transfer of DNA from agarose gels (Southern blotting) (Southern 1975) 

Agarose gels containing fractionated genomic DNA were washed at room 

temperature for 30 min each in;

a) 0.25M HC1, to depurinate the DNA

b) 0.5M NaOH, 1M NaCl, to denature the DNA

c) 0.5M Tris-HCl pH7.4, 3M NaCl, to neutralise the gel

The gel was placed on sponges soaked in 20x SSC and the DNA transferred onto 

nylon-backed nitrocellulose (Hybond-C extra, Amersham) membrane, prewetted in 

2x SSC, by the capillary action of a weighted stack of paper towels for -24 h.

DNA fragments in minigels were blotted in a similar manner except that the gel 

washes were reduced to 10 min each and the blotting time was reduced to 30 min. 

Depurination was omitted when DNA fragments <2kb were blotted.

DNA was fixed to the nitrocellulose by baking at 80°C for 2 h or by crosslinking 

damp membranes in an XL-1500 UV Crosslinker (Spectronics Corporation) set on 

optimal crosslink (120mJ/cm 2).

2.5.2 Transfer of RNA from agarose gels (Northern blotting) (Fourney et al. 1988) 

RNA gels were washed at room temperature for 10 min in 0.05M NaOH, Ix SSC 

then twice for 20 min in lOx SSC. The RNA was transferred onto nylon-backed 

nitrocellulose (Hybond-C extra, Amersham) membrane, prewetted in lOx SSC, as 

described in section 2.5.1, using lOx SSC transfer buffer for -24 h. The ethidium 

bromide-stained RNA could be visualised on the membrane using a uv 

transilluminator. RNA was fixed to the nitrocellulose by baking at 80°C for 2 h.

2.5.3 Transfer of bacterial DNA to nitrocellulose membranes

To screen bacterial clones by hybridisation [section 2.6.2], transformants were either 

transferred individually or replica plated onto asymmetrically marked Hybond-C 

gridded nitrocellulose membranes (Amersham) on L plates, containing appropriate 

antibiotics, and regrown at 37°C for 2-4 h. The colonies were lysed by placing the 

membranes, colony side up, sequentially on 3MM Whatman paper soaked with a) 

10% SDS (w/v) b) 0.5M NaOH and c) 1M Tris-HCl pH7.4 for 3 min each. The filters
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were subsequently washed in 2x SSC for 10 min and the DNA fixed to the membrane 

as in section 2.5.1.

2.5.4 Transfer of bacteriophage Ml3 DNA to nitrocellulose membranes 

To screen plates of Ml3 plaques by hybridisation [section 2.6.2], Hybond-C gridded 

nitrocellulose membranes (Amersham) were placed on the plates for 1 min and 

marked asymmetrically. The phage were lysed by placing the membranes, phage side 

up, on 3MM Whatman paper soaked with 0.5M NaOH, 1.5M NaCl for 3 min and 

neutralised with 0.5M Tris-HCl pH7.4, 1.5M NaCl twice for 3 min each. The filters 

were washed in 6x SSC for 10 min and the DNA fixed to the membrane as in section 

2.5.1.

2.6 HYBRIDISATION TECHNIQUES

2.6.1 Radiolabelling of double-stranded DNA probes (Feinberg and Vogelstein 1984) 

Restriction fragments isolated from LGT agarose [section 2.4.3] and fragments 

isolated from polyacrylamide gels [section 2.4.6] were labelled using the random 

hexanucleotide priming method. 20-50ng of DNA was labelled overnight at room

temperature or for 1 h at 37°C using 30|iCi [a-32P]dCTP with the Multiprime 

Labelling System (Amersham). Probes in LGT agarose were melted at 70°C and 

thoroughly vortexed before labelling.

Unincorporated nucleotides were removed by desalting the probe in a 2ml 

Sephadex G-100 column using 200mM NaCl, ImM EDTA, lOmM Tris-HCl pH7.4

2.6.2 Hybridisation of radiolabelled DNA

Nitrocellulose filters were prewetted in prewash buffer, inserted into Hybaid bottles 

and prewashed for 30 min at 42°C in a rotating Hybaid hybridisation oven. Filters 

were then prehybridised at 42°C for 2-14 h in hybridisation buffer containing 

100|ig/ml sonicated salmon sperm DNA, which had been boiled for 5 min and 

cooled to ~42°C immediately before use. Probes were boiled in hybridisation buffer 

(at 10 5cpm/ml for cloned DNA or 10 6cpm/ml for genomic DNA or RNA blots) and 

allowed to cool to ~42°C immediately before use. Filters were hybridised for 16-24 h
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at 42°C.

DNA probes containing repetitive sequences were boiled for 5 min in 

hybridisation buffer containing 100ng/ml sonicated salmon sperm DNA and 

125|LLg/ml sonicated human placental DNA (gift from S J Cross) and then incubated 

at 42°C for 2 h to allow reassociation of repetitive sequences prior to hybridisation 

with the filters (Sealey et al. 1985).

2.6.3 Washing of nitrocellulose membranes and autoradiography 

Following hybridisation, the filters were washed twice in 2x SSC/0.1% (w/v) SDS for 

15 min at 42°C in Hybaid bottles followed by two high stringency washes for 30 min 

each at 65°C in 0.2x SSC/0.1% (w/v) SDS. Filters were air dried, wrapped in Saran 

wrap and exposed to sensitised Kodak X-OMAT X-ray film between two tungstate 

intensifying screens at -70°C (Laskey and Mills 1977). Films were developed using a 

Kodak ME-1 automatic processor. To facilitate orientation of the developed films, 

asymmetrically placed Glogo phosphorescent markers (Stratagene) were exposed 

with filters.

2.7 SUBCLONING METHODS

2.7.1 Preparation of plasmid vectors

5-10|LLg of plasmid DNA, purified from a CsCl gradient [section 2.3.31, was digested to 

completion using 20U of enzyme and incubating for 2 h [section 2.4.1]. Digested DNA 

was end-filled [section 2.4.4], if necessary, and then dephosphorylated using 5U calf 

intestinal phosphatase, incubated at 37°C for 30 min, in the buffer provided. The 

reaction was stopped by heating at 70°C for 10 min.

The blunt-ended vectors used were; pBluescript KS + EcoRV cut, pBC SK" EcoRV

cut, pBC SK- Hindi cut, pGEM 3Zf(+) Hindi cut, pGEX-2T Smal cut (supplied by W

Thomson), M13mplO Smal cut (Amersham) and pSPLl Bamlil cut and filled-in.

Vectors were tested for a) complete digestion and b) efficient dephosphorylation, 

by transformation into competent cells [section 2.7.5]. All vectors contained <1% 

DNA undigested or not dephosphorylated.
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2.7.2 Preparation of insert DNA

Following restriction enzyme digestion [section 2.4.1], specific fragments of plasmid 

or cosmid DNA were end-filled [section 2.4.4] and isolated from polyacrylamide gels 

[section 2.4.6]. Fragments generated by PCR were purified away from dNTPs, PCR 

primers and short DNA fragments, following digestion and end-filling, using the 

Magic PCR preps purification system (Promega) as described in Promega Technical 

Bulletin No. 118 using disposable syringes. Some PCR products were ligated directly 

after kinase treatment with 500|U.M rATP in Ix kinase buffer (lOmM MgCh, 7mM 

Tris-HCl pH7.4, 5mM DTT, 1.5mM spermidine) using 5U polynucleotide kinase in 

20^1 reaction volume for 30 min at 37°C, followed by 10 min at 80°C To subclone 

multiple DNA fragments from cosmid or plasmid inserts, the constructs were either 

cut within the antibiotic resistance gene, in addition to the required restriction 

enzyme digestion, or the fragments were subcloned into a vector containing the 

gene giving resistance to a different antibiotic.

2.7.3 Ligation reactions

Ligations were carried out using lOng of vector and l-20ng of insert DNA in Ix 

ligase buffer (50mM Tris pH7.4, 20mM DTT, lOmM MgCl2, O.SmM spermidine, 

2.5mg/ml BSA) containing ImM rATP and 2.5U T4 DNA ligase in a total volume of 

10|Lil. The reactions were incubated at room temperature for -5 h.

2.7.4 Religation reactions

In order to delete specific fragments from plasmid or cosmid inserts, religation 

reactions were carried out. Approximately lOOng of construct DNA was digested with 

appropriate restriction enzymes to excise part of the insert. Following end-filling 

[section 2.4.4], if necessary, ~0.5ng of the vector fragment was religated as in section 

2.7.3 for -2 h.

2.7.5 Transformation procedures

Frozen TG1 or NM554 competent cells [section 2.2.4] were thawed on ice and SOjal 

added to each ligation reaction. Samples were incubated on ice for 10 min and then 

heat-shocked at 37°C for 5 min. After addition of 150)0.1 of L broth, the samples were 

incubated at 37°C for -30 min, spread onto L plates containing appropriate antibiotic
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and incubated at 37°C overnight.

To allow colour selection [section 2.7.7.1] of pBluescript, pBC and pGEM 

recombinant clones to be performed, TG1 competent cells carrying the AMIS lac gene 

on the F' episome, were used and lOOjil 0.1M IPTG and 40|nl 4% (w/v in 

dimethylformamide) BCIG were spread onto the plates immediately before use. Cells 

containing the lac Z gene disrupted by the subcloned insert grew as white colonies. 

Recombinant pGEX clones were transformed into NM554 competent cells.

2.7.6 Transfection procedures

200jiil of TG1 competent cells [section 2.2.3] were added to each M13 ligation reaction 

and incubated on ice for 40 min. The cells were heat-shocked at 42°C for 5 min and 

transferred to 10ml Sterilin tubes. A mixture containing 3ml of melted L broth top 

agar (at 50°C), 25^il 0.1M IPTG, 25|il 2% (w/v in dimethylformamide) BCIG and 500^1 

of a TG1 daytime culture (1:1,000 dilution of an overnight culture in 2x TY broth 

grown at 37°C for ~6 h) were added to the cells, poured onto prewarmed 2x TY plates 

and incubated at 37°C overnight. Bacteriophage containing DNA inserts that disrupt 

the lac Z gene [section 2.7.5] grew as white plaques.

2.7.7 Identification of recombinant clones

2.7.7.1 Colour selection

Recombinant clones in E.coli carrying the AMIS lac gene on the F' episome could be

colour selected by complementation with plasmids carrying the lac Z gene. Wild-type

clones contain the functional a peptide of (3-galactosidase, expression of which is

induced by IPTG, allowing hydrolysis of the colourless substrate, BCIG, to give a blue 

precipitate which is visible on the plate. Subcloning of an insert into a polylinker

site, within the coding sequence of the a peptide, can either alter the translation 

reading frame or disrupt the protein structure to produce inactive (3-galactosidase

and produce white clones on IPTG/BCIG plates.

Care must be taken because subcloning of small inserts that do not disrupt the 

protein structure can produce false 'negative' results and substitution or deletion of 1 

or 2 bases from the vector cloning site can produce mutants that cannot hydrolyse 

BCIG and appear as false 'positive' clones.
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2.7.7.2 PCR amplification of inserts

Using oligonucleotide primers flanking the cloning site of the vector, PCR can be 

used to amplify cloned inserts. 5(J,1 from a single bacterial colony diluted in 100|il L 

broth was used in a standard 50|j,l PCR reaction [section 2.3.8]. 25 cycles were carried 

out and the PCR products were analysed by electrophoresis on agarose minigels 

[section 2.4.2].

2.7.7.3 Hybridisation using a radiolabelled probe

Bacterial colonies or Ml3 plaques were transferred to nitrocellulose membranes

[sections 2.5.3 and 2.5.4] and screened using radiolabelled probes as described in

sections 2.6.2 and 2.6.3.

2.7.7A Restriction enzyme digestion of plasmid DNA

To determine the size and orientation of inserts subcloned into plasmid vectors,

individual colonies were picked into L broth and plasmid DNA was isolated as

described in section 2.3.2.1. The plasmid DNA was digested with restriction enzymes

and the restriction pattern was analysed by agarose gel electrophoresis on minigels

[section 2.4.2].

2.8 ISOLATION OF CLONES FROM cDNA LIBRARIES

cDNA libraries, constructed from mRNA derived from U937 (monocyte) tissue 

cultured cells and foetal brain tissue, in the vector CDM8, were provided by D 

Simmons (Seed 1987, Simmons and Seed 1988) and transformed into MC1061/p3 

competent cells. Approximately 5x105 clones were screened with genomic DNA 

probes to identify cDNAs encoded by genes in those regions.

2.8.1 Screening and isolation of positive clones

DNA, from the library plated on duplicate replica filters, was transferred onto 

nitrocellulose [section 2.5.3] and hybridised under competition conditions [section 

2.6.2]. Autoradiographs of washed filters were aligned with the library filters to 

identify duplicating positive clones.

Frozen pairs of master filters, stored as a sandwich at -70°C, were thawed at room 

temperature, separated, air dried on 3MM Whatman paper and transferred to fresh
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agar plates containing the relevant antibiotics. The bacteria were grown for ~2 h at 

37°C and the master filter copies were aligned with the autoradiographs on a light 

box. Bacteria within the area containing the positive clone was scraped from the 

filter into 500|nl L broth using a sterile pipette tip. The scraped bacteria were allowed 

to recover for 2 h at 37°C. These master filter copies were transferred to HMF-1 plates 

and stored for up to 1 month at 4°C

The original master filters were transferred to HMF-2 plates, recovered for ~3 h at 

37°C and then new copy filters, dampened on L plates, were compressed against the 

master filters and marked with alignment dots before refreezing at -70°C

2.8.2 Rescreening of positive clones

Dilutions (1:1,000 and 1:10,000) were made from the stocks of scraped bacteria and 

lOOjU.1 of each, plated onto nitrocellulose filters on LAT plates, was grown overnight 

at 37°C. Replica filters were generated and rescreened [section 2.7.7.3] with the 

original probe. Single, duplicating positive colonies were identified and grown as 

overnight cultures to prepare glycerol stocks and miniprep DNA [section 2.3.2]. 

cDNA insert fragments were excised from the vector by restriction enzyme digestion 

and analysed by electrophoresis on agarose minigels.

To rapidly screen large numbers of potential positive clones, overnight cultures of 

original mixed positive clones were grown up and DNA prepared. Inserts were 

excised, separated from the vector DNA on agarose minigels, transferred onto 

nitrocellulose membranes and probed with the original probe. This allows 

identification of positive clones and their insert sizes so that fewer cDNA clones 

need to be rescreened as above, to obtain single colonies.

2.9 DNA SEQUENCING

2.9.1 Preparation of single-stranded DNA from bacteriophage Ml3 (Sanger et al. 1980) 

Each M13 plaque, or lOjil of phage stock, was picked into a 10ml Sterilin tube 

containing 1.5ml of a 1:100 dilution of TGl overnight cultured cells in 2x TY broth 

and incubated at 37°C, with vigorous shaking, for ~5 h. The culture was centrifuged 

twice, for 5 min at 12,000rpm in a microfuge, and at each stage the supernatant was
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transferred to a fresh 1.5ml microfuge tube. lOOjil was retained after the second spin 

and stored at 4°C as phage stock.

200(j,l 20% (w/v) PEG 4000 in 2.5M NaCl was added to the supernatant, thoroughly 

mixed and incubated for 20 min at room temperature. The precipitated phage were 

pelleted by centrifugation at 12,000rpm for 10 min and resuspended in 100|il TE 

pH7.4. The aqueous samples were extracted using phenol and the single-stranded 

DNA recovered by ethanol precipitation. The washed and dried DNA pellet was 

resuspended in 25(0.1 TE pH7.4.

Cloned inserts were characterised by sequencing only the T' lane [section 2.9.3] 

i.e. T-tracking.

2.9.2 Preparation of single-stranded DNA from phagemid clones (Short et al. 1988) 

Single-stranded DNA can be prepared from the pBluescript, pBC and pGEM 

phagemids using a helper phage. 1.5ml of 2x TY broth, containing 10 7pfu/ml helper 

phage M13K07 (Promega), was inoculated with lOjiil of phagemid-transformed TG1 

glycerol stock in a 10ml Sterilin tube. Following incubation at 37°C, with shaking, for 

1 h, kanamycin was added to 75|o.g/ml and the cultures incubated for a further 12-14 

h. Single-stranded DNA was recovered from the cultures as described in section 

2.9.1.

2.9.3 Dideoxy sequencing of single-stranded DNA templates

Sequencing reactions were performed on single-stranded DNA templates using the 

USB Corporation, Sequenase Version 2.0, DNA sequencing kit according to the 

manufacturers instructions (Tabor and Richardson 1987). The M13 primer supplied 

with the kit, and specific oligonucleotide primers [section 2.3.6], were used to prime 

extension, catalysed by Sequenase enzyme, incorporating [a-35S]-thio dATP, using 

~0.5|ig of single-stranded DNA as the template, in the presence of 2',3'-dideoxy- 

nucleoside triphosphate chain-terminating inhibitors.

2.9.4 Dideoxy sequencing of double-stranded DNA templates

Double-stranded DNA, prepared using the Magic Minipreps DNA Purification 

System (Promega) [section 2.3.2.2], was used as template in sequencing reactions 

performed using the USB Corporation, Sequenase Version 2.0, DNA sequencing kit.
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Approximately 5jig DNA was denatured by incubating in 0.2M NaOH, 0.2mM EDTA 

for 30 min at 37°C (Lim and Pene 1988), neutralised using 0.1 volume of 3M sodium 

acetate pH4.8 and precipitated using ethanol. This method allows sequence to be 

determined from both ends of DNA inserts in double-stranded plasmid vectors and 

from large inserts which are unstable in single-stranded bacteriophage.

2.9.5 Cycle sequencing (Murray 1989)

Cycle sequencing was carried out using the dsDNA Cycle Sequencing System (Gibco 

BRL) according to the manufacturers instructions. This method permits direct 

sequencing of double-stranded DNA templates using successive rounds of heat

denaturation, annealing of [y-32P]ATP end-labelled primer and extension with

dideoxynucleoside chain terminators. The use of repeated cycles allows <50fmol 

template to be used, and extension using Taq DNA polymerase at elevated 

temperature eliminated compressions that could not be resolved using reagents in 

the Sequenase kit.

2.9.6 Denaturing polyacrylamide gel electrophoresis

Sequencing reaction samples were electrophoresed on 0.4mm thick 6% (w/v) 

denaturing acrylamide gels in Ix TBE buffer at 30mA. Samples were loaded in a 

0.4mm doublefine (3mm) sharkstooth comb (Gibco BRL). 0.3M sodium acetate was 

included in the lower reservoir of gels electrophoresed for 3 h to compress the 

shorter DNA fragments at the bottom of the gel. The buffer was changed after 2.5-3 h 

during long electrophoresis runs of 5 h.

The back gel plate was pretreated with 2.5ml ethanol containing 75|ul of 10% (v/v) 

acetic acid and 2.5^.1 Bindsilane (LKB). The front plates were treated with 

dimethyldichlorosilane (2% v/v in trichloroethane). Following electrophoresis, gels 

were fixed in 10% (v/v) methanol 10% (v/v) acetic acid and dried onto the back plate 

by baking at 110°C Direct autoradiography was carried out at room temperature for 

1-7 days without intensifying screens [section 2.6.3].

2.9.7 Analysis of sequence data

Sequence data was analysed using the Oxford University Molecular Biology Software

and Databases on the VAX/VMS cluster. Specific DNA sequences were entered into
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individual files and data from shotgun analyses were entered into databases using 

the 1991 Staden Package program SAP (Sequence Assembly Program). Sequences 

were analysed using the Staden program NIP (Nucleotide Interpretation Program) 

and the Genetics Computer Group (GCG) Sequence Analysis Software Package 

Version 7.1 March 1992 (Devereux et al 1984). To search for similarity with other 

DNA sequences, the GENEMBL database was screened using the GCG package 

FASTA program (Pearson and Lipman 1988).

2.10 DETERMINATION OF TRANSCRIPTION START SITES

2.10.1 Primer extension analysis (Ausubel et al. 1989, McKnight and Kingsbury 1982)

Primer extension analysis was used to determine the 5' end of a mRNA.

2.10.1.1 Preparation of radiolabelled primer

Oligonucleotide primers [section 2.3.6] were reprecipitated with ethanol to remove

all traces of ammonium ions which inhibit T4 polynucleotide kinase. lOOng of

primer was end-labelled using 200|iCi [y-32P]ATP in 30|il Ix kinase buffer [section

2.7.2] with 5U T4 polynucleotide kinase by incubating at 37°C for 1 h. The DNA was 

ethanol precipitated with 2|Lig of tRNA as a carrier, resuspended in formamide 

loading dyes and heated at 85°C for 5 min before loading on a 10% (w/v) denaturing 

acrylamide gel. Following electrophoresis at 30mA, the gel was exposed for 

autoradiography [section 2.6.3], at room temperature for 1 min, to visualise the 

position of the labelled oligonucleotide for excision. The DNA was eluted from the 

gel slice by incubating, overnight at 37°C, in 400|il 5M ammonium acetate and 

precipitated using 1ml ethanol in a bath of dry ice and industrial methylated spirits 

for 30 min. The oligonucleotide was pelleted at 12,000rpm for 30 min, at 4°C, in a 

microfuge and resuspended in 50(j.l 0.3M sodium acetate pH7. 

2.10.1.2 Hybridisation and reverse transcription

Radiolabelled primer (10 6cpm) [section 2.10.1.1] was coprecipitated with 40|J,g total 

RNA from the U937 cell line, or with 40(ig tRNA as a control. Each pellet was 

resuspended in 30|ul R-loop hybridisation buffer (80% v/v formamide, 40mM PIPES 

pH6.4, 400mM NaCl, ImM EDTA), heated to 75°C for 5 min and then cooled to 40°C 

over a period of three hours, enabling the primer to anneal to the RNA template.
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The DNA/RNA hybrids were precipitated using ethanol.

The hybrid pellet was resuspended in 25|ul of reverse transcriptase mix (50mM 

Tris-HCl pH8.2, 50mM KC1, 6mM MgCh, O.SmM dNTPs) containing 50U RNasin 

(Promega) and 40U AMV reverse transcriptase (Northumbria Biologicals Ltd) and 

incubated at 42°C for 1 h, then 50°C for 30 min. EDTA at 20mM and 40|ag/ml RNase 

A was added at 37°C for 30 min to stop the reaction. lOOjil 2.5M ammonium acetate 

was then added, the sample was extracted with phenol/chloroform and ethanol 

precipitated with 20|ug tRNA as a carrier.

The DNA pellet was resuspended in Sjtil formamide loading dyes and heated at 

85°C before loading on a 6% (w/v) denaturing acrylamide gel together with 

M13mpl8 sequencing reactions from the Sequenase kit. The gel was electrophoresed, 

fixed and dried [section 2.9.6], then exposed for autoradiography at -70°C [section 

2.6.3] for 1 week.

2.10.2 RNase protection analysis (Ausubel et al. 1989, Sambrook et al. 1989) 

Single-stranded, antisense RNA probes were used to study 5' mRNA and gene 

structure. Following annealing to mRNA, the riboprobe was digested with RNase to 

remove regions of the probe that do not form hybrids with the corresponding 

mRNA.

2.10.2.1 Preparation of radiolabelled riboprobe

Genomic DNA inserts containing 5' exons and upstream sequence were subcloned 

into pGEM-3Zf(+) and the constructs were linearised at the 5' end of the insert by 

restriction enzyme digestion. Linearised template was treated with 100|Hg/ml 

proteinase K in 50mM NaCl, 5mM EDTA, lOmM Tris-HCl, 0.5% (w/v) SDS for 1 h at 

37°C to remove RNase, then phenol/chloroform extracted and ethanol precipitated. 

The DNA pellet was resuspended in RNase-free water.

Transcription reactions were set up using Ijug template DNA with the Riboprobe

Gemini System II (Promega) using 20U T7 RNA polymerase (Promega) and 50|iCi [ot- 

32P]CTP (Amersham) in a 20|nl reaction volume. The reactions were incubated for 1 

h at 40°C and then 1U RQ1 DNase (Promega) was added at 37°C for 15 min to digest 

the DNA template. The antisense RNA probes were diluted to 50|nl, 

phenol/chloroform extracted and precipitated using 200|ul 2.5M ammonium acetate 

and 750)0,1 ethanol with 20|j,g tRNA as a carrier. The RNA pellets were resuspended
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in lOjiil formamide loading dyes, heated at 85°C and loaded on a 6% (w/v) 

denaturing acrylamide gel. Following electrophoresis at 30mA, the gel was exposed 

for autoradiography [section 2.6.3] for 1 min at room temperature to locate the 

fragment. A gel slice including the riboprobe was excised from the gel. The RNA was 

eluted by shaking at 37°C in 400^1 RNA elution buffer (0.5M ammonium acetate, 

lOmM magnesium acetate, ImM EDTA, 0.1% (w/v) SDS) for 4 h. The eluted 

riboprobe was precipitated with 1ml ethanol and resuspended in 20|il R-loop 

hybridisation buffer [section 2.10.1.2]. 

2.10.2.2 Hybridisation and RNase digestion

20|ig of total RNA from U937 cells, and 20p,g tRNA as a control, from ethanol 

precipitates were resuspended in 30|il of R-loop hybridisation buffer containing 

5xl05cpm of riboprobe, heated at 85°C for 5 min and then hybridised at 45°C for ~8 h. 

RNase digestion was carried out by adding 350|il RNase digestion buffer (300mM 

NaCl, lOmM Tris-HCl pH7.5, 5mM EDTA) containing 40^g/ml DNase-free RNase A 

and 2jj,g/ml DNase-free RNase Tl (Grade V, Sigma) and incubating at 30°C for 45 

min. The reactions were stopped by adding 20|ul 10% (w/v) SDS and 10|U,1 lOmg/ml 

proteinase K in water and incubating at 37°C for 15 min. The samples were 

phenol/chloroform extracted and the RNA was precipitated using 1ml ethanol with 

lOmg tRNA carrier.

The RNA pellets and 10 4cpm riboprobe control were resuspended in 5^.1 

formamide loading dyes and heated at 85°C before loading on a 6% denaturing 

acrylamide gel, together with M13mpl8 sequencing reactions from the Sequenase 

kit. The gel was electrophoresed, fixed [section 2.9.6] and then exposed for 

autoradiography at -70°C [section 2.6.3] for 1 week.

2.11 EXON AMPLIFICATION

This method utilises the splice sites that flank exons in primary RNA transcripts to 

isolate coding sequences from genomic DNA. Fragments of genomic DNA up to 

4.5kb in length were subcloned into the BamHl cloning site of the pSPLl vector 

(Buckler et al. 1991).
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2.11.1 Cell culture and electroporation

COS-7 cells were grown in DMEM (Flow Labs) supplemented with 10% (v/v) heat- 

inactivated PCS, lOOU/ml penicillin, lOOfig/ml streptomycin and 50|ug/ml 

kanamycin to -80% confluence, in 5% CO2 , at 37°C. The cells were harvested by 

trypsin digestion and washed twice with PBS (Flow Labs) before resuspending in Ix 

HEPES buffered saline containing 1% (w/v) PEG 8000 (275mM NaCl, lOmM KC1, 

2mM Na 2HPO 4, 0.2% (w/v) dextrose, 1% (w/v) HEPES pH7.05 with NaOH, 1% (w/v) 

PEG 8000) at 1.25xl0 6 cells/ml. 20jiig of plasmid construct DNA, purified by CsCl 

gradient centrifugation [section 2.3.3], was pipetted onto the electrode of a 4mm Gene 

Pulser Cuvette (BioRad). 800|4,1 cell suspension was added to the cuvette and the cells 

were incubated for 10 min on ice. The cells were electroporated, using a BioRad Gene 

Pulser, with 250V (field strength=625V/cm) and the Capacitance Extender to obtain a 

capacitance of 950|iFD. The time constants for the electroporations were 26-28ms. 

Following electroporation, the cells were incubated on ice for 5 min and then grown 

in fresh medium for 48 h.

2.11.2 RNA isolation and RT-PCR

Approximately 25% of the cells survived electroporation [section 2.11.1] and were 

subsequently harvested and washed [section 2.11.1]. To isolate the RNA the cell pellet 

was solubilised in 100|ul RNazol (Biogenesis). lOjtil of chloroform was added, mixed 

with the homogenate and incubated for 5 min on ice. The suspension was 

centrifuged at 12,000rpm in a microfuge, at 4°C for 15 min, the aqueous layer was 

removed and an equal volume of isopropanol was added to precipitate the RNA. 

The pellet was washed with 75% (v/v) ethanol and the total amount of RNA 

present estimated, as described in section 2.3.9. ~5jJ.g total RNA was reverse 

transcribed using the cDNA Synthesis System Plus Kit (Amersham) with oligo dT as 

the primer [section 2.3.7].

Approximately 0.5|Lig reverse transcribed RNA was used for a first round of PCR 

[section 2.3.8] using 5|iM primers SD2 and SA2 (Buckler et al. 1991), from the rabbit (3 

globin sequence, for 35 cycles in a final volume of lOOjil. 2(il of the first round PCR 

product was used as template for a second, more specific, round of 20 PCR cycles 

using primers SD1 and SA1 (Buckler et al. 1991), from the HIV tat sequence. The
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amplified products of the second round of PCR were then digested with BamHland 

Sail and subcloned for sequence analysis [section 2.9].

2.12 GENERAL PROTEIN TECHNIQUES

2.12.1 Computer analysis of protein sequences

Predicted protein sequences were obtained from translation of cDNA ORFs. These 

were analysed using the Staden programs PIP (Protein Interpretation Program) and 

SIP (Similarity Investigation Program), from the 1991 Staden Package, and the GCG 

1992 Package (Devereux et al. 1984). To determine sequence similarity with other 

proteins the Genetics Computer Group (GCG) Sequence Analysis Software Package 

program FASTA (Pearson and Lipman 1988) was used to screen the National 

Biomedical Research Foundation (NBRF) and SwissProt databases. Initial protein 

alignments were carried out using the CLUSTAL V program (Higgins and Sharp 

1988) and subsequent alignments were carried out using the AMPS package (Barton 

1990). The AMPS multiple sequence alignment was converted into a Postscript file 

for annotation and laser printed output using the ALSCRIPT (Barton 1993) program.

2.12.2 Analysis of proteins by SDS-PAGE

Proteins were separated on 10% (w/v) and 15% (w/v) SDS-PAGE gels on PROTEAN 

II xi or Mini-PROTEAN II (BioRad) vertical electrophoresis cells. Samples were 

boiled for 5 min in Ix sample buffer before loading on gels. Electrophoresis was 

carried out at 100 or 200V in Ix running buffer (Laemmli 1970) and prestained 

molecular weight markers (BioRad) were loaded on gels to allow estimation of 

protein sizes. Proteins were stained with Coomassie blue stain for 15-30 min at 

room temperature and destained at 55°C overnight.

2.12.3 Transfer of proteins onto nitrocellulose membranes (Western blotting) 

Proteins fractionated on SDS-PAGE gels [section 2.12.2] were transferred by Western 

blotting onto Hybond-C extra nitrocellulose membranes (Amersham). Gels were 

soaked in Western blot transfer buffer for 5 min, placed on top of 3 layers of 

Whatman 3MM paper, covered first with the nitrocellulose membrane and then a 

further 3 layers of Whatman 3MM paper, prewetted in transfer buffer. This
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'sandwich' was placed between the electrodes of a LKB 2117 Multiphor 

electrophoresis unit. The proteins were 'dry blotted' by electrophoresis at 0.8mA/cm 2 

for 2 h at room temperature. Following transfer of the proteins, the membranes 

were gently washed in PBS, wrapped in Saran wrap and stored overnight at 4°C or at 

-20°C.

In order to prepare total cultured cell lysates for Western blot transfer ~10 7 cells 

were washed three times with PBS (Flow Labs), resuspended in 900jj.l water and 

incubated on ice for 20 min. The cells were lysed by sonication (2x30 seconds), 

adjusted to 0.1M NaHCO3 and stored at -20°C. Approximately l.Smg protein was 

boiled with an equal volume of 2x protein sample buffer and loaded into a single 

large well. Gels were electrophoresed as in section 2.12.2 and protein transferred as 

above.

To check the efficiency of transfer, the gel was stained with Coomassie blue 

[section 2.12.2] after blotting.

2.12.4 Determination of protein concentration

The concentration of purified proteins bound to agarose beads was estimated by 

comparing the intensity of Coomassie blue stained proteins on SDS-PAGE gels 

[section 2.12.2] with a series of dilutions of a standard solution of protein of a similar 

molecular weight.

For protein mixtures in solution the total concentration was determined by 

measuring the OD280 of the sample, assuming Img/ml corresponds 1 absorbance 

unit. With purified antibodies, it was assumed that 1 absorbance unit corresponds to 

0.75mg/ml, at 280nm.

2.12.5 Expression of polypeptides in E. coli (Smith and Johnson 1988) 

cDNA sequences encoding polypeptides to be expressed were subcloned into the 

pGEX-2T vector and transformed into NM554 competent cells [section 2.7]. This 

vector contains the Schistosoma japonicum glutathione S-transferase gene (Sj26), 

modified at its 3' end to encode a thrombin-cleavable linker and cloning sites to 

allow in-frame insertion of the cDNA sequences.

To detect induction of fusion proteins, E.coli transformed with the pGEX-2T 

recombinants were grown in 10ml of L broth, containing 50|Ltg/ml ampicillin,
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overnight at 37°C [section 2.2.2]. 1:10 dilutions of the overnight cultures were 

incubated at 37°C for 1 h and then IPTG was added to lOOjiM to induce expression of 

the fusion protein. The cultures were grown for a further 3-4 h and the cells were 

pelleted at 625g for 5 min. The pellets were resuspended in 10|J,1 of water and 20|il 2x 

sample buffer was added. The samples were boiled for 5 min, briefly centrifuged and 

5[i\ of supernatant loaded on 10% (w/v) SDS-PAGE minigels [section 2.12.2]. 

Induction of fusion protein expression could be detected by comparison of induced 

samples with controls not induced with IPTG.

2.12.6 Isolation of fusion proteins from E.coli

2.12.6.1 Small scale preparations

To determine the efficiency of fusion protein purification from E.coli cell lysates 

10ml cultures were induced with 100|o,M IPTG [section 2.12.5] and the cells pelleted 

after ~4 h. The cells were resuspended in 250jnl MTPBS containing 1% (v/v) Triton 

X-100 and lysed by mild sonication (10-20 seconds) on ice. Cell debris was removed 

by centrifuging twice at 156g for 1 min and then one fifth volume of 50% (w/v in 

MTPBS) pre-swollen glutathione agarose beads (Sigma) was added. The samples 

were mixed on a rotator for 10 min, to allow absorption of the fusion protein to the 

beads via the Sj26 region of the protein. The beads were recovered by centrifuging at 

156g for 5 min. Unbound proteins were removed by washing the beads three times 

each with 1ml MTPBS. The beads were diluted to 50% suspension in MTPBS and 

samples were analysed by SDS-PAGE [section 2.12.2] to estimate the efficiency of 

fusion protein isolation.

2.12.6.2 Large scale preparations

For large scale preparations of fusion proteins, a 20ml culture in L broth containing 

50|ag/ml ampicillin [section 2.2.2] was grown overnight at 37°C and used to inoculate 

800ml of L broth/ampicillin. The large cultures were grown for 2 h at 37°C before 

100|a.M IPTG was added, and the cells then grown for a further 4 h. The cells were 

pelleted by centrifugation for 10 min at 4224g and 4°C, in a Sorvall GS-3 rotor (RC-5b 

centrifuge DuPont instruments), resuspended in 10ml MTPBS/1% (v/v) Triton X- 

100 and lysed by sonication on ice. Cell debris was removed by centrifuging twice at 

625g for 5 min each. 2ml of 50% (w/v in MTPBS) pre-swollen glutathione agarose 

beads were added to the supernatant and mixed on a rotator for 10 min. The beads
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were pelleted at 156g for 5 min and washed three times, each with 10ml MTPBS, 

before being diluted to 50% suspension in MTPBS. 5|il beads were boiled with 5|ul 2x 

sample buffer and analysed by SDS-PAGE [section 2.12.2].

2.12.7 Direct thrombin cleavage of purified fusion protein

To separate the expressed polypeptide away from the Sj26 protein the fusion protein

was cleaved with thrombin whilst attached to the glutathione agarose beads (Cheng

1991).

Purified fusion protein absorbed onto beads [section 2.12.6] was resuspended in an 

equal volume of 0.3M NaCl, 5mM CaCl 2 . Human thrombin (Sigma) was added at 1U 

per 50jj,l beads and digestion was carried out at 25°C for 1-2 h. Release of the 

expressed polypeptide was determined by analysing the supernatant and beads from 

the digest separately by SDS-PAGE. Soluble peptides can be released from the Sj26 

protein into the supernatant (Cheng 1991).

2.12.8 Elution of fusion proteins from glutathione agarose beads

The addition of reduced glutathione can be used to elute the intact fusion protein

from the glutathione agarose beads (Smith and Johnson 1988).

Purified fusion protein, absorbed onto beads, was washed twice for 10 min at room 

temperature with two bead volumes of elution buffer (50mM Tris-HCl pH8, 5mM 

reduced glutathione) containing 0.1% (v/v) Triton X-100, 0.1% (v/v) Tween 20, 

0.003% (w/v) SDS and ImM DTT to solubilise the eluted protein. The washes were 

concentrated, if necessary, by spinning through a Centricon-30 column (Amicon) at 

12,000g. The reduced glutathione was removed by diluting the concentrate 1:100 with 

MTPBS containing 0.1% (v/v) Triton X-100, 0.1% (v/v) Tween 20, 0.003% (w/v) SDS, 

ImM DTT, reconcentrating in the Centricon-30 column and then repeating the 

process. The concentration of the recovered fusion protein was estimated as in 

section 2.12.4.
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2.13 PREPARATION AND PURIFICATION OF POLYCLONAL ANTIBODIES

2.13.1 Immunisation of rabbits with antigen (Harlow and Lane 1988)

Whole fusion protein, prepared as described in section 2.12.8, was used as antigen for

the immunisation of rabbits.

Prior to immunisation with antigen, a 10ml prebleed was taken from each rabbit. 

Two rabbits were each immunised by multiple intradermal injections containing 

100|Lig of antigen as a 50% (v/v) emulsion with Freund's complete adjuvant (Difco). 

10ml blood samples were taken from the rabbits 7-14 days after each immunisation.

2.13.2 Preparation and storage of rabbit serum

10ml blood samples were allowed to clot at room temperature for ~2 h in 50ml 

polypropylene tubes (Falcon). The clot was detached from the sides of the tube with a 

sealed glass Pasteur pipette and allowed to contract at 4°C overnight. The serum was 

removed and cleared of insoluble material by centrifugation at l,000g for 10 min at 

4°C. Aliquots of serum were stored at -20°C.

2.13.3 Purification of antibodies by affinity chromatography

Anti-G7b antibodies were purified by affinity chromatography. Two columns were

prepared by covalently binding total E.coli cell lysates to CNBr-activated Sepharose

4B (Pharmacia) columns. The first column contained G9a-Sj26 fusion protein (G9a is

an unrelated novel gene in the MHC class III region) and was used to remove

antibodies against SJ26. The second column contained G7b-Sj26 fusion protein and

was used to purify anti-G7b antibodies.

2.13.3.1 Preparation of affinity chromatography columns

E.coli cell lysates containing G7b and G9a fusion proteins were prepared from 200ml

cultures [section 2.12.6.2]. 250-300mg total protein from the cell lysates was dialysed

against the coupling buffer (50mM NaH 2P0 4 , lOOmM NaCl pH8) at 4°C overnight to

remove low molecular weight amides.

Each cell lysate was made up to 10ml with coupling buffer and added to 2g CNBr- 

activated Sepharose, pretreated according to the manufacturers instructions. The 

coupling reaction was carried out for 2 h at room temperature on a rotator and then 

the Sepharose was washed successively with 2 volumes 1M NaCl, 2 volumes of
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water and then 2 volumes of coupling buffer. Any remaining reactive groups were 

blocked by incubating with ethanolamine pH8.5 at room temperature for 2 h after 

which 5mM EDTA pH7.5 was added as a preservative.

To estimate the amount of protein bound, the amount of free protein present after 

the coupling reaction and in the washing solutions was measured [section 2.12.4]. 

The G7b-Sj26 column contained ~10mg protein/ml resin and the G9a-Sj26 column 

contained ~13mg protein/ml resin. 

2.13.3.2 Affinity chromatography

Both affinity columns were prepared at 4°C with 3.5ml bed volumes, washed with 

1M NaCl and equilibrated with PBS/lmM EDTA pH7.4. 2.5ml anti-G7b antiserum 

was diluted to 10ml with PBS/lmM EDTA pH7.4 and passed through the G9a-Sj26 

column 4 times using a peristaltic pump with a flow rate of ~20ml/h. Using 

measurements before and after passage through the column, the proportion of 

protein bound to the column was determined. The serum was then passed through 

the G7b-Sj26 column, twice, using a peristaltic pump with a flow rate of ~10ml/h 

and the amount of protein bound was again determined.

The column was washed with -10 volumes of PBS/lmM EDTA pH7.4 and ~5 

volumes 0.4M NaCl to remove weakly bound material. The antibody was eluted 

with 2 volumes 3M MgCl 2 . 1ml fractions of 0.4M NaCl and 3M MgCl 2 washes were 

collected and OD280 measured to produce an elution profile. The column was 

washed with 10ml 0.4M NaCl before equilibrating with PBS/lmM EDTA pH7.4 for 

storage.

The fractions containing the purified antibodies, eluted with 3M MgCl 2, were 

pooled and dialysed against water for 3 h and then PBS/lmM EDTA pH7.4 overnight 

at 4°C

2.14 CHARACTERISATION OF ANTIBODIES

2.14.1 ELISA assays (Harlow and Lane 1988)

ELISA assays were used to determine the titre of antisera and purified antibodies. 

Microtitre wells were incubated with 2^tg of purified antigen [section 2.12.8] in 100|il 

15mM NaHCO3/ 35mM Na 2CO3 pH9.6 at room temperature overnight. The wells
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were washed 3 times with 200|il PBS and then serial dilutions (10-2-10-5) of antisera, 

or purified antibodies, and pre-immune serum as a control, were added to the wells 

in 100|u,l PBS and incubated at room temperature for 2 h. The free antibodies were 

washed out using four washes with 200|il PBS, 0.05% (v/v) Tween 20. To enable 

detection of the bound antibodies, 100(4,1 of alkaline phosphatase conjugated goat 

anti-rabbit IgG (Sigma) diluted 1:5,000 in PBS, 0.05% (v/v) Tween 20 was added to 

each well and incubated at room temperature for 2 h. The wells were then washed 

four times with 200|J,1 PBS, 0.05% (v/v) Tween 20 before lOOjLil of substrate solution 

(1% (w/v) p-Nitrophenyl phosphate, 5mM MgCl2, 5mM CaCl 2/ 50mM Tris pH9.6) 

was added to each well.

The yellow colour was allowed to develop at room temperature and the OD^ was 

measured at 10 min intervals in a Titertek Multiskan PLUS Mkll plate reader for up 

to 1 h. The titre of antisera was determined by comparison of the OD^ of the 

antisera with that of the pre-immune serum.

2.14.2 Detection of antigens on Western blots (Harlow and Lane 1988)

Purified and thrombin-cleaved fusion proteins [section 2.12.7] and total cell lysates

were transferred onto nitrocellulose by Western blotting as described in section

2.12.3. Blots of total cell lysates were cut into strips for use with different serum

samples.

The nitrocellulose membranes were blocked with PBS, 0.1% (v/v) Tween 20 

overnight at 4°C or for 1 h shaking at room temperature and then incubated with a 

1:200 dilution of the antiserum, in PBS, containing 0.1% (v/v) Tween 20 for two 

hours at room temperature. The membranes were then washed three times, each for 

10 min, in PBS. To detect bound antibodies, the blots were incubated for 2 h with a 

1:2,000 dilution, of alkaline phosphatase conjugated goat anti-rabbit IgG (Sigma) in 

PBS, 0.1% (v/v) Tween 20. After washing in PBS three times for 10 min each, the 

blots were developed using freshly mixed alkaline phosphatase substrate solution 

(70mM Tris-acetate pH8.6, 0.05% (w/v) Nitrotetrazolium blue (NBT) chloride, 

0.0025% (w/v) BCIP, 4mM MgCl 2) and incubated at room temperature for 1-5 h 

before development was stopped by transferring the blots to PBS.

With some antisera, blots were blocked with 5% (w/v) fat-free milk solution in 

PBS, 0.1% (v/v) Tween 20 solution to reduce non-specific binding.
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CHAPTER 3



CHARACTERISATION OF G7

3.1 INTRODUCTION

The cloning and subsequent characterisation of the human MHC class III region 

(Sargent et al 1989a; Spies et al. 1989a,b, 1990; Kendall et al. 1990) has shown that 

there are at least nineteen genes in the ~350kb interval between C2 and TNF-A 

(Figure 3.1). The initial approach adopted by Sargent et al. (1989a) to locate genes in 

this region was to identify HTF-islands, which are undermethylated, CpG-rich 

sequences that have been shown to be frequently associated with the 5' ends of 

housekeeping, and some tissue-specific, genes (Bird 1986, 1987; Gardiner-Garden and 

Frommer 1987). HTF-islands are characterised by the presence of clustered sites for 

methylation-sensitive, rare-cutting restriction enzymes (e.g. BssHll, EagI,Notl, SacW, 

which are not methylated in uncloned genomic DNA. Between C2 and TNF-A 

eleven potential HTF-islands were mapped (Sargent et al. 1989a) and genomic DNA 

probes derived from the sequences flanking these islands were isolated from 

cosmids covering this region. The use of these probes led to the identification of 14 

novel genes; G1-G10, B144 and the HSP70 gene cluster (Sargent et al. 1989a; Milner 

and Campbell 1990).

One of these genes, G7, designated D6S56E (Spence et al. 1989), was identified 

using walking probe F, a 1.3kb, single copy, Bglll fragment, located ~60kb telomeric of 

the HSP70 gene cluster (Figure 3.1; Sargent et al. 1989a). Probe F lies ~3kb centromeric 

of an HTF-island which is characterised by two BssHII sites, 400bp apart. Northern 

blot analysis using probe F detected a mRNA transcript of ~3kb in total RNA isolated 

from cell lines representing monocyte (U937) and macrophage (U937 cells stimulated 

with Phorbol 12-myristate 13-acetate [PMA]), but not liver (HepG2), T lymphocyte 

(Molt4) or B lymphocyte (Raji) cell lineages (Sargent et al. 1989a).

The G7 gene has been sequenced at both the cDNA and genomic DNA levels in 

order to derive the sequence of the G7 protein product, and to search for similarities 

of this sequence with existing sequences in DNA and protein databases. This strategy
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has previously been successful in identifying the HSP70 genes (Sargent et al. 1989b; 

Milner and Campbell 1990) and the gene for valyl-tRNA synthetase (Hsieh and 

Campbell 1991) which are both located in the MHC class III region. In addition, 

regions showing similarity to other, known, proteins can be used to predict a possible 

function for the G7 protein or suggest a role in disease aetiology.

3.2 ISOLATION AND CHARACTERISATION OF G7 cDNA CLONES

3.2.1 Isolation of G7 cDNA clones

A 6.2kb BamHl single copy fragment, which includes probe F (Figure 3.1), was 

isolated from cosmid 9N in order to screen for cDNA clones. This larger probe was 

isolated in order to detect partial cDNA clones that may not have been hybridised by 

probe F. Since G7 expression had only been detected in U937 cells (Sargent et al. 

1989a), a cDNA library derived from that cell line was screened using the 6.2kb 

BamHl fragment. The library (a gift from D Simmons, Institute of Molecular 

Medicine, Oxford) was constructed from RNA prepared from unstimulated U937 

cells and cloned in the expression vector CDM8 (Seed 1987; Simmons and Seed 1988).

A total of 5xl0 5 colonies were screened using the 6.2kb BamHl fragment from 

cosmid 9N, competed with 125ju.g/ml placental DNA [section 2.8.1], and two 

duplicating positive clones were identified. The cDNA inserts excised from these 

clones, G7-1 and G7-2, using Xbal, were 1.8kb and 2.2kb, respectively.

To confirm that these clones contained sequences encoded in cosmid 9N, the 

cDNA inserts were isolated and used to probe Southern blots of cosmids 9N and 10S, 

as a negative control, digested with HindRl, Bglll and BamHl. Clone G7-1 hybridised 

strongly to the 6.2kb BamHl fragment, but it also hybridised weakly to multiple 

fragments derived from cosmid 10S, extending up to 60kb from probe F and lying 

centromeric of G7a, suggesting that the G7-1 clone contains some form of repetitive 

sequence element. Clone G7-2 hybridised to the region of cosmid 9N from which the 

original probe was derived, in addition to sequences up to 15kb away (Figure 3.2 C), 

indicating that G7 extends centromeric of probe F. As a result, the cDNA library was 

screened again using the G7-2 cDNA insert. A single, duplicating positive clone, 

G7-3, was identified with an insert size of 2.0kb.
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The G7-3 cDNA insert was subsequently used to probe the Southern blot of 

cosmid 9N DNA (Figure 3.2 D). The blot was also reprobed with the G7-1 cDNA 

insert after absorption of repetitive sequence elements with placental DNA (Figure 

3.2 B). From the resulting hybridisation patterns it was possible to map the three 

cDNA inserts to a region of ~20kb in cosmid 9N (Figure 3.2 E).

3.2.2 Characterisation of cDNA inserts

The three G7 cDNA inserts [section 3.2.1] were digested with restriction enzymes to 

produce the maps shown in figure 3.3 F. From these maps, clones G7-2 and G7-3 

could be aligned, except for a single Ncol site, present in G7-2 and absent in G7-3. G7- 

1 contained no restriction sites that allowed it to be aligned with G7-2 or G7-3.

In order to determine the relationships between the three cDNA clones, 

restriction digests of the inserts were fractionated on agarose gels, transferred onto 

nitrocellulose membranes, by Southern blotting, and probed with each of the cDNA 

inserts and the original 6.2kb BamHl DNA fragment, used to isolate the cDNA 

clones G7-1 and G7-2. The results (Figure 3.3) confirmed that G7-2 and G7-3 are 

related to one another and that G7-3 does not hybridise with G7-1 or the original 

probe. In addition, the results demonstrated that clones G7-I and G7-2 only cross 

hybridise with one another over a limited region and some sequences in clones G7-1 

and G7-3 are not hybridised by either of the other cDNA inserts or the genomic DNA 

probe.

3.2.3 Nucleotide sequence analysis of the cDNA clones

The three cDNA inserts were sequenced using the following strategies:

3.2.3.1 G7-1

This cDNA clone was sequenced using a directed cloning strategy. Specific HindUl

and Styl/Spel fragments covering the region which hybridised to G7-2 and the

genomic probe (Figure 3.3 E) were isolated and subcloned into Smal cut M13mplO

[section 2.7]. Single-stranded DNA was prepared from the white plaques obtained

and the inserts were compared by T-tracking [section 2.9.1]. Clones with different T-

track patterns were subsequently sequenced using the Ml3 universal primer [section

2.9]. This sequence did not cover the whole of the 900bp Styl/Spel fragment so the

isolated insert was digested with Ddel, end-filled and shotgun cloned into Smal cut
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MlSmplO [section 2.7]. The sequence obtained from these fragments completed the 

coverage of this region (Figure 3.4).

3.2.3.2 G7-2

To sequence this 2.2kb cDNA clone the whole insert was excised from the CDM8 

vector using Xhol, isolated [section 2.4.6] and digested with each of the frequent 

cutting enzymes Ddel, Hintl, Haelll and Styl, end-filled if necessary, and shotgun 

cloned into Smal cut M13mplO [section 2.7]. The sequence data obtained was entered 

into the computer and assembled using the GCG program SAP [section 2.9.7]. A 

single 2,155bp contig (Figure 3.4) was generated which contained restriction sites that 

corresponded to the restriction map of G7-2 (Figure 3.3). The sequence was 

completed in both orientations by the isolation, subcloning into Smal cut M13mplO 

and sequencing of specific, Ddel/EcolU and Xbal/EcoRl, fragments.

At one end of the sequence, a canonical polyadenylation signal AATAAA 

(Proudfoot and Brownlee 1976) was identified lObp upstream from two 

deoxyadenosine residues at the end of the insert, thus defining the 3' end of the 

cDNA. To confirm the sequence data, subclones spanning the insert were sequenced 

in both orientations using dITP mixes from the Sequenase sequencing kit. This 

resulted in an overall degeneracy of 6.9 for the 2,155bp insert.

3.2.3.3 G7-3

The similarity between the restriction maps and the cross hybridisation patterns of 

the inserts of clones G7-2 and G7-3 allowed a more directed approach to be used in 

the sequencing of G7-3. The cDNA insert was excised from CDM8 using Xhol, 

isolated [section 2.4.6] and subcloned, in both orientations, into Hindi cut pGEM-3Zf 

[section 2.7]. Single-stranded DNA was recovered and used as template to sequence 

both ends of the insert with the Ml3 universal primer [section 2.9]. At the 3' end the 

G7-3 cDNA sequence was identical to that of the G7-2 clone and included the 

polyadenylation signal. At the other end, the sequence did not correspond to any 

part of the sequences obtained from clones G7-1 or G7-2.

In order to sequence across the cDNA, a series of deletions (Figure 3.4) were 

prepared by religation of the clones containing the G7-3 insert in both orientations 

between the EcoRI, Hindlll, Smal or Ncol sites in the insert and EcoRI, Hzwdllland 

Smal sites in the polylinker [section 2.7.4]. This allowed most of the cDNA insert to 

be sequenced using the M13 universal primer on single-stranded DNA templates
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and the Sp6 promoter reverse primer on double-stranded DNA templates derived 

from the religated clones. By religating a BssHll site, determined by sequencing, with 

the BamHI site in the vector, in clones oriented in both directions, the sequence of 

the cDNA was completed using the Ml3 universal primer and single-stranded DNA 

templates (Figure 3.4) [section 2.9]. 

3.2.3.4 Alignment ofcDNA sequences

Alignment of the sequence data obtained from the three cDNA inserts (Figure 3.5) 

demonstrated that clone G7-1 overlaps with the 5' end of G7-2 over regions of 155bp, 

35bp, 187bp and 63bp which are separated by a 4bp insertion containing a donor splice 

site in G7-1, an 83bp insertion in G7-2 and a 125bp insertion in G7-1 containing a 

donor splice site (Figure 3.5). The sequences then diverge at a donor splice site in 

G7-1 suggesting that the sequence at the 3' end which is not hybridised by G7-2 is 

derived from an unspliced intron.

The G7-3 sequence overlaps that of G7-2 for 152bp and 1.4kb at the 3' end, with the 

regions of overlap separated by a 73bp deletion in G7-3 (Figure 3.5). At the 5' end, 

450bp of sequence, unrelated to G7-1, G7-2 and the 6.2kb BamHI genomic probe 

(Figure 3.3), containing part of an Alu repeat sequence (Figure 3.5; Schmid and 

Jelinek 1982), appears to be the product of a coligation event prior to cloning of the 

insert into CDM8. Within the overlapping region the sequences diverge for 48bp 

(Figures 3.5 & 3.6), which include the Ncol site in G7-2 [section 3.2.2]. There is also a 

single base substitution of a T (G7-2) to a G (G7-3) at position 1971 (Figure 3.5).

3.2.4 Confirmation of U937 sequence at position 1971

The sequence variation detected between cDNA clones G7-2 and G7-3 at position 

1971 (Figure 3.5) could be either due to allelic variation at the G7 locus, a 

transcriptional error during mRNA synthesis or an error during reverse 

transcription in cDNA synthesis. The importance of this position in generating a 

stop codon in the G7-2 sequence [section 3.2.6] necessitated confirmation of the 

sequence at the cDNA level in U937 cells and at the genomic level in ICE5 DNA 

[section 3.3].

The region corresponding to nucleotides 1518-2421/2404 (Figure 3.5) was amplified 

by PCR using the 5' sense primer G7OL3, 5'CTCTCAGAGGAGAAGCTGCAC 3' 

(Td=66°C), and the antisense 3' primer G7OL4, 5'GCCACGAGCCACAAGCTTGTC 3'
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Figure 3.6 Alternative sequences in the G7 cDNA inserts.
The nucleotide sequences of cDNA clones G7-2 and G7-3 diverge for 48bp and one sequence 
contains the Ncol site as shown.
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Figure 3.7 G7 sequences at cDNA nucleotide position 1971.
Genomic DNA sequence data from cosmid 9N and cDNA sequences from U937 amplified by 
KT-PCR, insert G7-3 and insert G7-2 are shown. The arrows indicate the base at positions 
corresponding to nucleotide 1971 in the cDNA sequence.



(Td=68°C). 200ng of U937 total RNA was reverse transcribed using oligo dT primer 

[section 2.3.7] and PCR amplification [section 2.3.8] was carried out for 30 cycles to 

obtain an ~900bp product (Figure 3.21). A 285bp Smal/EcoRI fragment from the PCR 

product was subcloned into Smal cut M13mplO [section 2.7] and sequenced [section 

2.9] in both orientations. The sequence data confirmed that in ICES genomic DNA, 

U937 RT-PCR sequence and in clone G7-3, the nucleotide at position 1971 is G. Only 

clone G7-2 has T at position 1971 (Figure 3.7).

3.2.5 Mapping the 5' end of G7 mRNA by primer extension

An oligonucleotide, G7OL5, of sequence 5/CTCTGAGTCGCTACAGGTGG3' (Td=64°C), 

complementary to nucleotides 25-45 from the G7-1 insert (Figure 3.5), was end- 

labelled with [y-^2P]-ATP [section 2.7.2], hybridised at 40°C with total RNA isolated

from U937 cells and extended using reverse transcriptase, as described in section 

2.10.1. Analysis of the extension products by denaturing polyacrylamide gel 

electrophoresis consistently revealed two products of 220bp and 343bp, both of which 

were not detected in tRNA controls (Figure 3.8). This extends the length of the 

longer cDNA by up to 299bp at the 5' end to 3053bp.

3.2.6 Determination of the G7 cDNA structure

The G7 cDNA sequences obtained in section 3.2.3 (Figure 3.5) span 2737 and 2754bp. 

and primer extension analysis [section 3.2.5] indicates that these sequences are 

extended by 176 or 299bp at the 5' end, thereby totalling 2913, 2930, 3036 or 3053bp. 

This data corresponds well with the mRNA of ~3kb detected by Northern blot 

analysis. These cDNA sequences contain numerous variations i.e. deletions and 

insertions, and in order to deduce the putative ORF encoding the G7 gene product, 

all three cDNA sequences were translated in three phases [section 2.9.7] using the 

polyadenylation signal sequence in clones G7-2 and G7-3 to define the orientation of 

the clones (Figure 3.9).

In G7-1 the longest ORF starts with the first methionine codon at nucleotide 57, 

which is preceded by an in-frame stop codon at nucleotide 33, and is terminated by a 

stop codon at nucleotide 756. This stop codon lies in the 4bp insertion in G7-1, which 

is absent from G7-2 (Figure 3.5). In G7-2, the ORF of the 155bp overlap between G7-1 

and G7-2 continues in G7-2 to the stop codon at nucleotide 1971 from the start of
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Figure 3.8 Primer extension analysis of the 5' end of G7 mRNA.
Reverse transcription was primed from oligonucleotide G7OL5 hybridised at 40°C with 40|Ug of 
total RNA isolated from U937 cells and 40jj,g of tRNA. Following reverse transcription samples 
were electrophoresed on a 6% (w/v) acrylamide/ 7M urea denaturing gel with an M13mpl8 
sequence ladder as size markers. Specific products of 220bp and 343bp in the track containing 
products derived from RNA isolated from U937 cells are indicated. These correspond to cDNA 
extensions of 176bp and 299bp.
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G7-1. The insertions and deletion in G7-1 continually disrupt the phase of 

translation so that multiple stop codons were encountered.

Where the G7-2 sequence overlaps G7-3 the ORF is again disrupted by a 22bp 

frameshift deletion in G7-3 that results in premature termination of the ORF. 

However, after this deletion, the overlapping sequence between G7-2 and G7-3 

maintains the ORF until position 1971 where a stop codon is encoded in G7-2 

[section 3.2.3]. However, incorporating the single base change in G7-3 allows the ORF 

of G7-2 to be extended to a stop codon at nucleotide 2304 resulting in a putative ORF 

of 2247bp (Figure 3.10). The further sequence divergence between G7-2 and G7-3 

allows the ORF in G7-3 to be extended to position 2421 resulting in a longer putative 

ORF of 2364bp (Figure 3.10).

The longest potential ORF of G7 (Figure 3.10) starts with the first methionine 

codon which is located at position 57 of G7-1. The nucleotide sequence at this 

position is consistent with the translation start consensus A/GNCAUG of Cavener 

and Ray (1991) and Kozak (1991) with a C at position -1, but not the A /G at -3 and is 

preceded by an in-frame stop codon at position 33. This ORF extends for 2364bp and 

encodes a putative polypeptide of 788 amino acids. In cDNA clone G7-2 another stop 

codon at position 2304 reduces the ORF to 2247bp encoding a 749 amino acid putative 

polypeptide. Therefore the G7 cDNAs consist of a 5' untranslated region of 232 or 

355bp, probable translated ORFs of 2247 or 2307bp and a 3' untranslated region of 317 

or 450bp containing a polyadenylation signal AATAAA.

3.2.7 Correction of a G7 cDNA clone

In order to generate a single cDNA clone from the inserts containing the sequences

obtained in section 3.2.3 (Figure 3.5), clones G7-1 and G7-2 were combined. The

insertions and deletions in G7-1 disrupt the ORF [section 3.2.6] but the 155bp overlap

between clones G7-1 and G7-2 allows the ORF to be maintained from G7-1 to G7-2.

This sequence contains no unique restriction site at which the two clones could be

ligated together, however, the position at which G7-1 first diverges from G7-2

corresponds to a cleavage site for Hindi in clone G7-2, allowing the following

strategy to be used:

i) The Xhol insert of clone G7-2 was isolated [section 3.2.3.2] and subcloned into the

Hindi site of pBluescript [section 2.7] for manipulation of the corrected insert.
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G7OL1 CTCG^\TCCATGGCCTCCTTAGGAGCG if = 62°C
WincH __ 

G7OL2 GATGAGTCAACATAAATTTCTTAAAGCCCAGG = 68°C
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Figure 3.11 G7 cDNA correction strategy.
(A) Oligonucleotides G7OL1 and G7OL2 containing adaptor sequences and restriction sites
are shown. T/37 is the dissociation temperature for the nucleotides that hybridise to the G7
cDNA sequence. (B) The 3' 1962bp insert was excised from CDM8 and subcloned into
pBluescript. The 716bp 5' fragment was amplified by PCR to generate the required specific
product. (C) The 5' PCR product was subcloned into pBluescript and excised
with Hindi as a 723bp fragment. (D) Restriction enzyme digests of the corrected, religated
G7-F cDNA clone to confirm the orientation of the 5' fragment in the clone.
(E) Subcloning and religation manipulations of the G7 cDNA inserts in pBluescript. The
G7 cDNA sequences are shaded. The ampicillin resistance gene (Amp-R) and the origin of
replication (ORI) are shown. The direction of transcription of the ampicillin resistance gene
and the orientation of the G7 cDNA sequences are shown by arrows. Sizes are in kb.



ii) The required sequence from clone G7-1 was amplified by PCR [section 2.3.8] using 

the G7OL1 and G7OL2 primers with adaptor sequences containing restriction sites 

incorporated into them (Figure 3.11). At the 5' end, primer G7OL1 contains an EcoRV 

site upstream of the methionine start codon [section 3.2.6] which would allow in- 

frame ligation of the cDNA into the Smal site of pGEX-2T [section 3.7.1]. At the 3' 

end, primer G7OL2 contains the antisense sequence of G7-2 which allows cleavage 

with Hindi for ligation with G7-2. The PCR product of 717bp was kinase treated 

[section 2.7.2], to phosphorylate the ends, and directly ligated into EcoRV cut 

pBluescript. This insert was subcloned, in overlapping fragments, into Smal cut 

M13mplO [section 2.7] and sequenced [section 2.9] to check for PCR errors; none were 

found.

iii) The 5' insert was excised using Hindi, which cleaves at the 5' end in the vector 

and at the 3' end in the adaptor sequence, and the ampicillin resistance gene was 

inactivated by digestion with Pvul. The 5' insert was subcloned into the cut and 

phosphatase treated Hindi site of the clone that contained the 3' insert. The resultant 

colonies were screened by hybridisation with separate probes that identify only the 5' 

or 3' inserts. DNA isolated from duplicating positives was screened using restriction 

enzyme digestion to identify clones with the 5' insert in the correct orientation, 

iv) Finally, the duplicated, overlapping, sequence at the 5' end of the corrected clone 

was deleted by religation of the EcoRV sites in the vector and at the 5' end of the 

insert [section 2.7.4].

This generated a single, corrected cDNA clone (G7-F) from the G7-1 and G7-2 

cDNA inserts.

3.2.8 Southern and Northern blot analysis

To verify the authenticity of the corrected G7 cDNA clone, the G7-F insert was 

excised from the pBluescript vector by digestion with EcoRV and Xbal, isolated from 

LGT agarose and used as a probe in Southern and Northern blot analysis.

This 2.7kb probe was hybridised to Southern blots [section 2.6] of cloned DNA 

from cosmid 9N and uncloned DNA from the HLA homozygous cell line ICES, from 

which the cosmid library was constructed (Figure 3.12; Sargent et al. 1989a). The 

DNA was digested with the restriction enzymes Hindlll, Bglll and BamHl and the 

pattern of hybridisation obtained from the cosmid blot was consistent with that
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Figure 3.12 Southern blot analysis of G7.
A Digested cosmid 9N DNA fractionated on a 0.8% (w/v) agarose gel. Southern blots of 
cosmid 9N DNA (B) and ICE5 total genomic DNA (C) hybridised with the G7-F 
EcoRV/Xbal cDNA insert. Sizes are in kb.
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Figure 3.13 Northern blot analysis of G7.
Total RNA (20|ug) isolated from the cell lines shown was fractionated on a 1 % 
(w/v) agarose-formaldehyde denaturing gel and transferred onto nitrocellulose. 
The Northern blot was hybridised with the G7-F EcoRV/Xbal cDNA insert. 
The positions of migration of the 185 and 285 rRNA are shown.



predicted from figure 3.2. The hybridisation pattern on the blot of uncloned DNA 

was identical to that expected from the restriction sites previously mapped in 

genomic DNA (Figure 3.1; Sargent et al 1989a). The 7.5kb Hzndlll fragment detected 

in uncloned DNA is not present on the cosmid blot as it extends past the end of the 

cosmid insert, but is incorporated into the 19kb band which includes the pDVcos 

vector and the other end of the cosmid insert. No additional bands were seen on the 

genomic DNA blot, confirming the integrity of the sequences in the G7-F cDNA and 

demonstrating that G7 is a single copy gene in the human genome.

The G7-F probe was also hybridised to a Northern blot [section 2.6] of total RNA 

prepared from cultured cell lines representing monocytes (U937), macrophages 

(U937 cells stimulated with Phorbol 12-myristate 13-acetate [PMA]) B lymphocytes 

(Raji), T lymphocytes (Molt4), liver (HepG2) and epithelium (HeLa). A mRNA of 

~3kb was visible in the cell lines representing monocyte, macrophage and epithelial 

cell lineages (Figure 3.13), but was not detected in the T and B lymphocyte or liver 

cell lineages, consistent with the results of Sargent et al. (1989a).

3.3 DETERMINATION OF G7 GENE STRUCTURE

The observation of numerous variations between the different cDNA clones 

necessitated determination of the exonic sequence of G7 in order to confirm the 

cDNA sequence and to determine the source of the variation. In addition, 

determination of the organisation of the G7 gene could assist in the identification of 

the boundaries of functional domains of the G7 protein product encoded within 

discrete exons

3.3.1 Mapping and subcloning the G7 gene

The fragments generated by Bglll digestion of cosmid 9N, that hybridise to probe 

G7-F, are 1.3kb, 3.5kb, 5.0kb, 7.3kb and 7.9kb in size (Figure 3.12). These fragments 

were ligated directly into Hindi cut pBC [section 2.7] and screened with the G7-F 

cDNA probe [section 2.6]. All the fragments except the largest, 7.9kb, fragment were 

successfully subcloned. In addition, the 1.6kb Bglll fragment which lies within the 

gene, but is not hybridised by the probe was also isolated. The orientation and
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authenticity of all the inserts was confirmed by restriction enzyme digestion to check 

the sizes and to compare restriction maps of the inserts with those expected from 

cosmid 9N digested with Hindlll, Bglll, BamHl, EcoRV and Asp7lS. Additional 

digests were performed in order to map the positions of EcoRl, Pstl, Sstl, Smal and 

Xbal sites in the inserts (Figure 3.14). These Bglll fragments and the subclones 

containing them were designated A-F from the 5' end (Figure 3.14) including the 

1.6kb fragment.

3.3.2 Sequencing G7 exons

The G7 genomic subclones A, B, C and F [section 3.3.1] (subclone D was not 

hybridised by the cDNA clones and fragment E was not subcloned) were digested 

individually with A Inland Sau3A restriction enzymes, which cut frequently within 

the cDNA sequence, and Rsal, which, although it is a frequent-cutting enzyme, cuts 

only four times in the cDNA sequence. The fragments generated were end-filled 

[section 2.4.4], if necessary, and ligated directly into Smal cut M13mplO [section 2.7]. 

Plaques were screened using the G7-F cDNA [section 2.6], single-stranded DNA was 

prepared from the positive clones [section 2.9.1] and the inserts were sequenced 

using the Ml3 universal primer [section 2.9.3]. The sequence data obtained by this 

process was entered into the computer and the set of sequences from each clone 

assembled separately using the GCG program, SAP [section 2.9.7]. Sequence 

corresponding to nucleotides 1-919 of the G7 cDNA was obtained from subclones A, 

B and C, whilst only partial sequence between nucleotides 1122-2754 was obtained 

from clone F.

To obtain more sequence data, including the alternative sequence included in 

G7-3, but not in G7-F, the procedure was repeated using the restriction enzymes 

Haelll, Alul and Sau3A to digest genomic DNA from clone F and the resulting 

plaques were screened with the G7-3 insert. The new sequence data obtained was 

used to supplement the sequence already in the database. The remaining sequence 

from subclone F was obtained directly by using double-stranded plasmid DNA 

[section 2.9.4], religated at specific sites [section 2.7.4], as templates and the M13 

universal primer in all except one case when the specific primer G7OL3 was used. A 

400bpNcoI fragment containing the two alternative sequences from G7-2 and G7-3 

was isolated, subcloned into Smal cut M13mplO and sequenced in order to confirm
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the organisation of this region of the gene.

To sequence the regions of the gene that encode nucleotides 921-1121, a 297bp Rsal 

fragment corresponding to nucleotides 832-1128 was isolated as a probe from cDNA 

clone G7-2 [section 2.4.3] and mapped by hybridisation to a region which included 

fragment E. This probe was then used to screen M13 plaques containing Hinfl and 

Ddel fragments of cosmid 9N. The sequence data obtained still did not complete the 

exonic sequence of G7, but subcloning and sequencing of fragments derived from 

HinQ/Ddel, HinfL/StuI, Ddel/Stul and Alul/Stul double digests of cosmid 9N did.

In order to characterise the 5' end of the G7 gene and the upstream control 

sequences, the 1.21kb BamHI/EcoRV DNA fragment, located upstream of the start of 

the cDNA sequence, was isolated and subcloned into EcoRV cut pBluescript [section 

2.7] in both orientations. The insert was mapped with a variety of restriction 

enzymes and religated [section 2.7.4] at Hindlll, Spel and Sspl sites mapped in the 

insert. These were then used as templates for double-stranded sequence analysis of 

this region.

3.3.3 G7 gene structure

3.3.3.1 Exonic organisation of G7

By comparison of all the cDNA sequences with the llkb of genomic sequence

obtained in section 3.3.2, the exon sequences, the exon-intron boundaries and the

extent of the G7 gene were defined (Figures 3.14 & 3.15). The G7 gene spans ~22kb

and is arranged into a total of 27 exons, I-XXII, XXIIIA, XXIIIB, XXIV-XXVI. These

vary in size from 31 bp in XXIIIA and 36bp in VIII, to 253bp in XXVI. There is no

variation between the sequences encoded in the cDNA and the exonic sequences in

genomic DNA, except at position 1971 in cDNA clone G7-2 [section 3.2.4].

All the exon-intron boundaries were sequenced and all the splice sites conform to 

the GT/AG rule (Krainer and Maniatis 1988). The complete splice sites are shown in 

figure 3.16 except that at the 5' end of exon XII only the invariant AG sequence 

flanking the exon was obtained.

The two alternative sequences in G7-2 and G7-3 are encoded by two discrete exons, 

XXIIIB and XXIIIA, respectively, which lie 38bp apart (Figure 3.15). Usage of these two 

exons appears to be mutually exclusive and occurs by the splicing patterns shown in 

figure 3.17.
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Figure 3.15 Nucleotide sequence of the G7 exons.
The G7 exons are shown in blue, except for the alternative exons XXIIIA and XXHIB which are green, and numbered as in figure 3.14. 

(CA)_ and (AT) n repeats are shown in pink. Alu repeats are shown in red. Restriction enzyme recognition sequences are underlined. 

Contigs are named A1-F6 in accordance with the Bglll fragments from which they were subcloned and ordered from 5' to 3\
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Figure 3.16 Exon-intron boundaries in the G7 gene.
The G7 exon sequences at the exon-intron boundaries are shown in upper case and the intron sequences, including the polypyrimidine 
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Figure 3.17 Alternative exon usage in G7.
A Organisation of exons XXII, XXIIIA, XXIIIB and XXIV in G7 (shown as open 
boxes) and alternative splicing patterns. The different splicing patterns result in two 
different products that include exon XXIIIA (B) or exon XXIIIB (C) which contain 
two different ORFs that differ in length as indicated by arrows above the spliced 
products.



The 5' untranslated region of the mRNA is encoded in exons I and II. The ORFs 

[section 3.2.6] start in exon II and extend to exons XXIIIB or XXV so that the 3' 

untranslated region is encoded by exons XXIIIB-XXVI or exons XXV-XXVI. 

33.3.2 Alu repeats

Within the partial intronic sequences obtained from the G7 gene, one complete Alu 

repeat and three end fragments of others were identified. The Alu family of short 

interspersed repeat elements (SINES) are the most abundant family of dispersed 

repetitive DNA sequences in the human genome. It has been estimated that there 

are 300,000 to 500,000 copies of Alu repeats per haploid genome and as such they 

account for 3-6% of the total DNA (Schmid and Jelinek 1982).

Alu repeats (Figure 3.18) are approximately 300bp in length and are imprecise 

dinners of two, ~130bp, monomer sequences separated by a central, A-rich, region 

with a 31bp insertion in the second monomer. At the 3' end there is an A-rich tract 

that can be polymorphic (Economou et at. 1990) and the sequences are flanked by 

short direct repeats of 7-20bp that are unique to each sequence. AI u repeats have very 

similar sequences to 7SL RNA molecules and may have been generated by reverse 

transcription followed by insertion into the genome. The distances between Alu 

repeats is variable but the average separation is ~8kb. Alu sequences are often located 

within the introns of genes, where they are transcribed and later spliced out, but they 

can also occur in exons encoding the 5' and 3' untranslated regions of mRNAs.

One complete Alu repeat and three end fragments of others were identified 

within the sequences flanking G7 exons (Figures 3.14 & 3.15). The complete Alu 

repeat, I, (Figure 3.18) contains a mixed poly(A) tract (Economou et al. 1990) at the 3' 

end, consisting of three (A 3G) n repeats and ten adenines. This repeat lies in the 

second intron and is oriented 5'-»3' with respect to G7.

The next repeat, II, (Figure 3.18) contains 225bp of the Alu repeat consensus 

sequence and has a mixed poly(A) tract of ten adenines followed by a polymorphic 

(dG-dT).(dC-dA) n repeat of 23 dinucleotides in the haplotype sequenced. This 

sequence lies in the third intron and is oriented 3'->5' with respect to G7, towards 

exon III and the first AI u repeat.

Within DNA fragment C two more Alu repeat sequence fragments were 

sequenced. The first, III, (Figure 3.18) in the eighth intron is oriented 5'->3' within G7 

and consists of 50bp at the 3' end of the repeat. This repeat contains a poly(A) tract of
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23 bases and is described as type I by Economou et al. (1990). The last Alu repeat, IV, 

(Figure 3.18) lies in the ninth intron, oriented 3'->5' towards exon IX. 225bp of this 

Alu repeat was sequenced and it contains a type II, or patterned, poly(A) tract at the 3' 

end which is a polymorphic (CA) n repeat of 17 dinucleotides in the haplotype 

sequenced.

The Alu repeats were aligned using the CLUSTAL V program (Higgins and Sharp 

1988) (Figure 3.18) with the consensus Alu repeat sequence of Jurka and Smith 

(1988). From the sequences of these repeats all four appear to belong to class II 

(Britten et al. 1988) or the consensus, branch a of the S subfamily (Jurka and Smith 

1988).

3.3.4 Explanation of cDNA sequence variations

With knowledge of the exon boundaries and the flanking intron sequences it is 

possible to explain the origin of the multiple insertions and deletions observed in 

the G7-1 and G7-3 cDNA clones [section 3.2.3.4].

Clone G7-1 is encoded by exons I-VII at which point it overlaps clone G7-2. At the 

3' end of exon VII the G7-1 mRNA has utilised a cryptic donor splice site within the 

following intron resulting in the insertion of four bases (GUAG) including an in- 

frame stop codon (UAG). The remainder of the intron has been successfully spliced 

out to join exon VIII, but exon VIII has then been spliced directly to exon X, resulting 

in a frameshift deletion of exon IX.

Exon X has been successfully spliced to exon XI, except that at the 3' end, 125bp of 

intron have been incorporated, by utilisation of a further cryptic donor splice site. 

Downstream of exon XII the intron was not spliced out and beyond the Stul site the 

cDNA insert does not hybridise with the other G7 cDNA clones (Figure 3.3).

cDNA clone G7-2 is composed of exons VII-XXVI, including exon XXIIIB and the 

G-»T mutation in exon XX [section 3.2.6].

The 5' end of clone G7-3 represents a coligated insert and the cDNA insert starts 

with exon XIII. Exon XIV, of 73bp, has been deleted, resulting in a frameshift. Exons 

XV-XXVI, including exon XXIIIA and the correct sequence in exon XX, provide the 3' 

end of the ORF [section 3.2.6].
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ALU GGCCGGGCG-GGTGGC7CAC GCCTGTAATCCCAGCACTTT GGGAGGCCGAGGCGGGCGGA TCACCTGAGGTCAGGAGTTC
I AGCCGGGCGCGGTGGCTCAC ACCTGTAATCTTAGCACTTT GGGAGACTGAGGCGGGCGGA TCACCTGAGCTCAGGAGTTG
IV -- — - —— - — ___---___ ————— —— __ — ___——— ———— —— _ ——— —— -GGA TCCCCTGAGGTCAGGAGTTC
II _________ — _________ ____________ — ___ — _ ______ — ____ ——— --GA TCAC—AAGGTCAGGAGTTT
III - ————— -- —— -------- - ——————— ___________ _ ————— —— ————— ——— —————__ ——————— ____

ALU GAGACCAGCCTGGCCAACAT GGTGAAACCCCGTCTCTACT AAAAATACA————AAAATT AGCCGGGCGTGGTGGCGCGC
I GAGACCAGCCTGGGCAACAT GGCGAAACCCCGTCTCTACT AAAAATATA—- — AAAATT AGCCGAGCGTGGTGGCACGT
IV AAGACCAGCCTGGGCAACAT GGTGAAACCCCGTCTCTACT AAAAATACA————AAAATT AGCTGGGCGTGGTGGCAGGT
II GAGACCACCCTGGCCAACAT GGTGAAACACCGTCTGTGCT AAAAACACACACAAAAAACT AGCTGGGTGTGGTGGCACAC
III -- —— - —————————— --- —————————————————— ————————————————-- —— ——— - ———————— --

ALU GCCTGTAATCCCAGCTAC7C GGGAGGCTGAGGCAGGAGAA TCGCTTGAACCCGGGAGGCG GAGGTTGCAGTGAGCCGAGA
I GCCTGTTATCCCAGCTACTG GGAAGGCTGAGGCAGGAGAA TCACTGTAACTCGGGAGGCG GAGGTTGCAATGAGCTGAGA
IV GCCTGTAATCCCAGTTACTC AGGAGGCTGAGGCAGGAGAA TCGCTTGAACCCAGGAGGCA GAGGTTGCATTGAGCCGAGA
II GCCTGTAGTCCCAGCTACTC GGGAGGTTGAGTCAGGAGAA TTGCTTGAACCCAGGAGGTG GAGGCTGCAGTGAGCCAAGA
III -- ——— - —— - ———— ---- - —— ———— -————————— ————————————————— ————————————CTGAAA

ALU TCGCGCCACTGCACTCCAGC CTGGGCGACA-GAGCGAGAC TCCGTCTC A-rich tract
I TTGCTCCACTGCACTTCAGC CTGGGCGACA-GAGCAAGAC TCCGTCTC (AAAG) 3 AAAAAAAAA
IV TCGCACCATTGCACTCCAGC CTGGGGGACAAGAGCGAGAC TTCGTCT (CA) 17 AAA

II TTGCGCCACTGCACTTGAGC CTGGGTAACA-GAGCAAGAC TCTGTCT AGAAAAAAAAAATA (TG) 2J
III TTGCACCACTGCACTCCAGC CTGGGCGACA-GAGCGAGAC TCCATCTC AAAAAAAAAAAAAAAAAAAAAAA

Figure 3.18 Alignment of the G7 Alu repeat sequences with the consensus sequence.
The Alu repeat sequences obtained from the G7 genomic sequence (I-IV) are aligned with the consensus sequence 
(ALU) of Jurka and Smith (1988). The alignment was produced by the CLUSTAL program (Higgins and Sharp 
1988) and adjusted manually.



3.3.5 Upstream sequence analysis of the G7 gene

The genomic sequence obtained at the 5' end of G7 [section 3.3.2] included the BssHU 

restriction sites used to identify the HTF-island associated with the 5' end of the G7 

gene (Sargent et al. 1989a). The CpG content of 3kb of sequence including exons I-III 

and 1.5kb of upstream sequence was analysed using the GCG program CPGPLOT 

(Figure 3.19). The result confirmed the presence of a CpG-rich sequence between 

positions 1100 and 1600, which includes the start of the 5' end of the G7 cDNA.

A 1.5kb region of DNA sequence upstream of the 5' end of the G7 cDNA (Figure 

3.20), which extends to within 1.3kb of the 5' end of G6, was examined for sequences 

involved in the control of gene expression. In this sequence a potential 3' splice site 

was observed that conforms to the consensus sequence described by Mount (1982), 

Tbp upstream of the 5' end of the cDNA (Figure 3.20). This suggests the possibility 

that there is another exon upstream of exon I. However, this would be unusual in 

that the start methionine would lie in the third exon and the G7 gene would include 

two 5' exons consisting of untranslated sequence. In the absence of any RNase 

mapping data or extended sequence from anchored PCR experiments it is not 

possible to confirm whether or not there is another exon upstream of the start of the 

cDNA sequence.

The 1.5kb of upstream sequence was analysed for the presence of transcription 

factor binding sites by comparison with the consensus elements reported by Locker 

and Buzard (1990) and Jones et al. (1988) and the results are shown in figure 3.20.

Multiple CAAT boxes and GC boxes but only a single TATA box were identified 

within the sequence. These promoter elements are normally located at specific 

positions relative to the transcription start site of a gene. In addition multiple 

transcription factor binding sites are present in the sequence and these appear to be 

clustered in two regions between positions 180-510 and 1060-1470 (Figure 3.20).

If there is no additional upstream exon in G7 then the two potential start sites, 

mapped by primer extension analysis at positions 1225 and 1348, lie within the 

second cluster of putative transcription factor binding sites (Figure 3.20). This 

positions them more than 140bp downstream of the TATA box, which is usually 

located ~30bp upstream of the transcription start site, and there is also no apparent 

correlation between the locations of the GC and CAAT boxes and the potential start 

sites. However, the presence of multiple GC boxes has been shown to promote
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Base number

Figure 3.19 Gardiner-Garden Plot of the 5' end of G7.
The CpG content of the nucleotide sequence from contigAl (Figure 3.15) analysed
by the CPGPLOT program, using a 200 base window and shift increment of 10, is
shown. Exons I, II and III of the G7 geneare shown as filled boxes and the position of
the furthest 5' extension is shown as a vertical arrow.
Obs/Exp is (No. of CpG dinucleotides/No. of C x No. of G) x N
where N is the window size. (Gardiner-Garden and Frommer 1987)
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transcription from multiple start sites, and potential binding sites for many other 

gene-regulating elements have also been identified within this region (Figure 3.20).

Potential binding sites for transcription factors AP2, GR/PR, GRE and TFIID are 

located in the region between nucleotides 1060-1370 (Figure 3.20) which includes the 

potential start sites. The GC and CAAT boxes lie between positions 1260 and 1470 

which is downstream of the mapped, potential start sites and much closer to the 5' 

end of the cDNA sequence which starts at position 1550.

From this information it is unclear where transcription of G7 is initiated. The 

start site may lie closer to the upstream cluster of transcription factor binding sites 

between positions 180-510 since the only sequence resembling the transcription start 

consensus sequence YYCAYYYYY (Corden et al 1980) lies between positions 150-890 

(Figure 3.20). However, most 5' CpG islands begin before the transcription start sites 

and extend much further downstream into the gene rather than upstream into the 5' 

untranscribed flanking DNA (Gardiner-Garden and Frommer 1987), suggesting that 

G7 transcription is initiated within ~200bp of the 5' end of the cDNA sequence.

3.4 EXPRESSION OF G7 mRNA

3.4.1 Tissue distribution of G7 expression

Northern blot analysis of G7 (Figure 3.13) indicates that G7 mRNA is expressed in 

monocytes, macrophages and in epithelial cell lines, but not in T or B lymphocyte or 

liver cell lines. In order to confirm this result, total RNA from monocytic (U937 and 

HL60), B lymphocyte (Daudi), T lymphocyte (Molt4), liver (HepG2) and epithelial 

(HeLa) cell lines was used in an RT-PCR assay. Equal amounts of total RNA were 

reverse transcribed and amplified by PCR using oligonucleotides G7OL3 and G7OL4 

[section 3.2.4]. Thirty cycles of PCR (94°C for 60s; 64°C for 30s: 72°C for 120s) were 

carried out using the reverse transcription product from ~200ng total RNA as 

template. To confirm that the 900bp amplified products were derived from equal 

amounts of template, control reactions were carried out by amplifying single- 

stranded G9 cDNA, generated by reverse transcription of equal amounts of total 

RNA, using sequence specific primers. G9 is a novel MHC-linked gene which is 

constitutively expressed in all cell lines (Sargent et al. 1989a).
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Figure 3.21 Analysis of G7 expression by PCR.
RT-PCR of mRNA (~200ng) from the cell lines shown was carried out for 
thirty cycles of 94°C for 60s, 64°C for 30s and 72°C for 120s using oligo- 
nucleotide primers G7OL3 and G7OL4. The reaction products are shown 
following fractionation on a 0.8% (w/v) agarose gel. Products of ~900bp 
are visible in the samples from all of the cell lines examined. Sizes are in kb.



The results indicate that G7 is expressed in all the cell lines examined (Figure 

3.21). However, the amount of G7 RT-PCR product generated from RNA isolated 

from U937, HL60 and Daudi cells was higher than that from the other cell lines. In 

the control experiment, the product generated from the mRNA isolated from Daudi 

cells was increased by a similar amount, indicating that this sample may have 

contained more template than the other cell lines. In addition, the level of G7 

product generated from mRNA isolated from HeLa cells was less than from U937 or 

HL60 cells, indicating that the relative levels of mRNA production indicated by the 

Northern blot data was due to unequal loading of the total RNA samples on the gel.

From this analysis it is apparent that, the distribution of G7 expression is 

ubiquitous although the levels generated in the monocytic cell lines U937 and HL60 

appear to be elevated. The Northern blot data [section 3.2.8] can be explained by the 

fact that the amount of G7 mRNA is very low and the signal was present, but 

undetectable in Molt4, Raji and HepG2 cell lines.

3.4.2 Exon usage in G7 mRNA

The cDNA sequences obtained in section 3.2.3 (Figure 3.5) include two alternatively 

spliced exons, XXIIIA and XXIIIB, [section 3.3.3.1] which result in two different 

putative protein products [section 3.2.6]. In order to determine which putative G7 

protein, if either, is the major product produced, the relative usage of these two 

exons was investigated.

Using the oligonucleotide primers G7OL3 and G7OL4 [section 3.2.4], single- 

stranded cDNA derived from U937, HeLa, HepG2 and Daudi cell lines was amplified 

by PCR [section 3.4.1]. A 900bp product was generated which includes the alternative 

exon sequences. These vary by ITbp in length and by the presence or absence of an 

Ncol restriction site. Exon XXIIIA consists of 31bp whilst exon XXIIIB consists of 48bp, 

resulting in the 17bp difference in size between the two species. Restriction enzyme 

digestion using EcoRl cleaves the ~900bp PCR product to produce two DNA 

fragments of 490bp and either 393bp or 410bp that can be resolved by agarose gel 

electrophoresis (Figure 3.22). In addition, cleavage by Ncol is also diagnostic for the 

G7-2 specific sequence derived from exon XXIIIB, resulting in DNA fragments of 

128bp and 283bp. Exon XXIIIA does not contain a cleavage site for Ncol. From figure 

3.22 it is clear that two fragments of ~400bp are generated following digestion of the
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Figure 3.22 Analysis of alternative exon usage in G7 mRNA.
The RT-PCR products from cell lines HepG2, U937, HL60 and Daudi, amplified 
using oligonucleotide primers G7OL3 and G7OL4 and digested with EcoRl and 
EcoRl/Ncol are shown. The samples were fractionated on a 2% (w/v) agarose gel at 
4°C to reduce diffusion of the products. Two products are visible following EcoRl 
digestion of 393bp and 410bp confirming the use of two different exons. The 
presence of exon XXIIIB in the more abundant 410bp product is confirmed by the 
subsequent digestion using Ncol which generates the 283bp product shown.Sizes 
are in kb.



PCR products with EcoRl with the major product being the upper, 410bp one. Upon 

cleavage with Ncol this major product is cleaved to produce 283bp and 127bp 

fragments whilst the minor, 393bp product is not cleaved. These two results indicate 

that the major product of G7 utilises exon XXIIIB generating the smaller 2247bp ORF 

which terminates at the stop codon at nucleotide 2304.

There are, however, several PCR products present (Figures 3.21 & 3.22) which are 

detected by hybridisation with G7 cDNA that cannot be explained by the cDNA 

sequence data. Following PCR there are products of ~1.2kb and -SOObp present and 

digestion with EcoRI generates additional fragments of ~900bp, SOObp and 360bp. The 

900bp product may represent uncleaved PCR product due to mutation of the EcoRI 

site during PCR, but the 1.2kb product, which is cleaved by EcoRI, and the SOObp and 

360bp fragments may represent other minor G7 products. These fragments either do 

not contain the EcoRI site, resulting in the SOObp fragment, or contain different 

sequences between exons XX and XXIV to leave the 360bp product. Further sequence 

analysis of these minor products will be necessary to determine the differences with 

the cDNA clones resulting in these products.

3.5 CHARACTERISATION OF THE G7 GENE PRODUCTS

3.5.1 Characteristics of the G7 protein sequence

The longest ORF identified in the various G7 cDNA sequences, which was 

confirmed by the sequencing of the G7 exons in genomic DNA, encodes two 

different proteins of 749 amino acids and 788 amino acids (Figure 3.23), of which the 

smaller, 749 residue protein is the major G7 product [section 3.4.2].

The N-terminal sequence of the predicted G7 protein products does not contain a 

hydrophobic leader peptide (von Heijne 1988) and a hydrophobicity plot of the 

putative protein sequence (Figure 3.24) indicates that there are no hydrophobic 

regions characteristic of transmembrane segments. As a result, the predicted G7 

protein products are probably intracellular proteins. Both of the predicted protein 

products contain 14 cysteine residues, which in an intracellular environment will 

remain as reduced thiol groups (Barbosa et al. 1989). The sequences also contain 6 

potential N-glycosylation sites (NX S/T ), but these will remain unglycosylated in an
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intracellular environment. In the N-terminal region there is a negatively charged 

region (Figure 3.24) containing 10 glutamic acid residues out of 12 amino acids 

(EAEEEEVEEEEE). Similar regions of negatively charged, acidic residues have 

previously been identified in a number of nuclear proteins, such as, nucleolin 

(Srivastava et al. 1990), human major centromere autoantigen (CENP-B) (Earnshaw 

et al. 1987) and the non-histone chromosomal proteins (HMG-1 and HMG-2) (Wen 

et al. 1989, Shirakawa 1990). It has been suggested that proteins containing acidic 

regions may be associated with chromatin (Earnshaw 1987). However, although 

there are clusters of basic residues at positions 210 and 230 of the putative G7 protein 

products, as well as in the C-terminal sequence unique to the less abundant form of 

G7 protein, these sequences do not constitute nuclear localisation signals.

A DIAGON plot (Devereux et al. 1984) of the putative G7 protein products 

indicated that the sequences do not contain any repetitive sequence elements.

3.5.2 G7 protein sequence similarities

The predicted G7 protein sequence was screened against the SwissProt and NBRF 

protein databases [section 2.12.1] to search for protein similarity with other known 

protein sequences which may indicate a possible function of the G7 protein. The 

longer predicted G7 protein sequence was used and divided into four overlapping 

220 amino acid sequences to increase the sensitivity of the search.

The results of the search indicated that the only significant similarities were 

between 21.0% and 31.9% over between 295 and 648 amino acid residues (Table 3.1). 

These similarities all occurred within the region from amino acids 90 to 720. The 

three bacterial proteins, MutS from Salmonella typhimurium (Haber et al. 1988), 

MutS from Escherichia coli (Schlensog and Block 1991) and HexA from 

Streptococcus pneumoniae (Priebe et al. 1988) are DNA mismatch repair proteins 

from the MutHLS and the HexAB systems. Swi4, from Schizosaccharomyces 

pombe, is one of the swi gene products that regulate switching of mating type (Fleck 

etal 1992). The human Divergent Upstream Protein (DUP) (Fujii and Shimada 1989) 

and the mouse Rep-3 protein, originally named Rep \ (Linton et al. 1989), are both 

encoded by genes which are located upstream of Dihydrofolate Reductase (DHFR) 

genes, transcribed from the opposite strand. In addition the putative mismatch 

binding protein (MIBP or YMBP) (Valle el al. 1991) and the MutS protein

85



B

HexA

800-

700-

600-

500-

400-

300-

200-

lOO-i

'•,

/ ,
, /

9 f

' .' .

/•

.

§

X

800-

700-

600-

MutS s00-

400-

300-

200-

100-

*

/

. •• ' '
' •'

t 0 *

''

9

• y

'

0 100 200 300 400 500 600 700
G7 Protein

0 100 200 300 400 500 600 700
G7 Protein

Swi4

900 -

800 -

700 -

600 -

500- 

400-

300-

200 -

100 - 

0

X f

/
/

• ,
1 

t •

• *

S

S

•

100 200 300 400 500 600 700

1100- 

1000-

900-

800-

700-

600-

DUG^.
400-

300-

200-

100-

0

* ' y

\ /
'

. \ .'. < • '- "

^ . •

*

,

'

100 200 300 400 500 600 700

G7 Protein G7 Protein

Figure 3.25 DIAGON plots of putative G7 protein sequence similarities.
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are visible in the C-terminal regions of these proteins.



homologues, MSHl [EMBL accession no. M84169] and MSH2 [EMBL accession no. 

M84170] (Kolodner and Reenan unpublished), have been identified in 

Saccharomyces cerevisiae. All of these proteins with similarity to the putative G7 

proteins are mismatch repair proteins or have significant homology to the DNA 

mismatch repair proteins.

DIAGON plots, using the SIP program from the STADEN package, using a 31 

amino acid window and a proportional score of 340, of the longer putative G7 

protein product versus HexA, MutS from Salmonella typhimurium, Swi4 and DUP 

(Figure 3.25) indicated that the highest regions of similarity lie towards the 

C-terminus of the putative G7 protein products, but the similarity extends to over 

half of the protein sequence. At the N-terminus, the plots with Swi4 and DUP do not 

pass through the origin, indicating that these proteins contain additional sequence at 

the N-terminus.

To determine the extent of the similarity with G7 the sequences were aligned 

using the CLUSTAL V program (Higgins and Sharp 1988). From this alignment, the 

greatest sequence similarity was localised between amino acid positions 270-709 of 

the putative G7 protein sequence. This sequence and the corresponding sequences 

from the proteins showing similarity to the putative G7 protein sequence were 

aligned using the multiple sequence alignment package AMPS (Alignment of 

Multiple Protein Sequences: Barton 1990, Barton and Sternberg 1990). The analysis 

was carried out using the 250 PAMs mutation data matrix (Dayhoff et al. 1978) with a 

bias parameter of 8 added to each term and a gap penalty of 6. Fifty random runs of 

the ten, -450 amino acid long sequences were carried out to calculate the mean 

random score. The ALIGN scores of the pairwise analyses (in SD units) represent the 

standard deviation from the mean random score. The pairwise scores for the set of 

sequences are between 17 and 84 SD units indicating very significant sequence 

similarities between all of the sequences. The alignment is shown in figure 3.26.

SD scores can be used to plot a dendrogram as shown in figure 3.27. This 

dendrogram indicates that the set of mismatch repair proteins can be divided into 

three groups. The bacterial MutS and HexA proteins constitute one group and, 

unsurprisingly, the gram-negative enterobacterial MutS proteins are more closely 

related to each other than to the gram-positive streptococcal HexA protein. The 

second group include the human DUP protein and its mouse homologue Rep-3, the

86



a.<o.coiozaO_i<

O<coOx coujcoz
OQ-COO>-(Of-0.>-O

oiccco<»<_iio>-O 
S<_i— _o-u- _ico

arcr^OO

o:wzcoio
<Q-h-OO

_jco> — __ — 
ir<a: coco 0:0:^0:0

mmuiujOiii— IIEQ.UJ

»<O_iX53UJCC 
(LCLOZZ^OCOXO

O t- UJLIJ o: z t- _i K

<(/)c/3iuOOiuO<co

LJJ » O LJ- _i Q _i
U-COCOCO — UJ_(I- 

U-t-U-COCOZCO — Z<

OOQCOWZZQQ.
XXU-_ _l 

Ul

OOUJOOOOOO-I 
OO-i-i-i-i I

_
ctrtttroccccccc^t 

Mco5o:o:O_i>ujLj

5 5 5 u- u- u- u- <S o:

-OOU.

PQQQOQQZZC 
-J -l -!->-< -J -I-

«U._1_JU-L1-L1-U-CO

-l^-l-l-J^^-t^UI
•- -i-cocococococooplo

Q QCOUJ O OcOOtOi- 
3 1- 1- 1- O O< aitro- ̂

>er 
oo

ZOOM: 
**z_
o:o:a._

_!_!>_— C

«o_i_i_iocoo;> 
a: o: o: a. a Q a n: !£u.

.^J-J.-J-'-J — •»-' — i
LLJLJJt- UJUJ—I
uiujLiiQOOZuja.<

OOO QUJZUJ

£(3 OQQZQLUU.S
oo:oaozcoiua:> 
otrci»zz>-zo

OUJZ<OUJUJOOC/><CO
2_)S_»_i-_i— o.

_icO_iO-Q-_t-O.IZ 
Q(-COCOCOCO</5UJI>
o:<Lu_i_ico_i>_i_
_iO -i-i-i — -iXOu. 
UJCOUJ UJCOLUXOO
<Q.a. Q.a.ziocoa:
U.CO— __I_1_1U-_I 
UJ_«tUJLijOLUQ.llJUJ

oO<o>_iOco<Ou.

00—0:0:0:11-0:0:*

OO<QQ<o.iijC5uj

oc 
o 
o 
in
CO

aaujzz cocou->

>-oco_
UJUJUJQ-Q- COUJCCO
_i_i_)2_ O_iO_i
OO—_ i- ru-<2
««< ScoQo:

go:xo:OO *i-o:i-
•^_J_J__(LL>-U-U._J>

ujuj(rujujcoi>OO

uiuj—O-i-i—
_1_!_«¥_1<_1Z

OOLUZCOUJUJCOf-< 
3^*>OOCOCOOUJL11
NJLULULUQQCOLUOOUJ 

_l_l_l_l_l_ir^

—Qg

OOUJOCOCUJ^OIZ

«KO<OO«0>_O_l
i-i-uizzoiujzOuj

QQOcccr-OzQO
LU UJ LU >- >- _J f— < _l

LU uj o: LU LLI co ¥ co uj

_ Oxxxi-c/3a:

UJ LU UJ CO CO U- CO _
«co»_i>(3 
zzz«coS<ai co 

uj c 
co

I— I- 1- (O CO CO Z t- Li. *
OO<OOcozioQO

5>u-» ——— zx

ZZTQQQQXQ

ooa«oOQo_i-
oOOcococoGcoz_ico 
it cr cr z z z x zee cc ^r

co co i- ̂^cox^-^ .") 
|__>__»_i__
OOXLlJLULlJLlja:CO-l

u- a. u. >-ii-.
UJtlJ^QO
OO»x 

QOOOOOZLU_iOuj
<NXXQCOCOt3QX_Q

cra:zo:o:o:o:_iQ<
u- — — i — Q -j >- 

BIMiMii" ' 'umjuJ'"!"^1 '* 
o:o:o:OOO<<iuO
LULJJL1J_I_I_J_JCO_|Z 

OKO^CCXXUlQUlO 
cxj u.

a
S 
ui
i- 
ec 
> 
S

JO.0.0.0.0.0.0.0,0.0. Q-

S5-:
CCCCCOOCOCDC^QO: 

uiuj>ooo

OOQQQQLiJOQQ 
3CUCLUJ LUCOQ-COOX 
>5COCO<COCOCpCOLijC)<
isJrj5_l'Jjll'5_lO(_j

ZZOWQlSi-u)ui

oo-i-cnziopcoz
Sz z z>z z z zz z
'« O-0-O-CL CUCOJQ-<

LU.>-U.>-ll.>U.U.uJ
oo rw »-

CLQ.|-QQCO>—I-CO

<ULJU1Q Q« 
ZZOC3OCO OOCO

3.0. < aTa. i a. al aijli 
iixxxijztxxi 
ECCCECC a: 0:0:0:0: or

I
U.U.U — >>U.U

£0000.0,0.000,' 
060:0:0:0:0:0:0:0

zzxzoozooz

<««cococo«
tro:»>—>-*-<_/

zzcococococ/3cfl<co 
»Ou.u._i<.jco
[-*—I—I — — -1~ — _!_»

0>>>OOOO»(-

ujujj-1-1-1- o x o: >- 
<<<«O«'CA

nOOOooo:o:ujt-o:

<Qo:f-coujLtj>» 
uj<Oxizt-o.<z

U-i————i_i_

pOOPOOOOCKJ 
trcrctcrcrirircc^a: = 
pcaoo.ppooo.CI §

OUJUIUJUJUIUIUJUJUJUJ 
^QQQQQOQOQQ

21 gu_,j_j^—i >—-i
LJ-J-J———i—i—
p? >—>>>-<—>.< 
l_i-i-i_i-ia_i-i-i-i

miu^Q-MLU^:^<Ly
^EEEwiEEzj/)^ 
oS<< <<<<-><

^LJUJUJQOUJQUJOlJJ I 
l-l-5l-l-_>_l_lZ_
m^sz^aj J

WUJX»-K_jOCUlUlGC

LLJCOUJUJUJ¥

cflcocm/xoocooc/jo •=

»OOOOOO_iO

jpp o o oo POO,

S3gyc^ d

— -
5SXCTQC055O

UJCO



Fi
gu

re
 3

.2
6 

A
lig

nm
en

t 
of

 t
he

 p
ut

at
iv

e 
G

7 
pr

ot
ei

n 
se

qu
en

ce
 w

ith
 D

N
A

 m
ism

at
ch

 r
ep

ai
r 

pr
ot

ei
ns

 a
nd

 t
he

ir
 h

om
ol

og
ue

s.

Th
e 

pu
ta

tiv
e 

G7
 p

ro
te

in
 se

qu
en

ce
 (r

es
id

ue
s 2

70
-7

08
) i

s a
lig

ne
d 

w
ith

 E
.co

li 
M

ut
S 

(2
89

-7
13

), 
S.

 ty
ph

im
ur

iu
m

 M
ut

S 
(2

92
-7

13
), 

S.
pn

eu
m

on
ia

e 

H
ex

A
 (2

74
-7

01
), 

m
ou

se
 R

ep
-3

 (5
17

-9
49

), 
hu

m
an

 D
U

G
 (5

59
-9

95
), 

S.
po

m
be

 S
w

i4
 (4

26
-8

58
), 

S.
ce

re
vi

sia
e 

M
IB

P 
(4

68
-9

19
), 

S.
ce

re
vi

sia
e 

M
SH

1 
(4

47
-8

70
) a

nd
 S

.ce
re

vi
sia

e 
M

SH
2 

(3
37

-7
88

). 
Th

e 
al

ig
nm

en
t w

as
 g

en
er

at
ed

 u
sin

g 
th

e 
A

M
PS

 p
ac

ka
ge

 (B
ar

to
n 

an
d 

St
er

nb
er

g 
19

90
) a

nd
 

fo
rm

at
te

d 
us

in
g 

th
e 

A
LS

CR
IP

T 
pr

og
ra

m
 (B

ar
to

n 
19

93
). 

A
t p

os
iti

on
s 

w
he

re
 8

 o
r m

or
e 

se
qu

en
ce

s c
on

ta
in

 id
en

tic
al

 o
r c

on
se

rv
ed

 a
m

in
o 

ac
id

 

re
sid

ue
s 

th
e r

es
id

ue
s 

ar
e 

bo
xe

d 
an

d 
at 

po
sit

io
ns

 w
he

re
 8

 o
r m

or
e 

id
en

tic
al

 re
sid

ue
s o

cc
ur

 th
e 

re
sid

ue
s a

re
 a

lso
 sh

ad
ed

. C
on

se
rv

ed
 re

sid
ue

s 
w

ith
in

 

th
e A

TP
-b

in
di

ng
 si

te 
an

d 
th

e 
co

ns
er

ve
d 

m
ot

ifs
 I-

III
 a

re
 sh

ow
n 

in
 b

ol
d.



5MSH1

10 G7

7MSH2

3MIBP

4SWI4

1DUG

2REP3

9HEXA

6 MUTSS

8 MUTSE

15.00 30.00 45.00 60.00 
SD units

75.00 90.00

Figure 3.27 A dendrogram of (he DNA misnuitch repair proteins and similar proleins.
The ALIGN scores generated using the AMPS package were used to plot the dendrogram to show the 
similarity, in SD units, between the bacterial DNA mismatch repair proteins, their homologues and similar 
proteins.



mating-type switching protein, Swi4, from Schizosaccharomyces pombe and MIBP 

from Saccharomyces cerevisiae. Both of the yeast proteins appear to have diverged 

from the mammalian sequences at approximately the same time. The third group, 

consisting of the G7 protein, MSH1 and MSH2, from Saccharomyces cerevisiae, are 

all divergent from each other and the other similar proteins, including MIBP, also 

from Saccharomyces cerevisiae, although they do still share very significant 

similarity. This group may be members of a structurally and functionally similar 

protein family, but the closer similarity between the bacterial mismatch proteins and 

DUP, Rep-3, Swi4 and MIBP suggest that these are more likely to be members of the 

same family, involved in the recognition of mismatched DNA. Negative 

complementation of HexA in £. coli (Prudhomme et al. 1991) indicates that HexA 

binds to mismatched DNA and, by association, MutS, DUP, Rep-3, Swi4 and MIBP 

may play a similar role.

The most conserved region in all of the mismatch repair proteins and their 

homologues is near the C-terminus, spanning amino acids 606 to 702 in the putative 

G7 protein sequence. This sequence includes a type A nucleotide-binding site for 

ATP or GTP (Saraste et al. 1990) which is present in all the mismatch repair proteins 

and their homologues (Figure 3.26) and has been shown to exhibit ATPase activity in 

MutS from Salmonella typhimurium (Haber and Walker 1991). In addition there are 

other highly conserved motifs in this region. The region of similarity observed by 

Haber and Walker (1991) contains two highly conserved motifs, I and II (Figure 3.26), 

flanking a 25 amino acid sequence which is most divergent in G7, Swi4, MIBP, MSH1 

and MSH2. Fleck etal. (1992) observed another motif, DELGRGTSTXDG, included in 

motif III (Figure 3.26). So far no structure or function has been assigned to these 

highly conserved sequences which are all unique to this group of proteins. These 

highly conserved regions are also encoded within discrete exons. The ATP-binding 

site is encoded within exon XIX, motifs I and II are encoded within exon XX and 

motif III is encoded within exon XXI.

All the members of this group of proteins, except G7, contain DNA-binding site 

consensus sequences (Pabo and Sauer 1984) at the C-terminus and all the eukaryotic 

members, except G7, contain nuclear localisation signals close to casein kinase II 

phosphorylation sites. However, not all nuclear proteins contain recognised nuclear 

localisation signals (Dingwall and Laskey 1991). The putative G7 protein is the
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smallest member of this group of proteins and the DNA-binding site and nuclear 

localisation sites occur in the additional sequence at the N- and C-termini of the 

other proteins. Alternatively, G7 may be located in the mitochondria or may 

constitute part of a protein complex in which another protein has DNA binding 

activity.

3.6 POLYMORPHIC ANALYSIS OF G7

Although a large number of diseases have been shown to be associated with the 

MHC, linkage disequilibrium has so far prevented the mapping of these diseases to 

specific loci within the MHC. In order to assist in determining whether or not the G7 

gene is associated with any inherited disorder or susceptibility to any autoimmune 

disease, analysis of G7 for RFLPs associated with the gene that may be informative in 

disease studies was carried out. In addition, dinucleotide (CA) n repeats, often found 

to be highly polymorphic and very informative, have also been located within the 

G7 gene.

3.6.1 RFLP analysis

To search for RFLPs, a series of Southern blots were prepared using total genomic 

DNA [section 2.3.4] isolated from ten, HLA-typed, unrelated individuals (1 to 10 in 

table 3.2). The DNA was digested with the restriction enzymes BamHl, BglR, Hindlll, 

BstEll, Ncol, Pvull, Pstl, Sstl, EcoRl, Rsal, Taql and Mspl and fractionated on 0.8% 

(w/v) agarose gels, except for the Taql- and Mspl-digested DNA which was 

fractionated in 1% (w/v) agarose. Probing by hybridisation with the G7-F, full length, 

cDNA probe detected fragments on all of the blots. Polymorphism was only observed 

following digestion with Pvull (Figure 3.28), when an extra 1.7kb DNA fragment was 

observed in the DNA from individuals 4, 6, 7 and 8 (Table 3.2; Figure 3.28). Another 

Southern blot (a gift from S J Cross) containing Pi>wII-digested total genomic DNA 

from an additional five HLA typed individuals, Al-5 (Table 3.2), was also hybridised 

with the G7-F probe. The same 1.7kb Pvull variant was present in three of this 

second group of five individuals, resulting in a total of 7 (24%) in the limited sample 

of 29 haplotypes analysed (ICE5 is an HLA homozygous cell line and therefore only
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Figure 3.28 Pvull RFLP in the G7 gene.
A Southern blot of genomic DNA from ten unrelated HLA-typed individuals digested with 
Pvull, fractionated on a 0.8% (w/v) agarose gel and transferred onto nitrocellulose was 
hybridised with the 2.7kb EcoRV/Xbal cDNA insert. The invariant restriction fragments of 
8.2, 6.4 and 1.6kb are indicated and the polymorphic fragments of 2.1 and 1.7kb, present in 
individuals 4,6,7 and 8, are marked.
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INDIVIDUALS DR HLA-B HLA-C HLA-A 1.7kb Pvull

1
2

3

4

5

6

7

8

9

10

Al

A2

A3

A4

A5

4,4

5,(6)

1,7

2,7

2

3,8

7,7

3,13

3,6

6

3,13

3,4

4,11

1,6

2,7

2,27

7,44

7,44

7,50

7

7,8

8,17

8,14

14

35

8,14

12,18

18,45

35,62

45,60

•

7

•

6,7

7

7

6

7,(8)

•

4

•

(5)

6

3,4

6,7

•

2,29

•

2,3

•

1,3

1,2

3,32

3,28

2

1,28

2

29,31

2,3

23,26

Table 3.2 HLA-typed individuals analysed by RFLP analysis.
The HLA types of 15 unrelated individuals are shown. Serological specificities 
not known are shown by dots (.) and uncertain results are shown in brackets. 
Individuals numbered 1 to 10 are shown in figure 3.28. The results from 
individuals A1-5 are not shown.The presence of the 1.7kb Pvull polymorphism 
in individuals is indicated by a cross (+).



counts as one haplotype).

To determine where the 1.7kb Pvull polymorphism is derived from, the 

autoradiograph shown in figure 3.28 was scanned for densitometric analysis using 

the Molecular Dynamics Computing Densitometer and the data analysed using the 

Molecular Dynamics Image Quant Software v3.0 (Department of Plant Sciences, 

Oxford University). Densitometric profiles of the areas within tracks 1 & 5, which do 

not contain the polymorphism, and tracks 4 & 7, which contain the polymorphism 

were calculated (Figure 3.29). Comparison of the samples with and without the 1.7kb 

fragment shows that the intensity of the 2.1kb fragment (Peak 3) is reduced to 

approximately half when the 1.7kb fragment is present. This suggests that the 

polymorphic Pvull site is located within the 2.1kb fragment. To map the location of 

the polymorphism within the cDNA, the 2.1kb Pvull genomic DNA fragment was 

isolated from cosmid 9N, radiolabelled and hybridised to a Southern blot of the G7-F 

cDNA. The results show that the hybridisation is limited to a 700bp Pvull fragment 

(Figure 3.30).

3.6.2 Characterisation of the G7 Pvull polymorphism

The 700bp Pvull fragment to which the polymorphic site was mapped [section 3.6.1] 

is flanked by oligonucleotides G7OL3 and G7OL4 [section 3.2.4]. This sequence was 

amplified by RT-PCR of total RNA isolated from HepG2, U937, HL60 and Daudi cell 

lines [section 3.4.1] and then digested with Pvull. Analysis of the digests by agarose 

electrophoresis (Figure 3.31) revealed that the PCR products are cleaved at positions 

corresponding to nucleotides 1656 and 2380/2363 in the cDNA sequence [section 

3.2.3] to generate a 724bp product. However, the products from the HepG2 and Daudi 

cell lines contained additional fragments of ~600bp and 130bp. Examination of the 

cDNA sequence ~130bp from the Pvull sites revealed that there are three possible 

locations (2250, 2256 and 2259) (Figure 3.5) at which a single base change would create 

an additional Pvull site. To identify which of these three positions is the 

polymorphic Pvull site, the ~130bp product from Daudi cells was subcloned into 

Smal cut M13mplO [section 2.7] and sequenced using the M13 universal primer

[section 2.9].

The sequence data shown in figure 3.32 shows that the polymorphic Pvull site lies 

at nucleotide 2256 in the cDNA sequence, 124bp from the 3' Pvull site. To generate
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Figure 3.30 Mapping the G7 Pvull RFLP within the G7 cDNA.
A cDNA clone G7-F was digested with the restriction enzymes shown and fractionated on a 
0.8% (w/v) agarose gel. B Southern blot of G7-F DNA hybridised with the 2.1kb genomic 
DNA fragment containing the Pvull RFLP. Sizes are in kb. C Restriction map of the G7-F 
cDNA clone containing sites for EcoRV (V), Styl (St), EcoRl (R), Hindlll (H), Sstl (Ss), 
yVcoI(N) and Pvull (P). The region hybridised by the 2.1kb genomic DNA fragment is shown as 
a shaded box.



1018

130bp

Figure 3.31 Pvull polymorphism in G7 cDNA.
The G7 RT-PCR products amplified using oligonucleotide primers G7OL3 and G7OL4 
from RNA isolated from the cell lines shown were digested with Pvull and fractionated on 
a 2% (w/v) agarose gel. Samples from cell lines U937 and HL60 contain the expected 
724bp fragment. The samples from HepG2 and Daudi contain additional fragments of 
~130bp and ~600bp with reduced intensity of the 724bp band. This indicates that the 
samples from HepG2 and Daudi cells contain the Pvull polymorphism within the amplified 
region -130 bp from one of the Pvull sites previously mapped in figure 3.30. Sizes are in 
bp.
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Figure 3.32 Localisation of the G7 Pvull polymorphism.
The nucleotide sequence of the ~130bp Pvull cDNA fragment from Daudi cells is shown in 
both orientations. The Pvull site at position 2257 is not present in the cDNA clones derived 
from U937 cells. The positions of the Pvull cleavage sites are shown. The recognition 
sequences of the Ncol site at position 2294 are shown, and an error in this sequences in 
one of the clones is shown in outline.



this site a single base change of A-»G, or G-+A, must have occurred. On the opposite 

strand this change is C-+T which could have been caused by deamination of 

methylcytosine to thymidine. The A-+G change causes a change of codon from ACT 

to GCT, which results in an amino acid change from threonine to alanine at residue 

734, which is at the C-terminus, beyond motif III, of the predicted protein sequence.

3.6.3 Dinucleotide (CA)n repeats

(CA) n repeats, or (dC-dA).(dG-dT) repeats, are the second most abundantly occurring 

human microsatellite DNA sequences. These tandem, dinucleotide repeats are 

stable, can be highly polymorphic and tend to consist of from 6 to 30 repeating units 

(Weber 1990). As such, these sequences can readily be amplified by PCR and are ideal 

markers for constructing high resolution genetic maps in order to identify 

susceptibility loci involved in genetic diseases.

In the human MHC class III region twelve (CA)n microsatellite sequences have 

been identified (Hsieh 1992) and of these, four were isolated from cosmid 9N. One of 

them, 9N-I, is located in the second intron of G6, whilst the others mapped to DNA 

fragments corresponding to G7 (Hsieh 1992). Their locations in the G7 gene were 

identified by analysis of the sequences obtained in section 3.3.2.

The first repeat, 9N-IV, lies 900bp upstream of the 5' end of the G7 cDNA and 39bp 

from an (AT)n repeat [section 3.3.2]; this is ~7kb away from the original position to 

which it was mapped. The allele sequenced possesses 19 dC-dA dinucleotides and 9 

dA-dT dinucleotides. These compound repeats are normally very polymorphic, but 

9N-IV could not be amplified by PCR. This is probably due to variation between the 

flanking sequences originally obtained (Hsieh 1992) and those shown in figure 3.15.

The next repeat, 9N-II, (Figure 3.15) lies within the third intron of G7, 61 bp 

downstream of exon III at the 3' end of an Alu repeat [section 3.3.3.2]. The allele 

sequenced contained 23 dC-dA dinucleotides. Seven alleles of 9N-II were detected at 

this locus and values of 72.3% heterozygosity and PIC (polymorphic information 

content)=0.705 were obtained from analysis of fifty unrelated individuals (Hsieh

1992).

The other repeat, 9N-III, (Figure 3.15) lies in intron 9 of G7, ~500bp downstream of 

exon IX at the 3' end of an Alu repeat [section 3.3.3.2]. This is unusual as Beckman 

and Weber (1992) noted that only two out of fourteen (CA) n repeats were observed
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adjacent to Alu elements. The particular allele sequenced at 9N-II contained 17 dC- 

dA dinucleotides, but 13 different alleles were detected with 80.6% heterozygosity 

and a PIC value of 0.797 from analysis of fifty unrelated individuals (Hsieh 1992).

3.7 EXPRESSION OF G7 POLYPEPTIDES

3.7.1 Expression of G7 fusion proteins

To confirm the expression of G7 at the protein level it is necessary to raise antibodies 

which detect G7 protein. In addition, antibodies that detect the G7 protein product 

could be used to determine the subcellular localisation of the protein and facilitate 

determination of its function. Towards this aim, antigens with the predicted protein 

sequence were prepared.

The E.coli expression vector, pGEX-2T (Smith and Johnson 1988) facilitates the 

expression and isolation of predicted protein sequences, such as that of G7, encoded 

in cDNA sequences. The pGEX-2T vector contains the coding sequence of the 26kDa, 

glutathione S-transferase of Schistosoma japonicum (Sj26) with the termination 

codon replaced by a polylinker sequence followed by TGA stop codons in all three 

reading frames such that cDNA sequences can be subcloned in all three reading 

frames. Induction by IPTG produces SJ26 as a fusion protein, with the predicted 

protein sequence encoded by the cDNA insert fused at the C-terminus. In addition, 

the pGEX-2T vector includes the thrombin cleavage site, Leu-Val-Pro-Arg-Gly-Ser, 

upstream of the cloning sites in the polylinker, which allows subsequent cleavage of 

the fusion protein to release the cDNA-encoded antigen.

Five different cDNA fragments from the full length G7 cDNA clone, G7-F, were 

subcloned, in phase with the SJ26 reading frame, into the Smal site of the pGEX-2T 

polylinker [section 2.7]. These cDNA restriction fragments were: a 702bp 

EcoRV/HzncII fragment, encoding amino acids 1-233; a 1420bp EcoRV/Ncol 

fragment, encoding amino acids 1-472; a 2663bp EcoRV/Xbal fragment, encoding the 

complete G7-F open reading frame; a 1962bp Hinctt/Xbal fragment, encoding amino 

acids 234-638 and an 826bp Ncol fragment, encoding amino acids 473-638 (Figure

3.33).

The plasmid constructs were transformed into E.coli NM554 competent cells
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Figure 3.33 Expression of G7 fusion proteins.
Plasmid constructs pGEX-18N (A) and pGEX-44HX (B) containing G7 cDNA fragments 
(shaded regions) for expression as fusion proteins with SJ26 (filled regions). Arrows 
indicate the direction of transcription. Asterisks (*) show the positions of stop codons in 
the cDNA sequences. Induction of expression of the SJ26-18N (C) and SJ26-44HX (D) 
fusion proteins and SJ26 protein by IPTG. Total E.coli cell lysates fractionated on 10% 
(w/v) acrylamide gels by SDS-PAGE are shown following induction by IPTG (+) or in the 
absence of IPTG (-) (C). The bands corresponding to fusion proteins and SJ26 are shown. 
Sizes are in kDa.



[section 2.7.5] and expression of the G7 polypeptide-S)26 fusion proteins was induced 

by the addition of IPTG [section 2.12.5]. Small samples of total cell lysates were 

analysed by SOS-PAGE on 10% (w/v) polyacrylamide gels to determine the level of 

expression of fusion protein by each clone compared with uninduced cells. Fusion 

proteins of 44kDa and 70kDa, were only induced by addition of IPTG to cultures of 

the clones containing the 1962bp HincH/Xbal and the 826bp Ncol fragments, 

respectively (Figure 3.33). The other clones did not express any fusion protein. These 

clones all encode the N-terminal sequence of G7, but there is no indication why this 

sequence should prevent expression of the fusion proteins.

3.7.2 Purification of G7 fusion proteins

The two fusion proteins expressed in E.coli [section 3.7.1] were isolated from cell 

lysates by absorption onto glutathione agarose beads [section 2.12.6] and at this stage 

the yields from the two clones were compared by SDS-PAGE. The larger, 70kDa, 

fusion protein, consisting of 26kDa SJ26 and ~44kDa generated from the 1962bp, 

HincR/Xbal G7 cDNA fragment, produced significantly poorer yields than the 

~44kDa fusion protein consisting of 26kDa Sj26 and ~18kDa generated from the 

826bp, Ncol G7 cDNA fragment. Consequently, the latter protein was used in 

subsequent experiments.

Although the purified ~44kDa fusion protein, was isolated on glutathione agarose 

beads [section 2.12.6] and was directly cleaved, on the beads, with thrombin [section 

2.12.7], no G7 polypeptide was released into the supernatant. To confirm that the 

fusion protein had been cleaved by thrombin, samples of the supernatant and the 

beads were removed at 0, 30, 60 and 120 minutes after the addition of thrombin and 

analysed by SDS-PAGE on a 15% (w/v) polyacrylamide gel (Figure 3.34). The result 

indicated that the G7-SJ26 fusion protein is cleaved by thrombin, but that the 18kDa 

G7 polypeptide generated is apparently insoluble and remains bound to the beads.

Since the G7 polypeptide could not be isolated away from Sj26 by thrombin 

cleavage the intact fusion protein was eluted from the glutathione agarose beads 

using reduced glutathione [section 2.12.8] (Figure 3.35). However, using this 

procedure the yield of fusion protein was very poor (~20|ig/litre of bacterial culture) 

making the preparation of sufficient antigen to raise antibodies an impractical task.
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Figure 3.34 Cleavage of the pGEX-18N expression product with thrombin.
The pGEX-18N expression product SJ26-18N isolated on glutathione agarose beads was 
cleaved with thrombin at 25°C. Aliquots were removed 0, 30, 60 and 120 min after addition 
of thrombin and the beads and supernatant were analysed separately by SDS-PAGE on a 
15% (w/v) acrylamide gel. The pGEX-18N expression product and the cleavage products 
Sj26 and 18N are indicated. None of the 18N thrombin cleavage product is visible in the 
supernatant. Sizes are in kDa.
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Synthetic N- or C-terminal peptide haptens conjugated onto carrier proteins as 

antigens may facilitate future attempts to raise antibodies against G7.

3.8 DISCUSSION

3.8.1 The G7 gene

The G7 gene lies in the MHC class III region, 58kb telomeric of HSP70-Hom and 

contains 27 exons that span -22kb of DNA. Although G7 was originally shown to 

express an ~3kb mRNA in monocytic and macrophage cells by Northern blot 

analysis (Sargent et al. 1989a), using the more sensitive RT-PCR technique, G7 

expression has now been demonstrated in all the cell lines examined [section 3.4.1]. 

However, the level of G7 expression is low in most cell types and appears to be 

highest in monocytes and macrophages [section 3.4.1].

G7 contains three (CA)n repeats located within its introns and in the 5' flanking 

region of the gene [section 3.6.3]. Two of these repeats have been characterised in 

detail and have been shown to be highly polymorphic and stably inherited (Hsieh 

1992). As a result these repeats can be used for linkage studies to map disease 

susceptibility loci in the MHC class III region. The three (CA) n repeats lie within a 

region spanning 7kb, a much higher density of repeats than the 1 in 30kb predicted 

by Weber and May (1989).

Nucleotide analysis of the cDNA clones obtained in section 3.2.3 has 

demonstrated a large amount of variation in their splicing patterns, altering and 

terminating their ORFs. This observation may be due to the aberrant splicing of 

transcripts which can occur in cultured cell lines. For the G7 cDNAs, however, these 

variations have been explained on the basis of the exonic sequence data [section 3.3.4] 

and includes the alternative use of two exons that are both utilised in expression of 

G7 in cell lines [section 3.4.2]. This alternative splicing results in the production of 

two different putative protein products of 749 amino acids (M r 83171), the product 

encoded by the higher abundance mRNA, and 788 amino acids (M r 87624), the 

product encoded by the lower abundance mRNA.
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3.8.2 Functions of the G7 proteins

The variation between the two predicted G7 protein sequences involves 5 amino 

acids at the C-terminus and an additional 37 amino acid residues in the less 

abundant form. No known function has been assigned to these sequences although 

the additional 37 amino acids do include three pairs of dibasic residues that may 

have some biological function.

The negatively charged, glutamic acid-rich, region of the G7 protein, which is also 

found in several chromatin-associated proteins, is shorter in G7 than in the other 

proteins, but the potential significance of this observation is unknown. However, 

the predominantly acidic sequences have been associated in CENP-B with the 

scleroderma variant CREST (Earnshaw et al. 1987) and in SLE with an autoantigen 

HMG-1 (Wen etal 1989).

The most striking similarity detected within the putative G7 protein sequence is 

that which is shared with all the DNA mismatch repair proteins and homologues so 

far identified. All of these proteins have been shown to contain a type A nucleotide 

binding site for ATP or GTP, which does not conform to any of the previously 

defined subgroups (Saraste et al. 1990). ATPase activity has been detected that co- 

purified with E.coli MutS (Grilley et al. 1989) and site directed mutagenesis of the 

nucleotide binding site in the S.typhimurium MutS reduces this ATPase activity 

(Haber and Walker 1991).

The MutS and HexA proteins have been demonstrated to recognise mismatched 

DNA by direct interaction (Su and Modrich 1986) and by negative complementation 

(Haber et al. 1988). In addition, the mismatch binding activity of S.typhimurium 

MutS is affected by mutagenesis of the ATP binding domain (Haber and Walker 

1991). MutS, therefore, is believed to bind to mismatched DNA and in an ATP- 

dependent step MutL and MutH bind so that MutH can nick the DNA at an 

unmethylated site initiating DNA repair (Modrich 1991).

Although G7 shows very strong similarity with the DNA mismatch repair 

proteins and their homologues and probably shares some structural similarity it 

does appear to lack two important motifs, a nuclear localisation signal and a 

consensus DNA binding site. However, the nuclear targeting signal consensus was 

only present in 56% of the nuclear proteins searched by Dingwall and Laskey (1991) 

and proteins <4.5nm in diameter or <60kDa, can move freely into and out of the
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nucleus (von Heijne 1988). The apparent lack of DNA binding site consensus 

sequence (Churchill and Travers 1991) may be due to a different binding specificity in 

G7. For example, if G7 specifically recognises damaged DNA then the DNA structure, 

and therefore the binding specificity, would be different, requiring a different 

structure in the binding protein. The DUG protein is more similar to the bacterial 

proteins and is more likely to have the same function in man. An altered specificity 

in G7 for damaged or modified DNA is therefore more likely. This correlates with 

the ubiquitous expression of G7, but the elevated levels in monocytic and 

macrophage cell lines may be due to the increased possibility of DNA damage, and 

need for repair during hydroxyl free-radical production following phagocytosis.

3.8.3 Possible roles of G7 in disease

The original work of Teuscher et a/. (1990) and Snoek et al. (1991) indicated that 

because of its location, between HSP70 and BATS, G7 was a potential candidate gene 

for the Orch-1 locus. However, subsequent work by Snoek et al. (1993), in addition to 

confirming the location of a gene homologous to G7 in the mouse H-2S region, has 

shown that the Orch-1 locus lies centromeric of G7, so that G7 itself cannot be the 

Orch-1 locus.

The putative G7 protein sequence [section 3.5.1] and the variation in G7 mRNA 

levels in different cell types [section 3.4.1] provide evidence that G7 may possibly play 

a role in other disease conditions. The negatively charged, glutamic acid rich region 

in the putative G7 protein sequence [section 3.5.1] may play a role in scleroderma or 

SLE disease aetiology [section 3.8.2], but the length of this region of negatively 

residues is shorter than that of the other disease associated proteins [section 3.5.1] 

and G7 is probably not involved in these disease states.

The significant similarity of the putative G7 protein sequence with DNA 

mismatch repair proteins and their homologues [section 3.5.2] indicates that G7 

probably has a similar function. However, the absence of a DNA binding site similar 

to those found in the DNA mismatch repair proteins [section 3.5.2] may indicate that 

the DNA binding specificity, and subsequent protein function, is different. The 

putative G7 protein may play a role in other DNA repair mechanisms, but not 

mismatch repair.

Five main human DNA repair disorders have been identified: xeroderma
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pigmentosum, Cockayne syndrome, Fanconi's anaemia, ataxia telangiectasia, 

Bloom's syndrome and '46 BR', identified by the cell line in which it was originally 

observed. These disorders are associated with twenty two complementation groups 

or genes, of which seven have so far been cloned (Hoeijmakers and Bootsma 1992). 

Patients that suffer from these different disorders, differ in their sensitivity to 

different agents e.g. ultraviolet rays and X-rays, and the proteins responsible may 

therefore have different specificities (Hoeijmakers and Bootsma 1992). G7 may be 

one of these loci responsible for one of the human DNA repair disorders.

The increased levels of G7 mRNA expression in monocytic cell lines [section 3.4.1] 

suggest a role for G7 in the immune system. This could be related to monocytic and, 

following differentiation, macrophage functions. The production of hydroxyl free- 

radicals, following phagocytosis, may cause some damage to DNA in the cell. 

However, G7 may protect monocytes and macrophages from excessive DNA damage 

and may also be important in other cells where this damage is not so acute. The 

deficiency of such an enzyme or the presence of polymorphic variants with lower 

activity could result in cell death, and the release of damaged DNA. The modified 

DNA fragments could then be recognised as antigens, leading to the production of 

anti-DNA antibodies such as those which have been identified in patients suffering 

with SLE.
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CHAPTER 4



CHARACTERISATION OF G7b

4.1 INTRODUCTION

The identification of genes in the human MHC class III region, following the 

isolation of overlapping cosmids (Sargent et al. 1989a; Spies et al. 1989a,b, 1990; 

Kendall et al. 1990), has previously been carried out using two different approaches. 

Initially, Sargent et al (1989a) mapped HTF-islands in this region, since these 

undermethylated, CpG-rich sequences have been shown to be frequently associated 

with the 5' ends of housekeeping, and some tissue-specific, genes (Bird 1986, 1987; 

Gardiner-Garden and Frommer 1987). The identification of eleven HTF-islands in 

the interval from C2 to TNF-A led to the identification of fourteen novel genes; 

G1-G10, B144 and the HSP70 gene cluster (Sargent et al. 1989a,b; Milner and 

Campbell 1990). The second approach, adopted by Spies et al. (1989a,b, 1990) and 

Kendall et al. (1990), involved using whole cosmid inserts to screen cDNA libraries 

and this has led to the identification of seventeen novel genes between HLA-DRA 

and HLA-B; BAT 1-5 (Spies et al. 1989a), BAT 6-9 (Spies et al. 1989b), Gil-18 (Kendall 

et al. 1990), X2-6 (Spies et al. 1990) and gene G9a, which lies between G9 and G10 

(Milner and Campbell 1993).

Comparison of the locations of these novel genes mapped within the MHC class 

III region has revealed that neither method always detects all the genes present. 

Approximately one third of the genes within the MHC class III region are not HTF- 

island associated and low abundance or tissue specific mRNAs are more likely to be 

missed when large genomic DNA fragments are used as probes on specific cDNA 

libraries. As a result, BATS (G9a) was not originally detected by Sargent et al. (1989a), 

as it is not associated with an HTF-island, and Gl, G4, G7, G8, Gil, G12 and G17 were 

not detected by Spies et al. (1989a,b, 1990).

One of the potential HTF-islands identified by Sargent et al. (1989a), located ~15kb 

telomeric of HSP70-Hom, was not previously analysed for associated transcripts. 

This HTF-island is characterised by recognition sites for the restriction enzymes
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Figure 4.2 Detection of the G7a and G7b genes.
Southern blot of total genomic DNA from ICE5 (A) and Northern blot of total RNA isolated 
from the cell lines shown (B) hybridised with the ~9kb Bglll/Xhol genomic DNA probe under 

competitive conditions. The probe contains single-copy sequences and detects two mRNA 
transcripts of -0.9kb and ~4kb in size. Sizes are in kb.



BssHII and SacII, separated by ~500bp, that are cleaved in genomic DNA (Sargent et 

al. 1989a). An -9kb BglU/Xhol DNA fragment containing the HTF-island was 

isolated from cosmid 10S (Figure 4.1) and hybridised, under competitive conditions 

by RD Campbell to a Southern blot of total genomic DNA digested with BamHl, BglE 

and Hindlll and to a Northern blot (Figure 4.2). These two results demonstrated that 

the probe contains single-copy sequences that hybridise to two mRNA species of 

~0.9kb and ~4kb, present in all the cell lines examined (Figure 4.2). The two mRNA 

species have since been shown to be encoded by different genes. The ~4kb mRNA is 

transcribed from G7a, which encodes a valyl-tRNA synthetase (VARS2) (Hsieh and 

Campbell 1991). The other mRNA of ~0.9kb is transcribed from a novel gene, G7b. 

This novel gene has been sequenced at the cDNA and genomic DNA levels in order 

to define the protein product it encodes. This, in turn, may give some indication as 

to the function of the protein or to the possible role it may play in autoimmune 

disease aetiology. Antibodies have been raised against the predicted G7b protein 

product in an attempt to identify the protein by Western blot analysis.

4.2 ISOLATION AND CHARACTERISATION OF G7b cDNA CLONES

4.2.1 Isolation and identification of G7b cDNA clones

The ~9kb BglE/Xhol DNA fragment (Figure 4.1), isolated from cosmid 10S [section 

2.4.3], which contains the potential HTF-island located ~15kb telomeric of 

HSP70-Hom, was used to screen a cDNA library constructed from mRNA derived 

from U937 cells (a gift from D Simmons, Institute of Molecular Medicine, Oxford), 

since both mRNA transcripts detected by this probe were present in that cell line 

(Figure 4.2).

A total of 5x10 5 colonies were screened using the genomic DNA probe, competed 

with 125jj,g/ml placental DNA [section 2.8.1]. Sixty-nine, duplicating positives were 

identified and 18 out of 20 of these were successfully rescreened with the same probe 

[section 2.8.2]. The largest cDNA insert, the 3.6kb insert of clone G7a-l (Hsieh and 

Campbell 1991), was excised using Xhol and isolated from LGT agarose [section 2.4.3]. 

This insert fragment was then used as a probe to screen the other cDNA inserts 

which had been excised from the vector, separated by agarose gel electrophoresis and
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transferred onto nitrocellulose by Southern blotting [section 2.5.1]. As a result 

fourteen clones, related to G7a-l, were identified. The largest cDNA insert from the 

remaining three clones, the ~0.9kb insert of clone G7b.l-7, was excised using Xhol, 

isolated from LGT agarose [section 2.4.3] and similarly used to show that these three 

clones were also related. The G7b.l-7 probe was also used to directly screen the 

remaining 49 positives not previously rescreened [section 2.8.2] and to screen the 

library again for additional cDNA clones [section 3.2.1]. Two G7b clones were 

identified from the 49 remaining positives. In addition, two new clones, G7b.2-a and 

G7b.3-a, were also isolated from the cDNA library and rescreened [section 2.8.2]. The 

insert sizes of the seven positive clones ranged from 0.6kb to 0.9kb.

4.2.2 Mapping the location of the cDNA inserts in cosmid 10S

To confirm that the two sets of cDNA clones are both encoded within cosmid 10S, 

the G7a-l and G7b.l-7 inserts were used to probe Southern blots of cosmid 10S DNA 

digested with Hz'ndlll, Bglll and BamHl (Figure 4.3). The results demonstrated that 

the two cDNA inserts hybridise to two sets of DNA fragments from cosmid 10S that 

overlap in the region from which the original genomic DNA probe was derived 

(Figure 4.3). Subsequent mapping, using G7a cDNA inserts, revealed that the 5' end 

of G7a lies within the HTF-island and that the gene extends in a telomeric direction 

towards G7 (Hsieh and Campbell 1991). Additional mapping revealed that G7b lies 

centromeric of the HTF-island [section 4.3.1].

4.2.3 Southern and Northern blot analysis

In order to determine the copy number, and to check the authenticity of the G7b.l-7 

cDNA insert, the 0.9kb cDNA probe [section 4.2.1] was hybridised to Southern blots of 

cloned DNA from cosmid 121 (Figure 4.1), which extends centromeric of cosmid 10S, 

and total genomic DNA from the HLA homozygous cell line, ICE5, from which the 

cosmid library was originally constructed (Sargent et al. 1989a). The DNA was 

digested with the restriction enzymes BamHl, Bglll, Hzndlll, BstEll, Pstl, Sstl, EcoRl, 

Rsal, Ncol and Pvull. The ~20kb BamHl, -llkb and 6kb Bglll and ~20kb, 5kb and 

0.5kb Hzndlll DNA fragments from cosmid 121 (Figure 4.4 A) detected by the probe 

were in agreement with those obtained by Sargent et al. (1989a; figure 4.1). However, 

upon probing the total genomic DNA Southern blot, the same restriction pattern
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Figure 4.4 Southern blot analysis of G7b.
Southern blots of cosmid 121 DNA (A) and ICES total genomic DNA (B) hybridised with the 
G7b.l-7 cDNA insert. Sizes are in kb
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Figure 4.5 Northern blot analysis of G7b.
Total RNA (20|Lig) isolated from the cell lines shown was fractionated on a 1% (w/v) agarose 
formaldehyde denaturing gel and transferred onto nitrocellulose. The Northern blot was 
hybridised with the G7b.l-7 cDNA insert. The positions of migration of the 
185 and 285 rRNA are shown.



was observed except that additional bands were also present in all the digested 

samples (Figure 4.4 B) indicating that the cDNA insert does not correspond to a 

single-copy sequence. The number of additional bands varies from three in Ncoland 

Sst I digested DNA, to five in BstEll digested DNA, suggesting that there may be up to 

three homologous sequences elsewhere in the human genome.

The G7b.l-7 probe was also hybridised to a Northern blot of total RNA prepared 

from cultured cell lines representing monocytes (U937), macrophages (U937 cells 

stimulated with Phorbol 12-myristate 13-acetate [PMA]), B lymphocytes (Raji), T 

lymphocytes (Molt4), liver (HepG2) and epithelium (HeLa). A mRNA of ~0.9kb was 

prominent in U937 cells and U937 cells stimulated with PMA (Figure 4.5), although 

it was also detected in the other cell lines at a lower level. However, on the original 

Northern blot, probed by the single copy genomic DNA probe (Figure 4.2 B), the 

level of this mRNA species was the same in all the cell lines and it is therefore 

possible that the increase is due to cross hybridisation to another mRNA species 

encoded by one of the other homologous sequences elsewhere in the human 

genome.

4.2.4 Nucleotide sequence analysis of the G7b cDNA clones

The G7b.l-7 clone was initially digested with a range of restriction enzymes to 

identify those that cleave within the insert. Only Pstl and Sail were found to cut 

within the insert and both sites were found to lie towards the middle of the sequence 

(Figure 4.6). Using this information, the G7b.l-7 cDNA insert was excised by 

digestion with Xhol and cleaved using Sail, and the two resulting, ~450bp, DNA 

fragments were separated from the CDM8 vector on a 3.5% (w/v) polyacrylamide gel 

[section 2.4.5] and recovered as described in section 2.4.6. The isolated DNA 

fragments were subcloned into Smal cut M13mplO [section 2.7] and sequenced using 

the M13 universal primer [section 2.9.3]. The sequence data obtained from subclones 

containing the fragments in different orientations were shown to overlap in the 

middle (Figure 4.6) so that the complete sequence of both fragments was obtained. 

Analysis of this sequence identified other restriction sites for Eagl, Ncil, Sacll, Pvull, 

BstEll, Styl and BstNl within the original insert of G7b.l-7 (Figure 4.6). To confirm 

this sequence, the complete sequence of both strands of DNA was obtained by 

excising the G7b.l-7 insert using Xhol and then cleaving with Nn'I and BstEll to
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generate DNA fragments of 140, 355 and 320bp. These DMA fragments were 

fractionated on a 3.5% (w/v) polyacrylamide gel [section 2.4.5], recovered [section 

2.4.6] and subcloned into Smal cut M13mplO [section 2.7]. The subclones were 

sequenced using the Ml3 universal primer [section 2.9] and this completed the 

sequence of the forward strand (Figure 4.6). However, the presence of a 22bp poly(A) 

tail prevented the sequencing reactions at the 3' end from reaching the BstEll site. To 

complete the sequence, a 250bp BstER/BstNl DNA fragment from clone G7b.l-7 was 

isolated, subcloned and sequenced (Figure 4.6).

The G7b.l-7 cDNA sequence is 837bp long (Figure 4.7), including a 22bp poly(A) 

tail which lies 12bp downstream of a polyadenylation signal, AATAAA, indicating 

that this corresponds to the 3' end of G7b. To confirm whether any of the other 

cDNA clones that had been isolated contained inserts that extended further than 

G7b.l-7 at the 5' end, all the remaining positive clones [section 4.2.1] were digested 

with Eagl and Sail in combination with Xhol. Analysis of the digestion products by 

agarose gel electrophoresis revealed that clones G7b.2-a and G7b.3-a extended further 

than G7b.l-7. As a result, these two clones were digested with Sall/Xhol and the 

insert DNA fragments isolated, subcloned and sequenced, as described for G7b.l-7. 

Comparison of the G7b.l-7, G7b.2-a and G7b.3-a cDNA sequences (Figure 4.7) 

revealed that clone G7b.3-a extends G7b.l-7 at the 5' end by 49bp to yield 864bp of 

sequence.

The 3' end of the G7b.2-a and G7b.3-a sequences contain poly(A) tails of 21 bp and 

46bp, respectively. In addition, clone G7b.3-a includes a 31 bp deletion, 240bp from the 

5' end of G7b.l-7 (Figure 4.7), which was later shown to correspond to one of the 

exons of G7b [section 4.3.3]. This deletion produces a frameshift in the coding 

sequence which alters the putative G7b protein product.

4.2.5 Mapping the 5' end of G7b mRNA by RNase mapping

Genomic DNA sequence analysis of G7b [section 4.3.2] revealed that the most 5' end 

of the cDNA sequence lies within a 1.4kb BgW Sail DNA fragment. A 520bp 

Styl/Pvull DNA fragment, from this region, containing exon I of G7b and 300bp of 

upstream sequence (Figure 4.14), was subcloned into Hindi cut pGEM-3Zf. This 

clone was used to determine the extent of the 5' exon by RNase mapping, as 

described in section 2.10.2. An antisense RNA probe was transcribed, from the
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Figure 4.8 RNase mapping analysis of the 5' end of G7b mRNA.
An antisense RNA probe was transcribed from a 520bp Styl/Pvull genomic DNA fragment which 
contained exon I of G7b and ~300bp of upstream sequence using T7 RNA polymerase.The probes 
were hybridised with 20u.g of total RNA isolated from U937 cells and 40u,g of tRNA. Following 
RNase digestion samples were electrophoresed on a 6% (w/v) acrylamide/7M urea denaturing gel 
with an M13mpl8 sequence ladder as size markers. Specific digestion products of 243, 225 and 
212bp in the track containing probes hybridised with RNA isolated from U937 cells are indicated.



cut pGEM clone containing the 520bp Styl/Pvull insert, using the 

bacteriophage T7 promoter in the vector. The antisense riboprobe was hybridised to 

total U937 RNA and then digested with RNase A and RNase T 1 to remove single- 

stranded RNA. The specific RNA:RNA hybrid products (Figure 4.8), not present in 

the tRNA control, were 212bp, 225bp and 243bp in size. The largest product, of 243bp, 

suggested that the cDNA sequence could be extended by 22bp so that the longest 

mRNA sequence is apparently 886 nucleotides. This is in good agreement with the 

size of the mRNA species detected by Northern blot analysis (Figure 4.5).

4.2.6 G7b mRNA structure

Translation of the cDNA sequence data in three phases revealed the potential ORFs 

in the G7b cDNA sequence (Figure 4.9). The first methionine codon (ATG) is located 

219bp from the start of the cDNA sequence (Figure 4.9) and conforms to the start 

consensus, A /GNCAUG, of Cavener and Ray (1991) and Kozak (1991). However, 

although this is the first methionine codon, there are no stop codons upstream of 

this position, or in the 22bp extending 5' from this sequence (Figure 4.15). The ORF 

starting with the first methionine extends for 285bp and encodes a 95 amino acid 

residue polypeptide (Figure 4.9 C). Therefore, including the 22bp extension derived 

from the RNase mapping result, the G7b mRNA consists of a 5' untranslated region 

of 240bp, a 3' untranslated region of 361bp containing a polyadenylation signal and 

an ORF of 285bp.

The deletion of one exon in clone G7b.3-a [section 4.2.4] alters the ORF to produce 

a truncated putative polypeptide of 26 amino acids (Figure 4.9 B).

4.3 DETERMINATION OF G7b GENE STRUCTURE

The presence of a deletion in one of the cDNA clones necessitated confirmation of 

the sequence of the G7b exons. As a result, the G7b gene structure was determined in 

order to confirm the integrity of the cDNA sequence. Also, in the absence of a single 

putative ORF in the G7b cDNA sequence, confirmation of the nucleotide sequence 

could help to determine the derived amino sequence.
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4.3.1 Mapping of the G7b gene

To map the location of G7b in finer detail, cosmid 10S DNA digested with BamHl, 

Bglll and Hzndlll, singly and in pairwise combinations, was fractionated on an 

agarose gel, transferred onto nitrocellulose by Southern blotting [section 2.5.1] and 

probed with the G7b.l-7 insert (Figure 4.10). The cDNA insert hybridised to two 

distinct regions of cosmid 10S that lie at least 4kb apart and span up to 15.5kb (Figure 

4.11). This raised the possibility that there may be two homologous sequences 

between HSP70-Hom and G7a that hybridise to the cDNA insert.

To reduce the size of the cosmid insert in order to assist in the mapping of the 

region and in subcloning genomic DNA fragments, cosmid 10S was religated [section 

2.7.4] at two BamHl sites telomeric of G7b in the genomic DNA insert. This reduces 

the genomic DNA insert of cosmid IDS from 42.5kb to 18kb in the religated cosmid, 

10S rM.

In order investigate the possibility that the G7b locus may be duplicated within the 

region between G7a and HSP70-Hom, the 5' Xhol/Ncil and 3' BstEU/Xhol cDNA 

fragments [section 4.2.4] were radiolabelled [section 2.6.1] and each hybridised to a 

Southern blot of religated cosmid 10S rM DNA, digested with Sall/Sacll, Sail/Xhoi, 

Sall/Bglll and Hindffl/XfcoI. The results confirm that the G7b cDNA is encoded by a 

single locus (Figure 4.12), that spans up to 12kb, between HSP70-Hom and G7a 

(Figure 4.11). In addition, the use of specific probes, from the 5' and 3' ends of the 

cDNA insert, revealed that the 5' end of the gene lies adjacent to the 3' end of HSP70- 

Hom and that the 3' end lies adjacent to the 5' end of G7a (Figure 4.11), in a head-to- 

tail arrangement. The 3' limit of G7b also lies centromeric of the SacII site at the 5' 

end of G7a, confirming that the two genes are distinct and encode different mRNA 

species.

Additional mapping, using the G7b.3-a cDNA insert, was carried out to further 

refine the location of G7b exons. The cDNA probe was hybridised to a Southern blot 

of cosmid 10S rM DNA, digested with Sall/Bglll, Sail/SacII, Sall/EagI, XhoI/EagI 

Bgin/Eagl and BglH/SacII combinations. The hybridisation pattern obtained (Figure 

4.13), and the original mapping data [section 4.2.2], revealed that the G7b exons are 

encoded within two regions of genomic DNA, up to 2kb and 4kb in size, that lie at 

least 6kb apart (Figure 4.11).
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4.3.2 Nucleotide sequence analysis of G7b exons 

4.3.2.1 Sequencing the 5' region of G7b

At the 5' end, the coding region of G7b lies within an ~1.4kb BglK/Sail DNA 

fragment and an ~0.6kb Hindlll DNA fragment, which overlap for ~100bp (Figure 

4.14). The ~1.4kb Bglft/Sail DNA fragment was isolated from the genomic DNA 

subclone, 10S rM [section 2.4.5], and recovered as described in section 2.4.6. The DNA 

fragment was subcloned into Hindi cut pGEM-3Zf and sequenced using a series of 

further subcloning steps (Figure 4.14) to generate templates for use in sequencing 

reactions [section 2.9.4] primed with the Ml3 universal primer. At one position a 

compression in the DNA sequence was resolved using cycle sequencing [section 

2.9.5].

The ~600bp Hindlll DNA fragment was excised from the subclone 10S rM and 

cloned directly into Hindi cut pBC. Single-stranded DNA was prepared from the 

phagemid [section 2.9.2] and sequenced using the Ml 3 universal primer [section 

2.9.3] (Figure 4.14).

4.3.2.2 Sequencing the 3' region of G7b

Within the 4kb of DNA to which the 3' end of G7b had been mapped [section 4.3.1], 

few restriction sites had previously been identified. To obtain a more detailed 

restriction map of this region, the restriction sites known to cleave within the cDNA 

insert, and also a variety of other restriction sites, were mapped within the subclone 

10S rM DNA. Approximately 500bp EcoRI/PywIIand ~750bp Hindi DNA fragments, 

flanking the Sail site which is common to both the G7b cDNA and genomic DNA 

sequences, were subcloned directly from the subclone 10S rM into Hindi cut pBC. 

Using the T3 pBluescript primer and the Ml3 universal primer, both inserts were 

sequenced using double-stranded DNA templates [section 2.9.4] (Figure 4.14). To 

complete the ~750bp Hindi DNA fragment sequence, the clone was religated at the 

Stul site, within the insert, and unique restriction sites in the vector polylinker 

sequence. The double-stranded templates generated were then sequenced using the 

T3 pBluescript primer and the M13 universal primer to complete the exonic 

sequence of G7b (Figure 4.14).

4.3.3 G7b gene structure

By comparison of the G7b cDNA sequence data [section 4.2.4] with the G7b genomic
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DNA sequence data [section 4.3.2], the genomic organisation of G7b was defined 

(Figure 4.15). The G7b gene is organised into five exons, I to V, of 243, 68, 31, 60 and 

484bp, respectively, that span ~10kb and are clustered into two groups. At the 5' end, 

exons I and II lie 600bp apart, whilst at the 3' end exons III and IV are separated by 

227bp and exons IV and V are 106bp apart. These two groups of exons are separated 

by an ~8kb intron. The putative G7b ORF starts in exon I and extends into exon V 

[section 4.2.6]. There is no variation between the sequence derived from the cDNA 

clones and the genomic DNA, except for the 31 bp deletion observed in cDNA clone 

G7b.3-a [section 4.2.4] which corresponds to exon III. All the exon-intron boundaries 

were sequenced and all the splice sites conform to the GT/AG rule (Krainer and 

Maniatis 1988) (Figure 4.16).

4.3.4 Identification of an additional RTF-island at the 5' end of G7b 

Analysis of the CpG content of 2kb of genomic DNA sequence, encoding exons I and 

II of the G7b gene and extending ~800bp upstream of the 5' end of the cDNA 

sequence, was carried out using the GCG package CPGPLOT program. The result 

revealed the presence of a CpG-rich sequence characteristic of an HTF-island at the 5' 

end of G7b, between nucleotides 650 and 950 (Figure 4.17). This region contains two 

Eagl sites within the putative island and a Sacll site, clustered about exon I (Figure 

4.15), which are also cleaved in genomic DNA (Sargent et al. 1989a), confirming that 

this CpG-rich sequence is probably unmethylated in uncloned genomic DNA. 

Therefore, G7b is probably transcribed from a previously undefined HTF-island 

which is located ~2.0kb from the 3' end of HSP70-Hom.

4.3.5 Upstream sequence analysis of G7b

Genomic DNA sequence analysis of G7b included ~800bp of sequence upstream of 

the 5' end of the cDNA start sites (Figure 4.15). Within this sequence there are two 

Alu repeat sequences [section 4.3.6] in addition to the 5' end of the HTF-island 

[section 4.3.4]. This region was analysed for the presence of putative transcription 

factor binding sites, by comparison with the consensus elements reported by Locker 

and Buzard (1990) and Jones et al (1988), and the results are shown in figure 4.18. 

This region does not contain any CAAT or TATA box promoter sequence elements, 

which are normally located at specific positions relative to the transcription start site
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Figure 4.17 Gardiner-Garden Plot of the 5'end of G7b.
The CpG content of the nucleotide sequence from the 5' contig (Figure 4.15) analysed 
by the CPGPLOT program, using a 200 base window and shift increment of 10, is 
shown. Exons I and II of the G7 gene are shown as filled boxes and the 5' extent of 
the RNase mapping products is shown as a vertical arrow.
Obs/Exp is (No. of CpG dinucleotides/No. of C x No. of G) x N 
where N is the window size. (Gardiner-Garden and Frommer 1987)
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of a gene. However, sequences for multiple potential GC boxes, Spl and AP-2 binding 

sites and other transcription factor binding sites were identified, clustered around 

the 5' end of the cDNA sequences and the putative transcription start site, and 

extending upstream into the Alu repeat elements (Figure 4.18). Although the 

potential transcription start sites have been identified by RNase mapping, it is not 

clear which transcription factors may be involved in the control of G7b transcription.

4.3.6 Alu repeat sequences in G7b

Using the genomic DNA sequence data obtained in section 4.3.2, divided into 

overlapping SOObp fragments, the GENEMBL DNA database was screened using the 

GCG package FASTA program. The results identified two complete repeats and 

another partial repeat sequence from the Alu family of SINES [section 3.3.3.21. One of 

the complete repeat sequences, III, is located in the third intron, between exons III 

and IV, oriented 5' —>3' within G7b, and contains a mixed poly(A) tract (Economou et 

al. 1990) of thirteen adenines followed by four (TA2) n repeats. The other complete 

repeat, II, lies ~300bp upstream of the transcription start site of G7b, oriented towards 

HSP70-Hom with a simple, type I (Economou et al. 1990) poly (A) tract of nineteen 

adenines. In addition, a partial Alu repeat, I, which contains a 40bp deletion lies 

adjacent to the 3' end of the second, complete repeat, in the 5' untranscribed flanking 

sequence, oriented in the same direction, towards the 3' end of HSP70-Hom (Figure 

4.15).

These AI u repeat sequences were aligned with the consensus AI u repeat sequence 

of Jurka and Smith (1988) using the CLUSTAL V program (Higgins and Sharp 1988) 

(Figure 4.19). These three Alu repeats associated with G7b, like those identified in G7, 

appear to belong to the class II (Britten et al 1988) or the consensus, branch a of the S 

subfamily, which is the most common (-55%) type of Alu repeat (Jurka and Smith 

1988).

4.3.7 RFLP analysis of G7b

In order to identify RFLPs associated with the G7b gene that may be used for linkage 

analysis to determine whether the gene is associated with any inherited disorder, 

RFLP analysis was carried out for G7b.

To search for RFLPs, Southern blots of total genomic DNA from ten, HLA-typed,
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ALU GGCCGGGC-GGGTGGCTCAC GCCTGTAATCCCAGCACTTT GGGAGGCCGAGGCGGGCGGA TCACC7GAGGTCAGGAGTTC

III GGCCAGGCACGGTGGCTCAC GCCTGTAATCCCAGCACTTT GAGAGGCCGAGGC—————— ———CTGAGGTCAGGAGTTC

II GCCCGAGGGCCGTGGCTCAA GCCTTTAATCCCAGCACTCT GGGAGGCCTAGGTGGGTGGA TTGTGTGAGGTCAGGAGTTC

I GACCGGGAGCAGTGGCTCAC ACCTGTAATCCCAGCACTTT GGGCGGCCAAGGCAAGTGGA TCGCCTGACGTCAGGAGTTC

ALU GAGACCAGCCTGGCCAACAT GGTGAAACCCCGTCTCTACT AAAAATACAAAAA-TTAGCC GGGCGTGGTGGCGCGCGCCT

III AAGACAAGCCTGACAAACAT GGTGAAACCCCGTCTCTACT AAAAATACAAAAAATTAGCT GGGCGTGGTGGTGGGCACCT

II GAGACCAGTCTAGCCAACAT GGTGAAACCCCATCTTCACT AAAAATACAAAAAA—AATT AGGCGTGGTCGCAGGCTCCT

I GAGACCAGCCTGGTCAACAT GGCGAAATTCTGTCTCTACT AAAAACCCAAAAA-TTAGCC GGGTGTGGTGGCACGCGCCT

ALU GTAATCCCAGCTACTCGGGA GGCTGAGGCAGGAGAATCGC TTGAACCCGGGAGGCGGAGG TTGCAGTGAGCCGAGATCGC

III GTAATCCCAGCTAGTCGAGA GGCTGAGGCAGGAAAATCAT TTGAACCCAGGAGGCGGAGA TTGCAGTGAGCCGAGATGGC

II GTAATACCAGCTACTCGGGA GGCTGAGGGAAGAGAATCGC AAGAACCTGGGAGGCGGAGG TTGCAGTGAACCGAGATCGC

I GTAA———— ——— ————— ————————————————— ———ATCCAGGAGGCATAGG TTGCAGTGAGTGGAGATC--

ALU GCCACTGCACTCCA————G CCTGGGCGACA-GAGCGAGA CTCC-GTCTC A-rich tract

III ACCATTGCACTCCA————G CCTGGGCAACAAGAGCAAAA CTCTTGTCTC AAAAAAAAAAAAA (TAA) 4

II GCCACTGCACTGCACTGCAG CCTGGGCGACA-GAGCAAGA CTCC-GTCTC AAAAAAAAAAAAAAAAAAA
I ——————————————————— —————————————————— —————————

Figure 4.19 Alignment of the G7b Alu repeat sequences with the consensus sequence.
The Alu repeat sequences obtained from the G7b genomic sequence (I-IH) are aligned with the consensus sequence (ALU) 
of Jurka and Smith (1988). The alignment was produced by the CLUSTAL program (Higgins and Sharp 1988) and 
adjusted manually.



unrelated individuals (Table 3.2), digested with restriction enzymes BamHl, Bglll, 

Hzndlll, BstEII, Ncol, Pvull, Pstl, Sstl, EcoRl, Rsal, Taql and Mspl, were hybridised 

with the G7b.l-7 cDNA probe. The only polymorphism, detected in DNA digested 

with Pvull, was present only in DNA isolated from the HLA homozygous cell line, 

ICES, and was associated with the additional, cross-hybridising DNA fragments 

[section 4.2.3]. Therefore, the restriction enzymes used do not generate any 

polymorphic DNA fragments associated with G7b.

4.4 CHARACTERISATION OF THE G7b GENE PRODUCT

4.4.1 Features of the putative G7b polypeptide sequence

The longest ORF identified in the G7b cDNA sequences [section 4.2.4], confirmed by 

the genomic DNA exon sequence data [section 4.3.2], starts with the first methionine 

codon at the 5' end, and encodes a putative polypeptide of 95 amino acids (Figure 

4.20 A), with a M r of 10835. At the N-terminus, the predicted G7b protein does not 

contain a hydrophobic leader peptide (von Heijne 1988) and a hydrophobicity plot 

(Figure 4.20 B) indicates that there are no significant hydrophobic regions that may 

serve as transmembrane segments. In addition, the polypeptide sequence does not 

include any putative N-linked glycosylation sites (NXS /T) or highly charged regions 

(Figure 4.20 A). The protein sequence does, however, include two cysteine residues 

which would remain as reduced, thiol groups in an intracellular environment 

(Barbosa et al. 1989). A DIAGON plot (Devereux et al 1984) of the predicted G7b 

protein sequence revealed the absence of any repeated sequences.

4.4.2 G7b protein sequence similarity searches

The 95 amino acid translation product from the predicted G7b ORF (Figure 4.20 A) 

was used to screen the SwissProt and NBRF protein databases using the GCG package 

FASTA program [section 2.12.1]. The results revealed similarities with the human 

small nuclear ribonucleoprotein Sm-D autoantigen (Rokeach et al. 1988) and with 

short stretches of sequence from several members of the annexin protein family. 

However, since the G7b cDNA sequence starts with ORFs in all three phases (Figure 

4.9), the remaining two translated sequences were also used to screen the same
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Figure 4.20 Analysis of the derived amino acid sequence from the G7b cDNA sequence.
A The amino acid sequence translated from the G7b cDNA clones is shown, with an asterisk (*) 
indicating the stop codon. B Hydrophobicity and charge profiles of the putative G7b protein 
sequence were generated using the Protein Interpretation Program (PIP) using the default 
parameters.



protein databases. No significant similarity with any protein sequence was detected 

with these translated sequences.

The putative G7b polypeptide shares 29.5% amino acid sequence identity with Sm- 

D, starting with both initiation methionines, over the whole protein sequence, 

rising to 43% when chemically equivalent amino acid substitutions are taken into 

account. However, Sm-D contains nine Gly-Arg repeats at the C-terminus, which are 

absent in G7b (Figure 4.21 A). Sm-D is one of the core proteins of the small nuclear 

ribonucleoprotein complexes implicated in RNA processing and the presence of 

antibodies to the Sm-D polypeptide antigen are closely associated with SLE.

The Sm-D and putative G7b protein sequences were compared using the ALIGN 

program (Dayhoff et al. 1983) to determine the statistical significance of the sequence 

identity. The ALIGN analysis was carried out using the 250 PAMs Mutation Data 

Matrix (Dayhoff et al. 1978) with a bias of 6 added to each term and a break penalty of 

6. One hundred random runs were performed to calculate a mean random score. 

The ALIGN score consists of the difference between the real score (R), of 684, and the 

mean score (M), of 571.16, divided by the standard deviation (SD), 12.18; i.e. (R- 

M)/SD. This score, of 9.26, in SD units, represents the SD of the pairwise score from 

the mean random score. Since this value is greater than 6, it indicates that the 

sequence similarity shown in figure 4.21 A is very significant.

Amino acids 7-24 of the predicted G7b polypeptide sequence share 40-50% identity, 

over 18 amino acids, with human (Ahn et al 1988; Tait et al. 1988), pig (Weber et al. 

1987) and bovine (Hamman et al 1988) annexin IV, human (Grundmann et al 1988), 

rat (Pepinsky et al. 1988) and chicken (Pfaeffle et al. 1990) annexin V, human 

(Crompton et al 1988) and mouse (Moss et al. 1988) annexin VI, human annexin VII 

(Burns et al. 1989), human annexin VIII (Hauptmann et al. 1989) and annexin IX 

from Drosophila melanogaster (Johnston et al 1990). This rises to 80-90% similarity 

when conservative substitutions are taken into account. To determine the statistical 

significance of the sequence identity, pairwise comparison of these sequences was 

carried out using the ALIGN program (Dayhoff et al 1983) using the 250 PAMs 

Mutation Data Matrix (Dayhoff et al. 1978) with a bias of 6 added to each term and a 

break penalty of 6. Using one hundred random runs to calculate mean random 

scores, ALIGN scores between 6.0 and 8.2 were obtained. Although the similarity is 

over a short region of sequence, these scores are potentially significant and indicate
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G7b MLFYSFFKSLVGKDWVELK NDLSICGTLHSVDQYLNIK LTDISVTDPEKYPHMLSVKNC 60

I : I : I I : I I I I : I I : II : I : I : : I : I I 
Sm-D MKLVRFLMKLSHETVTIELK NGTQVHGTITGVDVSMNTH LKAVKMTLKNREPVQLETLS- 59

G7b FIRGSWRYVQLPADEVDTQ LLQDAARKEALQQKQ 95
Ml : II II Ml: I 

Sm-D -IRGNNIRYFILPDSLPLDT LLVDVEPKVKSKKREAVAGR GRGRGRGRGRGRGRGRGGPR 118

B

Human annexin VIII 
G7B
Human annexin VII 
Drosophila annexin IX 
Human annexin VI 
Chicken annexin V 
Rat annexin V 
Human annexin V 
Bovine annexin IV 
Pig annexin IV 
Human annexin IV 
Mouse annexin VI

63-80 FKAQFGKDLTETLKSELS

7-24 FKSLVGKDWVELKNDLS

205-222 FKTSYGKDLIKDLKSELS

35-52 FKTSYGKDLISDLKSELG

61-78 YKSLYGKDLIADLKYELT

57-74 FKTLFGRDLVDDLKSELT

55-72 FKTLFGRDLVNDMKSELT

56-73 FKTLFGRDLLDDLKSELT

55-72 YKTTIGRDLMDDLKSELS

55-72 YKSTIGRDLLDDLKSELS

55-72 YKSTIGRDLIDDLKSELS

404-421 FKSHFGRDLMADLKSEIS

Figure 4.21 G7b protein sequence similarities.
A Alignment of the G7b derived amino acid sequence with the sequence of small nuclear ribonucleoprotein Sm-D 
using the ALIGN program (Dayhoff ct al. 1983). Identical amino acids are shown by a line between the sequences 
(I) and conservative substitutions arc shown by a colon (:). Breaks in the sequence to maximise the alignment are 
shown by dashes. The sequences share 29.5% sequence identity and 43% similarity when chemically equivalent 
substitutions are taken into account.
B Alignment of 18 amino acids from the G7b derived amino acid sequence with similar sequences from members of 
the annexin family of proteins generated using the CLUSTAL V program ( Higgins and Sharp 1988). Identical 
amino acids arc shown by an asterisk (*) below the sequence and chemically equivalent substitutions present in 
more than ten of the sequences are shown by a dot (.). The sequences share 39-50% identity with the G7b sequence 
and up to 95% similarity when chemically equivalent substitutions are taken into account.



that this part of the G7b protein sequence may have a similar structure to that of the 
annexin sequences. An alignment of these sequences using the CLUSTAL V 
program (Higgins and Sharp 1988) is shown in figure 4.21 B. Recently, the known 
annexin sequences were aligned (Huber et al. 1992) and related to the three 
dimensional structure of annexin V (Huber et al. 1990). The region that the G7b 
sequence shares similarity with spans 18 residues in domain I. These residues are the 
last four of helix 1C, four residues of turn and ten residues that constitute helix ID 
(Huber et al. 1992). This region lies on the surface of the structure (Huber et al 1990) 
on the edge of the convex face that is believed to bind to the cell membrane (Huber 
etal. 1992).

4.5 EXPRESSION OF THE G7b POLYPEPTIDE

4.5.1 Expression and isolation of G7b fusion protein

In order to confirm that G7b is expressed at the protein level, it is necessary to raise 
antibodies that detect the G7b polypeptide and towards this aim, the putative G7b 
polypeptide has been expressed using the E.coli expression vector, pGEX-2T system 
(Smith and Johnson 1988) [section 3.7.1].

Using the G7b.l-7 cDNA clone, a 490bp Eagl/BstEll DNA fragment was excised, 
isolated on a 3.5% (w/v) polyacrylamide gel [sections 2.4.5 & 2.4.6], subcloned into 
Smal cut pGEX-2T [section 2.7] and transformed into E.coli NM554 competent cells. 
This generated a pGEX-2T subclone that contained the ORF that encodes Sj26 
followed by 56 amino acid residues from the cDNA 5' untranslated region with the 
putative 95 amino acid G7b polypeptide at the C-terminus. Expression of this fusion 
protein was induced by the addition of IPTG [section 2.12.5] and the resultant 42.5kDa 
protein product was detected by SDS-PAGE of total E.coli cell lysate (Figure 4.22A).

The fusion protein was isolated from the cell lysate by absorption onto 
glutathione agarose beads [section 2.12.6] and the yield was estimated by SDS-PAGE 
analysis (Figure 4.22 B). The fusion protein was cleaved by thrombin digestion on 
the beads [section 2.12.7] and samples of both the supernatant and the glutathione 
agarose beads, removed during the digestion, were analysed by SDS-PAGE [section 
2.12.2]. The results showed that the Sj26-G7b fusion protein was cleaved by 
thrombin, but that the 16.5kDa G7b polypeptide was apparently insoluble and
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MW 
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Figure 4.22 Expression of G7b fusion protein.
A Induction of expression of the 16.5kDa product from the 490bp Eagl/BstEII Gib cDNA 
fragment with SJ26 as the SJ26-16.5EB fusion protein by IPTG. Total E.coli cell lysates 
fractionated on a 10% (w/v) acrylamide gel by SDS-PAGE are shown following induction by 
IPTG (+) or in the absence of IPTG (-). B Isolation of the SJ26-16.5EB fusion protein by 
absorption onto glutathione agarose beads. The lysate was removed by washing the beads to 
isolate the fusion protein absorbed onto the glutathione agarose beads which was visualised by 
SDS-PAGE analysis on a 10% acrylamide gel. The ~42.5kDa SJ26-16.5EB fusion protein is 
indicated.
C The SJ26-16.5EB fusion protein isolated on glutathione agarose beads was cleaved with 
thrombin at 25°C. Aliquots were removed 0, 30, 60 and 120 min after addition of thrombin and 
the beads and supernatant were analysed separately by SDS-PAGE on a 15% (w/v) acrylamide 
gel. The fusion protein and the cleavage products SJ26 and 16.5EB are indicated. None of the 
16.5kDa G7b polypeptide is visible in the supernatant. Sizes are in kDa.



remained bound to the beads (Figure 4.22 C).

Since direct cleavage of the fusion protein did not release the G7b polypeptide, the 

fusion protein was eluted from the glutathione agarose beads using reduced 

glutathione [section 2.12.8] and then digested with thrombin. Analysis of these 

digestion products by SDS-PAGE revealed that the G7b polypeptide was degraded 

following thrombin cleavage of the fusion protein. As a result, the intact fusion 

protein was isolated from the glutathione agarose beads for use as an antigen to raise 

antibodies (Figure 4.23 A). Fusion protein yields were estimated by comparison with 

known amounts of ovalbumin (molecular weight 45kDa) on SDS-PAGE (Figure 4.23 

B) [section 2.12.4]. Yields of ~200|ig of fusion protein/1 of bacterial culture were 

achieved; however, this is much less than the optimal ~15mg/l cited for this 

expression system (Smith and Johnson 1988).

4.5.2 Preparation of G7b antibodies and Western blot analysis

4.5.2.1 ELISA analysis

To raise antibodies, ~100|Lig of purified Sj26-G7b fusion protein [section 4.5.1] was 

used to immunise each of two rabbits [section 2.13.1]. The rabbits were each 

immunised three times, on days 1, 14 & 42, and blood samples were taken on days 1 

(prebleed), 28 & 50. The antisera recovered [section 2.13.2] and the purified antibodies 

[section 4.5.2.3] were characterised by ELISA assays as described in section 2.14.1. 

Microtitre wells were coated with ~2ja,g of S]26-G7b fusion protein, and sera from the 

prebleed and subsequent samples were added at dilutions between 10~2 and 10-*. The 

measurement of the OD405 allowed the titre of the antibodies to be determined. 

Figure 4.25 shows the OD405 measurements for the serum samples tested. For both 

rabbits there was a negligible response in the pre-immune sera. Both immune sera 

showed responses that decreased upon dilution and became negligible at a dilution 

of 10~6 (Figure 4.25). In addition, there was no significant difference between the titre 

of the sera taken after the second and third immunisations (Figure 4.25). The 

antiserum from one rabbit, 4848, had a slightly higher titre and lower response in the 

pre-immune serum than those from the other rabbit, 4847, therefore, this antiserum 

was selected for Western blot analysis.

4.5.2.2 Western blot analysis of Sj26-G7b fusion protein

In order to confirm that the immune sera from rabbit 4848 contained antibodies
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Figure 4.23 Isolation of the G7b SJ26-16.5EB fusion protein.
A The SJ26-16.5EB fusion protein isolated on glutathione agarose beads was eluted off using 

reduced glutathione. The eluted fusion protein was concentrated by centrifuging in a Centricon-30 
column. The filtrate and retentate were analysed by SDS-PAGE on a 10% (w/v) acrylamide gel to 
confirm the presence of the fusion protein in the concentrated sample before quantitation of the 
protein sample.The concentration of the fusion protein in the samples was estimated by comparison 
with known amounts of ovalbumin (molecular weight 45kDa) by SDS-PAGE on 10% (w/v) 
acrylamide gels (B ).Sizes are in kDa.
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Figure 4.24 Characterisation of anti-Sj26-16.5EB antibodies.
Western blots of the SJ26-16.5EB fusion protein cleaved with thrombin, and negative controls of 
ovalbumin (OVALB) and Sj26-G9a fusion protein cleaved with thrombin, fractionated on 15% 
(w/v) acrylamide gels and transferred onto nitrocellulose were used to characterise the anti-Sj26- 

16.5EB antibodies.The pre-immune serum (A) and antisera collected after the second (B) and third 
(C) immunisations of rabbit 4848 were used to detect antigen on the Western blots.The pre-immune 
serum did not detect any antigen. The immune sera detected the 16.5EB antigen and Sj26 from both 
SJ26-16.5EB and Sj26-G9a. Sizes are in kDa.
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Figure 4.25 Characterisation of G7b antisera by ELISA.
The presence of antibodies directed against the SJ26-16.5EB fusion protein was determined by ELISA. 
Microtitre wells were incubated with 2jng of the G7b fusion protein before dilutions of the sera were 
added. Bound antibodies were detected by alkaline phosphatase conjugated anti-rabbit IgG and 
subsequent incubation for 1 h with substrate solution. The OD405 values indicate the degree of binding. 
A Comparison of the first (1°) immune sera with the pre-immune sera. B Comparison of the second (2°) 
immune sera with the pre-immune sera. C Comparison of the purified antibodies (IgG) with the second 
immune serum. A separate key is shown at the side of each graph.



against the G7b polypeptide expressed in pGEX, a set of Western blots were prepared. 
Fusion proteins Sj26-G7b and Sj26-G9a (provided by CM Milner) were cleaved with 
thrombin and loaded, with ovalbumin as a negative control, onto a 12% (w/v) 
SDS-polyacrylamide gel and separated by SDS-PAGE [section 2.12.2]. The proteins 
were then transferred by Western blotting onto nitrocellulose membranes [section 
2.12.3]. The Western blots were incubated with sera, at 1:200 dilution, and bound 
antibodies were detected by subsequent incubation of the blots with anti-rabbit IgG, 
followed by NBT/BCIP substrate [section 2.14.2].

No signal was detected with the pre-immune serum (Figure 4.24 A). However, 
both of the immune sera from rabbit 4848 detected the G7b polypeptide in addition to 
Sj26 from the Sj26-G7b and Sj26-G9a fusion proteins. Neither of the immune sera 
detected the G9a polypeptide or ovalbumin (Figure 4.24 B & C). Although the titre of 
antibodies in the immune sera appeared to be similar by ELISA analysis, Western 
blot analysis demonstrated that the sample collected after the third immunisation 
generated a stronger signal. In order to remove any non-specific antibodies, anti-G7b 
IgG was purified from the immune serum collected after the third immunisation 
from rabbit 4848, by affinity chromatography. 
4.5.,23.Affinity chromatography purification of anti-GTblgG
Two 3.5ml columns were prepared by coupling cell lysates from NM554 cells 
expressing Sj26-G7b and Sj26-G9a (provided by CM Milner) to CNBr-activated 
Sepharose. Column 1 contained ~13mg/ml cell lysate, including Sj26-G9a, and 
column 2 contained ~10mg/ml cell lysate, including Sj26-G7b. 2.5ml of immune 
serum was diluted to 10ml in PBS/lmM EDTA and passed through column 1 to 
absorb out antibodies to Sj26 and E.coli proteins. From OD 2go measurements of the 
serum before and after passage through column 1, -30% of the protein was bound to 
the column.

The absorbed serum was then passed through column 2 to isolate the anti-G7b 
antibodies. Approximately 13mg of protein was absorbed onto column 2. The bound 
IgG was eluted using 3M MgCl 2 and, after dialysis, 6ml of IgG was recovered at 
~108|4,g/ml. ELISA analysis was used to measure the titre of the purified antibodies 
(Figure 4.25 C).

4.5.2.4 Western blot analysis of total U937 protein 
Western blots of sonicated U937 cell lysates were prepared [section 2.12.3] following
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Figure 4.26 Western blot analysis of total U937 protein.
Western blots of U937 cells lysed by sonication were incubated with pre-immune 
serum (P), second immune serum (2) and IgG purified from the second immune serum 
(IgG) from rabbit 4848. A specific protein of ~5kDa was detected by both the immune 
sera. Sizes are in kDa.



SDS-PAGE on a 13% (w/v) polyacrylamide gel. Nitrocellulose strips from this 

Western blot were incubated with a 1:200 dilution of the pre-immune serum, a 1:200 

dilution of the immune serum collected after the third immunisation and a 1:50 

dilution of the purified anti-G7b IgG. Following incubation of the blots with anti- 

rabbit IgG and NBT/BCIP substrate [section 2.14.2], a single protein of ~5kDa was 

detected with the anti-G7b IgG. A single protein of ~5kDa was also detected by the 

immune serum, but was not detected by the pre-immune serum (Figure 4.26). In 

addition, this ~5kDa protein was not detected by antisera raised against the Sj26-G9a 

fusion protein (provided by CM Milner), indicating that this does not correspond to 

cross-reaction with a human glutathione S-transferase homologue. This unique 

product, however, does not correspond to the size of the predicted ~10kDa G7b 

polypeptide.

4.6 DISCUSSION

4.6.1 The G7b gene

G7b is a newly identified, novel gene in the MHC class III region that lies between 

the HSP70-Hom and G7a, valyl-tRNA synthetase (VARS2), genes. The G7b gene 

spans ~10kb and consists of five exons that are clustered into two groups, separated 

by an ~8kb intron. The reason for the uneven distribution of the exons is unclear.

Northern blot analysis has shown that the G7b gene encodes a ~0.9kb mRNA that 

is ubiquitously expressed and may be more abundant in monocytes and 

macrophages. In addition to the G7b gene in the MHC class III region, the G7b cDNA 

sequence was also shown to cross-hybridise to additional DNA sequences indicating 

that there are sequences homologous to G7b elsewhere in the human genome, 

although none of the homologous sequences have so far been characterised.

4.6.2 Western blot analysis using anti-G7b antibodies

The putative G7b polypeptide has been expressed as a fusion protein with 

glutathione S-transferase in E.coli and used to raise antibodies in rabbits. These 

antibodies detected the G7b polypeptide expressed in E.coli by ELISA and Western 

blot analysis and on Western blots of total U937 cell lysates these antibodies detected
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an antigen of molecular weight ~5kDa. However, the predicted G7b protein is 

~10kDa in size. Possible explanations for this discrepancy are:

/') Polyclonal antibodies raised against the Sj26-G7b fusion protein may include some 

with specificity for the peptide encoded by the 5' untranslated region, between S)26 

and the 95 amino acid G7b polypeptide in the fusion protein. These antibodies may 

then cross-react with an unknown ~5kDa protein. However, the database search 

using the complete cDNA translation product [section 4.4.2] did not reveal any 

similarity between this part of the sequence and any protein in the database. As a 

result this explanation, although not impossible, is improbable. 

it) The anti-G7b antibodies cross-react with a smaller, homologous ~5kDa protein, 

that is possibly encoded by one of the regions of the genome which cross-hybridised 

to the G7b cDNA probe [section 4.2.3]. If this were the case, then it might be expected 

that multiple, cross-reacting proteins would be detected.

Hi) The ~5kDa protein is a product of the G7b polypeptide that has undergone post- 

translational processing or degradation. Although there are no obvious proteolytic 

cleavage sites within the G7b polypeptide that might generate a ~5kDa product, 

multiple processing events may generate a product with an apparent size of ~5kDa.

4.6.3 Functions of the G7b protein and possible roles in disease aetiology 

The 95 amino acid putative G7b polypeptide sequence does not contain any regions 

that are particularly hydrophobic or highly charged. As a result, this protein is 

probably localised in the cytosol or, because of its small size, it could move freely into 

the nucleus (von Heijne 1988).

The G7b polypeptide sequence includes two similarities of interest. The first is an 

18 amino acid sequence from residues 7-24 that shares similarity with members of 

the annexin family of proteins. Although the sequence is short, the similarity is high 

when compared with all the annexin sequences. All the residue changes are 

conservative, or occur where the annexin family members diverge in sequence from 

each other. As a result, the G7b sequence probably shares structural similarity with 

the annexins where their corresponding sequence forms a helix-turn-helix on the 

outer surface of the protein.

The second similarity is with the small nuclear ribonucleoprotein Sm-D and is 

high enough to predict, from the ALIGN score, that the two proteins may share a

113



similar structure, excluding the Gly-Arg repeating structure at the C-terminus of 

Sm-D. This similarity with Sm-D is of particular interest with respect to the possible 

association of SLE with the MHC. Patients with SLE contain autoantibodies against 

many nuclear proteins, including Sm-D, and, assuming that the structural similarity 

shared between G7b and Sm-D reflects a functional similarity, G7b may also be a 

component of snRNPs involved in RNA splicing that becomes an autoantigen in 

SLE patients.

There is also similarity between another SLE autoantigen, HMG-1, and the G9a 

protein (Milner and Campbell 1993) and, to a lesser extent with the predicted G7 

protein product. The association of SLE with the MHC could be due to the fact that 

genes which encode several autoantigens are closely linked such that they behave as 

a single locus in genetic analysis due to the strong linkage disequilibrium within the 

MHC.
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CHAPTER 5



EVIDENCE FOR A NEW GENE, G7c

5.1 INTRODUCTION

The central region of the MHC has been shown to encode loci responsible for several 

genetic traits. The TNP-ficoll response control locus was originally mapped to the 

region between H-2S and H-2D in the mouse MHC (Hillstrom-Shapiro et al 1985) 

and has subsequently been shown to lie between the complement gene cluster and 

the Bat5 locus (Snoek et al. 1991). The major haemopoietic histocompatibility 

antigen regulatory locus, Hh-l, was mapped telomeric of H-2S and centromeric to 

H-2D in the mouse (Rembecki et al. 1988), within a region that corresponds to the 

telomeric end of the human MHC class III region. In man, the EC1 locus, controlling 

natural killer cell alloreactivity, was originally mapped to the region between the 

complement factor B gene and HLA-A (Ciccone et al. 1990) Recently this locus has 

been shown to be strongly associated with HLA-C (Colonna et al. 1992b). The locus 

controlling corticosteroid induced cleft palate susceptibility, Cps-1, was initially 

associated with the mouse H-2 region (Demant 1985) and has subsequently been 

mapped, by recombination, to the Hsp70-Bat5 interval (Snoek et al. 1991). The 

genetic control of susceptibility to induction of autoimmune orchitis in the mouse 

was originally mapped towards the H-2D region by Teuscher et al. (1985). By 

recombination mapping, the locus, Orch-1, was mapped, initially between H2-S and 

Tnfa (Teuscher et al. 1990), then to the same Hsp70-Bat5 interval as Cps-1 (Snoek et 

al. 1991), and more recently to the ~60kb Hsp70.1-G7 region (Snoek et al. 1993).

In the human MHC, the region from the HSP70 gene cluster to BATS has been 

shown to encode eight genes; HSP70-2, HSP70-1, HSP70-Hom, GTb, G7a, G7, G6 and 

BATS (Milner and Campbell 1990; Chapter 4; Hsieh and Campbell 1991; Sargent et al. 

1989a, Spies et al. 1989a). Although sequence data is available for the predicted 

protein products of all these genes (Milner and Campbell 1990; section 4.4; Hsieh and 

Campbell 1991; section 3.5; Cheng 1991), except BATS, there is no indication as to 

whether or not any of these genes are the Cps-1 or Orch-1 loci. Thus, the possibility
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that there are other genes within the HSP70-Hom to BATS interval was investigated.

To identify coding sequences within a relatively short region of genomic DNA, 

such as the llkb between G7 and G7a, two types of approach may be used.

In the first approach, the genomic DNA fragment can be used as a hybridisation 

probe in order to determine the tissues in which the coding sequences are expressed. 

This can be carried out by Northern blot analysis or by screening for clones in a 

cDNA library [section 5.2.2]. However, if expression of the coding sequences is 

restricted to a limited number of tissue types, or a specific stage in development, or 

the mRNA species has low stability or is of low abundance, then such an approach 

may be unsuccessful.

The second approach involves analysis of the genomic sequence itself to identify 

the coding sequences, thereby avoiding the problems associated with detecting 

expression of the sequences. This can either be carried out by computational analysis 

of nucleotide sequence data, or by in vitro isolation of coding sequences.

If computational analysis is to be carried out, then the nucleotide sequence data 

must first be collected, either from the whole region or from selected DNA 

fragments e.g. those devoid of repetitive sequences [section 5.2.1]. The determination 

of genomic DNA sequence will generate a large amount of data from non-coding 

regions, but selected fragments will not necessarily include all of the coding regions 

and repetitive sequence elements can occur throughout the sequence.

Even with the complete sequence available, the coding, exonic sequences must 

still be identified by searching for intron-exon boundaries and the more 

systematically complex coding regions (Brunak et al. 1991). Currently, using this 

technique, not all exons are identified and false positives are often detected. 

However, as more sequence is analysed, the base patterns characteristic of coding 

sequences should, in the future, become easier to identify.

The techniques for in vitro isolation of coding sequences are generally referred to 

as exon trapping. These experimental methods make use of the functional 

identification of ds-acting elements required for RNA splicing. All of the methods 

described utilise vectors that contain splicing signals that can be used to detect 

complementary splice signals in genomic DNA fragments inserted into the vector.

The exon trapping technique of Duyk et al. (1990) utilises the donor splice site 

from human p globin exon I to search for downstream 3' splice acceptor, sites. This
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technique involves retroviral packaging of constructs before infection of COS-7 cells 

and transformation of bacteria before screening can take place using colour selection 

which detects the removal of the E.coli a-complementing factor of p-galactosidase

during splicing. In addition, a high frequency of cryptic splice acceptor sites are 

identified using this technique.

Other exon trapping techniques described are, exon trap cloning (Auch and Reth 

1990), exon amplification (Buckler et al. 1991) and, more recently, the specific exon 

trapping system, SETS, (Hamaguchi et al. 1992). All of these techniques utilise both 

donor and acceptor splice sites in the vector to screen for both acceptor and donor 

sites flanking coding sequences in the genomic DNA inserts. The exon trap cloning 

system utilises exons II and III from the rat preproinsulin gene in the pL531n vector 

but the efficiency of this system has not been reported (Auch and Reth 1990). The 

exon amplification system utilises the HIV tat intron to replace an intron from rabbit

p globin which is essential for expression of the rabbit (3 globin cDNA (Buchman and

Berg 1988). The pSPLl vector may also generate false positive exons [section 4.3.7] 

(Buckler et al. 1991) although the accuracy of splicing is not known. The most recent, 

specific exon trapping system (SETS), of Hamaguchi et al. (1992) utilises the p53 gene 

intron 10 and its flanking exons, selected for accuracy of splicing and ease of 

recognition of spliced products, in the pMHC2 vector which appears to offer high 

accuracy and sensitivity.

Based upon the principles that the coding sequences of genes are non-repetitive 

and conserved across species, a putative new gene has been identified. Using exon 

amplification (Buckler et al. 1991) to analyse part of the putative gene sequence, two 

short, non-repetitive, conserved sequences were identified that encode ORFs in two 

phases. Neither of these sequences shares similarity with any protein sequence in 

the databases.

5.2 IDENTIFICATION OF POSSIBLE LOCATIONS FOR NEW GENES

5.2.1 Mapping non-repetitive DNA sequences between HSP70-Hom and BATS

The human HSP70-Hom-BAT5 interval spans ~100kb, of which ~75kb was isolated
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in overlapping cosmid clones by Sargent et al (1989a). Within these clones, the 

precise limits of the genes HSP70-Hom (Milner and Campbell 1990), G7b [section 4.3], 

G7a (Hsieh and Campbell 1991), G7 [section 3.3] and G6 (Cheng 1991) have been 

mapped, and the location of BATS was mapped in cosmids telomeric of G6 (Spies et 

al 1989a) (Figure 5.1).

During the isolation of overlapping cosmid clones by Sargent et al. (1989a), 

walking probes were isolated by identifying non-repetitive sequences that were 

linked to preexisting probes from the MHC class III region. The non-repetitive 

sequences were identified by probing Southern blots of digested cosmid DNA with 

total human genomic DNA, radiolabelled by nick translation. Those fragments not 

hybridised by total human genomic DNA, devoid of repetitive sequences, were 

identified by comparing the autoradiographs with photographs of ethidium bromide 

stained agarose gels (Sargent 1988) and the locations of these non-repetitive 

sequences were then incorporated into restriction maps of the cosmids (CA Sargent 

unpublished). The non-repetitive fragments in the cosmids from HSP70-Hom to 

cosmid EL3, which extends closest to BATS, are included in the restriction map for 

this region (Figure 5.1).

Examination of the restriction map (Figure 5.1) revealed a correlation between the 

locations of the genes and the non-repetitive sequences. All the genes contain at 

least one DNA fragment devoid of repetitive sequences. However, there are also two 

intergenic regions of -llkb between G7 and G7a, and ~17kb between G6 and the end 

of cosmid ELS, that contain regions of non-repetitive DNA. The other intergenic 

regions are only ~2kb in length. Although genes of 1kb or less e.g. Gl (Olavesen et 

al. 1993) could lie in these regions, none of the non-repetitive sequences occur there.

As a result, it is possible that new genes lie in the G7-G7a interval and between G6 

and BATS. Since the Orch-1 locus has been mapped to the more restricted, 

G7-Hsp70.1 region, it was decided to analyse the G7-G7a gene interval in more 

detail.

5.2.2 Characterisation of the G7-G7a intergenic region

One strategy for the identification of genes within genomic DNA, has been to 

demonstrate that sequences in the region of interest are conserved across species 

(Monaco et al. 1986; Rommens et al. 1989). To show this, potential coding sequences
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are hybridised to Southern blots of digested DNA from different animal species; 

often referred to as zoo blots. By washing the filters at low stringency, cross- 

hybridising DNA fragments are detected if homologous sequences are present in the 

DNA from the different animal species.

In order to isolate an intergenic DNA fragment that does not contain any coding 

sequence from G7 or G7a, cosmid 10P (Sargent et al. 1989a), which lies ~100bp 

centromeric of the 3' end of G7, was religated at the EagI sites at the telomeric end of 

the insert and at one end of the cosmid vector. The religated subclone, 10P rE, 

contained an 8.8kb insert of genomic DNA sequence that does not contain any 

sequences from G7 or G7a, but includes three regions of non-repetitive DNA (Figure 

5.2).

To investigate whether or not the G7-G7a intergenic sequence contained any 

conserved sequences, the 8.8kb genomic insert was excised by digestion with EagI and 

Sail and isolated, following separation from the vector sequence, on a LGT agarose 

gel [section 2.4.3]. The genomic insert was radiolabelled [section 2.6.1] and hybridised, 

under competitive conditions with 250jj,g/ml placental DNA [section 2.6.2], to a 

Southern blot of BamHl digested genomic DNA from man, mouse, cat, sheep, rabbit, 

chicken and shark. The filter was washed, twice, for 30 minutes each, at 65°C with 2x 

SSC/0.1% (w/v) SDS. The intergenic DNA fragment cross-hybridised to multiple 

DNA fragments from man, mouse, cat, sheep, and rabbit, but not chicken or shark 

(Figure 5.3). This result indicates that there are conserved DNA sequences in the 

G7-G7a intergenic region that may correspond to the coding regions within exons 

from a new gene in this region.

In order to investigate whether these conserved DNA sequences are transcribed 

into a mRNA species, the 8.8kb EagI/Sail DNA probe was hybridised, under 

competitive conditions with 250fj,g/ml placental DNA [section 2.6.2], to a Northern 

blot of total RNA from liver (HepG2), B lymphocyte (Daudi), T lymphocyte (Molt4) 

and monocyte (HL60 and U937) cultured cell lines and testis tissue (a gift from YH 

Edwards, MRC Human Biochemical Genetics Unit, London) [section 2.5.2]. 

Following autoradiography, for three weeks, a mRNA species of 2-3kb was just 

detectable in all the samples (result not shown).

Subsequently, a cDNA library in CDM8 (a gift from D Simmons, Institute of 

Molecular Medicine, Oxford), constructed using mRNA derived from human foetal
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Figure 5.3 Zoo blot analysis of the G7-G7a intergenic region.
Total genomic DNA from the animal species shown digested with BamHI, fractionated on a 
0.8% (w/v) agarose gel and transferred onto nitrocellulose. The Southern blot was hybridised 
with the 8.8kb Sall/Eagl genomic DNA insert from cosmid subclone 10P rE competed with 
250u.g/ml placental DNA. The blot was washed at low stringency at 65°C with 2xSSC/0.1% 
(w/v) SDS. The probe cross-hybridised to specific DNA fragments from mouse, cat, sheep 
and rabbit DNA but not chicken or shark DNA. Sizes are in kb.



brain, which expresses a large number of low abundance transcripts (Adams et al 

1991), cloned in CDM8, was screened using the 8.8kb Eagl/ Sail DNA probe competed 

with 250|ug/ml placental DNA [section 2.8]. No duplicating positive clones were 

detected from the 5xl0 5 colonies screened.

5.3 IDENTIFICATION OF THE PUTATIVE GENE, G7c

5.3.1 Use of exon amplification to identify coding sequences in the putative gene, G7c 

In order to isolate coding sequences from the G7-G7a interval a specific fragment 

from the region was subcloned into the pSPLl vector (Buckler et al. 1991) for exon 

amplification. From the religated cosmid subclone, 10P rE [section 5.2.2], an end- 

filled [section 2.4.4], 3.8kb BamHl/Eagl insert (Figure 5.2) was isolated and cloned into 

Hindi cut pBC [section 2.7]. The insert was then excised using Eagl, end-filled [section 

2.4.4], and ligated directly into BamHl cut, end-filled, pSPLl [section 2.7]. All the 

recombinants contained the insert in only one orientation and all contained partial 

deletions of the 3.8kb insert (Figure 5.2). The subclone with the smallest deletion, of 

1.3kb, pSPLl-ME2.5, which retained part of the non-repetitive sequence, was used for 

electroporation into COS-7 cells [section 2.11.1]. A construct containing the 4.6kb 

Sall/Bglll DNA fragment including exon II of the G7b gene (Figure 4.14) was used as 

a positive control and COS-7 cells electroporated in the absence of DNA were used as 

a negative control.

After recovery, the cells were harvested and RNA was isolated for RT-PCR [section 

2.11.2]. Analysis of the amplified products was carried out by agarose gel 

electrophoresis on a 1.2% (w/v) gel [section 2.4.2]. The results showed that the first 

round of amplification produced products from all the RNA samples, including the 

negative control (Figure 5.4 A). In the second round of PCR reactions, more specific 

amplification did not amplify any product from the negative control, but the G7c 

sample produced three major products of -100, 210 and 320bp and the G7b sample 

produced two major products of ~160bp and 400bp (Figure 5.4 A). The ~100bp 

fragment from G7c corresponded to the expected size of product if there was no 

amplified exon present. The initial, non-specific, ~460bp PCR product amplified 

from the COS-7 cells indicated that the SD2 and SA2 primers may amplify a (3 globin
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Figure 5.4 Exon amplification analysis of the G7-G7a intergenic region.
RT-PCR was carried out using total RNA isolated from the cells transfected with pSPLl plasmid
constructs containing DNA from G7c and G7b and COS-7 cells electroporated in the absence of
DNA. The first round of PCR (1) was carried out using oligonucleotide primers SD2 and SA2 for
35 cycles of 94°C for 1 min, 58°C for 2 min and 72°C for 3 min. The second round of PCR (2) was
carried out using oligonucleotide primers SD1 and SA1 for 20 cycles of 94°C for 60 s, 58°C for 60 s
and72°Cfor90s.
A The reaction product DNA was fractionated on a 1.2% agarose gel. Specific products are present in
the samples containing RNA from cells transfected with the pSPLl constructs. A single non-specific
product was amplified from the sample containing RNA from electroporated COS-7 cells with the
SD2 and SA2 primer pair but not with SD1 and SAL
B Southern blot of DNA from the PCR reactions hybridised with the genomic DNA insert from the
G7c pSPLl construct competed with 50u,g/ml placental DNA. Specific products only from the cells
transfected with the G7c pSPLl construct are detected, following two rounds of PCR, products of
~210bp and 320bp are detected. Sizes are in kb.



related sequence in the first round of PCR amplification; however, this product is 
not amplified by the SD1 and SA1 primers from the HIV tat sequence. Buckler et al 
(1991) observed an ~300bp product that persisted in the second round of PCR 
reactions, but the use of an oligo dT primer for reverse transcription, in place of the 
SA2 primer, may have prevented amplification of this product.

To confirm that the amplified G7c products are derived from the genomic DMA 
insert of the religated cosmid subclone, 10P rE, the DNA fragments were Southern 
blotted onto nitrocellulose [section 2.5.1] and hybridised with the -3.8kb EagI insert 
isolated from pBC, competed with 50|j,g/ml placental DNA [section 2.6]. This analysis 
detected only the G7c-specific products, which included the -210 and ~320bp products 
(Figure 5.4 B). The -lOObp product was apparently not hybridised by the G7c genomic 
DNA insert, but this may have been due to poor transfer of the DNA which occurs 
when very small DNA fragments are Southern blotted.

Although the genomic probe from G7c (Figure 5.4 B) does not cross-hybridise with 
the different exon amplification products from the G7b gene, there is a significant 
amount of background, due to non-specific amplification. This may be caused by the 
presence of partially processed transcripts or by less efficiently spliced exons that 
result in the amplification of a heterogeneous population of minor products.

5.3.2 Mapping the G7c exon amplification products in the cosmid subclone, 10P rE 
In order to map the major amplified products within the religated cosmid subclone, 
10P rE, the three major exon amplification products [section 5.3.2] were isolated from 
LGT agarose [section 2.4.3] and hybridised to Southern blots of digested, 10P rE DNA. 
The results showed that the lOObp product does not hybridise to the religated cosmid 
subclone 10P rE DNA and is, therefore, not derived from G7c, confirming that it is 
probably derived from mRNA transcripts that did not contain any trapped exons, 
only the HIV tat exonic sequences.

The -210 and 320bp G7c products both hybridised to the same restriction 
fragments in the religated cosmid subclone 10P rE, and mapped to an ~1.5kb region 
in the genomic DNA insert (Figure 5.5 E). However, subsequent cloning and 
sequencing of the ~210bp product revealed that there were two different amplified 
DNA inserts, A and B, of approximately the same size, present within this product 
that were spliced together in the ~320bp product insert [section 5.3.3]. The two
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Figure 5.5 Mapping G7c exon amplification products within cosmid subclone 10P rE.
A Digested cosmid subclone 10P rE DNA fractionated on a 0.8% (w/v) agarose gel. Southern blots of cosmid 
subclone 10P rE were hybridised with the 5' insert from the ~210bp product (B) and the 3' insert from the ~210bp 
product (C) and the ~320bp exon amplification product (D). Sizes are in kb. E The genomic DNA insert of cosmid 
subclone 10P rE is shown as a horizontal line and restriction sites for Eagl (E), Xhol (X), EcoRV (V), HindlE (H), BglU (B), AspllS (A), BamHI (M) and Sail (S) are indicated. The locations of the non-repetitive sequences mapped within this region are shown as open boxes. The G7c pSPLl insert is shown as a horizontal bar with a striped region 
to shown the extent of the deletion. The region hybridised by the ~320bp PCR product (ET320) is shown as a hatched box and the regions hybridised by the 3' insert of the ~210bp product (ET210 3') and the 5' insert of the ~210bp 
product (ET210 5') are shown as shaded boxes. The approximate locations of the two exons A and B are shown as 
filled boxes and the direction of transcription of the G7c gene is indicated by an arrow.



different DMA inserts were excised from the double-stranded, replicative form of the 

MlSmplO clones by digestion with EcoRI and Hindlll and isolated as probes from 

LGT agarose [section 2.4.3]. These fragments were hybridised to Southern blots of 

digested cosmid subclone 10P rE DNA (Figure 5.5 B & C).

These results showed that the two inserts hybridised to different fragments from 

10P rE and were mapped to the regions shown in figure 5.5 E, The sequence data 

from one of the products revealed an EcoRV site within the insert and this correlates 

with the mapping data.

Using oligonucleotide primers that hybridise to the two different ~210bp 

fragments, and which are oriented towards each other, PCR has been carried out 

using both cDNA and genomic DNA templates. The results showed that the product 

from the genomic DNA template is ~200bp larger than that from the spliced product 

(MR Albertella, personal communication), indicating that the inserts from the two 

~210bp sequences are separated by an intron of ~200bp [section 5.3.2]. As a result the 

two exons can be positioned within the religated cosmid subclone, 10P rE, as shown 

in figure 5.5 E.

5.3.3 Nucleotide sequence analysis of the exon amplification products 

The products of the PCR amplification from the G7c and G7b genes using the SD1 

and SA1 primers [section 5.3.1] were digested with BamHI and Sail, restriction sites 

for which occur in the primers, in preparation for subcloning. The fragments were 

end-filled [section 2.4.4], fractionated on a 3.5% (w/v) polyacrylamide gel [section 

2.4.5] and the ~210bp and ~320bp, major products were isolated [section 2.4.6]. These 

DNA fragments were subcloned into Smal cut M13mplO [section 2.7] and the 

resultant white plaques were used to prepare single-stranded DNA [section 2.9.1]. 

These templates were sequenced using the Ml 3 universal primer [section 2.9.3].

Examination of the nucleotide sequence confirmed that the inserts contained the 

HIV tat splice junctions and unknown 'trapped' sequences. The ~160bp G7b 

amplification product contained the G7b exon II sequence (Figure 5.6) and an ~300bp 

BamHI insert from the ~400bp G7b product contained the G7b exon II sequence 

spliced to ~150bp of unknown sequence corresponding to the 5' monomer of an Alu 

repeat. This sequence included an Eagl restriction site which corresponds to the site 

located at the very 3' end of the G7b genomic DNA insert. In addition the insert
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GGATCCGCGACGAAGACCTC CTCAAGGCAGTCAGACTCAT CAAGTTTCTCTATCAAAGCA

Gib Exon II
CTCTTCTATTCTTTTTTCAA GTCCCTTGTGCGCAAGGATG TGGTCGTGGAACTAAAGAAT

Sail
GACCTGAGACCCACCTCCCA ATCCGAGGGGACCCGACGTC GAG 163

B

BamYR
GGATCCGCGACGAAGACCTC CTCAAGGCAGTCAGACTCAT CAAGTTTCTCTATCAAAGCA

G7b Exon II
CTCTTCTATTCTTTTTTCAA GTCCCTTGTGGGCAAGGATG TGGTCGTGGAACTAAAGAAT

Easl
GACCTGAG/AGACAGAGTCTC GGCCGTGTTGCCCAGGCTGG TCTTGAACTCCTGGACTCAA

GTGATCCTCCCACCTCAGCC TCTCAAAGTGCAGTGACTAC AGGTGTGAGCCAATATGTGT

Hin&U
GTGGCTTTAAAGTGACTTTT CTGTTGGGATGAGAAAGAAG ATCatcaagcttatcg/gat cc 302

Bslll/EcoRV Clal/BamHl

Figure 5.6 Nucleotide sequence of G7b exon amplification products.
A Nucleotide sequence of the ~160bp G7b exon amplification product. B Nucleotide sequence of 
the 302bp BamHl fragment from the ~400bp G7b exon amplification product. Flanking sequence 
from the HIV tatintron is underlined. The G7b exon II sequence is shown in italics and the pBC 
vector and pSPLl intronic sequences are shown in lower case. Restriction sites are shown above 
the sequence with the recognition sequence overlined and partial restriction sites remaining from 
synthesis of the plasmid construct are shown below the sequence.
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Figure 5.7 Sequence analysis of G7c exon amplification products.
Nucleotide sequence data from the ~210bp G7c exon amplification PCR product shows that there 
are two different inserts corresponding to the 5' (A) and 3' (B) sequences of the ~320bp product. 
The parts of the gels containing HIV tat sequences derived from the pSPLl vector are indicated by 
dark shading and the parts corresponding to the sequences of the trapped inserts are indicated by 
light shading.



GGATCCGCGACnAAGACCTC CTCAAGGCAGTCAGACTCAT CAAGTTTCTCTATCAAAGCA

GGTTCGGCCCTGTCTTTACA ACCAGTGACCCTGACAGCTT CTGGCAGCAGCTTAATGAGA
Exon A 

TCCATGCCTTGGGGGGTGGA GACGAGCCTGAGATGTGCCT GTCAGCCCTGCAG 113

ACCCACCTCCCAATCCGAGG GGACCCGACGTCGAC

B

GGATCCGCGACGAAGACCTC CTCAAGGCAGTCAGACTCAT CAAGTTTCTCTATCAAAGCA
EcoRV

CTGGCCCTGCTGCACACACC TCCACTCTCA£AT_ATC_TTTG TCTTCACGGATACCTCCCCC
Exon B 

AAGGATGCCTTTCTCACCAA CCAACCAGGTGGAATCCCTG ACTCAGGAGGCGCTGCCGG 119

ACCCACCTCCCAATCCGAGG GGACCCGACGTCGAC

GGATCCGCGACGAAGACCTC CTCAAGGCAGTCAGACTCAT CAAGTTTCTCTATCAAAGCA

GSALSLQPVTLTASGSSLMRSMPWGVE 
VRPCLYNQ*P*QLLAAA* *DPCLGGW 
FGPVFTTSDPDSFWQQLNEIHALGGG

TSLRCACQPCSWPCCTHLHSQISLSS 
RRA*DVPVSPAAGPAAHTSTLRYLCLH 
DEPEMCLSALQLALLHTPPLSDIFVFT

RIPPPRMPFSPTNQVESLTQEALP 
GYLPQGCLSHQPTRWNP*LRRRCR
DTSPKDAFLTNQPGGIPDSGGAAG 

GGATACCTCCCCCAAGGATGCCTTTCTCACCAACCAACCAGGTGGAATCCCTGACTCAGGAGGCGCTGCCGG 232

ACCCACCTCCCAATCCGAGG GGACCCGACGTCGA

Figure 5.8 Nucleotide sequences of G7c exon amplification products.
The nucleotide sequences of two different ~210bp G7c exon amplification products with inserts 
corresponding to exon A of 113bp (A) and exon B of 119bp (B) (figure 5.6) are shown. The nucleotide 
sequence of the ~320bp G7c exon amplification product (C) which consists of exon A at the 5' end spliced 
to exon B at the 3' end to generate a 232bp insert is shown.The insert sequence was translated in three phases 

and the derived amino acid sequences are shown above the sequence. Phases +1 and +3 on the top and bottom 
lines both encode continuous open reading frames and phase +2 encodes several stop codons each of which is 
denoted by an asterisk (*). The HI V tat sequences flanking the trapped inserts are underlined. The EcoRV 
restriction site in exon B is indicated and the recognition sequence is underlined in panels B and C.



sequence contained 13bp of sequence derived from the pBC vector from which the 

genomic insert was subcloned.

The fragments cloned from the 210bp G7c amplification product contained two 

different trapped inserts of 113bp, A, and 119bp, B (Figure 5.7), which were spliced 

together to form the 232bp trapped insert from the ~320bp G7c product (Figure 5.8). 

Analysis of the nucleotide sequence revealed an EcoRV site in the larger, 3', 119bp 

exon that corresponds to the EcoRV site mapped within G7c [section 5.3.2]. The 

arrangement of the smaller inserts within the ~320bp fragment revealed that the 

direction of transcription was from G7 towards G7a, in the same orientation as G7.

In order to investigate whether or not G7c corresponded to a known gene, the 

232bp sequence from the ~320bp product was used to screen the GENEMBL database 

using the GCG package FASTA program [section 2.9.7]. The results revealed that 

there was no sequence similar to G7c in the database.

To determine the potential polypeptide sequence encoded by the 232bp sequence, 

the nucleotide sequence was translated in three phases (Figure 5.8 C). In phase +2 

there are multiple stop codons, but the other two phases, +1 and +3, contain 

continuous ORFs. In order to try to predict which of these two putative polypeptide 

sequences may be encoded by G7c, both predicted partial protein sequences were used 

to screen the SwissProt protein database using the GCG package FASTA program 

[section 2.9.7]. Neither of the two sequences contained any significant homology with 

any protein in the database. As a result it was not possible to determine which 

polypeptide sequence is the partial G7c protein sequence.

5.3.4 Zoo blot analysis of the amplified exons

In order to demonstrate that the exon sequences isolated from G7c are coding 

sequences, it was necessary to show that these sequences are conserved across species 

(Monaco et al. 1986; Rommens et al. 1989). The ~320bp fragment, containing the 

232bp sequence encoding the two exons, subcloned into M13mplO [section 5.3.3], was 

excised from the double-stranded replicative form of the vector using EcoRI and 

Hindlll and isolated from LGT agarose [section 2.4.3].

This probe was hybridised to a Southern blot of BawHI-digested total genomic 

DNA from man, mouse, cat, sheep, rabbit, chicken and shark before washing at low 

stringency [section 5.2.2]. The results showed that the 232bp sequence cross-
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Figure 5.9 Zoo blot analysis of the G7c exon amplification products.
Total genomic DNA from the animal species shown digested with BamHl, was fractionated 
on a 0.8% (w/v) agarose gel and transferred onto nitrocellulose. The Southern blot was 
hybridised with the ~320bp G7c exon amplification product insert and washed at low stringency 
at 65°C with 2xSSC/0.1 % (w/v) SDS. The probe cross-hybridised to specific DNA fragments 
from mouse, cat, sheep and rabbit DNA, but not chicken or shark DNA. Sizes are in kb.



hybridised to DNA fragments in DNA from man, mouse, cat, sheep and rabbit, but 

not chicken or shark (Figure 5.9). This included an ~7kb DNA fragment from the 

total human genomic DNA (Figure 5.9) that corresponds to the size of the BamHl 

fragment within which the sequences were mapped. In addition, the probe detected 

~0.5kb, ~4.0kb, ~2.8kb and ~2.7kb fragments from mouse, cat, sheep and rabbit DNA, 

respectively (Figure 5.9), that correspond to fragments of the same size detected by 

the 8.8kb Eagl/Sall intergenic probe (Figure 5.3). This indicates that the sequence 

obtained by exon amplification is probably coding sequence, thereby strongly 

supporting the existence of the G7c gene.

Using the partial coding sequences obtained from the two exons, work is currently 

being carried out to detect the expression of G7c in order to isolate cDNA clones to 

obtain the complete coding sequence of G7c.

5.4 DISCUSSION

5.4.1 Strategies for gene detection

The gene density within the human MHC class III region is very high with one gene 

occurring approximately every 20kb (Milner and Campbell 1992b). These genes have 

been mapped either in the search for specific genes, e.g. C2, C4A, C4B, factor B, 

TNF-A and TNF-B, or during cosmid walking. This latter approach has utilised the 

association of genes with HTF-islands as markers for potential genes, or the direct 

screening of cDNA libraries with cosmid inserts to search for new genes. Although a 

large number of genes have been detected in this manner their distribution is not 

even throughout the region. In some places, the intergenic distances are short, 2-5kb, 

but in other places larger gaps of 10-20kb occur. Is this due to the absence of genes in 

these regions, or have the genes that lie there not yet been identified?

To map the loci controlling genetic traits at the level of single genes e.g. Orc/z-2,it 

is important to identify all the possible candidate genes that lie within the region so 

that they can all be considered, especially if no obvious candidate gene is present. 

Towards this aim, the correlation of non-repetitive DNA sequences with the 

locations of genes was examined in order to assess the possibility that more genes lie 

in the interval between HSP70-Hom and BAT5. Having identified the potential
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locations of two genes in this way, one of them was analysed for coding sequences by 

zoo blot analysis [section 5.2.2] and subsequent exon isolation [section 5.3] to 

demonstrate the presence of a new gene, G7c.

Although this approach was only applied to a relatively short, ~10kb, region of 

genomic DNA, it could be applied to larger regions such as whole cosmids, since the 

mapping of non-repetitive sequences is part of the procedure for isolating probes for 

cosmid walking. However, a thorough examination of the cosmid, using several 

restriction enzymes to digest the DNA, may be required in cases where the sites for 

restriction enzymes lie further apart, e.g. in the G7a/G7b region where non- 

repetitive sequences were not detected.

This approach is more labour intensive than the direct screening of whole cDNA 

libraries with cosmid DNA inserts, but is not dissimilar to the identification of HTF- 

island associated genes. However, non-repetitive sequences are associated with all 

genes, not just those housekeeping, and some tissue-specific, genes that are HTF- 

island associated. As a result, this approach may be most effective in searching for 

genes not initially detected by the direct screening methods, such as the hybridisation 

of cosmid, or even YAC clone inserts onto cDNA libraries (Wallace et al. 1990; Elvin 

et al. 1990), or the hybridisation of whole cDNA libraries to immobilised cosmids or 

YACs (Lovett et al. 1991; Parimoo et al. 1991), which do not detect all the genes 

encoded within these clones.

The isolation of more specific, non-repetitive, probes may be more effective in 

detecting rare mRNA transcripts by Northern blot analysis. Alternatively, 'trapped' 

exonic sequences can be used to design oligonucleotide primers to screen a wide 

range of cDNA libraries by PCR, with greater sensitivity, in order to detect gene 

expression and its tissue distribution

5.4.2 G7c, another novel gene in the human MHC

G7c lies within the -llkb region between G7 and G7a. The coding sequences obtained 

by exon amplification and the two derived partial translation products do not share 

homology with any sequence in the DNA or protein databases, indicating that G7c is 

a novel, previously unknown, gene. The Northern blot analysis of G7c [section 5.2.2] 

produced very inconclusive results that do not allow the distribution or size of any 

G7c transcription product to be determined. However, the partial coding sequences
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obtained have allowed the rapid screening of several cDNA libraries by PCR and 

specific products have been detected in a B lymphocyte derived cDNA library (MR 
Albertella, personal communication).
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CHAPTER 6



POLYMORPHIC ANALYSIS OF Hsc70t

6.1 INTRODUCTION

The mapping of the Orch-1 locus to the Hsp70-Bat5 interval of the mouse H-2S 
region (Snoek et al. 1991) and the subsequent refinement of this position, by 
recombination mapping, to the ~60kb Hsp70.1-G7 region (Snoek et al. 1993), has 
reduced the number of candidate genes for the Orch-1 locus to six. In man this 

region spans ~70kb centromeric of G7 and encodes G7c, G7a, G7b, HSP70-Hom, 
HSP70-1 and HSP70-2. In the mouse H-2 complex, the homologous genes G70, G7b, 
Hsc70t, Hsp70.3 and Hsp70.1 have been mapped (Snoek et al. 1993). Although the 
human G7c probe has been shown to cross-hybridise with DNA fragments in the 
mouse genome [section 5.2], the location of the homologous sequence has not yet 
been mapped. The colinearity of the genes within the human and mouse MHCs has 
recently been demonstrated (Snoek et al. 1993), but the distribution of the genes 
appears to be different. The G7b gene appears to be shorter in the mouse, <4.1kb 
(Snoek et al. 1993) compared with ~10kb in man [section 4.3], although this could be 
due to regions of sequence sharing low homology and not cross-hybridising between 
the two species. In addition, the G7a~G7b interval in the mouse appears to be 
significantly larger, -20kb (Snoek et al. 1993), allowing for the possibility that another 
gene, not present in the human MHC, may be present in the mouse H-2 complex.

Analysis of the protein products from the human genes in this interval and the 
pattern of their expression (Milner and Campbell 1990; sections 4.2 & 4.4; Hsieh and 
Campbell 1991; sections 3.4 & 3.5) does not give any initial indication as to which 
could potentially be the Orch-1 locus. However, the mouse HSP70-Hom homologue, 
Hsc70t (Fujimoto et al. 1993; Snoek et al. 1993), has been shown to be expressed at 
higher levels in haploid testicular germ cells compared to other cell types 
(Matsumoto and Fujimoto 1990) and as a result, appears to be the most promising 
candidate for the Orch-1 locus.

Hsc70t is a member of the HSP70 protein family, which are highly conserved
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proteins that were originally identified as a result of their synthesis in response to 

heat shock (Welch 1990). However, not all members of the HSP70 protein family are 

upregulated by stress to the cells and the different proteins can vary in the pattern of 

their expression and their cellular location. The major HSP70 proteins are expressed 

constitutively at low levels, but are upregulated when a cell undergoes stress. The 

human 70kDa heat shock cognate protein (HSC70) is constitutively expressed 

(Dworniczak and Mirault 1987) and two heat shock proteins have been shown to be 

specifically expressed at high levels during different stages of germ cell 

differentiation in mouse testes (Zakeri and Wolgemuth 1987; Zakeri et al. 1988). In 

addition, the heat shock proteins GRP78 (Ting and Lee 1988) and GRP75 (Mizzen et 

al. 1991) are two glucose-regulated human proteins, of which GRP78 is identical to 

the immunoglobulin heavy chain binding protein BiP (Munro and Pelham 1986).

The heat inducible and constitutively expressed heat shock proteins are normally 

localised in the cytoplasm and nucleus, whilst GRP78 (Ting and Lee 1988) and GRP75 

(Leustek et al. 1989; Mizzen et al 1991) are localised in the endoplasmic reticulum 

and mitochondria, respectively. Under stress, HSP70 proteins move from the 

cytoplasm to the nucleus and nucleolus (Pelham 1990) where they associate with 

damaged pre-ribosomes (Welch and Mizzen 1988). HSP70 proteins interact with a 

diverse range of proteins in the cell and have been shown to bind to synthetic 

peptides in vitro (Flynn et al. 1989). It has also been shown that HSC70 can 

distinguish between folded and unfolded proteins (Palleros et al. 1991). In addition, 

heat shock proteins are believed to play a role as chaperones in the folding, 

unfolding and translocation of proteins (Ellis and Hemingsen 1989; Langer and 

Neupert 1991).

Heat shock proteins have ATP-binding and ATPase activities which are associated 

with a conserved region in the N terminal 382 amino acids (Chappell et al. 1987). 

The ATPase activity is required for the release of bound peptides and proteins and 

the three dimensional structure of the ATPase domain has been determined 

(Flaherty et al. 1990), which shows structural similarity with the rabbit skeletal 

muscle actin ATPase domain (Flaherty et al. 1991). The role of peptide-binding has 

been attributed to a 170 amino acid region of HSP70 (Chappell et al. 1987; Rippmann 

et al 1991), which corresponds to residues 383-552. A model structure has been 

proposed for the HSP70 peptide-binding domain (Rippmann et al. 1991) based upon
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a consensus secondary structure derived from 30 different HSP70 proteins. The 
resulting pair of p4a motifs were aligned with the functionally equivalent peptide- 
binding domain of the class I HLA-A2 molecule, maintaining the positions of 
residues in the heat shock protein consensus sequence that are structurally 
important in the HLA molecule. A similar model for the peptide binding domain 
was proposed by Flajnik et al. (1991) following the detection of sequence similarity 
between the a-1 and a-2 domains from a Xenopus MHC class I molecule and the 
peptide binding domain of human HSC70.

The major HSP70 proteins are involved in immune responses. They are believed 
to play a role in disease pathogenesis due to molecular mimicry based upon the 
observation that in bacterial and protozoan infections the major HSP70 proteins are 
the major antigens that result in a T cell response against heat shock protein 
epitopes. HSC70 also plays a role in protein translocation across cell membranes and 
is also believed to be involved in antigen processing and presentation (Pierce et al. 
1991).

Within the -70kb region of DNA of the mouse H2-S region to which the Orch-1 
locus has been mapped there are three HSP70 genes. Of these three HSP70 genes, one 
is the Hsc70t gene which has been shown to be expressed at high levels in haploid 
testicular germ cells (Matsumoto and Fujimoto 1990), and therefore appears to be a 
potential candidate gene for the Orch-1 locus.

6.2 EXPRESSION OF HSP70-Hom and Hsc70t

6.2.1 Northern blot analysis of HSP70-Hom
The expression of HSP70-Hom was investigated by Milner and Campbell (1990) who 
demonstrated that the gene is expressed constitutively at low levels and is not 
upregulated following heat shock. However, it has been shown that the mouse 
homologue, Hsc70t, is abundantly expressed in early spermatids (Matsumoto and 
Fujimoto 1990), although constitutive, low level expression of Hsc70t in other cell 
types was apparently not investigated.

In order to determine whether HSP70-Hom is expressed in the human testis, a
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Northern blot of total RNA derived from liver (HepG2), B lymphocyte (Daudi), T 

lymphocyte (Molt4) and monocyte (HL60 and U937) cultured cell lines and from 

testis tissue [section 5.2.2], was hybridised with the HSP70-Hom locus specific probe 

(Milner and Campbell 1990). Following autoradiography for two weeks, very low 

levels of the ~3kb mRNA transcript were detected in all the tissues examined (result 

not shown). There was no elevation in the level of HSP70-Hom expression detected 

in the RNA from testis tissue.

6.2.2 Expression of Hsc70t in H-2 congenic mouse strains

To investigate whether the level of Hsc70t expression correlates with susceptibility or 

resistance to orchitis, the mRNA level in the testes of orchitis susceptible and 

orchitis resistant mouse strains was studied (Snoek et al. 1993). The results showed 

that the level of Hsc70t mRNA in mouse testes is very high, but no difference in 

expression levels was observed between the mouse strains with different haplotypes 

(Snoek et al. 1993). Therefore, if Hsc70t is the Orch-1 locus, a structural difference in 

the protein may be responsible for resistance or susceptibility to the disease.

6.3 POLYMORPHIC SEQUENCE ANALYSIS O?Hsc70t

6.3.1 Cloning and sequencing of Hsc70t

The location of the Orch-1 locus has been mapped in mouse strains with the H-2d 

and H-2P haplotypes, which exhibit susceptibility to autoimmune orchitis 

accompanied by infertility. This dominant trait has been mapped within the H-2 

region by analysing intra H-2 recombinant, congenic strains. The BIO.A and 

B10.A(4R) strains represent the susceptible and resistant genotypes, respectively 

(Teuscher et al 1990). The BlO.A(lR), susceptible, and B10.A(2R), resistant, strains 

have been used to map the Orch~l locus, within the DNA segment derived from the 

H-2d haplotype to the Hsp70.1-G7 interval (Snoek et al. 1993). As a result, these 

mouse strains were selected for polymorphic analysis of the Hsc70t gene.

The Hsc70t gene was sequenced following isolation of a single, partial cDNA clone 

and two genomic DNA clones (Matsumoto and Fujimoto 1990). The sequence 

showed that, like HSP70-Hom (Milner and Campbell 1990), Hsc70t is an intronless
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TCATCCATGGTACTGACGAAGATGAAGGAGACTGCAGAGGTTT7TTGGGCACCAATGTCACAACGTGTGATCACGGTGCCAGCCTATTTCAATGAC7CTCAGCGGCAAGCCACCAAGGAT 480
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MHSC2
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AATCCCGATCAGGCAGTCGCCTACGGAGCTGCAGTCCAGGGAGCTATTTTAATGGGCGACAAATCTGAAAAAGTACAGGATTTGCJTTTGITGGACGTAGCTCCCCTGTCTCTAGGATTG 1200

MHSC4
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GTTACGGCCATGGACAAGAGCACCGGCAAGGCCAACAAGATCACCATCACCAACGACAAr.GGTCGCCTGAGCAAGGAGGAGATTGACTCGATCGACAGCCGGACTGCTTACAAACGTGAG IS 60

MHSC5

DEGQREKIAAKNALESYAFNMKSACGDEGLKDKITESDKK S60 
GATGAGGGTCAGAGGGAGAAAA7CGC7GCCAA.AAATGCCTTAGAATCGTACGCCTTTAATATGAAGAGCGCTTGTGGTGATGAGGGTCTGAAGGACAAGATCACGGAGTCCGATAAAAAG 1680

K I L S K C N K V P r LLSQ7QLAEKVEFDHKRKELENMCNPII7 600 
AAAATACTGGATAAATGCAA7GAGG77CC777CC7GCTGAGTCAAACCCAGCTGGCTGAGAAAGTAGAG7TTGA7CA7AAAAGAAAAGAACTGGAAAATA7GTGTAATCCGATCA7CACA 1800

KHSC6

KLYQSGCTGP1VRQGILRQGSTGPTIEEVD* 630

BamHl
CTnrrTrTAr.r.rr.AATTTTATTf-ATrTTrAAA[-ATCAATATr.ATTrTTr.AArTGACTGGACTCAGCCTACGTCACCAGTCC7T7GGA7CCCGATGGAGAAGCTCGAACGCACC7TTTC-Af 204C

HSCT07-3'

ACCCCCACCCG7CG7CAG7C7A7GA7CC7GAACTGGACCT7TAGGAAAACCAGGCCCCTC7TTAGAGCCA77TGAGAA777GA7G7CTG7AT7TA7TATCCACACCCCACC777CTCC7T 21 60 

CC7GTGTGT7GG7TAT7TGTCTCTCAATAAATTTG77CCCAAAGGAAACAAC7C7GCAC77T7AT7T7AGCAGGCCT7ACTGATATGAG 2240

Figure 6.1 Nucleotide sequence of the mouse Ilsc70t gene and the derived amino acid sequence.
This shows the nucleotide sequence of Ilsc70t obtained by Matsumoto and Fujimoto (1990). The derived amino acid sequence is shown above the nucleotide 
sequence. The sequences from which the oligonucleotide primers HSC701-5', HSC70T-3' and MHSCl-6 were delermined are underlined. The location of the 

site in the 3' untranslated region is indicated.
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Figure 6.2 Amplification of Hsc70t from H-2 congenic mouse strains.
The coding sequence from the Hsc70t gene was amplified by PCR from the congenic 
mouse strains shown using the oligonucleotide primers HSC70T-5' and HSC70T-3'. 

Thirty five cycles of 1 min at 94°C, 1 min at 62°C and 3 min at 72°C were used to 
amplify the ~2.1kb product which was fractionated on a 0.8% (w/v) agarose gel.



gene. As a result, Hsc70t could be directly amplified by PCR using genomic DNA 

templates, thereby removing the need to isolate mRNA from testes for reverse 

transcription before amplification.

Based on the Hsc70t nucleotide sequence (Figure 6.1) of Matsumoto and Fujimoto 

(1990), two specific oligonucleotide primers, unique to the Hsc70t gene sequence, 

HSC70T-5' and HSC70T-3' (Table 6.1), were designed for amplification of the gene and 

six oligonucleotide primers, MHSCl-6 (Table 6.1), were designed as sequencing 

primers. The 5', sense, oligonucleotide PCR primer contains the first 23 nucleotides 

of the published Hsc70t sequence (Figure 6.1), preceded by seven bases of an adaptor 

sequence that generates a unique Ndel restriction site at the 5' end of the coding 

sequence. The 3', antisense, oligonucleotide primer sequence is derived from the 3' 

untranslated region of Hsc7Qt, including a unique BamHI restriction site (Figure 6.1).

The coding sequence of Hsc70t was amplified by PCR from total genomic DNA 

prepared from the livers of mice from the strains BIO.A, BIO.A(IR). B10.A(2R) and 

B10.A(4R) (a gift from M Snoek, Division of Molecular Genetics, Netherlands Cancer 

Institute, Amsterdam). Using ~200ng of total mouse genomic DNA as the template 

in 100|j.l reactions, 35 cycles were carried out using the following conditions: 1 min at 

94°C, 1 min at 62°C and 3 min at 72°C. All the samples contained an amplified 

product of ~2.1kb (Figure 6.2), as predicted from the published nucleotide sequence.

The amplified products were digested with Ndel and BamHI, end-filled [section 

2.4.4], fractionated on a 3.5% (w/v) polyacrylamide gel [section 2.4.5] and isolated as 

described in section 2.4.6. The inserts were cloned into EcoRV cut pBluescript and 

transformed into TG1 competent cells [section 2.7.5]. Resulting white colonies were 

picked, cultured overnight [section 2.2.2] and double-stranded DNA was isolated 

[section 2.3.2.2]. The cloned inserts were sequenced using the M13 universal primer, 

the T3 pBluescript primer and the specific primers MHSCl-6, using double-stranded 

DNA templates [section 2.9.4].

6.3.2 Hsc70t nucleotide sequence analysis

The nucleotide sequences of Hsc70t from the mouse strains BIO.A, BIO.A(IR). 

B10.A(2R) and B10.A(4R) were aligned with the published sequence of Matsumoto 

and Fujimoto (1990) using the CLUSTAL V program (Higgins and Sharp 1988) to 

compare the sequences (Figure 6.3). A striking feature of this alignment is the large

131
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number of differences (MOO) between the published sequence and the sequences 

amplified from the DNA samples from different mouse strains. Although the 

published Hsc70t sequence shares -95% identity with the amplified sequences, there 

are a large number of single base changes and small deletions and insertions (Figure 

6.3). One of these changes occurs within the sequence to which oligonucleotide 

MHSC6 hybridises, resulting in a mismatch at the 3' end of the oligonucleotide 

sequence. This was probably responsible for the weak signal obtained when primer 

MHSC6 was used for sequencing [section 6.3.1]. Some of these changes may be due to 

allelic variations, but heat shock proteins are very highly conserved and the 

translated sequences show even greater variation [section 6.3.3]. This suggests that 

the differences may be due to PCR errors, cloning artifacts, or most likely sequencing 

errors in the original sequence.

6.3.3 Analysis of Hsc70t protein sequences

In order to determine the effects of the nucleotide sequence variations upon the

protein sequence, the nucleotide sequences were translated into protein sequences.

The derived amino acid sequences from the B10.A, B10.A(2R) and B10.A(4R) 

mouse strains are all 641 residues in length, but the published Hsc70t sequence 

encodes only 630 residues. The protein sequence derived from the human Hsc70t 

homologue, HSP70-Hom, is also 641 residues in length (Milner and Campbell 1990) 

and agrees with the length of the protein sequences derived from the amplified 

sequences of Hsc70t. The sequence from the BIO.A(IR) mouse strain contained a stop 

codon, TAG, at amino acid position 534 as a result of a nucleotide change at position 

1600, possibly caused by an error during PCR amplification of the Hsc70t gene. As a 

result, an 'X' was substituted for the stop codon in order to allow alignment of this 

sequence with the others.

The derived amino acid sequences of Hsc70t from the B10.A, BIO.A(IR), B10.A(2R) 

and B10.A(4R) mouse strains and the published Hsc70t sequence were aligned using 

the CLUSTAL V program (Higgins and Sharp 1988) to compare the sequences (Figure 

6.4). The sequences share -87% identity and -91% similarity (Table 6.2). Many of the 

amino acid changes are non-conserved substitutions in addition to several deletions 

and insertions. This further indicates that many of the changes are a result of 

sequencing errors in the original gene sequence.
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HSP70-Hom

Hsc70t

Consensus 

95.0%

84.9% 

81.1%

B

Hsc70t

Consensus

HSP70-Hom

Hsc70t

90.8% 

88.9%

Consensus 

87.0%

96.9% 

% Similarity

HSP7Q-Hom

83.6% 

94.4% % Identity

Table 6.2 Heat shock protein sequence similarities.
A Percentage nucleotide sequence identities between the Hsc70t sequence of Matsumoto and 
Fujimoto (Hsc70t), the consensus Hsc70t sequence determined from the nucleotide sequences 
obtained from mouse strains B10.A, BIO.A(IR), B10.A(2R) and B10.A(4R) and the 
sequence of the human Hsc70t homologue HSP70-Hom.
B Percentage amino acid sequence identities and similarities between the derived amino acid 
sequences from the Hsc70t sequence of Matsumoto and Fujimoto (Hsc70i), the consensus 
Hsc70t sequence from mouse strains BIO.A, BIO.A(IR), B10.A(2R) and B10.A(4R) and the 
sequence of the human Hsc70t homologue HSP70-Hom. The percentage amino acid sequence 
similarity includes the substitution of chemically equivalent amino acids.



Alignment of the amino acid sequences derived from Hsc70t with the human 

homologue, HSP70-Hom, sequence of Milner and Campbell (1990) (Figure 6.4), 

shows that there is greater similarity between the HSP70-Hom and the amplified 

Hsc70t amino acid sequences (-94% sequence identity) than to the published Hsc70t 

amino acid sequence (-84% sequence identity). If conservative amino acid 

substitutions are included these values rise to -97% and -89%, respectively. This 

indicates that there is greater sequence similarity between the human sequence and 

the amplified mouse sequences than between the published mouse sequence and the 

amplified mouse sequences. The high level of sequence conservation that exists 

within the heat shock protein family indicates that the amplified Hsc70t sequences, 

which are more similar to HSP70-Hom, are more likely to be correct. The variations 

in sequence between Hsc70t and HSP70-Hom occur throughout the sequence (Figure 

6.4) and do not appear to be clustered, except for 6 amino acid changes over 17 

residues at the C-terminus which is the most divergent region in all the heat shock 

proteins (Milner and Campbell 1990).

6.3.4 Polymorphic analysis of Hsc70t in H-2 congenic mouse strains 

By comparing the Hsc70t nucleotide sequences amplified from DNA isolated from 

the mouse strains B10.A, BIO.A(IR). B10.A(2R) and B10.A(4R), a total of 15 

nucleotide differences between all four sequences were observed (Table 6.3), 

compared with over 100 differences between the sequence derived from BIO.A mice 

(Figure 6.3) and the published Hsc70t sequence (Matsumoto and Fujimoto 1990). All 

the differences occur in only one mouse strain of the four at any one position and 

none of the differences correlate with susceptibility or resistance to orchitis in both 

the parental and progeny strains.

Comparison of the derived Hsc70t protein sequences from the four mouse strains 

revealed 11 amino acid changes (Table 6.3). Four of the nucleotide changes, at 

positions 540, 876, 2005 and 2034, are silent mutations. Of the amino acid changes, 

two are conserved changes, residues 273 and 487, one causes a stop codon at position 

534 and the other 8 are non-conserved substitutions, including one at position 534. 

Of these non-conserved substitutions, six occur within the peptide binding domain 

between residues 383-552 [section 6.1]. The polymorphic analysis of the three human 

MHC-linked HSP70 genes by Milner and Campbell (1992a) revealed only one
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polymorphic residue, at position 493 in HSP70-Hom, but no polymorphism was 

detected in Hsc70t at this position. The differences that occur within the peptide 

binding domain all occur at exposed positions in model 'V for the predicted structure 

for this domain (Rippmann et al. 1991) where they can interact with bound peptide 

or other proteins. In model '2' (Rippmann et al. 1991) all the differences also occur at 

exposed positions except for residue 534 which is buried within the structure.

6.4 DISCUSSION

6.4.1 Hsc70t - a candidate for the Orch-1 locus?

Hsc70t is one of the heat shock cognate proteins which, although their expression is 

not upregulated following heat shock, share significant homology with the major 

HSP70 proteins. The localisation of the genes for Hsc70t in the mouse H-2S region 

(Fujimoto et al. 1993; Snoek et al. 1993) and its human homologue HSP70-Hom in 

the human MHC class III region (Milner and Campbell 1990), between the HSP70 

genes and G7, and the abundant expression of Hsc70t in mouse early spermatids 

(Matsumoto and Fujimoto 1990), makes it a potential candidate gene for the Orch-1 

locus, responsible for susceptibility to EAO (Snoek et al. 1993). The absence of any 

variation in mRNA levels of Hsc70t in spermatids between mouse strains that are 

resistant or susceptible to orchitis (Snoek et al. 1993) indicated that, if Hsc70t is the 

Orch-1 locus, then variation in the protein sequence may be responsible for 

susceptibility or resistance to EAO.

6.4.2 Polymorphic analysis of Hsc70t

The H$c70t gene sequence was amplified by PCR from four mouse strains, two of 

which show susceptibility to EAO, B10.A and BIO.A(IR), and two that show 

resistance to EAO, B10.A(2R) and B10.A(4R). The nucleotide sequences obtained 

showed few variations, but examination of the sequence obtained by Matsumoto and 

Fujimoto (1990) revealed a large amount of sequence variation from the Hsc70t 

sequences amplified from the H-2 congenic mouse strains. Translation of these 

nucleotide sequences and comparison of the derived amino acid sequences with the 

human Hsc70t homologue, HSP70-Hom, protein sequence (Milner and Campbell
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1990) revealed that the HSP70-Hom protein sequence is more similar to the sequence 

derived from the amplified Hsc70t sequences than the Hsc70t sequence of 

Matsumoto and Fujimoto (1990).

Analysis of the derived protein sequences from the H-2 congenic mouse strains 

B10.A, BIO.A(IR), B10.A(2R) and B10.A(4R) showed no correlation of the sequence 

variation with resistance or susceptibility to EAO. The variations observed are 

probably due to PCR errors during amplification and the number of changes, 5x10'5 

per nucleotide per cycle, is comparable with the value of 1Q-5 per nucleotide per cycle 

observed by Erlich et al. (1991). Work is currently under way to sequence the Hsc70t 

gene directly from the amplification products to confirm whether or not the 

sequence variations observed are PCR artifacts or whether they correspond to 

polymorphisms that may be responsible for susceptibility or resistance to EAO.

6.4.3 Heat shock proteins and the immune system

The functions of heat shock cognate proteins is of interest in relation to the immune 

system and their possible roles in autoimmune disease aetiology. HSC70 participates 

in the translocation of peptides across intracellular membranes (Craig et al. 1991; 

Pelham 1990), plays a role in the disassembly of clathrin-coated vesicles (Brodsky et 

al. 1991) and, in common with the major HSP70 proteins, migrates to the nucleus 

and nucleolus in response to heat shock, where it is thought to aid the recovery of 

nucleolar function (Lewis and Pelham 1985). There is little evidence for the direct 

involvement of HSP70 proteins in the processing and presentation of antigens, 

although the proposed similarity of the heat shock protein peptide binding site 

structure with that of MHC class I molecules and their role as molecular chaperones 

have important implications.

MHC class I molecules usually bind and present intracellular antigenic peptides 

synthesised within infected cells (Townsend and Bodmer 1989) and the binding of 

peptide is essential for the stability of this complex and its expression at the cell 

surface (Townsend et al. 1989). BiP (GRP78) binds to the Ig heavy chain during 

antibody assembly (Monro and Pelham 1986) and it may be possible that another 

member of the heat shock protein family acts as a chaperone during MHC class I 

molecule assembly, by stabilising the complex before peptide binding. Alternatively, 

a member of the heat shock protein family may play a role in MHC class II molecule
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assembly by stabilising ap dimers in the endoplasmic reticulum, possibly after

removal of the invariant chain (VanBuskirk et al 1989,1991).

A more direct role for heat shock proteins in antigen processing and presentation 

could be by direct interaction with the antigenic peptides. This could be in the role of 

peptide transport (Gething and Sambrook 1992) or in binding peptide within the 

proposed cleft of the peptide binding domain protecting them from complete 

degradation.

Evidence for direct involvement of HSC70 in the immune system has recently 

come from the observations of Nadler et al. (1992). They have shown that the potent 

immunosuppressant deoxyspergualin (DSG) binds to a 70kDa protein with high 

affinity and the hydrolysis of ATP by the protein increases the efficiency of DSG 

release. Partial amino acid sequences from the 70kDa protein revealed homologies 

with heat shock proteins, but the only protein identical with all the peptides was 

HSC70.

6.4.4 Heat shock proteins as autoantigens

The major antigens recognised by the immune system in response to a variety of 

bacterial and parasitic pathogens are heat shock proteins (Young et al. 1990). There is 

a high level of sequence conservation between heat shock proteins of the pathogens 

Plasmodium falciparum, Mycobacterium leprae and Mycobacterium tuberculosis 

and their human homologues. P. falciparum shares 60% identity with a 72kDa 

human heat shock protein (Bianco et al. 1986). This high level of similarity has 

resulted in the concept that 'molecular mimicry' (Oldstone 1987), due to the cross 

reaction of antibodies against heat shock proteins from pathogens with their human 

homologues, may cause autoimmune diseases. Serum from patients with SLE 

contain anti-HSC70 autoantibodies (Minota et al. 1988) and patients with 

rheumatoid arthritis, ankylosing spondylitis and infectious mononucleosis contain 

anti-HSP70 autoantibodies in their serum (Tsoulfa et al. 1989). However, there is no 

conclusive evidence for the involvement of heat shock proteins in disease 

pathology.

This wide variety of possible roles for Hsc70t, however, does not provide any 

indication as to its potential contribution to resistance or susceptibility to EAO.
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CHAPTER 7



SUMMARY & CONCLUSIONS

The human MHC has been shown to influence susceptibility to over 40 diseases, 

most of which are autoimmune in nature (Tiwari and Terasaki 1985; Batchelor and 

McMichael 1987; Thomson 1988; Nepom and Erlich 1991). Some diseases are more 

strongly associated with combinations of particular class I and class II alleles 

(extended haplotypes) than with any single locus e.g. SLE with B8 and DR3, Coeliac 

disease with B8 and DR3 or DR7. However, more detailed molecular and 

immunogenetic analysis has shown that some of the strongest associations are with 

alleles at the HLA-B and HLA-DR loci which flank the class III region e.g. 

Ankylosing spondylitis with B27, IDDM with DQB encoding Asp at position 57. 

Consequently, characterisation of the protein products encoded by genes in the MHC 

class III region may provide some indication as to whether or not any of the disease 

loci do in fact lie in this region.

The class III region of the human MHC contains at least 38 genes (Figure 7.1) 

(Sargent et al. 1989a,b, Spies et al. 1989a,b, 1990; Kendall et al. 1990; Cheng 1991; 

Matsumoto et al. 1992b; Chapters 4 & 5). These genes encode proteins that are distinct 

from the highly polymorphic HLA class I and class II antigens and most are also 

unrelated to each other. Some of these proteins are involved in the immune system 

and are of obvious interest in the study of autoimmune diseases, but there may be 

other proteins, for which the function has not been determined, which may also 

play a role in autoimmune disease pathogenesis. In addition, some proteins encoded 

in the MHC class III region may not be involved in the immune system, but could 

still play a role in other diseases.

7.1 CHARACTERISATION OF NOVEL GENES

7.1.1 The G7 gene

The G7 gene has been located ~60kb telomeric of the HSP70 gene cluster, has been
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shown to contain 27 exons that span -22kb. The usage of two of these exons is 

mutually exclusive and this results in two different mRNA transcripts that encode 

two different novel, putative intracellular protein products of 749 and 788 amino 

acids. The mRNA encoding the smaller protein is more abundant in tissue culture 

cell lines. Expression of the G7 gene appears to be ubiquitous, although increased 

levels of G7 mRNA were detected in monocytic cell lines. The function of these gene 

products is unknown, but the putative G7 protein sequences show very significant 

homology with several bacterial DNA mismatch binding proteins and homologous 

proteins in man, mouse and yeast, as well as the S. pombe Swi4 protein which plays 

a role in mating type switching. The putative G7 protein products are smaller than 

the DNA mismatch repair proteins which have previously been described and do 

not contain a nuclear localisation signal of the type located near the N-terminus of 

the eukaryotic DNA mismatch repair protein homologues. In addition, the putative 

G7 protein products do not contain the consensus sequence of a DNA binding site 

such as those located near the C-terminus of all the DNA mismatch repair proteins 

and their homologues. The putative G7 protein products do, however, contain the 

type A nucleotide binding site for ATP (Saraste et al. 1990) and the three unique, 

conserved motifs which are present in all the DNA mismatch repair proteins 

discovered to date and their homologues. This similarity suggests that the putative 

G7 protein products may have a role in DNA repair even if they do not contain the 

DNA binding site motif present in proteins that play a role in the recognition of 

mismatched DNA following replication or recombination.

A Pvull RFLP has been detected within G7 that was present in -25% of the 

haplotypes analysed. This RFLP is associated with a potential Thr~*Ala substitution 

at the C-terminus of the putative G7 protein products, beyond the conserved motifs 

identified within the DNA mismatch repair proteins and their homologues.

7.1.2 The G7b gene

The G7b gene lies adjacent to the 3' end of the HSP70-Hom gene, and contains 5 

exons that span ~10kb of DNA. There appear to be several genes or pseudogenes 

homologous to G7b elsewhere in the human genome.

G7b mRNA was found to be expressed in all the cell lines examined which 

encodes a putative polypeptide apparently 95 amino acids in length. The function of
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the putative G7b polypeptide is unknown, but the absence of a hydrophobic leader 

peptide indicates that it could be an intracellular protein. The only significant 

homology detected for the putative G7b polypeptide sequence is with the human 

small ribonucleoprotein, Sm-D, autoantigen and this homology is over the whole of 

the G7b sequence. The small nuclear ribonucleoprotein complexes are associated 

with the small nuclear RNAs involved in RNA splicing (Rokeach et al. 1988) and 

G7b may also be involved in this process. The presence of anti-Sm-D antibodies in 

patients suffering from SLE is of particular interest as this is one of the many 

autoimmune diseases which has been shown to be associated with the MHC (Tiwari 

and Terasaki 1985).

7.1.3 The new novel gene G7c

Recombination mapping of the Orch-1 locus in the mouse H-2S region to the 

Hsp70-Bat5 interval (Snoek et al. 1991) led to the search for additional genes in this 

region. Segments of non-repetitive DNA sequence mapped within this region were 

found to correlate with the locations of four genes already mapped to this region. 

The presence of two other regions containing non-repetitive DNA sequences, 

located between G7 and G7a and between G6 and Bat5, indicated that there may be 

other genes in this interval. Refinement of the position of the Orch-1 locus to the 

region between Hsp70.1 and G7 (Snoek et al. 1993) resulted in further analysis of the 

-llkb of DNA separating the G7 and G7a genes. This region was found to contain 

DNA sequences that were conserved across species in zoo blot analysis, indicative of 

coding sequences (Monaco et al. 1986; Rommens et al. 1989). Exon trapping analysis 

(Buckler et al. 1991) of part of this region resulted in the isolation of two discrete 

exons that were shown to correspond to part of the conserved sequences identified 

by zoo blot analysis. The sequences of these exons, and the translated protein 

sequences, do not show homology with any other known sequences.

Screening cDNA libraries by PCR and RT-PCR analysis of RNA samples derived 

from a variety of cell lines, using oligonucleotide primers that hybridise to the 

trapped exons, has subsequently indicated that G7c is expressed in cultured B 

lymphocyte cell lines.
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7.2 NON-REPETITIVE SEQUENCES AS MARKERS FOR MAPPING NEW GENES

Current approaches for the identification of new genes within stretches of genomic 

DNA are largely based upon the hybridisation of cDNA libraries with whole YAC or 

cosmid DNA inserts (Wallace et al. 1990; Elvin et al 1990; Lovett et al 1991; Parimoo 

et al 1991). Recombination based approaches (Vollrath et al 1988; Kurnit and Seed 

1990) can also be applied across large cloned regions, but neither of these strategies 

provide any indication of the total number of genes present. These approaches are 

'one hit' analyses and can vary widely in the efficiency with which they identify new 

genes, often as a result of the level or tissue distribution of gene expression. By 

preparing uniform abundance, or normalised, cDNA libraries (Patanjali et al 1991)) 

to increase the frequency of rare cDNA species and by combining cDNA libraries, 
these problems can be partly overcome.

CpG-rich HTF-islands (Bird 1986, 1987; Gardiner-Garden and Frommer 1987) can 

be used to identify potential genes within large regions of genomic DNA, but not all 

genes are HTF-island associated. Consequently, any approach based upon mapping 

HTF-islands to identify genes will not detect genes that are not HTF-island- 

associated, unless they happen to lie close enough to a HTF-island to be detected by 

chance e.g. Gl (Olavesen et al. 1993).

All genes contain unique or low copy number sequences that can potentially be 

identified as non-repetitive sequences within cloned genomic DNA and these can be 

used as markers to identify the genes associated with them. This approach, however, 

may not be applicable in the initial search for genes over a large region because if the 

gene density is high then the regions of non-repetitive DNA associated with each 

gene cannot be distinguished from one another. If, however, following the 

identification of genes by other approaches, regions of non-repetitive sequence are 

detected that do not correlate with them, attention can be focused upon these regions 

to search for additional genes.

Zoo blot analysis can be carried out to confirm whether sequences are conserved 

across species (Monaco et al. 1986; Rommens et al 1989) and the non-repetitive 

sequences can either be subjected to exon trapping analysis or subcloned and 

sequenced. The identification of exon sequences allows primers to be synthesised to 
screen multiple cDNA libraries by PCR for expression of the gene.
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Within the MHC class III region there is sufficient space between the genes already 

mapped for at least an additional ten genes, and non-repetitive sequences within 

these gaps are currently being analysed to search for even more genes within this 

region where the gene density is already -1 every 20kb (Milner and Campbell 1992b).

The human MHC is located in the chromosome band 6p21.3 which is a light band 

upon Giemsa (G) staining. Most (-75%) of the genes localised by in situ hybridisation 

are also located in G-light bands (Bickmore and Sumner 1989), which have been 

shown to be associated with unmethylated CpG dinucleotides (Adolph and 

Hameister 1990), characteristic of HTF-islands which are frequently associated with 

the 5' ends of genes. If the gene density of -1 every 20kb is consistent within all the 

G-light bands, which constitute -42% of chromosomal DMA, and these contain 

-75% of the genes, then the human genome may contain -80,000 genes. This is 

significantly more than the 50,000-60,000 genes estimated upon the frequency of CpG 

islands in the human genome (Larsen et al. 1992).

7.3 COLINEARITY OF GENES IN THE HUMAN AND MOUSE CLASS III REGIONS

The human MHC on the short arm of chromosome 6 and the mouse H-2 complex 

on chromosome 17 span ~3.5Mb (Milner and Campbell 1992b) and at least 2.3Mb 

(Muller et al. 1987a), respectively, and are arranged in a similar fashion, with the 

exception of the mouse H-2K class I genes which lie centromeric of the H-27 class II 

region (Weiss et al. 1984). The colinearity of the MHC class II regions in man and 

mouse was studied by Hanson and Trowsdale (1991), who observed striking 

similarity between the two species. The exceptions were the absence of DPA1, DPB1, 

DPA2 and DQB2, DQA2, DQB2 cluster homologues in the mouse and the insertion 

of the H2-K and H2-K2 class I genes between the RING1 homologue and XE3. The 

class I regions in man and mouse are less well characterised, but both lie telomeric of 

their respective class III regions, with the exception of the mouse H-2K region, 

described above.

The organisation of the class III region of the human and mouse MHCs also 

appears to be highly conserved (Figure 7.1). At the telomeric end, the novel human 

gene BAT1 (Spies et al. 1989a), D6S81E, has been shown to have a mouse homologue
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at the same position (Wroblewski et al. 1990). However, the distance from BAT1 to 
HLA-B in man is much larger, 170kb, than the Bail to H-2D interval of 10kb in 
mouse (Wroblewski et al. 1990). The human TNF-A and -B loci (Carroll et al. 1987) 
and the mouse Tnfa and Tnfb loci (Muller et al. 1987b) both lie ~35kb from the 
corresponding D6S81E loci (Wroblewski et al. 1990). Centromeric of the TNF genes, 
the mouse B144 gene and its human homologue have been identified (Tsuge et al. 
1987; Sargent et al 1989a). The locations of G2/BAT2, G3/BAT3, G5/BAT4 and BATS 
were mapped in cosmids by Sargent et al. (1989a) and Spies et al. (1989a) and the 
corresponding positions of the mouse homologues for all these genes except G6 
have been demonstrated by PFGE and RFLP analysis by Snoek et al. (1991) and Lafuse 
etal (1992).

The interval from BATS to the HSP70 gene cluster contains G6, G7, G7a/BAT6 and 
G7b in man (Sargent et al. 1989a; Spies et al 1989b; Hsieh and Campbell 1991; Chapter 
4) and homologues have been mapped, in cosmids linked to the Hsp70 gene cluster, 
to the corresponding positions in mouse, although the G7a-G7b interval is larger in 
mouse than in man (Snoek et al. 1993). The organisation of the HSP70 gene cluster, 
consisting of HSP70-2, HSP70-1 and HSP70-Hom/ determined by Sargent et al (1989b) 
and Milner and Campbell (1990), is the same in the mouse, where the corresponding 
genes are Hsp70.1, Hsp70.3 and Hsc70t (Snoek et al 1993). A mouse homologue to 
the human G9 gene, mapped centromeric of the HSP70 gene cluster (Sargent et al 
1989a), has been mapped to a corresponding position in the cosmids linked to the 
Hsp70 gene cluster (Snoek et al 1993).

In the mouse, most of the genes in the H-2 region have been mapped by RFLP 
analysis of intra H-2 recombinant mouse strains using human cDNA probes. Most of 
the recombinations have taken place telomeric of the Hsp70 gene cluster so that the 
relative positions of the majority of the novel genes centromeric of the Hsp70 gene 
cluster have not yet been mapped.

Within the complement cluster, the organisation and orientation of the C2, C4 
factor B and steroid 21-hydroxylase genes (Carroll et al 1984, 1987; Dunham et al 
1987) have been shown to be the same in mouse and man (Muller etal I987a). An 
additional, novel gene, RD, has been mapped within this cluster between the factor 
Band C4A/Slp genes in both mouse and man (Levi-Strauss etal 1988).

Thus, all the genes that have been shown to have homologues in both man and
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mouse are colinear. The only major variations that have been identified are in the 

intergenic distances separating the D6S81E locus and the most proximal class I locus, 

and the G7a-G7b interval. Both of these differences are large enough to 

accommodate further genes. In addition, the colinearity of these and the novel genes 

not yet mapped in the mouse remains to be demonstrated. However, the total 

conservation of colinearity so far observed may be expected to be maintained for the 

other genes. This high level of conservation allows direct comparison of disease loci 

in man and mouse by extrapolation of results obtained by genetic mapping and 

physical mapping from one species to another.

7.4 THE MHC CLASS III REGION AND DISEASE ASSOCIATION

In the mouse, intra H-2 recombinant congenic mouse strains, associated with 

different genetic traits, are being used to map disease loci by mapping the 

recombination break points using RFLPs and polymorphic (CA) n repeats. These loci 

include: Hh-1, the haemopoietic histocompatibility locus controlling natural killer 

cell-mediated resistance to haemopoietic allografts (Rembecki et al. 1988), which has 

been mapped to the Bat5-H-2D interval (Snoek et al. 1991), Neu-1, the locus 

controlling the degree of sialylation of lysosomal enzymes, mapped to the C2-Bat5 

interval (Lafuse et al. 1992), the TNP-Ficoll response control locus (Hillstrom- 

Shapiro et al. 1985), mapped between C4 and Bat5 (Snoek et al. 1991), Cps-1, one of 

the loci that influences susceptibility to cortisone-induced cleft palate (Gasser et al. 

1988), mapped between the Hsp70 genes and Bat5 (Snoek et al. 1991) and Orch-1, the 

EAO susceptibility locus, which has been mapped to the ~50kb region between, but 

not including, Hsp70.3 and G7 (Snoek et al. 1993; Snoek unpublished data) i.e. 

Hsc70t, G7b, G7a and probably G7c. Of these genes Hsc70t is the most promising 

candidate gene for the Orch-1 locus as it is expressed at high levels in the testis, but 

no polymorphism associated with the susceptible or resistant mouse strains has been 

detected within the coding region of the gene.

In man, fewer disease loci have been mapped with certainty within the MHC class 

III region. However, the human gene G9 encodes a polypeptide that shares 22% 

sequence identity, over its whole length, with the sialidase of Clostridium
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perfringens. and it is possible that G9 is the human homologue of the Neu-l locus. 
In addition, CYP21B encodes the enzyme steroid 21-hydroxylase and deficiency or 
dysfunction of this protein results in congenital adrenal hyperplasia (New et al 
1982).

The EC1 locus, regulating susceptibility or resistance to lysis by natural killer cell 
clones was mapped between the factor B and HLA-A genes (Ciccone et al. 1990) and 
has subsequently shown strong association with the HLA-C locus (Colonna et al. 
1992b). It has also been suggested that the human EC1 locus may have a mouse 
counterpart in the Hh-1 locus (Ciccone et al. 1990) and it is interesting to note that 
both EC1 and Hh-1 have been mapped towards the telomeric end of the mouse and 
human class III regions.

IgA deficiency (IgA-D) and common variable immunodeficiency (CVID) are 
believed to be caused by a single underlying genetic defect (Schaffer et al. 1989; 
Volonakis et al. 1992). Analysis of individuals with these immunodeficiencies 
revealed an association with rare C2 and C4A alleles and deletions of C4A and 
CYP21, indicating that IgA-D and CVID are related disorders for which susceptibility 
is determined by a gene or genes within or near the MHC class III region (Schaffer et 
al. 1989). Subsequent analysis of families including individuals with IgA-D and 
CVID using polymorphic markers across the MHC class III region suggested that the 
common gene or genes may lie between the C4B and C2 genes (Volonakis et al. 1992). 
Detailed characterisation of the novel genes in this C4B-C2 interval is currently 
being carried out to try to identify the possible susceptibility gene or genes.

The linkage disequilibrium observed between the HLA class I and class II antigens 
and the presence of so many closely linked genes in the class III region has made the 
task of identifying potential disease susceptibility loci very difficult. In addition, the 
derived amino acid sequences from all of the novel genes identified has not yet 
assisted in the identification of any of the disease susceptibility loci within the class 
III region. However, the identification of highly polymorphic dinucleotide repeat 
markers within the class III region (Hsieh 1992) and RFLPs (Cross et al. 1991) that 
subdivide the extended haplotypes will help in identifying the disease susceptibility 
loci.

Some of the loci currently mapped to the mouse class III region appear to be 
regulatory loci, whose products may have a secondary effect upon other proteins,
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rather than encoding extracellular proteins which may be easier to identify. As a 

result the identification of these loci and determination of their function may be 

difficult. However, ~70kb of DNA within the human MHC class III region, encoding 

G7, G7b, G7c and HSP70-Hom / has been characterised in detail to facilitate 

identification of human homologues of the loci currently mapped to the 

corresponding region of the mouse H-2 complex. In addition, human cDNA probes 

for these genes have been used to refine the location of the Orch-1 locus within the 

mouse H-2S region which in man may control susceptibility to idiopathic infertility. 

A new potential candidate gene for the Orch-1 locus, G7C/ has also been identified in 

man using non-repetitve sequences mapped in cloned genomic DNA to identify the 

location of the new gene. This approach is currently being applied to other intergenic 

intervals within the MHC class III region in order to identify other new genes, 

possibly expressed in a tissue specific manner, that may contribute to disease 
susceptibility.
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