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MOLECULAR ANALYSIS OF HUMAN AND MOUSE 
INTERFERON ct GENE STRUCTURE AND FUNCTION

C. Bartholomew

SUMMARY: -
Four human IFNa chromosomal genes have been isolated from a newly constructed 

placental DNA library in XL47. Restriction and sequencing analysis revealed that each gene 
had been described previously. However, one gene, S M T lll .l^ ,  which encodes a full 
length IFN, is an allelic varient of a previously characterised pseudogene, thus indicating 
some degeneracy of the IFNa gene family.

A chimaeric gene comprising the MuIFNcq promoter ( —188 to +52) and cat gene 
coding sequences has been constructed in vitro, enabling promoter function to be examined 
in mouse cells. Reproducible polyrl.rC mediated induction of CAT expression from the 
MuIFNcq promoter has been demonstrated in pools of stably transfected, but not 
transiently transfected, L929 cells. Monitoring mRNA production revealed the transient 
accumulation of correctly initiated hybrid gene transcripts which precede optimum CAT 
production.

Aspects of the structure/function relationship of the MuIFNa% promoter have been 
investigated by oligonucleotide site directed mutagenesis. Comparative studies of IFNa 
promoter sequences identified prospective regulatory regions for mutagenesis. Quantitative 
CAT assays have been employed for promoter assessment. Additionally, the construction of 
a pseudogene comprising the wildtype MuIFNa% promoter linked to an internally deleted 
cat gene has enabled both mutant and wildtype promoters functioning simultaneously in the 
same cell population to be assessed by S—1 nuclease protection studies using a common 
probe.

Such studies have revealed three distinct ci5 —acting regions implicated in MuIFNa% 
promoter function. Two are located upstream of the TATA box, defined by mutations at 
—87 and between — 6 6  and —33 respectively. These reduce promoter activity 2 to 5 fold. 
The third, is defined by a mutation at +14, within the untranslated leader sequence. This 
enhances activity 2 to 3 fold.

A deletion derivative of the MuIFNaj promoter containing only 94bp of upstream 
sequence is inactive. Cis—activation by the Mo—MuSV enhancer restores inducibility to this 
promoter whereas the intact MuIFNa% promoter is refractory to this element. This suggests 
that distinct cw—acting sequences dictate the efficiency and regulation of MuIFNa% gene 
transcription.
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CHAPTER 1 

INTRODUCTION

The interferons (IFN) are classically defined as antiviral proteins which are secreted 

by the host for protection against viral infection. They have been identified in all

vertebrates examined (Wilson et al, 1983) but are most studied in man and mouse.

The genes encoding IFN activity are normally silent in most tissues, but can be 

activated by virus, bacteria or double stranded polyribonucleotides (Stewart et at, 1979). 

In  vitro studies have identified major sources of IFN from leukocytes, lymphocytes and 

continuous fibroblast and lymphoblastoid cell lines (Pestka, 1981).

Polyclonal antisera have enabled the classification of IFNs into three subtypes; a , (3 

and 7  in both human and murine systems (Stewart et al, 1980a). IFNa, IFN/3, and IFN7  

are also distinguishable physically, biologically and molecularly, according to their acid 

stability, characteristic profiles of target cell specificity and nucleotide sequence.

A wide range of cellular activities are associated with IFNs, including anti—viral, 

anti—proliferative and immunoregulatory roles. These tend to be mediated in a species

specific manner (Stewart et al, 1979). Their anti—viral and anti—proliferative behaviour 

has stimulated substantial interest in their development as therapeutic agents.

In addition to their potential commercial significance the IFNs provide an important 

biological system for investigation. Understanding mechanisms of IFN gene regulation,

species specificity and the pleiotropic response of target cells, are the subjects of intense

research. Investigation of a family of virally induced proteins, which in turn regulate 

expression of diverse cellular genes, generating characteristic biochemical and phenotypic 

changes, provides an attractive model system for gene regulation studies.

1.1 Genetic Organisation and Physical Structure of the IFNs

IFNa

The isolation and characterisation of human (Nagata et al, 1980a; Lawn et al, 

1981a) and mouse (Shaw et al, 1983) IFNa chromosomal genes demonstrated that they



comprised a family of genes (Brack et al, 1981; Henco et al, 1985; Zwarthoff et al, 

1985; Kelley and Pitha, 1985a) exhibiting 80—90% and 60 — 70% nucleotide homology at 

the intra— and inter—species level respectively. Similarly bovine (Capon et al, 1985) and 

rat (Dijkema et al, 1984) IFNa genes have been isolated. These also comprise a gene 

family. The IFNos are encoded by uninterupted genes (Nagata et al, 1980a; Lawn et al, 

1981a; Shaw et al, 1983) which mostly generate a 189 amino acid precursor polypeptide, 

which is modified and exported from the cell by cleavage of a 23 amino acid signal 

peptide, producing the mature 166 amino acid protein (Mantei et al, 1980; Shaw et al,

1983). Exceptions include the 165 amino acid protein encoded by the LelFNA or 

HuIFNo2  genes (Goeddel et al, 1980a; Streuli et al, 1980) and the 167 and 151 amino 

acid polypeptide products of the MuIFNa^ (Shaw et al, 1983) and MuIFNa^ genes 

respectively (Zwarthoff et al, 1985; Kelley and Pitha, 1985a).

Currently twenty three loci for the human (Henco et al, 1985) and seven members 

of the mouse (Zwarthoff et al, 1985; Kelley and Pitha, 1985a) IFNa gene families have 

been characterised. The chromosomal location of these genes has been determined by 

hybridisation analysis of panels of somatic cell hybrids. This indicates the IFNa genes are 

clustered on human chromosome 9 (Owerbach et al, 1981) and mouse chromosome 4 

(Kelley et al, 1983; Lovett et al 1984)

Many of these IFNa genes are expressed in vitro. Gene expression and cDNA 

cloning studies indicate a minimum of eight are transcribed in Sendai virus induced 

human leukocytes (Hiscott et al, 1984) and KG—1 cells (Goeddel et al, 1981). Similarly 

a minimum of five mouse genes are expressed in NDV virus induced L -9 2 9  cells 

(Zwarthoff et al, 1985; Kelley and Pitha, 1985b).

Purification and partial amino acid sequencing of IFNs has revealed the major

anti—viral translation products of virus induced human leukocytes (Rubinstein et al, 1979) 

and lymphoblastoid Namalwa cells (Zoon et al, 1979; 1980) to be IFNa, comprising a 

minimum of eight distinct species (Levy et al, 1981; Allen, 1982). At least three species 

are translated in virus induced mouse C243 cells (De Maeyer—Guignard et al, 1978),

N —terminal amino acid sequencing revealing a mixture of both a  and /3 species (Taira et

al, 1980).



Human IFNa, in contrast to mouse (Fujisawa, 1978), is not glycosylated (Allen and 

Fantes, 1980; Allen, 1982). However, a novel 27kd glycosylated species identified in

Sendai virus induced Namalwa cells (Allen, 1982), may be the 172 amino acid

polypeptide translation products of a closely related family of IFNa genes, designated 

IFNoix (Capon et al, 1985; Hauptman et al, 1985). Nevertheless non—glycosylated 

recombinant mouse IFNa or human IFNa^j, produced in E.coli, maintain anti—viral 

activity (Shaw et al, 1983; Hauptman et al, 1985), suggesting this post—transcriptional 

modification is unneccessary for biological activity.

The predicted amino acid sequence for IFNa contains 4 (human) or 5 (mouse) 

cysteine residues. Tryptic digests of purified recombinant IFNoA indicated the formation 

of disulphide bridges between the cysteine residues found at position 1 and 98, and also

29 and 138 (Wetzel, 1981). Intra— and inter—species conservation of these residues

suggests that disulphide bridge formation may be a common structural feature of IFNa's.

IFNg

Unique structural genes encoding human (Degrave et al, 1981; Gross et al, 1981; 

Houghton et al, 1981; Lawn et al, 1981b; Mory et al, 1981; Ohno and Taniguchi, 1981; 

Ta vernier et al, 1981) and mouse (Fujita et al, 1985) IFNjS have been isolated and 

characterised. Inspection of human IFNa and IFN/5 gene sequences demonstrate 45% and 

29% homology at the nucleotide and amino acid level respectively (Taniguchi et al, 

1980a). This strongly suggests they are derived from a common ancestral gene (Taniguchi 

et al, 1980b). Interspecies homology of IFN|3 shows 63% nucleotide sequence conservation 

(Higashi et al, 1983).

The uninterrupted IFN|3 genes encode 187 amino acid (human) and 181 amino acid 

(mouse) precursor polypeptides which are modified and exported from the cell as 166 

and 161 amino acid mature proteins respectively, upon cleavage of a 2 1  amino acid 

signal peptide (Derynck et al, 1980; Higashi et al, 1983). The same procedures adopted 

to identify the chromosomal location of IFNa genes have allocated human IFN|3 to 

chromosome 9 (Owerbach et al, 1981). The murine IFN|3 gene is probably located on 

chromosome 4 (Lovett et al, 1984).



Although a multi—gene family of IFNa genes have been observed in man and 

mouse, only single species encoding IFN/5 activity have been identified. In contrast, 

multiple IFN/3 genes have been identified in cows and rabbits (Wilson et al, 1983; Capon 

et al, 1985). The presence of a single IFN/3 gene in man and mouse has been contested 

by the identification of novel partial cDNAs which encode prospective IFNs, including 

HuIFN /32 (Weissenbach et al, 1980) and mouse pMIF3/10 and pMIF20/ll (Skup et al, 

1982). These show no homology with previously characterised IFN genes. Moreover 

pMIF3/10 has recently been identified as the haemopoietic growth factor, erythrocyte 

potentiating factor (Gasson et al, 1985; Docherty et al, 1985). The origin of the IFN/5 

activity associated with pMIF3/10 and pMIF20/ll remains unexplained. The anti—viral 

activity associated with HuIFN /32 has also been disputed (Content et al, 1982).

The isolation of cDNAs encoding IFN/5 demonstrated that these genes were 

transcribed in virus induced human and mouse fibroblasts (Taniguchi et al, 1980a; 

Derynck et al, 1980; Goeddel et al, 1980b; Higashi et al, 1983). Purification of IFN/5 

and partial N —terminal amino acid sequencing show it is the major anti—viral translation 

product of polyrl.rC induced human fibroblasts (Knight, 1976; Knight et al, 1980). In 

contrast polyrl.rC induced mouse fibroblasts generate a mixture of IFNa and IFN/5 

(DeMaeyer—Guignard et al, 1978; Taira et al, 1980). The apparent differences of 

expression of human and mouse IFN/3 in fibroblasts may indicate differences in the cells 

examined, or a fundamental difference in the regulation of these genes.

Both human and mouse IFN/3s are glycoproteins (Fujisawa et al, 1978; Tan et al, 

1979). Nevertheless, expression of the mature human IFN/3 polypeptide in E.coli 

demonstrated that this post—transcriptional modification is unnecessary for anti—viral 

activity (Goeddel et al, 1980b). In addition non—glycosylated mouse IFN/3 produced in 

E.coli maintains its anti—viral properties (Windass, J.D  and D e—Maeyer, E ., personal 

communication)

Mature human IFN/3 contains three cysteine residues, one of which is located at 

position 17 and is conserved in mouse IFN/5, and two additional residues at position 31 

and 141, analagous to the human and mouse IFNa cysteine residues shown to be 

cross-linked by a disulphide bridge. The isolation and expression in E.coli of a



non—antiviral IFN/3 variant no longer recognised by anti—IFN/3 antibody, which possesses 

a Cys to Tyr substitution at position 141, demonstrated the functional importance of this 

residue in IFN protein structure (Shepard et al, 1981). Site directed mutagenesis indicated 

however that Cys 17, can be substituted for serine (Mark et al, 1984). Recombinant 

IFN/3serl7 expressed and purified from E.coli has the same specific activity as natural 

IFN/3 (Mark et al, 1984), indicating that this cysteine is not required for either

anti—viral or anti—proliferative activities.

IFN7

A unique gene encoding IFN7  has been isolated and characterised from the genome

of human (Gray and Goeddel, 1982; Taya et al, 1982) and mouse cells (Gray and

Goeddel, 1983). In contrast to a  and /3 IFNs, the coding sequence is interrupted by

three intervening sequences (Gray and Goeddel, 1982; Gray and Goeddel, 1983). The

IFN7  gene shows no significant homology with the IFNa and IFN/3 genes.

The human IFN7  gene, located on chromosome 12 (Trent et al, 1982), encodes a

predicted 166 amino acid precursor polypeptide which is modified to a mature 146 amino

acid glycoprotein (Rindernecht et al, 1984) upon removal of a 20 amino acid signal

peptide. The mouse gene, located on chromosome 10 (Naylor et al, 1984) encodes a

predicted 155 amino acid precursor polypeptide which is cleaved to generate a 136 amino

acid mature glycoprotein, shows 64% homology at the nucleotide level with the human 

gene (Gray and Goeddel et al, 1983).

Natural IFN7  has been purified from antigen induced human lymphocyte cultures (Yip

et al, 1982a; 1982b) and mitogen induced murine T —lymphocytes (Prat et al, 1984).

Natural preparations of IFN7  consist of two glycoproteins (Kelker et al, 1983; Gribaudo 

et al, 1985) derived from a single precursor which apparently undergoes cleavage at the 

carboxyl terminus (Rindernecht et al, 1984; Gribaudo et al, 1985). Nevertheless, 

expression of biologically active IFN7  in E.coli demonstrates that neither glycosylation nor 

the removal of amino acids from the carboxy—terminus are essential for the anti—viral 

activity (Gray et al, 1982; Gray and Goeddel, 1983).

The mature polypeptide for human IFN7  has two cysteine residues at position 1 and



3 (Gray and Goeddel, 1982) in common with the mouse protein, which also has an 

additional cysteine at position 36 (Gray and Goeddel, 1983). The murine IFN7  protein 

may potentially possess a disulphide bridge, perhaps accounting for the observed greater 

stability of the purified protein, relative to the human species (Gray and Goeddel, 1983).

1.2 Regulation of Gene Expression bv IFN

IFN Receptors

In the majority of cases the pleiotropic response initiated by the interaction of IFNs 

with target cells is effected by changes in cellular gene expression (see below). To effect 

these responses IFNs interact with high affinity cell surface receptors (Kd 1—2xlO“ ^^M). 

Radiolabelled IFNs (Aguet et al, 1980) used in combination with competition binding 

assays (Branca and Baglioni et al, 1981; Faltynek et al, 1983) have demonstrated the 

existence of distinct receptors for IFNo/|3 (Branca et al, 1982) and IFN7  (Anderson et 

al, 1982). These receptors have been identified by chemical cross-linking of IFNs bound 

to the cell surface, revealing 1 2 0 kd and 117kd proteins which are thought to be human 

IFNo/|3 (Joshi et al, 1982; Faltynek et al, 1983) and IFN7  (Rashidibaigi et al, 1986) 

receptors, respectively.

Evidence for distinct IFNo//3 and IFN7  receptors is strongly supported by the 

chromosomal locations of the receptor gene(s). Human/mouse somatic cell hybrids indicate 

that the human IFNoZ/S receptor gene(s) is present on chromosome 21 (Tan, 1976; Revel 

et al, 1976; Shulman et al, 1984), whereas the human IFN7  receptor gene is located on 

chromosome 6  (Rashidibaigi et al, 1986).

The events following receptor occupancy are poorly understood. Internalisation and 

degradation of receptor/IFN complexes have been observed (Branca et al, 1982) but 

inhibitors of this process (methylamine, chloroquine) indicate that receptor occupancy is 

sufficient to regulate the transcription of several interferon responsive genes in Daudi and 

T989 cells (Branca et al, 1982; Hannigan and Williams, 1986).

As suggested below all three IFN subtypes regulate the expression of common genes, 

but there are also some differences which may reflect binding to distinct receptors.
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Moreover, receptors may dictate the species specificity commonly observed in the IFN 

sytem. Recent attempts to clone the human IFNa/(3 receptor gene(s), by transfection of 

heterologous cells with genomic DNA have generated recombinant mouse cells binding 

and responding to human IFNa (Fellous and Rosa, 1985). Thus, this suggests that IFNs 

are unable to interact productively with heterologous cell receptors. In addition, events 

following receptor occupancy must be highly conserved between the two species for

receptors to function in a heterologous environment.

Interferon Induced mRNA and Protein Svnthesis.

IFN receptor occupancy initiates the accumulation of specific mRNAs (Colonno and 

Pang, 1982) and proteins (Weil et al, 1983; Cheng et al, 1983) which are believed to 

elicit the anti-viral, anti-proliferative and immunoregulatory responses. Both IFNa and

IFN/3 induce a similar profile of proteins in human fibroblasts (Weil et al, 1983) while

IFN7  induces a minimum of 12 additional polypeptides (Weil et al, 1983).

IFN induced enzymes, 2 '-5 ' oligoadenylate synthetase and a ds RNA dependent 

protein kinase, have been purified (Sen et al, 1978; Hovanessian and Kerr, 1979; 

Galubru and Hovanessian, 1985) and their role as protein synthesis inhibitors in viral

infection well established (Review; Lengyel et al, 1982). The isolation and characterisation

of cDNAs for 2 '-5 ’oligoadenylate synthetase (Merlin et al, 1983; Benech et al, 1985a; 

Saunders et al, 1985) has led to the discovery that IFN induced de novo synthesis of at 

least two mRNAs, which are derived by cell specific differential splicing of a single

precursor transcript (Benech et al, 1985b; Saunders et al, 1985).

It is well established that IFNs enhance expression of histocompatability antigen 

(HLA) class I (Basham et al, 1982; Burrone and Milstein, 1982) and class II (Rosa et 

al, 1983; Koeffler et al, 1984; Collins et a l’, 1984) cell surface antigens in a variety of 

cell types. IFNs normally enhance expression of HLA mRNA from genes already being 

expressed (Fellous et al, 1982; Rosa et al, 1983), although stimulation of de novo

transcription has been reported for class II genes with IFN7  (Collins et al, 1984).

To identify genes implicated in the IFN response, to assign precise physiological 

roles to the individual gene products and to investigate the mechanism by which genes
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are regulated by IFN, many cDNAs encoding cryptic proteins derived from IFN regulated 

genes have been isolated and characterised. These include the IFN/3 treated SV80 cell 

clone c56, encoding a 56kd protein (Chebath et al, 1983), IFN/3 induced human 

fibroblast clones pIFN—INDl encoding 42kd and 58kd proteins, and the c56 homologue 

pIFN—IND2 (Lamer et al, 1984), seven clones from IFNa induced T989 cells, including 

metallothionein II and a HLA class I gene (Freidman et a/,1984), and IFNy induced 

U937 cell clone pIFN 7 —31, which shows homology to platelet factor—4 and 

/3—thromboglobulin derived proteins (Luster et al, 1985).

The examination of IFN inducible gene expression has revealed several mechanisms 

of gene regulation. Two classes of IFN induced gene have been identified, showing (a) 

transient, or (b) maintained gene expression (Kelly et al, 1985). The kinetics of induction 

can be immediate, increased transcription being apparent within 1 0  minutes for 

IFN—INDl and IFN—IND2 (Lamer et al, 1984), or delayed 4 hours or more, like the 

2 '—5 'oligoadenylate synthetase gene (Chebath et al, 1983). Examination of IFN induced 

gene expression employing nuclear mn off transcription assays has illustrated examples of 

both transcriptional (Lamer et al, 1984; Friedman et al, 1984) and post—transcriptional 

(Friedman et al, 1984; Friedman and Stark, 1985) control.

The use of metabolic inhibitors suggest that in many cases induction of gene 

expression by IFN is a primary response (Friedman et al, 1984). However, in some cases 

other factors may contribute to gene expression. The regulation of two transcriptionally 

activated, transiently expressed IFN inducible genes has been investigated in the presence 

of the inhibitor of protein synthesis, cycloheximide (CHX). Cytoplasmic mRNA levels of 

c56 (Chebath et al, 1983), IFN—INDl and IFN—IND2 (Lamer et al, 1984) genes 

monitored by hybridisation analysis show that mRNA stability is increased by CHX when 

administered after IFN. This suggests a labile factor mediates rapid mRNA turnover in 

these cases. Further studies show that high levels of c56 mRNA are induced by IFNa 

but not IFN7 . However, p re—treatment of cells with IFN7  prior to induction restores 

IFNa mediated gene activation even in the presence of CHX. The interpretation of this 

data is that a labile IFN inducible protein is required for induction of this gene (Kusari 

and Sen, 1986).



As expected for the different properties of IFNo//3 and IFN7 , differential regulation 

of interferon induced mRNAs have been observed (Kelly et al, 1985). Some genes are 

unique to IFNa or /3, including pIFN—IND—1 and IND—2 (Larner et al, 1984), 6 —16 

(Kelly et al, 1985) and HLA class I (Fellous et al, 1982; Rosa et al, 1983), while others 

respond to IFN7  only, including HLA class II ( Rosa et al, 1983; Collins et al, 1984), 

and pIFN 7 —31 (Luster et al, 1985). Therefore, it is clear that although IFNa, IFN/3 

and IFN7  regulate the expression of common pathways, some genes are also uniquely 

regulated by these subtypes.

Inspection of the nucleotide sequences of HLA class I, class II, and metallothionein 

n  genes, has revealed a homologous 28bp consensus sequence upstream of the TATA 

box, common to many IFN induced genes (Friedman and Stark, 1985). To experimentally 

investigate the location of regulatory sequences, in vitro mutagenesis together with gene 

transfer studies have been employed. Regulated expression of an IFN inducible human 

HLA class I gene (Yoshie et al, 1982) and the human 6 —16 gene (Kelly et al, 1986) in 

heterologous mouse cells has been demonstrated, suggesting that the mechanism of gene 

activation is conserved in the two species. Surprisingly, deletion mutagenesis of an HLA 

class I gene revealed 5 ' flanking gene sequences, which include the IFN inducible 

consensus sequence, were not required for IFN induction. Nuclear run off transcription 

assays have demonstrated that IFN induces transcription of class I HLA genes (Freidman 

and Stark, 1985). However, as described previously, IFN can act post—transcriptionally 

(Freidman et al, 1984). Thus, this suggests that the results of Yoshie et al (1984) also 

probably result from post—transcriptional events. Further studies of this kind will be 

useful to decipher the precise structural features of IFN inducible genes.

IFNs also have negative effects on gene expression. This is illustrated by genes 

implicated in cell proliferation. Selective reduction of mRNA for the proto—oncogene 

c — myc (Battey et al, 1983) by IFN/3 in Daudi cells (Jonak and Knight, 1984) correlates 

with growth arrest in the quiescent Gq/Gi phase of the cell cycle (Einat et al, 1985a). 

IFN/3 inhibits expression of genes normally induced by the competence factor, platelet 

derived growth factor (PDGF), in Balb/c3T3 cells (Einat et al, 1985b), including 

ornithine decarboxylase (McConologue et al, 1984), c —fos (Van Beveren et al, 1983) and
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c —myc (Battey et al, 1983). Several reports of endogenously derived IFNs, expressed in 

response to growth factors, including IFNa by colony stimulating factor I (CSF—I) treated 

macrophages (Moore et al, 1984), IFN/3 by PDGF treated fibroblasts (Zullo et al, 1985) 

and IFN/32 ^  differentiating U937 cells (Resnitsky et al, 1986), suggests a mechanism of 

autocrine growth arrest induced by IFNs, which is possibly mediated through suppression 

of those genes implicated in cell proliferation.

1.3 Regulation of IFNa and IFN3 Gene Expression.

Human and mouse IFNa and IFN/3 are transiently expressed in the presence of 

virus or the double stranded RNA, polyrl.rC. The kinetics of induction depend on the 

cell type and inducer (Pestka, 1981), but the transient nature is apparently universal. 

Metabolic inhibitors have been employed to dissect this process. These have demonstrated 

that IFN genes are regulated both by transcriptional and post—transcriptional events.

Transcriptional regulation has been revealed by the inhibition of induced IFN 

production in cells treated with inhibitors of mRNA synthesis (Vilcek and Ha veil, 1973). 

More specifically, inhibitors of interferon induction by a —aminitin, which selectively 

inhibits RNA polymerase II activity, established a role for RNA polymerase II in the 

transcription of these genes (Raj et al, 1979).

Later studies revealed that IFN gene induction results in a transient accumulation of 

IFN mRNA. The kinetics of IFN production correlates with the appearance of 

translatable mRNA (Leblau et al, 1978; Raj and Pitha, 1977; Cavalieri et al 1977). 

Monitoring of cytoplasmic mRNA levels by hybridisation analysis using cloned IFN gene 

probes have confirmed these observations (Raj and Pitha, 1981 ; Hiscott et al, 1984; 

Higashi et al 1984; Zwarthoff et al, 1985; Kelley and Pitha, 1985b). Therefore, together 

these data strongly suggest IFN production is initiated by the induction of gene 

transcription.

The transcriptional regulation of these genes appears to be under both positive and 

negative control. It is well documented that IFN production can be enhanced by 

pre —treating cells with IFN (priming) prior to induction. This positive regulation results 

in either an accelerated release of IFN production (Content et al, 1980) or the increased
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accumulation of IFN mRNA (Raj and Pitha, 1981), depending on the cells examined. In 

both cases IFN production is elevated. Further investigation of human fibroblasts revealed 

that priming is blocked in the presence of CHX. This suggests that the increased mRNA 

accumulation in primed cells is effected by a labile protein induced by IFN (Raj and 

Pitha, 1981). In this respect it is interesting that an IFN inducible /ra/w—acting factor 

has recently been identified in IFN inducible cell lines which is absent from 

non—inducible Hela cells. This factor can complement these normally refractile cells to 

enable them to produce IFN/3 in response to polyrl.rC (Enock et al, 1986).

In addition to the positive regulation additional studies vdth CHX have suggested 

that IFN gene transcription is also negatively regulated. Inhibitors of protein synthesis 

alone can activate IFN/3 gene transcription in certain circumstances. Reports of CHX 

induction of the human IFN/3 gene linked to an episomal BPV vector in mouse Cl 27 

cells (Maroteux et al, 1983) and an amplified human IFN/3 gene in Chinese hamster 

ovary cells (Ringold et al, 1984), imply the existence of a labile repressor which 

normally prevents IFN gene transcription. Thus, the induction may result from either the 

inactivation or inhibition of synthesis of such a repressor in this case.

In addition to transcriptional control, a role for post—transcriptional events in IFN 

gene expression was revealed by the observation that metabolic inhibitors could also be 

used to increase the yield of IFN production. A combination of polyrl.rC, CHX and 

actinomycin D (ActD), administered sequentially, results in a significant increase in IFN 

production (superinduction) by human fibroblasts with a corresponding increase in the 

accumulation of translatable mRNA (Raj and Pitha, 1977; Cavalieri et al, 1977; Sehgal et 

al, 1977). Monitoring of mRNA levels by hybridisation analysis revealed that 

superinduction increased the stability of IFN mRNA (Raj and Pitha, 1981). This was 

confirmed by nuclear run off transcription assays, which suggested that in addition to the 

normal transcriptional activation of human IFN/3 gene expression, superinduction interferes 

with post—transcriptional events normally associated with the rapid turnover of IFN 

mRNA.

Thus, IFN gene expression is regulated by transcriptional and post—transcriptional 

events. Normally transcription from these genes is repressed, probably by negative factors.
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Upon induction the repression is relieved and in the presence of the appropriate positive 

factors, transcription is activated. Transcription is then rapidly shut off, resulting in only 

the transient accumulation of IFN mRNA which is then degraded by factors acting 

post—transcriptionally.

1.4 Transcriptional Activation in Eukaryotic Gene Expression

To fully understand the mechanisms of gene regulation it is essential to define both 

the precise nucleotide sequence of cw—acting sequences and their interaction with 

trans—acting factors. Initially, inspection of eukaryotic gene sequences identified the 

TATA (Corden et al, 1980; Table 1.1) and CCAAT (Efstratiadis et at, 1980; Table 1.1) 

box consensus sequences located approximately 30nt and 80nt respectively, upstream of 

the transcription initiation site. The construction and in vitro transcription (Weil et at, 

1979) of promoter mutants soon established the TATA box as the functional promoter 

(Corden et at, 1980; Wasylyk et al, 1980). However, the identification of regulatory 

elements by comparative structural studies is limited by the heterogeneity of sequences 

flanking eukaryotic genes, which has prevented the identification of further prospective 

functional sites in this manner.

Ideally regulatory sequences should be identified on a functional basis. The 

development of "reverse genetics", whereby cloned genes are mutated in vitro, and 

assayed by réintroduction into amphibian (McKnight and Gavis, 1980) or mammalian cells 

(Wigler et al, 1979; Pellicer et al , 1980) has made it possible to investigate regions 

important in the control of a) constitutive (McKnight and Gavis, 1980; Gruss et al, 

1981), b) tissue specific and developmentally regulated (Chamay et al, 1983; Chao et al, 

1983; Wright et al, 1983; Wright et al, 1984) and c) induced (review, Serfling et al,

1985) gene expression.

Application of this methodology to the HSV—I tk  (McKnight et al, 1981; McKnight 

and Kingsbury, 1982), human ot globin (Mellon et al, 1981) and rabbit /5 globin (Dierks 

et al, 1983) genes has confirmed the importance of the TATA box as a probable 

recognition sequence for RNA polymerase II, which determined the accuracy of 

transcription initiation. Nevertheless a class of gene promoters, transcribed by RNA



TABLE 1 .1  Some F u n c t io n a l  S eq u en ces  o f  E u k a ry o tic  P ro m o te rs  

TATA b ox ; TATAAA (C o rd en  e t  a l ,  1980)

C o n s t i t u t i v e  P ro m o te rs

CAT box : CCAATT ( E f s t r a t i a d i s  a t  a l ,  1980)

S P l b in d in g  s i t e s :  GGGCGG (G id o n i e t  a l ,  1984)

C ore e n h a n c e r :  GTGGAAAG (W eiher e t  a l ,  1983)

R e g u la te d  P ro m o te rs

H .R .E : GTNGAANNTTCNAG (P elham  and  B ie n z , 1982)

M .R.E: YG T

CGCCCGGC C (K a r in  e t  a l , 1984a)

GT C

G.R.E:  TGGTACAAAATGTTCT (K a r in  e t  a l ,  1984a)

I . R . E :  ot GAGTGCATGAAGGAAAGCAAAAACAGAAATGGAAAGTGGCCCAGAA (R y a ls  e t  a l ,

1985)

/3 GAGAAGTGAAAGTGGGAAATTCCTCTGAATAGAGAGGAC (G oodbourn e t  a l ,

1985)

G C

IFN r e g u l a t e d  p ro m o te rs :  TTCN NACCTCNGCAGTTTCTC TCTCT (F ried m an  and

C T S ta r k ,  1985)

N = any  n u c l e o t id e ,  G.R.E == g lu c o c o r ic o id  r e g u l a to r y  e le m e n t , H.R.E = 

h e a t  r e g u l a to r y  e le m e n t , M.R.E = m e ta l  r e g u l a to r y  e le m e n t and  I . R . E  = 

i n t e r f e r o n  gene r e g u l a to r y  e le m e n t (minimum se q u e n c e  o f  human IFNo]^ and 

IFN/3 g e n e s  r e q u i r e d  to  c o n f e r  i n d u c i b i l i t y  on a  h e te r o lo g o u s  p ro m o te r)
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polymerase II, lacking the TATA box has recently been defined. These include genes 

encoding "house keeping" functions (for review see Dynan, 1986), and others including 

the ras gene family (Ishii et al, 1985; Hall and Brown, 1985).

"Reverse genetics" has also allowed the classification of a new class of regulatory 

sequences which determine the efficiency of transcription initiation of a gene promoter, 

irrespective of the presence of a TATA box. These sequences, usually found upstream of 

the gene, are subdivided into two broad groups, distinguishable by the distance (relative 

to the promoter) overwhich they operate.

Upstream activators represent the first class of cw—acting transcriptional activators. 

The efficient transcription of the HSV—I tk  gene (McKnight et al, 1980) is dependent 

upon two upstream, spatially separated inverted repeats (McKnight and Kingsbury, 1982), 

both of which contain the six nucleotides, GGGCGG (Table 1.1). Homologous sequences 

have been identified in a variety of viral and cellular gene promoters. These include the 

twenty one base pair repeats of the SV40 early promoter (Benoist and Chambon, 1981),

the human H a—c —ras gene promoter (Ishii et al, 1985), the human N —ras promoter

(Hall and Brown, 1985), the human and mouse metallothionein gene promoters (Gianville 

et al, 1981) and the promoters of genes encoding "house keeping" functions (Dynan,

1986). The most upstream of the HSV—I tk promoter inverted repeats is also associated 

with an inverted CCAAT box (Graves et al, 1986). Similarly, expression of the human 

cq globin (Mellon et al, 1981) and rabbit (3 globin genes (Dierks et al, 1983) also 

require two upstream regions, including a CCAAT box, for maximum promoter activity. 

Although the upstream sequences of HSV—I tk  and globin gene promoters are not 

closely related, they can functionally replace one another (Cochran and Weissmann, 

1984). Thus, these sequences are able to regulate the expression from heterologous 

promoters. In addition, the location of the two upstream elements, with respect to one

another or the TATA box, can be altered by a limited distance, or the orientation of

the elements reversed, while still maintaining promoter activity (McKnight, 1982; Cochran 

and Weissmann, 1984).

Enhancers represent a second class of cw—acting transcriptional activator sequences 

(Moreau et al, 1981; Banerji et al, 1981; Gruss et al, 1981). Originally recognised in the
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72bp repeat of SV40 (Moreau et al, 1981), they activate transcription (Treisman and 

Maniatis, 1985; Weber and Schaffner, 1985) of heterologous promoters (Banerji et al, 

1981) in an orientation independent manner, over distances of several hundred

nucleotides, whether they lie 5' or 3 ' to the gene (Khouri and Gruss, 1983). In addition 

enhancers can show tissue specificity (deVilliers and Schaffner, 1981; Laimins et al, 1982; 

Kriegler and Botchan, 1983), and can therefore dictate the viral host range (Bosze et al,

1986).

Enhancers have been identified in the genome of a variety of viruses. Although 

regions of extensive sequence homology have not been found in these functionally related 

elements, short functionally important consensus core sequences have been identified (Hen 

et al 1983; Lusky et al, 1983; Weiher et al, 1983). However, functional enhancers

lacking these consensus core sequences have also been observed (Weber et al, 1984; 

Swimmer and Schenk, 1984). It appears therefore, that enhancers are comprised of 

multiple motifs. These probably act in concert to exert the transcriptional effect, although 

there is also, possibly, some degeneracy of information (Zenke et al, 1986).

Characterisation of the first cellular enhancers, identified in the introns of 

immunoglobulin heavy chain genes (Banerji et al, 1983; Gillies et al, 1983; Queen and 

Baltimore, 1983) and k  light chain genes (Picard and Schaffner, 1984) revealed that 

these elements were not peculiar to viruses. This highlighted their potential for regulating 

tissue specific expression in cellular differentiation. Subsequently, cellular enhancers have 

been implicated in the tissue specific expression for insulin (Walker et al, 1983; Edlund 

et al, 1985) and other pancreatic genes (Boulet et al, 1986). Enhancer—like sequences 

have also been identified in HLA genes (Kimura et al, 1986).

The catalogue of cellular enhancers has been extended by the inclusion of inducible 

gene promoters in this class of els’-acting sequences. Regulated transcription of a) the 

drosophila heat shock inducible protein 70 gene, hsplO, (Corces et al, 1981; Burke and 

Ish—Horowicz, 1982), b) the heavy metal inducible mouse metallothionein 1 gene, M T—1 

(Mayo et al, 1982), c) the heavy metal and glucocorticoid inducible human

metallothionein n  gene, hMT—11^, (Karin et al, 1983) and d) the glucocorticoid

inducible mouse mammary tumour virus LTR, MMTV, (Hynes et al, 1981) and human
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growth hormone (Robins et al, 1982) genes are well documented. Deletion mutagenesis 

and in vivo expression studies have identified prospective consensus sequences (Table 1.1) 

responsible for the induction by heat shock (Pelham, 1982; Heat Shock Regulatory 

Element, H .R.E.), heavy metals (Brinster et al, 1982; Richards et al, 1984; Metal 

Regulatory Element, M.R.E) and glucocorticoids (Karin et al, 1984a; Majors and Varmus, 

1983; Glucocorticoid Regulatory Element, G.R.E). Such sequences of hsplO (Pelham and 

Bienz, 1982), M T —1 (Brinster et al, 1982), hMT— (Karin et al, 1984b) and MMTV 

(Chandler et al, 1983, Hynes, et al, 1983) confer inducibility upon heterologous 

promoters. In addition the H.R.E. of hsplO and the G.R.E.s of MMTV and hMT—Ily^ 

genes, behave in a location and orientation independent fashion (Chandler et al, 1983; 

Karin et al, 1984b, Bienz and Pelham, 1986). Thus, both H.R.Es and G.R.Es are 

considered inducible enhancers (Bienz and Pelham, 1986; Chandler et al, 1984), while 

M.R.Es show analogous properties.

It is highly likely that c/s—acting elements act by binding /rans—acting factors. 

However very few trans-acting  factors have been identified todate. Prospective 

transcription factors, SPl (Dynan and Tjian, 1983) and CAT binding protein (CBP; 

Graves et al, 1986) or CAT transcription factor (CTF; Jones et al, 1985) have been 

purified. Originally they were shown to interact in vitro with the reiterated GGGCGG 

(SPl binding sites) sequences of the 21 bp repeat of the SV40 promoter (Gidoni et al,

1984) and the CCAAT box of the HSV—I tk  promoter (Jones et al, 1985; Graves et al,

1986) respectively (review, McKnight and Tjian, 1986). Subsequently SPl has been 

demonstrated to bind in vitro to other gene promoters containing homologous 

hexanucleotide sequences, including the HSV—I tk  inverted repeats (Jones et al, 1985), 

the hM TI^ and hMTTIy^ promoters (Kadonaga et al, 1986), the mouse dihydrofolate 

reductase promoter (Kadonaga et al, 1986), two SV40 related monkey gene sequences 

(Dynan et al, 1985) and the HTLVni/LAV LTR sequence (Kadonaga et al, 1986). 

Similarly CBP binds to the CCAAT box of MSV (Graves et al, 1986). Thus, both SPl 

and CBP (or CTF) may be universal transcription factors which bind to promoter 

sequences of viral and cellular origin.

Both in vivo (Scholler and Gruss, 1984; Mercola et al, 1985) and in vitro
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(Sassore—Corsi et al, 1984; Sassone—Corsi et al, 1985; Wilderman et al, 1984) 

transcription studies and in vivo binding studies (Church et al, 1985) strongly suggest that 

enhancers also function by interacting with trans—acting factors. Prospective transcription 

factors that interact in vitro with the inducible enhancers of the hsp70 and MMTV gene 

promoters have been purified. Thus, the heat shock transcription factor (HSTF; Parker 

and Topol, 1984) and glucocorticoid receptors (Scheiddereit et al, 1983) interact with 

induced hsplO (Wu, 1984a) and MMTV promoters respectively.

Some inducible gene promoters contain prospective SPl (mouse M T—1) and CBP 

{xenopus hsplO; Bienz, 1986) binding sites. Nevertheless, it is highly likely that different 

inducible promoters also require unique trans—acting factors to activate gene transcription. 

This is clearly evident by the heterogeneity of the functional, cis-acting, G .R.E.'s

H .R .E .'s and M .R.E.'s, observed in promoters induced by different agents.

I.5  C/^—regulation of Human IFN Gene Expression.

As discussed previously, IFN gene expression is tightly regulated (Section 1.3). 

Inspection of both human IFNcq and IFN/5 gene sequences has revealed a TATA box 

homology, 28bp (Nagata et al, 1980) and 24bp respectively (Ohno and Taniguchi, 1981), 

upstream of the transcription initiation sites. The TATA box sequence of the IFNa genes 

examined from human, mouse, rat and bovine sources, is a highly conserved variant, 

TATTTAA. The IFN/S genes examined possess a more conventional sequence. The 

relevance of this difference between IFNa and IFN/3 genes is is unknown.

IFN gene promoters lack further consensus sequences commonly found in many 

other gene promoters. Consequently "reverse genetics" has been extensively employed to 

identify c /f—acting sequences which contribute to the mechanism of virus and polyrI.rC 

regulated gene expression. As both human and mouse IFNa and IFN/3 are distinguishable 

both by their different target cell specificities (Stewart, 1979) and by differential 

hybridisation, human IFN gene expression has tended to be examined in heterologous 

mouse cells.

The original demonstration of human IFNa% mRNA production by NDV induced 

mouse L cell lines stably transfected vdth integrated copies of the corresponding gene
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(extending 5.4kb upstream and 1.2kb downstream of the coding sequence), with the same 

kinetics of endogenous mouse IFN mRNA production, indicated that the regulatory 

mechanism was conserved between the two species (Mantei and Weissmann, 1982). 

Similar studies soon followed with the virus or polyrI.rC inducible human IFN/3 gene 

either integrated in the host genome (Canaani and Berg, 1982; Hauser et al, 1982; Ohno 

and Taniguchi, 1982) or on an extrachromosomally replicating bovine papilloma virus 

(BPV) vector (Zinn et al, 1982).

Both human IFNa and IFN/3 genes behaved as expected in heterologous mouse cells. 

The kinetics of human IFN mRNA accumulation, monitored both by Northern blot 

analysis (Ohno and Taniguchi, 1982; Hauser et al, 1982; Zinn et al, 1982) and S—1 

nuclease protection (Mantei and Weissmann 1982; Hauser et aZ,1982; Canaani and Berg, 

1982; Zinn et al, 1982), confirmed the production of correctly initiated gene transcripts 

in induced cells only. As these genes were regulated in the same manner as endogenous 

IFN genes, described previously (Section 1.3), biologically relevant studies could be 

performed using gene transfer procedures.

Although the majority of cell lines investigated in such studies contained inducible 

integrated IFN genes, significant quantitative differences were observed between 

independent clones, which probably arose from the random positioning of genes within 

the host genome (Canaani and Berg, 1982; Hauser et al, 1982; Mantei and Weissmann, 

1982; Ohno and Taniguchi, 1982). The variation has been successfully reduced in stable 

transfection systems by pooling independent colonies transfected with human IFNa% genes 

to give an average estimate of expression (Weidle and Weissmann, 1983) or by 

employing BPV vectors (Zinn et al, 1982).

Although both these solutions have emerged as the major procedures for examining 

IFN gene expression, a major criticism is that they are time consuming. Additionally, the 

disadvantage of pooling is that many transfected colonies are required to generate a 

representative population. BPV vectors on the other hand are severely limited by the 

host range, but more importantly they contain enhancers (Lusky et al, 1982) which may 

influence gene expression.
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Location of Human IFNa and IFN/3 C/s—acting Sequences

In attempts to locate the regulatory sequences of the human IFNa and IFN/3 genes, 

attention has focussed upon the 5 ' flanking sequences. This is justified because of the 

results obtained by linking together the human IFNaj 5 ' flanking sequence from —675 to 

—5 (relative to the transcription initiation site) and the rabbit /3 globin gene coding 

sequence (Weidle and Weissmann, 1983) or the human IFN/3 gene 5 ' sequences from 

—284 to +20 and the HSV—I tk  gene coding sequence (Ohno and Taniguchi, 1983). In 

each case viral regulated activation of heterologous gene transcription was seen in 

transfected mouse cells. Thus, the IFN promoters activate gene transcription in induced 

cells.

The 5* boundary of c/s-acting sequences responsible for induction of the human 

IFNaj and IFN/S genes has been investigated by deletion mutagenesis together with in 

vivo expression studies. This revealed that 117bp (relative to the transcription initiation 

site) upstream of the IFNa^ (Ragg and Weissmann, 1983) or IFN/S (Fujita et al, 1985) 

genes are necessary for full transcriptional activation by virus in mouse L cells. 

Surprisingly, only 77bp (relative to the transcription initiation site) upstream of the IFN/3 

gene are required for full polyrI.rC induced (Zinn et al, 1983) or virus induced 

(Goodbourn et al, 1985) activation of transcription of extrachromosomal (Zinn et al, 

1983) or integrated (Goodbourn et al, 1985) genes in C l27 cells. The basis for this 

descrepency has not been established but may be a result of different mechanisms of 

regulation in these cells (Goodbourn et al, 1985). Nevertheless, the BPV vectors used by 

Zinn et al (1983) contain enhancer sequences, as do the vectors employed to generate 

the cell populations containing integrated human IFN/3 gene deletion mutants (Goodbourn 

et al, 1985). Thus, it is possible that the BPV vectors used may supplement sequences of 

the HuIFN/3 gene promoter deleted between —117 and —77.

Subsequently, it has been demonstrated that IFN gene upstream sequences can 

dictate the efficiency of transcription initiation directed by heterologous gene promoters. 

A minimum of 46 nucleotides of the human IFNa% gene extending from —109 to —64 

(Table 1.1), linked to a truncated rabbit /3 globin transcription unit ( —56), is sufficient 

to produce correct and efficient transcription initiation from the globin TATA box
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promoter in virus induced mouse L cells (Ryals et al, 1985). Likewise, linking the 

segment of the human IFN/3 promoter extending from —77 to —37 (Table 1.1) to a

hybrid transcription unit comprising the HSV—I tk gene promoter ( —39 to +57) and the

IFN/3 gene coding sequences confers polyrI.rC inducibility upon the heterologous promoter 

(Goodbourn et al, 1985). The —77 to —37 sequence has been designated the interferon 

gene regulatory element (I.R.E., Goodbourn et al, 1985)

These properties suggested that the IFN gene upstream sequences may contain

inducible enhancers. This has been confirmed by demonstrating that the I.R.E. conferred 

orientation independent polyrI.rC inducibility when located 900bp upstream or 350bp 

downstream of the poorly inducible —73 truncated IFN/3 gene transcription unit 

(Goodbourn et al, 1985). This functional evidence is supported by the partial sequence 

homology of the I.R.E. with the consensus viral enhancer core sequence (Goodbourn et 

al, 1986).

Studies of HuIFN/3 gene expression in virus induced stably transfected mouse L cells 

have failed to confirm these observations. Functional orientation independence of the

—125 to —39 human IFN/3 gene promoter fragment has been demonstrated when 

juxtaposed to the IFN/3 gene containing only 38bp (relative to the transcription initiation 

site) of 5 ' flanking sequence (Fujita et al, 1985). However, when the —125 to —39 

fragment was located 3' to this gene, no transcription was observed in the presence or 

the absence of virus (Fujita et al, 1985).

These apparently contradictory results were obtained with different inducers with 

extrachromosomal (Goodbourn et al, 1985) or integrated genes (Fujita et al, 1985). Thus, 

some of the observed differences may be attributed to this. However, no firm conclusions 

can be made concerning the behaviour of the IFN/3 gene upstream sequences from the 

study of Fujita et al (1985) in the absence of any data demonstrating location 

independent activation of the 5 ' truncated IFN/3 gene by a characterised enhancer.

Thus, strong evidence suggests that both human IFNa and IFN/3 gene promoters 

possess upstream sequences which dictate the efficiency of transcription from the TATA 

box promoter element. They behave in a positive manner, significantly increasing the 

frequency of transcription initiation in the presence of virus or polyrI.rC. Hence
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functional cis—acting sequences of IFN promoters share many properties of upstream 

elements of other eukaryotic genes described previously (Section 1.3). Futhermore, the 

human IFN/3 gene I.R.E. at least, may be a member of the growing list of eukaryotic 

inducible cellular enhancers.

Although the human IFN/3 gene therefore seems likely to contain an enhancer, it 

remains to be established if enhancer—like properties are common to other IFN promoter

sequences. Prior to this study, the only other IFN gene promoter to be examined was

the human IFNcq gene promoter. There are a minimum of 23 human IFNa genes, at 

least nine of which are expressed in vivo (Section 1.1). However, it is not clear if the

remainder are also expressed in in vivo. Furthermore, differential regulation of human

IFNa gene transcription has been described (Hiscott et al, 1984). Transcripts from the 

human IFN ai4  gene are a minor component of virus induced leukocytes but a major 

component of induced leukemic myeloblast mRNA (Hiscott et al, 1984).

The functional basis for these observations are not known. "Reverse genetics" 

provides a means to compare the relative strengths of IFNa promoters. This should 

reveal if those genes not identified to be expressed in vivo actually contain a functional 

promoter. Futhermore, such studies may identify IFNa promoter sequences responsible for 

differential gene expression (Hiscott et al, 1984), perhaps determining tissue specificity. 

Studies of this nature should yield valuable information concerning the regulation of IFN 

gene expression. Thus, the first part of this thesis describes the isolation and 

characterisation of human IFNa chromosomal genes as a preliminary step toward 

investigating the functional activity of human IFNa gene promoters.

Negative C is—acting Sequences in IFN Gene Expression

Despite the accumulating evidence for the positive regulation of IFN gene 

expression, IFN genes might also be under negative control. Deletion of the human IFN/3 

gene between —210 and —107 produces a two fold increase in polyrI.rC inducibility 

(Zinn et al, 1983). An analogous observation has also been reported for the human 

IFNai gene (Ragg and Weissmann, 1983). Further investigation revealed the deletion 

mutant produced an acceleration of polyrI.rC induced mRNA accumulation (Zinn et al.
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1983), reminiscent of the priming phenomenon described previously (Section 1.3). 

Therefore, it has been speculated that priming with IFN de—represses a control region 

located between —210 and —107 (Zinn et al, 1983). Thus, this defines a second 

regulatory region of IFN/3 genes, upstream of the I.R.E. described previously.

Even more compelling evidence for negative regulation has been revealed by the 

ability of the I.R.E. to repress transcription from functional heterologous promoters in 

non—induced cells (Goodbourn et al, 1986). Thus, constitutive expression from the intact 

HSV—I tk  promoter extending from —105 to +57, is significantly reduced by the 

orientation independent juxtaposition of the I.R.E. (Goodbourn et al, 1986). Other gene 

promoter sequences have been identified which also inhibit the activity of heterologous 

promoter activity. These sequences, identified in the rat 1 insulin gene (Laimins et al, 

1986), the mouse c —myc gene (Remmers et al, 1986) and the virus HTLV—ÜI/LAV 

LTR (Rosen et al, 1985) are able to inhibit heterologous promoter activity in an 

orientation and location independent fashion. Thus, they display the opposite properties 

to those of enhancers.

Thus, the human IFN/3 gene promoters have both positive and negative regulatory 

properties (Zinn et al, 1983; Goodbourn et al, 1985; 1986; Fujita et al, 1985). Similar 

observations have been made with the human IFNcq gene promoter (Ragg and 

Weissmann, 1983, Ryals et al, 1985).

Cij —acting sequences probably interact with trans—acting factors. The interaction of 

proteins involved in the regulation of specific genes frequently correlates with changes in 

chromatin structure. Initially, selective DNase I digestion of globin (Weintraub and 

Groudine, 1976) or ovalbumin (Garel and Axel, 1976) genes revealed chromatin 

conformation changes in genes expressed in a tissue specific fashion. Transcriptionally 

active genes possess regions preferentially sensitive to DNase I (Stadler et al, 1980). The 

appearance of DNase I hypersensitive sites upon induction of drosophila heat shock 

protein genes (hsp’, Wu et al, 1980) revealed protein binding sites (Wu, 1984b) and as a 

result a heat shock transcription factor (HSTF) has been purified (Wu, 1984a; Parker 

and Topol, 1984).

Similar techniques applied to human and mouse IFN/3 genes indicates increased
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sensitivity to DNase I in the induced state only (Coveney et al, 1984). Several distinct 

DNase I hypersensitive sites have been mapped around the mouse IFN/3 gene (Higashi et 

al, 1984). One of these, located approximately lOObp upstream of the transcription 

initiation site, is absolutely dependent upon induction. This suggested the region

corresponding to the cij—acting sequences identified by deletion mutagenesis interacts with 

frans—acting factors upon induction. The complexity of the IFNa gene family has

prevented a similar approach.

These studies have been extended by the development of an in vivo genomic 

footprinting procedure to identify the interaction of trans—acting factors with DNA 

sequences (Zinn and Maniatis, 1986). By this means two regions of the IFN/3 gene

promoter have been defined which interact with trans—acting factors, located between 

— 167 to —94 and —68 to —38 (relative to the transcription initiation site). After

induction these factors dissociate and a new factor binds to a region located between 

—77 to —64. Based on these observations a model has been proposed for the regulation 

of IFN gene expression (Zinn and Maniatis, 1986).

Figure 1.1 summarises this model. It is suggested that transcription of the IFN 

promoter is repressed by fra/w—acting factors bound to the gene 5 ' flanking sequences at 

two distinct locations. The factor bound at the —167 to —94 location may explain the 

observation that deletion of this region results in increased promoter activity. Upon 

induction the repressors dissociate, by an unknown mechanism, from the promoter region 

enabling a prospective interferon transcription factor (ITF) to bind to the constitutive 

enhancer sequence located between —77 and —64 (Goodbourn et al, 1986). This factor 

behaves in a positive fashion, dictating efficient transcription initiation from the human 

IFN/S gene promoter.

Thus, this model provides for both the positive and negative aspect of interferon 

gene regulation discussed previously. The location of the positive regulatory sequences 

downstream of —100 (relative to the transcription initiation site) is consistent with the 

deletion mutagenesis studies of both human IFNa% and IFN/3 genes. The negative control 

of gene activation is also consistent with the observations demonstrating the induction of 

IFN gene expression by inhibitors of protein synthesis (Section 1.4).
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Cff—activation of Mouse IFNa Gene Expression

As discussed previously, human and mouse IFNa gene sequences are highly 

conserved (Section 1.1). Inspection of the primary nucleotide sequence of the mouse 

IFNoj gene reveals a TATA box 28bp upstream of the transcription initiation site (Shaw 

et al, 1983), analogous to the human IFNoq gene (Nagata et al, 1980). Further analysis 

reveals elements of homology between the human and mouse IFNaj 5 ' flanking sequences 

(This work).

The expression of a cloned mouse IFNa gene after the introduction into mammalian 

cells has not been investigated previously. Such studies provide the first opportunity to 

examine polyrI.rC mediated activation of an IFNa gene, since human IFNa genes are not 

normally efficiently induced by polyrI.rC (Section 1.1). Therefore polyrI.rC mediated 

activation of the mouse IFNa% gene promoter has been investigated in the work 

described here.

Until now, IFN gene expression studies have been undertaken in heterologous cells 

(Section 1.3). Although satisfactory, the possibility of some incompatability between the 

human and mouse regulatory systems remains (Mantei and Weissmann et al, 1982). Thus, 

mouse IFNcq promoter function has been investigated in mouse cells.

To conduct expression studies in cells which normally produce mouse IFNa the gene 

promoter has been used to direct transcription of the bacterial gene, chloramphenicol 

acetyl transferase {cat). The CAT expression assay provides a sensitive and quantitative 

means of examining promoter activity which has been employed extensively in eukaryotic 

gene regulatory studies (Gorman et al, 1982). Normally mammalian cells do not contain 

the cat gene, therefore CAT can be assayed in the absence of background activity 

(Gorman et al, 1982). Thus, it provides an ideal system for examining promoter function 

in mammalian cells.

Eukaryotic promoter function has been examined in both transiently and stably 

transfected cells using the CAT system (Gorman et al, 1982; 1983). The problem of 

clonal variation with stable transfection studies has been discussed previously (Section 

1.5). Transient expression assays have the advantage in quantitative studies of both the
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extrachromosomal location of the exogenous DNA and speed. Thus, both transient and 

stable transfection have been examined here as means to investigate polyrI.rC induced 

mouse IFNcq promoter function in mouse L —929 cells.

Differential expression of endogenous mouse IFNa genes have been observed in virus 

induced mouse L —929 cells (Kelley and Pitha, 1985b; Zwarthoff et al, 1985). All IFNa 

genes examined are apparently transcribed, except the mouse IFNcq gene. Furthermore, 

S—1 nuclease protection studies have demonstrated an estimated 15 fold elevation of 

mouse IFNa^ gene mRNA accumulation, relative to other IFNa genes examined, in virus 

induced mouse L —929 cells. The basis of these observations are unknown but may be a 

consequence of the respective gene promoters. Therefore, the CAT expression system has 

been employed to investigate the functional activity of the mouse IFNcq promoter in 

L —929 cells. Thus, this has provided an opportunity of assessing IFNa promoter function 

in cells in which promoter activity may be differentially regulated.

As described previously (Section 1.5), IFN promoters possess inducible enhancer like 

properties which stimulate efficient transcription initiation of IFN genes in the presence 

of polyrI.rC (Goodbourn et al, 1985). In view of the prospective weak mouse IFNa% 

promoter activity, the effect of a constitutive viral enhancer on both the regulation and 

efficiency of polyrI.rC induced cat gene transcription from the MuIFNcq gene promoter 

has also been investigated in L —929 cells. The Mo—MuSV enhancer was chosen for this 

purpose because it functions very efficiently in mouse fibroblast cells (Laimins et al,

1982).

For the first time, site directed mutagenesis has been employed to investigate the 

regulation of IFN gene expression. Previously, in vitro deletion mutagenesis has 

determined that a minimum of 46 nucleotides (Ryals et al, 1985) and 40 nucleotides 

(Goodbourn et al, 1985) of 5 ' flanking sequence respectively are sufficient for virus

(human IFNa%) and polyrI.rC (human IFN/3) regulation of gene expression. Deletion 

mutagenesis can only locate the prospective boundaries of cff—acting sequences and

moreover, generates gross structural rearrangements of the surrounding genetic material. 

Site directed mutagenesis however, enables predetermined base substitutions to be made 

(Zoller and Smith, 1983) to determine the precise nucleotide sequence of cw—acting
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regulatory sequences. Moreover, the contribution of these sites to promoter function can 

be examined with the surrounding DNA sequences intact.

Site directed mutagenesis has been employed succesfully to confirm the functional 

significance of a variety of cw—acting regulatory elements. These include the rabbit /3 

globin TATA and CCAAT boxes (Dierks et al, 1983), the HSV—I tk inverted repeats 

(McKnight et al, 1984) and inverted CCAAT box (Graves et al, 1986) and the SV40 

consensus core enhancer sequence (Weiher et al, 1983; Zenke et al, 1986).

Thus, a detailed comparative study of human and mouse IFNa promoter sequences 

has been undertaken to identify prospective regulatory sequences. Based on this analysis, 

specific nucleotide substitutions of the mouse IFNcq promoter have been generated by 

the oligonucleotide site directed mutagenesis procedure of Zoller and Smith (1983). Their 

functional activity has been evaluated by employing the CAT expression assay in 

transiently and stably transfected cells. These studies demonstrate the relative success of 

the stable transfection system to deduce useful information on the activity of upstream 

regulatory sequences of the MuIFNcq gene promoter.
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CHAPTER 2

MATERIALS AND METHODS

2 .1  G e n e ra l  M ethods 

S i l i c o n i s a t l o n  o f  G lassw are

G la ssw a re  was s i l i c o n i s e d  by  e i t h e r  c o a t in g  d i r e c t l y  w i th  2 ,4  

d i c h lo r o d im e th y l s i l a n e  (5% ( v /v )  s o l u t i o n  i n  CHCI3 ) o r  b y  a llo w in g  th e  

s i l i c o n i s i n g  a g e n t  to  v a p o u r is e  u n d e r  vacuum i n  a  d e s s i c a t o r  c o n ta in in g  

th e  g la s s w a re  ( f o r  s m a ll  i te m s  su ch  a s  m i c r o p i p e t t e s ) . T h is  p ro c e d u re  was 

p e rfo rm e d  i n  a  fume c u p b o a rd .

M a in te n an c e  o f  B a c t e r i a l  and  Phage S to c k s

S to c k s  o f  b a c t e r i a l  s t r a i n s  w ere  s to r e d  a t  -70*C a s  f r o z e n  c u l t u r e s ,  

w h ich  w ere  p r e p a r e d  by  m ix in g  1 ml o f  a  f r e s h  o /n  c u l t u r e  w ith  1 ml 80% 

g l y c e r o l .  S to c k s  o f  X re c o m b in a n ts  w ere s t o r e d  i n  e i t h e r  L .b r o th  o r  X 

b u f f e r  o v e r  1% ( v /v )  CHCI3

2 .2  S o u rc e s  o f  C hem ica ls  and  B io c h e m ic a ls

R e s t r i c t i o n  e n d o n u c le a se s  and  DNA m o d ify in g  enzym es w ere o b ta in e d  

from  Amersham I n t e r n a t i o n a l ,  Amersham, UK, w ith  th e  fo l lo w in g  e x c e p t io n s :  

B s tN I , New E n g lan d  B io la b s ;  T4  p o ly n u c le o t id e  k in a s e ,  New E ng land  

B io la b s ;  DNA p o ly m e ra se  I  (K len o w ), B o e h r in g e r  Mannheim.

R a d io c h e m ic a ls  w ere s u p p l ie d  by  Amersham I n t e r n a t i o n a l  w i th  th e  

e x c e p t io n  o f  ^ ^ C -c h lo ra m p h e n ic o l w h ich  was o b ta in e d  from  New E ng land  

N u c le a r .

U l t r a - p u r e  deoxy- and  d i-d e o x y  s e q u e n c in g  n u c l e o t id e s ,  p o l y r I . r C ,  

DEAE d e x t r a n ,  Sephadex  G-50 and  DE-52 c e l l u l o s e  w ere s u p p l i e d  by 

P h a rm a c ia .
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T is s u e  c u l t u r e  p e t r i - d i s h e s , f l a s k s ,  m ed ia , se rum , t r y p s i n ,  a d d i t iv e s
( A l e c  No C C V - \ )

i n c lu d in g  G418 and  L-929 c e l l s ^ w e r e  s u p p l i e d  by  BRL.

N i t r o c e l l u l o s e  p a p e r  and  f i l t e r s  w ere from  S c h le ic h e r  an d  S c h u l l .  Two 

ty p e s  o f  X -ra y  f i lm  w ere u s e d : F u j i  RX and  Kodak XAR-5. E th id iu m  brom ide 

s t a i n e d  a g a ro s e  and  a c ry la m id e  g e l s  w ere  p h o to g ra p h e d  u s in g  a  P o la r o id  

Land cam era  and  Type 55 P o la r o id  f i lm .

JA221

JM lOl

2 .3  B a c t e r i a l  and  Phage S t r a i n s  and  P la sm id s

B a c t e r i a l  S t r a i n s  S ource

C600 - F ' , supE 44, t h i l ,  t h r l ,  I e u lB 6 , l a c Y l ,  J .  W indass

tonA  21 , X’

F " , hsdR,  l a c Y l ,  IeuB 6 , r e c k ,  trpES  J .  W indass

supE,  t h iA  ( la c - p r o P i£ ) , [F 't r a D 3 6 ,  proAB, Amersham

l a c  iqZAM15]

BHB 2688 - r e c k ,  su p * , (Ximm434, c i t s , b 2 , r e d 3 , D. B u r t

Dam l5, Sam7)

BHB 2690 - r e c k ,  sup* , (Ximm434, c i t s ,  b 2 , r e d 3 , D. B u r t

Eam4, Sami)

- HfrKL16, P o /4 5 , [L y sA (6 1 -6 2 )] ,  t h i - 1 ,  T. K unkel

r e l A l ,  s p o T l, d u t - 1 ,  xmg-1

- metE,  supE,  supF, hsdRj^^ tonA , t rp R , X‘ D. B u r t

- m etB , supE,  supF, hsdRy^, tonA , trp R , X", P2 D. B u r t

BW313

NM538

NM539

Phage S t r a i n s  

M13mp8 - M e ss in g , 1983 

M13mp9 - "

M13mplO - "

M13mpll - "

XL47 X sbhl* , c h iA l3 1 , A (s R IX l-2 ) , imm434, c l ,  

SRIX4*, n in S ,  sRIX5*, s h n d II IX 6 *

Amersham

Amersham

Amersham

Amersham

W. J . Brammar
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P la sm id s

pAT153

pUC13

pTCF

pSV 2cat

- ApTc (Twigg and  S h e r a t t ,  1980)

- Ap (M ess in g , 1983)

- Ap G418 (G ro s v e ld  e t  a l ,  1982)

- Ap (Gorman e t  a l ,  1982)

J .  W indass 

P h a rm ac ia  

J . W indass 

B . Howard

2 .4  P r e p a r a t i o n  o f  B u f f e r s  and  S to c k  S o lu t io n s

B u f f e r s  and  s to c k  s o l u t i o n s  m e n tio n e d  b u t  n o t  d e t a i l e d  i n  th e  m ethods 

d e s c r ib e d  b e lo w  w ere  p r e p a r e d  a s  fo l lo w s  :

- lOmM T r is -H C l, pH 7.5 

ImM EDTA

X B u f f e r 6 mM T r is -H C l, pH8  

lOmM MgCl2  

lOOmM NaCl 

0 .5m g/m l g e l a t i n e

B a c t e r i a l  B u f fe r 50mM Na2 HP0 4  

20mM KH2 PO4  

70mM NaCl 

I mM MgCl2

PBS 140mM NaCl 

3mM KCl 

8 mM Na2HP04 

1.5mM KH2 PO4  

pH 7.3
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P r o te i n a s e  K B u f f e r 20mM T r is -H C l, pH8  

ImM EDTA, pH8 

O.IM NaCl 

0.01% T r i t o n  XlOO

lOx T/, L ig a t io n  B u f fe r  - 700mM T r is -H C l, pH 7.5

70mM MgCl2  

0.7mM ATP

TNE 50mM T r is -H C l, pH 7.5 

O.IM NaCl 

5mM EDTA

SSC 0.15M NaCl

0.015M Sodium c i t r a t e ,  pH7

SSPE 0.18M NaCl

O.OIM NaH2P04, pH6 . 8  

O.OOIM EDTA

T.A 40mM T r i s

20mM NaOAc, pH 7.8

0.2mM EDTA

T .B .E 0.9M T r i s

0.9M B o r ic  A c id , pH8 .3  

0.025M  EDTA
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L. b r o th D ifc o  B ac to  T ry p to n e  lOg 

D ifc o  Y e a s t  e x t r a c t  5g 

NaCL 5g

G lu co se  lOg

H2 O to  IL , pH7

L .A gar As f o r  L -b ro th  w i th o u t  g lu c o s e ,  p lu s  17g /L  d i f c o  

a g a r .

BBL.Agar B a ltim o re  B io l .L a b . T r y p t i c a s e  lOg 

NaCl 5g

D ifc o  A gar 15g*

* ( 6 .5 g  to p  a g a r )  

to  IL  w ith  H2 O

YT Medium B ac to  t r y p to n e  8 g 

Y e a s t  e x t r a c t  5g 

NaCl 2 .5 g  

to  IL  w ith  H2 O

H P l a t e s B ac to  t r y p to n e  lOg 

NaCl 8 g

A gar 12g ( 8 g f o r  to p )  

to  IL  w ith  H2 O

Sam ple B u f fe r ( f o r  a g a ro s e  and  a c ry la m id e  g e l s )

20% (w /v ) F i c o l l

0.002% (w /v ) B rom opheno lb lue
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A garose

lOmM T ris -H C l (pH 7 .5 )

20mM EDTA

G ly c e ro l

0 . 2 g

0 . 1 ml

2 ml

1 0 ml

0,01% (w /v) B rom opheno lb lue  lOmg 

DDW 85ml

Formam ide Dve Mix - 100ml o f  r e - c r y s t a l l i s e d  Formamide 

0.1% (w /v ) x y le n e  c y a n o l  FF 

0 . 1 % (w /v ) b rom opheno l b lu e  

4ml 500mM EDTA

5x D e n h a r d t 's F i c o l l  0 .5 g

p o ly v in y lp y r r o l id o n e  0 . 5g

BSA (B o e h r in g e r  F r a c t i o n  V) 0 .5 g  

H2 O to  500ml

2 .5  G e n e ra l  M o le c u la r  B io lo g y  M ethods 

A g aro se  G el E le c t r o p h o r e s i s

DNA sam p les  w ere a n a ly s e d  by  e l e c t r o p h o r e s i s  on v a r io u s  

c o n c e n t r a t io n s  o f  a g a ro s e  g e l ,  d e p e n d in g  on th e  s i z e  o f  th e  fra g m e n ts  

a n t i c i p a t e d .  G e n e r a l ly ,  0.6% to  1% g e l s  w ere  u s e d  f o r  r e s t r i c t i o n  d i g e s t s  

w i th  th e  e x c e p t io n  o f  Sau3k p a r t i a l  d i g e s t s  o f  human genom ic DNA w hich 

w ere a n a ly s e d  on 0 . 2 % g e ls  u n d e r l a id  w ith  a  1 % g e l  to  g iv e  s u p p o r t .  

P r e p a r a t i v e  g e l s  f o r  r e s t r i c t i o n  f ra g m e n t i s o l a t i o n  w ere ru n  on 1% IMP 

a g a ro s e  (BRL). The b u f f e r  u s e d  was e i t h e r  T.A o r  T .B .E . , b o th  o f  w hich  

w ere u s e d  a t  v a r io u s  c o n e s . from  0 .3 x  to  I x .  C o n d it io n s  o f  

e l e c t r o p h o r e s i s  v a r i e d  from  25V o /n  to  200V f o r  2 h r s .
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P o ly a c ry la m id e  G el E le c t r o p h o r e s i s

P o ly a c ry la m id e  g e l s  w ere u s e d  b o th  a n a l y t i c a l l y  an d  p r e p a r a t i v e l y . In  

g e n e r a l ,  p r e p a r a t i v e  g e l s  w ere made and  u s e d  i n  th e  same way as  

a n a l y t i c a l  g e l s  e x c e p t  t h a t  th e y  h a d  l a r g e r  w e l l s .  A s to c k  s o l u t i o n  2 9 :1  

a c r y la m id e :b i s - a c r y la m id e  was s to r e d  a t  r t  and  d i l u t e d  a s  r e q u i r e d .  

G e n e r a l ly  g e l s  o f  5% (w /v) w ere u s e d  and  th e  ru n n in g  b u f f e r  was I x  T .B .E . 

P r i o r  to  p o u r in g  th e  g e l  s o l u t i o n  i s  d e g a s s e d  th e n  p o ly m e r is a t io n  i s  

i n i t i a t e d  b y  th e  a d d i t i o n  o f  TEMED and  ammonium p e r s u l p h a t e .

P o ly a c ry la m id e /U re a  d e n a tu r in g  g e l s  an d  g r a d i e n t  g e l s  f o r  se q u e n c in g  

w ere p r e p a r e d  a s  d e s c r ib e d  i n  th e  Amersham M13 C lo n in g  and  S equenc ing  

h andbook . The same m ethod was u s e d  to  p r e p a r e  g e l s  f o r  th e  p r e p a r a t i o n  o f  

s i n g l e  s t r a n d e d  DNA p ro b e s  f o r  S -1  n u c le a s e  m apping  s t u d i e s ,  and  th e  

p r e p a r a t i o n  o f  2 0 % a c ry la m id e  d e n a tu r in g  g e l s  f o r  a n a ly s i s  o f  

e n d - l a b e l l e d  o l ig o n u c le o t id e s .

I s o l a t i o n  o f  DNA R e s t r i c t i o n  F ragm en ts

R e s t r i c t i o n  f ra g m e n ts  w ere i s o l a t e d  from  p o ly a c ry la m id e  o r  LMP 

a g a ro s e  g e l s . F ragm en ts  w ere f i r s t  v i s u a l i s e d  by  e th id iu m  b rom ide  

s t a i n i n g  and  s u b s e q u e n t ly  e x c is e d  by  c u t t i n g  th e  c o r re s p o n d in g  g e l  s l i c e  

w i th  a  s t e r i l e  s c a p e l  b la d e .  The g e l  s l i c e  was p la c e d  i n t o  a  d i a l y s i s  bag  

c o n ta in in g  0 . 5m ls O .lX  T .B .E . an d  e l e c t r o e l u t e d  a t  200V f o r  I h r . The DNA 

was r e l e a s e d  from  th e  w a l l  o f  th e  d i a l y s i s  tu b in g  b y  r e v e r s in g  th e  

p o l a r i t y  f o r  3 0 s e c s .  The DNA s o l u t i o n  was th e n  t r a n s f e r r e d  to  a  1 .5m l 

E p p en d o rf and  any  d e b r i s  p e l l e t e d  by  c e n t r i f u g a t i o n  a t  12 ,000rpm  (M .S .E . 

m ic r o c e n ta u r )  f o r  lO m ins. The s u p e r n a ta n t  was t r a n s f e r r e d  to  a  s t e r i l e  

E p p e n d o rf and  th e  DNA e th a n o l  p r e c i p i t a t e d .

When DNA was r e c o v e r e d  from  n o rm al a g a ro s e  g e l s  i t  was p a s s e d  th ro u g h  

a  colum n o f  DE52 c e l l u l o s e  ( e q u i l i b r a t e d  w i th  O .lx  T .B .E . ) .  The colum n 

was w ashed  w ith  O .lx  T .B .E . and  th e  DNA s o l u t i o n  p a s s e d  th ro u g h  fo u r  

t im e s .  The colum n was a g a in  w ashed w i th  O .lx  T .B .E . an d  th e  DNA e lu t e d
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w ith  500 /il e l u t i o n  b u f f e r  (IM N aC l, 50mM T r is -H C l,  p H 7 .5 , I mM EDTA). DNA 

was r e c o v e r e d  by  e th a n o l  p r e c i p i t a t i o n .

P r e p a r a t i o n  o f  C om petent C e l l s  (JA 221. C600 and  JM lO l)

C u l tu r e s  w ere  grown i n  L .b r o th  a t  37®C u n t i l  th e  ODg^Q re a c h e d  0 .4  

(JM lO l) t o  0 .6  (JA221 an d  C 6 0 0 ). They w ere h a r v e s t e d  i n  ro u n d  b o tto m  

u n i v e r s a l  tu b e s  (Nunc) b y  c e n t r i f u g a t i o n  a t  4000rpm , 4*C f o r  lO m ins, th e  

s u p e r n a n ta n t  d i s c a r d e d  and  th e  c e l l s  r e s u s p e n d e d  i n  O.IM MgCl2  (JA221 

o n ly )  to  th e  o r i g i n a l  vo lum e o f  c u l t u r e  and  th e n  r e p e l l e t e d .  C e l ls  w ere 

r e s u s p e n d e d  i n  O.IM C aC l2  t o  h a l f  th e  o r i g i n a l  volum e and  in c u b a te d  on 

i c e  f o r  20m ins. They w ere  h a r v e s t e d  a s  b e f o r e  and  re s u s p e n d e d  to  1 /2 0  o f  

th e  o r i g i n a l  volum e o f  c u l t u r e  and  s t o r e d  on i c e .

T ra n s fo rm a tio n  o f  C om peten t C e l l s  (JA221 and  C600)

The DNA to  b e  u s e d  i n  t r a n s f o r m a t io n  was d i l u t e d  to  100 /tl i n  I x  SSC, 

and  two s u b s e q u e n t  1 /1 0  s e r i a l  d i l u t i o n s  p e rfo rm e d . lOOpl DNA was m ixed 

w ith  200 /tl c o m p e ten t c e l l s  and  in c u b a te d  on i c e  f o r  3 0 m in s , h e a t  shocked  

a t  42*C f o r  2 m in s , and  r e t u r n e d  to  i c e  f o r  2 0 m in s . 1ml L .b r o th  was added  

and  th e  c e l l s  in c u b a te d  w ith  g e n t l e  s h a k in g  f o r  45m ins a t  37*C. C e l ls  

w ere  h a r v e s t e d  a t  4000rpm , 4®C f o r  5 m in s , r e s u s p e n d e d  i n  lOO/il b a c t e r i a l  

b u f f e r  an d  p l a t e d  o n to  an  L .a g a r  p l a t e  c o n ta in in g  th e  a p p r o p r ia t e  

s e l e c t i o n .

N ick  T r a n s l a t i o n  o f  DNA (R ig b v  e t  a l . 1977)

DNA was l a b e l l e d  u s in g  a  n ic k  t r a n s l a t i o n  k i t  (Amersham) a c c o rd in g  to  

th e  m a n u fa c tu re r s  i n s t r u c t i o n s .  U n in c o rp o ra te d  n u c le o t id e s  w ere rem oved 

by  colum n ch ro m a to g ra p h y  th ro u g h  Sephadex  G-50 p r e - e q u i l i b r a t e d  i n  I x  

T .E . 250/a1 f r a c t i o n s  w ere  c o l l e c t e d  and  th o s e  c o n ta in in g  l a b e l l e d  DNA 

w ere i d e n t i f i e d  by  C erenkov  c o u n tin g .  T h is  gave  an  e s t im a te  o f  th e  

s p e c i f i c  a c t i v i t y  o f  th e  l a b e l l e d  DNA p ro b e .
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O l i g o - l a b e l l i n g  o f  DNA F rag m en ts  bv  H e x a n u c le o t id e  P r im e rs  (F e in b e rg  and 

V o g e l s te in .  1984)

A known q u a n t i t y  o f  p la s m id  o r  phage DNA was c le a v e d  w ith  th e

a p p r o p r i a t e  r e s t r i c t i o n  e n z y m e (s ) , t o  g iv e  th e  r e q u i r e d  f ra g m e n t f o r

l a b e l l i n g .  The d i g e s t  was ru n  o u t  on a  1% LMP a g a ro s e  g e l  (BRL 5 5 1 7 ). The 

g e l  was s t a i n e d  i n  e th id iu m  b ro m id e  and  th e  a p p r o p r i a t e  b a n d  e x c is e d  

c a r e f u l l y  w i th  th e  minimum am ount o f  e x tr a n e o u s  a g a r o s e .  Each b an d  was 

p la c e d  i n t o  a  p re w e ig h e d  1 .5 m l E p p e n d o rf  tu b e  an d  DDW ad d ed  a t  a  r a t i o  o f

1 .5 m ls  H2 0 / g  a g a ro s e .  The DNA c o n c . was e s t im a te d  from  th e  am ount o f  DNA

i n i t i a l l y  d ig e s t e d  (50ng  o f  DNA p e r  l a b e l l i n g )  . The tu b e  was th e n  p la c e d  

i n  a  b o i l i n g  w a te r  b a th  f o r  7m ins t o  m e lt  th e  a g a ro s e  and  d e n a tu r e  th e  

DNA ( in c u b a te  a t  65“G f o r  5 m in s ) . I t  was th e n  k e p t  a t  37*C f o r  5m ins 

p r i o r  to  i n i t i a t i n g  th e  l a b e l l i n g  r e a c t i o n .  The l a b e l l i n g  r e a c t i o n  was 

p e rfo rm e d  u s in g  an  o l i g o - l a b e l l i n g  k i t  (P h a rm a c ia )  a c c o r d in g  to  th e  

m a n u fa c tu re r s  i n s t r u c t i o n s .  U n in c o rp o ra te d  n u c l e o t id e s  w ere  rem oved by 

colum n c h ro m a to g ra p h y  a s  d e c r ib e d  f o r  n ic k  t r a n s l a t i o n .

5* E n d - la b e l l i n g  O l ig o n u c le o t id e s  ( Z o l l e r  and  S m ith . 1983)

200pm ol o l ig o n u c le o t id e  was l y o p h i l i s e d  i n  a  s i l a n i s e d  E p p e n d o rf  th e n  

re s u s p e n d e d  i n  2Qfil DDW. S u b s e q u e n tly  3 /tl IM T r is -H C l (pH8 ) ,  1 .5 / t l  0.2M 

MgCl2 , 1 .5 / i l  O.IM DTT, 3fil  I mM ATP ( o r  DDW) and  Ifxl [^-^^P jA T P w ere  added  

and  th e  c o n te n t s  m ixed . The r e a c t i o n  was i n i t i a t e d  by  th e  a d d i t i o n  o f  4 .5  

u n i t s  T4  p o ly n u c le o t id e  k in a s e  and  th e  m ix tu re  in c u b a te d  f o r  45m ins a t  

37*C. The tu b e  was t r a n s f e r r e d  to  a  65®C w a te rb a th  to  s to p  th e  r e a c t i o n .  

U n in c o rp o ra te d  n u c l e o t id e s  w ere rem oved by  colum n c h ro m a to g ra p h y  as  

d e s c r ib e d  f o r  n ic k  t r a n s l a t i o n .

I n  S i t u  P la q u e  H y b r id i s a t i o n  (B en ton  an d  D a v is . 1977)

N i t r o c e l l u l o s e  d i s c s  w ere  c a r e f u l l y  p la c e d  o v e r  c o ld  a g a r  p l a t e s  

c o n ta in in g  phage  p la q u e s .  The f i l t e r s  w ere a llo w e d  to  w e t, k ey ed  to  th e
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p l a t e  u s in g  a  s y r in g e  n e e d le  and  th e n  l i f t e d  from  th e  s u r f a c e  b e in g  

c a r e f u l  n o t  to  rem ove any  to p  a g a r .  The phage  w ere  ly s e d  and  th e  DNA 

d e n a tu r e d  b y  l a y e r in g  f i l t e r s  w i th  th e  p la q u e  s id e  u p p e rm o st on a  p ad  o f  

Whatmann 3MM p a p e r  s a t u r a t e d  i n  0.5M NaOH f o r  5 m in s . The f i l t e r s  w ere 

th e n  n e u t r a l i s e d  by  in c u b a t in g  s e q u e n t i a l l y  f o r  2 0 s e c s  e a c h  in  O.IM 

NaOH, 1.5M N aC l, tw ic e  i n  0.5M T r is -H C l (p H 7 .5 ) , 1.5M NaCl and  f i n a l l y  i n  

2x SSC. They w ere  th e n  a i r  d r i e d  and  f i n a l l y  b a k e d  a t  80*C f o r  2 h r s .  

H y b r id i s a t i o n  was p e rfo rm e d  a s  d e s c r ib e d  f o r  S o u th e rn  b l o t t i n g .

C olony H y b r id i s a t i o n  ( G r u n s te in  and  H ogness. 1975)

P r o s p e c t iv e  re c o m b in a n t c o lo n ie s  w ere  p ic k e d  o n to  n i t r o c e l l u l o s e  

d i s c s  l a y e r e d  on L .a g a r  p l a t e s ,  c o n ta in in g  an  a p p r o p r i a t e  a n t i b i o t i c  

s e l e c t i o n ,  and  in c u b a te d  o /n  a t  37*C. C e l l s  w ere  l y s e d  by  l a y e r in g  th e  

f i l t e r s  w i th  c o lo n ie s  f a c in g  upw ard on a  p ad  o f  Whatman 3MM p a p e r  so ak ed  

i n  10% (w /v ) S .D .S . f o r  3 m in s . The f i l t e r  was th e n  t r a n s f e r r e d  to  a

s i m i l a r  p a d  s a t u r a t e d  w i th  0.5M NaOH, 1.5M NaCl and  in c u b a te d  f o r  5mins 

t o  d e n a tu r e  th e  DNA. F i n a l l y  th e  f i l t e r s  w ere  n e u t r a l i s e d  b y  t r a n s f e r r i n g  

to  a  p ad  so a k e d  i n  IM T r is -H C l,  3M NaCl s o ln .  f o r  a  f u r t h e r  5 m in s . The 

f i n a l  s t e p  was r e p e a te d .  The f i l t e r s  w ere th e n  a i r  d r i e d  and  b ak ed  a t  

80*C f o r  2 h r s .  H y b r id i s a t i o n  was p e rfo rm e d  a s  d e s c r ib e d  f o r  S o u th e rn  

B l o t t i n g .

S o u th e rn  B l o t t i n g  o f  R e s t r i c t i o n  D ig e s ts  o f  DNA (S o u th e rn .  1975)

DNA sa m p les  w ere  e l e c t r o p h o r e s e d  o /n  (genom ic DNA) a t  25V o r  f o r  2 h rs  

a t  200V. The DNA was d e n a tu r e d  by  s o a k in g  th e  g e l  f o r  I h r  i n  1.5M NaCl, 

0.5M NaOH and  th e n  n e u t r a l i s e d  f o r  30-60m ins i n  IM T r is -H C l (p H 6 .5 ) , 1.5M 

NaCl. The g e l  was n e x t  so a k e d  f o r  20m ins i n  20x SSC and  p la c e d  on th e  

t r a n s f e r  a p p a r a tu s  ( M a n ia t is  e t  a l ,  1 9 8 0 ), e n s u r in g  no a i r  b u b b le s  w ere 

t r a p p e d  b e tw e en  th e  g e l  an d  th e  f i l t e r  p a p e r  o f  th e  w ic k . A s h e e t  o f  

n i t r o c e l l u l o s e  p a p e r  (so a k e d  i n  2x SSC) was c a r e f u l l y  p la c e d  on to p  o f
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t h e  g e l  an d  c o v e re d  w i th  a  s h e e t  o f  Whatman 3MM p a p e r  p r e - s o a k e d  i n  2x 

SSC. S ix  a d d i t i o n a l  s h e e t s  o f  d ry  Whatman 3MM f i l t e r  p a p e r  w ere th e n  

p la c e d  on to p ,  fo llo w e d  b y  4 - 6 ” o f  a b s o rb a n t  t i s s u e s  and  a  1kg w e ig h t. 

The t r a n s f e r  was c a r r i e d  o u t  o /n  u s in g  20x SSC a s  th e  t r a n s f e r  b u f f e r .  

The f i l t e r  was b a k e d  a t  80*C f o r  2 h rs  an d  was th e n  re a d y  f o r  

h y b r i d i s a t i o n .

A l t e r n a t i v e l y ,  th e  DNA was d e n a tu r e d  f o r  30m ins i n  0.4M NaOH, 0.6M 

NaCl w i th  g e n t l e  a g i t a t i o n  and  th e n  p la c e d  i n v e r t e d  o n to  th e  w ick  w hich 

h a d  b e e n  p r e - w e t te d  w i th  th e  same b u f f e r .  G e n e S c r e e n P T u s T M  (nEN) t r a n s f e r  

membrane (S oaked  in  0.4M NaOH, 0.6M NaCl) was p la c e d  o v e r  th e  g e l  

fo llo w e d  by  two s h e e t s  o f  w et (0.4M  NaOH, 0.6M NaCl) and  s i x  s h e e t s  o f  

d ry  Whatman 3MM p a p e r  r e s p e c t i v e l y .  F i n a l l y  2 " -3 "  o f  a b s o rb a n t  t i s s u e s  

and  a  0 .5 k g  w e ig h t w ere  p la c e d  on  to p  and  th e  t r a n s f e r  p e rfo rm e d  in  a 

b u f f e r  c o m p r is in g  0.4M NaOH and  0.6M N aC l. The t r a n s f e r  was p e rfo rm e d  f o r  

1 6 h rs  a f t e r  w h ich  th e  f i l t e r  was n e u t r a l i s e d  f o r  15m ins w ith  a g i t a t i o n  in  

0.5M T r is -H C l (pH 7), IM N aC l. The f i l t e r  was f i n a l l y  d ry e d  a t  55*C f o r  

2 0 m in s .

H y b r id i s a t i o n  o f  S o u th e rn  B lo ts

H y b r id i s a t i o n  was c a r r i e d  o u t  i n  p l a s t i c s  b a g s .  F o r n i t r o c e l l u l o s e ,  

th e  f i l t e r s  w ere  p r e - h y b r id i s e d  f o r  4 h rs  i n  2x SSC, 0.5% (w /v ) S .D .S . , 5x 

D e n h a r d t 's  and  d e n a tu r e d  Salm on sperm  DNA (lO O ^g/m l) i n  a  f i n a l  volum e o f  

10ml a t  65®C. H y b r id i s a t i o n  was p e rfo rm e d  i n  a  f r e s h  b u t  i d e n t i c a l  

s o l u t i o n  w h ich  a l s o  c o n ta in e d  th e  d e n a tu r e d  l a b e l l e d  DNA p ro b e , a t

65*C f o r  15 h r s .  F i l t e r s  w ere  w ashed  a t  65®C i n  0.5% (w /v ) S .D .S . and  2x 

to  O .lx  SSC w ith  a g i t a t i o n  p r i o r  to  a u to r a d io g r a p h y

G e n e S c r e e n P l u s T M  (NEN) was p r e - h y b r id i s e d  f o r  4 h r s  i n  5x SSPE, 0.25% 

(w /v ) d r i e d  skimmed m ilk  (M arv e l^ ™  C a d b u r y 's ) ,  and  d e n a tu re d  salm on 

sperm  DNA (5 0 /ig /m l) f o r  6 h r s  i n  a  f i n a l  volum e o f  100ml a t  65®C. 

H y b r id i s a t i o n  was p e rfo rm e d  i n  5x SSC, 1% (w /v ) S .D .S . ,  10% (w /v ) d e x tr a n
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s u lp h a t e ,  d e n a tu r e d  sa lm on  sperm  DNA (5 0 ^ g /m l)  an d  d e n a tu r e d  l a b e l l e d

DNA p ro b e  i n  10ml f o r  1 5 h rs  a t  65®C. F i l t e r s  w ere  w ashed  w i th  a g i t a t i o n

i n  1-2% (w /v ) S .D .S . ,  2x t o  O .lX  SSC a t  65®C.

DNA S eq u e n c in g

DNA se q u e n c e  d e te r m in a t io n s  w ere c a r r i e d  o u t  b y  th e  d id e o x y n u c le o t id e  

c h a in - t e r m i n a t i o n  m ethod o f  S an g er e t  a l  (1 9 7 7 ) .

The t r a n s f o r m a t io n  o f  E . c o l i  JM lOl w ith  th e  d e s i r e d  Ml3 phage DNA, 

th e  s e l e c t i o n  o f  re c o m b in a n ts ,  th e  p r e p a r a t i o n  o f  ssDNA te m p la te  DNA and 

th e  s e q u e n c in g  r e a c t i o n s  w i th  ^^P o r  ^^S l a b e l l e d  n u c le o t id e s  w ere  a l l  

p e rfo rm e d  a s  d e s c r ib e d  i n  th e  Amersham Ml 3 C lo n in g  and  S eq u en c in g

H andbook. H ow ever, B lo u - g a l  (BRL) was s u b s t i t u t e d  f o r  X -g a l f o r  th e

s e l e c t i o n  o f  re c o m b in a n t p la q u e s .

2 .6  O l ig o n u c le o t id e  S i t e  D i r e c te d  M u ta g e n e s is  

R e a g e n ts  :_ S o lu t io n  A 0.2M  T r is -H C l, pH 7.5

O.IM MgCl2  

O.IM NaCl 

O.OIM DTT

S o lu t io n  B 0.2M T ris-H C L (pH 7.5 )

O.IM MgCl2  

O.IM DTT
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S o lu t io n  B 1 / tl

lOmM dCTP 1 / il

lOmM dTTP l / i l

lOmM dGTP If i l

O.lmM dATP 0 .5 / i l

lOmM ATP I p l

(o!-32p)dA T P(4 ioci/m m ol) 1 .5 p l

T4  DNA l i g a s e  2 u / / t l 1 .5 / t l

H2 O 2(il

A lk a l in e  s u c ro s e  g r a d i e n t  s to c k  s o l u t i o n s  :_

X % (w /v ) S u c ro se  

IM NaCl 

0.2M NaOH 

2mM EDTA

X -  20 , 1 7 .5 ,  15 , 10 , and  5 . 

a u to c la v e  and  s t o r e  a t  4 ®C.

P ro c e d u re  A ( Z o l l e r  and  Sm ith  1983)

A lk a l in e  s u c ro s e  g r a d i e n t  c e n t r i f u g a t i o n

A 5% to  20% s u c ro s e  g r a d i e n t  was p r e p a r e d  f o r  e a ch  sam ple  i n  5 .5m l 

p o ly c a r b o n a te  tu b e s  (M .S .E . 1 0 8 5 ). S te p  g r a d i e n t s  w ere  p r e p a r e d  by  a d d in g  

1ml o f  e a c h  s u c ro s e  s to c k  s o l u t i o n ,  s t a r t i n g  w i th  th e  5% s o l u t i o n ,  and  

u n d e r la y in g  w ith  i n c r e a s i n g  d e n s i t y  s o l u t i o n s .  T ubes w ere  l e f t  a t  4®C f o r  

1 2 h r s  to  l i n e a r i s e  th e  g r a d i e n t s .
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M u ta g e n e s is

I n  a  1 .5  ml E p p en d o rf tu b e  20pmol o f  5 * p h o s p h o ry la te d  m ism atched  

p r im e r  was a n n e a le d  in  40 -8 0  f o ld  m o la r  e x c e s s  to  Ml3 ssDNA te m p la te ,  

w i th  I f i l  s o ln .A  f o r  1 .5  to  2 h r s  a t  55-60*0 i n  a  f i n a l  volum e o f  10/a1. 

P r im e r  e x te n s io n  was i n i t i a t e d  by  th e  a d d i t i o n  o f  1 0 .5 / i l  s o ln .C  and  2 .5  

u n i t s  DNA p o l l  (Klenow) to  th e  a n n e a l in g  m ix and  in c u b a te d  f o r  5m ins a t  

23*C. l / i l  c o ld  lOmM dATP was added  and  in c u b a t io n  c o n t in u e d  a t  15*C f o r  

2 0 -2 4  h r s .

U n in c o rp o ra te d  n u c le o t id e s  w ere  rem oved b y  th e  a d d i t i o n  o f  30 /il H2 O 

an d  50^1 1 . 6 M NaCl/13% (w /v ) P .E .G .gooO * A f t e r  i n c u b a t io n  on i c e  f o r  

15m ins, p r e c i p i t a t e d  DNA was p e l l e t e d  f o r  5m ins a t  1 0 ,000 rpm . The aqueous 

p h a se  was w ith d raw n  by  p i p e t t i n g ,  th e  p e l l e t  w ashed  i n  100 /tl 0.8M

N aC l/6 .5%  (w /v ) P.E.G.gQOO» - p e l l e t e d  f o r  30 s e c s  an d  re s u s p e n d e d  in  

180 /tl T .E .

To th e  p r im e r  e x te n d e d  DNA, 20/a1 2N NaOH was added  and  in c u b a te d  f o r  

5m ins a t  23*0. Sam ples w ere  c h i l l e d  on i c e  f o r  Im in  th e n  l a y e r e d  g e n t ly  

o n to  s u c ro s e  g r a d i e n t s .  S u c ro se  g r a d i e n t s  w ere  c e n t r i f u g e d  a t  3 7 ,0 0 0  rpm, 

4*C, f o r  2 h rs  i n  a  6 x 5 .5ml sw ing  o u t  r o t o r  (M .S .E . 43127 1 2 6 ).

A p p ro x im a te ly  30 f r a c t i o n s  p e r  sam ple  (5 d r o p s / f r a c t i o n )  w ere  c o l l e c t e d ,  

u s in g  a  G i ls o n  f r a c t i o n  c o l l e c t o r  (M ic ro c o l TDC80) and  p e r i s t a l t i c  pump 

(LKB M ic ro p e rp e x )  and  c o u n te d  by  O erenkov c o u n t in g  (LKB 1215 R a c k b e ta ) . 

F r a c t io n s  c o n ta in in g  ds (000) DNA ( lo w e r  h a l f  o f  g r a d i e n t )  w ere 

n e u t r a l i s e d  by  th e  a d d i t i o n  o f  a p p ro x im a te ly  5 0 /tl p e r  f r a c t i o n  o f  IM 

T r i s - c i t r a t e  (pH 5 .0 ) and  s t o r e d  a t  -20*0 . I p l ,  5/xl and  lO /tl a l i q u o t s  w ere 

t r a n s f e c t e d  i n to  JM IOI.

S c re e n in g  M u tan ts  bv  O l ig o n u c le o t id e  H y b r id i s a t i o n

100 p la q u e s  w ere p ic k e d  o n to  n i t r o c e l l u l o s e  d i s c s  (405316) on H 

p l a t e s  th e n  in c u b a te d  o v e r n ig h t  a t  37*0. O o lo n ie s  w ere  d e n a tu r e d  and 

n e u t r a l i s e d  a s  f o r  c o lo n y  h y b r i d i s a t i o n .  F i l t e r s  w ere  p r e - h y b r id i s e d  in
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10ml 5x D e n h a rd ts , 0.5% (w /v ) S .D .S . ,  6x SSC, f o r  I h r  a t  67®C. F i l t e r s  

w ere  th e n  w ashed  once in  50ml 6x SSC, and  th e n  4ml 5x D e n h a r d t 's ,  6x SSC 

w ere  a d d e d . 2 -5x10^  cpm [7 -^^P ] ATP 5 ' - l a b e l l e d  o l ig o n u c le o t id e  was added  

a n d  in c u b a t io n  p e rfo rm e d  a t  23®C f o r  I h r .  F i l t e r s  w ere  w ashed  3x i n  50ml 

6x SSC a t  23*C f o r  lO m ins. The s t r i n g e n c y  o f  h y b r i d i s a t i o n  was in c r e a s e d  

by  w a sh in g  f i l t e r s  i n  6x SSC f o r  1 -lO m ins a t  p r o g r e s s iv e l y  h ig h e r  

t e m p e r a tu r e s .  In c re m e n ts  o f  5-10*C w ere  fo u n d  t o  b e  m ost s u i t a b l e .  The 

m e l t in g  te m p e ra tu re  f o r  e a ch  o l ig o n u c le o t id e  was e s t im a te d  by  a llo w in g  

2®C and  4®C f o r  e a ch  A/T and  G/C b a s e  p a i r i n g  r e s p e c t i v e l y  (W allace  e t  

a l ,  1 9 7 9 ) . F i l t e r s  w ere a u to r a d io g r a p h e d  f o r  1 -12  h r s  a f t e r  e a ch  w ash. 

P o s i t i v e  c o lo n ie s  w ere p ic k e d  from  th e  m a s te r  p l a t e s  and  s s  and  R .F  DNA 

p r e p a r e d  f o r  s e q u e n c in g  and  c lo n in g .

P ro c e d u re  B (K u n k e l, 1985)

P r e p a r a t i o n  o f  Ml3 Phage

One f r e s h  p la q u e  o f  th e  d e s i r e d  Ml3 re c o m b in a n t p hage  was p ic k e d  w ith  

a  s t e r i l e  100 ftl  m ic r o p ip e t t e  and  d is p e n s e d  i n t o  a  1 .5m l E ppendo rf 

c o n ta i n in g  1ml o f  Y .T . medium. The sam ple  was v o r te x e d  u n t i l  f u l l y  

re s u s p e n d e d , th e n  in c u b a te d  a t  70*C f o r  5m ins t o  k i l l  JM lOl c e l l s .  The 

s u p e r n a t a n t  was th e n  c l e a r e d  b y  s p in n in g  f o r  5m ins a t  1 0 ,0 0 0 g  (M .S .E . 

M ic ro c e n ta u r )  and  t r a n s f e r r e d  to  a  f r e s h  1 .5 m l E p p e n d o rf  tu b e .  Phage 

s to c k s  w ere u se d  im m e d ia te ly  to  i n o c u l a te  e x p o n e n t i a l l y  g row ing  c e l l s .

P r e p a r a t i o n  o f  U r a c i l  C o n ta in in g  ssDNA T em p la te

BW313 c e l l s  w ere  grown a t  37*C o v e r n ig h t  i n  2x Y .T . A 50ml c u l t u r e

was i n o c u la te d  w ith  0 .5m l o /n  and  in c u b a te d  a t  37®C f o r  1 .5  to  2 h r s .

100m l 2x Y .T . was th e n  in o c u la te d  w i th  5ml BW313 e x p o n e n t i a l l y  g row ing  

c e l l s .  U r id in e  (S igm a) was added  to  a  f i n a l  c o n c e n t r a t io n  o f  0 .2 5 /ig /m l 

and  1 0 0 /il o f  th e  Ml 3 phage p r e p a r a t i o n  th e n  a d d e d . I n c u b a t io n  was

c o n t in u e d  w i th  v ig o ro u s  s h a k in g  a t  37*C f o r  a  f u r t h e r  6 - 8  h r s .  The phage
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w ere  h a r v e s t e d  and  ssDNA p r e p a r e d .  The DNA was r e s u s p e n d e d  i n  50-100^1 

T .E .

M u ta g e n e s is

P r im e r  a n n e a l in g  and  e x te n s io n  r e a c t i o n s  w ere  c a r r i e d  o u t  as  

d e s c r ib e d  b e f o r e  w ith  th e  f o l lo w in g  m o d i f i c a t i o n s .  Ml3 ssDNA te m p la te  was 

r e p l a c e d  by  a  u r a c i l  c o n ta in in g  ssDNA te m p la te ,  and  [a-^^P]dA TP i n  s o ln .C  

was r e p l a c e d  by  l / i l  lOmM c o ld  dATP. P r im e r  e x te n s io n  and  l i g a t i o n  was 

s to p p e d  by  th e  a d d i t i o n  o f  20 /il H2 O, and  sam p le s  s t o r e d  a t  -20*C. 5ftl p e r  

sam p le  was t r a n s f e c t e d  i n to  JM lO l. P la q u e s  w ere  p ic k e d  and  s s  and  R .F  DNA 

p r e p a r e d  f o r  s e q u e n c in g  a n d /o r  r e s t r i c t i o n  a n a l y s i s .

2 .7  P r e p a r a t i o n  o f  P la sm id  DNA 

C le a re d  L y s a te  M ethod

U sin g  a  s u i t a b l e  s e l e c t i o n ,  200ml o /n  c u l t u r e s  w ere grown and  th e  

c e l l s  h a r v e s t e d  by  c e n t r i f u g a t i o n  a t  6000rpm , 4*C, f o r  5m ins (M .S .E .

6x300m l r o t o r  4 3 1 1 5 -1 1 2 ). C e l l  p e l l e t s  w ere  r e s u s p e n d e d  i n  3ml 25% (w /v) 

s u c r o s e ,  0.05M T r is -H C l (p H 8 .0 ) , and  t r e a t e d  w ith  0 .5 m l lOmg/ml lysozym e 

a t  4*C f o r  15m ins. A f t e r  th e  a d d i t i o n  o f  1ml 0.25M  EDTA, and  a  f u r t h e r  

15m ins a t  4®C, th e  c e l l s  w ere  ly s e d  w i th  4ml T r i t o n  l y s i s  b u f f e r  (2% 

( v /v )  T r i t o n  X -100, 0.05M T r is -H C l, pH 8 .0 , 0.0025M  EDTA) and  th e  l y s a t e  

c l e a r e d  b y  c e n t r i f u g a t i o n  a t  18000rpm , 4*C, f o r  30m ins (M .S .E . 8x50ml

a n g le  r o t o r  4 3 1 1 4 -1 4 3 ). To 7 .4 m l c l e a r e d  l y s a t e  i n  11 .5m l p o ly a l lo m e r  

c e n t r i f u g e  tu b e s  ( S o r v a l l  0 3 9 8 7 ), 7 .1 g  CsCl was ad d ed  and  d i s s o lv e d .

E th id iu m  b ro m id e  was added  (0 .2 m l lOmg/ml s o l u t i o n ) ,  and  th e  tu b e s  

b a la n c e d  w i th  p a r a f f i n  o i l  and  s e a l e d .  Sam ples w ere  c e n t r i f u g e d  a t  

4 0 ,0 0 0 rp m , 20°C, f o r  4 8 h rs  ( S o r v a l l  T -1 2 7 0 ) . P la sm id  b a n d s  w ere

h a r v e s t e d ,  a f t e r  th e  rem oval o f  th e  u p p e r  chrom osom al DNA b a n d , u s in g  a 

s y r in g e  an d  n e e d le  from  th e  s id e  o f  th e  tu b e .  P la sm id  DNA was d ia ly s e d
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o /n  a g a i n s t  I x  T .E , ,  th e n  e x t r a c t e d  w ith  a n  e q u a l  volum e p h e n o l (0.5M 

T r is -H C l p H 8 .0 ) . The p h e n o l p h a se  was r e - e x t r a c t e d ,  th e  aqueous p h a se s  

p o o le d ,  e x t r a c t e d  tw ic e  w ith  an  e q u a l  volum e b u t a n - l - o l  ( s a t .  H2 O ), and 

e th a n o l  p r e c i p i t a t e d  i n  th e  p re s e n c e  0.3M NaOAc a t  -70*C f o r  IS m in s. The 

DNA was re s u s p e n d e d  i n  I x  T .E . , th e  OD2$0nm m easu red  to  e s t im a te  th e  

c o n c . , and  th e n  s to r e d  a t  -20*C.

P r e p a r a t i o n  o f  P la sm id  DNA by A lk a l i  L y s is  (B irn b o im  and  D oly . 1979)

U sin g  a  s u i t a b l e  a n t i b i o t i c  s e l e c t i o n ,  50ml c u l t u r e s  w ere  grown o /n  

a t  37*C. C e l ls  w ere p e l l e t e d  i n  ro u n d  b o tto m  u n i v e r s e l s  (Nunc) a t  

4 ,0 0 0 rp m , 4®C, f o r  15m ins, r e s u s p e n d e d  i n  2ml s o l u t i o n  1 (50mM g lu c o s e ,  

25mM T ris -H C l pH 8 .0 , lOmM EDTA, 4mg/ml ly so z y m e ), t r a n s f e r r e d  to  30ml 

O a k rid g e  tu b e s  and  l e f t  on  i c e  f o r  lO m in s . C e l l s  w ere  ly s e d  by  th e  

a d d i t i o n  o f  4ml c o ld  s o l u t i o n  2 (0.2M  NaOH, 1% (w /v ) S .D .S .)  and

in c u b a t io n  on i c e  c o n tin u e d  f o r  5m ins p r i o r  to  th e  a d d i t i o n  o f  3ml c o ld  

s o l u t i o n  3 (29m l g l a c i a l  a c e t i c  a c id ,  61ml H2 O, a d ju s t e d  t o  pH 4.8 w ith  

lOM KOH). A f t e r  a  f u r t h e r  lO m ins on i c e  th e  c e l l  d e b r i s  was p e l l e t e d  a t  

15 ,0 0 0 rp m , 4®C, f o r  15m ins (M .S .E . 8x50ml a n g le  r o t o r  4 3 1 1 4 -1 4 3 ).

A p p ro x im a te ly  9ml s u p e r n a ta n t  was t r a n s f e r r e d  to  a  ro u n d  b o tto m  u n i v e r s a l  

and  th e  DNA p r e c i p i t a t e d  i n  20ml e th a n o l .  The DNA was th e n  p e l l e t e d  a t  

4 ,0 0 0 rp m , 4°C, f o r  15m ins (M .S .E . C h i l s p i n ) , th e n  w ashed  i n  1ml 80% (w /v) 

e th a n o l  and  r e p e l l e t e d .  The DNA was re s u s p e n d e d  i n  500/wl lO x T .E . and 

50^1 3M NaOAc and  t r a n s f e r r e d  to  a  1 .5 m l E p p e n d o rf  tu b e .  I t  was th e n  

p h e n o l e x t r a c t e d  and  c h lo ro fo rm  e x t r a c t e d  tw ic e  an d  e th a n o l  p r e c i p i t a t e d .  

The DNA was re s u s p e n d e d  i n  200 /il I x  T .E . c o n ta in in g  lO/^g/ml p a n c r e a t i c  

RNase (S igm a) and  s to r e d  a t  -20*C.
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2 . 8  P r e p a r a t i o n  o f  B a c te r io p h a g e  X DNA 

S o lu t io n s  f o r  s t e p  g r a d i e n t s

CsCl s to c k :  195g CsCl i n  105 ml phage b u f f e r

D e n s i ty  CsCl s to c k  Phage b u f f e r

(gcmS) (m l) (m l)

1 .7  2 3 .3  10

1 .5  1 6 .6 5  1 3 .3 5

1 .3  12 1 9 .0 3

P l a t i n g  c e l l s

P l a t i n g  c e l l s  w ere p r e p a r e d  from  an  o /n  c u l t u r e  o f  E . c o l i .  A f r e s h  

c u l t u r e  was in o c u la te d  b y  th e  a d d i t i o n  o f  2 0 0 /tl o /n  to  20ml L .b r o th  and 

in c u b a te d  a t  37*C f o r  5 h r s . C e l l s  w ere  p e l l e t e d  a t  4000rpm  (M .S .E . 

C h i l s p i n ) ,  4*C, f o r  lO m ins, a n d  re s u s p e n d e d  i n  20ml O.OIM MgSO^. These 

c o u ld  b e  s t o r e d  f o r  one week a t  4*C.

Phage T i t r e s

S e r i a l  d i l u t i o n s  o f  phage  w ere  p e rfo rm e d  i n  phage  b u f f e r .  I n  a  phage 

tu b e ,  lOO/il phage d i l u t i o n  w ere  a d s o rb e d  t o  200^1 p l a t i n g  c e l l s  f o r  

15m ins a t  4°C. 3ml BBL to p  a g a r  (45-50*C ) was ad d ed  to  th e  phage tu b e ,  

m ix ed , an d  p o u re d  o n to  BBL a g a r  p l a t e s  on a  l e v e l  s u r f a c e .  P l a t e s  w ere 

l e f t  t o  s e t  f o r  15m ins, th e n  in c u b a te d  o /n  a t  37°C. A l t e r n a t i v e l y  p l a t e s  

w ere  p o u re d  w ith  BBL to p  a g a r  c o n ta in in g  p l a t i n g  c e l l s  o n ly .  A l iq u o ts  o f  

1 0 ^ 1  from  phage d i l u t i o n s  w ere  s p o t t e d  o n to  s o l i d i f i e d  to p  a g a r  and  l e f t  

to  d ry  a d ja c e n t  t o  a  b u n se n  b u r n e r ,  p r i o r  t o  o /n  i n c u b a t io n  a t  37*C.
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P r e p a r a t i o n  o f  Phage - P l a t e  L y s a te

One to  t h r e e  f r e s h  p la q u e s  w ere p ic k e d  i n t o  1ml phage b u f f e r ,  50ftl 

CHCI3 ad d ed  and  v o r te x e d  th o ro u g h ly .  T h ree  p l a t e  l y s a t e s  and  a  m inus 

ph ag e  c o n t r o l  w ere  p r e p a r e d ,  by  a d d in g  500/xl, 50/a1 and  5 ;il phage  to  200/^1 

p l a t i n g  c e l l s .  A f t e r  IS m in s , 4®C, 3ml BBL to p  a g a r  was ad d ed . T h is  was 

p o u re d  o n to  f r e s h ,  t h i c k ,  m o is t  L a g a r  p l a t e s  on a  l e v e l  s u r f a c e ,  and 

s u b s e q u e n t ly  in c u b a te d  u p r ig h t  a t  37*C f o r  8 - 1 2 h r s .  To h a r v e s t  p h a g e , 3ml 

L .b r o th  was added  to  th e  p l a t e s ,  and  th e  to p  a g a r  s c r a p e d  i n to  a  g la s s  

u n i v e r s a l .  A f t e r  th o ro u g h  v o r te x in g ,  l y s a t e s  w ere  c l e a r e d  by 

c e n t r i f u g a t i o n  a t  4000rpm  (M .S .E . c h i l s p i n ) ,  4®C, f o r  lO m ins.

S u p e r n a ta n ts  w ere  t r a n s f e r r e d  to  a  s t e r i l e  g l a s s  b i j o u  b o t t l e ,  phage w ere 

t i t r e d ,  and  s to r e d  o v e r  50fil  CHCI3 , 4®C.

P r e p a r a t i o n  o f  Phage - L iq u id  L y s a te  ( B l a t t n e r  e t  a l .  1977)

A f r e s h  c u l t u r e  o f  E . c o l i  c e l l s  was i n o c u la te d  by  th e  a d d i t i o n  o f  1ml 

o /n  t o  200ml L. b r o th  su p p le m e n te d  w ith  O.OOIM MgCl2  i n  a  2L f l a s k .  The 

c u l t u r e  was in c u b a te d  a t  37®C w ith  v ig o ro u s  s h a k in g  to  O.Dg50nm 0 4 

(a p p ro x . 2x10® c e l l s / m l ) .  Phage p r e p a r e d  from  th e  p l a t e  l y s a t e s  w ere 

ad d ed  to  g iv e  an  M .O .I. o f  a p p ro x im a te ly  2 . The O.Dg50mn was fo llo w e d  f o r  

3 -6  h r s  u n t i l  c e l l s  ly s e d  w hereupon  1ml CHCI3  was added  and  sh a k in g  

c o n tin u e d  f o r  a  f u r t h e r  lO m ins. L y s a te s  w ere  c l a r i f i e d  a t  6 ,000rpm

(M .S .E . 6x300ml r o t o r  4 3 1 1 5 -1 1 2 ), 4®C, f o r  lO m ins ,a n d  phage t i t r e d .

CsCl S te p  G ra d ie n ts

From a  s to c k  s o l u t i o n  o f  C sC l, t h r e e  s o l u t i o n s  o f  th e  c o n e s , shown 

above w ere  p r e p a r e d .  S te p  g r a d i e n t s  w ere p r e p a r e d  i n  14ml p o ly c a rb o n a te

t h i n  w a l l  tu b e s  (M .S .E . 1284) by  a d d in g  3ml 1.3gcm® s o l u t i o n ,  and

s u b s e q u e n t ly  u n d e r la y in g  w ith  3ml e a c h , o f  th e  two h ig h e r  conc .

s o l u t i o n s .



45

P r e p a r a t i o n  o f  Phage DNA

Phage from  th e  l i q u i d  l y s a t e  w ere  p r e c i p i t a t e d  o /n  by  th e  a d d i t io n  o f  

4g  NaCl and  20g P .E .G .5 0 0 O 200ml s u p e r n a t a n t .  Phage w ere  th e n

p e l l e t e d  a t  5000rpm (M .S .E . 6x300ml r o t o r  431 1 5 -1 1 2 ) f o r  5m ins, 4*C, and 

th e  p e l l e t  r e s u s p e n d e d  i n  1ml phage b u f f e r .  B a c t e r i a l  DNA was d e g ra d e d  by 

th e  a d d i t i o n  o f  DNase (lO p g /m l) and  in c u b a t io n  f o r  l - 2 h r s  a t  r t .  Phage 

w ere  p o o le d  from  200ml l y s a t e s ,  and  3 -5m l p e r  14ml tu b e  o f  phage sam ple 

c a r e f u l l y  l a y e r e d  o n to  th e  s t e p  g r a d i e n t s .  G r a d ie n ts  w ere c e n t r i f u g e d  a t  

2 4 ,0 0 0 rp m , 20®C, f o r  4 h rs  (M .S .E . 6x l4m l sw ing  o u t  r o t o r  4 3 1 2 7 -1 1 1 ).

Phage b a n d s  w ere c o l l e c t e d  th ro u g h  th e  s id e  o f  th e  tu b e s  w ith  a  s y r in g e  

n e e d le  an d  d i a l y s e d  a g a in s t  I x  T .E . f o r  I h r  a t  4®C. R e s id u a l  RNA was 

d i g e s t e d  w i th  p a n c r e a t i c  RNase (20m g/m l) f o r  I h r  a t  r t ,  d u r in g  d i a l y s i s .  

D i a l y s i s  was f u r t h e r  c o n tin u e d  a t  37®C f o r  I h r  i n  th e  p r e s e n c e  o f  Im g/m l 

p r o t e i n a s e  k  (S igm a) a g a in s t  p r o t e i n a s e  k  b u f f e r .  The d i a l y s a t e  was 

e x t r a c t e d  tw ic e  w i th  an  e q u a l  volum e 0.5M T r is -H C l (pHS.O) s a tu r a t e d  

p h e n o l .  Phage DNA was d i a ly s e d  a t  4®C f o r  4 h r s  w i th  t h r e e  ch an g es  T .E . 

b u f f e r ,  th e  0 . D. 260nm/280nm f& tio  m easu red  to  e s t im a te  th e  c o n c . o f  DNA 

and  X DNA, c o n c e n t r a te d  by  e th a n o l  p r e c i p i t a t i o n  i f  n e c e s s a r y .  DNA was 

s t o r e d  a t  -20®C.

2 .9  P r e p a r a t i o n  o f  a  Genomic L ib r a r y  

S o lu t io n s  f o r  NaCl g r a d i e n t s  :

S to c k  s o l u t i o n  5M NaCl i n  Ix T .E .

1.25M NaCl " 2 .5m l

2.5M NaCl " 4 .0 m l

3.75M NaCl " 4 .0 m l

5.0M NaCl " 2 .5m l
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P a c k a g in g  b u f f e r s :

B u f f e r  A IM T r is -H C l(p H 8 .0 )  

IM MgCl2

0 -M e rc a p to e th a n o l 

O.IM EDTA,pH7.0 

H2 O

2 0 /il

3 /tl

0.5/11

lO /il

9 6 6 .5 /il

B u f f e r  B IM T r is -H C l(p H 7 .5 )  6 /1I

O.IM S p e rm id in e  3H C l(pH 7.0) 300 /tl

0.2M P u t r e s c in e  2H C l(pH 7.0) 300 /tl

O.IM ATP(pH7.0) 150 /il

/3 -M e rc a p to e th a n o l 2/jtl

H2 O 224ftl

T r i s - s u c r o s e 1 0 % (w /v) s u c ro s e  

50mM T r is -H C l, pH 7.5

Lysozyme 2mg/ml i n  0.25M T r is -H C l,  pH 7.5

P r e p a r a t i o n  o f  X P a c k a g in g  E x t r a c t s  (Hohn e t  a l .  1979)

A f r e e z e  thaw  l y s a t e  (F .T .L )  was p r e p a r e d  from  BHB2688 c e l l s  i n  th e  

fo l lo w in g  m anner. An o /n  o f  th e  X ly s o g e n  BHB2688 was grown a t  28®C in  

L .b r o th .  T h ree  2L f l a s k s  w ere  i n o c u l a te d  by  th e  a d d i t i o n  o f  5ml o /n  to  

250ml L .b r o th ,  and  in c u b a te d  a t  28®C. A t O-D.ggonm  0 .6 ,  a  1ml a l i q u o t  o f  

c e l l s  w ere  rem oved, and  a  d ro p  o f  CHCI3 a d d ed  to  t e s t  f o r  in d u c t io n  o f  

th e  X ly s o g e n . I f  th e  c e l l s  l y s e ,  d e te rm in e d  by  r a p i d  c l e a r i n g  o f  th e  

c u l t u r e  medium, th e n  th e  ly s o g e n ic  p hage  h a s  b e e n  in d u c e d . I f  th e  c u l t u r e  

re m a in s  c lo u d y , a s  e x p e c te d , th e n  p ro c e e d  a s  d e s c ib e d  b e lo w . F la s k s  w ere 

t r a n s f e r r e d  to  37®C, 250ml L .b r o th  prew arm ed to  62®C ad d ed , and
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i n c u b a t io n  c o n tin u e d  f o r  I h r  w i th  v ig o ro u s  s h a k in g . C u l tu r e s  w ere  c o o le d  

on i c e  and  a 1ml a l i q u o t  rem oved f o r  th e  in d u c t io n  t e s t .  C e l l s  w ere 

h a r v e s t e d  a t  9 ,000 rpm , 4®C, f o r  lOm ins (6 x 5 00ml r o t o r  M .S .E . 4 3 1 1 5 -1 1 3 ). 

P e l l e t s  w ere  re s u s p e n d e d  g e n t ly  i n  0 .5 m l c o ld  T r i s - s u c r o s e ,  and  p o o le d  

i n t o  10ml p o ly a l lo m e r  c e n t r i f u g e  tu b e s .  75 /tl f r e s h  lysozym e (2m g/m l; 

C a lb iochem ) was ad d ed , m ixed  g e n t ly ,  and  c e l l s  f r o z e n  in  l i q u i d  N2 -

E x t r a c t s  w ere  thaw ed  p a r t i a l l y  a t  room te m p e r a tu r e ,  th e n  c o m p le te ly  on 

i c e .  75 /il b u f f e r  B was ad d ed , m ixed th o ro u g h ly ,  and  e x t r a c t s  c e n t r i f u g e d  

a t  35 ,000 rpm , 4®C f o r  35m ins (8x35m l a n g le  r o t o r )  to  c l a r i f y .  The

s u p e r n a t a n t  was th e n  d is p e n s e d  i n  1 0 0 /xl a l i q u o t s  i n t o  sc rew  cap  am poules 

and  f r o z e n  r a p i d l y  i n  l i q u i d  N2 . E x t r a c t s  w ere  s t o r e d  a t  -70*C f o r

s e v e r a l  m o n th s .

On a  s e p a r a te  day  3x250ml c u l t u r e s  o f  th e  ly s o g e n ic  s t r a i n  BHB2690 

w ere  in c u b a te d  in  L .b r o th  a t  28®C and  in d u c e d  a s  d e s c r ib e d  f o r  BHB2688. 

C e l l s  w ere  h a r v e s t e d  a s  d e s c r ib e d  a b o v e , re s u s p e n d e d  i n  0 .5 m l b u f f e r  A, 

p o o le d  and  t r a n s f e r r e d  to  a  p o ly p ro p y le n e  tu b e .  The s u s p e n s io n  was

d i l u t e d  w i th  2 .6m l b u f f e r  A, and  s o n ic a t e d  on i c e  w i th o u t  foam ing  w ith  15

b u r s t s  o f  5 s e c s  d u r a t io n  w ith  3 0 se c s  i n t e r v a l .  C e l l  d e b r i s  was p e l l e t e d  

a t  6 ,0 0 0 rp m , 4®C, lOm ins (M .S .E . c h i l s p i n ) ,  50 /il a l i q u o t s  d is p e n s e d  in to  

sc re w  cap  am p o u les , an d  f r o z e n  r a p i d l y  i n  l i q u i d  N2 . S o n ic a te d  e x t r a c t s  

(S .E )  w ere  s to r e d  f o r  s e v e r a l  m onths a t  -70®C.

The p a c k a g in g  r e a c t i o n  was i n i t i a t e d  b y  th e  s u c c e s s iv e  a d d i t i o n  o f  

th e  f o l lo w in g  com ponents to  a  0 .5 m l E p p en d o rf tu b e  :

B u f f e r  A 7 /il

DNA(O.lfig) Ifi l

B u f f e r  B l / i l

S .E  3 .5 / i l

F .T .L . 5/il



48

E p p e n d o rf  s  w ere c e n t r i f u g e d  f o r  3 s e c s ,  and  in c u b a te d  a t  r t  f o r  90m ins. 

P a c k in g  r e a c t i o n s  w ere d i l u t e d  w i th  230 /il phage  b u f f e r  an d  th e  phage 

p l a t e d .  P ack ag ed  phage n o t  p l a t e d  w ere s t o r e d  a t  4®C o v e r  CHCI3 .

C o n tin u o u s  NaCl G ra d ie n ts

G r a d ie n ts  w ere p re p a r e d  by  th e  a d d i t i o n  o f  NaCl s to c k  s o lu t i o n s  to  

p o ly c a r b o n a te  tu b e s  (M .S .E . 1 2 8 4 ). The 1.25M NaCl s o l u t i o n  was added

f i r s t  and  o t h e r  s to c k  s o lu t i o n s  added  by  u n d e r la y in g  w i th  th e  volum es 

i n d i c a t e d  a b o v e . G ra d ie n ts  w ere l e f t  to  d i f f u s e  o /n  a t  r t .  A c o n t r o l  tu b e  

was p r e p a r e d  i n  p a r a l l e l  and  a  r e f r a c t o m e t e r  u s e d  to  v e r i f y  th e  l i n e a r i t y  

o f  th e  g r a d i e n t .

P r e p a r a t i o n  o f  XL47 v e c to r  arm s

100/ig XL47 DNA was in c u b a te d  o /n  w ith  B a m H I(5 0 u n its )» S a l l ^ s Q u n i t s ) '  

i n  150 /il f i n a l  v o lu m e . C om plete d i g e s t i o n  was m o n ito re d  b y  a n a ly s in g  an 

a l i q u o t  o f  DNA by  a g a ro s e  g e l  e l e c t r o p h o r e s i s .  D ig e s te d  DNA was e th a n o l  

p r e c i p i t a t e d  and  re s u s p e n d e d  i n  lOO/il I x  T .E . XL47 v e c t o r  arm s w ere 

f r a c t i o n a t e d  by  a p p ly in g  th e  d ig e s t e d  lOOpg DNA to  a  c o n tin u o u s  NaCl 

g r a d i e n t ,  and  c e n t r i f u g in g  a t  4 0 ,000 rpm , 20*C, f o r  3 h rs  (6 x l4 m l t i t a n iu m  

sw ing  o u t  r o t o r  M .S .E . 4 3 1 2 7 -1 1 1 ). G r a d ie n ts  w ere  c o l l e c t e d  th ro u g h  a 

s i l a n i s e d  c a p i l l a r y  tu b e ,  u s in g  a  p e r i s t a l t i c  pump an d  G i l s o n  f r a c t i o n  

c o l l e c t o r .  250 /il f r a c t i o n s  (14 d ro p s )  w ere  c o l l e c t e d ,  2 5 0 /il I x  T .E . 

ad d ed , and  sam p les  e th a n o l  p r e c i p i t a t e d  a t  -20*C o /n .  F r a c t i o n s  w ere 

r e s u s p e n d e d  i n  4 0 /tl I x  T .E . , 4 /il  a l i q u o t s  a n a ly s e d  b y  a g a ro s e  g e l  

e l e c t r o p h o r e s i s ,  and  sam p les  c o n ta in in g  v e c to r  arm s w ere  p o o le d  and 

s to r e d  a t  -20®C.
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Sau2>k P a r t i a l  D ig e s ts  o f  Human Genomic DNA

i )  P i l o t  d i g e s t s

10/ig genom ic DNA was added  to  10 /il lO x Sau3A b u f f e r  i n  an  E ppendo rf 

tu b e ,  th e  volum e a d ju s t e d  to  lOO/il w ith  H2 O, and  in c u b a te d  a t  37®C f o r  

IS m in s . 1 u n i t  Sau3k  was added  and  in c u b a t io n  a t  37*C c o n tin u e d . A l iq u o ts  

o f  5fil  w ere  rem oved a t  0 , 5 , 10 , 15 , 20 , 25 , and  30 m in i n t e r v a l s  in to  

20/zl i c e  c o ld  lOmM EDTA in  I x  T .E . b u f f e r ,  and  in c u b a te d  a t  65®C f o r  

5 m in s . A 5 /tl a l i q u o t  was rem oved from  e a c h  sa m p le , lO ftl a g a ro s e  b e a d s  and 

5ftl  H2 O ad d ed  and  sam p les  e le c t r o p h o r e s e d  a t  40V i n  I x  T .B .E . th ro u g h  a 

0 . 2 % a g a ro s e  g e l .

i i )  F u l l  S c a le  D ig e s ts

C o n d i t io n s  d e te rm in e d  f o r  p a r t i a l  d i g e s t i o n  o f  human DNA w ith  Sau3k 

w ere  s c a l e d  up to  d i g e s t i o n  o f  100/ig DNA. A f t e r  d i g e s t i o n ,  a l i q u o t s  w ere 

a n a ly s e d  on a  0.2% a g a ro s e  g e l .  The DNA was e th a n o l  p r e c i p i t a t e d ,  

re s u s p e n d e d  i n  100ftl I x  T .E . and  a p p l i e d  t o  a  NaCl g r a d i e n t .  G ra d ie n ts  

w ere  c e n t r i f u g e d  and  c o l l e c t e d  a s  d e s c r ib e d  p r e v i o u s ly .  A l iq u o ts  o f  

f r a c t i o n s  w ere  a n a ly s e d  on a 0.2% a g a ro s e  g e l  t o  a s s e s s  a v e ra g e  DNA s i z e .
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L i g a t i o n  o f  I n s e r t  DNA to  V e c to r  Arms

The a b i l i t y  o f  i s o l a t e d  v e c to r  arm s to  r e - l i g a t e  was a n a ly s e d . A 

l i g a t i o n  m ix an d  c o n t r o l s  w ere p r e p a r e d  a s  d e s c r ib e d  be lo w :

V e c to r  arm s l / i l  l / i l  l / i l

lO x l i g .  b u f f e r  2/il  2/ il  2/ il

T -4  l i g a s e  2/il  2/il

Human DNA l / i l

H2 O 14 /il 15 /il 17 /il

L ig a t io n s  w ere  in c u b a te d  a t  15*C f o r  3 h r s , and  th e  DNA a n a ly s e d  by 

a g a ro s e  g e l  e l e c t r o p h o r e s i s .  F u l l  s c a l e  l i g a t i o n s  w ere  p e rfo rm e d  u s in g  

5 -10 /ig  v e c t o r  arm s and 1-2 /ig  5au3A d i g e s t e d  human DNA i n  70 /il f i n a l  

v o lu m e. L ig a t io n s  w ere  in c u b a te d  o /n  a t  15*C, and  a  5 /tl a l i q u o t  o f  th e  

l i g a t i o n  m ix a n a ly s e d  by  a g a ro s e  g e l  e l e c t r o p h o r e s i s .  L ig a t io n  m ixes w ere 

s t o r e d  a t  -20®C.

P la g u e  P u r i f i c a t i o n

P la q u e  p u r i f i c a t i o n  was p e rfo rm e d  by  s e v e r a l  ro u n d s  o f  p la q u e  

h y b r i d i s a t i o n .  S u b s e q u e n tly  f o u r  h y b r i d i s a t i o n  p o s i t i v e  p la q u e s  w ere 

p ic k e d  and  t i t r e d  f o r  ea ch  c lo n e .  Ten ran d o m ly  c h o se n  p la q u e s  w ere 

to o th p ic k e d  from  e a c h  o f  th e  f o u r  p l a t e s  and  p la q u e  h y b r i d i s a t i o n  

p e rfo rm e d  to  c o n f irm  t h a t  th e y  w ere  a l l  r e c o m b in a n ts .

2 .1 0  T is s u e  C u l tu r e  

C e l l  C u l tu r e

L-929 c e l l s  (G ib co ) w ere grown in  m o n o lay e r i n  F.G.M . c o n s i s t i n g  o f  

DMEM s u p p le m e n te d  w i th  10% f o e t a l  c a l f  se rum , g lu ta m in e ( 2mM), sodium  

p y r u v a t e ( 2mM), an d  p e n i c i l l i n  ( 5 u n i t s /m l ) / s t r e p t o m y c i n  (5 /tg /m l) a t  37®C 

i n  a  5% CO2  a tm o s p h e re . When c o n f lu e n t  ( tw ic e  w eek ly ) c e l l s  w ere 

s u b - c u l tu r e d ,  w a sh in g  tw ic e  i n  v e r s e n e  p r i o r  to  t r y p s i n i s i n g .  C e l ls  w ere
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r e s u s p e n d e d  i n  F.G.M. and  re s e e d e d  a t  0 .7 -1x10®  c e l l s  p e r  SOcm^ f l a s k .  

F r e e z in g  Down

C e l l s  w ere t r y p s i n i s e d ,  c o u n te d , and  p e l l e t e d  a t  750rpm (M .S .E . 

M i s t r a l ,  4x750m l r o t o r  4 3 1 2 4 -1 2 9 ), 4®C, f o r  5m ins. C e l l  p e l l e t s  w ere

re s u s p e n d e d  i n  F .C .S . c o n ta in in g  10% DMSG, a t  4-5x10® c e l l s / m l .  1ml 

a l i q u o t s  w ere d is p e n s e d  i n t o  sc rew  cap  am poules (Nunc) and  l e f t  o /n  a t  

-70*C. Am poules w ere s u b s e q u e n t ly  s to r e d  in  l i q u i d  N2 .

T r a n s f e c t i o n  o f  Mammalian C e l ls  (W ig le r  e t  a l .  1979’)

One day  p r i o r  to  t r a n s f e c t i o n ,  L -929 c e l l s  w ere  s e e d e d  a t  1x10® c e l l s  

p e r  9cm t i s s u e  c u l t u r e  p e t r i - d i s h  (Nunc) . On th e  f o l lo w in g  day  th e  medium 

was ch an g ed  f o r  9ml o f  f r e s h l y  p r e p a r e d  F.G.M . 4 h rs  p r i o r  to  

t r a n s f e c t i o n .  A DNA/CaCl2  s o l u t i o n  was p r e p a r e d  from  1/tg s t e r i l e  pTCF 

(G ro sv e ld  e t  a l ,  1982) d i s s o lv e d  i n  I mM T r is -H C l [pH 7. 9 ] / 0 . ImM EDTA, and 

250mM CaC l2  (BDH A n a l a r ) . The DNA c o n c . was a d ju s t e d  to  40/ig /m l w ith  

sa lm on  sperm  DNA (S ig m a ) . 1ml DNA /C a C l2  s o l u t i o n  was th e n  added  d ro p w ise  

to  an  e q u a l  volum e 2x HBS (280mM N aC l, 50mM H ep es, 1 . 5mM sodium  p h o sp h a te  

[ p H 7 .1 ] ) .  As th e  DNA was ad d ed , b u b b le s  w ere  in t r o d u c e d  th ro u g h  a  s t e r i l e  

1ml p i p e t t e .  The CaPO^/ DNA p r e c i p i t a t e  was l e f t  t o  form  f o r  30-40m ins a t  

r t .  The p r e c i p i t a t e  was th e n  m ixed  by  p i p e t t i n g ,  and  1ml added  p e r  

p e t r i - d i s h .  T h is  was p e rfo rm e d  r a p i d l y  to  a v o id  th e  pH o f  th e  medium 

c h a n g in g . C e l ls  w ere  in c u b a te d  f o r  2 4 h rs , th e n  w ashed  w i th  2x10ml DMEM, 

an d  r e - f e d  w i th  10ml F.G.M . S e l e c t io n  w i th  400 /tg /m l G418 ( G e n e t ic in  BRL) 

was s t a r t e d  2 4 h rs  l a t e r .  The medium was ch an g ed  tw ic e  w e e k ly . A f t e r  3 

w eeks c o lo n ie s  w ere  c o u n te d , t r y p s i n i s e d  and  p o o le d  f o r  s u b se q u e n t 

s t u d i e s .  C e l l s  w ere  m a in ta in e d  u n d e r  c o n tin u o u s  s e l e c t i o n  p r e s s u r e .
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T r a n s i e n t  T r a n s f e c t io n  A ssays

The same p ro c e d u re  d e s c r ib e d  above was em ployed  to  t r a n s f e c t  L-929 

c e l l s  w i th  10/ig p la s m id  DNA. N o rm ally  c e l l s  w ere  h a r v e s t e d  4 8 h rs  

p o s t - t r a n s f e c t i o n  and  e x t r a c t s  p r e p a r e d  f o r  CAT a s s a y s .

P o lv r I . r C  I n d u c t io n  o f  L-929 C e l ls  (T raom an. 1979)

To in d u c e  i n t e r f e r o n  s y n t h e s i s ,  L -929 c e l l s  w ere  s e e d e d  a t  1x10® 

c e l l s  p e r  9cm t i s s u e  c u l t u r e  p e t r i - d i s h  (N u n c), and  grown to  c o n f lu e n c e .  

C e l l s  w ere r e - f e d  and  in c u b a te d  f o r  a  f u r t h e r  3 day s p r i o r  to  in d u c t io n .  

C o n f lu e n t  m o n o la y e rs  w ere  w ashed  w i th  2xlOml DMEM and  3ml DMEM added . 

800/xg/ml DEAE d e x t r a n  (mw 5x10^, P h a rm a c ia ) , was ad d ed  to  th e  c e l l s  and 

m ixed  th o ro u g h ly  p r i o r  to  a d d i t i o n  o f  20 /tg /m l p o l y r I . r C  (P h a rm a c ia ) . 

L -929 c e l l s ,  in d u c e d  and  n o n - in d u c e d  w ere  in c u b a te d  f o r  8 h r s  th e n  th e  

m o n o la y e rs  w ere w ashed i n  2xlOml DMEM to  rem ove r e s i d u a l  DEAE 

d e x t r a n / p o l y r I . r C ,  r e - f e d  w ith  F.G.M. su p p le m e n te d  w i th  2.5% F .C .S . and 

in c u b a te d  f o r  a  f u r t h e r  1 6 h r s .

E x t r a c t i o n  o f  H igh mw. DNA from  T is s u e  C u l tu re  C e l l s  ( P e l l i c e r  e t  a l .  

1978: M a n ia t is  e t  a l .  1982)

C e l l s  w ere grown to  c o n f lu e n c e ,  h a r v e s t e d  w i th  a  ru b b e r  p o lic e m a n , 

and  re s u s p e n d e d  i n  10ml (10^-10®  c e l l s )  i c e  c o ld  PBS. C e l ls  w ere th e n  

p e l l e t e d  a t  750rpm , 4*C, 5m ins (M .S .E . M is t r a l  4x750ml r o t o r  4 3 1 2 4 -1 2 9 ), 

re s u s p e n d e d  i n  1ml h y p o to n ic  b u f f e r  (lOmM T r is -H C l pH 7 .5 , lOmM N aC l, 3mM 

MgCl2 ) , and  l e f t  on i c e  f o r  5m ins. The c e l l  s u s p e n s io n  was ly s e d  by 

Dounce h o m o g e n is a tio n  ( J e n c o n s ) , and  th e  n u c l e i  p e l l e t e d  a t  7000rpm , 6 ®C, 

f o r  5m ins (M .S .E . 4x50ml sw ing  o u t  r o t o r  431 2 4 -7 0 5 ) i n  a  15ml c o re x  tu b e . 

The n u c l e i  w ere re s u s p e n d e d  i n  1ml h y p o to n ic  b u f fe r /T r i to n -X lO O  (0.2% 

[ w /v ] ) ,  and  Dounce h o m o g e n is a tio n  and  c e n t r i f u g a t i o n  s t e p s  r e p e a te d .  

N u c le i  w ere  r e s u s p e n d e d  i n  1ml T .N .E . b u f f e r  (lOmM T ris -H C l [p H 7 .9 ] , 0.4M 

N aC l, 2mM EDTA), and  ly s e d  by  th e  a d d i t i o n  o f  S .D .S . t o  0.5% (w /v ) .
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E x t r a c t s  w ere  in c u b a te d  on i c e  f o r  lO m ins, p r o t e i n a s e  k  ad d ed  (2 0 0 /tg /m l) , 

and  in c u b a t io n  c o n tin u e d  o /n  a t  37®C w i th  g e n t l e  m ix in g . DNA was 

e x t r a c t e d  w i th  an  e q u a l volum e o f  p h e n o l (0.5J1 T r is -H C l, 

[pH8 . 0 ] ) : c h lo r o f o rm :is o a m y l-a lc o h o l  ( 2 5 :2 4 :1 ) ,  th e  o r g a n ic  p h a se  rem oved 

and  r e - e x t r a c t e d  w ith  an  e q u a l  volum e o f  T .N .E . b u f f e r  and  th e  aqueous 

p h a s e s  p o o le d  and  r e - e x t r a c t e d  w i th  a n  e q u a l  volum e 

c h lo r o f o r m : i s o a m y l- a lc o h o l  ( 2 4 :1 ) .  DNA was p r e c i p i t a t e d  by  th e  a d d i t io n  

o f  2x volum e e th a n o l  s lo w ly  to  th e  aqu eo u s p h a s e . DNA was s p o o le d  o u t 

q u ic k ly  w i th  a  lo o p e d  g l a s s  ro d  i n to  1ml T .E . b u f f e r .  The DNA was 

d i s s o l v e d  and  l e f t  to  d i a l y s e  o /n  a g a in s t  T .E . The OD260nm m easu red

to  e s t i m a t e  th e  DNA c o n c . and  th e  DNA s t o r e d  a t  -20*C.

T o ta l  RNA E x t r a c t i o n  From T is s u e  C u l tu re  C e l l s  (A u f f ra v  and  Roueeon.

1980)

P r e c a u t io n s  w ere ta k e n  to  e n s u re  t h a t  a l l  g la s s w a r e ,  s o l u t i o n s ,  and 

p l a s t i c  w are  w ere  RNase f r e e .  A l l  s o lu t i o n s  w ere  p r e p a r e d  u s in g  b ak ed  

s p a t u l a s ,  i n  b ak ed  g la s s w a re  (220*C f o r  2 h rs )  a n d " th e n  a u to c la v e d .  G la ss  

C orex  tu b e s ,  and  E p p en d o rf tu b e s  w ere  s i l i c o n i s e d ,  th e  g la s s w a re  was 

s u b s e q u e n t ly  b a k e d , and  E p p en d o rf tu b e s  a u to c la v e d ,  p r i o r  to  u s e .  C e l ls  

w ere  grow n to  c o n f lu e n c e ,  h a r v e s t e d  and  w ashed  i n  PBS a s  d e s c r ib e d  f o r  

DNA p r e p a r a t i o n  ab o v e . The c e l l  p e l l e t  was re s u s p e n d e d  i n  7 .5m l 6 M u r e a ,  

3M L iC l, t r a n s f e r r e d  to  13ml S a r s t e d t  tu b e s  (6 0 .5 4 1 )  and  hom ogen ised  in  a  

P o ly t r o n  (K in e m a tic a )  a t  f u l l  sp e e d  f o r  2m ins. The RNA was p r e c i p i t a t e d  

o /n  on i c e ,  and  p e l l e t e d  a t  1 0 ,0 0 0 g , 4*C, f o r  20m ins (M .S .E . 4x50ml sw ing 

o u t  r o t o r  4 3 1 2 4 -7 0 5 ). The RNA p e l l e t  was r e s u s p e n d e d  i n  500 /tl b u f f e r  I I I  

(lOnM T ris -H C l p H 7 .6 , 0.5% (w /v ) S .D .S .)  and  e x t r a c t e d  w ith  an  e q u a l

volum e c h lo r o f o rm :i s o a m y l-a lc o h o l  ( 2 4 :1 ) .  The o r g a n ic  p h a se  was 

r e - e x t r a c t e d  w ith  an  e q u a l  volum e o f  b u f f e r  I I I ,  th e  aqueous p h a se s  

m ix ed , LiOAc added  to  0.2M , and  RNA p r e c i p i t a t e d  by  th e  a d d i t i o n  o f  2 

vo lum es o f  c o ld  e th a n o l ,  o /n  a t  -20*C. RNA was p e l l e t e d  a t  1 0 ,0 0 0 g , 4®C,
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20m ins (M .S .E . 4 3 1 2 4 -7 0 5 ), w ashed  i n  70% c o ld  e th a n o l ,  r e - p e l l e t e d ,  and 

re s u s p e n d e d  i n  b u f f e r  I I I .  The OD260/280nm m easu red  and  th e  RNA

s t o r e d  a t  -70*C.

P r o t e i n  D e te rm in a t io n  (Lowrv e t  a l .  1957)

A : 2% (w /v ) Na2 C0 3  i n  O .IN NaOH 

1 % (w /v ) CUSO4  

B2 : 2% (w /v ) Sodium o r  P o ta ss iu m  T a r t r a t e  

C ; Mix 50ml A w ith  0 .5m l B^ and  0 .5 m l B2  (F re s h )

D : F o l in - C io c a te u  P heno l R e a g e n t 143ml + 250ml DDW

An a l i q u o t  o f  th e  d e s i r e d  c e l l  e x t r a c t  ( u s u a l ly  5 -1 0 /i l)  was d i l u t e d  

to  5 OO/1I  i n  DDW, 2ml r e a g e n t  C a d d e d , m ixed  and  a llo w e d  to  s ta n d  a t  r t  

f o r  a t  l e a s t  lO m ins. 0 .2m l r e a g e n t  D was th e n  ad d ed  and  m ixed 

im m e d ia tle y . I n c u b a t io n  a t  r t  was c o n t in u e d  30m in and  th e n  th e  O.D750nm 

r e a d .

P re p a re  s ta n d a r d s  w ith  v a r io u s  c o n e s . BSA, u s u a l l y  10/ig to  160/ig.

C h lo ra m p h e n ic o l A c e tv l  T r a n s f e r a s e  (CAT) A ssav s (Shaw. 1979: Gorman e t  

a l .  1982)

P r e p a r a t i o n  o f  C e l l  E x t r a c t s

T r a n s i e n t l y  o r  s t a b l y  t r a n s f e c t e d  L -929 c e l l s  w ere grown to  

c o n f lu e n c e  i n  9cm v e n te d  t i s s u e  c u l t u r e  p e t r i - d i s h e s  (Nunc) i n  F.G.M. 

w i th  s u i t a b l e  s e l e c t i o n  (G418 400 /ig /m l f o r  s t a b l y  t r a n s f e c t e d  c e l l

l i n e s ) .  The F.G.M . was d i s c a r d e d ,  th e  c e l l s  w ashed  tw ic e  i n  10ml i c e  c o ld  

P .B .S  an d  th e  m o n o lay e r h a r v e s t e d  u s in g  a  r u b b e r  p o lic e m a n  i n  1ml ic e  

c o ld  P .B .S . The c e l l  s u s p e n s io n  was th e n  t r a n s f e r r e d  to  a  1 .5m l E p p en d o rf 

and  p e l l e t e d  f o r  3 0 se c s  a t  lOOOrpm i n  a  m ic ro fu g e  (M .S .E . M ic r o c e n ta u r ) .  

The s u p e r n a n ta n t  was d i s c a r d e d  and  th e  c e l l s  r e s u s p e n d e d  i n  100 /tl 0 . 25M 

T r is -H C l (p H 7 .8 ) . C e l l s  w ere ly s e d  by  two c y c le s  o f  r a p i d  f r e e z e  th aw in g
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and  s u b s e q u e n t  s o n ic a t io n  (M .S .E . S o n ip re p )  f o r  10 se c o n d s  a t  f u l l  power 

u s in g  a  t i t a n iu m  e x p o n e n t ia l  m ic ro p ro b e  (en d  d ia m e te r  3mm; M .S .E . 

3 8 1 2 1 -1 1 4 ). The c e l l  d e b r i s  was p e l l e t e d  f o r  15m ins a t  12000 rpm i n  a 

p r e - c o o le d  m ic ro fu g e  ( i n  c o ld  room ), t h e  s u p e r n a t a n t  t r a n s f e r r e d  to  a 

c l e a n  1 .5 m l E p p en d o rf and  s to r e d  a t  -20*C.

CAT A ssay s

CAT a s s a y s  w ere p e rfo rm e d  i n  1 .5 m l E p p e n d o r fs . Each r e a c t i o n  

c o n ta in e d  lOO/il 0.25M T r is -H C l [p H 7 .5 ] , 5 /il  _c h lo ra m p h e n ic o l  (0 .2 /iC i; 

N .E .N ), 5 /il  t o  55 ftl  c e l l  e x t r a c t  and  DDW to  a  f i n a l  volum e 1 6 0 /tl. Each 

was p r e - in c u b a te d  a t  37*C f o r  5m ins p r i o r  to  s t a r t i n g  th e  r e a c t i o n  by  th e  

a d d i t i o n  o f  2 0 /il f r e s h l y  p r e p a r e d  4mM a c e ty l-C o A  (P h a rm a c ia ) . A ssays 

p e rfo rm e d  up to  e i g h t  h o u rs  w ere su p p le m e n te d  by  th e  a d d i t i o n  o f  l / i l  

f r e s h l y  p r e p a r e d  80mM a c e ty l-C o A  e v e ry  h o u r  s in c e  th e  coenzym e i s  

u n s t a b l e .

R e a c t io n s  w ere s to p p e d  by  th e  a d d i t i o n  o f  1ml i c e  c o ld  e t h y l  a c e t a t e  

(B .D .H . A n a la r )  and  tu b e s  m ixed  v ig o u r o u s ly  t o  e x t r a c t  

^ 4 c -c h lo ra m p h e n ic o l  from  th e  aqueous p h a s e . The two p h a s e s  w ere  s e p a r a te d  

b y  c e n t r i f u g a t i o n  f o r  Im in  a t  12 ,000rpm  (M .S .E . M ic ro c e n ta u r )  and  th e  

o r g a n ic  p h a s e  c a r e f u l l y  t r a n s f e r r e d  to  1 .5 m l t o p l e s s  S a r s t e d t  (7 2 /6 9 6 ) 

t u b e s . Sam ples w ere vacuum d r i e d  i n  a  S a v a n t S peedvac  f o r  30m ins to  I h r  

and  s u b s e q u e n t ly  re s u s p e n d e d  i n  10ftl i c e  c o ld  e t h y l  a c e t a t e .

A sc e n d in g  T h in  L av e r C hrom atograohv  (T .L .C .)

A l l  1 0 /tl o f  th e  sam p les  from  CAT a s s a y s  w ere  c a r e f u l l y  s p o t t e d  o n to  

a c t i v a t e d  ( p re -b a k e d  a t  100*C f o r  15 to  30m ins to  rem ove h y d ro x y l  g ro u p s)  

s i l i c a  g e l  T .L .C . p l a t e s  (Kodak C hrom agram ). The ^^0 s u b t r a t e ,  mono- and 

d i - a c e t y l a t e d  p r o d u c ts  o f  th e  CAT r e a c t i o n  w ere  s e p a r a te d  b y  a s c e n d in g  

T .L .C . i n  9 5 :5  c h lo r o f o rm :m e th a n o l i n  a  p r e - s a t u r a t e d  T .L .C . ta n k . 

A c t iv a t io n  o f  th e  s i l i c a  g e l  T .L .C . p l a t e s  and  p r e - s a t u r a t i o n  o f  ta n k s
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e n s u re d  th e  ev en  ru n n in g  o f  s a m p le s . The s o lv e n t  f r o n t  was a llo w e d  to  

m ig r a te  lOcms a f t e r  w h ich  th e  T .L .C . p l a t e s  w ere  a i r  d r i e d  and  th e  

^ 4 c -c h lo ra m p h e n ic o l  s u b s t r a t e  and  d e r i v a t i v e s  v i s u a l i z e d  by

a u to r a d io g r a p h y .

Q u a n t i t a t i v e  CAT A ssavs

S c i n t i l l a t i o n  F lu id  C o c k ta i l :

Beckman CP 2L 

Beckman MP 2L 

P r o p a n - l - o l  500ml

G l a c ia l  A c e t ic  A c id  (B .D .H . A r i s t a r )  50ml

A ssay s  w ere p e rfo rm e d  a s  d e s c r ib e d  above e x c e p t  4 0 /tl a l i q u o t s  w ere 

rem oved from  th e  r e a c t i o n  m ix a t  s p e c i f i e d  i n t e r v a l s  i n to  1 ml i c e  c o ld  

e t h y l  a c e t a t e .  T .L .C . an d  a u to r a d io g ra p h y  w ere  p e rfo rm e d  a s  d e s c r ib e d  

a b o v e . ^ 4 ^ .c h lo ra m p h e n ic o l  s u b s t r a t e  (S ) i s  a c e t y l a t e d  by  CAT to  g iv e  

^ 4 c -c h lo ra m p h e n ic o l- 3 - a c e t a t e  ( P ) . The s p o ts  c o r r e s p o n d in g  to  S and  P 

w ere l o c a t e d  by  r e a l i g n i n g  th e  a u to r a d io g r a p h  o b ta in e d  w ith  th e  T .L .C . 

p l a t e .  S p o ts  w ere c u t  o u t  o f  th e  T .L .C . p l a t e s ,  th e  s i l i c a  g e l  d i s s o lv e d  

i n  th e  s c i n t i l l a t i o n  c o c k t a i l  and  th e  ^4^ p r e s e n t  q u a n t i t a t e d  by 

s c i n t i l l a t i o n  c o u n tin g  (Beckmann LS 3 8 0 0 ). The p e rc e n ta g e  a c é t y l a t i o n  o f  

s u b s t r a t e  to  p ro d u c t  by  CAT was c a l c u l a t e d  u s in g  th e  fo rm u la :

% a c é t y l a t i o n  = Pcnm X 100

Scpm +Pcpm

The p e rc e n ta g e  a c é t y l a t i o n  a t  d i f f e r e n t  t im e  p o i n t s  was p l o t t e d  

a g a i n s t  t im e . The l i n e a r  g r a d i e n t  was c a l c u l a t e d ,  g iv in g  a n  e s t im a te  o f
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th e  CAT enzyme r e a c t i o n  r a t e  w h ich  when c o r r e c t e d  f o r  t o t a l  c e l l  p r o t e i n  

a l lo w e d  a  r e l a t i v e  e s t im a te  o f  CAT p r o d u c t io n  i n  in d e p e n d e n t  c e l l  

e x t r a c t s  to  b e  m ade, e x p re s s e d  a s  % a c e ty la t io n /m in / / i g  o f  t o t a l  c e l l  

p r o t e i n .

S t a t i s t i c a l  A n a lv s is

To com pare th e  m eans o f  two p o p u la t io n s  :

The sum o f  th e  s q u a re s  o f  p o p u la t io n  1 i s :  Z ( x i  - ^ 1 )^  = E x^^ - Œ  X]^)2

n i

The sum o f  th e  s q u a re s  o f  p o p u la t io n  2 i s :  I (X 2  " * 2 )^  “  E X2 ^ - (E x o )^

n 2

The p o o le d  sam ple  v a r i e n c e  i s :  Sp^ = E fx ^  - x%)2 + E fxo -

n i + n2 _2

The random  v a r i a b l e  i s  : t  =

J  Sp2 (1 /n i  + l/n2>

when t  > tQ .0 5 /2  nj  ̂ + n 2  - 2  d e g re e s  o f  freedom *

o r  t  < -tQ  0 5 /2  n]  ̂ + n 2  - 2  d e g re e s  o f  freedom *

th e n  i t  i s  95% c e r t a i n  t h a t  th e  two p o p u la t io n s  h av e  th e  same m ean.

w here  : x^ and  X2  a r e  v a lu e s  i n  p o p u la t io n  one and  two r e s p e c t i v e l y

x% and  %2 a r e  th e  mean o f  p o p u la t io n  one and  two r e s p e c t i v e l y

n^ and  n 2  a r e  t h e  sam ple s i z e  o f  p o p u la t io n  one and  two 

r e s p e c t i v e l y

* d e te rm in e d  from  t - d i s t r i b u t i o n  t a b l e s
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P r e p a r a t i o n  o f  S in g le  S tra n d e d  P ro b e s  f o r  S -1  N u c le a se  M apping

Ml3 ssDNA te m p la te  was a n n e a le d  to  th e  u n i v e r s a l  p r im e r  a s  f o r  

s e q u e n c in g  s t u d i e s .  P rim e r e x te n s io n  was i n i t i a t e d  by  th e  a d d i t i o n  o f  2 U 

DNA P o l l  (Klenow) to  th e  r e a c t i o n  m ix p r e p a r e d  a s  shown b e lo w :

P r im e r  a n n e a le d  te m p la te  DNA lO /il 

0 . 5mM dCTP If i l

0.5mM dGTP 1 /tl

0.5mM dTTP 1 /tl

20/tC i dATP (450C i/m m ol 2 /tl

The r e a c t i o n  was in c u b a te d  f o r  30m ins a t  r t ,  2 /tl  c h a se  was added  and 

in c u b a te d  f o r  a  f u r t h e r  15m ins a t  r t .  DNA was d i g e s t e d ,  u s u a l l y  w ith  

E coR I, f o r  one h r  a t  37®C a f t e r  w h ich  lO /il form am ide dye m ix was added , 

th e  sam ple  d e n a tu r e d  f o r  5m ins i n  a  b o i l i n g  w a te r  b a th  and  im m ed ia te ly  

lo a d e d  o n to  a  5% p o ly a c r y la m id e /u r e a  d e n a tu r in g  g e l .  The new ly 

s y n th e s i s e d  s in g l e  s t r a n d e d  DNA f ra g m e n t was l o c a t e d  by  a u to ra d io g ra p h y  

(«  5 m in s ) , e x c is e d  and  e l e c t o e l u t e d  from  th e  g e l .  The p ro b e  was e th a n o l  

p r e c i p i t a t e d ,  re s u s p e n d e d  i n  S -1  h y b r i d i s a t i o n  b u f f e r  and  c o u n te d  («  

1x10®) p r i o r  to  im m edia te  u s e .

S-1 N u c le a se  M apping (W eaver and  W eissm ann. 1979: F a v a lo ro  e t  a l  1980)

5x h y b r i d i s a t i o n  b u f f e r :  2M NaCl

0.2M P ip e s ,  pH 6.4  

5mM EDTA
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S-1  d i g e s t i o n  b u f f e r :  0.25M  NaCl

30mM NaOAc pH 4.6 

I mM ZnSO^

0 .2 /ig /m l h e a t  d e n a tu r e d  Salm on sperm  DNA added  

to  i c e  c o ld  S -1  b u f f e r  p r i o r  t o  u s e .

S -1  m apping was c a r r i e d  o u t  t y p i c a l l y  w i th  25/ig to  50fig t o t a l  RNA. 

The RNA was l y o p h i l i s e d  i n  a  s t e r i l e  s i l i c o n i s e d  1 .5 m l E p p en d o rf tu b e .  

RNA was th o ro u g h ly  re s u s p e n d e d  i n  2 0 /tl I x  h y b r i d i s a t i o n  b u f f e r  /  50% 

( v /v )  r e c r y s t a l i s e d  form am ide ( M a n ia t is  e t  a l  1980) c o n ta in in g  20,000dpm  

o f  p r o b e . A d ro p  o f  p a r a f f i n  o i l  was o v e r la y e d  an d  th e  sam p les  w ere 

s u b s e q u e n t ly  in c u b a te d  a t  85*C f o r  15m ins p r i o r  t o  a n n e a l in g  o /n  a t  52®C. 

4 0 0 /tl i c e  c o ld  S -1  d i g e s t i o n  b u f f e r  was ad d ed  to  th e  sam p les  w hich  w ere 

im m e d ia te ly  p la c e d  on i c e .  S -1  d i g e s t i o n  was p e rfo rm e d  by  th e  a d d i t io n  

200 u n i t s  S -1  n u c le a s e  (Amersham) f o r  40m ins a t  30*C. Sam ples w ere p h en o l 

e x t r a c t e d ,  c h lo ro fo rm  e x t r a c t e d  and  e th a n o l  p r e c i p i t a t e d .  Sam ples w ere 

th e n  r e s u s p e n d e d  i n  4 /tl  form am ide dye m ix and  l / i l  DDW, d e n a tu re d  f o r  

3m ins i n  a  b o i l i n g  w a te r  b a th  and  im m e d ia te ly  lo a d e d  o n to  a se q u e n c in g  

g e l .  S -1  n u c le a s e  p r o t e c t e d  f ra g m e n ts  w ere v i s u a l i s e d  by 

a u to r a d io g r a p h y .
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CHAPTER 3

CONSTRUCTION OF A HUMAN GENOMIC LIBRARY: THE IDENTIFICATION 

AND ISOLATION OF HUMAN IFN a CHROMOSOMAL GENES

3.1 Introduction

The initial objective of these studies was to investigate the structure/function 

relationship of IFN a gene promoters. Thus, as a preliminary step, the first part of 

this work was primarily concerned with obtaining promoters which could eventually 

be used for this purpose. Although human IFNa chromosomal genes had been isolated 

previously, there were several potential advantages in isolating IFN a gene sequences 

from a new library to obtain the promoter sequences for regulatory studies. Firstly, 

the human IFNos are encoded by a large gene family and so it was not certain that 

all the members had been identified. Secondly, at the outset of this work these genes 

had only been isolated from a single genomic library and thus there was the prospect 

of isolating allelic variants. Finally, the limited number of probes which had been 

used in screening genomic libraries meant that distantly related members of the 

family may exist which would possibly be identified using an alternative probe.

Genomic libraries prepared in \charon-AA  from foetal DNA (Maniatis et al, 

1978), cosmid pHC79-2cos/tk from placental DNA (Lund et a/, 1984) and cosmid 

pJB8 from placental and buffy coat DNAs (Todokoro et al, 1984) have been used for 

the isolation of human IFNo; genes. The libraries were screened by in situ plaque 

hybridisation using cDNAs containing the human IFN aj (Nagata et al, 1980a; 

Todokoro et al, 1984) and LelF-A  (Lawn et al, 1981a) gene sequences or 5’ 

end-labelled synthetic 17bp oligonucleotide probes (Torozynski et al, 1984). From 

these studies 23 distinct loci, containing IFNa related sequences have been isolated 

and characterised (Henco et al, 1985). Furthermore, two novel IFNa cDNA clones, 

GX-1 (Sloma et al, 1983) and LelF-F (Goeddel et al, 1981) have been characterised, 

but their genomic equivalents not described (Henco et al, 1985).
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At the outset of this work, many of the above genes had not been characterised. 

This Chapter describes the construction of a genomic library, prepared in XL47 

(Loenen and Brammar, 1980) from human placental DNA (kindly provided by Dr.A. 

Jeffreys), constituting 300,000 recombinant phages, from which four IFNa gene 

related clones were identified.

3.2 Construction of a Human Genomic Library in XL47

Coliphage XL47 was chosen for the construction of a human genomic library 

because it is a versatile replacement vector with a relatively large cloning capacity for 

foreign DNA fragments ranging from 5kb to 22kb with cohesive termini 

complementary to EcoRI, HindlW or BamRl restriction sites (Fig.3.1A). Recombinant 

derivatives of XL47 lack phage specific recombination genes, red and gam, and hence 

are viable on reC*" hosts only (Stahl et al, 1975). The presence of a chi site (Murray 

et al, 1977) within the phage genome permits efficient utilisation of the host recA 

system, thus increasing recombinant phage viability. A valuable property of 

recombinant XL47 phage is that because they lack red and gam  genes they will grow 

on P2 lysogenic strains of E.coli - the so called spi~ phenotype. Because of this 

property, parental red"^ gam'*’ XL47 phage can be readily eliminated from recombinant 

libraries. The viability of only recombinant XL47 phage on bacteriophage P2 lysogenic 

strains of E.coli (Loenen and Brammar, 1980) provides a convenient selection for the 

identification of recombinant phage.

The use of XL47 for the preparation of a mammalian genomic library has been

described previously (Jeffreys et al, 1982). The procedure employed here to construct

a human genomic library is illustrated in Figure 3.IB. Random fragments of DNA

were generated by partial digestion with Sau3A. This enzyme has a tetranucleotide 

recognition sequence which occurs frequently within the genome (theoretically every 

256bp). Digestion of XL47 DNA with BamKl produces complementary cohesive

termini to those generated by Sau3A. Thus, size-fractionated, Sau3A  partially digested 

DNA can be cloned into the BamYil site of XL47.



FIGURE 3 .1  A :-  P a r t i a l  r e s t r i c t i o n  map o f  XL47 (L oenen  an d  Brammar, 1980) 

B : - S t r a t e g y  f o r  th e  c o n s t r u c t i o n  o f  a  human genom ic l i b r a r y  

B: B g l l l ,  Ba; BanzHI, E: EcoRl ,  H i: H in d I I I ,  S: SauSA, Sa: S a l i ,  S s: S s t l .  

L: l e f t  arm , R: r i g h t  arm .
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Preparation of XL47 vector arms

In order to increase the proportion of recombinants during the library 

construction, the left and right arms of BamUl digested XL47 DNA were purified by 

fractionation on a continuous NaCl gradient (Chapter 2). This procedure minimises the 

likelihood of the XL47 "stuffer" fragment competing with the genomic DNA during 

the ligation reaction used to generate recombinant phage.

XL47 DNA was prepared as described in Chapter 2 and its structure (Fig.3.1A) 

verified by agarose gel electrophoresis following digestion with EcoRI, BamRl and

T/mdlll, each of which generated the anticipated DNA fragments. However, salt

gradient fractionation of BamRl, which generated XL47 vector arms, was found to

give only poor resolution of the 10.41 kb right arm and 6.64kb "stuffer" fragments.

Thus, prior to fractionation the vector DNA was also digested with an additional

enzyme. Sail, which cleaves the 6.64kb fragment generating 4.45kb, 1.79kb and

0.35kb fragments. Aliquots of the fractionated DNA were analysed by agarose gel 

electrophoresis revealing that satisfactory separation of discrete phage arms and 

"stuffer" fragments had been achieved (Fig.3.2).

The fractions identified as containing the 23.58kb and 10.41kb left and right

vector arms and lacking detectable internal DNA fragments, were pooled and stored

at -20 ®C. Their suitability for cloning purposes was established by demonstrating their 

ability to religate. Ligation was assessed by agarose gel electrophoresis.

Preparation of Human DNA

Preparation of the insert DNA is important to the final integrity of the genomic 

library. To generate a library representative of the genome it is important to produce 

a series of random, overlapping DNA fragments. For this purpose partial DNA

digestion with Sau3A  was employed (Chapter 2). The extent of enzyme digestion was 

assessed by agarose gel electrophoresis and the most suitable digestion conditions

determined were scaled up for the preparation of insert DNA for cloning purposes.

To reduce the number of recombinants required for a representative library,

Sau3A partially digested DNA can be size fractionated (as described for the vector



FIGURE 3 .2  A g aro se  G el E l e c t r o p h o r e s i s  o f  F r a c t i o n a t e d  BaniRl /Sal l  

D ig e s te d  XL47 DNA 

250/a1 f r a c t i o n s  w ere  c o l l e c t e d  from  th e  NaCl g r a d i e n t s  and  ethanol 

p r e c i p i t a t e d  a s  d e s c r ib e d  i n  C h a p te r  2 . F r a c t i o n s  w ere  re s u s p e n d e d  in 

UOfxl o f  I x  T .E . an d  4^1 a l i q u o t s  a n a ly s e d  b y  a g a ro s e  g e l  e le c t r o p h o r e s is  

on a  0.8% g e l .  The a r ro w s , u p p e r  and  lo w e r , i n d i c a t e  th e  23 .58kb  and 

1 0 .4 1 k b  BanMl v e c to r  arm s r e s p e c t i v e l y .

1 . f r a c t i o n  6  8 . f r a c t i o n  13

2. 7 9. 14

3. 8 10. 16

4. 9 11. 17

5. 11 12. n 18

6 12 13. tt 19



13

' I //" ' . »' '

• t. T J.l /  f

1 2 3 4  5 6 7 8 9 10 11 1 2 1 3
•,v - ’

V- A '

•'•* • '* ( ' . 

'V  "

•,V >••.;,A'

■ • V

t 'I " ' ••

V . - > •• •.•'■/ V



63

arms), to enrich for the larger fragments prior to cloning (Chapter 2). To assess the 

enrichment for specifically sized DNA species, aliquots of fractions were analysed by 

agarose gel electrophoresis and sizes estimated according to parallel molecular weight 

markers (Fig.3.3). Fractions enriched for DNA fragments between l l kb  and 17kb 

were pooled and stored at -20 "C. Again the suitability of this DNA for cloning 

purposes was determined by its ability to religate, as assessed by agarose gel 

electrophoresis.

Preparation of a Genomic Library

To generate a genomic library, 10/rg of purified XL47 vector arms were ligated 

with 2.5fig Sau3A  digested, size-fractionated human DNA. An aliquot of the ligation 

mixture was analysed by agarose gel electrophoresis to assess ligation. To determine 

the efficiency of ligation and estimate the size of the library, a further aliquot of the 

ligation mixture was taken and packaged using X in vitro packaging extracts, prepared 

as described in Chapter 2. These extracts routinely gave approximately lO^-lO^pfu/fig 

of wild type X DNA and lO^pfu/fig of XL47 DNA when titred on E.coli NM538 

cells (Frischauf et al, 1983).

The P2 lysogenic derivative of NM538, NM539 (Frischauf et al, 1983), was used 

to estimate the frequency of recombinant phage. 200 prospective recombinant phage 

and 10 XL47 phage were transferred to duplicate lawns of NM538 and NM539 cells. 

All 200 phage were viable on both strains, whereas XL47 phage grew on E.coli 

NM538 only, indicating a high percentage of phage were genuine recombinants.

Phages derived from the library were examined further to confirm that they 

contained human DNA inserts. The presence of interspersed highly repetitive 

sequences throughout the human genome (Deininger et al, 1981) allows a simple 

evaluation of this. Thus, hybridisation to a total human DNA probe indicates the 

presence of these sequences. Approximately 500 recombinant phage were screened by 

plaque hybridisation using a nick translated total human DNA probe: >95% hybridised 

proving that they contained human DNA sequences.

A fter these pilot studies the remaining ligation mixture was packaged and the



FIGURE 3■3 A g aro se  G el E l e c t r o p h o r e s i s  o f  S iz e  F r a c t i o n a t e d  SauSA Partial 

D ig e s ts  o f  Human P l a c e n t a l  DNA 

lOOftg a l i q u o t s  o f  h ig h  m o le c u la r  w e ig h t  human p l a c e n t a l  DNA was 

p a r t i a l l y  d i g e s t e d  f o r  IS m ins (A) o r  20m ins (B) w i th  1 u n i t  o f  Sau3A 

(C h a p te r  2) and  f r a c t i o n a t e d  on  a  NaCl g r a d i e n t  (S ee  le g e n d  to  F ig .3.2), 

A liq u o ts  o f  s e l e c t e d  DNA f r a c t i o n s  w ere  a n a ly s e d  by  ag aro se  gel 

e l e c t r o p h o r e s i s  on a  0.4% g e l .

A)

1 . X H i n d l l l  S iz e  M ark er: 2 3 .7 5 k b , 9 .4 6 k b , 6 .6 7 k b , 4 .2 6 k b , 2.25kb,

1 .9 6 k b , 0 .5 9 k b  a n d  O .lk b .

B) 1 . f r a c t i o n  1

2 . f r a c t i o n 1 2 . H 5

3 . 11 5 3 . t t 1 0

4 . It 1 0 4 . ft 15

5 . 15 5. t t 2 0

6 .
If 2 0 6 .

It 25

7 . ft 25 7. ft 30

8 .
t f . 30 8 .

tf 35

9. 35 9 . It 40

10 . X i f i n d l l l  S iz e  M arker
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phage plated on E.coli NM538 cells generating a library constituting approximately 

300,000 plaques, as determined by the phage titre. A complete library, representative 

of the human genome, constructed in this manner requires about 0.5x10^ recombinant 

phage (Brammar, 1982). By this criteria, therefore, a library representative of 

approximately 50% of the human genome had been constructed. Although the number 

of clones is sufficient to be screened for IFN a gene sequences which comprise a 

multi-gene family, the full complement of IFNo: gene sequences are unlikely to be 

present. Realistically perhaps only 5 to 10 clones containing IFNo: genes could be 

anticipated.

3.3 Identification and Isolation of Recombinant Phase Containing Human IFNo: Gene 

Sequences

Recombinant phage containing sequences homologous to IFNo: genes were 

identified by in situ plaque hybridisation using a human IFNo; cDNA probe.

The Human IFNo: cDNA probe oHIF24.40

For the purpose of screening the newly constructed library for human IFNo: 

genes the cDNA clone pHIF24.40 (Dr. J.D. Windass, personal communication) was 

used. pHIF24.40 contains a 994bp full length IFNo: cDNA which was derived from 

NDV induced Namalva cells. The coding sequence of pHIF24.40 is shown in Figure

3.4 were it is compared with the cDNAs HuIFNo:] (Nagata et al, 1980) and LelF-E 

(Goeddel et al, 1981). Comparison of pHIF24.40 with HuIFNo:i reveals 85% homology 

within the coding sequence at the nucleotide level. A comparison of pHIF24.40 with 

LelF-E, a cDNA derived from Sendai virus induced K G-1 cells and believed to 

originate from a transcribed IFN pseudogene (Goeddel et al, 1981), indicates that 

these IFNo: genes are substantially similar. Their coding sequences display only three 

base substitutions. Perfect homology extends to the 3* non-translated region, except 

for one additional base in pHIF24.40. It is highly likely, therefore, that these two 

clones represent alleles of the same pseudogene.

The suitability of pHIF24.40 to detect members of the IFNo: gene family was



pH IF 24 .40
L e lF -E
H uIFN al

1 10 20 30 40 50
ATGGACTTGCCCTTTACTTTACTGATGGCTATGATGGTGCTCAGCTGCAAGTCCATCTGCC

70 80 90 100 110 120 130
TCTGGGCTGTGATCTGCCTCAGGCCCACAGCGTGGGTAACAGGAGGGCCTTCATACTCCTGACACAAATGAGGAG

140 150 160 170 180 190 200
AATCTCTCCTTTTTCTTACCTGAAGGACAGACATGACTTTGATTTTCCATCATCAGGTGTTTCATGGCAACCACT

220 230 240 250 260 270
TCCAGAAGGTTCAAGCTATCTTCCTTTTCCATGAGATGATGCAGCAGACCTTCAACCTCTTCAGCACAAAGGACT

— — — — — — — — — ^  Ç — — — — Ç — — — — — — — — Ç — — — — ^  — — — — — — — ^  — — — — — — — — — — — — Ç — — — — — — —

290 300 310 320 330 340 350
CATCTGATACTTTGGATGCGACCCTTTTAGACAAATTCTACACTGAAGTTTACCAGCAGCTGAATGACCTGGAAG 
........................... G........... A........................................C..........................................................................................

370 380 390 400 410 420 430
CCTGTGTGATGTAGAAGGTTGGAGTGGAAGAGACTCCGCTGAGGAATGTGGACTCCATCCTGGCTGTGAGAAAAT

440 450 460 470 480 490 500
AGTTTGAAAGAATGAGTGTTTATGTGAGAAAGAAGAAGTATAGGCGTTGTTGGTGGGAGGCTGTGAGAGGAGAAA

520 530 540 550 560
TGATGAGATGGTTGTGTTTATGAAGGAAGTTGGAGGAAAGATTAAGGAGGAAGGAATGA

FIGURE 3 .4  G om parison o f  th e  N u c le o tid e  Sequence o f  p H IF2 4 .4 0  w ith  HuIFNal 
and  L e lF -E

The n u c le o t id e  seq u en c e  o f  th e  cDNA c lo n e  pH IF 24 .40  i s  i l l u s t r a t e d .  

Below a r e  a l ig n e d  th e  se q u e n c e s  o f  th e  human cDNA c lo n e s  IFNn^ (N ag a ta  e t  

a l ,  1980a) and  L elF -E  (G oeddel e t  a l ,  1 9 8 1 ), R e g io n s  o f  hom ology a re  

d e p ic t e d  by  d a s h e s  ( - ) .  S p e c i f i c  n u c le o t id e  d i f f e r e n c e s  a r e  shown u s in g  th e  

c o n v e n t io n a l  sy m b o ls .
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investigated by Southern blot analysis of EcoRI digested human DNA. For this 

purpose the 994bp Pstl insert isolated from pHIF24.40 by polyacrylamide gel 

electrophoresis (P.A.G.E.) was used as probe. The stringency of hybridisation 

employed (2xSSC, 65 "C) should allow the detection of sequences showing >85% 

homology to pHIF24.40 (Meinkoth and Wahl, 1984). Figure 3.5 shows that pHIF24.40 

hybridises to at least 11 distinct EcoRI fragments in human DNA. Thus pHIF24.40 

hybridises to multiple species in human DNA, in keeping with a probe homologous to 

a family of approximately 20 genes. Therefore, it was used to screen the newly 

constructed human genomic DNA library for IFNa gene sequences.

Screening the Genomic Librarv with dHIF24.40

Recombinant phage within the genomic library containing IFNo: genes were

identified by in situ plaque hybridisation using the Pstl insert of pHIF24.40 as probe. 

This procedure was performed prior to amplification of the library to avoid the 

potential loss of less vigorous recombinant phage and to minimise possible

rearrangements (Fritsch et al, 1980; Grosveld et al, 1981).

A total of 300,000 plaques were screened using similar conditions to those 

described above for Southern blot analysis. Recombinant phage, containing sequences 

homologous to the pHIF24.40 insert, were identified by autoradiography (Fig.3.6). 

Hybridisation-positive plaques were picked for subsequent rounds of hybridisation and 

plaque purification. A total of 22 pHIF24.40 related primary clones (I to XXII)

identified were rescreened. Of these, four phages XSMTI, XSMTIII, XSMTVI and 

XSMTXIV were positive on subsequent rounds of screening. XSMTI.2, XSMTIII. 1 and 

XSMTVI. 1 were purified as described in Chapter 2 (Fig.3.7). XSMTXIV has not been 

characterised further.

3.4 Characterisation of PHIF24.40 Related Clones bv Southern Hybridisation

To confirm that the purified phage XSMTI.2, XSMTIII. 1 and XSMTVI. 1 contained 

sequences complementary to IFNa genes, DNA was prepared for Southern blot

analysis. DNA cloned into the BamRl site of XL47 is flanked by H indlll and EcoRI



FIGURE 3 .5  S o u th e rn  B lo t  A n a ly s is  o f  Human DNA w i th  p H IF 24 .40

lOjUg o f  FcoR I d i g e s t e d  human p l a c e n t a l  DNA was lo a d e d  o n to  a 0.8* 

a g a ro s e  g e l  and  ru n  o /n  a t  25V. The DNA was t r a n s f e r r e d  to  n itrocellu lo se  

(C h a p te r  2) and  h y b r i d i s a t i o n  p e rfo rm e d  i n  5x D e n h a r d t 's  (2xSSC, 65’C 

o /n )  u s in g  th e  n i c k  t r a n s l a t e d  994bp P s t l  i n s e r t  from  pH IF24 .40  as probe 

(IxlO B  cpm /^g  DNA). The f i l t e r  was w ashed  i n  2xSSG a t  65“C and 

a u to r a d io g r a p h y  p e rfo rm e d  a t  -70*C f o r  4 8 h rs  u s in g  F u j i  RX f i lm  with an 

i n t e n s i f y i n g  s c r e e n  ( I l f o r d ,  f a s t  t u n g s t a t e ) . A rrow s show ffindlll 

d i g e s t e d  X DNA s i z e  m a rk e rs , 2 3 .7 2 k b , 9 .4 6 k b , 6 .6 7 k b , 4 .2 6 k b , 2.25kb and
I

1 .9 6 k b .
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FIGURE 3 .6  I d e n t i f i c a t i o n  o f  IFNa Genomic C lo n es  bv  P la o u e  H y b rid isa tio n  

A p p ro x im a te ly  2 0 ,0 0 0  p la q u e s  p e r  9cm n i t r o c e l l u l o s e  f i l t e r  were 

s c r e e n e d  a s  d e s c r ib e d  i n  C h a p te r  2 . The c o n d i t io n s  o f  h y b r id i s a t io n  and 

th e  p ro b e  u s e d  w ere  a s  d e s c r ib e d  i n  th e  le g e n d  to  Fig. 3.5, 

A u to ra d io g ra p h y  was p e rfo rm e d  o /n .  A rrow s i n d i c a t e  p o s i t i v e l y  hybridising 

p l a q u e s .



FIGURE 3 .7  P la q u e  P u r i f i c a t i o n

P u r i f i e d  p la q u e s  w ere  t r a n s f e r r e d  o n to  a  law n o f  C600 p l a t i n g  cells 

(C h a p te r  2 ) .  H y b r id i s a t i o n  was p e rfo rm e d  a s  d e s c r ib e d  i n  th e  legend to 

F i g . 3 .5 .  A u to ra d io g ra p h y  was p e rfo rm e d  o /n .

A) 1 t o  40 XSMTI.2 B) 1 to  40 X SM T III.1

41 t o  50 XSMTVI.1 

A rrow s i n d i c a t e  XL47 p hage  c o n t r o l s .
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restriction sites (Fig.3.1A). In the construction of the genomic library the BamYH sites 

of XL47 may be recreated, however in most cases the ligation of Bam Rl and Sau3A 

digested DNAs will destroy the vector cloning sites. Thus, to resolve cloned DNA 

inserts from the phage vector arms by agarose gel electrophoresis, £coRI or Hindlll 

digests can be used, but there may be internal sites and thus excision of a single 

fragment was not necessarily anticipated. This procedure can be used to estimate the 

DNA insert size by totalling the size of specific DNA fragments generated by 

restriction enzyme digestion. The distance between the XL47 cloning sites and EcoRl 

or H indlll sites is known and hence can be compensated for.

Recombinant phage DNA from all three clones was digested with EcoRl, Hindlll 

or BamRl, and Southern blot analysis performed. Again the pHIF24.40 Pstl insert was 

used as a probe. The restriction and hybridisation patterns indicate that all three 

clones contain IFN a gene related sequences (Figs.3.8, 3.9 and 3.10).

The hybridisation and restriction digest patterns for each of the recombinant 

clones were different. The number and size of fragments generated by BamRl, EcoRl 

and H indlll digests of DNA derived from all three genomic clones, and those 

fragments containing IFN a related gene sequences are shown in Table 3.1.

XSMTI.2 contains a 9kb DNA insert. The absence of any BamRl sites in 

XSMTI.2 DNA indicates that these sites were disrupted by the cloning procedure and 

also that no sites are present within the DNA insert (Fig.3.8A lane 7). Neither are 

there any internal EcoRl sites in this clone (Fig.3.8A lane 8 ). Digestion with Hindlll 

released two clone specific fragments, including a 3.5kb fragment (Fig.3.8A lane 6 ) 

which hybridised to the pHIF24.40 insert (Fig.3.8B lane 6 ).

XSMTIII. 1 contains an 8 kb DNA insert. Digestion with Bam Rl generated a 10.1 kb 

fragment which comigrated with the right arm of XL47 (Fig.3.9A lane 4 and 7) 

suggesting that the right hand Bam Rl site had been recreated during the cloning 

procedure. However, no Bam Rl sites are present within the human DNA insert itself. 

Digests of XSMTIII. 1 DNA with EcoRl produced six clone specific fragments 

(Fig.3.9A lane 8 ), including both 2kb and Ikb fragments which hybridised to the 

pHIF24.40 insert (Fig3.9B lane 8 ). The Ikb fragment is actually a doublet thus either



FIGURE 3 .8  S o u th e rn  B lo t  A n a ly s is  o f  XSMTI.2 DNA

DNA d i g e s t s  w ere  p e rfo rm e d  a c c o r d in g  to  th e  manufacturers 

reco m m en d a tio n . 1/ig a l i q u o t s  o f  d i g e s t e d  DNAs w ere  a n a ly s e d  by agarose 

g e l  e l e c t r o p h o r e s i s  on a  0.8% g e l  and  b a n d s  v i s u a l i s e d  by ethidiui 

b ro m id e  s t a i n i n g  (A ) . S o u th e rn  b l o t  a n a l y s i s  was p e rfo rm e d  as  described 

i n  th e  le g e n d  to  F i g . 3 .5 .  A u to ra d io g ra p h y  was f o r  5 h rs  a t  -70"C using 

F u j i  RX f i lm  w i th  an  i n t e n s i f y i n g  s c r e e n  ( B ) .

1 . X EcoRl S iz e  M arker*  6 . XSMTI.2 i f i n d l l l

2 . " f f i n d l l l  S iz e  M arker^ 7 . " BanMl

3 . XL47 f f i n d l l l  8 . ” ffcoRI

4 . •• BamHI 9 . X f f i n d l l l

5 . " ffcoRI 10 . " ffcoRI

A rrow s i n d i c a t e  X ffcoRI s i z e  m a rk e rs  (B)

* 2 1 .8 k b , 7 .5 5 k b , 5 .9 3 k b , 5 .5 4 k b , 4 .8 k b  an d  3 .3 8 k b  

t  2 3 .7 2 k b , 9 .4 6 k b , 6 .6 7 k b , 4 .2 6 k b , 2 .2 5 k b , 1 .9 6 k b , 0 .5 9 k b  and O.lkb.
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FIGURE.3 .9  S o u th e rn  A n a ly s is  o f  X SM TIII.1 DNA 

See le g e n d  to  F i g . 3 .8 .

1 . X EcoRI S iz e  M arker 6 . X SM T III.1 f f i n d l l l

2 . " f f i n d l l l  S iz e  M arker 7 . " BamHI

3 . XL47 f f i n d l l l  8 . " ffcoRI

4 . " BamHI 9 . X f f i n d l l l

5 . " EcoR l 1 0 ."  EcoRl
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FIGURE 3 .1 0  S o u th e rn  A n a ly s is  o f  XSMTV.l DNA

See le g e n d  to  F i g .3 . 8  (BamHI d ig e s t s  n o t  shown)

1. XSMTVI.1 B g l l l 6 . XL47 B g l l l

2 . " f f in d l l l 7. •’ f f in d l l l

3. " EcoRI 8 . " EcoRI

4 . " B g l l l / H i n d l l l 9. " B g l l l / H i n d l l l

5. " B g lll /E c o R l 1 0 . ” B g lll /E c o K l

1 1 .. X f f i n d l l l  S iz e  M arker

1 2 .. " EcoRI S iz e  M arker
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FIGURE 3 .2  A garose Gel E le c t ro p h o re s is  o f  F ra c t io n a te d  Bam H l/Sall 

D ig e s te d  XL47 DNA 

250/il f r a c t i o n s  were c o l l e c t e d  from  th e  NaCl g r a d ie n ts  and ethanol 

p r e c i p i t a t e d  as  d e s c r ib e d  in  C h ap te r 2 . F ra c t io n s  w ere resuspended in 

40/il o f  I x  I .E .  and 4 /tl a l iq u o ts  a n a ly se d  by a g a ro se  g e l  electrophoresis 

on a  0.8% g e l .  The a rro w s, u p p er and lo w er, in d i c a te  th e  23.58kb and 

10 .41kb BanEl v e c to r  arms r e s p e c t iv e ly .

1. f r a c t i o n  6  8 . f r a c t i o n  13

2. " 7 9 . " 14

3. " 8  10. 16

4 . " 9 11. 17

5. " 11 12. " 18

6  " 12 13. 19
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arms), to enrich for the larger fragments prior to cloning (Chapter 2). To assess the 

enrichment for specifically sized DNA species, aliquots of fractions were analysed by 

agarose gel electrophoresis and sizes estimated according to parallel molecular weight 

markers (Fig.3.3). Fractions enriched for DNA fragments between 11 kb and 17kb 

were pooled and stored at -20 ®C. Again the suitability of this DNA for cloning 

purposes was determined by its ability to religate, as assessed by agarose gel 

electrophoresis.

Preparation of a Genomic Library

To generate a genomic library, lOjwg of purified XL47 vector arms were ligated 

with 2.5 fig Sau3A  digested, size-fractionated human DNA. An aliquot of the ligation 

mixture was analysed by agarose gel electrophoresis to assess ligation. To determine 

the efficiency of ligation and estimate the size of the library, a further aliquot of the 

ligation mixture was taken and packaged using X in vitro packaging extracts, prepared 

as described in Chapter 2. These extracts routinely gave approximately 10^-10^pfu//^g 

of wild type X DNA and lO^pfu/pg of XL47 DNA when titred on E.coli NM538 

cells (Frischauf et al, 1983).

The P2 lysogenic derivative of NM538, NM539 (Frischauf et at, 1983), was used 

to estimate the frequency of recombinant phage. 2 0 0  prospective recombinant phage 

and 10 XL47 phage were transferred to duplicate lawns of NM538 and NM539 cells. 

All 200 phage were viable on both strains, whereas XL47 phage grew on E.coli 

NM538 only, indicating a high percentage of phage were genuine recombinants.

Phages derived from the library were examined further to confirm that they 

contained human DNA inserts. The presence of interspersed highly repetitive 

sequences throughout the human genome (Deininger et al, 1981) allows a simple 

evaluation of this. Thus, hybridisation to a total human DNA probe indicates the 

presence of these sequences. Approximately 500 recombinant phage were screened by 

plaque hybridisation using a nick translated total human DNA probe: >95% hybridised 

proving that they contained human DNA sequences.

After these pilot studies the remaining ligation mixture was packaged and the



FIGURE 3■3 A garose Gel E le c t ro p h o re s is  o f  S iz e  F ra c t io n a te d  Sau3k Partial 

D ig e s ts  o f  Human P la c e n ta l  DNA 

100/ig a l iq u o t s  o f  h ig h  m o le c u la r  w e ig h t human p la c e n ta l  DNA was 

p a r t i a l l y  d ig e s te d  f o r  ISm ins (A) o r  20mins (B) w ith  1 u n i t  o f Sau3A 

(C h ap te r 2) and f r a c t i o n a t e d  on a  NaCl g r a d ie n t  (See le g e n d  to  F ig .3.2), 

A liq u o ts  o f  s e le c te d  DNA f r a c t io n s  w ere a n a ly se d  by agarose gel 

e l e c t r o p h o r e s i s  on a  0.4% g e l .

A)

1. X H in d l l l  S iz e  M arker: 23 .75kb , 9 .4 6 k b , 6 .6 7 k b , 4 .2 6 k b , 2.25kb,

1 .9 6 k b , 0 .59kb  and O .lk b .

B) 1 . f r a c t i o n  1

2 . f r a c t i o n 1 2 . ft 5

3. 5 3. ft 1 0

4. 1 0 4 . ft 15

5. 15 5. ft 2 0

6 . 2 0 6 .
ft 25

7. 25 7. ft 30

8 . 30 8 .
ft 35

9. 35 9. ft 40

10. X i / i n d l l l  S iz e  M arker



B

1 2 3 4 5 6 . 7  8 9  1 2 3 4 5 6 7 8 9  10

;

■Si

%.,'

I

i

Jl I



64

phage plated on E.coli NM538 cells generating a library constituting approximately 

300,000 plaques, as determined by the phage titre. A complete library, representative 

of the human genome, constructed in this manner requires about 0.5x10^ recombinant 

phage (Brammar, 1982). By this criteria, therefore, a library representative of 

approximately 50% of the human genome had been constructed. Although the number 

of clones is sufficient to be screened for IFN a gene sequences which comprise a 

multi-gene family, the full complement of IFN a gene sequences are unlikely to be 

present. Realistically perhaps only 5 to 10 clones containing IFN a genes could be 

anticipated.

3.3 Identification and Isolation o f Recombinant Phage Containing Human IFN a Gene 

Sequences

Recombinant phage containing sequences homologous to IFN a genes were 

identified by in situ plaque hybridisation using a human IFN a cDNA probe.

The Human IFN a cDNA orobe oHIF24.40

For the purpose of screening the newly constructed library for human IFNa 

genes the cDNA clone pHIF24.40 (Dr. J.D. Windass, personal communication) was 

used. pHIF24.40 contains a 994bp full length IFN a cDNA which was derived from 

NDV induced Namalva cells. The coding sequence of pHIF24.40 is shown in Figure

3.4 were it is compared with the cDNAs H uIFNa] (Nagata et al, 1980) and LelF-E 

(Goeddel et al, 1981). Comparison of pHIF24.40 with H uIFN aj reveals 85% homology 

within the coding sequence at the nucleotide level. A comparison of pHIF24.40 with 

LelF-E, a cDNA derived from Sendai virus induced K G-1 cells and believed to 

originate from a transcribed IFN pseudogene (Goeddel et al, 1981), indicates that 

these IFN a genes are substantially similar. Their coding sequences display only three 

base substitutions. Perfect homology extends to the 3’ non-translated region, except 

for one additional base in pHIF24.40. It is highly likely, therefore, that these two 

clones represent alleles of the same pseudogene.

The suitability of pHIF24.40 to detect members of the IFN a gene family was



pH IF24.40
LelF-E
HuIFNal

1 10 20 30 40 50
ATGGACTTGCCCTTTACTTTACTGATGGCTATGATGGTGCTCAGCTGCAAGTCCATCTGCC

70 80 90 100 110 120 130
TCTGGGCTGTGATCTGCCTCAGGCCCACAGCGTGGGTAACAGGAGGGCCTTCATACTCCTGACACAAATGAGGAG

140 150 160 170 180 190 200
AATCTCTCCTTTTTCTTACCTGAAGGACAGACATGACTTTGATTTTCCATCATCAGGTGTTTCATGGGAACCACT

220 230 240 250 260 270
TCCAGAAGGTTCAAGCTATCTTCCTTTTCCATGAGATGATGCAGCAGACCTTCAACCTCTTCAGCACAAAGGACT

— — — — — — ~ Ç Ç — — — — " G G — — — — ç — — — — — — — j — — — — — — — — — — — — ̂ I ' — ̂  — — — — — — ^ —

290 300 310 320 330 340 350
CATCTGATACTTTGGATGCGACCCTTTTAGACAAATTCTACACTGAACTTTACCAGCAGCTGAATGACCTGGAAG 
- ........................G...........A...................................... G.......................................................................................

370 380 390 400 410 420 430
CCTGTGTGATGTAGAAGGTTGGAGTGGAAGAGACTGCCCTGAGGAATGTGGACTCCATCCTGGCTGTGAGAAAAT

440 450 460 470 480 490 500
ACTTTCAAAGAATCACTCTTTATCTGACAAAGAAGAAGTATAGCCCTTGTTCCTGGGAGGCTGTCAGAGCAGAAA

 C-G- - ......................G....................A...............A- -C....................G....................T ...............................

520 530 540 550 560
TGATGAGATGGTTGTGTTTATGAAGGAAGTTGGAGGAAAGATTAAGGAGGAAGGAATGA

-------------- --G- - -  — --  - -G- - -A-- - - - - - -A- - - - - - - - - - - - - - - - - - - - - -A"

FIGURE 3 .4  Goinparison o f  th e  N u c le o tid e  Sequence o f  pH IF24.40 w ith  HuIFNal 
and LelF-E

The n u c le o t id e  sequence o f  th e  cDNA c lo n e  pH IF24.40 i s  i l l u s t r a t e d .  

Below a re  a l ig n e d  th e  sequences o f  th e  human cDNA c lo n e s  IFNa^ (N agata e t  

a l ,  1980a) and LelF-E  (Goeddel a t  a l ,  1981). R egions o f  homology a re  

d e p ic te d  by dash es  ( - ) .  S p e c i f ic  n u c le o t id e  d i f f e r e n c e s  a re  shown u s in g  the  

c o n v e n tio n a l sym bols .
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investigated by Southern blot analysis of EcoRI digested human DNA. For this 

purpose the 994bp Pstl insert isolated from pHIF24.40 by polyacrylamide gel 

electrophoresis (P.A.G.E.) was used as probe. The stringency of hybridisation 

employed (2xSSC, 65 ®C) should allow the detection of sequences showing >85% 

homology to pHIF24.40 (Meinkoth and Wahl, 1984). Figure 3.5 shows that pHIF24.40 

hybridises to at least 11 distinct EcoRl fragments in human DNA. Thus pHIF24.40 

hybridises to multiple species in human DNA, in keeping with a probe homologous to 

a family of approximately 20 genes. Therefore, it was used to screen the newly 

constructed human genomic DNA library for IFNa gene sequences.

Screening the Genomic Librarv with dHTF24.40

Recombinant phage within the genomic library containing IFNa genes were 

identified by in situ plaque hybridisation using the Pstl insert of pHIF24.40 as probe. 

This procedure was performed prior to amplification of the library to avoid the 

potential loss of less vigorous recombinant phage and to minimise possible 

rearrangements (Fritsch et al, 1980; Grosveld et al, 1981).

A total of 300,000 plaques were screened using similar conditions to those 

described above for Southern blot analysis. Recombinant phage, containing sequences 

homologous to the pHIF24.40 insert, were identified by autoradiography (Fig.3.6). 

Hybridisation-positive plaques were picked for subsequent rounds of hybridisation and 

plaque purification. A total of 22 pHIF24.40 related primary clones (I to XXII) 

identified were rescreened. Of these, four phages XSMTI, XSMTIII, XSMTVI and 

XSMTXIV were positive on subsequent rounds of screening, XSMTI.2, XSMTIII. 1 and 

XSMTVI. 1 were purified as described in Chapter 2 (Fig.3.7). XSMTXIV has not been 

characterised further.

3.4 Characterisation of pHIF24.40 Related Clones bv Southern Hvbridisation

To confirm that the purified phage XSMTI.2, XSMTIII. 1 and XSMTVI. 1 contained 

sequences complementary to IFNa genes, DNA was prepared for Southern blot 

analysis. DNA cloned into the BamHl site of XL47 is flanked by Hindlll and EcoRI



FIGURE 3 .5  S o u th ern  B lo t A n a ly s is  o f  Human DNA w ith  pH IF24.40

10fig o f  EcoRI d ig e s te d  human p la c e n ta l  DNA was lo a d e d  onto  a 0. 

a g a ro se  g e l  and ru n  o /n  a t  25V. The DNA was t r a n s f e r r e d  to  n itrocellu lose 

(C h ap te r 2) and h y b r id i s a t io n  perfo rm ed  in  5x D e n h a rd t 's  (2xSSC, 65 

o /n )  u s in g  th e  n ic k  t r a n s l a t e d  994bp P s t l  i n s e r t  from  pHIF24.40 as probe 

(IXlOB cpm//xg DNA). The f i l t e r  was w ashed in  2xSSC a t  65®C and 

a u to ra d io g ra p h y  perfo rm ed  a t  -70®C f o r  4 8 h rs  u s in g  F u j i  RX f i lm  with an 

in t e n s i f y in g  s c re e n  ( I l f o r d ,  f a s t  t u n g s t a t e ) . Arrows show Pindll 

d ig e s te d  X DNA s iz e  m a rk e rs , 23 .72kb , 9 .4 6 k b , 6 .6 7 k b , 4 .2 6 k b , 2.25kb an 

1 .9 6 k b .
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FIGURE 3 .6  I d e n t i f i c a t i o n  o f  IFNa Genomic C lones bv P laau e  Hvbridisation 

A pprox im ately  20 ,000  p la q u e s  p e r  9cm n i t r o c e l l u l o s e  f i l t e r  were 

s c re e n e d  as  d e s c r ib e d  in  C h ap te r 2. The c o n d i t io n s  o f  h y b r id isa tio n  am 

th e  p ro b e  u sed  w ere a s  d e s c r ib e d  in  th e  le g e n d  to  Fig. 3.5 

A u to rad io g ra p h y  was perfo rm ed  o /n . Arrows in d i c a te  p o s i t i v e l y  hybridising 

p la q u e s .



FIGURE 3 .7  P laau e  P u r i f i c a t i o n

P u r i f i e d  p la q u e s  w ere t r a n s f e r r e d  o n to  a lawn o f  C600 p la t in g  cells 

(C h ap te r 2 ) .  H y b r id is a t io n  was perfo rm ed  a s  d e s c r ib e d  in  th e  legend to 

F i g . 3 . 5 .  A u to rad io g rap h y  was perfo rm ed  o /n .

A) 1 to  40 XSMTI.2 B) 1 to  40 XSM TIII.1

41 to  50 XSMTVI.1 

Arrows in d i c a te  XL47 phage c o n t r o l s .
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restriction sites (Fig.3.1A). In the construction of the genomic library the BamHl sites 

of XL47 may be recreated, however in most cases the ligation of BamHl and SaulA  

digested DNAs will destroy the vector cloning sites. Thus, to resolve cloned DNA 

inserts from the phage vector arms by agarose gel electrophoresis, EcoRl or Hindlll 

digests can be used, but there may be internal sites and thus excision of a single 

fragment was not necessarily anticipated. This procedure can be used to estimate the 

DNA insert size by totalling the size of specific DNA fragments generated by 

restriction enzyme digestion. The distance between the XL47 cloning sites and EcoRI 

or Hindlll sites is known and hence can be compensated for.

Recombinant phage DNA from all three clones was digested with EcoRl, Hindlll 

or BamHl, and Southern blot analysis performed. Again the pHIF24.40 Pstl insert was 

used as a probe. The restriction and hybridisation patterns indicate that all three 

clones contain IFN a gene related sequences (Figs.3.8, 3.9 and 3.10).

The hybridisation and restriction digest patterns for each of the recombinant

clones were different. The number and size of fragments generated by BamHl, EcoRl

and H indlll digests of DNA derived from all three genomic clones, and those

fragments containing IFN a related gene sequences are shown in Table 3.1.

XSMTI.2 contains a 9kb DNA insert. The absence of any BamHl sites in

XSMTI.2 DNA indicates that these sites were disrupted by the cloning procedure and 

also that no sites are present within the DNA insert (Fig.3.8A lane 7). Neither are 

there any internal EcoRI sites in this clone (Fig.3.8A lane 8 ). Digestion with Hindlll 

released two clone specific fragments, including a 3.5kb fragment (Fig.3.8A lane 6 ) 

which hybridised to the pHIF24.40 insert (Fig.3.8B lane 6 ).

XSMTIII. 1 contains an 8 kb DNA insert. Digestion with BamHl generated a 10.1 kb 

fragment which comigrated with the right arm of XL47 (Fig.3.9A lane 4 and 7) 

suggesting that the right hand BamHl site had been recreated during the cloning 

procedure. However, no BamHl sites are present within the human DNA insert itself. 

Digests of XSMTIII. 1 DNA with EcoRI produced six clone specific fragments 

(Fig.3.9A lane 8 ), including both 2kb and Ikb fragments which hybridised to the 

pHIF24.40 insert (Fig3.9B lane 8 ). The Ikb fragment is actually a doublet thus either



FIGURE 3 .8  S o u th e rn  B lo t  A n a ly s is  o f  XSMTI.2 DNA

DNA d i g e s t s  w ere  p e rfo rm e d  a c c o r d in g  to  th e  manufacture»! 

reco m m en d a tio n . 1/tg a l i q u o t s  o f  d i g e s t e d  DNAs w ere  a n a ly s e d  by agarosij 

g e l  e l e c t r o p h o r e s i s  on a  0.8% g e l  and  b a n d s  v i s u a l i s e d  by ethidiil 

b ro m id e  s t a i n i n g  (A ) . S o u th e rn  b l o t  a n a l y s i s  was p e rfo rm e d  as  describedj 

i n  th e  le g e n d  to  F i g . 3 .5 .  A u to ra d io g ra p h y  was f o r  5 h rs  a t  -70®C usinj] 

F u j i  RX f i lm  w i th  an  i n t e n s i f y i n g  s c r e e n  ( B ) .

1 . X EcoR l S iz e  M arker*  6 . XSMTI.2 H i n d l l l

2 . •’ E i n d l l l  S iz e  M arker?  7 . ” BamHl

3 . XL47 B i n d l l l  8 . " EcoRI

4 . " BamHl 9 . X B i n d l l l

5 . " EcoRI 10 . " EcoRI

A rrow s i n d i c a t e  X EcoRI s i z e  m a rk e rs  (B)

* 2 1 .8 k b , 7 .5 5 k b , 5 .9 3 k b , 5 .5 4 k b , 4 .8 k b  and  3 .3 8 k b  

? 2 3 .7 2 k b , 9 .4 6 k b , 6 .6 7 k b , 4 .2 6 k b , 2 .2 5 k b , 1 .9 6 k b , 0 .5 9 k b  and  O .lkb .





FIGURE.3 .9  S o u th e rn  A n a ly s is  o f  X SM TIII.l DNA 

See le g e n d  to  F i g .3 . 8 .

1 . X EcoRl S iz e  M arker

2. " H in d l l l  S iz e  M arker

3. XL47 H in d l l l

4. " BanM.1

5. " EcoRl

6 . X SM TIII.l i f i n d l l l

7 . ” BanMl

8 . ” EcoRI

9. X i f i n d l l l

1 0 ."  EcoRl
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FIGURE 3 .1 0  S o u th e rn  A n a ly s is  o f  XSMTV.l DNA

See le g e n d  to  F i g .3 . 8  (BamHI d ig e s t s  n o t  shown)

1. XSMTVI.l B g l l l

2 .

3.

4 .

5.

6 . XL47 B g l l l  

H in d l l l  7 . " A in d l l l

EcoRI 8 . " EcoRl

B g l l l / H i n d l l l  9. " B g l l l / H i n d l l l

B g l l l /E c o R l  10. " B g lll /E c o R l

11. X H in d l l l  S iz e  M arker

12. " EcoRl S ize  M arker



1 2 3 4  5 6 7 8 9 10 11 12

B 1 2 3 4  5 6  7 8 9 10 11 12
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TABLE 3 .1  R e s t r i c t i o n  Fragm ents G en era ted  bv BamUl. EcoRl and H in d l l l  

D ig e s ts  o f  XSMTI.2. X SM TIII.l and XSMTVI.l DNAs

BamHI HcoRI H in d l l l

1________2________ 3________ 1________2________ 3_________ 1________ 2________ 3

43kb* - - 21 .7kb 21.7kb 21 .7kb 23kb 23kb 23kb

32kb* - 13 .5kb* - - 8 .1kb(D ) 8 .1kb  8 .1kb

40 .5kb*  7 .6kb  7 .6kb  7 .6kb  - - 5 .2kb*

lO .lk b  - - - 6 .4kb*  3 .5kb*  3 .5kb*(D )-

3 . 5kb - - - 3 . Ikb

3kb - - 2 . 2kb

2 .4kb  - - 1 .6kb  l.S k b

2 . Ikb  - 0 . 6 kb

2 kb* 2 kb

Ikb^(D )

DNAs were d ig e s te d  a c c o rd in g  to  th e  m a n u fa c tu re rs  recom m endations. 

The s iz e  o f  th e  DNA frag m en ts  g e n e ra te d  by  d ig e s t io n  w ere d e te rm in ed  by 

a g a ro se  g e l e le c t r o p h o r e s i s  on a  0 . 8 % g e l .

1= XSMTI.2 

2 - X SM TIII.l 

3=* XSMTVI.l

* I n d ic a te s  DNA frag m en ts  w hich h y b r id i s e  to  th e  pH IF24.40 i n s e r t .

(D) I n d ic a te s  d o u b le t

HcoRI d ig e s te d  XL47, l e f t  arm frag m en t i s  2 1 .7 k b , r i g h t  arm fragm en t i s  

7 .6kb

H in d l l l  d ig e s te d  XL47, l e f t  arm frag m en t i s  23kb, r i g h t  arm fragm en t i s  

8 . Ik b .
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one or both hybridise to pHIF24.40. This analysis suggested that there may be two 

IFNo; related genes within this clone or an intragenic EcoRl site. The former 

conclusion has since been verified (Chapter 4). Digestion of XSMTIII.l DNA with 

H indlll also produced five clone specific fragments (Fig.3.9A lane 6 ), including a 

3.5kb doublet of which at least one hybridise to pHIF24.40 (Fig.3.9B lane 6 ).

XSMTVI.l contains a 6.5kb DNA insert. Again this clone is devoid of any 

BamHl sites, indicating both sites were disrupted by the cloning procedure and that 

no internal BamHl sites are present. Digestion of XSMTVI.l with EcoRl produced 

three fragments (Fig.3.10A lane 3), including a 6.4kb fragment which hybridised to 

the pHIF24.40 insert (Fig.S.lOB lane 3). H indlll digestion of XSMTVI.l DNA also 

produced 3 fragments (Fig3.10A lane 2), including a 5.2kb fragment which hybridised 

to PHIF24.40 (Fig.B.lOB lane 2).

Therefore, this analysis demonstrated that three distinct X DNA clones had been 

identified which contained segments of human DNA sequences complementary to the 

human IFN a pseudogene pHIF24.40 (= LelF-E). Thus, this strongly suggested that at 

least three human IFN a structural genes had been isolated.

3.5 Conclusions

Four XL47 recombinant phage potentially containing human IFNa gene sequences 

have been isolated from screening approximately 300,000 recombinant phages of the 

newly constructed placental DNA genomic library. Three of these, XSMTI.2, XSMTIII.l 

and XSMTVI.l have been purified, DNA prepared and the presence of inserts 

complementary to an IFNot gene confirmed by preliminary restriction and Southern 

blot analysis.

Other workers have previously isolated 16 recombinant phage which hybridised to 

a human IFNa] cDNA probe (Brack et o/, 1981) in a foetal genomic library of only 

240,000 clones. The human IFNa gene family consists of at least 23 distinct loci 

(Henco et al, 1985). Therefore, five to ten distinct clones hybridising to pHIF24.40 in 

a library representing 50% (300,000 clones) of the human genome would be 

anticipated.
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There may be several explanations accounting for the relatively small number of 

IFNa genes identified in this study. Firstly, the genomic clones characterised have 

small inserts despite the precautions taken to enrich for llk b  to 17kb fragments and 

thus, the size of the library may be overestimated. Secondly, the conditions used for 

in situ plaque hybridisation, suitable for the detection of sequences showing >85% 

homology to pHIF24.40, may have been too stringent. In this respect, some of the 

clones isolated using the human IFNof] gene cDNA probe hybridised only very weakly 

(Brack et al, 1981). Thirdly, the density of plaques screened in this study may also 

have contributed to the relatively small number of recombinant phage containing IFNcx 

gene sequences identified. Plaque hybridisation was performed on 20,000 plaques per 

9cm nitrocellulose disc (Maniatis et al, 1981) compared with only 3,000 plaques per 

9cm nitrocellulose disc screened in other studies (Brack et al, 1981). Screening at a 

lower plaque density may give a stronger hybridisation signal allowing the 

identification and isolation of specific clones to be performed more readily. Finally, 

twenty two prospective recombinant phage were identified from the primary screen to 

hybridise to pHIF24.40, eighteen of which failed to hybridise on subsequent rounds of 

screening. It is unlikely that all were artifacts. Probably some genuine recombinant 

phage were lost by the failure to correctly realign the autoradiographs to the original 

stockplates containing the phage library. This problem is enhanced by the high 

density of plaques screened in this study and the tendency of nitrocellulose filters to 

shrink during these procedures.
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CHAPTER 4

CHARACTERISATION OF HUMAN IFNo! GENOMIC CLONES

Three genomic clones isolated from the human placental DNA library described in 

Chapter 3 were characterised in detail to verify that they contained authentic IFNo 

genes. For this purpose, restriction digest analysis and sub—cloning, in combination with 

Southern blot analysis, were undertaken to locate and map IFNo gene sequences within 

the genomic DNA. Confirmation that genuine IFNo genes had been isolated was obtained 

by sequencing studies. Through this analysis four IFNo genes have been identified and 

characterised in some detail.

4.1 Characterisation of an IFNo Gene in XSMTI.2

Restriction Mapping of XSMTI.2

XSMTI.2 contains a 9kb human genomic DNA insert devoid of EcoRI and BamHl 

recognition sequences (Chapter 3). Restriction with Hindlll generated 8 .Ikb and 3.5kb 

fragments, the latter containing IFNo gene related sequences (Chapter 3). In addition 

H indlll digests produced a 23kb and 8.1 kb species derived from the left and right arm 

of XSMTI.2 respectively (Table 3.1).

Phage XSMTI.2 DNA, as with all X recombinant phage DNAs described in this 

study, was initially digested with a range of restriction endonucleases and the products 

analysed by agarose gel electrophoresis. Digestion of DNA with BglH revealed a single 

site located within the insert. Therefore, Bg/II/Hmdlll double digests were performed to 

map the unique Hindlll and BglH sites. Since BglH cleaves within the right arm of 

XSMTI.2 this analysis also resolved the 8.1 kb HindHI doublet. These analyses were 

undertaken in the same manner as those shown in Figure 3.8. Table 4.1 summarises

the size of restriction fragments generated by these digests. Southern blot analysis with 

the probe pHIF24.40 (994bp Pstl insert) identified fragments containing IFNo gene



70

related sequences. BglH digestion produced a 6 .8 kb DNA fragment from the right arm of 

XSMTI.2, common to wild type XL47 and recombinant phage. The 33kb BglH fragment 

from the left arm of XL47 is reduced to 27.5kb and 8.1 kb fragments in XSMTI.2. Hence 

a single BglH site is present 8.1 kb from the BglH site within the right arm of XSMTI.2 

(Fig.4.1A).

Table 4.1 also shows that the XSMTI.2 27.5kb BglH fragment hybridises to 

pHIF24.40. Thus, IFNo gene sequences are located to the left of the insert specific BglH 

site (Fig.4.1 A). The 3.5kb HindHI hybridising fragment must also, therefore, be flanked 

on one side by the HindHI site of the left arm of XSMTI.2 (Fig.4.1A).

Double digests of XSMTI.2 with BglH and HindHI confirm the map shown in Figure 

4.1A. Figure 4.2 shows agarose gel electrophoresis of BglH and HindHI digested XSMTI.2 

and XL47 DNA. Comparison of HindlH digested DNA (lane 3) and BglHJHindHl digested 

DNA (lane 4), demonstrated that the 8.1 kb HindHI fragment is a doublet. BglH cleaved 

the 8 .Ikb HindHI fragment generating 6 .8 kb and 1.3kb fragments in both phage (Table 

4.1). In addition XSMTI.2 DNA generated 7.6kb and 0.5kb fragments confirming the 

presence of an 8 .Ikb HindlH  doublet, locating the Hindlll site 0.5kb from the BglH site 

in XSMTI.2 (Fig.4.1A).

PvuH recognition sequences are commonly found within the nucleotide sequences 

encoding the signal peptide and mature polypeptide of human IFNo genes (Goeddel et 

al, 1981). Therefore, the presence of PvuH sites within XSMTI.2 was investigated. 

XSMTI.2 DNA was digested with PvuH and HindlH/PvuH and Southern blot analysis 

performed using the pHIF24.40 probe (fJ(I insert). A single PvuH recognition sequence 

was mapped within the Htndlll 3.5kb fragment (Fig.4.1A). From these studies the 

restriction map in Figure 4.1 A was derived.

Subcloning the 3.5 kb HindHI Fragment

Having demonstrated that the IFNo gene complementary sequences of XSMTI.2 lie 

within a 3.5kb HindHI fragment, it was subcloned into the HindHI site of pATI53 

(Twigg and Sheratt, 1980) for further characterisation. Plasmid pATI 53 was chosen 

because of its well defined restriction map. HindHI digested XSMTI.2 and pATI53 DNAs



FIGURE 4 .1  R e s t r i c t i o n  Map o f  XSMTI.2 and dSMTI.2

A: A lu  I ,  B: B g l l l ,  Ba: BamHI, E: E coR I, H: H a e l l l ,  H i: if in d III , P:

P v u I I ,  P s: P s t I ,  R: R s a l,  S: Sau3A, Sm: Sm al, Ss: S s t l .

A) shows th e  r e s t r i c t i o n  map o f  XSMTI. 2 d e r iv e d  by r e s t r i c t i o n  and

S o u th e rn  b l o t  a n a ly s i s .  The shaded  re g io n  in d i c a te s  sequences hybridising 

to  th e  P s t l  i n s e r t  o f  pH IF24.40. The arrow  in d ic a te s  th e  o r ie n ta t io n  of 

th e  IFNo! gene. B) shows th e  r e s t r i c t i o n  map o f  pSMTI.2 derived by

r e s t r i c t i o n ,  S o u th e rn  b l o t  and seq u en c in g  a n a ly s i s .  The arrow  above the 

map in d i c a te s  th e  o r i e n t a t i o n  o f  th e  IFNa gene, w hereas those  below

c o rre sp o n d  to  th e  r e s t r i c t i o n  frag m en ts  sequenced . The shaded region

in d ic a te s  th e  co d in g  sequence o f  SMTI.2.
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TABLE 4 .1  R e s t r i c t i o n  Fragm ents G en era ted  by H in d l l l  and B g l l l  D ig e s ts  o f 

XSMTI.2

H in d l l l  B g l l l  H i n d l l l / B g l l l

XL47 XSMTI.2 XL47 XSMTI.2 XL47 XSMTI.2

33kb 27 .5kb*

23kb

9.3kb

S .lk b

23kb

8.1kb(D )

3 . 5kb*

8 . Ikb  

6 . 8 kb 6 . 8 kb

22 .5kb  22 .5kb

9. 3kb

7. 6 kb 

6 . 8 kb 6 . 8 kb 

3 .5kb*  

1 . 3kb 1 . 3kb

0 . 5kb

The s iz e  o f  DNA frag m en ts  g e n e ra te d  by d ig e s t io n  w ith  th e  in d ic a te d  

enzymes w ere d e te rm in e d  by a g a ro se  g e l  e l e c t r o p h o r e s i s  on a 0 . 8 % g e l 

(C hap ter 2 ) .  Two B g l l l  frag m e n ts  o f  470bp and 60bp d e r iv e d  from  th e  l e f t  

and r i g h t  arm o f  XL47 r e s p e c t iv e ly  w ere n o t  v i s u a l i z e d  in  t h i s  s tu d y  and 

have n o t  been  in c lu d e d  in  th e  a n a ly s i s  above. * in d i c a te s  DNA fragm en ts  

which h y b r id i s e  to  pH IF24.40. (D) in d i c a te s  a d o u b le t .



FIGURE 4 .2  R e s t r i c t i o n  a n a ly s i s  o f  XSMTI.2 DNA w ith  B g l l l  and Hindlll 

Ijitg o f  each  DNA sam ple was d ig e s te d  w ith  B g l l l  a n d /o r  P in d l l l  accordinj 

to  th e  m a n u fa c tu re rs  recom m endations and a n a ly se d  by agarose 

e l e c t r o p h o r e s i s  on a 0.8% g e l .  The g e l  was s t a in e d  w ith  ethidium  broiii 

(1/xg/ml) to  r e v e a l  th e  DNA.

1. X H in d l l l  M arker: 23 .7 5 k b , 9 .4 6 k b , 6 .6 7 k b , 4 .2 6 k b , 2.25kb, 1.9

0 .59kb  and O .lk b .

2. XSMTI.2 B g l l l

3. " P i n d l l l

4 . " B g l l l / H i n d l l l

5. XL47 B g l l l

6 . " P i n d l l l

7 . " B g l l l / H i n d l l l
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were ligated and E .cd i JA221 was transformed, selecting colonies for ampicillin 

resistance. Prospective recombinant clones were recognised by their inability to grow on 

L.plates containing lO^g/ml tetracycline. Five such clones were identified. Plasmid DNA 

prepared from these colonies was digested with HindJR and in combination with Southern 

blot analysis using the pEQF24.40 (P jtl insert) probe, one recombinant containing the 

3.5kb H indm  hybridising fragment from XSMTI.2 was identified. This plasmid was 

designated pSMTI.2.

Restriction Mapping oSMTI.2

Plasmid pSMTI.2 was subjected to detailed restriction analysis. Digests with Pstl and 

Smal identified single sites for these enzymes within the insert. These sites were located 

by double digests with HindUl or EcoRI (Fig.4.1B).

A detailed map of the Hindlll fragment was also produced for the tetranucleotide 

restriction endonucleases Aluly Rsal and Sau3A (Fig.4.1B). Fragments were orientated by 

double digests with Hmdlll, EcoRI, Pstl, or Smal. Ambiguities were subsequently resolved 

by sequence analysis. Figure 4.1 B shows the detailed restriction map of pSMTI.2 derived 

from these studies.

Primary Nucleotide Sequence of the IFNa Gene SMTI.2

The objective of these studies was to isolate and characterise human genomic IFNa 

genes. Therefore, to verify that pSMTI.2 contained an authentic IFNa gene, sequencing 

studies were undertaken.

Thus, the IFNa gene in pSMTI.2 was sequenced by the dideoxy chain termination 

method (Sanger et al, 1977). For this purpose restriction fragments generated by Saul A  

digestion of pSMTI.2 DNA were "shot gun cloned" into the BamVH site of M13mpl0. 

E.cdi JMlOl was transfected with ligated DNA generating greater than 90% 

recombinants as determined by the frequency of colourless plaques identified on plates 

containing Bluo—gal (Chapter 2).

Recombinant MlSmplO phage containing IFNa gene sequences were identified by 

plaque hybridisation (Chapter 2) again using the pHIF24.40 insert as probe. Four positive
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plaques were picked for further analysis. To confirm that these recombinant phage 

contained DNA sequences specific to pSMTI.2, R.F. DNA was prepared, digested with 

Saul A  and analysed by P. A. G.E. Two of the four plaques isolated contained a lOOObp 

SaulA  fragment, comigrating with a pSMTI.2 SaulA  fragment. These two phages were 

employed in sequencing studies. A total of 365bp of sequencing data obtained from one 

end of one of these was used to search the EMBL data base using the computer 

programme Seqfit (Staden, 1977) for IFNa related gene sequence homology. Perfect 

homology was established with 310bp of 5 ' flanking sequence from the IFNa gene X2h 

(Lawn et al, 1981a). The remaining 53bp are 5 ' to the available sequence of X2h. DNA 

from the other recombinant phage proved difficult to sequence and thus was not 

investigated further. The remaining 5' region and most of the structural gene was 

sequenced using the strategy indicated in Figure 4.1 B. The lOOObp SaulA  fragment, 

isolated as an EcoRUHindlH fragment from the recombinant M l3 phage by P A G E, 

was further digested with either HaeUl, Alul, or Rsal, ligated to the Smal digested Ml 3 

phage DNA and transfected into E.coli JMIOI. The proportion of recombinants varied 

from 50% to 100% using this procedure. Four to eight plaques were picked from each 

cloning and sequenced.

Thus, XSMTI.2 contains an authentic IFNa gene. Available sequence information for 

the gene SMTI.2 is shown in Figure 4.3, where it is compared with X2h. A total of 

974bp was determined including 393bp of 5 ' flanking sequence. The remaining 50bp of 

anticipated 3' translated and additional non—translated gene sequence was not determined. 

In Figure 4.3 the prospective TATTTAA promoter element, the putative CAP site and 

translation initiation codon are each highlighted. Clearly X2h and SMTI.2 genes are 

identical except for two additional bases seen in the 5 ' flanking sequence of SMTI.2, 

SMTI.2 extends the sequence of the X2h clone an additional 52bp upstream of the IFNa 

gene. Furthermore, two bases not determined in X2h were identified in XSMTI.2 at 

—171 and —172. Comparison of the coding sequence of SMTI.2 with other IFNa genes 

shows the next closest homology is IFNag which exhibits 48 base substitutions, encoding 

a full length IFNa polypeptide with 24 amino acid changes relative to SMTI.2 and X2h. 

From this analysis it can be concluded that XSMTI.2 and X2h (Lawn et al, 1982) are



FIGURE 4 .3  C om parison  o f  th e  P r im a ry  N u c le o t id e  S equence  o f  SMTI.2

w i th  X2h

The n u c le o t id e  se q u e n c e  d e te rm in e d  f o r  SMTI. 2 i s  shown w ith  the

p u t a t i v e  t r a n s c r i p t i o n  i n i t i a t i o n  s i t e ,  t r a n s l a t i o n  i n i t i a t i o n  codon and

TATA box  se q u e n c e s  u n d e r l i n e d .  The c o m p le te  c o d in g  r e g io n  f o r  th is  gene

was n o t  d e te rm in e d . The SMTI.2 se q u e n c e  i s  a l i g n e d  w i th  th e  available

co m p lem en tary  se q u e n c e  d a ta  f o r  X2h. D ashes ( - )  i n d i c a t e  hom ology. Spaces 1

a t  -171  an d  -172  i n d i c a t e  th e  p r e c i s e  n u c l e o t id e s  a t  t h i s  lo c a t io n ,  which

w ere  n o t  d e te rm in e d  f o r  X2h. Two a d d i t i o n a l  n u c l e o t id e s  were also

r e v e a le d  a t  -333  an d  -338 w i t h in  SMTI.2 w h ich  a r e  n o t  fo u n d  i n  X2h.
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almost certainly alleles.

4.2 Identification of Two IFNa Genes in XSMTIII.l

Restriction Mapping of XSMTIII.l

The genomic clone XSMTIII.l contains an 8 kb DNA insert in XL47 (Chapter 3). 

Preliminary restriction digests indicated a complex pattern of Hmdlll and EcoRI sites 

within the genomic DNA (Chapter 3). Furthermore the cloning procedure recreated the 

BamHI site at the right arm of XSMTIII.l (Chapter 3). This feature was used to 

orientate EcoRI and HindlSl fragments derived from the right arm.

Restriction digestion of XSMTIII.l performed with Bglll again defined a single site 

within the insert. This site was 7kb from the XSMTIII.l right arm BglW site (Fig.4.4A). 

Southern blot analysis revealed that both the 7kb and 28kb BglU fragments derived from 

the right and left arms of XSMTIII.l, respectively, hybridised to pHIF24.40 (Pjfl insert) 

and hence contained IFNa gene related sequences. Southern blot analysis of EcoRI 

digested XSMTIII.l DNA also identified two fragments of 2kb and Ikb hybridising to

pHIF24.40 (Chapter 3). Therefore, either Bg/II and EcoRI sites occur within a single 

IFNa gene present in XSMTIII.l or two genes are present.

To determine the number of IFNa genes. Southern blot analysis of EcoRI / BglU 

digested DNA was performed. Figure 4.5 shows the banding pattern generated by BglU 

and EcoRI digested XL47 and XSMTIII.l DNAs after agarose gel electrophoresis. Table

4.2 shows the size of the specific DNA fragments identified by this analysis.

This analysis demonstrated that two separate regions within XSMTIII.l contain IFNa 

gene sequences. BglU cleaved a 3kb EcoRI fragment which does not hybridise to 

pHIF24.40. Therefore, the BglU site cannot lie within the IFNa gene. The two EcoRI 

generated hybridising fragments, 2kb and Ikb, are not digested by BglU. As fragments 

derived from both sides of the BglU site hybridised to pHIF24.40 the two EcoRI

fragments are separated, located on either side of the Bg/II site.

Southern blot analysis of Hmdlll digested XSMTIII.l suggested that a 3.5kb fragment

hybridised to the pHIF24.40 insert (Chapter 3). However, this fragment is a doublet



FIGURE 4 .4  R e s t r i c t i o n  Maps f o r  X S M T III.l and  p S M T III .l

See le g e n d  to  F i g .4 .1 .  A) shows th e  r e s t r i c t i o n  map o f  XSMTIII.l 

shows th e  r e s t r i c t i o n  map o f  p S M T II I .l^ .  * N ot a l l  A lu l  s i t e s  are shown,! 

The H i n d l l l  f ra g m e n t i s  shown i n  th e  o p p o s i t e  o r i e n t a t i o n  to th«l| 

d i s p la y e d  i n  A.
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FIGURE 4 .5  S o u th e rn  B lo t  A n a ly s ts  o f  B g l l l  and  EcoRI D ig e s te d  XSMTIII.l 

DNA w i th  P H IF24.40  ( P s t l  i n s e r t !  

l / ig  o f  e a c h  DNA sam ple  was d i g e s t e d  w i th  B g l l l  a n d /o r  FcoRI a 

a n a ly s e d  by  a g a ro s e  g e l  e l e c t r o p h o r e s i s  on  a  0.8% g e l .  The gel m l  

s t a i n e d  w i th  e th id iu m  b ro m id e  to  v i s u a l i s e  th e  DNA (A ). DNA was] 

t r a n s f e r r e d  to  a  n i t r o c e l l u l o s e  membrane a s  d e s c r ib e d  i n  Chapter 2 

th e n  h y b r i d i s a t i o n  p e rfo rm e d  u s in g  th e  n i c k  t r a n s l a t e d  P s t l  in s e r t  ofj 

pH IF 24 .40  (lxl0®cpm//>tg DNA) a s  p ro b e . A u to ra d io g ra p h y  was f o r  5hrs using 

F u j i  RX f i lm  a t  -70®C w i th  an  i n t e n s i f y i n g  s c r e e n  ( B ) . Arrows indicate] 

t h e  s i z e  o f  s p e c i f i c  h y b r i d i s i n g  b a n d s .

1 . X H i n d l l l  M arker ( s e e  le g e n d  to  F i g . 4 .2 )

2 . X S M T III.l B g l l l

3 .

4 .

5 . XL47

6 .

7 .

EcoRI

B g l l l / E c o R l

B g l l l

EcoRI

B g l l l / E c o R l
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TABLE 4 .2  R e s t r i c t i o n  Fragm ents G en era ted  by EcoRI and B g l l l  D ig e s ts  o f  

X SM TIII.l

EcoRI B g l l l  E c o R l/B g ll l

XL47 X SM TIII.l XL47 X SM TIII.l XL47 XSM TIII.l

33kb 28kb*

21.7kb 21.7kb  - - 21 .7kb  21 .7kb

11.3kb - - - 11 .3kb  -

7 . 6 kb 7 . 6 kb - -

6 . 8 kb 6 . 8 kb(D )* 6 . 8 kb 6 . 8 kb

3 . 5kb - - - 3 . 5kb

3kb - - -

2 .4kb  - - - 2 .1 (D )*

2 kb* - 2 kb

Ikb(D )*  - - - Ikb(D )*

- - 0 . 9kb

0 .7 k b  0 .7kb

See le g en d  to  T ab le  4 .1 .
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(Chapter 3). As shown in Figure 4.4A the two 3.5kb HinâUl fragments are derived from 

either side of the BglQ. site and thus the IFNa genes must be located on two separate 

3.5kb HindUl fragments (Fig.4.4A).

As described before, PvuU sites are common within IFNa genes. Therefore, 

XSMTIII.l DNA was analysed for Pvull recognition sequences. Southern blot analysis of 

PvmII/EcoRI digested XSMTHI.l, with the pHIF24.40 insert, revealed a PvmII site lOObp 

from one end of the 2kb EcoRI hybridising fragment.

Further double digests were performed to orientate the H m din and EcoRI sites. By 

these means the restriction map in Figure 4.4A was generated. The location of two IFNa 

gene related sequences within the genomic DNA of XSMTIII.l, designated SM TIH.l^ and 

SM TIII.lg, are shown (Fig.4.4A).

Subcloning the 3.5kb HindUl Fragment Containing the SMTIII.lyy Gene

Having established that the IFNa complementary sequences in XSMTIH.l both lay 

within 3.5kb Htndlll, steps were taken to subclone them into pAT153 to allow more 

detailed characterisation. Thus, Hindlll digested XSMTIII.l and pAT153 DNAs were 

ligated and transformed into E.coli JA221. Transformants were selected for ampicillin

resistance and prospective recombinants identified as described previously. Four ampicillin 

resistant, tetracycline sensitive colonies were obtained. The plasmid DNA isolated from 

one of these colonies contained a 3.5kb HindUl DNA insert with homology for the 

pHIF24.40 Pstl DNA insert. Thus, one of the IFNa complementary regions from 

XSMTIII.l had been isolated. This plasmid was designated pSMTIII.l

Restriction Mapping oSMTIII.IyY

Plasmid pSM TIII.l^ was subjected to detailed restriction analysis. Digests with EcoRI 

and Avail revealed a single site for EcoRI and two sites for AvaU respectively

(Fig.4.4B). As only one of the two possible 3.5kb HindUl fragments contained an EcoRI 

site its presence established that the SM TIII.l^ gene sequences had been isolated.

A detailed restriction map of pSMTIII.l ̂  was contructed for Sau3A, Rsal, Alul,

and HaeUl restriction endonucleases (Fig.4.4B). Ambiguities were ultimately resolved by
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subsequent sequence studies (next section).

From the restriction studies performed with XSMTIII.l DNA described above, it was

not possible to precisely localise the PvuU site close to gene SM TIII.l^ however as 

PvuU does not digest pSMTIH.ly^ DNA the PvuU site must lie just outside the 3.5kb 

HindUl fragment, in the position shown in Figure 4.4A.

Thus, restriction mapping and Southern blot analysis have located two prospective

IFNa genes in the recombinant phage DNA XSMTIII.l (Fig.4.4A). The 3.5kb HindUl

fragment encompassing the SM TIII.l^ gene has been subcloned and mapped in more 

detail (Fig.4.4B).

Primarv Nucleotide Sequence of the IFNa Gene SM TIH.l^

Initially the same approach which had been employed to obtain preliminary sequence

data for SMTI.2 was adopted. Thus, fragments from Sau3A digested pSMTIII.l ^  DNA

were "shot gun cloned" into the BamHl site of M13mplO DNA. E.coli JMlOl v^s 

transfected with ligated DNA generating approximately 80% recombinants.

Plaques were screened to identify recombinants containing IFNa gene complementary 

sequences by plaque hybridisation (see XSMTI.2). Initially five plaques hybridising to 

pIF24.40 {Pstl insert) were isolated. R.F. DNA was prepared, digested with Sau3A and 

analysed by P.A.G.E. All five clones contained Sau3A fragments, two of which 

comigrated with a 271 bp fragment, two with a 178bp fragment and one with a 70bp

fragment of Sau3A digested pSMTIII.l DNA.

Recombinant phage were sequenced to determine if they contained segments of an 

IFNa gene. This procedure revealed that the 178bp fragment had been isolated in both 

orientations, while the 271 bp fragments were both in the same orientation. The sequence

data obtained was used to search the EMBL data base for homology to human IFNa

sequences using the Seqfit programme (Staden, 1977). This demonstrated that the Sau3A 

fragments were probably co—linear in that together they exhibit a continuous homology 

of 523bp with the coding sequence of several human IFNa genes.

The strategy employed to sequence the remainder of the SMTIII.ly^ gene is shown

in Figure 4.4B. The 5 ' clones were isolated initially by sub—cloning the HindUl/Sau3A
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700bp fragment from pSM TIII.l^ DNA (Fig.4.4B) into the HmdlII/BûmHI site of 

M13mp8. Recombinant phage with DNA inserts corresponding to the 5 ' region of the 

SMTIII.ly^ gene were identified by restriction analysis. R.F DNA was prepared from 

eight prospective recombinant phage, digested with Hin6nUSau3A, and analysed by 

P.A.G.E. Three recombinants containing a 700bp fragment comigrating vdth the 

HmdIII/5ûM3A fragment from p S M T III .lw e re  identified.

Sequencing information covering 214bp from the HindUl site of this clone was 

obtained to the A lul site shown in Figure 4.4B. The data obtained was used to search 

the EMBL database using Seqfit (Staden, 1977). Perfect homology to the pseudogene 

^LelF—L (Ullrich et al, 1982) was observed.

The remainder of the 5 ' region of the XSMTIII.l gene was determined to confirm 

the homology observed with the previously characterised gene ^LelF—L. Thus, the 700bp 

HindIII/5aM3A fragment was isolated from EcoRI/Hmdin digested M13mp8 recombinant 

DNA by P.A.G.E, digested with either Alul, HaeUl, or Rsal and ligated to Smal 

digested M l3 DNA vectors. E .cd i JMlOl was transfected with ligated DNA generating 

30% to 100% recombinants. DNA was prepared from four prospective recombinant phage 

for each cloning and sequenced. An additonal 707bp of sequence was obtained by this 

procedure. In total 680bp of 5 ' flanking DNA sequence and the entire coding sequence 

of the SM THI.l^ IFN gene was determined.

The total available sequence information on SM THI.l^ is shown in Figure 4.6, 

where it is compared with the complementary region of \^LeIF—L (Ullrich et al, 1982). 

The considerable homology shared throughout the coding sequence and 5* flanking 

sequence extending to —567 confirms that these genes are almost certainly alleles. The 

promoter element TATTTAA is underlined, along with the putative CAP site, and the 

IFNa gene initiation and termination codons (Fig.4.6 ). Comparison of SM TIII.l^ with 

other IFNa genes demonstrates that only 11 and 12 base substitutions are found in the 

coding sequences of X2h and IFNo^jj respectively, each encoding potential full length 

IFNa polypeptides with 8  amino acid substitutions relative to SM TIILl^. Clearly these 

genes are closely related but within 628bp of 5* flanking sequence 53 and 24 nucleotide 

changes are apparent in X2h and IFNa^y respectively, relative to SMTÜI.ly^. Thus, this



FIGURE 4 .6  C om parison  o f  th e  P r im a rv  N u c le o t id e  S equence  o f  S M T III.Ia  

w i th  L e lF -L  ( U l l r i c h  e t  a l .  19821 

See le g e n d  to  F i g .4 .3  ( a l s o  u n d e r l i n e d  i s  th e  t r a n s l a t i o n  term ination  

c o d o n ) . E x te n s iv e  5* f l a n k in g  se q u e n c e  and  th e  e n t i r e  c o d in g  sequence 

d e te rm in e d  f o r  S M T III .l^  i s  show n. L e lF -L  s e q u e n c e s  a r e  com pared below. 

D ashes ( - )  i n d i c a t e  se q u e n c e  hom ology . N u c le o t id e  s u b s t i t u t i o n s  a r e  shown 

by  c o n v e n t io n a l  sy m b o ls . Codon 20 o f  th e  s i g n a l  p e p t id e  i s  underlined 

i l l u s t r a t i n g  th e  s i n g l e  b a s e  t r a n s i t i o n  fo u n d  i n  S M T III .l^  w h ich  changes 

th e  n o n se n se  codon  o f  L e lF -L  to  a  t r i p l e t  e n c o d in g  c y s t e i n e .
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TCCCAATGGC

♦ 8 0  
C C T C TC C TTT

♦ 9 0
t c t t t a c t t a

♦ 1 0 0
TC CC CCTCCT

♦ 1 1 0  
CCTGCTCAGC

♦ 1 2 0  
TACAA.ATCCA

♦ 1 3 0  
TCTG TTC TC T

♦ 1 4 0
a g g c t c t g a t

♦ 1 5 0  
CTGCCTCAGA

♦ 1 6 0  
CCCACACCCT

♦ 1 7 0  
GGGTA-ATa GG

+ 1 8 0  
a g g g c c t t g a

♦ 1 9 0  
TAGTCCTGGG

♦ 2 0 0  
ACAAATGGCA

♦ 2 1 0  
a g a a t c t c t c

♦ 2 2 0  
C T T T C T C C T C

♦ 2 3 0  
c c t g a a g g a c

♦ 2 4 0  
a g a c a t g a t t

♦ 2 5 0  
TCCGAATCCC

< 2 6 0
c c a g g a g g a g

< 2 7 0
TTTGATGCCA

♦ 2 8 0  
ACCACTTCCA

♦ 2 9 0  
GAAGCCTCAA

♦ 3 0 0  
GCCATCTCTG

+ 3 1 0  
TGCTCCATGA

♦ 3 2 0  
CATGATCCAG

♦ 3 3 0  
c a g a c c t t c a

< 3 4 0
ATCTCTTCA C

♦ 3 5 0  
CACACAGGAC

♦ 3 6 0  
TCATCTGCTC

+ 3 7 0  
CTTGCCAACA

+ 3 8 0  
GAGCCTCCTA

♦ 3 9 0  
CAfAAAATTTT

< 4 0 0
c o a c t c a a c t

♦ 4 1 0  
TTACCACCAA

♦ 4 2 0  
CTC,\,ATGACC

♦ 4 3 0  
TGCAACCATC

♦ 4 4 0
t g t g a t a c a g

< 4 5 0
CACGTTCGCC

♦ 4 6 0  
t c c ,v a c a g a c

♦ 4 7 0  
TCCCCTGATC

♦ 4 8 0  
AATGAGGACT

♦ 4 9 0  
CCATCCTCGC

♦ 5 0 0  
TCTGAGGAAA

♦ 5 1 0  
TACTTCCAAuA

< 5 2 0
CAATCACTCT

+ 5 3 0  
TTATCTAy\TA

♦ 5 4 0  
CAGAGGAAAT

♦ 5 5 0  
ACAGCCCTTG

♦ 5 6 0  
TGCCTGGCAG '

♦ 5 7 0  
GTTGTCAGAG

♦ 5 8 0  
c a g , \ , \ a t c a t  I

♦ 5 9 0  
CAGATCCCTC

♦ 6 0 0  
TCCTTTTCAA

♦ 6 1 0  
CAAACTTCCA ,

< 6 2 0  
a a a a a g a t t a  ,

< 6 3 0
AGGAGGAACG

< 6 4 0  < 6 5 0  < 6 6 0
ATTC.VAAACT CCTTCAA CA T CCCAATCATC
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strongly supports the assignment of SMTIII.l as an allele of ^LelF—L rather than of 

these other closely related IFN genes.

Inspection of SM TIII.l^ and ^LelF—L sequences in Figure 4.6 reveals six base 

substitutions within the coding sequence. The base substitutions occur at codon 20 and 22 

(coding for the signal peptide), codon 8 , codon 10, codon 89 and codon 155 (coding for 

the mature IFNa polypeptide). Codon 20 in the signal peptide of ^LelF—L is a 

translation termination codon. Hence \^LeIF—L has been designated a pseudogene. 

However, SMTEQ.l^ contains a single base substitution in this region converting the 

UGA termination codon (i^LelF—L) to UGU coding for the amino acid cysteine. This 

amino acid is highly conserved in the other human IFNa genes. The base substitution at 

codon 22 is a conservative change from CUG (\^LeIF—L) to CUA (SMTIII.l ^  coding 

for the amino acid leucine. Further base substitutions at codon 8 , 10 and 89 produce 

amino acid substitutions of threonine to serine, arginine to glycine, and isoleucine to 

leucine in ^LelF—L and SM TIII.l^ respectively. These amino acids are also commonly 

found in other IFNa genes at these locations. Finally the base substitution in codon 155 

is a conservative change of CUC (^LelF—L) to CUG (SMTIII.l ̂  specific for the amino 

acid leucine.

Thus, the clone XSMTIII.l contains an authentic IFNa gene, SMTIII.l^, showing 

considerable homology with the pseudogene ^LelF—L. However, unlike ^LelF—L, the 

SM Tin.l^ gene potentially encodes a full length IFNa polypeptide and, therefore, is not 

a pseudogene.

Partial Sequence of the SMTHI.Ip Gene

The data presented above (Section 4.2) demonstrates that the XSMTIII.l^ gene is 

equivalent to \^LeIF—L. \^LeIF—L has been characterised previously in a 9kb region of 

the human genome within the clone XHLelFl, which encompasses one partial and two 

complete IFNa genes, \i^LeIF—M, ^ -̂LelF—L, and LelF—J  organised in tandem (Ullrich et 

al, 1982). Inspection of the restriction map for XHLelFl indicated the LelF—J gene is 

downstream of ^LelF—L. By analogy the gene downstream of SMTIII.l SMTIII.lg, 

seemed likely to correspond to LelF—J.
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To determine whether SMTIII.l g  and LelF—J were indeed alleles, preliminary 

studies were performed to characterise SMTIII.l g. Inspection of the restriction map for 

XSMTIII.l shows that SMTIII.l g  gene sequences are partly located on a Ikb EcoRI 

fragment (Fig.4.4A). Therefore, XSMTIII.l DNA was digested with EcoRI and cloned into 

similarly digested M13mpl0 and m pll DNA.

A total of eight prospective recombinant phage were sequenced to see if they 

contained IFNa gene sequences. Sequence data generated was compared to LelF—J using 

the Seqfit program (Staden, 1977). A total of 73bp of DNA sequence from one clone 

was identical to part of the coding sequence of LelF—J. The sequence homology 

extended from an EcoRI site at +238 (relative to the putative CAP site) 5 ' toward the 

promoter region. This EcoRI site is unique to LelF—J amongst currently characterised 

IFNa genes as is the amino acid glutamic acid at position 35 (mature polypeptide) within 

the sequenced region. The closest homology other than LelF—J  is observed with X2h, 

LelF—L, IFNa^y and LelF—F , all of which show 3 base substitutions relative to the 

SMTIII.l g  primary sequence within the 73bp region characterised.

Thus, preliminary evidence supports the conclusion that SMTIII.l g  is complementary 

to LelF—J. It therefore seems probable that the segment of the human genome cloned 

in XSMTm.l is homologous to that in XHLelFl (Ullrich et al, 1982). This conclusion is 

borne out by the close similarity observed for the restriction map of XSMTIII.l with a 

computer generated restriction map (Analyseq; Staden, 1984) of XHLelFl (Fig.4.7).

4.3 Characterisation of an IFNa Gene in XSMTVI.l

Restriction Maooing of XSMTVI.l

The genomic clone XSMTVI.l contains a 7.1 kb DNA insert which has several 

restriction sites for EcoRI, Hmdlll, and BglU (Chapter 3). The size of DNA fragments 

generated with these restriction endonucleases from the analysis shown in Figure 3.10 are 

indicated in Table 4.3. Also shown are fragments hybridising to the pHIF24.40 insert as 

determined by Southern blot analysis.

Table 4.3 shows that BglU digestion of XSMTVI.l DNA generated two clone specific
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FIGURE 4.7 Comparison of the Restriction Maps of XSMTIII.l and XHLelFl 

(Ullrich et a l . 1982)

See legend to Fig.4.1. The restriction map generated for XSMTIII.l 

is shown compared with a computer generated restriction map of XHLelFl 

derived from the EMBL data base. The location (block) and orientation 

(arrow) of the SMTIII.l^ and 111.1% genes are displayed as are the 

transcription units of the LelF-M, LelF-L and LelF-J genes of XHLelFl.
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fragments of 8.5kb and 1.2kb. Table 4.3 also indicates that the 8.5kb BgVLl fragment 

derived from the right arm of XSMTVI.l hybridised to pHIF24.40, demonstrating that it 

contains IFNa gene related sequences. The second BglU site is 1.2kb from this site 

(Fig.4.8A).

BglUJHindlU double digests were performed to orientate the HindUl sites in 

XSMTVI.l (Table 4.4). BglU cleaved two clone specific HindUl fragments. One of these, 

the 5.2kb HindUl pHIF24.40 complementary fragment, generated a 4.2kb fragment 

hybridising to the pHIF24.40 insert and a 0.9kb fragment which did not hybridise (Table 

4.4). This located a Hmdlll site 4.2kb from the BglU site, within the 8.5kb BglU 

hybridising fragment (Fig.4.8A). Table 4.4 also shows that BglU cleaved the 1.5kb 

Hmdlll fragment, generating a 1.4kb fragment. This located the 1.5 kb HindUl fragment 

proximal to the left arm of XSMTIII.l, lOObp from the second Bgfll site (Fig.4.8A). 

Therefore, the remaining 3.Ikb HmdlH fragment must be proximal to the right arm of 

XSMTVI.l (Fig.4.8A).

A similar analysis was undertaken to locate the EcoRI sites within XSMTVI.l. Both 

Bglll/EcoRl and HmdHI/EcoRI double digests were performed. In addition advantage was 

taken of a single Sstl site recognised and located by HindUl/Sstl digests, as shown in 

Figure 4.8A. Sstl cleaved the 6.4 kb EcoRI hybridising fragment, mapping this fragment 

to the right arm of XSMTIII.l (Fig.4.8A).

Figure 4.9 shows the result of Southern blot analysis of EcoRI/Hmdin double 

digested XSMTVI.l DNA, using the pHIF24.40 insert probe. These data show that EcoRI 

cleaves the 5.2kb Hmdlll hybridising fragment, generating a 3.0kb hybridising fragment 

containing the IFNa gene complementary sequences of XSMTVI.l DNA. Restriction and 

Southern blot analysis of XSMTVI.l has, therefore, generated the restriction map shown 

in Figure 4.8 A.

Subcloning the 3 kb EcoRI/ HindUl XSMTVI.l Fragment

To obtain a detailed map of the physical organisation of the DNA encompassing the 

IFNa gene complementary sequences in XSMTVI.l, the 3kb EcoRI/Hmdlll fragment with 

homology for the pHIF24.40 insert was subcloned into pATI53. EcoRI/Hm dlll digested



TABLE 4.3 Restriction Fragments Generated by EcoRI, Hindlll and B g l l l

digests of XSMTVI.l

EcoRI H i n d l l l  B g l l l

XL47 XSMTVI.l XL47 XSMTVI.l XL47 XSMTVI.l

2 1 .7 k b  2 1 .7 k b  

l l .S k b  - 

7 . 6kb 7 . 6kb 

6 .4 k b *  

2 . Ikb  

2kb

23kb

9 .3 k b

S .lk b

23kb

S .lk b  

5 . 2kb* 

3 .1 k b  

1 .5 k b

33kb

6 .8 k b

2 4 .5 k b  

8 . 5kb* 

6 .8 k b  

1 .2 k b

See le g e n d  to  T a b le  4 .1



FIGURE 4 .8  R e s t r i c t i o n  Map o f  XSMTVI.l an d  dSMTVI.1

See le g e n d  to  F i g . 4 .1 .  A) shows th e  r e s t r i c t i o n  map f o r  XSMTVI.l. B) 

shows th e  r e s t r i c t i o n  map f o r  pSM TV I.l. N ot a l l  R s a l  s i t e s  a r e  shown.

* The r e l a t i v e  o r i e n t a t i o n  o f  t h e s e  H a e l l l  and  R s a l  s i t e s  h a s  not been 

r e s o lv e d .

1
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TABLE 4.4 Restriction Fragments Generated by HindIII and B g l l l Digestion

of XSMTVI.l DNA

H l n d l l l  B g l l l  H i n d l l l / B g l l l

XL47 XSMTVI.l XL47 XSMTVI.l XL47 XSMTVI.l

33kb 2 4 .5 k b

23kb 23kb 

9 . 3kb -

8. Ikb  8 . Ik b

5 . 2kb*

3 . Ik b  

1 . 5kb

8 .5 k b *

6 . 8kb 6 . 8kb

23kb 23kb

8 . Ik b

6 . 8kb 6 . 8kb

4 .2 k b *

3 . Ik b

1 .4 k b  

0 .9 k b  0 .9 k b (D )

See le g e n d  to  T a b le  4 .1



FIGURE 4 .9  S o u th e rn  B lo t  A n a ly s is  o f  EcoRI and  H i n d l l l  D ig e s te d  XSMTVI.l 

DNA w i th  P H IF24.40  ( P s t l  i n s e r t ’)

See le g e n d  to  F i g .4 .5 .  A) shows a n  e th id iu m  b rom ide  stained 0,& 

a g a ro s e  g e l  c o n ta in in g  th e  sam p les  i n d i c a t e d  b e lo w . Autoradiography was] 

f o r  5 h rs  u s in g  F u j i  RX f i lm  a t  -70*C w i th  an  i n t e n s i f y i n g  sc re e n  (B).

1 . F i n d l l l  XSMTVI.l

2 . EcoRI

3 . E in d l l l /E c o R I  XSMTVI.l
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FIGURE 4 .1 0  C om parison  o f  th e  P r im a ry  N u c le o t id e  S equence  o f  SMTVI.l 

w i th  IFNag (Henco e t  a l .  1985)

See le g e n d  to  F i g . 4 .3  ( a l s o  u n d e r l i n e d  i s  th e  t r a n s l a t i o n  termination 

c o d o n ) . E x te n s iv e  5 ' and  3* f l a n k in g  se q u e n c e  and  th e  e n t i r e  coding 

se q u e n c e  d e te rm in e d  f o r  SMTVI.l i s  shown. IFNag se q u e n c e s  a r e  compared 

b e lo w . D ashes (—) i n d i c a t e  se q u e n c e  hom ology . N u c le o t id e  substitu tions 

a r e  shown b y  c o n v e n t io n a l  s y m b o ls .

i



• 1 2 0 - 1 10 - 1 0 0 - 9 0 - 8 0 - 7 0
T G A A A A A C T A C T C T A T A C C C A T G T A G A G A C T A A A T A A A T G A A A G C A A A A T C A G A C G T A C A

- 6 0 • 5 0 - 4 0 - 3 0 - 2 0 - 1 0
/ X A G T A A A T T C t g a a a a t g g a A A C T A G T A T G T T C C C T A T T T  A A G A C C T A C A  C A T A A A G C A A

+ 1 0 + 2 0 + 3 0 + 4 0 + 5 0
G C T C T T C A G A  G A A C C T A G A G C T G A A G G T T C A G A G T C A C C C A T C T C A A C A A C T C C A A C A G C

4  6 0 + 7 0 + 8 0 + 9 0 + 1 0 0 + 1 1 0
A T C T C C A A C A  T C T A C A A T G C  C T T T G C C T T T  T G C T T T A C T G A T G G C C C T G C T G G T G C T C A G

4  1 2 0 + 1 3 0 + 1 4 0 + 1 5 0 + 1 6 0 + 1 7 0
C T G C A A G T C A A C C T G C T C T C T C G A C T G T C A T C T G C C T C A G A C C C A C A G C C T G G G T C A C A G

4  1 8 0 + 1 9 0 + 2 0 0 + 2 1 0 + 2 2 0 + 2 3 0
C A C G A C C A T G A T C C T C C T G G C A C A A A T G A G G A G A A T C T C T C T T T T C T C C T G T C T G A A G G A

+ 2 4  0 + 2 5 0 + 2 6 0 + 2 7 0 + 2 8 0 + 2 9 0
C A G A C A T G A C T T C A G A T T T C C C C A G G A G G A C T T T G A T G G C A A C C A G T T C C a g a a c g c t g a

+ 3 0 0 + 3 1 0 + 3 2 0 + 3 3 0 + 3 4 0 + 3 5 0
A G C C A T C T C T C T C C T C C A T G A G G T G A T T C A G C A G A C C T T C A A C C T C T T C A G C A C A A A C G A

+ 3 6 0 + 3 7 0 + 3 8 0 + 3 9 0 + 4 0 0 + 4 1 0
C T C A T C T G T T C C T T C G G A T G A G A C G C T T C T A C A C A A A C T C T A T A C T G A A C T T T A C C A G C A

+ 4 2 0 + 4 3 0 + 4 4 0 + 4 5 0 + 4 6 0 + 4 7 0
G C T G A A T G A C C T G G A A C C C T G T G T G A T G C A G G A G G T G T G G G T G G G A G G G A C T C G C G T G A T

+ 4 8 0 + 4 9 0 + 5 0 0 + 5 1 0 + 5 2 0 + 5 3 0
G A A T G A C C A C T C C A T C C T G G C T G T G A G A A A A T A C T T C C A A A G A A T C A C T C T C T A C C T G A C

+ 5 4 0 + 5 5 0 + 5 6 0 + 5 7 0 + 5 8 0 + 5 9 0
A G A G A A A i A A G T A C A G C C C T T G T G C G T G G G A G G T T G T C A C A G C A G A A A T C A T G A G A T C C T T

+ 6 0 0 + 6 1 0 + 6 2 0 + 6 3 0 + 6 4 0 + 6 5 0
C T C T T C A T C A A G A f \ A C T T G C A A G A A A G G T T  A A G G A G G A A G  G A A T A A G A C C  T G A T C C A A C A

+ 6 6 0 + 6 7 0 + 6 8 0 + 6 9 0 + 7 0 0 + 7 1 0
C A G A A A C G A G T C C C A T T G A C G A C T A C A C C A C C T T C C A C T T T C A T G A T C T G C C A T T T T A A A

+ 7 2 0 + 7 3 0 + 7 4 0 + 7 5 0 + 7 6 0 + 7 7 0
G A C T C T T G T T r C T G C T A T A A C C A T A C C A T G A G T T G A A T C A A A C G C G T C A A G T A T T T T C A A

+ 7 8 0 + 7 9 0 + 8 0 0 + 8 1 0 + 8 2 0 + 8 3 0
G T G T G T T A A G C A A C A T C G T G T T C A G T T G C A C A G G A A C T A G T C C C T T A C A G A T G A C T A A G C

<840
TGATGCATC
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XSMTVI.l and p ATI 53 DNAs were ligated and transformed into E.coii JA221. 

Restriction analysis of plasmid DNA prepared from thirty two ampicillin resistant colonies 

demonstrated nine were recombinant, one containing a 3kb EcoRI/ HindJS. fragment 

which hybridised to pHIF24.40. This plasmid was designated pSMTVI.l.

Restriction Mapping of oSMTVI.l

Plasmid pSMTVI.l was characterised by restriction mapping. As described previously 

cleavage sites for Pvull are commonly found in human IFNa gene sequences. Therefore, 

PvmII digests were performed in combination with Southern blot analysis (pHIF24.40 Pstl 

insert). A 300bp fragment hybridising to pHIF24.40 was revealed. As pATI53 does not 

contain a PvuH site this demonstrates pSMTVI.l contains two PvuH recognition sequences 

which are probably located within the coding sequence of an IFNa gene. The PvuH sites 

were mapped by EcoRI/PvwII and MndUI/Pvi/II double digests (Fig.4.8B).

A more detailed restriction map of pSMTVI.l was generated for Efol, SauSA, and 

Haelll restriction endonucleases. Specific fragments were orientated by performing double 

digests with either EcoRI, HindUl, or PvuU (Fig.4.8B). Any ambiguities were ultimately 

resolved by seqencing studies.

Primarv Nucleotide Structure of the IFNa gene SMTVI.l

Sequencing studies were undertaken to confirm that pSMTVI.l DNA contained an 

authentic IFNa gene. The strategy adopted is shown in Figure 4.8B. The 300bp PvwII 

fragment was subcloned into the Smal site of M13mpl0. E.coii JMlOl was transfected 

with ligated DNA generating only colourless plaques on Bluo—gal containing plates.

D.I.G.E analysis (Chapter 2) of four phage DNAs verified that they were all 

recombinants.

Upon sequence analysis three of the four recombinant phage gave 301 bp of identical 

sequence, which when compared to characterised human IFNa genes using the Seqfit 

program (Staden, 1977) revealed significant homology within the coding sequence, thus 

verifying that XSMTVI.l contained authentic IFNa gene sequences.

The sequence data obtained was compared visually with 19 previously characterised
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human IFNa genes (Henco et al, 1985). One gene, IFNag, contained only a single base 

substitution relative to this sequence within the 301 bp region. Sequence data obtained 

from the fourth recombinant was in the opposite orientation to that described above. 

This verified the 301 bp PvuU fragment had a single base change relative to the 

comparable region of the IFNog gene.

To assess whether the two IFNa genes SMTVI.l, and IFNag were alleles, sequence 

analyses were extended to the 5* and 3' regions of the gene. An M l3 recombinant 

phage containing the 5 ' region of pSMTVI.l was isolated by cloning the pSMTVI.l 

PvmII/EcoRI fragment (Fig.4.8B) into SmaVEcdRl digested M13mpl0. 240bp of further 

sequence was obtained from these clones, extending to —127 (relative to the transcription 

intitiation site). Similarly 3' fragments were isolated and sequenced. Initially the 

pSMTVI.l PvUn/HindUl fragment (Fig.4.8B) was subcloned into Smal/HindUl digested 

M13mplO. However, the nucleotide sequence obtained from the H indm  site did not 

match any available human IFNa sequences associated with the EMBL database, 

indicating that this region is probably downstream of previously characterised IFNa gene 

sequences. Insert DNA from this recombinant was isolated as an EcoRUHindlU fragment 

by P.A.G.E, digested with SauSA, and subcloned into BaniHl digested M l3 mplO DNA. 

Eight prospective recombinants were sequenced generating a total of 429bp of additional 

nucleotide sequence, including the remaining 3 ' IFNa gene coding sequence, and 204 bp 

of 3 ' flanking sequence.

The complete sequence derived for the gene SMTVI.l is shown in Figure 4.10, 

where it is compared to the HuIFNag gene. The promoter element TATTTAA is 

highlighted together with the putative CAP site and translation initiation and termination 

codons. A single conservative base substitution within the coding sequence, changing 

codon 65 (mature IFNa polypeptide) from AAC (IFNag) to AAT (SMTVI.l), is

apparent. Both genes, therefore, encode identical full length IFNa polypeptides. 

Comparison of the coding sequence of SMTVI.l with other available IFNa gene

sequences demonstrated the next most closely related gene to be IFNag showing 49 base 

substitutions which overall result in 26 amino acid changes. It is, therefore, highly likely

that SMTVI.l and IFNo^ represent alleles of the the same gene.
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4.4 Comparison of SMTI.2. S M T m .l^  and SMTVI.l Gene Promoters with the

HuIFNcq Gene Promoter

To identify potential IFNa regulatory sequences a comparison of the primary 

sequence of the promoter region of these genes was made with that of the HuIFNai 

gene. When the nucleotide sequences were aligned they display a high degree of 

homology (Fig.4.11). In particular the regions around the TATA box and putative 

transcription initiation sites are highly conserved. All currently characterised human IFNa 

genes including those identified in this study possess the TATA box variant TATTTAA, 

with the exception of IFNag (TTTTTAA; Henco et al, 1985). Some divergence of 

promoter sequences, evident between —61 and —72 are common between HuIFNaj, 

SMTI.2, and SMTIII.ly^. Potential deletions or insertions of 8 bp and 11 bp are also seen 

between HuIFNoq and XSMTIH.2 or XSMTVI.l genes, respectively, in this region 

(Fig.4.11).

Figure 4.11 also indicates repeat structures identified in HuIFNa% as being important 

for NDV induced expression in heterologous mouse L cells (Ryals et al, 1985). These 

sequences are partially deleted in the SMTIII.l and SMTVI.l gene promoters. It is 

interesting in this respect that transcripts derived from the SMTVI.l allele IFNag have 

not been observed previously (Hiscott et al, 1984). In view of these observations 

functional analysis of these IFNa gene promoters would clearly be worthwhile.

4.5 Conclusions

Four IFNa genes have been identified within three isolates from a newly constructed 

human genomic library (Chapter 3). The primary sequence of three of these genes was 

determined completely. Alleles of these genes have been described previously. SM TIII.l^ 

is clearly an allele of the pseudogene ^LelF—L. However, SM TIH.l^ contains six base 

substitutions within the coding region, including codon 2 0  which changes the termination 

codon UGA (\^'LeIF—L) to UGU. Therefore, SMTIII.l is not a pseudogene.

Interestingly, ^LelF—L has been isolated on three previous occassions (Brack et al, 

1981, Pestka et al, 1983 Torcynski et al, 1984, Henco et al, 1985). Two alleles, both 

pseudogenes, have been identified by these studies. However, on each occasion the same
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FIGURE 4.11 Comparison of the 5' Flanking Sequences of SMTI.2. SMTIII.l^ 

and SMTVI.l with the Human IFNgj^ Gene Promoter 

The nucleotide sequence of the human IFNa^ gene promoter region is 

shown. Homologous sequences from the human IFNa genes SMTI.2, SMTIII.l^ 

and SMTVI.l are aligned below. Dashes (-) indicate regions of homology. 

Specific base substitutions are shown using conventional symbols. Spaces 

have been included to achieve the best alignment. The repeat sequences of 

the human IFNai gene which are believed to be important for viral 

induction (Ryals e t  a l ,  1985) have been underlined and overlined.
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genomic library was employed as the primary source of the genes characterised. The 

coding sequence of the cDNA, LelF—C (Goeddel et al, 1981), derived from Sendai virus 

induced KG—1 cells is closely related to that of ^LelF—L suggesting they are allelic 

(Ullrich et al, 1982; Henco et al, 1985). The LelF—C gene sequence suggests it encodes 

a functional IFNa protein.

Inspection of the coding sequences for SM TIII.l^  and LelF—C reveals only two 

conservative base substitutions at codon 22 from CUA (SMTIII.l to CUG (LelFC) and 

codon 32 from CUG (SMTIII.l to CUC (LelFC), encoding the amino acid leucine. 

Therefore, the genomic clone SM TIII.l^ and the previously described cDNA LelF—C 

encode identical proteins. Thus, together with the relatedness of SM TIII.l^ to i^LelF—L, 

this strongly supports the assignment of i/^LelF—L and LelF—C as alleles. Therefore, 

SMTIII.l is the the first genomic clone described which corresponds precisely to the 

IFNa mRNA from which the LelF—C cDNA was derived.

Functional activity for a recombinant polypeptide derived from i^LelF-L has been 

reported. The i/^LelF—L gene containing a modified signal sequence has been expressed 

as a pre—interferon polypeptide from the M13mpll lac promoter, producing 10^ — 10^ 

units/L of IFN activity (Fuke et al, 1984), Thus, evidence from both cDNA cloning and 

bacterial expression studies indicate that this gene can be transcribed and encodes a 

protein with anti—viral properties.

The alleles i/^LelF—L and S M T II I .lh a v e  been isolated from two independently 

derived human genomic libraries. It would be of interest to investigate the relative 

frequencies of these alleles in the population. This could be achieved by Southern blot 

analysis of DNA derived from a representative sample of the population using 

oligonucleotide hybridisation probes specific for the region surrounding codon 2 0  of the 

LelF—L gene. Inspection of this region suggests oligonucleotides specific for each allele, 

distinguishing them from other currently characterised IFNa genes, could be designed.

Interferon gene SMTI.2 is an allele of X2h (Lawn et al, 1981a), which is also an 

allele of IFNcq^ (Brack et al, 1981) and the cDNA LelF—H (Goeddel et al, 1981) as 

defined by Henco et al (1985). If this assignment is correct, then clearly this allele is 

expressed. Expression studies with IFNa%4 demonstrate it is a minor component of virus
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induced leukocyte mRNA but a major constituent of leukaemic myeloblast mRNA (Hiscott 

et al, 1984). Thus, this suggests that IFNos may be produced in a tissue specific fashion. 

Expression studies upon réintroduction of the SMTI.2 gene into various mammalian cell 

lines therefore, may be of considerable interest.

Interferon gene SMTVI.l is an allele of IFNag (Henco et al, 1985). Another allele, 

LelF—K, identical to IFNog has been described (Henco et al, 1985). This gene has not 

been isolated previously as a cDNA nor has its expression been detected in leukocytes 

(Hiscott et al, 1984). As described previously (Section 4.4), this promoter lacks llb p  of 

promoter sequence found in the HuIFNcq gene, which is essential to viral induction of 

gene expression in mouse fibroblasts (Ryals et al, 1985). Again it would be useful to 

investigate expression of this gene upon re—introduction into mammalian cells to 

determine if it contains a functional promoter.

The IFNa gene family consists of 23 currently characterised loci, corresponding to 

15 potentially functional genes, 6  pseudogenes, and 2 uncharacterised (Henco et al, 

1985). The data presented above suggest that at least four alleles for the LelF—L loci 

exist. Furthermore at least three alleles for X2h and two for IFNag have now been 

described. The fact that previously identified alleles of \^LeIF—L are pseudogenes and 

SMTIII.l (and cDNA LelF—C) is not, would be consistent with some degeneracy of the 

IFNa gene system.
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CHAPTER 5

THE CONSTRUCTION AND FUNCTIONAL ANALYSIS OF A MOUSE IFNcq 

PROMOTER/CAT GENE CHIMAERA

The principal objective of these studies was to investigate transcriptional control of 

interferon (IFN) genes after the introduction of cloned genes into mammalian cells. While 

characterisation of the human IFNa chromosomal genes was in progress (Chapter 3 and 

4), the first mouse IFNa (MuIFNa) genomic clone was isolated (Shaw et al, 1983). 

Plasmid pGSl, which contains this MuIFNoq gene extending 950bp 5 ' and lOObp 3' to 

the coding sequence, was obtained from Prof. C. Weissmann. This allowed a functional 

analysis of an IFN promoter to begin.

Functional analyses of human IFNoq (HuIFNa%) and human IFN# (HuIFN#) genes 

in heterologous cells has been documented but the transcriptional control of a cloned 

MuIFNa gene has not been studied previously in this manner (Chapter 1). To monitor 

MuIFNcq gene promoter activity in vivo it has been used to direct the expression of the 

bacterial gene encoding chloramphenicol acetyltransferase (CAT). PolyrI.rC mediated CAT 

production has been assessed in transiently and stably transfected mouse L —929 cells to 

characterise and validate this system as a means of studying IFNa gene expression.

5.1 The Construction of an Expression Vector to Analvse MuIFNa^ Promoter Activity in 

Homologous Cells

A cloning strategy was devised to a) construct a suitable expression vector for the 

routine monitoring of MuIFNoq gene promoter activity in mouse L —929 cells by linking 

it to a reporter gene (cat), and b) afford intermediates which could serve the dual 

purpose of being both the source of a promoter module and the substrate for planned in 

vitro site directed mutagenesis studies (Chapter 6 ).

A convenient restriction fragment encompassing the prospective polyrI.rC regulatory 

elements of the MuIFNoq gene promoter was identified. To facilitate manipulation of the 

promoter, flanking heterologous restriction sites were introduced which allowed shuttling
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of the promoter module between Ml 3 (for site directed mutagenesis and sequencing) and 

a promoterless CAT gene plasmid.

Identification of a MuIFNcq Promoter Containing DNA Fragment

To help identify the MuIFNaj gene promoter, the primary nucleotide sequence 

upstream of the MuIFNoq gene was aligned and compared with the well characterised 

HuIFNcq gene promoter. Inspection of the restriction map for pGSl (Shaw et û/,1983) 

revealed a HindUl fragment encompassing MuIFNcq promoter sequences. Published 

sequencing data (Shaw et al, 1983) showed that this extended 52bp into the untranslated 

gene leader sequence and 188bp 5' to the transcription initiation site.

Figure 5.1 shows a comparison of the nucleotide sequence of this 241 bp Hmdlll 

fragment with the 204bp of the HuIFNoq gene which contains a virus inducible promoter 

(Ragg and Weissmann, 1983). Identical domains of 17bp ( —4 to +12) and llb p  ( —35 to 

—25) are apparent, encompassing both the transcription initiation site and a variant of 

the common RNA polymerase II promoter TATA box element (Corden el al, 1980) 

respectively. Overall 71 bp substitutions occur within the 204bp region compared, 

demonstrating 65% homology between these sequences.

Thus, the extent of homology strongly suggested the HindUl fragment included 

sequences required for virus induction of the MuIFNoq gene promoter. An early objective 

of this study, therefore, ^ s  to determine by direct experimental demonstration that this 

sequence also contained the information required for polyrI.rC regulation of the MuIFNaj 

gene promoter.

Construction of a MuIFNa^ Promoter cat Hvbrid Gene

The strategy adopted to construct a MuIFNaj promoter/cat gene hybrid for IFN 

gene regulation studies, illustrated in Figure 5.2, utilised the plasmid vector p22 (gift 

from Dr. J . Lang). This plasmid possesses unique Sst\ and BamYU sites allowing insertion 

of promoter fragments 5 ' to a modified cat gene, flanked by a 3 ' HSV—2 polyA signal 

sequence, AAT AAA (Proudfoot and Brownlee, 1976), suitable for expression studies in 

mammalian cells (Fig.5.3B).



FIGURE 5 .1  C om parison  o f  th e  5* F la n k in g  S eq u en ces  o f  th e  MuIFNa^ Gene 

w i th  th e  HuIFNot Gene P ro m o te r  

The p r im a ry  n u c l e o t id e  se q u e n c e  o f  th e  MuIFNa^ gene H i n d l l l  fragment 

( -1 8 8  to  +52) i s  i l l u s t r a t e d .  B elow , th e  c o r r e s p o n d in g  n u c le o t id e s  of 

a v a i l a b l e  HuIFNa^ gene p ro m o te r  s e q u e n c e  a r e  com pared . A s in g l e  space 

h a s  b e e n  in c o r p o r a t e d  w i t h in  th e  MuIFNa^ gene se q u e n c e  to  ac h ie v e  the 

b e s t  a l ig n m e n t .  C o n se rv ed  n u c l e o t id e s  b e tw e e n  th e  two p ro m o te rs  are 

i n d i c a t e d  b y  a  d a sh  ( - )  i n  th e  HuIFNa^ gene se q u e n c e . Nucleotide 

s u b s t i t u t i o n s  a r e  shown u s in g  th e  c o n v e n t io n a l  sy m b o ls . The TATA box and 

t r a n s c r i p t i o n  i n i t i a t i o n  s i t e s  (CAP) a r e  u n d e r l i n e d .  R e p e a t sequences 

im p l ic a te d  i n  v i r a l  in d u c t io n  o f  th e  HuIFNa^ gene p ro m o te r  a re  shown 

u n d e r l i n e d  and  o v e r l i n e d  (R l , Rl* , R2 an d  R 2 ' ; R y a ls  e t  a l ,  1985), the 

c o r r e s p o n d in g  MuIFNa^ gene se q u e n c e s  a r e  a l s o  u n d e r l i n e d  and  o v e rlin e d , t 

C to  T t r a n s v e r s i o n  i d e n t i f i e d  from  s e q u e n c in g  a n a l y s i s  ( s e e  sequence of 

Shaw e t  a l ,  1 9 8 3 ) .
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FIGURE 5.2 STRATEGY FOR THE CONSTRUCTION OF A MuIFNal PROMOTER cat GENE.
Striped box = MuIFNn% promoter, open box - cat gene and filled box 

HSV-2 PolyA. Only essential restriction sites are shown



FIGURE 5 .3  R e s t r i c t i o n  Mans o f  M13thp10. mPWT. mPOPP. p 22. pCPWT. pCOPP. 

p41 and  p43

P a r t i a l  r e s t r i c t i o n  maps o f  M13mplO an d  p22 f o r  BamHI, B s tN I, BcoRI, 

PvxiII an d  S s t I  r e s t r i c t i o n  e n d o n u c le a s e s  a r e  i l l u s t r a t e d .  D e r iv a t iv e s  of 

t h e s e  c o n ta in  i n s e r t i o n s  a t  p o s i t i o n  X : . The i n s e r t i o n  X, and the 

c o r r e s p o n d in g  c o n s t r u c t s  c r e a t e d  a r e  shown. T hese  a r e  n o t  draw n to  the 

same s c a l e .

A) Shows th e  r e s t r i c t i o n  maps o f  M13mplO, mPWT and  mPOPP, ind icating  

th e  B stN I an d  EcoRI s i t e s  u s e d  to  o r i e n t a t e  th e  S s t l /B a n M l  MuIFNa^ gene 

p ro m o te r  m odu le .

B) Shows th e  r e s t r i c t i o n  maps o f  p22 ,  pCPWT an d  pCPOPP. The c a t  gene 

c o d in g  and  po lyA  r e g io n s  o f  p22 a r e  shown a lo n g  w i th  th e  B stN I and FcoRI 

s i t e s  u s e d  to  o r i e n t a t e  th e  S s t l / B a n B l  MuIFNa^ gene p ro m o te r  m odu le .

C) Shows th e  HSV-1 t k  and  Mo-MuSV LTR p ro m o te r  f ra g m e n ts  p re s e n t in 

th e  p22 d e r i v a t i v e s  p41 and  p 4 3 .
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A MuIFNcq gene Sstlf BamHL promoter module for cloning into p22 was 

constructed by subcloning the 241 bp HindTJl fragment from pGSl into the Smal site of 

M13mpl0, which is flanked by SstI and BamlU recognition sequences. For this purpose 

the 241 bp pGSl Tfindlll fragment was isolated by polyacrylamide gel electrophoresis 

(P.A.G.E.), the cohesive termini generated by restriction enzyme digestion end—repaired 

with DNA polymerase I (Chapter 2) and the blunt ends generated ligated to Smal 

digested M13mpl0 R.F. DNA. Completion of the end—repair reaction was monitored by 

incorporation of [ a —̂ ^PJdTTP into the DNA. As dTTP is the last base to be introduced 

in the repair of Hm dlll digested DNA, Cerenkov counting of incorporated [a —̂ ^P] 

dTTP was performed, indicating that the majority of DNA molecules had been 

end—labelled and hence possessed blunt ended termini. Ligated DNA was transfected into

E.coii JMIOI. R.F. M l3 phage DNA prepared from eight colourless plaques, digested 

with SstI/Bam H I, and analysed by P.A.G.E., released a 257bp fragment in each case. 

This suggested the 241 bp Hindlll fragment had been inserted in Ml 3. The orientation of 

the promoter fragment was determined by EcoRI/ BstNI double digests and P.A.G.E. This 

demonstrated that four recombinant phage were likely to contain the HtndlXI promoter 

fragment in each of the two possible orientations (corresponding to mPWT and mPOPP; 

Fig.5.3A).

The structure and orientation of the promoter inserts were confirmed by sequencing 

a recombinant for both mPWT and mPOPP. This unequivocally demonstrated that the 

desired recombinant phage had been isolated, although a single C to T transversion at 

position —179 (Fig.5.1), relative to the published sequence (Shaw et al, 1983), was 

identified. This has subsequently been confirmed in the primary nucleotide sequence of 

the MuIFNcq gene described by Kelley and Pitha (1985). Phage mPWT satisfies the 

criteria discussed previously, being suitable for site directed mutagenesis (Zoller and 

Smith, 1983), sequencing and routine orientation dependent cloning of the promoter 

module into p2 2 .

To complete the construction of vectors carrying MuIFNcq promoters coupled to the 

cat gene the Sstlf BamHl promoter modules were excised from mPWT and mPOPP, 

ligated to Sstl/BamHl digested p22, and transformed into E.coii JA221. Plasmid DNA
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prepared from eight ampicillin resistant colonies for each ligation were digested with 

Sstlf BamHl and analysed by P.A.G.E. This revealed that approximately 75% and 25% 

of the colonies examined from each transformation, contained recombinant plasmids with 

the promoter module inserted. Thus, plasmids designated pCPWT and pCPOPP (Fig.5.2) 

had been created. Again the restriction maps for these plasmids (Fig.5.3B) were 

confirmed by EcoRI/ EffNI double digests and P.A.G.E.

Through this work two vectors have been produced which are suitable for the 

investigation of MuIFNcq gene promoter transcriptional control of a heterologous gene, 

the product of expression, CAT, being readily assayed in both transiently and stably 

transfected mammalian cells (Gorman et al, 1982; 1983). The intermediate construct, 

mPWT, is also an appropriate species for site directed mutagenesis (Chapter 6 ).

5.2 Expression of the Heterologous CAT Gene from the MuIFNcg Promoter in Mouse

L -9 2 9  Cells

To monitor in vivo regulation of CAT production from the MuIFNcq gene promoter 

it was necessary to introduce pCPWT and pCPOPP into mammalian cells. Two

alternative procedures, involving transient and stable transfection were adopted. L —929 

cells were chosen for these studies as they have been employed extensively in DNA

transfection studies (Fujita et al, 1985) and their endogenous IFN genes are readily 

induced by polyrI.rC (Trapman et al, 1979). Therefore, prior to analysing expression of 

the transfected MuIFNcq gene promoter/caf genes it was necessary to establish conditions 

for DNA transfection and polyrI.rC induction in L —929 cells.

Transient Expression of CAT in Mouse L —929 Cells

Transient expression of CAT was adopted to optimise the conditions for DNA 

uptake by L —929 cells for both transient and stable transfection protocols. To investigate 

the transient expression of CAT in L —929 cells, the p22 derivatives p41 and p43 

(Fig.5.3) were used (gifts of Dr. J. Lang). These plasmids should direct constitutive CAT 

gene expression from the H SV -I tk (McKnight and Gavis, 1980) and M o-M SV LTR 

(Kreigler and Botchan, 1983) promoters respectively.
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Firstly, p41 was introduced into L —929 cells by incubating them with a DNA/CaPO^ 

C O — precipitate (Wigler et al, 1979) for 4hrs or 24hrs and CAT activity assayed 48hrs 

post—transfection. Cells exposed to p41 for 24hrs produced higher CAT activity than 

those exposed for 4hrs (Fig.5.4 A;B), suggesting increased DNA incorporation. It has 

been reported that the addition of a 2 min glycerol treatment (2 0 %) immediately after 

exposure of cells to the DNA/CaPO^ co—precipitate increases uptake. This was 

investigated in a parallel study, which suggested CAT activity and hence DNA uptake is 

enhanced after 4hrs only (Fig.5.5). Transient expression can also increase up to 72hrs 

post transfection (Lopata et al, 1984), but no significant improvement was observed when

this was attempted (data not shown).

Prior to this study CAT expression from neither p41 nor p43 had been investigated 

(Dr J . Lang, personal communication). Detection of CAT production from p41 in L —929 

cells required long exposures (legend to Figs. 5.4 and 5.5), suggesting either poor DNA 

uptake or poor promoter activity. Moreover, when CAT activity was seen it was not

substantially elevated over that detected for the promoterless plasmid p22. Subsequently, 

many transient expression assays performed with p43 in L —929 cells, produced 

reproducibly high CAT activity which unlike p41 was observed in the absence of

detectable promoterless CAT production (Fig.5.6 ). Thus, the low CAT production 

observed with p41 is probably attributable to weak promoter activity in these cells.

From this pilot study it was concluded that suitable conditions for transient assay

studies in L —929 cells had been established. The most suitable conditions for DNA

uptake required the incubation of L —929 cells with the DNA/CaPO^ co—precipitate for 

24hrs. These conditions have, therefore, been used in all subsequent transient and stable 

transfection studies.

Expression of CAT in Stablv Transfected L929 Cells

Stably transfected cells provided an alternative to transient expression for analysing 

gene activity. Preliminary experiments were performed to demonstrate both stable

transfection and CAT expression in L —929 cells. Constitutive expression of CAT in 

mammalian cells stably transfected with pSV2cat had been reported (Gorman et al.



FIGURE 5 .4  T r a n s i e n t  CAT A ssay s w i th  p41 i n  L -929 C e l l s

T r a n s i e n t  CAT a s s a y s  w ere  p e rfo rm e d  a s  d e s c r ib e d  i n  C h a p te r  2. Cells 

w ere  in c u b a te d  w i th  th e  DNA/CaPO^ c o - p r e c i p i t a t e  f o r  4 h r s  (A) o r 24hrs 

(B) , a f t e r  w h ich  th e  medium was r e p l a c e d  w i th  F.G.M.  C e l l s  w ere  harvested 

4 8 h rs  p o s t - t r a n s f e c t i o n  an d  CAT a s s a y s  p e rfo rm e d  w i th  SOjil o f  extract 

u s in g  IjtiCi o f  ^ ^ C -c h lo ra m p h e n ic o l /a s s a y  f o r  2 h r s  (C h a p te r  2 ) .  T.L.C was 

p e rfo rm e d  i n  9 5 : 5  C h lo ro fo rm : M e th a n o l. The s o lv e n t  f r o n t  was allowed to 

m ig r a te  10cm from  th e  o r i g i n .  A u to ra d io g ra p h y  was p e rfo rm e d  f o r  6 days 

u s in g  F u j i  RX f i lm .

a )  20pg sa lm on  sperm  DNA

b ) 10/Ag p22 +10/tg sa lm on  sperm  DNA

c ) lOjjLg p41 +10pg M « II

d) P u re  CAT (P h a rm a c ia )

e )  ^ ^ C -c h lo ra m p h e n ic o l o n ly  

0 : O r ig in

C: ^^C- c h lo ra m p h e n ic o l  

I ’A: c h lo ra m p h e n ic o l - 1 - a c e t a t e  

3*A: c h lo r a m p h e n ic o l - 3 - a c e t a t e  

1 ' 3 ' D i A :  c h lo ra m p h e n ic o l- 1 , 3 - d i a c e t a t e
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FIGURE 5 .5  T r a n s i e n t  CAT a s s a y s  w i th  p 41  i n  L -929 C e l l s

See le g e n d  to  F i g . 5 .4 .  A f t e r  th e  c e l l s  h a d  b e e n  in c u b a te d  with thej 

DNA/CaPO^ CO- p r e c i p i t a t e  f o r  4 h r s  th e  c e l l s  w ere  in c u b a te d  fo r  2niins in] 

20% g l y c e r o l ,  th e n  w ashed  and  th e  medium r e p l a c e d  w i th  F.G.M.
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FIGURE 5 .6  T r a n s i e n t  CAT A ssay s w i th  p43 i n  L -929 C e l l s

See le g e n d  to  F i g . 5 .4  e x c e p t  0 .2 p C i o f  c h lo ra m p h e n ic o l  was used

p e r  a s s a y .  F ou r In d e p e n d e n t t r a n s f e c t i o n s  w i th  p43 w ere  perform ed in 

p a r a l l e l .  L -929 c e l l s  w ere in c u b a te d  w i th  th e  DNA/CaPO^ c o -p re c ip ita te  

f o r  2 4 h rs  an d  th e  medium s u b s e q u e n t ly  r e p l a c e d  w i th  F.G.M . C e lls  were

h a r v e s t e d  an d  CAT a s s a y s  p e rfo rm e d  w i th  lO /il o f  c e l l  e x t r a c t  fo r  Ihr.

A u to ra d io g ra p h y  was p e rfo rm e d  f o r  1 2 h rs  u s in g  F u j i  RX f i lm  (A). The

s t r u c t u r e  o f  th e  c a t  gene and  f l a n k in g  se q u e n c e s  o f  p22 and  p43 are  also

shown ( B ) .

a )  P u re  CAT

b ) lO pg p22 + 10/Ag sa lm on  sperm  DNA

c) " p43 " ” p l a t e  1

II It It « p l a t e  2

2 ) II M It ti p l a t e  3

H M II II p l a t e  4
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1983). Therfore, this plasmid (gift of Dr. B. Howard) was introduced in parallel with the 

promoterless plasmid p22 into L —929 cells by co—transfection with pTCF (Grosveld et 

al y 1982), to allow for selection of stably transfected colonies in G418 (400/ig/ml). At 8  

to 14 days G418 resistant colonies were first visible, and counted after 18 days (Table 

5.1). The colonies of independent transfections were pooled for further analysis (Chapter

1), generating cell populations L —929p22 (1 and 2) and L929pSV2ca( (1 and 2) which 

should contain the plasmids p22 or pSV2cat respectively.

To determine whether these cells expressed CAT, enzyme assays were performed. 

These demonstrated readily detectable activity in L929pSV2cat cells (Fig.5.7A Lanes c 

and d) but not in L929p22 cells (Fig.5.7A Lanes a and b). Although this strongly 

suggested promoter dependent production of CAT in L—929 cells the possibility remained 

that C O — transfection of p22 into L929p22 cells had not occurred. However, Southern blot 

anal)%is verified that L929p22 cells contained p22 sequences (data not shown).

Thus, this pilot study showed that cat genes could be stably co—transfected with

pTCF to generate cell populations producing readily detectable levels of CAT in the 

expected constitutive fashion in L -9 2 9  cells. CAT production was completely dependent 

upon the presence of the SV40 early promoter upstream of the cat gene.

Induction of Endogenous IFN Gene Expression bv PolvrI.rC in Mouse L929 Cells

Finally, to characterise the production and kinetics of polyrl.rC induced IFN gene 

expression in L —929 cells, endogenous host cell IFN gene expression was investigated. 

Confluent monolayers of L -9 2 9  cells were induced with polyrl.rC (20^g/ml) in the 

presence of DEAE dextran (800/ng/ml; Trapman et aU 1979) and supernatants removed 

for IFN assays. These were kindly performed by Dr. A. Morris (Warwick University). 

The results showed optimal IFN titres of 30,000 to 40,000 U/ml were obtained 15 to 24

hrs post—induction. Thus, these results established that IFN production could be

efficiently induced by polyrI.rC/DEAE dextran (polyrl.rC) in confluent monolayers of 

L -929 cells.



TABLE 5 .1  Number o f  C o lo n ie s  O b ta in e d  by  C o - t r a n s f e c t i o n  o f  p22 o r  

pS V 2cat w i th  pTCF i n  L-929 C e l l s

P la sm id  (10^g> dTCF ( l u z )  C e l l  P o p u la t io n  C o lo n ie s /D is h

1) p22 L929p22i 150

2) p22 L929p222 110

1) pSV2CAT L929pSV2CATi 100

2) pSV2CAT L929pSV2CAT2 150

1) SS DNA

2) SS DNA

A t o t a l  o f  20 fig o f  DNA, was added  to  10^ L -929 c e l l s  a s  a  

DNA/CaPO^ c o - p r e c i p i t a t e  (C h a p te r  2) and  in c u b a te d  f o r  24 h r s  

b e f o r e  r e p l a c i n g  w ith  f r e s h  medium. G418 (4 0 0 ^g /m l) s e l e c t i o n

was i n i t i a t e d  2 4 h rs  l a t e r  and  th e  medium r e p l a c e d  e v e ry  3 days 

t h e r e a f t e r .  G418 r e s i s t a n t  c o lo n ie s  w ere  c o u n te d  18 days p o s t  

t r a n s f e c t i o n .

1) T r a n s f e c t i o n  1

2 ) " 2



FIGURE 5 .7  CAT E x p re s s io n  i n  L -929 C e l ls  S ta b lv  T r a n s f e c te d  w ith  vSV2cat 

See le g e n d  to  F i g . 5 .6 ,  e x c e p t  ^ ^ C -c h lo ra m p h e n ic o l was from  N.E.N. Ihr 

CAT a s s a y s  w ere  p e rfo rm e d  on lOfil  a l i q u o t s  o f  c e l l  e x t r a c t s  p repared  from 

c o n f lu e n t  m o n o la y e rs  o f  L -929 c e l l  p o p u la t io n s  s t a b l y  t r a n s f e c te d  with 

p22 o r  pSV 2cat ( s e e  le g e n d  to  T a b le  5 . 1 ) .  A u to ra d io g ra p h y  was performed 

f o r  1 2 h rs  w i th  Fuj i  RX f i lm  (A ) . The s t r u c t u r e  o f  th e  c a t  gene and 5' 

f l a n k i n g  se q u e n c e s  o f  p22 an d  pS V 2 ca t, i n d i c a t i n g  th e  SV40 early 

p ro m o te r ,  s p l i c e  and  polyA  s e q u e n c e s , a r e  a l s o  shown ( B ) .

a )  L 929p22i

b )  L929p222

c )  L929pSV 2catx

d) L929pSV 2cat2
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Transient Expression of CAT from the MuIFNoq Promoter

The MuIFNcq gene promoter activity was then examined, initially by transient 

transfection of pCPWT. L929 cells were transfected as described previously. Transfected 

cells were induced 24hrs post—transfection with polyrl.rC and CAT assays performed 

after a total of 48hrs. However, this assay proved unsatisfactory. Very low levels of CAT 

production were observed in polyrl.rC induced cells. The major conclusion, derived from 

a series of transient transfection experiments, was that this assay was incompatible with 

efficient polyrl.rC mediated activation of IFN gene expression.

Expression of CAT from the MuIFNcq Promoter in Stablv Transfected L929 Cells

In view of the problems experienced studying polyrl.rC regulated expression from

the MuIFNcq gene promoter in transiently transfected cells, stable transfection studies

were undertaken. Six independentiy derived cell populations were generated by 

C O —transfection of pCPWT or pCPOPP with pTCF, as described previously, creating 

L —929pCPWT (1 to 3) and L929CPOPP (1 to 3) cells populations respectively. The 

number of colonies obtained and pooled per population are shown in Tabie 5.2.

Preliminary characterisation of these populations were undertaken to establish that 

pCPWT and pCPOPP sequences had been incorporated into the L —929 cell genome.

Therefore, Southern blot analysis of Sstlf H indm  digested DNA, prepared from 

L929pCPWTj and L929pCPOPP% ceüs, was performed using the l,163bp SstH HindlH

MuIFNcq promoter/cûï gene insert of pCPWT as probe (Fig.5.8B). As shown in Figure 

5.8 A (Lanes 1 and 2), DNA derived from these cell populations but not L —929 cells 

(Fig.5.8 A Lane 3) contained a l,163bp SstH Hindim  hybridising fragment which 

comigrated with the pCPWT DNA marker (Fig.5.8 A Lane 4), thus demonstrating that 

they contained unrearranged copies of the MuIFNcq promoter/cat gene DNA sequences.

An additional hybridising band of approximately 1050bp was also observed in this 

analysis in both transfected and non—transfected cells. This band has been seen in other 

Southern blot analyses described in these studies using the cat gene probes, including 

those lacking MuIFNcq gene promoter sequences. Thus, it is likely that either sequences 

within the cat gene or 3* HSV—2 poiyA region are complementary to sequences within



TABLE 5 .2  Number o f  C o lo n ie s  O b ta in e d  by  C o - t r a n s f e c t i o n  o f  pCPWT o r  

pCPOPP w ith  pTCF, i n  L -929 C e l l s

P la sm id  (10/ig) pTCFCl^g) C e l l  P o p u la t io n  C o lo n ie s /d is h

1) pCPWT L929pCPWTi 400

2 ) L929pCPWT2 40

3) L929pCPWT3 200

1) pCPOPP

2)

+ L929pCP0PPi

L929pCPOPP2

140

100

3) L929pCPOPP3 50

1) SSDNA

2 )

3)

See le g e n d  to  T a b le  5 .1

1) T r a n s f e c t io n  1 , 2) T r a n s f e c t io n  2 and  3) T r a n s f e c t i o n  3



FIGURE 5 .8  S o u th e rn  B lo t  A n a ly s is  o f  L929pCPWT^ and  L929pCPOPP|^ C e lls

10/tg sa m p les  o f  S s t l / H i n d l l l  d i g e s t e d  genom ic DNA p r e p a r e d  (Chapter

2) from  L929pCPWTi, L929pCP0PPi ( s e e  T a b le  5 .2 )  an d  L -929 c e l l s  were 

lo a d e d  o n to  a  0.8% a g a ro s e  g e l  an d  ru n  o /n  a t  25V. The DNA was

t r a n s f e r r e d  to  G e n e S c ree n P lu s^ ^  (NEN) an d  h y b r i d i s a t i o n  perform ed in

5XSSPE, 1% SDS an d  10% d e x t r a n  s u lp h a te  a t  65®C (C h a p te r  2) u sin g  the

o l i g o - l a b e l l e d  1163bp S s t l / J f i n d l l l  MuIFNo]^ p r o m o te r / c a t  gene in s e r t  of 

pCPWT (B) a s  p ro b e  (5XlO®cpm/jiig o f  DNA). The f i l t e r  was washed in

0 . lXSSC/2%SDS a t  65®C and  a u to r a d io g r a p h y  p e rfo rm e d  a t  -70*C f o r  12hrs 

u s in g  F u j i  RX f i lm  w i th  a n  i n t e n s i f y i n g  s c r e e n  (A ). The 1063bp 

h y b r i d i s i n g  f ra g m e n t i s  i n d i c a t e d  b y  an  a rro w .

1) lOfig L929pCP0PPi S s t l / H i n d l l l  D ig e s te d  DNA

2) " L929pCPWTi " " "

3) " L -929 " t. H

4 ) Ip g  pCPWT
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L-929 cell DNA.

To investigate the functional activity of the MuIFNcq gene promoter in stably 

transfected cells, cat gene expression was monitored. Confluent monolayers of 

L929pCPWT (1) and L929pCPOPP (1 to 3) cell populations were induced with polyrl.rC 

under optimum conditions defined previously. As expected, CAT production was readily 

detectable in L929pCPWT (1) cells 24hrs post-induction (Fig.5.9A Lane c) but not in 

the absence of the inducer (Fig.5.9A Lane b). Furthermore, all three L929pCPWT cell 

populations examined responded reproducibly to induction (see below). However, with the 

MuIFNcq gene promoter in the reverse orientation (pCPOPP) or in its absence (p22; not 

shown), CAT production was not detectable either in the presence or absence of the 

inducer (Fig.5.9 Lanes d,e,f,g,h and i).

Thus, the production of CAT in L -9 2 9  cells stably transfected with pCPWT and 

pCPOPP has been demonstrated to be completely dependent both upon the MuIFNa^ 

gene promoter being in the correct orientation and upon induction with polyrl.rC.

Therefore, the 241 bp HindUI fragment extending from —188 to +52 (relative to the

transcription initiation site) appears to contain all the necessary information to enable it 

to respond in the same manner to induction as endogenous IFN genes. Physiologically 

relevant studies of the MuIFNcq gene promoter function can, therefore, be made with 

pCPWT related plasmids stably introduced into L -9 2 9  cells.

Quantitation of PolvrI.rC Induced CAT Expression in Stablv Transfected Cell Populations 

To investigate the inducibility and reproducibility of CAT expression in the 

independently derived cell populations L929pCPWT 1 to 3, polyrl.rC regulated activation 

of CAT production from the MuIFNcq gene promoter v%s quantified. For this purpose 

time course CAT assays were performed on non—induced and induced cell extracts. The 

rate of acétylation was then quantitated by scintiliation counting of the acetylated and 

non—acetylated species of ^^C—chloramphenicol (Chapter 2). Figure 5.1 OA shows a

typical time course of CAT enzyme activity and in Figure 5.1 OB the rate of

accumulation of acetylated ^^C—chloramphenicol with incubation time, derived from this 

assay, is plotted. This plot is clearly linear. It is, therefore, possible to obtain a



FIGURE 5 .9  P o lv r I . r C  In d u c e d  CAT P r o d u c t io n  i n  L -929 C e l l s  S ta b lv  

T r a n s f e c te d  w i th  oCPWT o r  pCPOPP

C o n f lu e n t  m o n o la y e rs  o f  c e l l  p o p u la t io n s  (One 9cm 

p e t r i - d i s h / p o p u l a t i o n )  w ere  in d u c e d  w i th  p o l y r l . r C  a s  d e sc r ib e d  in 

C h a p te r  2 . C e l l s  w ere  h a r v e s t e d  2 4 h rs  p o s t - i n d u c t i o n  an d  CAT assays 

p e rfo rm e d  w i th  5 0 p l o f  e x t r a c t  f o r  7 h r s .  A u to ra d io g ra p h y  was performed 

f o r  1 2 h rs  (A ). N o n -in d u ce d  ( - )  c e l l s  w ere  t r e a t e d  w i th  DMEM + 2% F.C.S 

o n ly  (m a ite n a n c e  m ed ium ). In d u c e d  c e l l s  (+ ) w ere  t r e a t e d  w ith  20mg/ml 

p o l y r l . r C  and  800/ig /m l DEAE d e x t r a n  f o r  8 h r s ,  w ashed  and  in c u b a te d  for a 

f u r t h e r  1 6 h rs  i n  m a in te n a n c e  medium. The s t r u c t u r e  o f  th e  c a t  gene and 

f l a n k i n g  s e q u e n c e s  o f  pCPWT an d  pCPOPP a r e  a l s o  i l l u s t r a t e d  ( B ) .

a )  ^ ^ C -c h lo ra m p h e n ic o l

b )  L929pCPWTi -

c )  +

d) L929pCP0PPi -

e )  " +

f )  L929pCPOPP2 -

g) " +

h )  L929pCPOPP3 -

i )  " +
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quantitative estimate of CAT activity in terms of cpm  ̂ —chloramphenicol—3 —acetate

produced/min/mg protein in cell extracts. In this way CAT production was compared in 

independent cell populations.

A comparison of CAT production in induced L929pCPWT cell populations is shown 

in Table 5.3. These data indicated that CAT production could vary by upto 50% in 

separate inductions of either the same or different cell populations. A similar analysis 

undertaken in an attempt to assess CAT production in non—induced L929pCPWT cells 

proved difficult. Although assays were performed over eight hours, in some cases activity 

remained below the threshold of detection. This was a frequent difficulty also experienced 

in the characterisation of MuIFNcq gene promoter mutants (Chapter 6 ). Therefore, to 

obtain a minimum estimate for the inducibility of CAT expression from the MuIFNoj 

gene promoter, an average basal level of CAT production was assumed (determined from 

all non—induced extracts assayed here and in Chapter 6 ; Table 5.3). Using this value it 

can be concluded that CAT activity is induced at least 300—750 fold from the MuIFNoj 

gene promoter by polyrl.rC in stably transfected L929 cell populations.

The inducibility of HuIFNcq and HuIFN/3 genes in heterologous mouse cells quoted 

by other workers, determined using an S—1 nuclease protection assay to quantify mRNA 

production, is approximately 100 and 400 fold respectively (Ryals et af, 1985; Zinn et af, 

1983). From the work described here, the inducibility of the MuIFNa^ gene promoter 

driving CAT expression in L -9 2 9  cells appears to be of a very similar magnitude. It 

was, therefore, concluded that the MuIFNaj gene promoter/cat system represented a 

suitable procedure for the evaluation of inducer mediated promoter mutant activity. 

However, it was felt that the variation in inducibility of both the same and different 

transfectant populations, induced independently, mean that > 5 fold changes must 

probably be achieved to allow strong conclusions to be drawn concerning their relative 

transcription efficiencies.



FIGURE 5 .1 0  G raph Show ing Q u a n t i t a t i o n  o f  C e l l u l a r  C A T_A ctivitY

A tim e  c o u rs e  a s s a y  o f  CAT a c t i v i t y  (C h a p te r  2) p e rfo rm e d  w ith  10̂ 1 

o f  p o l y r l . r C  in d u c e d  L929pCPWT c e l l  e x t r a c t  o v e r  a  p e r io d  o f  60mins is 

shown (A) . The p e r c e n ta g e  c h lo ra m p h e n ic o l  a c é t y l a t i o n  was determ ined  at 

e a c h  t im e  p o i n t  b y  s c i n t i l l a t i o n  c o u n t in g  (C h a p te r  2 ) .  The corresponding 

l i n e a r  p l o t  d e r iv e d  shows (B) th e  a c c u m u la t io n  o f  acetylated 

1 4 c _ c h lo ra m p h e n ic o l w i th  i n c u b a t io n  t im e .

The v e r t i c a l  a x i s  A= th e  % a c é t y l a t i o n / /ig o f  c e l l  p r o t e i n .

J
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TABLE 5 .3  C om parison  o f  CAT P ro d u c tio n  i n  N o n -in d u ce d  an d  P o l y r I . rC/DEAE 

D e x tra n  In d u c e d  L929pCPWT C e l l  P o p u la t io n s

C e l l  P o p u la t io n CAT A c t i v i t y  (% C h lo ra m p h e n ic o l I n d u c i b i l i t y

A c e tv la t io n /m in /^ g  T o ta l  C e l l

P r o te in )

L929pCPWTi 0 .0 3 - 0 .0 3 8 300-380

L929pCPWT2 0 .0 3 8 -0 .0 7 5 380-750

L929pCPWT3* 0 .0 5 500

U n in d u ced  (A v erag e) 1x10 -4

D u p l ic a te  t im e  c o u rs e  CAT and  p r o t e i n  a s s a y s  w ere  p e rfo rm e d  from  

in d e p e n d e n t  i n d u c t io n s  o f  e a c h  c e l l  p o p u la t io n  ( e x c e p t  * ) ,  and  r e a c t i o n  

r a t e s  d e te rm in e d  a s  d e s c r ib e d  i n  C h a p te r  2 .
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5.3 The Influence of an Enhancer on CAT Expression from the MuIFNo^ Promoter in 

L —929 cells

Previously it has been reported that mRNA production from the endogenous 

MuIFNcq gene is undetectable in L —929 cells (Kelley and Pitha, 1985b; Zwarthoff et al y 

1985). Several reasons may explain the discrepency between this endogenous expression 

data and the exogenous gene expression results described here (Section 5.2). These 

include a) the different inducers used, b) the chromosomal locations, c) different L —929 

cells d) genetic lesions or e) that despite the readily detectable inducibility of CAT 

production, the MuIFNcq gene promoter is in fact still weak relative to other MuIFNa 

gene promoters. To address the latter possibility further, the impact of a transcriptional 

activator (enhancer) upon MuIFNcq gene promoter activity has been investigated.

Insertion of the Mo—MuSV 73bp/72bp Repeat Enhancer Proximal to the MuIFNa^ 

Promoter CAT Gene Hvbrid

The Mo—MuSV 73bp/72bp repeat enhancer was chosen to assess the impact of such 

an element on polyrl.rC regulated CAT production from the MuIFNo!% promoter in 

mouse L —929 cells. This choice was based upon its high efficiency in mouse fibroblasts 

(Laimins et al y 1982).

Thus, vectors containing the Mo—MuSV virus enhancer in both orientations 

upstream of the MuIFNcq promoter/cat gene were constructed. The procedure employed 

to create plasmids containing the cat gene of p22 and the 73bp/72bp repeat Mo—MuSV 

enhancer, in pUC13, while maintaining the SstH BamHl restriction sites for the insertion 

of the MuIFNoi gene promoter module (section 5.1), is illustrated schematically in 

Figure 5.11. Inspection of the DNA sequence for this enhancer revealed a 204bp 

Sau?>A/Xbal restriction fragment (Fig.5.12A), which should be devoid of promoter 

activity (Kreigler and Botchan, 1983). This 204bp fragment was isolated from plasmid 

p43 (Fig.5.3) by P.A.G.E. and the cohesive termini were end—repaired (Chapter 2). It 

was then initially introduced into the Smal site of M13mpl0 to verify its identity by 

sequence analysis (Fig.5.12A). Subsequently it was ligated to EcoRI digested pUC13, the 

cohesive termini of which had also been end—repaired with DNA polymerase I treatment



Xbal Sau3A

p43

Sau3A/Xbal  
Isolate fragment

H i n d l l l  SsCl EcoRl

pUC13

EcoRI

m  . 1

I
End-repair
DNA Pol. I
dATF
dCTP
dGTP
dTTP

Blunt end ligation

i BamRl S s t l

A
p22

H i n d l l l

t
Sstl/Hindlll

H i n d l l l  S s t l  EcoRl Isolate fragmentH i n d l l l  S s t l  EcoRl

pCEA pCEBor

SstI/#indIII

Ligate

Bamlil S s t l  EcoRl Banùll S s t l  EcoRl

pCEA.l pCEB.lor

H i n d l l l H i n d l l l

FIGURE 5.11 STRATEGY FOR THE CONSTRUCTION OF pCEA.l and pCEB.l
Stippled box = Mo-MuSV enhancer Sau3A/Xbal fragment, Open box - ca t  

gene and filled box - HSV-2 PolyA. Only restriction sites essential to 
construction are shown.



Sau3k
10 20 

GATCAAGGTCAGGAACAGAGAG

P v u II
30 40 50 60 70 80 90

ACAGCTGAATATGGGCCAAACAGGATATCTGTGGTAAGCAGTTCCTGCCCCGCTCAGGGCCAAGAACAGATGGA

P v u II
100 110 120 130 140 150 160

ACAGCTGAAT TGGGGCAAACAGGATATCTGCGGTAAGCAGTTCCTGCCCCGCTCAGGGCCAAGAACAGATGG

170 180 190
Xbal

200
TCGCCAGATGCGGTCCAGCCCTCAGCAGTTTCTAGA

pUC13:

E n h an cer :

E nhancer :

L ig a t io n :

EcoRI
,GAATTC. . .  EcoRI AATTC, 
.CTTAAG.,. G,

Sau3A 
. GATC. . .

, . GATC. . .

Xbal  
.TCTAGA. . .  
AGATCT.. .

Sau3A GATC,

Xbal CTAGA.
T.

Sau3A/EcoRl  
. GATC AATTC.. .  

, . CTAG TTAAC. . .

End R e p a ir  AATTC 
TTAAG

End R e p a ir  GATC 
GATC

End R e p a ir  CTAGA, 
GATCT.

Xbal /E coR l  *
. . . TCTAG AATTC. . .
. . .AGATC TTAAG.. .

FIGURE 5 .1 2  P r im a ry  N u c le o t id e  Sequence o f  th e  204bp Sau3A/Xbal  Mo-MuSV 

E n h an cer F ragm en t (L a im in s e t  a l .  1982)

The p r im a ry  n u c le o t id e  se q u en ce  o f  th e  Mo-MuSV v i r u s  LTR e n h a n c e r  

f ra g m e n t u s e d  i n  th e s e  s t u d i e s  i s  i l l u s t r a t e d  (A ) . The 7 3 b p /72bp  e n h a n c e r  

r e p e a t  se q u en c e  i s  shown u n d e r l in e d .  R e s t r i c t i o n  s i t e s  f o r  P v u I I ,  Sau3A 

and  Xbal  a r e  u n d e r l in e d .  Below (B) a r e  i l l u s t r a t e d  th e  s e q u e n c e s  c r e a te d  

by e n d - r e p a i r  and  b lu n t - e n d  l i g a t i o n  o f  E coR I, Sau3A o r  Xbal  g e n e ra te d  

c o h e s iv e  t e r m in i .  B lu n t-e n d  l i g a t i o n  o f  e n d - r e p a i r e d  E co R l /X b a l  s i t e s  

r e c r e a t e s  th e  EcoRI r e c o g n i t i o n  seq u en c e  * .



95

and then transformed into E.coii JA221. One hundred ampicillin resistant colonies were 

screened by colony hybridisation (Chapter 2) using the 204bp X bal/ Sau3A enhancer 

fragment as probe. This identified 27 positively hybridising clones. Because the enhancer 

fragment contains two characteristic PvwU sites (Fig.5.12A) and the cloning procedure 

should recreate an EcoRI site at the E coR l/X bal junction (Fig.5.12B), E coRI/PvmII 

digests were performed to confirm that the plasmids designated pCEA and pCEB 

(Fig.5.11) had been created. Eight prospective recombinant plasmid DNAs examined, 

revealed six with the expected restriction pattern for pCEA and two for pCEB 

(Fig.5.13).

To complete these manipulations a 922bp Sstl/ H indlll fragment containing the cat 

gene and HSV—2 polyA sequences was excised from plasmid p22 (Fig.5.3), isolated by 

P.A.G.E., ligated to Sstl/H indU l digested pCEA or pCEB and transformed into E.coii 

JA221. Plasmid DNAs prepared from four ampicillin resistant colonies for both ligations 

were digested with Sstl/ HindUl and analysed by P.A.G.E. This revealed, in both cases, 

two out of four recombinants examined to be the plasmids designated pCEA.l and 

pCEB.l (Fig.5.11). Their restriction maps (Fig.5.13) were confirmed by EcoRI/EvwII and 

EcoRI/ BstNl double digests, analysed by P.A.G.E. Plasmids pCEAPWT and pCEBPWT 

containing the MuIFNcq gene promoter were then created by inserting the Sstl/ BamlU 

promoter module (from mPWT) into the Sstl/ BamHl site of pCEA.l and pCEB.l 

respectively. Again the restriction maps (Fig.5.13) were verified as described above.

Thus, these manipulations generated two expression vectors identical to pCPWT 

except for the presence of the Mo—MuSV enhancer in both orientations proximal to the 

MuIFNcq gene promoter.

Production of CAT from the MuIFNoj Promoter in the Presence of an Enhancer, in 

Stablv Transfected L929 Cells

The plasmids pCEAPWT and pCEBPWT were used to investigate the impact of the 

Mo—MuSV enhancer on CAT expression from the MuIFNcq gene promoter. Initially 

their expression was examined by a transient transfection assay. However, this analysis, as 

before (Section 5.2), failed to demonstrate efficient polyrl.rC mediated production of



FIGURE 5 .1 3  R e s t r i c t i o n  Maps o f  Mo-MuSV E n h an cer C o n s t ru c ts

A) Shows a  p a r t i a l  r e s t r i c t i o n  map o f  pUC13 f o r  B süN I, EcoRI, 

H i n d l l l ,  P v u I I  an d  5 s t l ,  i l l u s t r a t i n g  s i t e s  v i t a l  b o th  fo r  the

c o n s t r u c t i o n  o f  th e  e n h a n c e r  c o n s t r u c t s  an d  th o s e  im p o r ta n t  for

d e te r m in in g  th e  o r i e n t a t i o n  o f  s p e c i f i c  f ra g m e n ts  and  v e r i f y in g  the

s t r u c t u r e  o f  re c o m b in a n t p l a s m id s . D e r iv a t iv e s  c o n ta in  f ra g m e n ts  which 

h av e  b e e n  i n s e r t e d  a t  r e g io n  X.

B) Shows v i t a l  r e s t r i c t i o n  s i t e s  o f  f ra g m e n ts  in t r o d u c e d  a t  region X 

i n t o  pUC13 to  c r e a t e  th e  d e r i v a t i v e s  pCEA, pCEA .l an d  pCEAPWT. The 

Sau3A/Xhal  204bp e n h a n c e r  f ra g m e n t was in t r o d u c e d  i n t o  th e  EcoRI s i t e  of 

pUC13, r e c r e a t i n g  th e  EcoRI s i t e  a t  th e  X ba l /E c dR l  j u n c t i o n  (F ig . 5.13), 

t o  p ro d u c e  pCEA. S u b s e q u e n tly  th e  S s t l / E i n d l l l  c a t  gene f ra g m e n t from p22 

was i n t r o d u c e d  to  c r e a t e  pC E A .l. F i n a l l y  th e  S s t l /B a n M l  MuIFNo]^ gene 

p ro m o te r  m odule from  mPWT was in t r o d u c e d  to  p ro d u c e  pCEAPWT.

C) As f o r  B) b u t  w i th  th e  e n h a n c e r  i n  th e  o p p o s i t e  o r i e n t a t i o n .  

R e s t r i c t i o n  maps i n  B) and  C) a r e  n o t  draw n to  th e  same s c a l e  a s  pUC13 in 

A ).

J
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CAT in L -929  ceUs.

Subsequently, their expression was examined in stably transfected L —929 cells. The 

stably transfected cell populations listed in Table 5.4 were, therefore, generated by 

C O — transfection of the corresponding plasmids with pTCF as described previously.

CAT production in these cell populations was analysed using the polyrI.rC induction 

conditions defined previously. Surprisingly, a comparison of induced CAT production in 

cell populations containing pCPWT or pCEBPWT revealed approximately equal levels of 

expression in both cases (Fig.5.14 Lanes c, and e). Similar results were obtained with 

the enhancer in the opposite orientation (see below). Interestingly, non—induced CAT 

production was not readily detectable in these cell populations or in induced or 

non—induced cell populations containing the promoterless constructs, pCEA.l and pCEB.l 

(Fig.5.14 Lanes b,d,f,g,h and i).

Thus, the MuIFNcq gene promoter is still activated in a regulated manner even in 

the presence of the Mo—MuSV enhancer in either orientation. The enhancer, therefore, 

has had no detectable influence on polyrI.rC mediated MuIFNoq gene promoter activity.

To evaluate the impact of this enhancer on the MuIFNoj gene promoter activity 

quantitative evaluation of CAT production in non—induced and induced cells containing 

pCEAPWT (L929pCEAPWT 1 and 2) and pCEBPWT (L929pCEBPWT 1 and 2) were 

made in parallel to the studies described with the enhancerless MuIFNoij gene promoter 

(L929pCPWT 1 to 3). A plot of typical quantitative CAT assays performed are illustrated 

in Figure 5.15, which shows a comparison of CAT production from the MuIFNcq gene 

promoter in the presence and absence of enhancer sequences. The results are summarised 

in Table 5.5. Thus, perhaps rather surprisingly, neither the presence nor absence of the 

Mo—MuSV enhancer appeared to have an effect on the maximal levels of polyrI.rC 

mediated CAT production in L —929 cells, 24hrs after induction. This enhancer, 

therefore, does not appear to potentiate the strength of the MuIFNoii gene promoter.

However, when the levels of non—inducible expression from the MuIFNo:% gene 

promoter in the presence of this enhancer were examined, a reproducible elevation of 

CAT production was observed (Figure 5.15B: Table 5.5). A minimum estimate of a 2 to 

5 fold increase in basal CAT production was obtained. The elevation of basal expression



TABLE 5 .4  Number o f  C o lo n ie s  O b ta in e d  b y  C o - t r a n s f e c t i o n  o f  pC E A .l, 

pCEAPWT, pC E B .l, o r  pCEBPWT w ith  pTCF, i n  L-929 C e l ls

P la s m id ( 10/Ag) p T C F d ^ g l C e l l  P o p u la t io n  C o lo n ie s /d is h

1) pCEA.l

2 )

L929pC EA .li

L929pCEA.l2

110

440

1) pCEAPWT

2 )

L929pCEAPWTi

L929pCEAPWT2

120

100

1) pCEB.l

2 )

L 929pC E B .li

L929pCEB.l2

110

160

1) pCEBPWT

2 )

L929pCEBPWTi

L929pCEBPWT2

270

80

1) SS DNA

2 )

See le g e n d  to  T a b le  5 .1



FIGURE 5 .1 4  P o ly r I . r C  In d u ced  CAT P ro d u c tio n  i n  L-929 C e l ls  S tab ly  

T r a n s f e c te d  w ith  nCPWT. nC EA .l. nCEB.l and pCEBPWT 

See le g e n d  to  F ig . 5 . 9 .  A u to ra d io g ra p h y  was p e rfo rm e d  f o r  12hrs using 

F u j i  RX f i lm  (A).  The s t r u c t u r e  o f  th e  c a t  gene and  f la n k in g  sequences of 

pCPWT, pC E A .l, pCEB.l and pCEBPWT a re  a ls o  i l l u s t r a t e d  ( B ) . PolyrI.rC 

in d u c e d  ( +) ,  n o n -in d u c e d  ( - ) .

e)  L929pCEBPWT +

f )  L929pCEA.l -

jg) " +

h ) L929pCEB.l -

i )  " +

a) ^ ^ C -ch lo ram p h e n ic o l

b ) L929pCPWTi -

c ) " +

d) L929pCEBPWT -
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caused a reduction in inducibility of 300 to 750 fold (pCPWT) to 80 to 200 fold 

(pCEAPWT and pCEBPWT).

Thus, the Mo—MuSV enhancer appeared to increase basal gene expression from the 

MuIFNcq gene promoter 2 to 5 fold. Although CAT assays suggested that the enhancer 

is devoid of promoter activity (Fig.5.14 Lanes f,g,h and i), the possibility remained that 

these cells did not contain pCEA.l or pCEB.l sequences. To prove this was not the 

case Southern blot analysis was performed using the 922bp BamHlI HindJH cat gene 

insert of p22 as probe, demonstrating that L929pCEA.l and L929pCEB.l cell 

populations contained the 922bp Sstlf HindJQ. promoterless cat gene sequences of pCEA.l 

and pCEB.l (Fig.5.16 Lanes 1 and 2). The 1050bp SstH HindUl L —929 DNA hybridising 

fragment, described previously, was also observed.

Thus, in the presence of the Mo—MuSV enhancer regulated activation of CAT 

expression from the MuIFNoq gene promoter is maintained, although basal expression is 

elevated. These observations may be interpreted in several ways. The inability to increase 

CAT production suggests that the promoter is fully activated by polyrI.rC, and enhancer 

sequences are unable to increase expression further. Alternatively, the enhancer may not 

be functioning as expected, although elevated basal gene expression and data to be 

presented in Chapter 7 strongly suggest the 204bp Sau3AI Xbal fragment does retain 

enhancer—like properties. It is intriguing that regulated promoter function is maintained 

with an enhancer. One possible interpretation would be that the MuIFNoij gene promoter 

is suppressed in the non—induced state, preventing any upstream transcriptional activator 

sequences from functioning. Such possibilities will be discussed further in Chapter 8 .

The inability of the enhancer to further increase polyrI.rC regulated promoter 

activity suggested the induced promoter may be fully activated, contrary to the 

expectations derived from undetectable endogenous L -9 2 9  MuIFNcq gene expression 

observed by others (Kelley and Pitha, 1985; Zwarthoff et al, 1985). Obviously firm 

conclusions regarding the strength of the MuIFNoj gene promoter relative to other 

MuIFNa gene promoters would require a direct comparison, perhaps employing this CAT 

expression system. The possibility still remains that the discrepency between published 

results on endogenous IFNoi% expression and these reports on the behaviour of an



FIGURE 5 .1 5  G raph Showing a  C om parison  o f  CAT P r o d u c t io n  from  th e  MuIFNq]̂ 

Gene P ro m o te r  i n  th e  P re s e n c e  and  A bsence o f  th e  Mo-MuSV 

E n h an cer 

See le g e n d  to  F i g . 5 .1 0 .

A) P a r a l l e l  t im e  c o u rs e  CAT a s s a y s  o f  lOfil  o f  e x t r a c t  from  polyrI.rC 

in d u c e d  L -929 c e l l s  s t a b l y  t r a n s f e c t e d  w i th  th e  i n d i c a t e d  plasmid, 

p e rfo rm e d  o v e r  6 0 m in s . A— % a c e t y l a t e d  c h lo ra m p h e n ic o l  p e r  fig o f cell 

e x t r a c t .

B) P a r a l l e l  t im e  c o u rs e  CAT a s s a y s  o f  5 0 /tl o f  e x t r a c t  from 

n o n - in d u c e d  L-929 c e l l s  s t a b l y  t r a n s f e c t e d  w i th  th e  i n d i c a t e d  plasmid, 

p e rfo rm e d  o v e r  8 h r s  (C h a p te r  2 ) .  A - % a c e t y l a t e d  ^^C -ch lo ram p h en ico l per 

fig o f  c e l l  p r o t e i n .
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TABLE 5 .5  C om parison  o f  CAT P ro d u c tio n  i n  N o n -in d u ce d  and  P o l y r I . rC/DEAE 

D e x tra n  in d u c e d  L929pCEAPWT and  L929pCEBPWT

C e l l  P o p u la t io n CAT A c t i v i t y  (% C h lo am n h en ico l I n d u c i b i l i t y

A c e tv la tio n /m in /fc g  T o ta l  C e l l

P r o te i n

In d u c e d  U n in d u ced  (x lO ^)

L929pCEAPWT2 0 .0 5 4 5 .3 100

L929pCEAPWT3 0 .0 4 4 .7 90

L929pCEBPWTi' 0 .0 4 -0 .0 5 9  3 .3 - 5 .4 70-180

L929pCEBPWT3 0 .0 2 5 1 .3 190

Time c o u rs e  CAT and  p r o t e i n  a s s a y s  w ere p e rfo rm e d  on e x t r a c t s  from  

in d u c e d  and  n o n - in d u c e d  c e l l  p o p u la t io n s  an d  th e  r e a c t i o n  r a t e s  

d e te rm in e d  a s  d e s c r ib e d  i n  C h a p te r  2 .

* D u p l ic a te  a s s a y s  p e rfo rm e d  from  in d e p e n d e n t  i n d u c t io n s



FIGURE 5 .1 6  S o u th e rn  B lo t  A n a ly s is  o f  L929pCEA.l2 and  L929pCEB.lo Cells 

See le g e n d  to  F i g . 5 . 8 . An o l i g o l a b e l l e d  922bp B a i M l / H i n d l l l  cat  gene 

f ra g m e n t o f  p22 (B) was u s e d  a s  p ro b e  (5xl0® cpm //ig  DNA). Autoradiography 

was p e rfo rm e d  a t  -70®C f o r  1 5 h rs  u s in g  F u j i  RX f i lm  w i th  an  intensifying 

s c r e e n  (A ) . The u p p e r  a rro w  i n d i c a t e s  th e  1163bp S s t l / H i n d l l l  pCPWT 

m ark e r  f ra g m e n t . The lo w e r a rro w  i n d i c a t e s  th e  922bp h y b r id i s in g  fragment 

i s  i n d i c a t e d  by  a n  a rro w .

1) 10/ig o f  L929pCEA.l2 S s t l / H i n d l l l  d ig e s t e d  DNA

2 ) "

3) "

4) lOOpg

L929pCEB.l2

L-929

pCPWT
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exogenous MuIFNo^^/caf gene may result from either a positional effect or a genetic

lesion of the endogenous L —929 MuIFNoii gene.

5.4 Conclusions

This study reveals that based on both comparative structural and functional studies, 

the 241 bp Hmdlll fragment from the MuIFNofi gene, identified as having significant 

homology with human IFNcq gene promoter sequences which are implicated in viral 

regulation of gene expression, can regulate the expression of the heterologous bacterial 

gene cat in stably transfected L —929 cells. In the absence of an inducer very low levels 

of CAT are produced by the hybrid gene but upon polyrI.rC treatment the MuIFNoj 

gene promoter directs efficient transcription of the cat gene. Thus, the 241 bp promoter 

fragment contains sequences required for polyrI.rC activation of gene expression in 

L —929 cells.

In contrast to studies employing stably transfected L —929 cell populations, transient 

assays failed to reveal significant MuIFNcq gene promoter activity in induced L—929

cells, even in the presence of an enhancer. In view of the demonstrable MuIFNoj 

promoter activity in vivo, the most likely explanation for this observation is that optimal 

transient expression and polyrI.rC induction protocols are probably incompatible.

Therefore, the stable transfection system has been employed to compare the 

functional activity of chimaeric constructs containing the bacterial cat gene and the 

MuIFNcq gene promoter in the presence and absence of the Mo—MuSV enhancer, in 

independent cell populations induced with polyrI.rC. Quantitative CAT assays

demonstrated that induced CAT production can vary by up to 50% in the same or 

independently derived cell populations. Surprisingly they also revealed that regulated 

promoter function is maintained in the presence of an enhancer, although a reproducible 

2 to 5 fold enhancement of basal gene expression was observed. The refractory behaviour 

of the MuIFNcq promoter to the enhancer is interesting and will be discussed further in 

Chapter 8 .

Thus, these studies have confirmed the suitability of this system for examining the 

behaviour of closely related MuIFNcq promoter mutants present in independent cell
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populations. Firm conclusions regarding the relative strength of promoters, however, 

would require ^  fold changes in activity. The major sources of the observed variation 

are likely to result from a) differences in independent cell populations and b) the 

efficiency of polyrI.rC induction. Pooling colonies significantly reduces the variation of 

independently transfected cell lines which result from random chromosomal integrations 

and variable copy number of the newly introduced genes (Chapter 1). However, variation 

in the efficiency of polyrI.rC induction, inevitably, cannot be avoided in this manner.

The CAT assay is clearly very useful for analysing IFN promoter function in 

homologous cells. The ease and relative reproducibility of CAT assays combined with a 

simple means of quantitation has demonstrated the suitability of this system for MuIFNaj 

promoter functional studies in L —929 cells.

Thus, a suitable MuIFNcq gene promoter module has been constructed which can be 

used both as a substrate for site directed mutagenesis and for expression studies when 

linked to the plasmid p22. Therefore, a system has been devised for the functional 

analysis of the MuIFNcq gene promoter, which can be employed to compare the relative 

activity of mutant derivatives present in independent cell populations. Such studies are 

described in detail in Chapter 6 .
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CHAPTER 6

STRUCTURE/FUNCTION STUDIES OF THE M uIFNg PROMOTER PART I: 

ANALYSIS OF PROMOTER MUTANTS USING THE CAT EXPRESSION ASSAY

The generation of mutants of cloned genes in vitro together with in vitro or in 

vivo expression studies (Chapter 1) has proved invaluable for investigating promoter 

function. Deletion mutagenesis, commonly exploited to define both the location and 

boundaries of functionally important elements of gene promoters, including HuIFNoj and 

HuIFNjS genes (Chapterl), has the prospective disadvantage of producing gross structural 

changes in genetic organisation. Ultimately, it will be important to identify the precise 

nucleotides contributing to promoter function. Site directed mutagenesis, a procedure for 

introducing predetermined point mutations into a cloned gene (Razin et al, 1978),

together with in vivo expression studies, provides a means to this end.

Chapter 5 described polyrI.rC mediated activation of CAT expression from the 

241 bp HindUL MuIFNaj promoter fragment ( —188 to +52) in stably transfected L -929 

cells. To investigate those sequences which might contribute to the regulation and 

strength of polyrI.rC induced IFN gene expression, mutant promoters have been 

constructed by site directed mutagenesis and their behaviour examined using the CAT

expression assay in stably transfected cell lines.

6.1 Location of Prospective Functional Sequences in Mouse IFNa Gene Promoters

Prospective functional sites in the MuIFNoj promoter were identified as potential 

targets for site directed mutagenesis. Initially to establish the probable locations of

regulatory sequences, the inter— and intra—species homology of IFNa promoter sequences 

was examined.

Primarv Nucleotide Structure of MuIFNcq Gene Promoters

Mouse IFNa is encoded by a family of genes, analogous to the HuIFNa gene family 

(Chapter 3 and 4). Both cDNA clones (Shaw et al, 1983, Kelley et al, 1983) and



101

genomic clones (Shaw et al, 1983; Daugherty et al, 1984; Zwarthoff et al, 1985; Kelley 

and Pitha, 1985a) have been isolated and seven members of the mouse IFNa gene family 

characterised in some detail. Southern blot analysis of EcoRI digested spleen DNA from 

AKR and C57 mice and NIH/3T3 cell DNA under low stringency conditions (2XSSC, 

65®C) using the MuIFNa cDNA probe, pMIF1204 (Kelley et al, 1983), revealed at least 

10 distinct hybridising fragments (Fig.6.1), strongly suggesting the existence of more than 

seven MuIFNa genes.

To identify structural features common to the IFNa gene promoters, the 5' 

sequences of six of the currently characterised mouse genes and HuIFNaj were 

compared. For this purpose the promoters were aligned with the 241 bp promoter 

sequence of the MuIFNaj gene ( —188 to +52) as described in Chapter 5 (Fig.6.2). The 

striking feature of this comparison is the degree of homology shared by these sequences. 

Within a region of 166 nucleotides from —113 to +52 (relative to the transcription 

initiation site) the intra— and inter—species homology is 75% to 93% and 63% to 70% 

respectively. Through this analysis, sequence motifs were recognised and designated 

regions I to IV (Fig.6.2). These are discussed separately below.

Region I

This highly conserved region contains a TATTTAA sequence (Fig.6.2) variant of the 

TATA box, common to many genes transcribed by RNA polymerase II (Corden et al, 

1980). This sequence, found in all currently characterised human (except IFNag, 

TTTTTAA), mouse, rat and bovine IFNa genes (Chapterl), is strongly implicated in 

promoter function. Human and mouse IFN/S genes have the better consensus sequence 

TATAA. Since 80% of polyrI.rC induced IFN production by L -9 2 9  cells is IFN|3 

(Trapman et al, 1980), the effect upon MuIFNaj promoter activity of changing this 

region to more closely resemble the consensus, like IFN/3 genes, was investigated. For 

this purpose the mutant promoter PI was constructed by site directed mutagenesis 

(Fig.6.3).



FIGURE 6 .1  S o u th e rn  B lo t  A n a ly s is  o f  Mouse DNAs w i th  pMIF1204

10/tg o f  SamHI d i g e s t e d  mouse DNAs w ere  lo a d e d  o n to  a  0.8% agarose gel 

an d  ru n  o /n  a t  25V. The DNA was t r a n s f e r r e d  to  n i t r o c e l l u l o s e  (Chapter 2) 

and  h y b r i d i s a t i o n  p e rfo rm e d  i n  5X D e n h a r d t 's  (2XSSC, 65®C o /n )  using the 

n i c k  t r a n s l a t e d  820bp P s t l  i n s e r t  from  pMIF1204 a s  p ro b e  (1x10^ cpin/|tg 

DNA). The f i l t e r  was w ashed  i n  2XSSC a t  65®C an d  autoradiography 

p e rfo rm e d  a t  -70*C f o r  14 day s u s in g  F u j i  RX f i lm  w i th  an  intensifying 

s c r e e n .

1) AKR mouse s p le e n  DNA

2) C57 " " "

3 ) ,  4 )  and  5) NIH/3T3 c e l l  DNA

6 ) Human P l a c e n t a l  DNA
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FIGURE 6 .2  C om parison  o f  Mouse and  Human IFNa Gene P ro m o te r  Sequences 

The MuIFNa2  p ro m o te r  p r im a ry  n u c l e o t id e  se q u e n c e  i s  i l l u s t r a t e d  

be lo w  i s  a l i g n e d  o t h e r  MuIFNa and  th e  HuIFNa^ gene  p ro m o te r  sequences. Gaps 

hav e  b e e n  in c o r p o r a t e d  to  a c h ie v e  optim um  hom ology . The numbering of 

n u c l e o t id e s  i s  b a s e d  on th e  MuIFNaj^ s e q u e n c e . C o n se rv ed  n u c le o tid e s  are 

d e n o te d  b y  a  d a sh  (—) . S p e c i f i c  n u c le o t id e  s u b s t i t u t i o n s  a r e  shown using 

th e  c o n v e n t io n a l  sy m b o ls . S eq u en ces  o f  p r o s p e c t iv e  f u n c t i o n a l  significance 

( d e s c r ib e d  i n  th e  t e x t )  a r e  u n d e r l i n e d  ( b o ld  ty p e )  and  l a b e l l e d  regions I 

to  IV . The TATA box  ( r e g io n  I )  an d  p r o s p e c t iv e  t r a n s c r i p t i o n  initiation 

s i t e s  (CAP) a r e  a l s o  i n d i c a t e d .



MuIFNal
MuIFNa2
MuIFNa4
MuIFNaS
MuIFNa6 ^
MuIFNaôg
HuIFNal

-180  -170  -160  -150  -140
AAGCTTT TGATGAGGACCAGTGAAAGAGGAAGCAATAATGAAAACCACAATGGTTTA

— — — — — — — ̂  — — — — Ç—C—G — CT — A— — — — — — — G — — T G—
C............... G -G -A T---G ........... - ......................................... G-
C -A -C -- G -G --T ---G ...........................................................

-C--CATCCCC-GGGG
T -T ..............G ---
T -T ..............G ---

AA- - C -A A ---T --- AGA-

-130  -120  -110  -100  -90  -80
GA AAAC ACCCAGACGCAAGCAGAGAATGAGTTAAAGAAAGTGAAAAGACAAGTGG

.............G ---A G .........................................G --T-A -
GGGAGGGGAGGGGAG--CA-- -T

- - A— -T G
- - A -- -T G

-A -- --G -. -AG------ ------ G - -T -- -

------A- -A -- --T G -- ------ A------

AC -CGG C T -T -A --T --T -T -A -- -G --C A -G -- G- - - - -CA -- - -C -G --A --
R eg io n  I I I 3  R eg io n  I I

TATA BOX (R e g io n  I )
-70  -60  -50  -40  -30  -20  -10

AAAGTGATGGAAGGGCATTCAGAAAGTAAAAACCAGTGTTTG CCCTATTTAAGACACATTCACCCAGGATG
CA-G--G T---TG -

•C A -G --G ----T ----C "

- T- G A - G - - - - - - - - - -
- -GCCC-GAA-- - - “A"

R eg io n  IV

--G -G  TT................T ---
- - G - G - - - - TTC- A - - - - T - - '
....................T ...........................
.................... T ...........................

— — — —G — — —T — — — — A—G — T — — ■ 
R eg io n  I I I 2  R eg ion lV

-T -G --G ---A ---C -  
- G- G- - GT- -A -- - C-

—-G -- TT-G- -GGA-- C-A-

CAP
+10 +20 +30 +40 +50

GTCTT CAGAGAACCTAGAGGGGAAGGATCAGGACCAAACAGTCCAGAAGA CCA GAAGCTT 
- - — —T—- — - — — - — — — — — — — — A— — — —AC— — — AACA — — — — — — — — — — —GAGAG — — — TC—A-C — 
- CTC- - - - - - - - - - - - GT- - -A -- - -AC- - -  A - - -  C ----C ---- -G A G  - G- CC--TA-

- C — - - - - - - - - - - - - - - - C C C - - - -T - - - -AGT- - CC- - TCT- - - - - - C - - - C - - - - T A -
R eg io n  I I I i



FIGURE 6 .3  P r im a rv  N u c le o t id e  S equence o f  MuIFNa^ and  M u tan t P rom oters 

The p r im a ry  n u c le o t id e  se q u en c e  o f  th e  MuIFNa^ 241bp H i n d l l l  promoter 

f ra g m e n t (-1 8 8  to  +52) i s  i l l u s t r a t e d .  Below a r e  a l i g n e d  m u ta n t MuIFNâ  ̂

gene  p ro m o te r  se q u e n c e s  d e r iv e d  by  s i t e  d i r e c t e d  m u ta g e n e s i s , which have 

b e e n  v e r i f i e d  b y  s e q u e n c in g  s t u d i e s .  The s p e c i f i c  nucleo tide 

s u b s t i t u t i o n s  c r e a t e d  a r e  i n d i c a t e d  f o r  e a c h  p ro m o te r  s e q u e n c e . Unchanged 

n u c l e o t id e s  a r e  d e n o te d  by  a  d a sh  ( - ) .  The 77bp d e l e t i o n  o f  P3A77 is 

i n d i c a t e d  b y  a  s p a c e .



-180  -170  -160  -150  -140  -130
MUIFNal : AGCTTTTGATGAGGACCAGTGAAAGAGGAAGCAATAATGAAAACCACAATGGTTTAGAAAACA
P I  - ...........................................
P2 ......................................................................................................................................................
P3 ......................................................................................................................................................
P3A77 ........................................
P4 ......................................................................................................................................................
P5 ......................................................................................................................................................
P6 ......................................................................................................................................................
P6 t  ......................................................................................................................................................
P7  - .....................
P7^ ............................................................................................................................................... ..
P8  ......................................................................................................................................................

-120  -110  -100  -90  -80  -70  -60
CCCAGACGCAAGCAGAGAATGAGTTAAAGAAAGTGAAAAGACAAGTGGAAAGTGATGGAAGGGCATTCAGAAAGT

•GGACAA.........................................................................
GGAGAA.........................................................................
GGAGAA.........................................................................

•....................................................................................GG
....................................................................................GG

GCGG-
GCGG-

TATA BOX CAP
50 -40 -30  -20  -10  +10 +20
AAAAACCAGTGTTTGCCCTATTTAAGACACATTCACCCAGGATGGTCTTCAGAGAACCTAGAGGGGAAGGATCA 
.......................................... TATAAAA.....................................................................................................................

AAAA...........................................................................................................................................................
AGAA...........................................................................................................................................................
.................................................................................................................................................... GGAGAA-
...................... T.......................................................................... C..............................................GGAGAA-

.......................CCGC..........................................................................................................................
................................ CCGC..........................................................................................................................

+30 +40 +50
GGACCAAACAGTCCAGAAGACCAGAAGCT
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Region II

A second region of substantial inter— and intra— species homology was identified 

within the IFNa gene promoters, located between —102 and —73. This was designated 

region II (Fig.6.2). This region contained a 14bp sequence ( —94 to —81; Fig.6.4A) with 

an imperfect repeat ( —171 to —158) located within another relatively conserved region at 

—172 to —147.

The potential functional importance of region II, defined here by its conservation in 

distinct IFNa genes is reinforced by the fact that deletion mapping studies (Ryals et al, 

1985; Goodbourn et al, 1985) have also focussed attention on corresponding sequences in 

the HuIFNaj and HuIFN/3 gene promoters. Figure 6.5 shows the MuIFNaj promoter 

sequence with regions I to IV indicated. Aligned below, at homologous locations, are 

repeat sequences of the virus inducible HuIFNa^ and polyrI.rC inducible HuIFN/3 gene 

promoters which have been functionally identified by deletion mutagenesis (Ryals et al, 

1985; Goodbourn et al, 1985). Such comparisons, therefore, reveal that region II

corresponds to both the HuIFNaj and two 13bp repeat HuIFN/5 sequences, strongly

suggesting a common function in human and mouse IFN promoter regulation. The 

MuIFNcq gene promoter also possesses an additional motif which is homologous to part 

of region II, located between —171 to —158, which suggests either other regulatory 

sequences or some degeneracy within this promoter.

Clearly region II is likely to be implicated both in the mechanism of virus and

polyrI.rC induced gene regulation. As described below (region III), a possible relationship 

was identified between region II and region III sequences. A sequence related to the 

hexanucleotide consensus sequence (region III; see below) was identified between —87 to 

— 81 which is located within region II. Therefore, the prospective contribution of this 

sequence to MuIFNa^ gene promoter function was investigated by creating two mutant 

promoters, P2 and P3 (Fig.6.3), which contained improved and perfect consensus

sequences, respectively, at this location.



FIGURE 6 .4  R e p e a t S equences  o f  MuIFNa Gene P ro m o te rs

R e p e a t se q u e n c e s  i d e n t i f i e d  w i t h in  MuIFNa gene p ro m o te rs  a re  aligned 

f o r  r e g io n  I I  (A ) , r e g io n  I I I  (B) and  r e g io n  IV (C) r e s p e c t i v e ly .  Their 

l o c a t i o n  w i t h in  th e  MuIFNa p ro m o te rs  a r e  i n d i c a t e d ,  num bered  r e la t iv e  to 

th e  t r a n s c r i p t i o n  i n i t i a t i o n  s i t e .  F o r r e g io n  I I  (A) and IV (C), 

s e q u e n c e s  from  th e  MuIFNa^ p ro m o te r  o n ly  a r e  shown. The in v e r te d  repeat 

s e q u e n c e s  a r e  a l i g n e d  i n  o p p o s i te  o r i e n t a t i o n s ,  d e p i c t i n g  complementarity 

o f  th e  two r e g io n s  (C, m ism atch es  a r e  shown a s  * ) .  R eg ion  I I I  (B) 

s e q u e n c e s  a r e  shown f o r  a l l  s i x  MuIFNa g e n e s  a n a ly s e d  i n  t h i s  study. 

Below th e  t h r e e  r e g io n  I I I  s e q u e n c e s  i s  a  c o n s e n s u s  se q u e n c e  d e riv e d  from 

th e  m o st f r e q u e n t l y  o c c u r in g  n u c l e o t id e s  a t  e a c h  p o s i t i o n .  The 

h e x a n u c le o t id e  se q u e n c e  GGAGAA i s  u n d e r l i n e d .  X— A, G o r  T.



A) R eg io n  I I ;  14bp r e p e a t  (o ^ )

-9 4  AGTGAAAAGACAAG -87 
-171 AGTGAAAGAGGAAG -158

B) R eg io n  I I I :  12bp r e p e a t s
+9 +20

R eg io n  I I I ^  AGAGGGGAAGGA
Of 2  AGAGGAGAAGAC
Of̂  GTAGGAGAAGAC
Of̂  AGAGGGGAAGGA
OfgA AGAGGGGAAGGA
Oi6 B AGAGGGGAAGGA

-55 -44
R eg io n  I I I 2 Of̂  AAAGTAAAAACC

« 2  AAAGGAGAAACT
0 4  AAAGGAGAAACT
« 5  AAAGTAAAAACT

AAAGTAAAAACT 
ogg AAAGTAAAAACT

-115 -104
R eg io n  I I I 3 oi^ AGCAGAGAATGA

«2 CAGAGAGTGA
0 4  AGCAGAGAGTGA
« 5  AGTGGAGAATGA
agA AGTGGAGAATGA
agg  AGTAGAGAATGA

C o n sen su s : AGAGGAGAAXGA

C)
R eg io n  IV: lObp in v e r t e d  r e p e a t  (a ^ )

5 ' - 6 6  AGGGCATTCA -57 3 '
3 ’ -32 TCCCGT**GT -41 5 '

TT



FIGURE 6 .5  C om parison  o f  MuIFNo!]  ̂ S eq u en ces  w i th  HuIFNa]^ (R y a ls  e t  al  

19851 and  HuIFNfi (G oodbourn e t  a l .  1985) R e p e a ts  

The p r im a ry  n u c le o t id e  se q u en c e  o f  th e  241bp H i n d l l l  frag m en t (-188  

t o  +52) o f  th e  MuIFNtt]^ gene p ro m o te r  i s  show n. The n u c le o t id e  sequences 

o f  p r o s p e c t iv e  r e g u l a to r y  r e g io n s  I  t o  IV a r e  u n d e r l i n e d .  A lig n ed  below 

th e  MuIFNo!]  ̂ s e q u e n c e  a r e  r e p e a t  s e q u e n c e s  i d e n t i f i e d  p re v io u s ly  by 

d e l e t i o n  m u ta g e n e s is  o f  th e  HuIFNa^^ and  HuIFN/3 g en es  (R y a ls  e t  a l ,  1985 ; 

G oodbourn e t  a l ,  1 9 8 5 ) .

The HuIFNo!]^ r e p e a t s  : R 1, R1 ' , R2 and  R2 *

The HuIFN^ r e p e a t s :  1 , 2 , 3 , 4 and  5



-180  -170  -160  -150  -140
M uIFN ai: AAGCTTTTGATGAGGACCAGTGAAAGAGGAAGCAATAATGAAAACCACAATGGTTTA

-130 -120  -110  -100  -90  -80  -70
GAAAACACCCAGACGCAAGCAGAGAATGAGTTAAAGAAAGTGAAAAGACAAGTGGAAAGTGATGGA 

R eg io n  I I I 3  R eg io n  I I
H uIF N ai: AAGGAAAGCAAAAACAGAAATGGAAAGTGGCCCA

R1 R2 R l '
HuIFN|3: -108  AAAATGTAAATGA -89 AAAAGTGAAAGGGAGAAGTGAAAGTG -64

1 2 3

-60  -50  -40  -30  -20  -10
AGGGCATTCAGAAAGTAAAAACCAGTGTTTGCCCTATTTAAGACACATTCACCCAGGATGGTCTTC

R eg io n  IV /R e g io n  IR eg ion  IV
GAA
R2'

R eg io n  I I I 2

-50  AATAGAGAGAGGA -43 
4

+10 +20 +30 +40 +50
AGAGAACCTAGAGGGGAAGGATCAGGACCAAACAGTCCAGAAGACCAGAAGCTT 

R eg io n  I I I ^

-12 CATGGAGAAAGGA +1 
5

i
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Region III

Three potential 12bp imperfect repeat sequences (IHj, +9 to +20; III2 , —55 to 

—44; III3 , —115 to —104), designated region III 1 to 3 respectively, were recognised

within conserved regions of the MuIFNa promoters (Fig.6.2). These repeats (Fig.6.4B) 

contain a consensus hexameric core sequence, GGAGAA, which is present in the

MuIFNo!2  ̂ 0 4  (region IIIj and III2 ), « 5  and (region III3 ) promoters. The HuIFNjS 

gene promoter also possesses two such sequences (Hauser et al, 1984). The basic region 

HI motifs are also conserved in MuIFNcq, HuIFNcq and other HuIFNa promoters, but 

the perfect hexameric sequence is absent in these genes. Thus, all MuIFNa gene

promoters examined, the endogenous genes of which are efficiently expressed in L —929 

cells (Chapter 1), retain one or more copies of the perfect consensus sequence, but the 

MuIFNcq gene has none.

Close inspection of region III sequences indicated that they may be related to the 

HuIFNjS 13bp repeats (Fig.6 .5). Thus, this suggested a relationship between region III

and region H, described previously, which also show homology to the HuIFN/3 repeats. 

This raised the possibility that the GGAGAA motif is the consensus core sequence of 

these repeats.

Direct evidence for the potential functional significance of these sequences in the 

HuIFNjS gene has been provided by deletion analysis (Zinn et al, 1983). As described in

Chapter 1, such studies indicated that 77bp of 5' flanking sequence was required for full

polyrI.rC induction in C l27 cells (Zinn et al, 1983). Deletion to position —73 resulted in 

a large reduction in induced transcription levels, although low level inducibility was

retained (Zinn et al, 1983). This deletion corresponded to the loss of a copy of the 

hexameric sequence GGAGAA (observation from this analysis). Thus, this suggested that 

region HI sequences may be functionally relevant, possibly contributing to the efficiency 

of transcription initiation of IFN gene promoters.

Human and mouse fibroblasts induced by polyrI.rC produce mainly IFNjg, or a 

mixture of IFNa and IFNjS respectively (Chapter 1). The different cell specificity 

observed with HuIFNa and HuIFN/3 gene expression may reflect differences in the

structure of the gene promoters. In this respect it is interesting that the MuIFNa
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promoters appear to share structural features common to HuIFNa (region II) and 

HuIFN/3 (region III) promoters. Endogenous expression of virus induced MuIFNa2 , 0 4 , 0 5  

and agy\  ̂ genes has been demonstrated in L —929 cells, but not MuIFNa^ (Chapters 1 

and 5). Therefore, the absence of a perfect hexameric repeat in the MuIFNa^ gene 

promoter may contribute to the undetectable endogenous gene expression observed in 

NDV induced L —929 fibroblast cells.

To investigate the potential role of GGAGAA sequences in polyrI.rC induced 

MuIFNaj promoter function in L —929 cells, the promoters P2, P3, P4, P5 and P6  

(Fig.6.3) were constructed by site directed mutagenesis. The promoter mutants, P6  and 

P4/P5 created improved or perfect hexameric repeat sequences corresponding to regions 

Illj and III2 , respectively. In addition, a third prospective region III core sequence was 

identified within region II. The perfect consensus sequence has not been identified in this 

region in any native MuIFNa promoters examined. Therefore, the promoters P2 and P3, 

which contain this sequence, were constructed.

Region IV

Computer analysis was undertaken to further extend characterisation of the MuIFNa^ 

gene promoter structure. Analysis of the promoter sequence, employing Analyseq (Staden, 

1977), revealed an imperfect lObp inverted repeat (Fig.6.4C) located at —41 to —32 and 

— 6 6  to —57 which has been designated region IV (Fig.6.2). Comparison of MuIFNa and 

HuIFNaj promoters shows that sequences both within and between the inverted repeats 

are conserved.

To investigate the possible relevance of these sequences in polyrI.rC regulated 

activation of the MuIFNa% gene promoter, mutations were designed to examine the effect 

of disrupting and recreating homology between these sites. Thus, the mutant promoters 

P7, P7®, and P8  (Fig.6.3) were constructed by site directed mutagenesis.

The identification of significantly conserved mouse and human IFNa gene promoter 

elements, although strongly suggesting a major functional importance, provides no direct 

proof of any precise role in promoter activity. However, the comparison of the regions 

identified by deletion analysis as being functionally important to HuIFNa^ and HuIFNjS
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gene regulation, with MuIFNa promoter organisation, reinforces the conclusions drawn 

from inter— and intra—specific sequence comparisons that regions I, II, HI and IV may 

be of major importance. Thus, as a preliminary step to assess the possible relevance of 

these sequences in polyrI.rC mediated induction of MuIFNaj gene promoter activity, the 

mutants illustrated in Figure 6.3 were created.

6.2 Strategv for Site Directed Mutagenesis of the MuIFNc^ Promoter

To generate the promoter mutants described in Section 6.1, oligonucleotide mediated 

site directed mutagenesis (Razin et al, 1978) of the MuIFNa^ promoter was undertaken. 

The procedure adopted (Zoller and Smith, 1983), shown schematically in Figure 6 .6 , 

utilised the Ml 3 phage derivative mPWT (Chapter 5) which contains the MuIFNaj gene 

promoter module. Synthetic, mismatched oligonucleotides directed to specific targets within 

the promoter fragment were hybridised to the ssDNA template to direct in vitro synthesis 

of the complementary DNA strand, generating a heteroduplex (Fig.6 .6 ). Propagation in 

vivo of the in vitro synthesised DNA heteroduplex produced wildtype and mutant phage 

derivatives which were distinguishable by differential hybridisation, employing the 

oligonucleotide which had been used to generate the mutation as probe.

Design of Oligonucleotides for Mutagenesis

Oligonucleotides were designed and synthesised for use as mismatched primers to 

construct the MuIFNa% promoter mutants. Computer assisted analysis, using the Seqfit 

programme (Staden, 1977), was employed to help design oligonucleotides which 

preferentially hybridised to the predetermined target sites, with minimum complementarity 

elsewhere in mPWT template DNA.

The minimum size of the oligonucleotides to readily achieve the best target 

specificity was 19 nucleotides. In each case no more than thirteen of nineteen bases were 

complementary, other than the target site, to secondary sites within the M l3 phage 

mPWT genome. The primary nucleotide sequence of the oligonucleotides used for site 

directed mutagenesis are shown in Table 6.1. All oligonucleotides for this type of study 

were kindly synthesised by Dr. M.D. Edge.



tnPWT
ssDNA

\

SYNTHETIC OLIGONUCLEOTIDE 
(MIS-MATCH PRIMER]

y

mPWT
ssDNA

PRIMER ANNEALING 
55-60°C

y

Heteroduplex I ,

Primer extension
DNA POL.I
[n-32p] dATP
dCTP
dCTP
dTTP
+ Ligase 
24hrs 15°C /

Transfect JMlOl

mPVT mPfSERIES

S c r e e n  b y  o l i g o n u c l e o t i d e  h y b r i d i s a t i o n

FIGURE 6.6 Generation of Mutant MuIFNa^ Promoters by Oligonucleotide 
Site Directed Mutagenesis 

* new mutation
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Target Specificity of Oligonucleotides

Prior to being employed for site directed mutagenesis, the quality and specificity of 

each oligonucleotide was experimentally evaluated by determining both the efficiency of 5' 

phosphorylation with T4 polynucleotide kinase and the site of initiation in sequencing 

reactions (Chapter 2) performed with mPWT template DNA.

The efficiency of 5* phosphorylation in addition to indicating the quality of an 

oligonucleotide preparation, is an important parameter with respect to site directed 

mutagenesis, since it is necessary both for DNA ligation, and hence heteroduplex 

formation, and for oligonucleotide hybridisation. Oligonucleotides 1 to 8  were all 

efficiently phosphorylated by T4 polynucleotide kinase (2—5xl0^cpm//tg DNA). The 

products of these reactions were also analysed by denaturing P.A.G.E., confirming in 

every case the presence of major species of the expected size (19 nucleotides).

To demonstrate that the oligonucleotides were priming at the target site within the 

promoter of mPWT DNA, they were each used as primers for dideoxy sequencing 

(Chapter 2). Figure 6.7 shows the results achieved with four oligonucleotides. Comparison 

with the sequence of the MuIFNcq promoter demonstrated that they initiated DNA 

synthesis as expected. However oligonucleotides 2, 4, 6  and 7 gave poor sequencing 

data and thus, it was not possible to determine if they primed correctly. Nevertheless, 

subsequent studies show these oligonucleotides could still be successfully employed to 

create the desired mutant promoters, although generally with reduced efficiency.

Oligonucleotide Site Directed Mutagenesis

The oligonucleotides were then used to create the mutant promoters shown in Figure

6.3 (Chapter 2). To increase the percentage of mutants obtained an enrichment for in 

vitro synthesised covalently closed circular (CCC) heteroduplex DNA was undertaken by 

including an alkaline sucrose gradient centrifugation step (Kudo et al, 1981). Fractions 

collected from the sucrose gradients were analysed by Cerenkov counting to identify those 

containing CCC heteroduplex DNA. A typical profile of the DNA fractions recovered is 

shown in Figure 6 .8 .

Heteroduplex DNA recovered by this procedure was transfected into E .cd i JMIOI.



TABLE 6 .1  S t r u c t u r e  o f  O l ig o n u c le o t id e s  f o r  S i t e  D i r e c te d  M u ta g e n e s is

O l ig o n u c le o t id e  O l ig o n u c le o t id e  S t r u c t u r e  M u tan t P ro m o te r  

5 ' 3 ' C re a te d

■19 ** -38

ATGTGTCTTTTATAGGGCA P I ( r e g io n  I )

-77 * -95

TTCCACTTGTCCTTTCACT P2 ( r e g io n  I I )

•77 * * -95

TTCCACTTGTCCTTTCACT P3 ( r e g io n  I I )

■42 * -60

ACTGGTTTTTCCTTTCTGA P4 ( r e g io n  I I I 2 )

■42 * * -60

ACTGGTTTCTCCTTTCTGA P5 ( r e g io n  I I I 2 )

+24 * + 6

CTGATCCTTCTCCTCTAGG P6  ( r e g io n  I I I i )

26 * * -44

CTTAAATAGCGGAAACACT P7 +P7 8  ( r e g io n  IV)

■54 * * -72

TTTCTGAATCCGCTTCCAT PS +P7 8  ( r e g io n  IV)

* shows s i t e  o f  m u ta t io n



FIGURE 6 .7  S e q u e n c in g  w i th  M ism atched  O l ig o n u c le o t ide P r im e rs

S eq u e n c in g  r e a c t i o n s  w ere  p e rfo rm e d  u s in g  o l ig o n u c le o t id e  primers and 

mPWT s i n g l e  s t r a n d e d  te m p la te  DNA u s in g  s ta n d a r d  c o n d i t io n s  described in 

C h a p te r  2 . The p r o d u c ts  w ere  a n a ly s e d  by  d e n a tu r in g  P .A .G .E  on an 8% 

s e q u e n c in g  g e l .

1) O l ig o n u c le o t id e  5 (T a b le  6 .1 )

2) 

3)

4)
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The frequency of transfection varied according to the oligonucleotide used^ being 

particularly low with oligonucleotides 7 and 8  (Table 6.2).

To identify prospective mutants, one hundred phage obtained from each mutagenesis 

were screened by colony hybridisation (Chapter 2) vdth the corresponding 5' 

phosphorylated oligonucleotide as probe (1 —2 x1 O^cpm/ /tg), under low stringency conditions 

(6 xSSC, 20“C). The anticipated melting temperature for each oligonucleotide probe, 

calculated as described in Chapter 2, was approached by sequentially increasing the

hybridisation temperature by 5®, 10® or 15®C steps, allowing the distinction of lysogens 

carrying mutant and wildtype phage DNA by differential hybridisation. An example of 

the results obtained using this procedure is shown in Figure 6.9. Prospective mutants 

were identified at a frequency between 2% and 15%, depending upon the oligonucleotide 

used (Table 6.2). The highest mutation frequency was obtained with oligonucleotides 1 

(15%) and 5 (12%), both previously identified as good sequencing primers (Fig.6.7).

Sequencing studies were undertaken to prove that the desired mutants had been 

isolated. For this purpose the universal and oligonucleotide 1 primers were separately

employed to sequence the entire promoter region. Figures 6.10, 6.11 and 6.12 show

typical results of sequencing studies, performed to compare the primary nucleotide 

sequence of the mutant and wildtype promoters. In some cases several prospective mutant 

phage DNAs were sequenced to obtain the desired mutants (Table 6.2).

Surprisingly, in addition to the expected promoter mutants (Fig.6.3), two others were 

detected. Site directed mutagenesis with oligonucleotide 3 generated an identical 77bp

deletion, in four of five prospective mutants examined, in addition to the desired

mutation (Fig.6.3). A likely explanation for the origin of the 77bp deletion is depicted in 

Figure 6.13, suggesting that the oligonucleotide hybridised simultaneously to two distinct 

regions of the MuIFNcq gene promoter. This likelihood highlights the observed homology 

between the nucleotides at —94 to —81 and —171 to —158, discussed previously in 

Section 6.1 (region II). An additional mutation was also obtained using oligonucleotide 6 , 

where both the desired mutation and a spontaneous G to C transition ( —8 ) was

identified in one prospective mutant analysed (Fig.6.3).

Thus, the primary nucleotide sequence of the intended mutant promoters and the



FIGURE 6 .8  H is to g ra m  Show ing E n ric h m en t f o r  CCC DNA A f te r  S ucrose  

G r a d ie n t  C e n t r i f u g a t io n  

C e n t r i f u g a t io n  was p e rfo rm e d  a s  d e s c r ib e d  i n  C h a p te r  2. Fractions 

w ere  a n a ly s e d  by  C erenkov  c o u n t in g  t o  i d e n t i f y  th o s e  c o n ta in in g  CCC DNA 

( lo w e r  h a l f  o f  g r a d i e n t ) .
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TABLE 6 .2  E f f i c i e n c y  o f  S i t e  D i r e c te d  M u ta g e n e s is  o f  th e  MuIFNa^ P ro m o te r 

w i th  Each O l ig o n u c le o t id e

O l ig o n u c le o t id e  T em p la te  P la q u e s  /  5 jxl % P r o s p e c t iv e  S eq u e n c in g

M u ta n ts  M u ta n t /T o ta l

1 mPWT 120 15 1 /1

2 500 5 2 /5

130 6 1 /5 *

500 8 3 /5

100 12 1 /1

200 7 1 /3 *

7+ " 1 0 -30  5 2 /4

mP8 10 2 2 /2

1/1

O l ig o n u c le o t id e  s i t e  d i r e c t e d  m u ta g e n e s is  was p e rfo rm e d  a c c o rd in g  to  

th e  m ethod  o f  Z o l l e r  an d  S m ith  (C h a p te r  2 ) .  5 /il  o f  120/a1 f r a c t i o n s  

o b ta in e d  from  s u c ro s e  g r a d i e n t s  (C h a p te r  2) w ere  t r a n s f e c t e d  i n to  E . c o l i  

JM lOl and  th e  p la q u e s  o b ta in e d  w ere  s c re e n e d  b y  o l ig o n u c le o t id e  

h y b r i d i s a t i o n .  * A d d i t io n a l  m u ta n ts  w ere  o b ta in e d  ( s e e  t e x t ) .   ̂ R e p e a te d  

t h r e e  t im e s  to  o b t a i n  d e s i r e d  m u ta n t.



FIGURE 6 .9  I d e n t i f i c a t i o n  o f  P r o s p e c t iv e  M u tan t Phage b v  Colony 

H y b r id i s a t i o n

100 p la q u e s  d e r iv e d  from  s i t e  d i r e c t e d  m u tag en es is  with 

o l i g o n u c le o t id e  8 (C h a p te r  2), u s e d  to  c r e a t e  th e  P8 p ro m o te r  (Fig.6.3), 

w ere  s c r e e n e d  b y  c o lo n y  h y b r i d i s a t i o n  u s in g  t h i s  o l ig o n u c le o t id e  labelled 

a t  th e  5 ' end  a s  p ro b e  (2x10^ cp m ). A) Shows a u to r a d io g r a p h s  o f filte rs 

a f t e r  h y b r i d i s a t i o n ,  w ashed  s e q u e n t i a l l y  i n  6xSSC a t  room temperature 

( r t ) , 37“C and  50"C. The e x p o s u re s  a r e  f o r  I h r ,  2 h r s  and 12hrs

r e s p e c t i v e l y ,  a t  -70*C u s in g  F u j i  RX f i lm  w i th  an  i n t e n s i f y i n g  screen. B) 

Shows th e  p r im a ry  n u c l e o t id e  s t r u c t u r e  o f  o l ig o n u c le o t id e  8 and the 

a n t i c i p a t e d  c o m p le m e n ta r i ty  w i th  w i ld ty p e  an d  m u ta n t MuIFNa^ gene 

p ro m o te r  s e q u e n c e s  a t  th e  t a r g e t  s i t e ,  i n d i c a t i n g  two m ism atched bases 

w i th  th e  fo rm e r  b u t  a  p e r f e c t  m atch  w i th  th e  l a t t e r .
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FIGURE 6 .1 0  Sequence  C o n f irm a tio n  o f  th e  P r im a ry  N u c le o t id e  S tructu re  

o f  th e  MuIFN#! M utan t P ro m o te r  P I 

S eq u e n c in g  r e a c t i o n s  w ere  p e rfo rm e d  w i th  th e  u n iv e r s a l  primer 

(Amersham 17bp) and  th e  w i ld ty p e  mPWT o r  P I m u ta n t d e r iv a t iv e  single 

s t r a n d e d  te m p la te  DNAs, u s in g  th e  s ta n d a r d  p ro c e d u re  d e s c r ib e d  in  Chapter 

2 . The p r o d u c ts  w ere  a n a ly s e d  i n  p a r a l l e l  by  dena tu ring  gel 

e l e c t r o p h o r e s i s  on an  8% s e q u e n c in g  g e l .  A u to ra d io g ra p h y  was performed at 

-70*C o /n  w i th  F u j i  RX f i l m .  A r e g io n  o f  th e  seq u en c in g  ladders 

i n d i c a t i n g  two a n t i c i p a t e d  b a s e  s u b s t i t u t i o n s  (a r ro w s )  i n  th e  PI promoter 

s e q u e n c e  r e l a t i v e  to  w i ld ty p e  (WT) i s  show n. I n s p e c t io n  o f  th e  remainder 

o f  th e  se q u e n c e  i n d i c a t e d  th e y  w ere  i d e n t i c a l .  The com plem ent of part of 

th e  se q u e n c e  ( th e  19 n u c l e o t id e s  c o r r e s p o n d in g  to  o lig o n u c leo tid e  1) 

d e r iv e d  from  t h i s  g e l  i s  shown a t  th e  s i d e ,  i n d i c a t i n g  two nucleotide 

ch a n g es  i n  th e  m u ta n t p ro m o te r  r e l a t i v e  t o  th e  w i ld ty p e .
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FIGURE 6 .1 1  S equence  C o n f irm a tio n  o f  th e  P r im a ry  N u c le o t id e  S truc tu re  

o f  th e  MuIFNo!]  ̂ M u tan t P ro m o te r  P5 

See le g e n d  to  F i g . 6 .1 0
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FIGURE 6 .1 2  S equence C o n f irm a tio n  o f  th e  P r im a ry  N u c le o t id e  S tru c tu re  

o f  th e  MuIFNq!]̂  M u tan t P ro m o te rs  P7 and  P7^

See le g e n d  to  F i g . 6 .1 0
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A)

-94 -76

TTAAAGAAAGTGAAAAGACAAGTGGAAA..........

3 ’ TCACTTT*CT*TTCACCTT 5 ' O l ig o n u c le o t id e  3 

C C

B)

AGGAAGCAATAATGAAAACCACAATGGTTTAGAAAACACCCAGACGCAAGCAGAGAATGAGTTAAAGAAAGTGAAA

I gCTTTTGATGAGGACCAGTGAAAG GZC^GTGGAAA,

3'TCACTTTC CT*TTCACCTT 5

FIGURE 6 .1 3  P r o s p e c t iv e  M echanism  f o r  G e n e ra t in g  th e  77bp D e le t io n  

D e r iv a t iv e  o f  th e  MuIFNo^ Gene P ro m o te r

A) Shows th e  b a s e  p a i r i n g  o f  o l ig o n u c le o t id e  3 (T a b le  6 .1  ) to  th e  

a n t i c i p a t e d  t a r g e t  s i t e  w i th in  th e  MuIFNo^ gene p ro m o te r ,  from  -94 to  

-7 6 , i n d i c a t i n g  two m ism atch es  ( * ) .

B) Shows an  a l t e r n a t i v e  b a s e  p a i r i n g  o f  o l ig o n u c le o t id e  3 w ith  two 

r e g io n s  o f  th e  MuIFNo!]  ̂ gene p ro m o te r  from  -171 to  -164  and  -86 to  -7 6 , 

r e s u l t i n g  in  lo o p in g  o u t  o f  77bp o f  DNA se q u e n c e  w hich  w ould  b e  d e le te d  

upon p r im e r  e x te n s io n .  In  t h i s  c a s e  o n ly  a s in g l e  m ism atch  i s  e x p e c te d  

( * ) .
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two additional ones were verified (Fig.6.3). Preliminary studies performed to assess the 

quality of the oligonucleotides were good indicators of their performance in mutagenesis. 

In general, those oligonucleotides which were good sequencing primers were most efficient 

for mutagenesis, whereas poor primers were either inefficient, or generated a high 

frequency of false mutants.

6.3 Construction of MuIFNcq Promoter Mutant/cat Gene Hvbrids

It was intended to analyse the regulation of MuIFNcq mutant promoter activity using 

the CAT expression assay described in Chapter 5. To this end, each of the mutant 

promoters was excised from the recombinant Ml 3 phage genomes in which they had 

been generated, as SstUBaniHl fragments, and inserted into the 5ffI/BamHI site of the 

promoterless cat gene plasmid p22. This location was shown previously (Chapter 5) to be 

suitable for monitoring wildtype promoter activity.

To confirm the successful cloning of the promoter modules, plasmid DNA was 

prepared from ampicillin resistant colonies obtained after transformation of E.coli JA221 

with the ligated DNAs, digested with SstUBamHl and analysed by P.A.G.E. The number 

of colonies screened and those recognised in each case to be containing the MuIFNai 

mutant promoters are summarised in Table 6.3. The expected restriction map for each 

recombinant plasmid was confirmed by BstNl/ EcoRI digestion together with P.A.G.E. 

(Chapter 5; Fig.5.3B).

6.4 Expression of MuIFNcq Promoter Mutants in L929 Cells

To assess in vivo transcription from the mutant promoters, the plasmids pCPl to 

pCP8  were introduced into L —929 cells, employing the stable transfection procedure 

described in Chapter 5 (Section 5.2).

CAT Expression from MuIFNcq Mutant Promoters in Stablv Transfected L929 Cells

To investigate and compare non—induced and polyrI.rC mediated CAT expression 

from the MuIFNcq mutant and wildtype promoters, three transfections for each plasmid 

were performed to generate independent cell populations (Chapter 5) of 50 to 200 pooled



TABLE 6.3 Cloning MuIFNa^ Promoter Mutants into p22

P ro m o te r M odule C o lo n ie s  S c re e n e d  E x p re s s io n  V e c to r  C re a te d

T o ta l  + P rom ote r

PI pCPl

P2 pCP2

P3 pCP3

P3A77 pCP3A77

P4 pCP4

P5 pCP5

P6 pCP6

P 6 t pC P6t

P7 pCP7

P7 8 PCP7 8

P8 12 pCP8
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G418 (400/tg/ml) resistant colonies (Table 6.4) for further analysis.

Preliminary characterisation of each of the cell populations was undertaken to prove 

the presence of M uIFNa^/cat gene sequences in the L —929 cell genome, as described

previously (Chapter 5), Southern blot analysis of DNA from cells derived from

transfection 1 (Table 6.4) confirmed that the cell populations contained unrearranged 

copies of the 1163bp (1093bp for L929pCP3A77j cells) Sstlf HindlH  fragment,

corresponding to the MulFNoj/cat gene (Fig.6.14, Lanes 1 to 8 ). The L —929 

5 '5 tI/H m dIII lOSObp fragment described in Chapter 5 was again observed here (Fig.6.14, 

lane 9).

Having established that L—929 cells had been stably co—transfected with the 

MuIFNcq/cat gene mutants, polyrI.rC regulated CAT production was examined. CAT 

assays performed on extracts of cells derived from transfection 1 , revealed readily 

detectable CAT production in most induced cell populations (Fig.6.15 Lanes b,d,h,l,n,p

and r) except those containing the mutant promoters P3677 or P6 t (Fig.6.13 Lanes f and 

j), which possess a 77bp deletion and single G to C transition ( —8 ) respectively. In 

contrast only low levels of CAT production were observed in non—induced cells (Fig.6.15 

Lanes a,c,e,g,i,k,m,o and q).

Thus, the control of the MuIFNa^ gene promoter is maintained with most of these 

mutations. In non—induced cells, inefficient transcription initiation produced low levels of 

CAT. PolyrI.rC mediated the activation of efficient transcription initiation, producing high 

levels of readily detectable CAT activity. No induced CAT production was observed in 

any of the L929pCP3A77 or L929pCP6t cell populations examined, suggesting the 77bp 

deletion and single base transition ( —8 ) might both result in a reduction of either the 

transcription efficiency or polyrI.rC activation of the MuIFNaj promoter. Therefore, 94bp 

of 5 ' flanking sequence are insufficient for polyrI.rC mediated activation of the MuIFNoj 

gene promoter. However, it remained possible that the other delibrately introduced base 

substitutions in these promoters also contributed to the observed reduction of activity 

(Fig.6.3).

A deletion of the HuIFNcq ( —93) gene closely corresponding to that described for 

the MuIFNcq gene promoter above, maintains only 3 fold induction by virus in mouse



TABLE 6 .4  Number o f  G418 R e s i s t a n t  C o lo n ie s  O b ta in e d  b y  C o - t r a n s f e c t io n  

o f  P ro m o te r M u tan t c a t  C o n s t ru c ts  w i th  pTCF i n  L -929 C e l ls

P la sm id  (lO^Lig') pTCF (Ifig.) C e l l  P o p u la t io n  C o lo n ie s /D is h

1 ) pCPl + L929pCPli 2 1 0

2 ) + L929pCPli 65
3) + L929pCPl3 50
1 ) N/D
2 ) + L929pCP2i 1 0 0

3) + L929pCP22 130
1 ) pCP3 + L929pCP3i 180
2 ) N/D
3) N/D
1 ) pCP3A77 + L929pCP3477i 2 0 0

2 ) + L929pCP34772 1 2 0

3) + L929pCP3A773 1 0 0

1 ) N/D
2 ) + L929pCP4i 1 0 0

3) + L929pCP42 127
1 ) pCP5 + L929pCP5i 2 2 0

2 ) + L929pCP52 84
3) + L929pCP53 80
1 ) pCP6 + L929pCP6i 224
2 ) + L929pCP62 1 0 0

3) L929pCP63 80
1 ) pCP6 t + L929pCP6ti 224
2 ) + L929pCP6t2 2 0 0
3 + L929pCP6t3 60
1 ) pCP7 + L929pCP7i 142
2 ) + L929pCP72 87
3) + L929pCP7Q 1 0 0
1 ) pCP78 + L929pCP78i 98
2 ) L929pCP782 90
3) + L9 2 9 PCP7 8 3 90
1 ) pCP8 + L929pCP8i 84
2 ) + L929pCP82 60
3) + L929pCP83 1 0 0
1 ) SS DNA — — 0
2 ) — — 0
3) — — 0

1) T r a n s f e c t io n  1

2) T r a n s f e c t io n  2

3) T r a n s f e c t io n  3



FIGURE 6 .1 4  S o u th e rn  B lo t  A n a ly s is  o f  T r a n s f e c te d  L-929 C e l ls

See le g e n d  to  F i g . 5 .8 .  A u to ra d io g ra p h y  was p e rfo rm e d  fo r  12hrs at 

-70*C u s in g  F u j i  RX f i lm  w i th  a n  i n t e n s i f y i n g  s c r e e n .

A)

1) 10/tg L 929pC P li S s t l / H i n d l l l  D ig e s te d  DNA

2) ” L929pCP3i "

3) " L929pCP3A77i " "

4 ) " L 929pC P6ti " « «

5) " L929pCP6i " "

6) " L929pCP7i " "

7) " L929pCP78i " "

8) " L929pCP8i

9) " L929 " " "

10) Ip g  pCPWT M arker " " "

B) P ro b e
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FIGURE 6■15 P o lv r I . r C  In d u c e d  CAT P r o d u c t io n  i n  S ta b lv  T ra n s fe c te d  

L-929 C e l l s

See le g e n d  to  F i g . 5 .1 0 .  N o n -in d u ce d  c e l l s  ( - )  w ere  in cu b a ted  in DMEM 

4-2% F .C .S  (m a in te n a n c e  m edium ). In d u c e d  c e l l s  (4 -) w ere tre a te d  with

20 /ig /m l p o l y r I . r C  an d  800/ig /m l DEAE d e x t r a n  f o r  8 h r s ,  washed and

in c u b a te d  f o r  an  a d d i t i o n a l  1 6 h rs  i n  m a in te n a n c e  medium. Autoradiographyj

was p e rfo rm e d  f o r  1 2 h rs  w i th  F i i j i  RX f i lm .

A)

a )  L 929pC P li c e l l s  -

b )  4-

c )  L929pCP3i c e l l s  -

d )  4-

e )  L929pCP3A77i"

f )  " +

g) L929pCP4i

h )  " " 4-

i )  L 929pC P6ti "

j )  " +

k ) L929pCP6i " - 1

1) 4-

m) L929pCP7i 

n )  " 4-

o) L929pCP78i "

p) " " +

q) L929pCP8i 

r )  " ’• 4-

B) Shows th e  s t r u c t u r e  o f  th e  MuIFNa^ p r o m o te r / c a t  genes used in! 

th e s e  s t u d i e s .
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cells (Ryals et aU 1985). This result therefore, confirmed the structural and functional 

similarity observed between the mouse and human gene promoters. Moreover it 

demonstrated that sequences 5* to —94 are required for full transcriptional activity of the 

MuIFNcq gene promoter.

This analysis has established that most promoter mutants described above have 

remained capable of driving transcription and retained polyrI.rC mediated inducibility of

the heterologous cat gene. To compare the strength of transcription and polyrI.rC

inducibility of the mutant and wildtype promoters, CAT production in all the cell 

populations isolated (Table 6.4) v^s quantitated as described previously (Chapter 5). The 

data from these analyses has been obtained in parallel to that described for L929pCPWT 

1 to 3 cells (Chapter 5). The behaviour of each class of promoter mutants, defined by 

the "region" of the MuIFNcq promoter under investigation is described separately below.

CAT Production from the Region I Mutant Promoter

Region I incorporated the TATA box variant sequences, TATTTAA, common to all

IFNa genes. As discussed above (Section 6.1) a mutant promoter was constructed to

investigate the possible relevance of the different TATA box sequences found in IFNa 

and IFN/3 genes. Figure 6.3 shows the primary sequence of this promoter (PI), 

containing a closer consensus TATA box.

CAT production in polyrI.rC induced L —929 cells containing pCPl was quantitated. 

A time course of CAT enzyme activity from induced L929pCPl cells again demonstrated 

the linear accumulation of acetylated ^^C—chloramphenicol with time (Fig.6.16). Table

6.5 summarises the results of several studies, comparing CAT production in polyrI.rC 

induced L —929 cells containing the mutant PI and wildtype (Chapter 5) MuIFNo% 

promoters. Student t analysis (Chapter 2) performed to compare the means of the 

distribution of CAT production, shows that there is no significant difference in cat gene

expression in these cell populations (Table 6.5). A minimum estimate for the inducibility
;■

of CAT production of 250 to 400 fold compared to 300 to 750 fold from the mutant PI 

and wildtype MuIFNoj promoters respectively (Table 6.5) suggested, therefore, that this 

mutation has no detectable effect on either the strength of transcription or polyrI.rC



FIGURE 6 .1 6  G raph Showing a  Q u a n t i t a t i v e  C om parison  o f  P o lv r I . r C  Induced 

CAT P r o d u c t io n  from  th e  MuIFNa^ W lld tv p e  and  P I Promoters 

See le g e n d  to  F ig .5 .1 5 A .

pCPWT -  CAT p r o d u c t io n  i n  L929pCPWT]^ C e l l s  

pC Pl -  " " " L929pCPl C e l l s
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TABLE 6 .5  C om parison  o f  CAT P r o d u c tio n  i n  P o ly r I . r C  In d u c e d  

L929pCPl and  L929pCPWT C e l l  P o p u la t io n s .

P o p u la t io n s  CAT A c t i v i t y  I n d u c i b i l i t y  Mean a  t ( Q .0 5 ) t .

L929pCPl]_ 0 .0 2 5 -0 .0 3  250-300

L929pCPl2 0 .0 3 -0 .0 3 8  300-380 0 .0 3 2  0 .0 0 5  2 .3 0 6  1 .8 9 1

L929pCPl3 0 .0 3 8  380

L929pCPWTi_3 0 .0 3 -0 .0 7 5  300-750 0 .0 4 6  0 .0 1 7

D u p l ic a te  p o l y r I . r C  in d u c t io n s  w ere p e rfo rm e d  i n  m o st c a s e s  and  tim e  

c o u rs e  CAT a s s a y s  c o n d u c te d  to  q u a n t i t a t e  CAT p r o d u c t io n  (C h a p te r  2) f o r  

in d e p e n d e n tly  d e r iv e d  c e l l  p o p u la t io n s .  CAT a c t i v i t y  (% A c é ty la t i o n  o f  

c h lo ra m p h e n ic o l/m in /m g  t o t a l  c e l l  p r o t e i n )  was com pared  in  c e l l  l i n e s  

c o n ta in in g  m u ta n t p ro m o te rs  w i th  th o s e  c o n ta in in g  th e  w i ld ty p e  MuIFNa^ 

p ro m o te r . The mean o f  th e  d i s t r i b u t i o n  o f  CAT p r o d u c t io n  in  th e  s e t s  o f  

p o p u la t io n s  (m u ta n t and  w i ld ty p e  c e l l s )  a r e  com pared  by  a  s tu d e n t  t  

a n a ly s i s  (C h a p te r  2 ) .

a  s ta n d a r d  d e v ia t io n

t c  > t ^ o .0 5 )  d i f f e r e n c e  i n  CAT p r o d u c t io n  i s  s i g n i f i c a n t  

- t c  < - t ( 0 .0 5 )  ..........................................
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regulated inducibility of the MuIFNcq promoter in L —929 cells.

As described previously (Section 6.1) the TATA box variant TATTTAA is conserved 

in IFNa gene promoters. The introduction of a better consensus sequence, similar to that 

present in IFN|5 gene promoters has no effect on the regulation of the MuTFNa^ 

promoter in stably transfected L —929 cells. This suggests that the highly conserved IFNa 

sequence has no relevance with respect to either the mechanism of polyrI.rC regulated 

gene expression or the superior mouse IFN/S production compared to IFNa, observed in 

these cells.

CAT Production from the Region III Mutant Promoters

Region III promoter mutants were constructed at three sites (Section 6.1). The 

primary sequence of each of these (P2 to P6 ) are shown in Figure 6.3. They contain 

nucleotide substitutions which have created improved or perfect GGAGAA sequences, 

normally present in other MuIFNa promoters but not MuIFNaj. To compare polyrI.rC 

induced regulation of gene expression by these promoters, CAT production was 

quantitated in L929pCP2 to L929pCP6 cell populations.

The plot of the first time course CAT assays performed with extracts of polyrI.rC 

induced L929pCP2 to L929pCP6 cell populations (Fig.6.17), suggested improved CAT 

production from the P6  promoter and reduced production from the P2 and P3 

promoters, relative to the wildtype MuIFNaj promoter. However, CAT production by P4, 

P5 and wildtype MuIFNaj mutant promoters were of a similar magnitude.

Table 6 . 6  summarises the results obtained from a series of independent experiments 

performed with these cell populations. Inspection of these data reveals that CAT 

production in L —929 cells containing the P6  mutant promoter (containing a G to C 

transversion at +14) is highly variable, with inducibilty ranging from 150 to 1000 fold 

compared to the 300 to 750 fold observed in L929pCPWT cells. Statistical analysis 

(student t) suggested, therefore, that there was no genuinely significant difference in CAT 

expression from the P6  and wildtype MuIFNoj gene promoters. Nevertheless because of 

the variable expression observed (Table 6 .6 ) it was concluded that further studies would 

be appropriate to determine the relative strength of polyrI.rC induced transcription from



FIGURE 6 .1 7  G raph Showing a  Q u a n t i t a t i v e  C om parison  o f  P o lv r I .r C  Induced 

CAT P r o d u c tio n  from  th e  MuIFNa^ W ild tv p e . P 2 . P 3 . P4. P5 and 

P6 P ro m o te rs  

See le g e n d  to  F ig .5 .1 5 A .

pCPWT = CAT p r o d u c t io n  i n  L929pCPWT]^ C e l l s

pCP2 = " " L929pCP22 C e l l s

pCP3 = " " " L929pCP3i

pCP4 -  " " " L929pCP42 "

pCP5 = " " L929pCP5x

pCP6 = •’ " " L929pCP6x "
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TABLE 6 .6  C om parison  o f  CAT P r o d u c tio n  i n  P o l y r I . rC In d u c e d

L929pCP2, L929pCP3, L929pCP4, L929pCP5, L929pCP6 an d  L929pCPWT 

C e l l  P o p u la t i o n s .

P o p u la t io n CAT A c t i v i t y I n d u c i b i l i t y Mean

L929pCP22 0 .0 3 300

L929pCP23 0 .0 1 4 140 0 .0 2 3 0 .0 0 7  2 .3 6 5 2 .7 1 8

L929pCP3i 0 .0 1 8 -0 .0 2 9 180-290

L929pCP42 0 .0 4 4 -0 .0 7 5 440-750

L929pCP43 0 .0 3 -0 .0 7 5 300-750 0 .0 4 9 0 .0 1 9  -2 .4 4 7 -0 .2 9 7

L929pCP5i 0 .0 4 - 0 .0 5 400-500

L929pCP52 0 .0 5 3 -0 .0 6 530-600 0 .0 5 0 0 .0 0 7  -2 .3 0 6 -1 .9 2 0

L929pCP53 0 .0 4 5 450

L929pCP6i 0 .0 1 5 -0 .0 8 6 150-860

L929pCP62 0 .0 2 - 0 .1 200-1000 0 .0 5 4 0 .0 3 4  2 .3 0 6 -0 .4 7 6

L929pCP63 0 .0 5 500

L929pCPWTi_3 0 .0 3 -0 .0 7 5 300-750 0 .0 4 6 0 .0 1 7

See T a b le  6 .5 .  c r :s ta n d a rd  d e v ia t i o n ,

t c  > t ( 0 . 0 5 )  d i f f e r e n c e  i n  CAT p r o d u c t io n  i s  s i g n i f i c a n t  

- t c  < - t ( 0 . 0 5 )  " .........................
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this promoter (Chapter 7).

The introduction of a perfect region III motif into the MuIFNa^ promoter, at the 

novel site ( —87 to —82, Fig.6 .3, P3) appeared to reduce polyrI.rC induced CAT 

production (L929pCP3 1) from the MuIFNcq promoter (Table 6 .6 ). CAT production was 

also reduced in L929pCP2 1 and L929pCP2 2 cells, where the mutant promoter P2 

responsible, contained the same A to G transversion at —87 as the P3 promoter 

(Fig.6 .3). The additional transition at —84 found in P3 is probably not implicated in the 

observed reduction of CAT expression as it is shared by the active MuIFNo2 . MuIFNoi4  

and HuIFNoj gene promoters. Student t analysis confirmed that the apparent reduction 

of CAT production observed in these cell populations is probably statistically relevant 

(Table 6 .6 ).

Thus, the gene transfer studies described here, suggest that a transversion at —87 is 

probably responsible for a reduction in CAT expression from the MuIFNaj gene 

promoter. Inspection of this region (Fig.6.2) revealed a GTGAAAAG sequence ( —94 to 

— 8 6 ), which is homologous to the functionally important enhancer core sequence, 

GTGGAAAG (Weiher et aZ, 1983), first identified in the SV40 enhancer. Just 

downstream of this, there is a perfect enhancer core sequence ( —81 to —74). Therefore, 

the reduction in promoter activity observed here may be the result of changing upstream 

activator sequences which share significant structural homology with enhancers.

The mutation at —87 also occurs within a region homologous to a repeat structure 

identified in the HuIFNcq gene and believed to be essential for rendering heterologous 

promoters inducible by virus (Ryals et al, 1985; Fig.6.3). Therefore, based on both 

functional and structural studies this sequence is strongly implicated in IFN gene 

regulation.

It is, therefore, likely that the reduced inducibility or strength of transcription from 

the P3 promoter is a consequence of altering the region H sequences, rather than the 

introduction of a region III motif. Additionally the —87 mutation occurs within the 

14bp motif which is repeated at —171 to —159 in MuIFNa gene promoters (Section

6.1), raising the possibility that partial loss of function within region II can be 

compensated by upstream sequences. These observations are consistent with a common
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role for this region in both vims and polyrI.rC induction, perhaps indicating a similar 

mechanism of gene activation or that the same sequences dictate the strength of 

transcription from activated promoters.

The two promoters, P4 and P5, contain one and two base substitutions respectively, 

creating a partial or complete region III2  motif (Fig.6.3). Table 6 . 6  summarises the 

results comparing CAT production in L929pCP4 and L929pCP5 cells with L929pCPWT 

cells. Inducibilties of 300—750 and 400—700 fold from the P4 and P5 promoters 

respectively were determined (Table 6 .6 ) demonstrating that these mutations have little 

influence on the inducibility or strength of transcription from the MuIFNaj promoter in 

polyrI.rC induced L -929  cells.

Thus, region III mutations, frequently found within other MuIFNa gene promoters, 

have been introduced into the MuIFNaj gene promoter and polyrI.rC mediated cat gene 

activation quantitated in L -929  cells. The apparent failure to significantly elevate CAT 

production in L -929  cells with these promoters may reflect the conclusions derived 

previously (Chapter 5), that the MuIFNa^ promoter is fully active in this system. Thus, 

these analyses do not provide any evidence to support the hypothesis that the GGAGAA 

sequences common to HuIFN/3 and MuIFNa but not HuIFNa genes might contribute to 

polyrI.rC mediated IFN production in human or mouse fibroblasts.

Despite the demonstration from this work that improving the level of homology of 

the MuIFNoq promoter region III sequences to the consensus GGAGAA motif does not 

significantly improve the function of this promoter, the possibility still remains that these 

relatively conserved regions may be important in IFN expression. This issue might best 

be addressed by disruption of these regions by site directed mutagenesis together with 

gene transfer studies.

CAT Production from the Region IV Mutant Promoters

Figure 6.3 shows the primary nucleotide structure of the region IV promoter 

mutants, P7, P7^ and P8 , containing mutations within an inverted repeat region, 5' to 

the TATA box. Figure 6.18 shows the first time course CAT assays performed on 

polyrI.rC induced cell extracts, which suggested that there might be a small reduction in
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CAT production in L929pCP7 and L929pCP7^ cells compared to L929pCPWT, whereas 

L929pCP8 produced elevated levels of CAT activity.

PolyrI.rC induced CAT production in these cell populations was quantitated as 

described previously and the data obtained is summarised in Table 6.7. These results 

show that in a series of assays these mutant promoters, P7, P7® and P8 , produced 

polyrI.rC mediated CAT induction over a range of 180 to 500, 130 to 2000 and 330 to 

1 0 0 0  fold each, compared with 300 to 750 fold from the wildtype MuIFNa^ promoter. 

The apparent reduction in CAT production originally observed from the P7 and P7^ 

promoters, and increased expression from the P8  promoter is thus, not statistically 

significant (Table 6.7). Nevertheless, again because of the variable expression observed, 

these promoters were investigated further by an alternative procedure which is described 

in Chapter 7.

Thus, these data directly demonstrated that the complementarity observed between 

the inverted repeat sequences is not required for polyrI.rC induced gene regulation 

because disruption of homology at either site (promoters P7 and P8 ) does not 

significantly affect inducibility (Table 6.7).

As discussed previously basal gene expression from the wildtype MuIFNa^ promoter 

was difficult to quantitate due to the low levels of expression observed (Chapter 5). 

However, the cell populations containing plasmid pCP7 presented one of the few 

opportunities where basal CAT expression could be consistently measured. Table 6 . 8  

shows CAT production derived from several experiments performed with these cells to 

quantitate basal gene expression. From this analysis an estimate of a 2 —5 fold increase 

relative to wildtype was determined. Therefore, it is likely that these mutations result in 

an increase of basal expression from the MuIFNcq promoter, possibly suggesting a 

negative regulatory role in the control of IFN gene expression. However these data are 

not supported by non—induced CAT expression in cells transfected with pCP7^. This 

promoter contained the same mutation as pCP7, plus two additional base substitutions at 

the distal site (Fig.6.3).



FIGURE 6■18 G raph Showing a  Q u a n t i t a t i v e  C om parison  o f  P o lv r I . r C  In d u ce d  

CAT P ro d u c tio n  from  th e  MuIFNa^ W lld tv p e . P 7 . P7^ and  P8  

P ro m o te rs  

See le g e n d  to  F ig .5 .1 5 A .
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TABLE 6.7 Comparison of CAT Production in PolyrI.rC Induced

L929pCP7, L929pCP?8, L929pCP8 and L929pCPWT Cell Populations

P o p u la t io n CAT a c t i v i t y I n d u c i b i l t y Mean a  t^Q_&5 ^ t ^

L929pCP7i

L929pCP72

L929pCP73

0 .0 1 8 -0 .0 2 5

0 .0 2 - 0 .0 4

0 .0 5

180-250

200-400

500

0 .0 3  0 .0 1 2  2 .3 0 6  1 .1 1 6

L929pCP7®l

L929pCP7^2

L929pCP7^3

0 .0 1 3 -0 .0 2 5

0 .0 1 7 -0 .0 3 3

0 . 2

130-250

170-330

2 0 0 0

0 .0 5 8  0 .0 7  -2 .3 0 6  -0 .8 2 9

L929pCP8i

L929pCP82

L929pCP83

0 .0 3 3 -0 .0 3 8

0 .0 3 3 - 0 .1

0 . 1

330-380

330-1000

1 0 0 0

0 .0 6 1  0 .0 3  -2 .3 0 6  -0 .9 3 9

L929pCPWTi_3 0 .0 3 -0 .0 7 5 300-750 0 .0 4 6  0 .0 1 7

See T a b le  6 .5 .  cr: s ta n d a r d  d e v ia t io n

t c  > 0 5 ) d i f f e r e n c e  i n  CAT p r o d u c t io n  i s  s i g n i f i c a n t

- t c  <  t ( 0 . 0 5 )  " " " ” ” "



TABLE 6.8 Comparison of CAT Production in Non-induced L929pCP7 and

L929pCPWT Cell Populations

P o p u la t io n  CAT A c t i v i t y  (xlO "^')

L929pCP7i 1 .1 - 1 .9

L929pCP72 5 .3 - 7 .3

L929pCP73 1 .6

L929pCPWT 4 .5 - 5

L929pCPWT2 u n d -0 .2 8

L929pCPWT3 0 .4 2

CAT tim e  c o u rs e  a s s a y s  w ere  p e rfo rm e d  o v e r  a  p e r i o d  o f  8  h r s  (C h a p te r

2) . CAT a c t i v i t y  i s  e x p re s s e d  a s  th e  % a c é t y l a t i o n  o f  

c h lo ra m p h e n ic o l/m in /m g  t o t a l  c e l l  p r o t e i n .
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Conclusions

Several structural features common to IFNa gene promoters have been identified and 

experiments conducted to begin dissection of the structure/function relationships of the 

IFN promoter. Both conserved sequence homology and expression data of deletion 

mutants performed here and by others has confirmed the structural and functional 

similarities of HuIFNoj and MuIFNaj gene promoters.

The ability of the MuIFNa^ gene promoter to confer polyrI.rC inducibility upon the 

heteologous cat gene (Chapter 5) is lost upon deletion of 77bp of 5* flanking DNA 

sequence. Thus, 94bp of promoter sequence are insufficient to maintain polyrI.rC 

mediated activation of gene expression. This deletion removes sequences homologous to 

those required for full activation of the HuIFNo% gene by virus, suggesting a common 

function with both inducers. In addition, a single G to C transition at — 8  apparently 

inactivates MuIFNo% gene promoter activity, but the reasons for this are unclear (Chapter

7).

Site directed mutagenesis has been employed successfully to create a series of 

predetermined promoter mutants which have focused attention on the functional relevance 

of specific structural motifs within the MuIFNcq gene promoter. Some mutations appear 

to have a minor effect on promoter function in vivo. For example the nucleotide 

transitions at —33 and —35 (P7) within the proximal inverted repeat (Fig.6.3) possibly 

elevate basal gene transcription, thus, implying a negative regulatory role for the inverted 

repeat sequences (region IV) in the control of IFN gene expression.

Mutation of the MuIFNcq gene promoter at —87, from A to G (P2 and P3), 

within a sequence which shows significant homology to enhancer sequences, produces a 

statistically significant 2 fold reduction of polyrI.rC mediated promoter activity. The 

behaviour of these promoters, together with the deletion derivative, are consistent with 

the requirement for upstream regulatory elements with structural features of enhancers. 

These elements make a positive contribution to the efficiency of transcription initiation 

from the induced MuIFNoj gene promoter.

Thus, examples of both positive and negative effects upon the MuIFNoj gene 

promoter have been observed. Other regions possibly influencing the transcription
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efficiency of the activated MuIFNcq gene promoter were also identified but firm 

conclusions concerning their behaviour was prevented by the variation in expression 

observed. These again included the nucleotide transitions at —33 and —35 (P7) and the 

single base transversion at +14 (P6 ) creating a perfect GGAGAA motif, which possibly 

depress and elevate induced CAT production from this promoter respectively.

Therefore, this analysis has begun to highlight regions of functional relevance within 

the MuIFNcq gene promoter. Clearly the ability to make predetermined promoter 

mutations by site directed mutagenesis is a very valuable approach to identifying 

sequences involved in the regulation of gene expression. These studies now need to be 

extended to concentrate mutations to specific sites for a more comprehensive analyses to 

define both the important nucleotides and their precise role in the control of IFNa gene 

expression.
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CHAPTER 7

STRUCTURE/FUNCTION ANALYSIS OF THE MuIFNo^ PROMOTER PART ÏI: 

ADDITIONAL MUTANTS AND S - I  NUCLEASE ANALYSIS OF MuIFNo^

PROMOTER FUNCTION

The double stranded RNA polyrI.rC characteristically induces transient expression of 

IFNa and IFN|3 mRNAs and proteins in a variety of mammalian cells including those of 

mouse (Chapter 1). Work described in both Chapters 5 and 6  demonstrated 

polyri.rC/DEAE dextran (polyrI.rC) mediated production of CAT by the MuIFNa%/ca( 

gene in L —929 cells. However, the kinetic aspects of expression were not addressed. 

Additionally, the transcription initiation site, an important aspect of promoter function 

was not determined. To address these issues, time course CAT assays and S—1 nuclease 

protection studies (Weaver and Weissmann, 1979) have been undertaken.

To provide additional information on the behaviour of the mutant IFN promoters 

described in Chapter 6  further mutants have been created. In addition, although the CAT 

assay system used to examine IFN promoter function previously (Chapter 5 and 6 ) had 

proved to be adequate for demonstrating major changes in promoter activity, the 

experimental variation observed by the direct comparison of CAT production in essentially 

identical cell populations had made it difficult to detect subtle changes in promoter 

activity. An S—1 nuclease protection assay which allows the direct comparison of 

transcription from both mutant and wildtype promoter/caf gene constructs within the same 

cell population has, therefore, been developed in an attempt to provide a more sensitive 

means of comparing promoter activity.

7.1 Kinetics of PolvrI.rC Induced CAT Production

The production of CAT by L —929 cells stably transfected with the wildtype 

MuIFNai p r o m o t e r / g e n e  (L929pCPWT cells) had previously been monitored 24hrs 

after polyrI.rC treatment (Chapter 5). However to ensure that the kinetics of MuIFNa% 

promoter/cat gene expression were no different to the endogenous IFN genes, CAT
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production was monitored over a 24hr period in induced L929pCPWT cells.

As shown in Figure 7.1 CAT activity is detectable at 9hrs, is maximal between

12—16hrs and declines to approximately 30% to 50% of this level by 24hrs

post—induction. This suggests that the CAT assays described previously (Chapters 5 and

6 ) were not performed under optimal conditions, although a significant proportion of 

enzyme activity still remains after 24hrs. Nevertheless, a transient profile of CAT

production was observed, corresponding to mouse IFN gene expression. The mixture of 

IFNs induced by polyrI.rC in L -929  cells are the products of a family of genes

(Chapter 1). The apparent differences in the kinetics of CAT (12—16hrs) and IFN 

(16—24hrs) production may suggest subtle differences in either the rate of the response 

of individual MuIFNa genes to the inducer or the relative stability of caf/MuIFN gene 

mRNA or their proteins. The question of relative protein stability is difficult to assess as 

normally IFN is exported from the cell. The cellular location of the CAT protein has 

not been examined here, but it is probably intra—cellular.

7.2 Kinetics and Transcription Initiation Site of Wildtvoe MuIFNa^ Promoter/cat Gene 

mRNA Transcription

To investigate the MuIFNa^ promoter/caf gene system further, the kinetics of 

polyrI.rC induced mRNA accumulation has been examined. For this purpose an S—1 

nuclease protection assay was employed to allow a simultaneous verification that the 

anticipated transcription intiation site was utilised. The principle of this assay is illustrated 

schematically in Figure 7.2B.

A suitable recombinant phage for generating a uniformly labelled single stranded 

DNA (ssDNA) probe (Chapter 2), complementary to chimaeric MuIFNa%/ca( gene 

transcripts, was created for S—1 nuclease protection studies. This was constructed by 

inserting a 410bp E coRI/PvmII fragment from pCPWT, into the EcdRSJSmal site of 

M13mpl0, producing mS—1 (Fig.7.2).

The sequence of the entire 410bp insert of mS—1 has been verified (Fig.7.3B), 

facilitated by the use of the oligonucleotide 5 mismatch sequencing primer (Chapter 6 ) 

which primes DNA synthesis from a midway point in this sequence. Preparation of a



FIGURE 7 .1  K in e t i c s  o f  CAT P r o d u c tio n  In  P o lv r I . r C  In d u c e d  L929pCPWT 

C e l l s

C o n f lu e n t  m o n o la y e rs  o f  L929pCPWT3 c e l l s  ( I n  9cm Nunc t i s s u e  culture 

p e t r l - d l s h e s )  w ere  In d u c e d  w i th  p o l y r I . r C  an d  e x t r a c t s  p re p a re d  at the 

s p e c i f i e d  tim e  p o i n t s . CAT a s s a y s  w ere  p e rfo rm e d  w i th  lOfil  o f  extract 

u s in g  0 .2 /rC l o f  ^ ^ C -c h lo ra m p h e n ic o l (NEN) f o r  I h r .  T .L .C . was performed 

i n  9 5 :5  c h lo ro fo rm :m e th a n o l  (C h a p te r  2 ) .  A u to ra d io g ra p h y  was performed 

f o r  1 5 h rs  u s in g  F u j i  RX f i lm  (A ).

a )  n o n - In d u c e d  ( - )  f )  9 h r s  p o l y r I . r C

b )  I h r  p o l y r I . r C  g) 1 2 h rs  "

c )  3 h rs  " h )  1 6 h rs  "

d) 5 h rs  " 1) 2 4 h rs  "

e ) 7 h rs  "

Below th e  s t r u c t u r e  o f  th e  M ulFNa^^/cat gene  I n  L929pCPWT c e lls  is 

shown ( B ) .
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FIGURE 7 .2  The T r a n s c r ip t i o n  I n i t i a t i o n  S i t e  o f  th e  C h im ae ric  Gene in 

L929dCPWT C e l l s

25fig sam p le s  o f  t o t a l  RNA, p r e p a r e d  from  p o l y r I . r C  in d u ce d  L929pCPWTg 

c e l l s  a t  s p e c i f i e d  tim e  p o i n t s  w ere  u s e d  f o r  S -1  n u c le a s e  protection 

s t u d i e s  (C h a p te r  2 ) .  A f t e r  S -1  t r e a tm e n t  sa m p le s  w ere  a n a ly s e d  on a 5% 

p o ly a c r y la m id e /u r e a  d e n a tu r in g  g e l  and  th e n  a u to r a d io g r a p h y  was performed 

f o r  4 8 h rs  a t  -70*C u s in g  F u j i  RX f i lm  w i th  a n  i n t e n s i f y i n g  s c re e n  (A).

1) P ro b e  o n ly  - S -1

2) " o n ly  + S -1

3) P ro b e  +RNA, 5 h rs  p o s t - i n d u c t i o n  + S -1

4) ” " 7 h rs  " "

5) " " 9 h rs  " ”

6 ) ” " 1 2 h r s  " "

7) ” 1 6 h rs  " "

8 ) P ro b e  o n ly  - S -1

A,C,G  and  T — s e q u e n c in g  l a d d e r  m ark e r  p r e p a r e d  u s in g  th e  oligonucleotide

12 p r im e r  and  mS-1 te m p la te  DNA ( F i g . 7 . 3 ) .  P -  P ro b e , A -  Probe protected

by  r e a d th ro u g h  t r a n s c r i p t i o n  and  T -  P ro b e  p r o t e c t e d  by correctly

i n i t i a t e d  t r a n s c r i p t s .

The com plem ent o f  p a r t i a l  se q u e n c e  d a ta  d e r iv e d  from  th e  marker is
/

shown i n d i c a t i n g  th e  e x p e c te d  t r a n s c r i p t i o n  i n i t i a t i o n  s i t e  of the 

MuIFNa^ gene p ro m o te r  (a rro w ) w h ich  c o m ig ra te s  w i th  th e  protected 

f ra g m e n t T.

Below  i s  i l l u s t r a t e d  s c h e m a t i c a l l y  th e  p r i n c i p l e  o f  th e  S-1 nuclease 

p r o t e c t i o n  a s s a y  ( B ) . The p r im a ry  t r a n s c r i p t  ( p t )  d e r iv e d  from the 

t r a n s c r i p t i o n  i n i t i a t i o n  s i t e  ( T is )  fo rm s a  d o u b le  s t r a n d e d  RNA/DNA 

h y b r id  w i th  co m p lem en tary  s e q u e n c e s  w i t h in  th e  p ro b e  ( P ) , p ro tec tin g  it 

from  S -1  n u c le a s e  d i g e s t i o n .  T h is  g e n e r a te s  a  2 0 6 n t p r o te c te d  fragment 

(T) . E *  EcoRl ,  Pv — P v u I I ,  th e  s t r i p e d  box  — th e  MuIFNa^ prom oter, the 

open  box  — th e  c a t  gene  and  th e  sh a d e d  box  — th e  HSV po lyA  sequences.
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FIGURE 7 .3  R e s t r i c t i o n  Mans o f  mS-1 and  p CPWTA (pCPWTd>

The r e s t r i c t i o n  map o f  pCPWTA f o r  B s tN I , F co R I, B in d I I I  and PvuII 

r e s t r i c t i o n  enzym es i s  shown (A ) . Below (B) i s  i l l u s t r a t e d  the  primary 

n u c l e o t id e  se q u e n c e  o f  th e  410bp E c o R I/P v u II  ( u n d e r l in e d )  fragment of 

pCPWT w h ich  h a s  b e e n  c lo n e d  i n t o  M13mplO to  c r e a t e  mS-1 (A ). The MuIFN(j| 

gene  p ro m o te r  TATA b o x , t r a n s c r i p t i o n  i n i t i a t i o n  s i t e  (arrow ) and cat 

gene  i n i t i a t i o n  codon  (ATG) h a v e  b e e n  u n d e r l i n e d  ( B ) . Futhermore, the 

o l ig o n u c le o t id e  12 s e q u e n c in g  an d  o l ig o n u c le o t id e  13 m ism atched primers 

a r e  shown a l ig n e d  to  t h e i r  r e s p e c t i v e  co m p lem en tary  se q u e n c e s  o f the cat 

gene  c o d in g  r e g io n  ( B ) .

y



A)

c a t

Mu IFN

mS-1
7 . 6 0 0  Kb 2—!

E c o R IBstNI IStNI
' v u l lEcoRI 

BstNI 
BstNI \

B s t N I

MSV-2 PolyA

oCPWTa 
3 , 6 0 0  Kb

H l n b l l l

B s t N I

P v u I I

B s t N I
B s t N I  /  

B s t N I

I

B)

EcoRI 10 20 30 40 50 60

GAATTCGAGC TCGCCCAGCT TTTGATGAGG AGCAGTGAAA GAGGAAGCAA TAATGAAAAG

70 80 90 100 110 120

GAGAATGGTT TAGAAAACAC CCAGACGGAA GCAGAGAATG AGTTAAAGAA AGTGAAAAGA

130 140 150 160 170 180

CAAGTGGAAA GTGATGGAAG GGCATTCAGA AAGTAAAAAC CAGTGTTTGC CCTATTTAAG

190 200 i 210 220 230 240

ACAGATTCAC CCAGGATGGT CTTGAGAGAA CCTAGAGGGG AAGGATCAGG ACCAAACAGT

250 260 270 280 290 300

CCAGAAGACG AGAAGCTGGG GATCCGTCGA GATTTTGAGG AGCTAAGGAA GCTAAAATGG

310 320 330 340 350 360

AGAAAAAAAT CACTGGATAT ACCACCGTTG ATATATCCCA ATGGGATCGT AAAGAACATT

3' A

370 380 390 400 PvuII

TTGAGGGATT TCAGTCAGTT GCTCAATGTA GCTATAACCA GACCGTTCAG 

AACTGC*TAA *GTCAGTC 5' 3' GATATTGGT CTGGCAAGTC 5'

T G

Oligonucleotide 13 Oligonucleotide 12
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uniformly labelled single stranded DNA probe from the mS—1 template using the 

universal primer (Amersham 17mer) as described in Chapter 2 produced an anticipated 

major species of 464 nucleotides (nt) (Fig.7.2 Lane 1). The additional 54 nucleotides are 

derived from the primer and Ml 3 mplO polylinker sequences which are synthesised 

during this procedure.

The 464nt single stranded probe synthesised by this procedure was employed to 

examine the kinetics of correctly initiated MuIFNcq promoter/caf gene transcription in 

L929pCPWT cells. Hybridisation of correctly initiated mRNA from the expected 

transcription initiation site (Fig7.3B) should result in the protection of 206nt of the probe 

from degradation by S—1 nuclease digestion. Thus, a 206nt fragment should be 

specifically seen from induced cells only. Figure 7.2 shows the appearance of such a 

probe fragment (T), protected by the mRNA of polyrI.rC induced cells (Fig.7.2 Lanes 

3,4,5 , 6  and 7).

The exact size of fragment T was determined by comparison with the sequencing 

ladder marker (Fig.7.2), prepared using the oligonucleotide 12 sequencing primer (Table

7.1) and mS—1 template DNA (Fig.7.3 A and B). Both the protected fragment and 

derivatives of the sequencing reaction should share common 5 ' termini, thus, fragments 

of the same size within the S—1 and sequencing lanes should indicate transcription 

initiation and chain termination at the same nucleotide respectively. This procedure 

should, therefore, reveal the precise nucleotide sequence from which MuIFNa%/ca( gene 

transcripts originate. Inspection of the nucleotide sequence displayed in Figure 7.2 

revealed that the inducer dependent protected fragment (T) comigrated with the sequence 

around CAG. The most likely conclusion, therefore, was that 206nt of the probe had 

been protected by MuIFNaj/cat gene transcripts derived from the anticipated transcription 

initiation site of the MuIFNcq gene promoter (Fig.7.3B). The appearance of the S—1 

nuclease protected probe fragment is, therefore, indicative of correct transcription from 

the MuIFNcq/caf gene.

The kinetics of induced MuIFNcq gene transcription was also examined by 

monitoring the accumulation of the 206nt protected probe fragment. Inspection of Figure

7.2 shows this fragment is undetectable at time 0, appears by 7hrs, reaches a maximum



TABLE 7 .1  S t r u c t u r e  o f  O l ig o n u c le o t id e s  f o r  S i t e  D i r e c te d  M u ta g e n e s is  
and  S e q u e n c in g .

O l ig o n u c le o t id e  O l ig o n u c le o t id e  S t r u c t u r e  P u rp o se  

No 5 ' 3 ’

-102  *  -120

9 AACTCATTCTCCGCTTGCG M u ta g e n e s is :  P 9 ( r e g io n  I I I 3 )

-77 * * -95

10 TTCCACTTGTCTTTTCACT M u ta g e n e s is :  P3A77R

+24 * + 6

11 CTGATCCTTTTCCTCTAGG M u ta g e n e s is :  P6 tR

+205 +187

12 CAGAACGGTCTGGTTATAG S e q u e n c in g  P r im e r

+173 * * +155

13 CTGACTGGAATTCCTCAAA M u ta g e n e s is :  m S-lR I

* s i t e  o f  m u ta t io n
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by 9hrs and declines partially by 12—16hrs (Fig.7.3 Lanes 3,4,5 , 6  and 7). Thus,

polyrI.rC mediates transient activation of transcription from the MuIFNcq promoter in 

L —929 cells. Together with the data described previously (Section 7.1) it was concluded 

that cat gene transcription precedes CAT production in polyrI.rC induced L929pCPWT

cells. The abundance of cat mRNA being maximal approximately 9hrs after induction.

The presence of a separate transcript (A) protecting approximately 41 Ont of the 

464nt probe was also suggested by this study (Fig.7.2). The most likely explanation for 

this is readthrough transcription from upstream cryptic promoters located within plasmid 

DNA (Fig.7.4). The approximate size of this fragment suggested these transcripts protect 

all 41 Ont of the probe EcoRI/PvuII fragment, supporting this interpretation.

Despite the above conclusion it is unlikely that readthrough transcription contributes 

to CAT activity in these cells. Computer assisted analysis of the MuIFNcq promoter/cuf 

gene employing Analyseq (Staden, 1984) has revealed in frame nonsense mutations within 

the promoter sequence. Thus, the formation of a functional CAT fusion protein is

unlikely. This is supported by the fact that this transcript is abundant in the absence of

polyrI.rC treatment when CAT production is undetectable in L929pCPWT cells.

Although the probable readthrough transcripts are expressed at high basal levels 

scanning densitometry of autoradiographs suggested they are induced approximately 7  fold 

in polyrI.rC treated cells, following the same profile of expression observed with the 

correctly initiated transcript (Fig.7.2 Lanes 3,4,5,6 , and 7). This suggested either, that 

the cryptic promoter(s) might also respond directly to the inducer or, more likely, that 

the efficiency of transcription initiation is potentiated by the activation of the MuIFNoij 

promoter.

Transcriptional activation by elements 3 ' to a heterologous promoter is characteristic 

of enhancers (Chapter 1). This ability to activate transcription of heterologous promoters 

in induced cells, therefore, would be consistent with the MuIFNoj promoter containing 

an inducible cellular enhancer element. This observation might be worthy of further 

investigation to confirm, locate and define the sequences responsible using heterologous 

promoters which have been employed extensively in the characterisation of enhancer 

elements (Chapter 1).



FIGURE 7 .4  S c h e m a tic  R e p r e s e n ta t io n  o f  th e  L ik e ly  O r ig in  o f  th e  410nt

an d  2 0 6 n t S -1  P r o te c t e d  F rag m en ts

See le g e n d  t o  F i g .7 .3 .  The p r im a ry  ( p t )  an d  read th ro u g h  (rt)

t r a n s c r i p t s  d e r iv e d  from  th e  T is  and  c r y p t i c  p ro m o te rs  (a rro w s) upstream

o f  th e  MuIFNa^ gene p ro m o te r  ( s t r i p e d  b o x ) r e s p e c t i v e l y ,  p r o te c t  206nt 

(T) and  4 1 0 n t (A) o f  th e  4 6 4 n t ssDNA p ro b e  from  S -1  n u c le a s e  digestion.

The a d d i t i o n a l  5 4 n t o f  th e  p ro b e  ( - )  a r e  n o t  c o m p lem en ta ry , b e in g  derived

from  th e  u n i v e r s a l  p r im e r  and  Ml3 s e q u e n c e s  d u r in g  th e  s y n th e s is  of the

p ro b e  from  m S-1.



2 0 6 bp
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Thus, S—1 analysis has identified two inducible transcripts, one of which is derived 

from the MuIFNcq promoter/ca/ gene in polyrI.rC induced L929pCPWT cells. This 

transcript originates exactly from the anticipated transcription initiation site of the hybrid 

gene. Its maximal abundance precedes that of CAT expression. The second transcript is 

probably derived by readthrough transcription of cryptic promoters located upstream of 

the chimaeric MuIFNa^/cat gene. Its expression does not correspond with CAT activity 

but is enhanced by polyrI.rC.

7.3 Construction of a MuIFNcg Promoter/cat Pseudo gene

As discussed in Chapter 6 , it was possible to discern certain trends in the relative 

strength of MuIFNcq and mutant promoter constructs by monitoring polyrI.rC induced 

CAT production in stably transfected L —929 cells. However, experimental variation 

between duplicate assays performed on both the same and independently derived cell 

populations containing identical promoter/cat constructs made it extremely difficult to 

demonstrate subtle changes in promoter activity. In an attempt to address this difficulty 

an S —1 nuclease protection assay has been developed which allows a direct comparison 

of transcription of the cat gene from two different promoters functioning within a single 

cell population. This assay is dependent upon the creation of a pseudogene comprising 

the wildtype MuIFNcq promoter and an internally deleted cat gene. This enabled the 

distinction of correctly initiated transcripts of two distinctly sized mRNAs, using in both 

cases the same 464nt S —1 probe described in Section 7.2.

A suitable pseudogene for this purpose, pCPWTA, was created for this purpose by 

introducing a 366bp deletion into the cat gene of pCPWT (Fig.7.5). The first stage of 

this process required the excision of a 273bp EcoRI fragment from the plasmid p22, 

performed by EcoRI digestion, religation and transformation of plasmid DNA into E.cdi 

JA221 selecting for ampicillin resistant colonies. Deletion derivatives lacking the 273bp 

fragment were identified in three of four plasmid DNAs examined by EcoRI restriction 

analysis (p226RI).

The wildtype MuIFNcq promoter and 5* cat gene sequences were introduced into 

p22ARI as an EcoRI module to create pCPWTA (Fig.7.2). This was achieved in two



EcoRI

H i n d l l l

EcoRI

p22

EcoRI

EcoRI
Religate

Eindlll

EcoRI

EcoRI
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EcoRI

mS-1

1 SDM
01igo.l3

EcoRI
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mS-lRI

i
EcoRI
Isolate
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i
EcoRI

EcoRI

^  pCPWTA 
HindIIl\ j

FIGURE 7.5 Strategy for the Construction of pCPWTA

Striped box = MuIFNo^ promoter, open box = c a t  gene and filled box 

HSV-2 PolyA.
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stages a) by creating a novel EcoRI site within the cat gene sequence of the Ml 3

recombinant phage mS—1, and b) by cloning the newly created 365bp EcoRI promoter/5' 

cat module into p226RI (Fig.7.4).

A development of the site directed mutagenesis procedure used previously (Chapter

6 ) which increases the efficiency and ease of mutant isolation was adopted to generate 

the EcoRI site in mS—1 (Kunkel, 1985). Thus, the mismatch oligonucleotide 13 (Table

7.1) was designed to create an EcoRI site within mS—1 DNA at the location illustrated 

in Figure 7.3. Only two base changes were necessary for this purpose.

To create the mutation, oligonucleotide 13 was used to prime in vitro synthesis of

heteroduplex DNA from a uracil containing M13ssDNA (U —DNA) template derived from 

mS—1 (Chapter 2). The heteroduplex was transfected into E .cd i JMIOI. As shown in

Table 7.2, the heteroduplex is approximately 1000 fold more efficient at transfecting

JMlOl cells than the U —DNA template, consistent with the expected positive selection

for the in vitro synthesised DNA or mutant strand (Kunkel, 1985). EcoRI restriction

analysis of twelve prospective mutant phage R.F DNAs examined demonstrated that eight 

contained an additional EcoRI site, as revealed by the release of a 365bp fragment 

detected by P.A.G.E. Sequencing analysis of single stranded DNA for one of these phage 

confirmed that an EcoRI site had been created at the intended location and that the 

remaining sequence was intact. Thus, mS—IRI had been generated (Fig7.5).

Construction of the pseudogene pCPWTA was completed by cloning the 365bp EcoRI 

fragment from mS—IRI into the EcoRI site of p22ARI and transforming into E.cdi 

JA221 selecting for ampicillin resistance. Prospective recombinants were identified by 

colony hybridisation using a 5 ' end—labelled oligonucleotide 10 (Table 7.1) probe which 

recognises MuIFNaj promoter sequences (Table 7.1). Plasmid DNA prepared from ten 

positives identified from one hundred colonies screened, were examined by restriction

analysis with SstH  Hmdlll, identifying two possessing the expected restriction map for 

pCPWT6  (Fig.7.2). The remaining eight clones contained the 365bp EcoRI fragment in 

the opposite orientation.

Thus, a plasmid (pCPWTA) containing the wildtype MuIFNcq promoter upstream of 

an internally deleted cat gene had been generated. Correctly initiated transcripts from



TABLE 7 .2  R e la t i v e  T r a n s f e c t io n  E f f i c i e n c y  o f  Ml3 U r a c i l  C o n ta in in g

ssDNA and  i n  V i t r o  S y n th e s is e d  H e tro d u p le x  DNA T e m p la te s  in  

E . c d i  JM lOl and  BW313

Ml3 T em p la te  DNA BW313 JM lOl

mS-1 U.ssDNA 1000

mS-1 U.H.DNA 200 200

0.2f ig  o f  u r a c i l - c o n t a i n i n g  ssDNA (U) o r  i n  v i t r o  s y n th e s i s e d  

h e te r o d u p le x  DNA (C h a p te r  2) was t r a n s f e c t e d  i n t o  c o m p e te n t E . c o l i  JMlOl 

o r  BW313 c e l l s  (C h a p te r  2 ) .  P la q u e s  w ere  c o u n te d  a f t e r  an  o /n  in c u b a t io n  

a t  37*C.
ssDNA; S in g le  s t r a n d e d  DNA 

H. DNA: H e te ro d u p le x  DNA
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this gene should protect an expected 162nt of the 464nt probe from S—1 nuclease 

digestion. This should be readily distinguishable from the 206nt probe fragment protected 

by transcripts from the MuIFNcq promoter upstream of the intact cat gene.

7.4 Analysis of MuIFNcq Mutant Promoter and Pseudogene Function bv S—I Nuclease 

Mapping

To demonstrate the practicality of analysis of IFN gene regulation using the S—1 

nuclease protection assay, L —929 cells were co—transfected with pairs of genes using the 

selectable plasmid pTCF (Chapters 5 and 6 ). These comprised a mutant MuIFNoj 

promoter/wildtype cat test gene and the wildtype MuIFNa^ promoter/mutant cat

pseudogene. The cell populations generated are indicated in Table 7.3.

The cell populations were examined to confirm both the presence and relative

abundance of the test gene and pseudogene sequences. For these purposes Southern blot

analysis of P v m I I  digested DNA, with the l,163bp Sstl/H indJIl fragment MuIFNcq/cct

gene probe (Chapters 5 and 6 ) was performed. As both chimaeric genes are flanked by 

Pvull sites within pUC13 sequences, but the pseudogene has lost the internal cat gene 

Pvull site (Figures 5.2 and 7.2), distinct Pvull hybridising fragments of 1299bp 

(pseudogene) and 945bp plus 497bp (test gene) were expected. Some results obtained 

from this analysis are shown in Figure 7.6. Subsequent analysis demonstrated, 

unfortunately, a PvuU hybridising fragment within L —929 DNA (see also Chapters 5 and

6 ) which comigrated with the expected 1299bp PvuU fragment of the pseudogenes. Thus, 

although this analysis confirmed the presence of the test gene, neither the presence nor 

relative abundance of the pseudogenes could be determined.

The activity of the test genes were also examined in these cells prior to S —1 

nuclease protection studies. It was assumed and later confirmed that the pseudogene 

would not produce functional CAT protein due to the internal deletion. Thus, CAT 

assays were routinely performed to monitor test gene promoter activity.



TABLE 7.3 Cell Populations Generated for S-1 Nuclease Protection Studies

T e s t  Gene (IQ qg) Pseudogene (lO ^g) dTCF C e l l  P o p u la t io n

pCP4 pCPWTd + L929^pCP4

pCP5 L929^pCP5

pcp y s L929^pCP78

pCP8 L929^pCP8

pCPl L929^pCPl

pCP6 L929^pCP6

pCP6 t L929^pCP6t

pCP6 tR L929^pCP6tR

pCP85 L929^pCP85

pCP8 & L929^pCP86

pCP85/9 L929^pCP85/9

pCEAPWT L929i^pCEAPWT

pCEBPWT L929^pCEBPWT

pCEAP3A77 L929^pCEAP3A77

pCEBP3A77 L929^pCEBP3A77

An a v e ra g e  o f  10 to  20 c o lo n ie s  w ere  o b ta in e d  by  c o - t r a n s f e c t i o n  o f  

L-929 c e l l s  w i th  pTCF (C h a p te r  2 ) .  A f t e r  18 to  24 days s e l e c t i o n  i n  G418 

(400 /ig /m l) th e  c o lo n ie s  o f  in d e p e n d e n t t r a n s f e c t i o n s  w ere  p o o le d  and  th e  

c e l l s  grown a s  p o p u la t io n s  f o r  f u r t h e r  a n a l y s i s .



FIGURE 7 .6  S o u th e rn  B lo t  A n a ly s is  o f  S ta b lv  T r a n s f e c te d  L929 C e lls  

C o n ta in in g  b o th  P seudogene  and  T e s t  Gene S equences  

See th e  le g e n d  to  F i g . 5 .9 .  S o u th e rn  b l o t  a n a ly s e s  o f  P v u II  digested 

genom ic DNAs w ere  p e rfo rm e d  w i th  th e  same p ro b e  d e s c r ib e d  in  F ig .5.9. 

A u to ra d io g ra p h y  was p e rfo rm e d  f o r  2 4 h rs  ( a )  o r  4 8 h rs  (b )  a t  -70*C using 

F u j i  RX f i l m  w i th  a n  i n t e n s i f y i n g  s c r e e n .  The a rro w s  i n d i c a t e  the  1299bp 

(p se u d o g e n e )  and  945bp ( t e s t  g en e ) f r a g m e n ts .  L a t e r  s t u d i e s  revealed a 

1300bp P v u I I  h y b r i d i s i n g  f ra g m e n t i n  L -929 c e l l s  w h ich  com igrated  with 

th e  1299bp f ra g m e n t . The a d d i t i o n a l  b a n d s  s e e n  a r e  p ro b a b ly  endogenous 

MuIFNa gene se q u e n c e s  w h ich  h y b r i d i s e  t o  t h e  MuIFNofi p ro m o te r  sequences 

w i t h in  t h e  p r o b e ,  

a :

1) 10/ig o f  P v u I I  d i g e s t e d  L929^pCP5 DNA

2) " " " L929^pCP6 "

3) " " " L929^pCP?8 "

4) *• " " L929^pCP8 ”

5) " " " L929^pCP4 "

6) " " " L929^pCP2 ”

7) lO pg " " pCPWT DNA

b :

1) lOfig o f  P v u I I  d i g e s t e d  L929^pCEAPWT DNA

2) " " " L929^pCEBPWT "

3) " " ” L929^pCP3A77 "

4) " " " L929^pCEAP3A77"

5) " " ” L929^pCEBP3d77"

6) lO pg " " pCEAPWT

7) tt " " pCEBPWT •'

8) " " " pCEAP3A77

9) " " " pCEBP3A77 "
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Functional Analysis of the Region Promoters P4 and P5

Having established these criteria S—1 nuclease protection studies were undertaken. 

The behaviour of some mutant promoters previously characterised by CAT assays 

(Chapter 6 ) and some additional mutants were examined by this procedure.

The region III2  MuIFNcq mutant promoters P4 and PS contain mutations creating 

either a partial or complete hexameric GGAGAA sequence motif located at —52 to —47 

(Chapter 6 ; Fig.6.3). Although CAT production studies suggested that the function of the 

MuIFNcq promoter was unaffected by these mutations their activity has been

reinvestigated using an alternative assay. Thus, the cell populations L929\^pCP4 and

L929^pCP5 (Table 7.3), containing transfected pCPWTA (yf) and pCP4 or pCP5 plasmid 

DNAs, were generated. CAT assays, performed as described previously (Chapters 5 and

6 ), demonstrated as expected that these mutant promoters are regulated by polyrI.rC

(Fig.7.7 Lanes a,b,c and d).

To investigate gene transcription S -1  protection studies with the 464nt probe 

(Section 7.2) were undertaken. For this purpose, mRNA was extracted from L929\^pCP4 

and L929^pCP5 cells which were either non—induced or had been induced for 9hrs with 

polyrI.rC as described previously (Section 7.2). Correctly initiated inducer dependent

transcripts derived from the pseudogene were observed in both cases, protecting the 

anticipated 162nt of the probe from degradation by S -1  digestion (Fig.7.8 ). Thus, this 

demonstrated that the wildtype promoter coupled to the CAT pseudogene had retained its 

previously characterised functional activity.

The identification of an additional fragment of 206nt protected from S -1  nuclease 

digestion by correctly initiated transcripts, initiated from the test genes in these cells, 

confirmed that regulated transcription of two independent genes functioning simultaneously 

within a single population can be demonstrated by this analysis (Fig.7.8). Scanning 

densitometry of autoradiographs was performed to examine the relative intensity of the 

206nt and 162nt protected fragments. This enabled a comparison of the efficiency of 

polyrI.rC induced gene transcription from the MuIFNcq wildtype and P4 or P5 

promoters. These results, shown in Table 7.4, confirmed that induced gene transcription 

from these promoters is indistinguishable in L —929 cells.



FIGURE 7 .7  CAT P r o d u c t io n  i n  L929^pCP4 an d  L929^pCP5 C e l l s

See le g e n d  to  F i g . 5 .1 0 ,  th e  o n ly  d i f f e r e n c e  b e in g  t h a t  10/a1 of cell 

e x t r a c t s  w ere  a s s a y e d  f o r  I h r .  A u to ra d io g ra p h y  was p e rfo rm e d  fo r  12hrs 

u s in g  F u j i  RX f i lm  ( a ) .  The s t r u c t u r e  o f  th e  M uIFNoi^/cat gene is  s h o w n  

b e lo w  ( b ) .

a ) L929^pCP4 c e l l s ,  n o n - in d u c e d  ( - )

b ) " " in d u c e d  (+)

c ) L929^pCP5

d) +
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FIGURE 7.8 S-1 Nuclease Analysis of Chimaeric Gene Transcripts in 

L 929 i^pC P 4  and Lp29i/^oCP5 Cells 

See legend to Fig.7.3, except that SOfig of total RNA from induced (i) or 

non-induced (u) cells were used per assay. Autoradiography was performed for 2 weeks 

at -7 0 'C using Kodak XAR-5 film with an intensifying screen (a).

CP4 = L929^pCP4 cells, CP5 = L929i^pCP5 cells, P = probe, A = probe protected by

readthrough transcripts of the test gene, AA = probe protected by readthrough transcripts

of the pseudogene, T = 206nt of the probe protected by correctly initiated transcripts of

the test gene and WT = 162nt of probe protected by correctly initiated transcripts of the 

pseudogene. Lanes are from independent gels and hence arrows do not align perfectly to 

the corresponding probe fragments in all cases.

Below (b) the principle of this assay is illustrated schematically. This shows two

distinct transcripts derived from the test gene (pt) and pseudogene (ptd). The latter 

contains the deletion A shown. Thus, they are both complementary to th e  same probe 

but protect distinct sized species from S-1 digestion.
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Re —examination of P7^ and P8  Region IV Promoter Mutant Activity

The mutant promoters P7^ and P8 , previously described in Chapter 6 , contain base 

substitutions within lObp inverted repeat sequences located —41 to —32 and — 6 6  to 

—57nt upstream of the MuIFNoj promoter transcription initiation site (Chapter 6 ; 

Fig.6 .3). Initial examination of CAT production had suggested that these promoter 

mutations caused an apparent reduction and potentiation of induced MuIFNoq promoter 

activity (Chapter 6 ). However, these preliminary results were not statistically significant 

due to the variability of CAT production observed. It was therefore decided to investigate 

the behaviour of these promoters using the prospectively more sensitive S -1  nuclease 

protection assay.

To investigate P7^ and P8  promoter activity of these mutant promoters the cell 

populations L929^pCP7^ and L929\f-pCP8 were generated (Table 7.3). These contain the 

pseudogene and either the plasmid pCP7^ or pCP8 . CAT assays again confirmed that 

functionally active test genes had been introduced into these cells (Fig.7.9).

A direct comparison of the relative strength of polyrI.rC induced gene transcription 

from the mutant and wildtype MuIFNaj promoters was undertaken using the S -1  

nuclease protection assay. Correctly initiated gene transcripts protecting the expected 

206nt and 162nt of the probe from S -1  nuclease digestion were identified only in 

polyrI.rC induced cells (Fig.7.10).

The relative intensities of the 206nt and 162nt S -1  nuclease protected fragments 

were quantitated by scanning densitometry. This analysis established that the cat gene is 

transcribed with equal efficiency from the MuIFNoj wildtype, P7® and P8  promoters 

(Table 7.4) adding support to the conclusions derived by the statistical analysis of CAT 

production in polyrI.rC induced L -929  cells containing these constructs (Chapter 6 ). 

Thus, these mutations do not appear to significantly affect polyrI.rC mediated activation 

of the MuIFNcq promoter in L -929  cells.



TABLE 7 .4  R e l a t i v e  Abundance o f  P o ly r I . r C  In d u c e d  MuIFNa^ W ild ty p e  and  

M u tan t P ro m o te r T r a n s c r ip t s  i n  L-929 C e l l s .

P o D u la t io n % T % WT C o r re c te d  %WT R a t io  T/WT

L929^pCP4 60 40 55 1

L929^pCP5 60 40 55 1

L929^pCP78 60 40 55 1

L929^pCP8 59 41 57 1

L929^pCPl 38 62 87 0 .4

L929^pCP6 79 21 29 2 .7

L929^pC P6t 83 17 24 3 .0

L929^pCP6tR 70 30 42 1 .6

L929^pCP85 20 80 112 0 .2

L929^pCP86 55 45 63 1

L929^pCP85/9 34 66 92 0 .4

L929^pCEAPWT 25 75 105 0 .2

L929^pCEBPWT 48 34 59 1 .0

L929^p3A77 100

L929^pCP3A77R - 100 - -

L929^pCEAP3A77 57 43 60 1 .0

The r e l a t i v e  abundance  o f  th e  2 0 6 n t and  1 6 2 n t p r o t e c t e d  p ro b e  

f ra g m e n ts  w ere  d e te rm in e d  by s c a n n in g  d e n s i to m e try  o f  a u to r a d io g r a p h s .  

V a lu e s  h av e  b e e n  c o r r e c te d  to  a c c o u n t  f o r  th e  h ig h e r  r a d i o a c t i v i t y  

a s s o c i a t e d  w i th  th e  l a r g e r  2 0 6 n t p r o t e c t e d  f ra g m e n t by  m u l t ip ly in g  %WT by

1.4.



FIGURE 7 .9  CAT P ro d u c tio n  in  L929 î p CP78 and L929^pCP8 C e l ls  

See le g e n d  to  F i g .7 .7 .

A u to ra d io g ra p h  (A)

a ) L929^pCP78 -

b ) " +

c) L929^pCP8 -

d) " +
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FIGURE 7 .1 0  S -1  N u c le a se  A n a ly s is  o f  C h im ae ric  Gene T r a n s c r i p t s  in  

L929^̂p CP7^ and l,929d^CP8 C e l ls  

See le g e n d  to  F i g . 7 .8 .

A u to ra d io g ra p h  

CP78 “ L929^pCP78 

CPS = L929^pCP8
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An A to G Transition at —87 Reduces PolvrI.rC Induction of the MuIFNoj Promoter bv 

2 to 3 Fold

The MuIFNcKj promoter mutants P2 and P3 contain a common A to G transition 

located at —87, created by introducing a region HI hexanucleotide GGAGAA sequence 

motif by site directed mutagenesis, at a new site within region II (Chapter 6 ; Fig.6.3). 

CAT assays had previously indicated a statistically significant reduction of inducible CAT 

production from these promoters (Chapter 6 ). It was concluded that the —87 transition 

was responsible. To confirm these observations a corresponding reduction of correctly 

initiated gene transcripts should be seen. Therefore, the cell population L929^pCP2 was 

generated (Table 7.3). These cells contained both the pseudogene and the plasmid pCP2, 

which carries the P2 promoter.

Initially CAT assays were performed to confirm the expected functional activity of 

the P2 promoter (Fig.7.11). The relative strength of the P2 and wildtype promoters was 

then investigated by employing the S—1 nuclease assay. Correctly initiated transcripts 

derived from the mutant and wildtype promoters were observed (Fig.7.12) in polyrI.rC 

induced cells only. However, direct comparison of the intensity of the protected

fragments by scanning densitometry confirmed the previous conclusion that the —87

mutation reduced transcription of correctly initiated transcripts from the MuIFNcxj

promoter 2 —3 fold in polyrI.rC induced L —929 cells (Table 7.4).

Thus a single base substitution has revealed cis regulatory sequences within the 

MuIFNcq promoter which are worthy of further investigation to determine both the

extent and contribution of this region to IFN gene regulation. These data in conjunction 

with previous observations (Chapter 6 ) strongly implicate the interspecies conserved 

sequences identified as region II (Chapter 6 ; Fig.6.3) as being satisfactory in polyrI.rC 

mediated gene activation. As discussed previously a homologous region has been 

implicated in the virus induced activation of HuIFNcq promoter function, suggesting a 

common mechanism for the two inducers or at least an interaction with common parts of 

the gene.



FIGURE 7 .1 1  CAT P r o d u c tio n  in  L929 î dCP2 C e l ls  

See le g e n d  to  F i g . 7 .7 .

A u to ra d io g ra p h  (a )

a ) L929^pCP2 -

b) " +



PolyAMulFN cat



FIGURE 7 .1 2  S-1  N u c le ase  A n a ly s is  o f  C h im aeric  Gene T r a n s c r ip t s  in  

L929iZ>p CP2 C e l ls  

See le g e n d  to  F i g . 7 .8 .

A u to ra d io g ra p h  (a )

CP2 = L929^pCP2 C e l ls
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Transcription is Elevated from MuIFNoj Promoters Containing the Region in^ Sequence 

Motif GGAGAA

In Chapter 6  the construction and functional analysis of two MuIFNcq promoters, 

P6  and P6 t, containing a G to A transition at +14 to create the hexanucleotide motif

GGAGAA at region H lj, was described (Fig.6.3). One of these promoters, P6 t, contained

an additional base substitution at —8 , identified during the isolation of P6 , which 

apparently inactivated the MuIFNcq promoter. To ascertain if the — 8  mutation was 

solely responsible for the loss of promoter function a revertant containing only this 

mutation was isolated by site directed mutagenesis and its activity analysed in L —929

cells. In contrast to P6 t the promoter P6  appeared to elevate polyrI.rC induced CAT

production relative to the wildtype promoter in L —929 cells. The location of the 

mutation within the untranslated leader sequence of the MuIFNai promoter/cat gene 

suggests this region could function at the transcriptional or post—transcriptional level. To 

investigate these possibilities S—1 nuclease mapping studies were undertaken.

The apparent loss of promoter function observed with P6 t was investigated further 

by isolating a revertant promoter containing only the — 8  mutation (Fig.7.13). This was 

achieved by the use of oligonucleotide 11 (Table 7.1), designed to recreate the wildtype 

MuIFNcq promoter sequence at +14, whilst leaving the — 8  mutation of P6 t intact. Site 

directed mutagenesis was performed according to the method of Kunkel (Chapter 2) using 

a uracil containing DNA template prepared from the Ml 3 recombinant phage containing 

the corresponding promoter (Chapter 6 ). The mutant phage were selected on E.cdi 

JMlOl (Table 7.5) and two prospective mutants analysed by sequencing using the 

universal and oligonucleotide 5 primers (Chapter 6 ). This confirmed that both contained 

the desired reversion while the remaining sequences were unchanged (Fig.7.13). 

Subsequently this promoter was subcloned into p22 as described previously (Chapters 5 

and 6 ) to create pCPbjR.

The expression of the region IIIj mutant promoters P6 , P6 t and P6 tR were 

compared directly with the wildtype MuIFNcq promoter by generating the cell populations 

L -9 2 9 # C P 6 , L929\^pCP6t and L929#CP6tR (Table 7,3). In addition to the

corresponding P6  promoters, these cell populations contained the pseudogene.



-180 -170 -160 -150 -140
M ulFNal : AGCTTTTGATGAGGACCAGTGAAAGAGGAAGCAATAATGAAAACCACAATGC
P6tR  .....................................- ............................................................................. - -
P85 ..........................................................................................................................
P8^  - ........................................................................................
P85/9    - .......................................................................................................................................................................

P3A77R .................... ...................

-130 -120 -110 -100 -90 -80  -70
TTTAGAAAACACCCAGACGCAAGCAGAGAATGAGTTAAAGAAAGTGAAAAGACAAGTGGAAAGTGATGGAA

■GGAGAA*

TATA BOX CAP
-60 -50 -40 -30 -20 -10

GGGCATTCAGAAAGTAAAAACCAGTGTTTGCCCTATTTAAGACACATTCACCCAGGATGGTCTTCAGAGAA
........................................................................................................................................C......................... ..
GCGG.................... GGAGAA........................................................................................- ................................-
GCGG.............................................................- .................................................. - ......................................... -
GCGG - - ............ - - GGAGAA........... .............. - ............................................... - .......................- ..............

+10 +20 +30 +40 +50
CCTAGAGGGGAAGGATCAGGACCAAACAGTCCAGAAGACCAGAAGCT

•GGAGAA*

FIGURE 7 .1 3  P rim a ry  N u c le o t id e  Sequence  o f  MulFNo^ and  M utan t P ro m o te rs  

See le g e n d  to  F i g .6 .3 .



TABLE 7.5 Site Directed Mutagenesis by the Method of Kunkel (1985)

P ro m o te r  T em pla te  O l ig o n u c le o t id e  BW313 JM lOl S e q u e n c in g  C loned

P6tR U-mP6t

H-mP6t 11

>1000 1

N/D 890 2 /2 2 /5

P65/9 U-mP85 

H-mP85

>1000 1

N/D 700 2 /2 1 /5

P3A77R U-mP3A77 

H-mP3A77 10

>1000 1

N/D 23 2 /2 2 /4

0 .2  ftg o f  u r a c i l  c o n ta in in g  ssDNA (U) o r  i n  v i t r o  s y n th e s i s e d

h e te r o d u p le x  DNA (C h a p te r  2) was t r a n s f e c t e d  i n to  E . c o l i  JM lO l o r  BW313. 

E . c o l i  JM lOl s e l e c t s  a g a in s t  th e  p a r e n t a l  U-DNA s t r a n d  o f  th e

h e te r o d u p le x ,  r e s u l t i n g  i n  an  e n r ic h m e n t f o r  th e  m u ta n t p h a g e . The number 

o f  p la q u e s  o b ta in e d  by t r a n s f e c t i o n  o f  BW313 and  JM lO l c e l l s  i s  shown. 

Random p la q u e s  s e l e c t e d  on E . c o l i  JM lOl w ere  a n a ly s e d  by  s e q u e n c in g  and 

th o s e  c o n ta in in g  th e  d e s i r e d  m u ta t io n  c lo n e d  i n to  p 22 . The r a t i o  o f  

m u ta n ts  i d e n t i f i e d  to  th e  t o t a l  a n a ly s e d  by  s e q u e n c in g  i s  shown.

S i m i la r ly  th e  r a t i o  o f  re c o m b in a n t p la s m id s  i d e n t i f i e d  b y  r e s t r i c t i o n

a n a ly s i s  to  th o s e  s c re e n e d  i s  a l s o  i n d i c a t e d .

H- : H e te ro d u p le x  DNA s y n th e s i s e d  in  v i t r o  from  th e  U-DNA te m p la te  and 

o l ig o n u c le o t id e  i n d i c a t e d
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Preliminary CAT assays (Fig.7.14) established that all except L929i^pCP6t cells 

contained functional test genes. As observed previously (Chapter 6 ) no detectable CAT 

production was observed in L —929 cells containing the P6 t promoter coupled to a cat 

gene (Fig.7.14 Lanes c and d). Surprisingly however, the removal of the +14 mutation 

of P6  ̂ to create P6 ^R (Fig.7.13) apparently restored MuIFNa| promoter activity (Fig.7.14 

Lanes e and f). Thus, these results failed to confirm the previous conclusion (Chapter 6 ) 

that a G to C transition at — 8  inactivated the MuIFNcq promoter.

To investigate this observation further, the relative strength of transcription from the 

wildtype, P6 , P6 t and P6 tR promoters has been compared by S —1 nuclease protection 

assays. Surprisingly, correctly initiated transcripts derived from all three P6  test promoters 

were observed in polyrI.rC induced cells (Fig.7.15).

These data demonstrated that the MuIFNai promoter mutant P6 t containing both 

the — 8  and +14 mutations (Fig.6.3) produces correctly initiated gene transcripts but no 

CAT production in induced L—929 cells. Both the P6  and P6 tR promoters containing the 

+12 or — 8  mutations, respectively (Fig.6.3; Fig.7.13), transcribe and translate cat gene 

sequences producing a functional CAT protein. The most likely explanation for these

observations therefore, is that the P6 t promoter/cat gene transcripts are not translated to 

give a functional protein.

To investigate the effect of the +14 mutation of promoters P6  and P6 t upon

MuIFNcq promoter activity, the relative intensity of the 206nt and 162nt S—1 nuclease 

protected fragments (Fig.7.15) were compared by scanning densitometry. This reveals an 

approximate three fold elevation of induced transcription from the MuIFNa% promoter 

containing the GGAGAA motif at +12 to +17 (Table 7.4). Thus, this reinforces the 

previous conclusions from CAT production studies (Chapter 6 ) that this mutation

enhances polyrI.rC mediated activation of the MuIFNcq promoter.

Therefore, the transition at +14, located within the transcribed region, defines a

second site distinct from the region II —87 mutation described previously, that influences 

regulated MuIFNcq promoter activity. Its location indicates it could either increase the 

efficiency of transcription or mRNA stability of the chimaeric MuIFNa%/caf gene. Further 

investigation by nuclear run off transcription assays could resolve this issue.



FIGURE 7 .1 4  CAT P ro d u c tio n  in  L929i^pCP6. L929i^pCP6^ and L929\^pCP6^R C e l l s  

See le g e n d  to  F i g . 7 . 7 .

A u t o r a d i o g r a p h  ( a )

a) L929t^pCP6 C e l ls  -

b ) +

c) L929^pCP6t C e l ls  -

d )  " +

e) L929^pCP6tR C e l ls  -

f )  •’ +
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FIGURE 7 .1 5  S -1  N u c le a se  A n a ly s is  o f  C h im ae ric  Gene T r a n s c r ip t s  i n  

L929 î dCP6. L929i^pCP6t and  L929^oCP6cR C e l ls  

See le g e n d  to  F i g . 7 .8 .

A u to ra d io g ra p h  (a )

CP6 = L929^pCP6 C e l ls  

C P6t = L929^pCP6t C e l ls  

CP6tR = L929^pCP6tR C e l ls
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7.5 Functional Analysis of MuIFNcg Promoters Containing Multiple Mutations

As described here and in Chapter 6 , subtle changes in MuIFNoj promoter function 

have been observed with some of the first generation mutant promoters constructed on 

the basis of IFNa promoter comparative structural studies (Chapter 6 ). These results 

suggest that sequences contributing to promoter function may not be confined to a single 

location. A preliminary study has therefore been made to examine the behaviour of 

MuIFNcq promoters containing mutations at more than one site, by creating promoter 

mutants possessing a combination of selected mutations.

For this purpose the region n i |,  region III2 and region III3  GGAGAA sequence 

motifs, described in Chapter 6 , were introduced into the promoter mutant P8 , which 

contains two substitutions within the inverted repeat located at —70 to —61 in the 

MuIFNcq promoter (Fig.6.3). This choice was based upon early indications that the 

promoter mutant P8  appeared to increase promoter activity. It should however be noted 

that subsequent studies suggested this promoter is indistinguishable from wildtype. The 

introduction of a GGAGAA sequence motif at region IIÎ  however has been demonstrated 

to increase MuIFNcq promoter activity 2 to 3 fold in polyrI.rC induced L —929 cells. To 

determine if the homologous sequence motifs of region HI2  and region III3  could also 

influence expression the mutant promoters P8 &, P&5, and P8^^9 (Fig.7.13) were created 

by site directed mutagenesis.

The mutant promoters P8 ^ and P8 ^ were constructed using the Ml 3 recombinant 

phage mP8  containing the P8  promoter (Chapter 6 ) and the oligonucleotides 5 and 6  

(Chapter 6 ), by site directed mutagenesis as described by Zoller and Smith (Chapter 2). 

A mutation efficiency of 5% and 8 % was obtained by this procedure for oligonucleotides 

3 and 5 respectively (Table 7.6). Sequencing analysis of prospective mutants identified by 

oligonucleotide hybridisation confirmed the anticipated sequence of the desired mutant 

promoters P8 ^ and P8 ^ (Fig.7.13).

Mutant P8^/9 was constructed by site directed mutagenesis using the method of 

Kunkel (1985) with oligonucleotide 9 (Table 7.1), designed to create an A to G 

transversion at —112, and a uracil containing M l3 DNA template prepared from mP8 ^, 

containing the corresponding mutant promoter. Mutant phage were selected on JMlOl
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(Table 7.5) and sequence analysis identified two phage containing the desired mutations, 

confirming the structure shown in Figure 7.13.

The mutant SstVBamHl promoter modules were excised from their respective Ml 3 

recombinant phage and cloned into p22 as described previously (Chapters 5 and 6 ; 

Tables 7.5 and 7.6). Having obtained the mutant promoter/ca( gene plasmids pCP8 ^, 

pCP8 ^ and pCP8 ^^^, their behaviour was investigated by generating the cell populations 

L929i/^pCP86 L929i/^pCP85 and L929\(^pCP8^/9 (Table 7.1). These cells contain the

pseudogene in addition to their respective test gene plasmids. Once again preliminary 

CAT assays confirmed they each contained functional test genes (Fig.7.16).

The relative transcription efficiencies of these promoters were examined by 

employing the S—1 nuclease transcription assay. In each case correctly initiated gene 

transcripts were identified in polyrI.rC induced cells only (Fig.7.17). Data obtained by 

scanning densitometry of this autoradiograph are summarised in Table 7.4. Surprisingly, 

this suggests P85 and P8^^9 result in a 3 —5 fold reduction in gene expression from the 

MuIFNcq promoter. However the P8 ^ promoter behaves as wildtype.

Independently, neither the introduction of a GGAGAA sequence at —52 to —47 

(region III2 ) nor the substitutions within the inverted repeat located at —70 to —61 

(region IV) affect MuIFNcq promoter activity (Chapter 6 ). The activity of a MuIFNaj 

promoter containing a GGAGAA sequence at —112 to —107 (region III3 ) has not been 

investigated previously, however this sequence is present in the functionally active 

MuIFNo!5 and MuIFNo^^ promoters which suggests it is unlikely to contribute to the 

observed reduction in transcription of the P8^^9 promoter. Thus the reduction of 

transcription from both the P85 and P8^^9 promoters is consistent with the combined 

region III2  and region IV mutations being responsible. In this respect the inverted repeat 

sequences defined as region IV encompass the region III2  sequence (Chapter 6 ; Fig.6.2).

7.6 Characterisation of the Transcription Initiation Site for the MuIFNcq Promoter in the 

Presence of an Upstream Enhancer Sequence

Previous studies have been described (Chapter 5) which demonstrated regulated 

MuIFNcq promoter function in the presence of the Mo—MuSV enhancer. Quantitative



TABLE 7 .6  S i t e  D i r e c te d  M u ta g e n e s is  by  th e  M ethod o f  Z o l l e r  and  Sm ith  

(1983)

P ro m o te r  T em pla te  O l ig o n u c le o t id e  % M u tan ts  S equenced  C loned

P85 mP8 5 8 2 /3  1 /4

PS6 mP8 6 3 2 /3  4 /4

T e m p la te s  w ere  d e r iv e d  from  re c o m b in a n t Ml3 p h ag es  d e s c r ib e d  i n  C h ap te r 

6 . 100 c o lo n ie s  f o r  e a ch  m u ta g e n e s is  w ere s c re e n e d  u s in g  5 ' e n d - l a b e l l e d  

o l ig o n u c le o t id e  p r o b e s .  The num ber o f  p r o s p e c t iv e  p o s i t i v e s  i d e n t i f i e d  by 

t h i s  s c r e e n  a r e  i n d i c a t e d  a b o v e . See le g e n d  to  T a b le  7 . 5 .



FIGURE 7 .1 6  CAT P ro d u c tio n  in  L929^pCP85. L929^pCP86 and  L929^pCP85/9 

C e l ls

See le g e n d  to  F i g . 7 .7 .

A u to ra d io g ra p h  (A)

a ) L929^pCP85 C e l l s

b )  " +
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d) " +

e ) L929^pCP85/9 C e l l s  -

d) " +



P olyAMulFN c a t



FIGURE 7 .1 7  S -1  N u c le a se  A n a ly s is  o f  C h im aeric  Gene T r a n s c r ip t s  in  

L929^pCP85. L929^oCP86 and  L929 î dCP8 5 /9  C e l ls  

See le g e n d  to  F i g . 7 .8 .

A u to ra d io g ra p h  (A)

CP85 -  L929^pCP85 C e l ls
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CAT assays performed to compare the efficiency of non —induced and polyrI.rC induced 

gene transcription from the MuIFNa^ promoter suggested that the enhancer had a 2 to S 

fold increase in basal gene expression, but no effect on induced promoter activity.

To establish whether the regulated expression observed arose as a result of 

transcripts from the MuIFNcq promoter, S—1 nuclease protection studies were performed. 

This enabled a simultaneous reinvestigation of the effect of the Mo—MuSV enhancer on 

MuIFNcq promoter function.

Thus, the cell populations L929^pCEAPWT and L929^pCEBPWT, containing the 

pseudogene and plasmids pCEAPWT or pCEBPWT respectively (Fig.5.14), were generated 

(Table 7.3). Preliminary CAT assays established, as expected (Chapter 5), that the test 

gene promoters were functional (Fig.7.18).

Regulated gene transcription was investigated, employing the 464nt probe used 

previously for S—1 nuclease protection assays. Correctly initiated gene transcripts of 206nt 

in polyrI.rC induced L929\{'pCEAPWT and L929\J'pCEBPWT cells demonstrated that the 

transcription initiation site of the MuIFNaj promoter is maintained in the presence of 

the Mo—MuSV enhancer (Fig.7.19). Correctly initiated gene transcripts were not 

identified in non—induced cells preventing further characterisation of the elevated basal 

gene expression previously observed.

A comparison of the intensity of the 206nt and 162nt protected fragments derived 

from the enhancer containing and wildtype MuIFNaj promoter transcripts respectively, by 

scanning densitometry, revealed a reduction in induced promoter activity in 

L929^pCEAPWT cells, but comparable activity in L929\^pCEBPWT cells (Table 7.4). This 

is inconsistent with previous conclusions that polyrI.rC induced CAT production from the 

MuIFNcq promoter is unaffected by the Mo—MuSV enhancer independently of its 

orientation (Chapter 5). Therefore, the observation here probably reflects the cell 

population.

The MoMuSV Enhancer Restores MuIFNcq Promoter P3A77 Function

During the isolation of the MuIFNcq promoter mutants by site directed mutagenesis 

a 77bp deletion derivative, P3A77, arose (Chapter 6 ; Fig.6.3). CAT production from this



FIGURE 7 .1 8  CAT P r o d u c t io n  in  L929^pCP3A77. L929 î p CEAPWT. L929\^p CEBPWT. 

L929^pCEAP3A77 and  L929^oCEBP3A77 C e l l s  

See le g e n d  to  F i g . 7 .7 .

A u to ra d io g ra p h  (A)

a ) L929^pCP3A77 -

b )  ’’ +

c )  L929^pCEAPWT -
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e )  L929^pCEBPWT -

f )  " +

g) L929\^pCEAP3A77 -

h )  " +

i )  L929^pCEBP3A77 - 

j )  +

Below (B) i s  i l l u s t r a t e d  th e  th e  s t r u c t u r e  o f  th e  M uIFNaj^/cat genes in 

t h e s e  c e l l s .  The s t r i p e d  box  — th e  MuIFNa^ gene p ro m o te r ,  th e  open b o x  = 

th e  c a t  g e n e , th e  b lo c k e d  box  = th e  HSV-2 polyA  se q u e n c e  and  th e  stippled 

box  = th e  Mo-MuSV e n h a n c e r  shown i n  b o th  o r i e n t a t i o n s .
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FIGURE 7 .1 9  S-1  N u c le a se  A n a ly s is  o f  C h lm ae ric  Gene T r a n s c r ip t s  in 
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See le g e n d  to  F i g . 7 .8 .
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promoter, linked to the cat gene, was not detectable in L —929 cells. To investigate the 

basis of the apparent loss of promoter function, further analysis of P3A77 was 

undertaken. P3A77 in addition to the 77bp deletion has base substitutions at —85 and 

—87, the latter having been shown previously to reduce induced MuIFNoj promoter 

activity 2 —3 fold in L —929 cells. To confirm that the deletion was solely responsible for 

the behaviour of P3A77, a revertant was first created with wildtype MuIFNcq promoter 

sequences at —85 and —87 (Fig 7.13).

For this purpose site directed mutagenesis was performed by the method of Kunkel 

(1985) using the oligonucleotide 10 mismatch primer (Table 7.1) and a uracil containing 

Ml 3 DNA template derived from mP3A77 (Chapter 6 ), containing the corresponding 

promoter. Using this procedure the promoter P3A77R was isolated (Table 7.5) possessing 

the expected primary sequence illustrated in Figure 7.13. This was cloned into p22 

creating pCP3A77 as described previously (Chapters 5 and 6 )

During these studies the opportunity arose to compare the relative efficiency of site 

directed mutagenesis by the method of Zoller and Smith (1983) with the modified

procedure of Kunkel (1985), both adopted here. Comparison of the data shown in Tables

7.4 and 7.5 summarising the results obtained creating mutants by both procedures reveals 

the superior mutation efficiency obtained with the modified procedure. In combination 

with the site directed mutagenesis creating the EcoRI site in the construction of the 

pseudogene (Section 7.3), the average mutation efficiency observed with the modified

procedure is 6 6 %, relative to the 2 —8 % obtained with the original method employed 

earlier in these studies.

In addition to the creation of P3A77R two further derivatives were made. These

were designed to establish whether upstream enhancer sequences could restore functional 

activity to the deleted promoter. For this purpose the P3A77 Sstl/Bam H l promoter

module was excised from the corresponding Ml 3 phage derivative (Chapter 6 ) and cloned 

into the Sstl/ BamHl site of pCEA.I and pCEB.I (Chapter 5) to create pCEAP3A77 and 

pCEBPA77. Thus these plasmids contain the P3A77 promoter with an upstream 

Mo —MuSV enhancer in both orientations, 5 ' to the cat gene.

These constructs were introduced into L —929 cells to create L —929^pCP3A77,
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L929i^pCP3A77R, L929i^pCEAP3A77 and L929i^pCEBP3A77 cell populations (Table 7.3) to 

assess promoter function. These cells contain the respective plasmids indicated in addition 

to the pseudogene.

An initial examination of promoter behaviour was undertaken by assessing CAT 

production in these cells. CAT production was not detected from either P3A77 or 

P3A77R promoters in L —929 cells (Fig.7.18 Lanes a and b). This confirmed that the loss 

of promoter activity, detected previously (Chapter 6 ), could indeed be attributed to the 

77bp deletion which had originally arisen during site directed mutagenesis of the 

MuIFNcq promoter (Chapter 6 ).

Surprisingly, in the presence of an enhancer CAT production is restored from the 

77bp deletion derivative of the MuIFNcq gene promoter in L929\i^pCEAP3A77 and 

L929i/^pCEBP3A77 cells (Fig.7.19 Lanes g,h,i and j). Futhermore, polyrI.rC regulated

promoter function was revealed in L929^pCPEAP3A77 cells (Fig.7.20 Lanes g and h). 

Therefore, this indicated that a transcriptional enhancer is able to reactivate an inactive 

MuIFNcq gene promoter containing only 94bp of DNA sequence upstream of its 

transcription initiation site.

The possibility remained that transcription was initiated from within enhancer

sequences. Thus, to extend this analysis gene transcription from the mutant MuIFNoj

promoters in these cells were investigated using the S —1 protection assay. In the absence

of enhancer sequences, as expected, no P3A77 promoter specific transcripts could be 

detected in either non—induced or induced L929\J'pCP3A77 cells. Correctly initiated 

transcripts were seen from the pseudogene in these cells, which protected 162nt of the 

probe from S—1 digestion (Fig.7.20). This confirmed that the intact MuIFNoj^ promoter 

of the pseudogene was functional in these cells, whereas the 77bp deletion derivative was 

not. This reinforced the previous conclusions (Chapter 6 ) that the transcriptional 

activation of the MuIFNcq gene promoter was lost upon deletion of the 77bp of 

sequence upstream of —94.

Next L929\î'pCEAP3A77 and L929pCEBP3A77 cells were analysed using the 

transcription assay. In one orientation (pCEAP3A77), the presence of the Mo—MuSV 

enhancer immediately upstream of the P3A77 promoter produced inducer dependent
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correctly initiated gene transcripts, which protected 206nt of the probe (Fig.7.20 Lanes c 

and d). This demonstrated that the enhancer had restored regulated promoter function to 

the deleted MuIFNcq promoter. A 162nt protected fragment was also observed in these 

cells, derived from the pseudogene (Fig.7.20 Lanes c and d). The intensity of the 

protected fragments were compared by scanning densitometry, indicating that both 

promoters transcribed cat with equal efficiencies in polyrI.rC induced L —929 cells (Table 

7.4).

With the enhancer in the reverse orientation (pCEBP3A77) no correctly initiated 

transcripts were detected from either the pseudogene or test gene in L929^pCEBP3A77 

cells, but a highly abundant larger transcript was seen (Fig.7.20 A). This has been 

observed in all cell populations containing the P3A77 promoter and therefore is probably 

the readthrough transcript described previously (Section 7.2).

The inability to detect inducible promoter activity in L929^pCEBP3A77 cells may 

reflect the cell population. Indeed, Southern blot analysis indicated a significantly higher 

copy number of transfected cat genes in L929^pCEBP3A77 cells than other cells 

examined. Therefore, this promoter should be re-exam ined to determine if it restores 

either constitutive or inducible activity to the inactivated MuIFNoj promoter containing 

only 94bp of 5 ' flanking sequence.

Thus, this analysis demonstrates restoration of function to an apparently inactive 

deletion derivative of the MuIFNcq promoter by the Mo—MuSV enhancer. This suggests 

the basis for the behaviour of the deleted promoter is that upstream transcription 

activating functions have been lost. The ability to re-establish polyrI.rC inducibilty upon 

the deleted promoter shov^ that the sequences required for induction are probably still 

intact. Thus, this is consistent with the MuIFNoj promoter possessing at least two 

components, one controlling gene regulation and a second being responsible for efficient 

transcription from the activated promoter.
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7.7 Conclusions

These data demonstrate the use of an S-1 nuclease protection assay, designed to 

examine MuIFNcq promoter function. Preliminary investigations revealed, as expected, 

that polyrI.rC mediated the transient accumulation of correctly initiated chimaeric 

MuIFNcq/cûf gene transcripts in stably transfected L-929 cells. Maximum mRNA levels 

were identified approximately nine hours after induction, preceeding optimum CAT 

production by three to seven hours. Thus, this confirmed the conclusions derived in 

Chapter 6  that biologically relevent studies relating to MuIFNoj promoter function could 

be addressed using this hybrid gene system.

The S-1 nuclease protection assay has also been used to quantitate the relative 

abundance of chimaeric gene transcripts derived from MuIFNcq promoters. The 

construction of a functional pseudogene enabled the direct comparison of wildtype and 

mutant MuIFNcq gene promoters which are expressed simultaneously within the same cell 

populations. This analysis has confirmed and extended conclusions concerning MuIFNai 

promoter function derived from CAT expression assays described in Chapter 6 .

Thus site directed mutagenesis has revealed at least three distinct regions which may 

contribute to MuIFNcq promoter function. Two of these are defined here by single 

nucleotide substitutions at -87 and +14 which reduce and enhance respectively, polyrI.rC 

mediated gene transcription. The -87 mutation, located within a region highly conserved 

in IFN promoters, has been discussed previously (Chapter 6 ). The +14 mutation is 

located downstream of the transcription initiation site within the non-translated leader 

sequence of the MuIFNcq gene. It creates a GGAGAA sequence between +12 and +17 

which is normally found in the MuIFNo!2 and MuIFNo^ gene promoters. In this location 

the mutation could enhance either the efficiency of transcription or act 

post-transcriptionally.

A third region has been revealed by the reduced transcription of a MuIFNoj 

promoter containing two nucleotide transitions at -64 and -62 and two transversions at 

-51 and -49 located within part of an inverted repeat and a prospective GGAGAA 

motif resepectively. Neither mutation affects promoter activity independently (Chapter 6 )
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but combined a 3 to 5 fold reduction in transcription is observed. Interestingly, close 

inspection of autoradiographs obtained from S-1 protection of transcripts derived from

mutant promoters containing the -64 and -62 mutations within the inverted repeat

sequence (region IV, Chapter 6 ) all produce dual transcripts. Therefore, these sequences

may also influence the accuracy of transcription initiation from this promoter.

Perhaps the most interesting observation of all in the work described here is the

ability of the Mo-MuSV enhancer to restore polyrI.rC regulated transcription to an 

inactive MuIFNcq promoter containing only 94bp of promoter sequence upstream of the 

transcription initiation site. With the enhancer in one orientation, CAT assays revealed

elevated basal gene transcription, the efficiency of which was significantly enhanced by 

polyrI.rC. PolyrI.rC mediated activation of correctly initiated gene transcription confirmed 

that the authentic MuIFNoj gene promoter had been reactivated. Thus, the ability of a

constitutively active viral enhancer to functionally replace sequences normally required for

efficient MuIFNcq gene transcription in induced L-929 cells is consistent with this 

promoter normally containing an enhancer.
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CHAPTER 8  

DISCUSSION

8.1 Human IFNg Chromosomal Genes

The first part of this work involved the isolation of human IFNcq genes from a 

newly constructed genomic library in XL47 (Chapter 3). Four IFNa genes have been 

described. A detailed analysis has revealed that each had been isolated previously 

(Chapter 4). In the past, at least 23 distinct human IFNa gene loci have been identified 

(Henco et al, 1985). Thus, because so many IFNa genes are now known and because 

each of the genes isolated here have been described before, it is highly likely that there 

are few more distinct members of this family which remain to be discovered.

Whilst this may be true for each IFN gene locus, some of the results described 

here do however indicate that there may be more alleles for particular loci awaiting 

discovery. In some instances functional alleles of loci previously designated as pseudogenes 

may exist. This possibility is exemplified by one of the genes described here, SM TIII.l^ 

(Section 4.2), which was isolated from a X clone containing two IFNa genes. Both 

restriction mapping and sequencing studies confirmed SMTIII.Iy!^ to be an allele of the 

i/^LelF—L gene (Ullrich et al, 1982). However, unlike the pseudogene ^LelF—L gene, 

which contains a single nonsense mutation within the nucleotide sequence encoding the 

signal peptide, SM TIII.l^ encodes a full length IFN (Section 4.2). Futhermore, the 

primary amino acid sequence of this IFN corresponds exactly with that of the cDNA, 

LelF —C (Chapter 4). Thus, the cDNA LelF—C (Goeddel et al, 1981) has probably been 

derived from a transcript originating from a gene similar to SM Tin.l^. Therefore, this is 

the first description of a chromosomal gene equivalent to LelF—C.

Thus, although most of the human IFNa genes have now been described, the 

possibility remains that other allelic variants exist. As described here, these may encode 

full length interferons from loci previously thought to be non—functional. Similarly, there 

may well be pseudogene equivalents of genes previously regarded as functional. The 

frequency of particular alleles within the human population is of course unknown.
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Clearly, therefore, caution should be exercised concerning the conclusions about genes 

which have been isolated from a very limited source of DNA. A strong implication of 

the existence of large numbers of IFNa genes, several members of which may be 

functional or non—functional, is that significant degeneracy can be tolerated in the 

human IFN system. Thus, whatever the selection pressures which have encouraged the 

development of such a relatively large gene family (Golding and Glickman, 1985; Henco 

et al, 1985), there still remains little selective disadvantage arising from ha\dng a few 

members of the family inactive.

8.2 The MuIFNa^ Promoter/cat Gene Svstem

Data are presented describing the identification of a MuIFNaj promoter by both 

comparative structural and functional studies. A 241 bp MuIFNaj promoter fragment 

( — 188 to +52; Section 5.1) has been used to drive polyrI.rC regulated transcription of 

the bacterial gene chloramphenicol acetyltransferase (cat) in pooled populations of stably 

transfected L —929 cells. The production of CAT is reproducible in independent cell 

populations providing a valid estimate of MuIFNaj promoter activity (Section 5.2).

The hybrid gene is regulated in a manner typical of IFN genes. The production of 

CAT induced by polyrI.rC follows a transient profile of expression (Section 7.1) which is 

preceded by the accumulation of correctly initiated transcripts derived from the hybrid 

gene in stably transfected L -929  cells (Section 7.2). Thus, these observations have 

demonstrated that biologically relevant studies, concerning MuIFNaj promoter activity, 

could be performed with this hybrid gene transcription system.

Through this work a preliminary characterisation of the MuIFNaj promoter, using in 

vitro oligonucleotide mediated site directed mutagenesis together with in vivo expression 

studies using the hybrid gene transcription system, has defined several sequences which 

appear to contribute to MuIFNa^ promoter activity.

Evidence has been presented which suggests that an inverted repeat structure (region 

IV), a reiterated hexanucleotide sequence, GGAGAA (region III), and a region highly 

conserved in HuIFNa, HuIFNjS and MuIFNa genes (region II) each affect MuIFNa% 

promoter function with respect to polyrI.rC regulation in stably transfected L -929  cells
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(Chapter 6 ). However, their limited impact upon gene expression suggests that a) those 

nucleotides vital for promoter activity have not been mutated or b) that the wrong 

transitions or transversions have been made. To assess these small changes in gene 

expression more accurately an alternative procedure was designed to examine the relative 

transcription efficiencies of MuIFNcq promoter mutants. This relied upon an S—I 

nuclease transcription assay which allowed the direct comparison of mutant and wild type 

MuIFNcq promoter activity simultaneously in the same cell population (Chapter 7).

The ability to identify and mutate specific regions of the MuIFNoj promoter in a 

predetermined fashion clearly provides a valuable approach to dissecting functional 

activity. However, certain aspects of IFNa gene regulation which may otherwise be 

difficult to investigate may also be approached using the MuIFNaj promoter/cat gene 

system. In addition to defining cw—acting sequences in promoter function, the 

identification, location and purification of /ran j—acting factors which interact with specific 

nucleotides will be essential to a full understanding of the mechanisms of gene regulation. 

It is well established that the chromatin of transcriptionally active genes exhibit nuclease 

hypersensitive sites at the 5 ' region (Stadler et al, 1980). However, such methodology is 

impractical when an analysis of a closely related gene family is being conducted (Higashi, 

1984). The use of well characterised cell lines containing single copies of the hybrid 

gene, which are expressed in a regulated fashion, may be an attractive alternative for 

investigating changes in chromatin structure during the activation of a single IFNa gene 

promoter. The identification and localisation of in vivo DNA/ protein interactions through 

DNA footprinting procedures (Zinn and Maniatis, 1986) may also be more readily 

achieved in the IFNa gene system using such cell lines.

Thus, this study has demonstrated the suitability of the chimaeric MuIFNa^/caf gene 

system for investigating MuIFNaj gene promoter activity in mouse cells. Several promoter 

mutants have been constructed by site directed mutagenesis and demonstrated to affect 

polyrI.rC mediated MuIFNcq promoter function, as assessed both by quantitative CAT 

assays and S —1 nuclease protection studies.
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8.3 Activity of the MuIFNo  ̂ Gene

At the outset of this study the endogenous MuIFNcq gene had only been observed

to be expressed at low levels relative to the other available IFNa genes. Thus, in NDV 

induced Ehrlich ascites tumour cells transcription levels were 6  to 15 fold less than from 

the MuIFNa2  gene in the same cells (Shaw et al, 1983). The failure to detect MuIFNaj

mRNA production in induced L —929 cells (Kelley and Pitha, 1985; Zwartoff et al, 1985)

tended to confirm the low activity of this gene relative to other MuIFNa genes 

examined. Such observations are perhaps most consistent with the weak promoter activity 

associated with this gene.

Results presented here bear directly upon the origin of this observed low expression. 

The demonstration of MuIFNa% promoter activity following the introduction of the

chimaeric gene into L —929 cells shows the MuIFNaj gene possesses a functional 

promoter (Section 5.2). Thus, at least this component of the MuIFNa% gene is not 

inherently inactive. Without undertaking a direct comparison of MuIFNa promoters 

employing the experimental system used in the work described here, it is not possible to 

assess their relative efficiencies. However, two lines of evidence are consistent with the 

MuIFNa% gene containing a fully functional promoter. Firstly, the creation and functional 

evaluation of MuIFNa% promoter mutants containing base substitutions commonly found in 

other endogenously active MuIFNa gene promoters (Region 111%, III2  and III3 ) has failed 

to significantly elevate promoter activity. Secondly, the failure of the powerful Mo—MuSV 

enhancer (Laimins et al, 1982) to potentiate induced transcription from the intact

MuIFNoq promoter (Section 5.3) supports this conclusion.

Although these results suggest the MuIFNa% gene promoter may be functioning at its 

maximum capacity in polyrI.rC induced cells, it is possible that suppressor sequences are 

normally located either upstream or downstream of the promoter fragment ( —188 to

+52) used in this analysis. Such sequences have been identified in several mammalian

cellular and viral genes including the rat insulin I gene (Laimins et al, 1986), the mouse 

c — myc gene (Remmers et al, 1986) and the HTLV—III/LAV LTR (Rosen et al, 1985). 

Futhermore, it is still possible that mutations other than those desribed here would 

increase gene expression.
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The work described here would nevertheless be most consistent with the conclusion 

that the MuIFNcq gene has an active, fully functional promoter. Inherent promoter

weakness is, therefore, unlikely to account for the differential gene expression observed 

with endogenous genes. An alternative explanation for low level expression of the

endogenous MuIFNcq gene ought, therefore, to be sought.

Firstly, it is possible that the MuIFNaj promoter responds more efficiently to

polyrI.rC mediated induction rather than NDV, although the inactivation of promoter

function by deletion to —94 (Sections 6.4 and 7.6) indicates both inducers require 

common cis—acting sequences for induction. Secondly, the impact of the chromosomal 

location on expression of the endogenous gene is also a distinct possibility, although the 

MuIFNcq gene was isolated 7.6kb from the very active MuIFNo!4 gene on the same X 

clone (Kelley and Pitha, 1985b; Zwarthoff et al, 1985).

Thirdly, differential gene expression could reflect different tissue specificities of the 

individual MuIFNa genes. There are precedents for this in IFN gene expression. For

example IFNjg is the major anti — viral product of polyrI.rC induced human fibroblasts 

whereas human leukocytes produce mainly IFNa (Chapter 1). Tissue specific differential 

gene expression of the human IFNa genes has also been observed (Hiscott et al, 1983). 

Transcripts from the human IFNa%4 gene are undetectable in normal blood leukocytes

but are highly expressed in leukaemic cells. For the MuIFNaj gene it would be

necessary to assume that the information dictating tissue specificity is either located 

upstream of —188, downstream of +52 or lost upon introduction of the MuIFNa%/cat

gene into L929 cells.

Thus, these results demonstrate that the MuIFNa^ gene contains a functional

promoter. Therefore, it is most likely that some other factor(s) are responsible for the 

low expression of the endogenous gene observed by other workers.

8.4 Properties of the MuIFNa^ Promoter

Significant progress has been made by other workers in defining the functional

boundaries of human IFNoq and IFN/3 gene promoters by deletion mutagenesis (Chapter 

1). However, apart from their ability to confer polyrI.rC or virus inducibility upon
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heterologous genes, little else was known about the nature of these regulatory sequences 

at the outset of this work. Studies described here provide valuable clues which bear 

directly upon this issue, providing some further insight into the organisation of IFN gene 

promoters.

Firstly, S—1 nuclease protection studies have revealed two distinct transcripts, 

specific to chimaeric gene sequences, in L —929 cells stably transfected with the 

MuIFNcq/caf gene (Section 7.2). One of these is derived from the expected MuIFNo| 

gene promoter and is completely dependent upon polyrI.rC for induction. The second 

transcript probably arises as a readthrough transcript from cryptic promoters located 

upstream of the MuIFNcq/cû/ gene within plasmid DNA (Section 7.2). The readthrough 

transcript is expressed at high basal levels but is significantly enhanced by polyrI.rC 

(Section 7.2). It is unlikely that the cryptic promoter(s) responds to the inducer directly, 

raising the possibility that the MuIFNcq gene promoter sequences are responsible. The

ability to activate transcription of upstream heterologous gene promoters, perhaps over 

long distances, is characteristic of enhancers (Chapter 1). Thus, this observation is 

consistent with the MuIFNoj gene promoter sequences exhibiting inducible enhancer—like 

properties.

This conclusion is considerably strengthened by results obtained with viral enhancer 

sequences and an inactive deletion derivative of the MuIFN«| gene promoter. A 

MuIFNcq gene promoter was fortuitously obtained, which contained a 77bp deletion, from 

site directed mutagenesis studies (Section 6.2). Investigation of the functional activity of

this promoter indicated that it was no longer able to confer polyrI.rC inducibility upon

the heterologous cat gene (Sections 6.4). Subsequent studies revealed that the Mo—MuSV 

enhancer could complement for the loss of sequences required for MuIFNa^ gene 

promoter activity (Section 7.6). Thus, in the presence of this enhancer, polyrI.rC 

induction is restored to the deleted MuIFNcq gene promoter.

The Mo—MuSV enhancer is normally constitutively active in mouse L929 cells

(Kreigler and Botchan, 1983). Therefore, it is most likely that this enhancer functionally 

replaces MuIFNcq upstream sequences, that are absent from the deletion derivative, 

which are responsible for efficient gene transcription from this promoter in the induced
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state. Thus, again this is consistent with this promoter containing a cellular enhancer.

Furthermore, whatever keeps the MuIFNcq gene promoter from being expressed in 

non—induced cells also works on this enhancer.

A precedent for the existence of an IFN gene enhancer has been indicated in the 

HuIFNjS gene promoter (Chapter 1). Functionally important sequences of this promoter

(Goodbourn et al, 1986) display significant homology to two regions of the MuIFNa^

promoter between the bases at —171 to —155 and —99 and —76 (Table 8.1). Thus,

these comparative sequence studies also support the functional evidence attributing

enhancer properties to the MuIFNcq promoter.

In addition to the direct experimental evidence for the existence of enhancer like 

sequences there is also substantial structural data consistent with this conclusion. Although 

enhancers do not share regions of extensive sequence homology a short functionally

important core sequence, first identified in the SV40 72bp repeat, is common to many

viral and cellular enhancers (Chapter 1). This precise consensus core sequence is also

found within the promoter region of the MuIFNoj gene between the bases —81 to —74. 

A detailed comparison of the consensus core enhancer sequence with regions of the

MuIFNa gene promoters are shown (Table 8.1). This reveals additional elements of the 

MuIFNa promoters showing homology to the viral enhancer core sequence. Therefore,

both structural and functional evidence strongly suggests the presence of a cellular

enhancer component in the MuIFNcq gene promoter, which contributes to the promoter 

activity of IFN genes in L -929  cells.

An interesting additional property of the intact MuIFNa^ promoter is that it is 

refractory to the influence of the Mo—MuSV enhancer in the non—induced state (Section

5.3). Moreover, this property is not merely confined to the combination of the MuIFNaj 

gene promoter and Mo—MuSV enhancer. For example, examination of data obtained by 

other workers reveal that the regulation of the HuIFN/5 gene promoter is maintained in 

replicating BPV (Zinn et al, 1982) and SV40ori based vectors (Tavernier et al, 1983), 

each of which contain enhancer sequences.

However, the 77bp deletion derivative of the MuIFNaj gene promoter, studied in

this work, responds to the Mo—MuSV enhancer (Section 7.6). Thus, upon the deletion



TABLE 8 .1  L o c a t io n  o f  S equence M o tif s  Show ing Homology to  E nhancer 
S equences

A) MuIFNa^ P ro m o te r
-104  -52
AGTTAAAGAAAGTGAAAAGACAAGTGGAAAGTGATGGAAGGGCATTCAGAAAG 

AG  G_ T A G  TG/C

B)
-170 -164  -104 -97 -94*  - 8 6

AGTGAAAG a i ,2 ,5 ,6 A /B  AGTTAAAG 5  && GTGAAAAG O l ,2 ,4 ,5 ,6 A
AGTGAAAC 0:4 AAGTAAAG « 2 ,4  GTGAAAGG agg

-81  -74  -5 9 t -52
GTGGAAAG cki 5  g a TCAGAAAG osi 5 g a /n
TTGGAAAG « 4 ’ gB TTGGAAAG « 2 ' '
TTAGGAAG « 2 ' TTGGAAAG 0 4

C ore E n h an cer S equences ;
SV40* GTGGAAAG (W eiher e t  a l ,  1983)
CMVt TTGGAAAG (B o s h a r t  a t  a l , 1985)

C)
C om parison  o f  MuIFNa^ Gene p ro m o te r  S equences  w i th  th e  HuIFNG E nhancer

HuIFNjS E n h a n c e r: -91  GGAAAACTGAAAGGGAGAAGTGAAA -67 (G oodbourn a t  a i ,  1986)
MuIFNa^ : -99 AAG-- -G -- - - -A - - C - - - - - G - -  -76
MuIFN«2_ : -171 - G - - - — -A- — - - - C - - -155

The p r im a ry  n u c le o t id e  se q u en c e  o f  p a r t  o f  th e  MuIFNa^ gene p ro m o te r  

(A) i s  shown from  -104 to  -52 ( r e l a t i v e  to  th e  t r a n s c r i p t i o n  i n i t i a t i o n  

s i t e ) . R eg io n s  show ing hom ology to  th e  c o n se n su s  c o re  e n h a n c e r  se q u en ce  a re  

shown u n d e r l i n e d .  B ase s u b s t i t u t i o n s  w i th in  o t h e r  MuIFNa p ro m o te rs  i n  th e s e  

r e g io n s  a r e  shown. B) shows th e  n u c le o t id e  se q u e n c e  o f  th e s e  r e g io n s ,  

i n d i c a t i n g  th e  l o c a t i o n  o f  th e s e  se q u e n c e s  w i th in  th e  MuIFNa^ gene 

p ro m o te r .  Homologous se q u e n c e s  w i th in  th e s e  r e g io n s  from  o t h e r  MuIFNa gene 

p ro m o te rs  exam ined  i n  t h i s  s tu d y  ( F i g . 6 . 2 )  a r e  a l s o  shown. Below i s  shown 

th e  c o re  e n h a n c e r  se q u e n c e s  o f  SV40 and  th e  c y to m e g a lo v iru s  LTR (CMV). * 

and  t  i n d i c a t e s  s e q u e n c e s  o f  MuIFNa p ro m o te rs  r e v e a le d  to  be  i d e n t i c a l  to  

th e s e  v i r a l  e n h a n c e r  m o t i f s .  C) shows a  c o m p a riso n  o f  th e  HuIFNj5 gene 

p ro m o te r  e n h a n c e r  s e q u e n c e s  w ith  two r e g io n s  o f  th e  MuIFNa^ gene p ro m o te r . 

The n u c le o t id e s  f o r  s p e c i f i c  b a s e  d i f f e r e n c e s  a r e  shown. Homology i s  

i n d i c a t e d  by  a  d ash  ( - ) .
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of this region of the promoter, the efficiency of basal gene transcription is significantly 

increased in stably transfected L —929 cells in the presence of this enhancer. With the 

Mo—MuSV enhancer in one orientation, high constitutive transcription is observed from 

the MuIFNcq gene promoter (Section 7.6). However, in the opposite orientation, 

inducibility is maintained despite elevated basal gene expression. Thus, it is clear from 

this that at least some of the sequences responsible for the refractory behaviour of the 

MuIFNcq gene promoter to the Mo—MuSV enhancer sequences are maintained in the 

deleted promoter.

These results are consistent with the MuIFNcq gene promoter being under negative 

control in addition to the positive regulation described in this work. Two possible 

interpretations of the repressed state, with respect to the refractory behaviour are that 

promoter selection by the RNA polymerase II is prevented or that sequences within the 

MuIFNcq promoter region can interfere with positive regulation, preventing gene 

transcription in the non—induced state. DNA fragments with "silencer** properties similar 

to this which can inhibit enhancer function have been identified in the rat insulin I gene 

(Laimins et al, 1986), the mouse c — myc gene (Remmers et al, 1986) and the virus 

HTLV—m/LAV LTR (Rosen et al, 1985). However, further studies are required to 

determine if the MuIFNa^ gene promoter contains sequences which fall into this category 

of potential regulatory sequences.

Thus, the possibility that the MuIFNcq promoter contains both enhancer and 

"silencer" properties has important implications with respect to the regulation of gene 

expression. For example it is possible that the strength of gene transcription is dependent 

upon the enhancer, and the inducible component of the promoter is determined by 

negative regulation which in the repressed state inhibits enhancer activity. Induction would 

relieve the repression allowing the enhancer to activate full transcription from the IFN 

promoter.

8.5 Modular Structure of the MuIFNa^ Promoter

Interferon gene expression is complex. The IFN genes comprise a family of tightly 

regulated genes which are inducible by a variety of agents including polyrI.rC, virus and
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growth factors including PDGF and CSF—1 (Zullo et al, 1985; Moore et al, 1984). 

Interferon also regulates its own production, a phenomonen exploited in IFN production 

(priming; Chapter 1). In certain circumstances IFN promoters are refractory to induction. 

For example in early stages of development there is a latent period. This is also seen in 

undifferentiated embryonic stem cells (Coveney et al, 1984).

A common feature emerging from the analysis of the structure of the promoters of 

higher eukaryotes and their viruses is that they are composed of multiple functional 

elements (reviews: Serfling et al, 1985; McKnight and Tjian, 1986). Generally, promoters 

recognised by RNA polymerase II possess a TATA box determining the accuracy of 

transcription initiation. However, as described previously not all genes show TATA box 

homology (Chapter 1). Nevertheless, whether or not the TATA box is present, upstream 

elements dictate the frequency of initiation of gene transcription (review: Sassone—Corsi 

and Borrelli, 1986).

Data obtained here from site directed mutagenesis and gene expression studies 

(Chapters 6 and 7) suggest that the MuIFNcq gene promoter is no exception to this 

trend of modular organisation. The first promoter element to be identified within these 

genes was the TATA box (Shaw et al, 1983). All IFNa gene promoters examined possess 

TATA box homology, which is located approximately 30nt upstream of the transcription 

initiation site (Henco et al, 1985). However, this homology is imprecise, IFNa genes 

commonly having the sequence TATTTAA (Henco et al, 1985).

The prospective relevance of the variant sequence, TATTTAA, has been investigated 

directly in this study by site directed mutagenesis (Chapter 6). The construction of a 

MuIFNai gene promoter mutant containing a more conventional TATA box (Section 6.2) 

was undertaken to address this very issue. However, functional studies demonstrated that 

there was no obvious impact of the presence of this variant sequence with respect to 

polyrI.rC mediated activation of the MuIFNaj gene promoter in L —929 cells (Section

6.4).

These observations are, therefore, consistent with the MuIFNa^ gene TATA box 

sequence, having no major role either in the efficiency or mechanism of activation of 

gene transcription from this promoter. This is consistent with observations by other
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workers investigating the role of the TATA box in in vivo gene expression. An absolute 

requirement for the TATA box sequence in gene expression has only been demonstrated 

in vitro (Grosveld et al, 1981). However, deletion of the SV40 early promoter TATA 

box does result in heterogeneity of in vivo transcription initiation (Benoist and Chambon, 

1981). It is now accepted that the TATA box determines the accuracy of transcription 

initiation in vivo (Benoist and Chambon, 1981; Grosveld et al, 1982). Thus, the TATA 

box sequence peculiar to IFNa genes probably have a similar function in determining the 

location of the transcription initiation site.

Immediately upstream of the TATA box of the MuIFNa% promoter is a sequence of 

ten nucleotides ( —42 to —31) which forms part of an imperfect inverted repeat ( —66 to 

—57) sequence (region IV; Section 6.1). These sequences are separated by fifteen bases 

of intervening DNA sequence, thus spanning 35nt overall. Mutant promoters were created 

to investigate the relevance of these inverted repeat structures (Section 6.1). In vivo 

expression studies revealed that the complementarity of these sequences was not important 

for MuIFNaj gene promoter function (Sections 6.4 and 7.4). However, this region is 

implicated both in positive and negative regulation of gene expression. Site directed 

mutagenesis of the sequences located between —42 to —31, designed to disrupt the 

complementarity of the inverted repeats (Section 6.1), produced a reproducible increase 

in basal gene expression from the MuIFNaj promoter in vivo (Section 6.4). This suggests 

a negative regulatory function for this region in MuIFNa^ gene promoter regulation. 

Additionally, the combined mutagenesis at two locations, one between —66 to —57 and 

the second between —52 and —47, resulted in a significant reduction of polyrI.rC 

activation of the MuIFNcq promoter (Section 7.5). Thus, this is consistent with this 

region also having a positive role in gene expression.

The presence of an inverted repeat structure within the HuIFNjS gene promoter has 

also recently been pointed out by Goodbourn et al (1986). This structure has also been 

functionally implicated in the negative regulation of this promoter (Goodbourn et al, 

1986). The relatedness in structure and location of the inverted repeats of the MuIFNaj 

gene promoter described here and the HuIFNjS gene inverted repeat would again, 

therefore, be consistent with a common function
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A third functionally important element of the MuIFNoq promoter, upstream of the 

inverted repeat sequence, is located between —102 and —77 (Section 6.1) within a

region of extensive sequence conservation between human and mouse IFNa and IFN/3 

gene promoters (this work). The functional relevance of this region is indicated in this 

work by the mutation analysed at position —87. This results in a moderate decrease in 

MuIFNcq gene promoter activity. This mutation falls within the DNA sequence 

homologous to the interferon gene regulatory element (IRE) defined in the HuIFN/3 gene

(Goodbourn et al, 1985) and the IFNa repeats identified in the HuIFNaj gene promoter

(Ryals et al, 1985).

As described in Section 8.3 (Table 8.1), an element within this region shows 

homology to the SV40 enhancer core element. Thus, this is consistent with these 

sequences, initially identified on a structural basis, having a functional relevence also.

However, it is also very interesting to note that the very same region of the MuIFNa^ 

gene contains a perfect CCAAT box sequence, but in an inverted orientation, between 

the nucleotides present at —79 to —83 (Table 8.2). Inspection of the MuIFNaj gene 

promoter indicates it also has partial CCAAT box homology in this region (Table 8.2). 

Furthermore, examination of other MuIFNa, HuIFNa% and HuIFN/3 gene sequences 

reveals that they too contain CCAAT box homology (Table 8.2).

Therefore, the MuIFNaj gene promoter has an imperfect CCAAT box just 

downstream of the mutation at —87. Aside from the relatedness in general location 

(80bp upstream of the transcription initiation site) and DNA sequence to this element it 

is also intriguing that the perfect sequence homology of the MuIFNa^ promoter (Table 

8.2) correlates with a significant elevation of inducible expression of this endogenous 

gene, relative to other MuIFNa genes examined, in L —929 cells (Chapter 1).

Thus, both comparative structural and functional studies clearly indicate a role for 

this region in MuIFNai gene promoter function. It has structural similarities with several 

DNA sequences which are believed to interact with transcription factors (Graves et al, 

1986; Mercola et al, 1985). Therefore, this is consistent with this region being a DNA 

protein binding site. However, clearly this conclusion is based mainly upon structural 

observations and functional evidence must be sought to extend this possibility.



TABLE 8.2 CCAAT Box Homology in IFN Gene Promoters

MuIFNa^ -72 CACTTTCCACTTGTCT -87

MuIFNa2 -73 TGCTTCCTAATTCTCT -88

MuIFNa^ -73 TGCTTTCCAATTCTCT -88

MuIFNa^ -72 CACTTTCCACTTGTCT -87

MuIFNag^ -72 CACTTTCCACTTGTCT -87

MuIFNagg -64 AACTTTCCAACTGTCC -79

H uIFN ai -72 AACTTTCCATTTCTGT -87

HuIFN/3 -59 AATTTCCCACTTTCTC -74

Hu /3-GLOBIN GGTTGGCCAATCTACT

Mu P-GLOBINmaj TAAGGGCCAATCTGCT

HSV-tk -76 AATTCGCCAATGACAA -91

MSV LTR -97 AACTAACCAATCAGTT -72

P a r t i a l  seq u en c e  d a ta  o f  p ro m o te r  s e q u e n c e s  o f  s e v e r a l  g en es  a r e  shown. 

U n d e r l in e d  a r e  th e  CCAAT box se q u e n c e s  i d e n t i f i e d  i n  th e  human and mouse 

g lo b in  g en es  and  s i m i l a r  se q u e n c e s  i d e n t i f i e d  i n  th e  HSV t k  p ro m o te r  and 

Mo-MSV LTR se q u e n c e s  (G rav es  e t  a l ,  1986) .  Above th e s e ,  a r e  a l ig n e d  

se q u e n c e s  o f  p a r t  o f  s e v e r a l  human and  mouse IFNa and  IFN/3 gene  p ro m o te rs  

r e v e a le d  to  show CCAAT box hom ology. T hese  se q u e n c e s  a r e  shown i n  th e  

o p p o s i t e  o r i e n t a t i o n .  The CCAAT box hom ology i s  u n d e r l in e d .  The l o c a t i o n  o f  

th e s e  se q u e n c e s  a r e  d e p ic te d  by n u m bering  r e l a t i v e  to  th e  t r a n s c r i p t i o n  

i n i t i a t i o n  s i t e s .
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During the construction of MuIFNaj promoter mutants by site directed mutagenesis 

a deletion derivative was obtained (Section 6.2). Sequencing revealed that 77bp had been 

deleted from this promoter, leaving only 94bp upstream of the transcription initiation 

site. Functional analysis has demonstrated that neither CAT assays (Section 6.4) nor S—1 

protection studies (Section 7.6) could detect inducible transcription from this disabled

promoter. Surprisingly, it has been demonstrated here that the Mo—MuSV enhancer is

able to re —activate expression from this promoter (Section 7.6).

Complementation of the disabled MuIFNcq promoter deletion mutant by an enhancer 

highlights two features of IFN promoter structure and function. Firstly, the cis regulatory 

sequences required for polyrI.rC induction are located downstream of —94. This is in

agreement with the observations from deletion mutagenesis of the HuIFN/3 ( —77) gene

promoter using BPV vectors (Zinn et al, 1984). Secondly the frequency of Initiation is

dictated by sequences disrupted by, or upstream of, the —94 deletion. This observation is

in agreement with deletion mutagenesis of the HuIFNcq and HuIFNjS gene promoters 

where the 5 ' boundary for maximum NDV induction in L929 cells is found approximately 

109bp upstream of the respective transcription initiation sites (Ryals et al, 1985; Fujita et 

al, 1985).

Thus, the MuIFNoq gene promoter can be divided into two distinct upstream 

elements. Figure 8.1 A illustrates this. One of these elements is responsible for the 

regulation of IFN gene expression. The second element dictates the strength of induced 

gene transcription. The functional substitution of the second element with a viral 

enhancer is consistent with it normally being a cellular enhancer itself.

These results only demonstrated restoration of the deleted MuIFNa) gene promoter 

function with the Mo—MuSV enhancer in one orientation (Section 8.3). Even in this 

case, the basal level of gene expression is markedly elevated (Section 7.6). Thus,

additional properties of the intact MuIFNcq gene promoter must normally maintain the 

tight regulation of IFN production usually observed with these genes. Therefore, it is not 

sufficient merely to suggest that upstream sequences of this promoter have properties of 

cellular enhancers. Clearly, the MuIFNa) promoter sequences have additional properties 

to suppress basal expression levels. In this respect it is interesting that negative regulatory
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sequences have been identified in human IFNa and IFNjg genes located approximately 

between 200bp and llObp upstream of the transcription initiation site (Ryals et al, 1985; 

Zinn et al, 1983).

The observation that viral enhancer sequences can functionally substitute for 

upstream sequences of IFN gene promoters may have some implications with respect to 

the deletion mutagenesis studies performed by others. Deletion mutagenesis of the 

HuIFN/3 gene promoter and expression studies have been performed with BPV vectors 

which contain enhancer sequences (Zinn et al, 1983). This analysis has demonstrated that 

the 5 ' boundary of polyrI.rC inducibility of this promoter is only 77bp upstream of the 

transcription initiation site (Zinn et al, 1983). However, other investigators have located 

the 5 ' boundary of this promoter between —119 and —110 by analysing the expression 

of integrated mutant HuIFNjS genes (Fujita et al, 1985). Based on the results described 

here, this obvious discrepency may perhaps be explained by the complementation of 

deleted upstream HuIFNjS promoter sequences by cis—acting enhancers within the the 

BPV vectors. Thus, this data may allow a possible rationalisation of the contrasting 

conclusions obtained by others.

The existence of enhancer sequences within IFN promoters is currently the subject 

of debate. Some investigators have strongly suggested that enhancers are integral 

components of IFN gene promoters (Goodbourn et al, 1985), whereas others have failed

to demonstrate such properties (Fujita et al, 1985).

The apparent discrepency in these observations is difficult to reconcile. The 

distinction of upstream regulatory sequences and enhancers is becoming increasingly

blurred. As described in the Chapter 1 the major distinction between these elements is

that enhancers can function over considerable distances to activate efficient transcription 

of heterologous promoters. However, other properties are shared by enhancers and 

upstream regulatory sequences. Both are able to activate efficient transcription of 

heterologous promoters and appear to operate in an orientation independent fashion 

(Section 1.4).

Functional orientation and location independence for the IRE of HuIFNjS 

(Goodbourn et al, 1985) has been observed only under special circumstances, when
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promoter sequences located between —73 to —60 are duplicated. It is possible that the 

duplication of upstream elements responsible for the frequency of transcription from IFN 

promoters, therefore, may actually create an inducible enhancer. Precedent for such an 

effect is provided by the observation that enhancer sequences were created by the

duplication of SV40 sequences not normally associated with such activity (Swimmer and

Shenk, 1984). Similarly duplication of the heat shock element (HSE) from the hsplO 

gene which normally exibits properties of upstream regulatory sequences also generates an 

enhancer (Bienz and Pelham, 1986).

The potential enhancer activity within the MuIFNcq promoter indicated by this study 

may, therefore, also involve partial duplication of the sequence homologous to the

HuIFNjS IRE located between the bases at —99 to —76 and —171 to —155 (Table 8.1). 

Thus, the MuIFNoj promoter may possess enhancer function as a result of this

duplication. Clearly these observations are worthy of further investigation.

In addition to the motifs already described this study also focussed upon assessing 

the possible significance of a hexanucleotide repeat motif, GGAGAA, identified in the 

HuIFN/3 and MuIFNa gene promoters (Section 6.1). The creation of the consensus region 

n il  motif by site directed mutagenesis produced a 2 to 3 fold increase in mRNA and 

CAT production from the MuIFNoi promoter in polyrI.rC induced L —929 cells (Sections 

6.4 and 7.4). The consensus region III2  motif in combination with a mutation of part of 

an inverted repeat, which surprisingly resulted in decreased promoter function, has been 

discussed previously (Section 8.4).

The significance of these elements remains to be established. The moderate impact 

on gene expression observed may imply the consensus sequence is not essential to

polyrI.rC regulation but critical to some other aspect of IFN gene control. Alternatively

they may reflect some degeneracy of IFN gene promoters. Their significance, if any, 

may only be established by disrupting one or more of these region by site directed

mutagenesis.

The major components of the MuIFNoi promoter, evidence for which has been

obtained in this study, are summarised in Figure 8.1. The precise functional role of 

these sequences remains somewhat speculative although it is likely that these components



FIGURE 8.1 The Modular Structure of the MuIFNa^ Gene Promoter

A) Shows t h a t  th e  MuIFNa^ gene p ro m o te r  i s  c o m p rise d  o f  a t  least 

t h r e e  e le m e n ts .  T hese  in c lu d e  th e  TATA box  (TATTTAA) a n d  two d istin c t 

u p s tre a m  r e g io n s  w h ich  c o n t r o l  th e  r e g u l a t i o n  o f  IFN gene e x p re s s io n  (RE) 

an d  th e  s t r e n g t h  o f  t r a n s c r i p t i o n  (E) r e s p e c t i v e l y .  E: prospective

e n h a n c e r ,  RE: R e g u la to ry  E le m e n t. B) Shows th e  l o c a t i o n  and  nucleotide 

se q u e n c e  o f  s p e c i f i c  m u ta t io n s  c r e a t e d  i n  th e  MuIFNa^ p ro m o te r  (-188 to 

+52 H l n d l l l  f r a g m e n t) ,  i n  t h i s  s tu d y ,  w h ich  a f f e c t  i t s  e x p re s s io n . The 

h o r i z o n t a l  a rro w s  d e p i c t  i n v e r t e d  r e p e a t  s t r u c t u r e s .  The v e r t i c a l  arrows 

i n d i c a t e  w h e th e r  th e  c o r r e s p o n d in g  p ro m o te r  m u ta t io n  in c re a s e d  or 

d e c r e a s e d  p o l y r I . r C  m e d ia te d  gene e x p r e s s io n ,  t :  i n c r e a s e ,  i :  decrease, 

+ : t h e  c o m b in a tio n  o f  m u ta t io n s  a t  -6 4 , -6 2 , -51  an d  -4 9 .
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act in concert to regulate IFN gene expression. More extensive site directed mutagenesis 

and gene expression studies using procedures of the type developed in these studies 

should help define more clearly the boundary, critical primary nucleotide sequence and 

role of such cw—regulatory sites.

8 . 6  Regulation of IFN Gene Expression

Thus, evidence has been presented which strongly supports the conclusion that there 

are both positive and negative factors influencing MuIFNaj gene expression. All the

evidence provided by this work are consistent with the control of the MuIFNaj gene 

promoter function resulting from an inducible "silencer” element (Laimins et al, 1986) 

and an enhancer species located downstream and upstream of the position —94

respectively. Clearly the silencer is capable, at least in part, of overriding enhancer 

activity.

The best published model, incorporating both positive and negative regulatory 

elements has been provided by Zinn and Maniatis (1986). These workers proposed that 

the HuIFN/3 enhancer is negatively regulated by the association of repressors with the

IFN promoter preventing access of pre-existing regulatory factors in the non—induced 

state. Induction correlates with the concomittant dissociation of repressors and the

association of positive factors which activate transcription (Section 1.5).

The majority of the data presented here is consistent with the control of the 

MuIFNcq gene working according to a similar model to that of Zinn and Maniatis 

(1986). The MuIFNa^ gene promoter possesses enhancer—like properties that can be 

functionally substituted by the Mo—MuSV enhancer sequences. However, with an intact 

MuIFNcq gene promoter or a deletion derivative also containing Mo—MuSV enhancer 

sequences, negative factors can override enhancer activity. Repression is relieved upon 

induction with polyrI.rC, giving rise to efficient gene transcription. Thus, this suggests 

that the prospective MuIFNoq gene enhancer is under negative control. This is consistent 

with the model of Zinn and Maniatis (1986) which indicates that the HuIFN/3 gene 

enhancer is also under negative control (Goodboum et al, 1986).

However, whilst it is possible that the Zinn and Maniatis model fully explains the
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regulation of both HuIFNjS and MuIFNa^ gene expression, some consideration should be 

given to the precise consistency of all the available data. In the transient assays described 

here the expected IFN gene regulation was maintained in the non—induced state — no 

expression was observed. The transient assay procedure normally introduces a high copy 

number of exogenous gene sequences into host cells. Therefore, unless it were present in 

vast excess, the IFN gene repressors should be titrated by this influx of prospective 

binding sites, leaving other templates available to interact with positive regulatory factors. 

In such circumstances constitutive transcription from the MuIFNcq promoter would be 

anticipated according to the model of Zinn and Maniatis (1986).

Obviously, sufficiently extensive titration analysis has probably not been undertaken 

here for such a conclusive interpretation of the transient expression data. However, this 

argument is consistent with previous studies, performed by others, demonstrating regulated 

transcription from IFN promoters using replicating BPV (Zinn et al, 1982) and SV40ori 

(Tavernier et al, 1983) vectors which achieve approximately 50 and 30,000 copies per 

cell respectively.

The original model of Zinn and Maniatis is based on the close physical proximity of 

"silencer" and enhancer sequences, such that the occupation of the "silencer" region 

prevents the access of positive factors to this enhancer. The data presented in this work 

indicates that the "silencer"/enhancer interaction is able to operate over more extensive 

distances. Thus, the MuIFNcq "silencer" can operate on the Mo—MuSV enhancer when 

located approximately 200bp upstream of the transcription initiation site. This may be 

accounted for by DNA looping, which would allow the interaction of negative factors at 

more than one site (Ptashne, 1986).

Therefore, it is possible that an alternative model may more precisely account for 

all these observations. Figure 8.2 shows three prospective models which are all consistent 

with the observations described in this study. In each case the upstream elements consist 

of two components. These are an enhancer (E) and a regulatory element (RE). In model 

A, both positive factors (A) and negative regulatory factors (R) are interacting with the 

promoter sequences in the non—induced state. The negative factors are assumed to be 

dominant to the positive factors by inhibiting transcription initiation from the IFN gene
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promoter. Upon induction, the negative factor dissociates from the regulatory sequences, 

possibly as a result of conformational changes initiated by the inducer, allowing the 

enhancer sequences to dictate the efficiency of gene transcription. The second model 

depicted in Figure 8.2B is similar to that desribed above. However, in this case the 

negative regulation functions directly on the enhancer, in the non—induced state, 

preventing it from activating gene transcription. Again this repression is relieved upon 

induction leading to efficient transcription dictated by the enhancer. The model shown in 

Figure 8.2C is a modification of A and B. This model is closely based on that described 

by Zinn and Maniatis (1986). In the non—induced state the negative factors prevent gene 

transcription by blocking the access of an interferon gene transcription factor (ITF) to 

the promoter. This factor is required for the activation but not the strength of gene 

transcription. Upon induction the negative factor dissociates allowing access of the ITF. 

This activates transcription of the IFN gene promoter, the efficiency of which is dictated 

by the upstream enhancer element.

The basic difference between these models and that proposed by Zinn and Maniatis 

(1986) are that both a positive and a negative regulatory factor are associated with the 

MuIFNcq promoter in the non—induced state, induction being mediated by dissociation of 

the repressor. Therefore, if the IFN gene copy number is artificially increased as 

discussed above, positive and negative factors might both become limiting and assuming 

they are present in equivalent amounts no constitutive expression would be anticipated.

Clearly any model proposed to account for IFN gene promoter regulation must be 

capable of the tight regulation of expression associated with these genes. In this respect a 

more complex mode of gene regulation to those mechanisms diplayed in Figure 8.2 could 

be envisaged. Tight regulation of gene expression could be achieved if both the negative 

and positive regulatory factors were capable of responding to the IFN gene inducers. In 

this case induction would inactivate repression, possible by dissociation from ther 

"silencer" region, while simultaneously activating positive factors which could then interact 

with enhancer sequences. Thus, this would activate transcription.

There is some data presented here which is consistent with the MuIFNoij gene 

containing such an inducible enhancer. Although the Mo—MuSV enhancer failed to
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elevate transcription from the intact MuIFNa| gene promoter, it clearly elevated basal 

gene expression 2 to 5 fold. Thus, it is not sufficient to imply that the MuIFNaj gene

contains an enhancer with entirely identical properties to the constitutively active

Mo—MuSV enhancer.

The regulation of both negative and positive factors in the manner described above 

could lead to extremely tight coordinate control. IFNs are potent molecules which can 

block cell proliferation and destroy (at least transiently) protein synthesis. Thus, tight 

regulation may be vital in the IFN system where the consequences of inappropriate gene

expression may be very severe for the cell physiology.

Clearly the results presented here are consistent with the MuIFNcq gene promoter 

being regulated both positively and negatively. However, neither the identity nor mode of 

action of either negative or positive regulatory sequences has been unequivocally 

determined although data described here suggest that the MuIFNcq promoter contains an 

enhancer and a "silencer". The identification, isolation and purification of trans—acting 

factors involved in IFN gene regulation is an exciting prospect for the future. Studies of 

this nature in combination with site directed mutagenesis should help clarify the location, 

precise primary nucleotide structure and role of the a j —regulatory sequences in the 

mechanism of polyrI.rC and virus induced gene expression.



REFERENCES

Aguet, M. (1980). High—Affinity Binding of Labelled Mouse Interferon to a
Specific Cell Surface Receptor. Nature, Lond. 284, 459 —461.

Allen, G. (1982). Structure and Properties of Human Interferon a  from Namalwa 
Lymphoblastoid Cells. Biochem. J. 207, 397—408.

Allen, G. and Fantes, K.H. (1980). A Family of Structural Genes for Human 
Lymphoblastoid (Leukocyte—Type) Interferon. Nature, Lond. 287, 408—411.

Anderson, P., Yip, Y.K. and Vilcek, J . (1982). Specific Binding of ^^^I—Human 
Interferon— 7  to High Affinity Receptors on Human Fibroblasts. J. B id . Chem. 257, 
11301-11303.

Auffray, C. and Rougeon, F. (1980). Purification of Mouse Immunoglobulin Heavy— 
chain Messenger RNAs from Total Myeloma Tumor RNA. Eur. J. Biochem. 107, 
303-314.

Banerji, J .,  Olson, S. and Schaffner, W. (1983). A Lymphocyte—Specific Cellular 
Enhancer is Located Downstream of the Joining Region in Immunoglubulin Heavy Chain 
Genes. Cell 33, 729-740.

Banerji, J .,  Rusconi, S. and Schaffner, W. (1981). Expression of a /3—Globin Gene is
Enhanced by Remote SV40 DNA Sequences. Cell 27, 299—308.

Basham, T.Y., Bourgeade, M.F., Creasey, A.A. and Merigan, T.C. (1982). Interferon 
Increases HLA Synthesis in Melanoma Cells: Interferon—Resistant and -Sensitive Cell 
Lines. Proc. natn. Acad. Sci., U .S.A. 79, 3265—3269.

Battey, J ., Moulding, C., Taub, R., Murphy, W., Stewart, T ., Potter, H., Lenoir, G. 
and Leder, P. (1983) The Human c —myc Oncogene: Structural Consequences of 
Translocation into the IgH Locus in Burkitts Lymphoma. Cell 34, 779—787.

Benech, P., Mory, Y., Revel, M. and Chebath, J. (1985a). Structure of Two Forms of 
the Interferon—Induced (2’—5') Oligo A Synthetase of Human Cells Based on cDNAs 
and Gene Sequences. EM BO. J. 4, 2249—2256.

Benech, P., Merlin, G., Revel, M. and Chebath, J. (1985b). 3 ' End Structure of the
Human (2 '—5') Oligo A Synthetase Gene: Prediction of Two Distinct Proteins with Cell 
Type—Specific Expression. Nucl. Acids Res. 13, 1267—1281.

Benoist, C. and Chambon, P. (1981). In vivo Sequence Requirements of the SV40 Early 
Promoter Region. Nature Lond. 290, 304—310.

Benton, W.D. and Davis, R.W. (1977). Screening Xgt Recombinant Clones by 
Hybridisation to Single Plaques in situ. Science, N ,y. 196, 180—182.

Bienz, M. (1986). A CCAAT Box Confers Cell—Type—Specific Regulation on the
Xenopus hsplO Gene in Oocytes. Cell 46, 1037—1042.

Bienz, M. and Pelham, H.R.B. (1986) Heat Shock Regulatory Elements Function as an 
Inducible Enhancer in the Xenopus hsplO Gene and When Linked to a Heterologous 
Promoter. Cell 45, 753—760.

Birnboim, H.C. and Doly, J . (1979). A Rapid Alkaline Extraction Procedure for 
Screening Recombinant Plasmid DNA. Nucl. Acids Res. 7, 1513—1523.

Blattner, F.R., Williams, B.G., Blechl, A.E., Denniston—Thompson, K., Faber, H.E.,
Furlong, L — A., Grunwald, D .J., Keifer, D O ., Moore, D .D., Sheldon, E.L. and



Smithies, O. (1977). Charon Phages: Safer Derivatives of Bacteriophage Lambda for DNA 
Clining. Science N.y. 196, 161—169.
Immediate Early Gene of Human Cytomegalovirus. Cell 41, 521—530.

Boshart, M., Weber, F., Jahn, G., Dorsch—Hasler, K.. Fleckenstein, B. and Schaffner, 
W. (1985). A Very Strong Enhancer is Located Upstream of an Immediate Early Gene 
of Human Cytomegalovirus. Cell 41, 521—530.

Boulet, A.M., Erwin, C.R. and Rutter, W .J. (1986). Cell—specific Enhancers in the Rat
Exocrine Pancreas. Proc. natn. Acad., Sci. U .S.A. 83, 3599—3603.

Bosze, Z ., Thiesen, H .J and Charnay, P. (1986). A Transcriptional Enhancer with
Specificity for Erythroid Cells is Located in the Long Terminal Repeat of the Friend
Murine Leukaemia Virus. EMBO. J. 5, 1615—1623.

Brack, C., Nagata, S., Mantei, N. and Weissmann, C. (1981). Molecular Analysis of the 
Human Interferon—a  Gene Family. Gene 15, 379—394.

Brammar, W .J. (1982). Vectors Based on Bacteriophage Lambda. Genetic Engineering 
(Acad. Press) 3, 52—81.

Branca, A.A. and Baglioni, C. (1981). Evidence that Type I and II Interferons have 
Different Receptors. Nature Lond. 294, 768.
Branca, A.A., Faltynek, C.R., D'Alessandro, S B. and Baglioni, C. (1982). Interaction of 
Interferon with Cellular Receptor: Internalisation and Degradation of Cell—bound
Interferon. J. B id . Chem. 257, 13291 —13296.

Brinster, R.L., Chen, H.Y., Warren, R., Sarthy, A. and Palmiter, R.D. (1982). 
Regulation of Metallothionein—Thymidine Kinase Fusion Plasmids Injected into Mouse 
Eggs. Nature, Lond. 296, 39—42.

Burke, J.F . and Ish—Horowicz, D. (1982). Expression of Drosphila Heat Shock Genes is 
Regulated in Rat—1 Cells. Nucl. Acids Res. 10 3821 —3830.

Burrone, O R. and Milstein, C. (1982). Control of HLA—A,B,C Synthesis and Expression 
in Interferon—Treated Cells. EMBO.J. 1, 345—349.

Canaani, D. and Berg, P. (1982). Regulated Expression of the Human Interferon 
Gene After Transduction into Cultured Mouse and Rabbit Cells. Proc. natn. Acad. Sci., 
U .S.A. 79, 5166-5170.

Capon, D .J., Shepard, H.M. and Goeddel, D.V. (1985). Two Distinct Families of 
Human and Bovine Interferon—a  Genes are Coordinately Expressed and Encode 
Functional Poypeptides. M d. Cell. B id . 5, 768—779.

Cavalieri, R.L., Ha veil, E.A., Vilcek, J. and Pestka, S. (1977). Induction and Decay of 
Human Fibroblast Interferon mRNA. Proc. natn. Acad. Sci., U .S.A. 74, 4415—4419.

Chandler, V.L., Maler, B.A. and Yamamoto, K.R. (1983). DNA Sequences Bound 
Specifically by Glucocorticoid Receptor In Vitro Render a Heterologous Promoter 
Responsive In Vivo. Cell 33, 489—499.

Chandler, V.L., Maler, B.A. and Yamamoto, K.R. (1984). Are Glucocorticoid Receptor 
Binding Domains Régula table "Enhancer" Elements? In "Gene Transfer and Cancer" (Ed. 
M, C. Pearson and N. Sternberg), pp. 303.

Chao, M.V., Mellon, P., Charnay, P., Maniatis, T. and Axel, R. (1983). The Regulated 
Expression of B—globin Genes Introduced into Mouse Erythroleukemia Cells. Cell 32, 
483-493.



Charnay, P., Treisman, R., Mellon, P., Chao, M., Axel, R. and Maniatis, T. (1984). 
Difference in Human a — and B—globin Gene Expression in Mouse Erythroleukemia 
Cells: The Role of Intragenic Sequences. Cell 38, 251 —263.

Chebath, J .,  Merlin, G ., Metz, R., Benech, P. and Revel, M. (1983). 
Interferon—induced 56,000 Mr Protein and Its mRNA in Human Cells: Molecular Cloning 
and Partial Sequence of the cDNA. Nucl. Acids Res. 11, 1213—1226.

Cheng, T —S. E., Colonno, R .J. and Yin, F.H. (1983). Interferon Induction of Fibroblast 
Proteins with Guanylate Binding Activity. J. Biol. Chem. 258, 7746—7750.
Proc. natn. Acad. Sci. U .S.A., 72, 4361—4365.

Cochran, M.D. and Weissmann, C. (1984). Modular Structure of the /3—Globin and Tk 
Promoters. EMBO. J. 3, 2453—2459.

Collins, T ., Korman, A .J., Wake, C.T., Boss, J.M ., Kappes, D .J., Fiers, W., Ault, 
K.A., Gimbrone Jr, M.A., Strominger, J.L. and Pober, J.S. (1984). Immune Interferon 
Activates Multiple Class II Major Histocompatability Complex Genes and the Associated 
Invariant Gene in Human Endothelial Cells and Dermal Fibroblasts. Proc. natn. Acad. 
Sci., U .S.A. 81, 4917-4921.

Colonno, R.J. and Pang, R.H.L. (1982). Induction of Unique mRNAs by Human 
Interferons. J. B id . Chem. 257 9234—9237.

Content, J.,D e Wit, L., Pierard, D., Derynk, R., DeClerq, E. and Fiers, W. (1982). 
Secretory Proteins Induced in Human Fibroblasts Under Conditions used for the
Production of IFN(3. Proc. natn. Acad. Sci. U .S.A. 79, 2768—2772.

Content, J .,  Johnston, M.I., De Wit, L., De Maeyer—Guignard, J . and De Clercq, E. 
(1980). Kinetics and Distribution of Interferon mRNA in Interferon Primed and Unprimed
Mouse L —929 Cells. Biochem and Biophysi Res. Comm. 96, 415—424.

Corces, V., Pellicer, A., Axel, R. and Meselson, M. (1981). Integration, Transcription 
and Control of a Drosphila Heat Shock Gene in Mouse Cells. Proc. natn. Acad. Sci., 
U .S.A. 78, 7038-7042.

Corden, J .,  Wasylyk, B., Buchwalder, A., Sassone—Corsi, P., Kedinger, C. and
Chambon, P. (1980). Promoter Sequences of Eukaryotic Protein—Coding Genes. Science
209, 1406-1414.

Coveney, J .,  Scott, G ., King, R., Burke, D C. and Skup, D. (1984). Changes in the 
Conformation of the Interferon (3 Gene During Differentiation and Induction. Biochem. 
and Biophys. Res. Comm. 121, 290—296.

Degrave, W., Derynck, R., Tavernier, J ., Haegeman, G. and Fiers, W. (1981).
Nucleotide Sequence of the Chromosomal Gene for Human Fibroblast (j3j) Interferon and
of the Flanking Region. Gene 14, 137—143.

Deininger, P.l, Jolly, D .J., Rubin, C.M., Freidman, T. and Schmid, C.W. (1981). Base 
Sequence Studies of 300 Nucleotide Renatured Repeated Human DNA Clones. / .  M d. 
Biol. 151, 17 -33 .

De Maeyer—Guignard. (1975). Delayed—Type Hypersensitivity to Sheep Red Blood Cells: 
Inhibition of Sensitization by Interferon. Nature, Lond. 190, 574—576.

De Maeyer—Guignard, J ., Tovey, M.G., Gresser, I. and De Maeyer, E. (1978). 
Purification of Mouse Interferon by Sequential Affinity Chromotagraphy on Poly(U)—and 
Antibody—Agarose Columns. Nature, Lond. 271, 622— 625.

Derynck, R., Content, J ., DeClercq, E., Volckaert, G., Tavernier, J ., Devos, R. and



Fiers, W. (1980). Isolation and Structure of a Human Fibroblast Interferon Gene. 
Nature, Lond. 285, 542—546.

De Villiers, J. and Schaffner. W. (1981). A Small Segment of Polyoma Virus DNA 
Enhances the Expression of a Cloned /3—Globin Gene Over a Distance of 1400 Base 
Pairs. Nucl. Acids Res. 9, 6251 —6264.
its Expression in Eukaryotic Cells. Nucl. Acids Res. 10, 2487—2501.

Devos, R., Cheroute, H., Taya, Y., Degrave, W., Van Heuverswyn, H. and Fiers, W.
(1982). Molecular Cloning of Human Immune Interferon cDNA and its Expression in 
Eukaryotic cells. Nucl. Acids Res. 10, 2487—2501.

Dierks, P., van Goyen, A., Cochran, M.D., Dobkin, C., Reiser, J. and Weissmann, C.
(1983). Three Regions Upstream from the Cap Site are Required for Efficient and 
Accurate Transcription of the Rabbit |3—Globin Gene in Mouse 3T6 Cells. Cell 32, 
695-706.

Dijkema, R., Pouwels, P., deReus, A. and Schellekens (1984). Structure and Expression 
in Escherichia coli of a Cloned Rat Interferon—a  Gene. Nucl. Acids Res. 12, 
1227-1242.

Docherty, A .J.P ., Lyons, A., Smith, B .J., Wright, E.M., Stephens, P.E. and Harris, 
T .J.R . (1985). Sequence of Human Tissue Inhibitor of Metalloproteinases and its Identity 
to Erythroid—potentiating Activity. Nature, Lond. 318, 66—69.

Dynan, W.S. (1986). Promoters for Housekeeping Genes. TIG. 2, 196—197.

Dynan, W.S., Saffer, J .D ., Lee, W.S., and Tjian, R. (1985). Transcription Factor Spl 
Reconises Promoter Sequences from the Monkey Genome that are Similar to the Simian 
Virus 40 Promoter. Proc. natn. Acad. Sci. U .S.A. 82, 4915—4919.

Dynan, W.S. and Tjian, R. (1983). The Promoter—Specific Transcription Factor Spl 
Binds to Upstream Sequences in the SV40 Early Promoter. Cell 35, 79—87.

Edlund, T ., Walker, M.D., Barr, P .J. and Rutter, W .J. (1985). Cell—Specific Expression 
of the Rat Insulin Gene: Evidence for Role of Two Distinct 5’Flanking Elements. 
Science, N .y. 230, 912—916.

Efstratiadis, A., Posakony, J.W ., Maniatis, T ., Lawn, R.M., O ’Connell, C., Spritz, R.A., 
DeRiel, J.K ., Fotget, B.G., Weissman, S.M., Slightom, J.L ., Blechl, A .E., Smithies, O., 
Baralle, F .E ., Shoulders, C.C. and Proudfoot, N .J. (1980). The Structure and Evolution 
of the Human /3—Globin Gene Family. Cell 21, 653—668.

Einat, M., Resnitzky, D. and Kimchi, A. (1985a). Close Link Between Reduction of 
c — myc Expression by Interferon and Gq/Gj Arrest. Nature, Lond. 313, 597—600.

Einat, M., Resnitzky, D. and Kimchi, A. (1985b). Inhibitory Effects of Interferon on the 
Expression of Genes Regulated by Platelet—derived Growth Factor. Proc. natn. Acad., 
Sci., U .S.A. 82, 7608-7612.

EMBL Nucleotide Data Library, European Molecular Biology Laboratory, Postfach 102209, 
D -6900 Heidelburg-FRG.

Enock, T ., Zinn, K. and Maniatis, T. (1986). Activation of the Human /3—Interferon 
Gene Requires an Interferon Inducible Factor. Mol. Cell. Biol. 6, 801—810.

Ephrussi, A., Churgh, G.M., Tonegawa, S. and Gilbert, W. (1985). B Lineage—Specific 
Interactions of an Immunoglobulin Enhancer with Cellular Factors in Vivo. Science, N.y. 
227, 134-140.



Faltynek, C.N., Branca, A.A., McCandless, S. and Baglioni, C. (1983). Characterisation 
of an Interferon Receptor on Human Lymphoblastoid Cells. Proc. natn. Acad. Sci., 
U .S.A . 80, 3269 -  3273.

Favaloro, J .,  Treisman, R. and Kamen, R. (1980). Transcription Maps of Polyoma
Virus—specific RNA: Analysis by Two-dimensional Nuclease SI Gel Mapping. Methods 
Enzymoi. 65, 718—749.

Feinberg, A. and Vogelstein, B. (1984). Annl. Biochem. 137, 266.

Fellous, M., Nir, U., Wallach, D., Merlin, G ., Rubinstein, M. and Revel, M. (1982). 
Interferon—dependent Induction of mRNA for the Major Histocompatability Antigens in 
Human Fibrolasts and Lymphoblastoid Cells. Proc. natn. Acad. Sci., U .S.A. 79, 
3082-3086.

Fellous, M. and Rosa, F. (1985). Interferons and HLA Expression. Symposium on 
"Interferons as Regulators o f  Growth and Function". BACR and lACR Joint Meeting.

Freidman, R.L., Manly, S.P., McMahon, M., Kerr, I.M. and Stark, G.R. (1984). 
Transcriptional and Posttranscriptional Regulation of Interferon—Induced Gene Expression 
in Human Cells. Cell 38, 745—755.

Freidman, R.L. and Stark, G.R. (1985). a —Interferon—Induced Transcription of HLA
and Metallothionein Genes Containing Homologous Upstream Sequences. Nature, Lond. 
314, 637-639.

Frischauf, A —M., Lehrach, H. Postka, A. and Murray, N. (1983) Lambda Replacement 
vectors carrying Polylinker Sequences. / .  M d. Biol. 170, 827—842.

Fritsch, E .F., Caron, R.M. and Maniatis, T. (1980). Molecular Cloning and 
Characterisation of the Human (3—like Globin Gene Cluster. Cell 19, 959

Fujisawa, J ., Iwakura, Y. and Kawade, Y. (1978). Nonglycosylated Mouse L Cell
Interferon Produced by the Action of Tunicamycin. J. B id . Chem. 253, 8677—8679.

Fujita, T ., Ohno, S., Yasumitsu, H. and Taniguchi, T. (1985). Delimitation and 
Properties of DNA Sequences Required for the Regulated Expression of Human
Interferon — ̂  Gene. Cell 41, 489—496.

Fuke, M., Hendrix, L.C. and Bollon, A.P. (1984). Pseudogene IFN—oL: Removal of the 
Stop Codon in the Signal Sequence Permits Expression of Active Human Interferon. Gene 
32, 135-140.

Galabru, J . and Hovanessian, A.G. (1985). Two Interferon—induced Proteins are Involved 
in the Protein Kinase Complex Dependent on Double Stranded RNA. Cell 43, 685—694.

Garel, A. and Axel, R. (1976). Selective Digestion of Transcriptionally Active Ovalbumin 
Genes from Oviduct Nuclei. Proc. natn. Acad. Sci., U .S.A. 73, 3966—3970.

Gasson, J .D ., Golde, D.W., Kaufman, S.E., Westbrook, C.A., Hewick, R.M., Kaufman, 
R .J., Wong, G .G., Temple, P.A., Leary, A C ., Brown, E.L., Orr, E.C. and Clark, S.C. 
(1985). Molecular Characterisation and Expression of the Gene Encoding Human 
Erythroid—potentiating Activity. Nature, Lond. 351, 768—771.

Gidoni, D ., Dynan, W.S. and Tjian, R. (1984) Multiple Specific Contacts Between a 
Mammalian Transcription Factor and its Cognate Promoters. Nature, Lond. 312, 
409-413.

Gillies, S.D., Morrison, L.S., Oi, V.T. and Tonegawa, S. (1983) A Tissue—specific 
Transcription Enhancer is Located in the Major Intron of a Rearranged Immunoglobulin



Heavy Chain Enhancer Gene. Cell 33, 717—728,

Glanville, N., Durnham, D.M. and Palmiter, R.D. (1981). Structure of Mouse 
Metallothionein—1 —gene and its mRNA. Nature Lond. 292, 267 —269.

Goeddel, D.V., Shephard, H.M., Yelverton, E ., Leung, D., Crea, R., Sloma, A. and
Pestka, S. (1980b). Synthesis of Human Fibroblast Interferon by E.coli. Nucl. acids Res.
8 , 4057-4074.

Goeddel, D.V., Leung, D.W., Dull, T .J ., Gross, M., Lawn, R.M., McCandliss, R., 
Seeburg, P.H ., Ullrich, A., Yelverton, E. and Gray, P.W. (1981). The Structure of 
Eight Distinct Cloned Human Leukocyte Interferon cDNAs. Nature, Lond. 290, 20—26.

Goeddel, D.V., Yelverton, E., Ullrich, A., Heyneker, H.L., Miozzari, G ., Holmes, W., 
Seeburg, P.H ., Dull, T ., May, L., Stebbing, N., Crea, R., Maeda, S., McCandliss, R.,
Sloma, A., Tabor, J.M ., Gross, M., Familletti, P C . and Pestka, S. (1980a). Human
Leukocyte Interferon Produced by E.coli is Biologically Active. Nature, Lond. 287, 
411-416.

Golding, G.B. and Glickman, B.W. (1985). Sequence—directed Mutagenesis: Evidence 
from a Phlogenetic Hitory of Human a —Interferon Genes. Proc. natn. Acad. Sci., 
U.S.A. 1985, 8577-8581.

Goodbourn, S., Zinn, K. and Maniatis, T. (1985). Gene Expression is Regulated by an 
Inducible Enhancer Element. Cell 41, 509—520

Goodbourn, S., Burstein, H. and Maniatis, T. (1986). The Human /3 Interferon Gene 
Enhancer is Under Negative Control. Cell 45, 601—610.

Gorman, C M., Moffat, L.F. and Howard, B.H. (1982). Recombinant Genomes Which 
Express Chloramphenicol Acetyltransferase in Mammalian Cells. Med. Cell. Biol. 2, 
1044-1051.

Gorman, C., Padmanabhan, R. and Howard, B. (1983). High Efficiency DNA—mediated 
Transformation of Primate Cells. Science N .y. 221, 551—553.

Graves, B .J., Johnson, P.F. and McKnight, S.L. (1986). Homologous Recognition of a 
Promoter Domain Common to the MSV LTR and the HSV tk Gene. Cell 44, 565—576.

Gray, P.W. and Goeddel, D.V. (1982). Structure of the Human Immune Interferon
Gene. Nature, Lond. 298, 859—863.

Gray, P.W. and Goeddel, D.V. (1983). Cloning and Expression of Murine Immune
Interferon cDNA. Proc. natn. Acad. Sci., U .S.A. 80, 5842—5846.

Gray, P.W., Leung, D.W., Pennica, D., Yelverton, E., Najarian, R., Simonsen, C.C.,
Derynck, R., Sherwood, P .J., Wallace, D.M., Berger, S.L., Levinson, A.D. and Goeddel, 
D.V. (1982). Expression of Human Immune Interferon cDNA in E.coli and Monkey 
Cells. Nature, Lond. 295, 503—508.

Gresser, I., De Maeyer—Guignard, J ., Tovey, M.G. and De Maeyer, E. (1979).
Electrophoretically Pure Mouse Interferon Exerts Multiple Biologic Effects. Proc. natn. 
Acad. Sci., U .S.A. 76, 5308-5312.

Gribaudo, G ., Cofano, F., Prat, M., Baiocchi, C., Cavallo, G. and Landolfo, S. (1985). 
Natural Murine IFN 7 : Evidence for Post—translational Proteolytic Processing. J. Biol. 
Chem. 260, 9936-9940.

Gross, G., Ulrich, M., Bruns, W., Gros veld, F., Dahl, H —H.M. and Collins, J . (1981). 
The Structure of a Thirty Six Kilobase Region of the Human Chromosome including the



Fibroblast Interferon Gene IFN—(3. Nucl. Acids Res. 9, 2415—2507.

Grosveld, G .C., Shewmaker, G.K., Jat, P. and Fla veil, R.A. (1981). Localization of 
DNA Sequences Necessary for Transcription of the Rabbit (3—Globin Gene in Vitro. Cell 
25, 215-226.

Grosveld, F.G ., Dahl, H. —H.M., deBoer, E. and Fla veil, R.A. (1981). Isolation of 
/3—globin—related Genes from a Human Cosmid Library. Gene, 13, 227—237.

Grosveld, F .,G ., Lund, T ., Murray, E .J ., Mellor, A.L., Dahl, H.H.M. and Fla veil, R.A.
(1982). The Construction of Cosmid Libraries Which Can be Used to Transform 
Eukaryotic Cells. Nucl. Acids Res. 10, 6715—6732

Grunstein, M. and Hogness, D.G. (1975). Colony Hybridisation: A Method for the 
Isolation of Cloned DNAs that Contain a Specific Gene. Proc. natn. Acad. Sci. U.S.A. 
72, 3961-3965.

Gruss, P ., Dhar, R. and Khoury, G. (1981) Simian Virus 40 Tandem Repeated 
Sequences as an Element of the Early Promoter. Proc. natn. Acad. Sci. U .S.A. 78, 
943-947.

Hall, A. and Brown, R. (1985). Human N —rns: cDNA Cloning and Gene Structure. 
Nucl. Acids Res. 13, 5255—5268.

Hannigan, G. and Williams, B.R.G. (1986). Transcriptional Regulation of 
Interferon—responsive Genes is Closely Linked to Interferon Receptor Occupancy. 
EMBO.J. 5, 1607-1613.

Hauptmann, R. and Swetly, P. (1985). A Novel Class of Human Type I Interferons. 
Nucl. Acids Res. 13, 4739—4749.

Hauser, H ., Dinter, H. and Collins, J . (1984). Analysis of the Control Regions of the 
Human Interferon /3 Gene. The Biology o f  the Interferon System  (Elsevier) pp21 —26

Hauser, H ., Gross, G ., Bruns, W., Hochkeppel, H —K., Mayr, U. and Collins, J.
(1982). Inducibility of the Human (3—Interferon Gene in Mouse L —cell Clones. Nature, 
Lond. 297, 650-654.

Hen, R., Borrelli, E ., Sassone—Corsi, P. and Chambon, P. (1983). An Enhancer is 
Located 340 base pairs Upstream from the Adenovirus—2 El A Capsite. Nucl. Acids Res. 
11, 8747-8760.

Henco, K., Brosius, J ., Fujisawa, Fujisawa, A., Haynes, J.R ., Hochstadt, J .,  Ko va vie, 
T ., Pasek, M., Shambrock, A., Schmid, J .,  Todokoro, K., Walchli, M., Nagata, S. and 
Weissmann, C. (1985). Structural Relationship of Human Interferon Alpha Genes and 
Pseudogenes. J. M d . Biol. 185, 227—260.

Higashi, Y. (1984). Changes of Chromatin Conformation Around Mouse Interferon—/3 
Gene Associated with Induction of Interferon Synthesis. Nucl. Acids Res. 13, 
5157-5172.

Higashi, Y., Sokawa, Y., Watanabe, Y., Kawade, Y., Ohno, S., Takaoka, C. and 
Taniguchi, T. (1983). Structure and Expression of a Cloned cDNA for Mouse 
Interferon —/3. J. Biol. Chem. 258, 9522—9529.

Hiscott, J .,  Cantell, K. and Weissmann, C. (1984). Differential Expression of Human 
Interferon Genes. Nucl. Acids Res. 12, 3727—3746.

Hohn, B. (1979). In Vitro Packaging of X and Cosmid DNA. Methods in Enzymoi. 6 8 , 
299-309.



Hohn, B. and Murray, K. (1977). Packaging Recombinant DNA Molecules into 
Bacteriophage Particles in Vitro. Proc. natn. Acad. Sci., U .S.A. 74, 3259—3263.

Houghton, M., Jackson, I.J ., Porter, A.G., Doel, S.M., Gatlin, G .H., Barber, C. and 
Carey, N.H. (1981). The Absence of Introns Within a Human Fibroblast Interferon 
Gene. Nucl. Acids. Res. 9, 247—266.

Hovanessian, A.G. and Kerr, I.M. (1979). The (2 '—5') Oligoadenylate 
(pppA2'—5 'A 2 '—5'A) Synthetase and Protein Kinase(s) from Interferon—treated Cells. 
Eur. J. Biochem. 93, 515—526.

Hynes, N .E., Kennedy, N., Rahmsdorf, U. and Groner, B. (1981). Hormone—responsive 
Expression of an Endogenous Pro viral Gene of Mouse Mammary Tumour Virus after 
Molecular Cloning and Gene Transfer into Cultured Cells. Proc. natn. Acad. Sci., 
U .S.A. 78, 2038-2042.

Hynes, N., Van Goyen, A .J.J ., Kennedy, N., Herrlich, P., Ponta, H. and Groner, B.
(1983). Subfragments of the Large Terminal Repeat cause Glucocorticoid—Responsive 
Expression of Mouse Mammary Tumour Virus and of an Adjacent Gene. Proc. natn. 
Acad. Set., U .S.A. 80, 3637-3641.

Ishii, S., Merlino, G.T. and Pastan, R. (1985). Promoter Region of the Human Harvey 
reas Proto—oncogene : Similarity to the EGF Receptor Proto—Oncogene Promoter. 
Science 230, 1378-1381.

Jeffreys, A .J., Barrie, P.A., Harris, S., Fawcett, D.W. and Nugent, Z .J. (1982). 
Isolation and Sequence Analysis of a Hybrid 6 - Globin Pseudogene from the Brown 
Lemur. J. M d . B id . 156, 487—503.

Jonak, G .J. and Knight Jr., E. (1984). Selective Reduction of c — myc mRNA in Daudi 
Cells by Human /5—Interferon. Proc. natn. Acad. Sci., U .S.A. 81, 1747—1750.

Jones, K.A., Yamamoto, K.R. and Tjian, R. (1985). Two Distinct Transcription Factors 
Bind to the HSV Thymidine Kinase Promoter In Vitro. Cell 42 559—572 1985.

Joshi, A.R., Sarkar, F.H. and Gupta, S.L. (1982). Interferon Receptors:— Cross Linking 
of Human Leukocyte IFNa—2 to its Receptor on Human Cells. J. B id . Chem. 257, 
13884-13887.

Kadonaga, J .T , Jones, K.A. and Tjian, R. (1986). Promoter—specific Activation of RNA 
Polymerase II Transcription by Spl. TIBS. 11, 20—23.

Karin, M., Cathala, G. Nguyen—Huu, M.C. (1983). Expression and Regulation of a 
Human Metallothionein Gene Carried on an Autonomously Replicating Shuttle Vector. 
Proc. natn. Acad. Sci., U.S.A. 80, 4040—4044.

Karin, M., Haslinger, A., Holtgreve, H ., Richards, R.L, Krauter, P ., Westphal, H.M. 
and Beato, M. (1984a). Characterization of DNA Sequences Through Which Cadmium 
and Glucocorticoid Hormones Induce Human Metallothionein—Ily  ̂ Gene. Nature, Lond. 
308, 513-519.

Karin, M., Haslinger, A., Holrgreve, H., Cathala, G., Slater, E. and Baxter, J.D. 
(1984b). Activation of a Heterologous Promoter in Response to Dexamethasone and 
Cadmium by Metallothionein Gene 5 '—Flanking DNA. Cell 36, 371—379.

Kelley, K.A., Kozak, C.A., Dandoy, F ., Sor, F ., Skup, D ., Windass, J.D ., De 
Maeyer—Guignard, J ., Pitha, P.M. and De Maeyer, E. (1983). Mapping of Murine 
Interferon —a  Genes to Chromosome 4. Gene. 26, 181—188.



Kelley, K.A. and Pitha, P.M. (1985a). Characterisation of a Mouse Interferon Gene
Locus I: Isolation of a Cluster of Four a  Interferon Genes. Nucl. Acids Res. 13,
805-823.

Kelley, K.A. and Pitha, P.M. (1985b). Characterisation of a Mouse Interferon Gene
Locus II: Differential Gene Expression of a —Interferon Genes. Nucl. Acids Res. 13,
825-839.

Kelly, J.M ., Gilbert, C.S., Stark, G.R. and Kerr, I.M. (1985). Differential Regulation of 
Interferon Induced mRNAs and c —myc mRNA by a — and y  Interferons. Eur. J. 
Biochem. 153, 367-371.

Kelly, J.M ., Porter, A.C.G., Chernajovsky, Y., Gilbert, C.S., Stark, G.R. and Kerr, 
I.M. (1986). Characterisation of a Human Gene Inducible by a — and /3— Interferons 
and its Expression in Mouse Cells. EMBO. J. 5, 1601—1606.

Kelker, H.C., Yip, Y.K., Anderson, P. and Vilcek, J . (1983) Effects of Glycosidase 
Treatment on the Physicochemical Properties and Biological Activity of Human 
Interferon—7 . J. Biol. Chem. 258, 8010—8013.

Khoury, G. and Gruss, P. (1983). Enhancer Elements. Cell 33, 313—314.

Kimura, A., Israel, A., Le Bail, O. and Kourilsky, P. (1986). Detailed Analysis of the 
Mouse H —2k^ Promoter: Enhancer—like Sequences and Their Role in the Regulation of 
Class I Gene Expression. Cell 44, 261 —272.

Knight Jr., E. (1976). Interferon: Purification and Initial Characterisation from Human 
Diploid Cell. Proc. natn. Acad. Sci. U .S.A. 73, 520—523.

Knight Jr., E ., Hunkapiller, M.W., Korant, B.D., Hardy, R.W.F. and Hood, L.E. 
(1980). Human Fibroblast Interferon: Amino Acid Analysis and Amino Terminal Amino 
Acid Sequence. Science, N .y. 207, 525—526.

Koeffler, H .P., Ranyard, J ., Yelton, L., Billing, R. and Bohman, R. (1984). 
7 —Interferon Induces Expression of the HLA—D Antigens on Normal and Leukemic 
Human Myeloid Cells. Proc. natn. Acad. Sci., U .S.A. 81, 4080—4084.

Kriegler, M. and Botchan, M. (1983). Enhanced Transformation by a SV40 Recombinant 
Virus Containing a Harvey Murine Sarcoma Virus LTR. Mol. Cell. Biol. 3, 325—339.

Kudo, I., Leineweber, M. and RajBhandary, U.L. Site—specific Mutagenesis on Cloned 
DNAs: Generation of a Mutant of Escherichia coli Tyrosine Suppressor tRNA in which 
the G —T —T —C corresponding to the Universal G —T — C Sequence of tRNAs is 
changed to G —A —T —C. Proc. natn. Acad. Sci., U .S.A. 78, 4752—4757.

Kunkel, T. (1985). Rapid and Efficient Site—directed Mutagenesis Without Phenotypic 
Selection. Proc. natn. Acad. Sci. U .S.A. 82, 488—492.

Kusari, J . and Sen, G.C. (1986). Regulation of Synthesis and Turnover of an Interferon 
Inducible mRNA. M d . Cell. B id . 6 , 2062—2067.

Lawn, R.M., Adelman, J .,  Dull, T .J ., Gross, M., Goeddel, D. and Ullrich, A. (1981). 
DNA Sequence of Two Closely Linked Human Leukocyte Interferon Genes. Science, N.y. 
212, 1159-1162.

Laimins, L.A., Khoury, G., Gorman, C., Howard, B. and Gruss, P. (1982). 
Host—specific Activation of Transcription by Tandem Repeats from Simian Virus 40 and 
Moloney murine Sarcoma Virus. Proc. natn. Acad. Sci. U .S.A. 79, 6453—6457.

Laimins, L,, Holmgren—Konig, M. and Khoury, G. (1986). Transcriptional "Silencer"



Element in Rat Repetitive Sequences Associated with the Rat Insulin 1 Gene Locus. 
Proc. natn. Acad. Sci. U.S.A. 83, 3151—3155.

Lawn, R.M., Adelman, J ., Franke, A.E., Houck, C.M., Gross, C.M., Najarian, R. and 
Goeddell, D.V. (1981b). Human Fibroblast Interferon Gene Lacks Introns. Nucl. Acids 
Res. 9, 1045-1052.

Lawn, R.M., Gross, M., Houck, C.M., Franke, A.E., Gray, P.V. and Goeddel, D.V.
(1981a). DNA Sequence of a Major Human Leukocyte Interferon Gene. Proc. natn. 
Acad. Sci. U .S.A. 78, 5435-5439.

Lamer, A.C., Jonak, G ., Cheng, Y.S.E., Korant, B., Knight, E. and Darnel Jr, J.E .
(1984). Transcriptional Induction of Two Genes in Human Cells by |8 —interferon. Proc. 
natn. Acad. Sci. U.S.A. 81, 6733—6737.

Lebleu, B., Hubert, E ., Content, J .,  De Wit, L., Braude, LA. and De Clercq, E.
(1978). Translation of Mouse Interferon mRNA in Xenopus Laevis Oocytes and in Rabbit 
Reticulocyte Lysates. Biochem. Biophys. Res. Com. 82, 665—673.

Lee, F., Mulligan, R., Berg, P. and Ringold, G. (1981). Glucocorticoids Regulate 
Expression of Dihydrofolate Reductase cDNA in Mouse Mammary Tumour Virus
Chimaeric Plasmids. Nature, Lond. 294, 228—232.

Lengyel, P. (1982). Biochemistry of Interferons and Their Actions. Ann. Rev. Biochem. 
51, 251-282

Levy, W .P., Rubinstein, M., Shively, J ., Del Valle, U ., Lai, C —Y., Moschera, J ., 
Brink, L., Gerber, L., Stein, S. and Pestka, S. (1981). Amino Acid Sequence of a
Human Leukocyte Interferon. Proc. natn. Acad. Sci., U .S.A. 78, 6186—6190.

Loenen, W.A.M. and Brammar, W.J. (1980). A Bacteriophage Lambda Vector for 
Cloning Large DNA Fragments made with Several Restrction Enzymes. Gene 10, 
249-259.

Lopata, M.A., Cleveland, D.W and Sollner—Webb, B, B. (1984). High Level Expression 
of a Chlramphenicol Acetyltransferase Gene by DEAE—dextran mediated DNA
Transfection Coupled with a Dimethyl Sulphoxide or Glycerol Shock Treatment. Nucl. 
Acids Res. 12, 5707-5717.

Lovett, M., Cox, D.R., Yee, D., Boll, W., Weissmann, C., Epstein, C .J. and Epstein, 
L.B. (1984). The Chromosomal Location of Mouse Interferon a  Genes. EMBO. J. 3, 
1643—1646.

Lowry, O .H ., Roubrough, N .J et al. (1951). J. B id . Chem. 193, 265.

Lund, B., Edlund, T ., Lindenmaier, W., Ny, T ., Collins, J .,  Lundgren, E. and von
Gabain, A. (1984). Novel Cluster of a —Interferon Gene Sequences in a Placental Cosmid 
DNA Library. Proc. natn. Acad. Sci. U.S.A. 81, 2435—2439.

Lusky, Berg, Weiher and Botchan. (1983). Bovine Papilloma Virus Contains an Activator 
of Gene Expression at the Distal End of the Early Transcription Unit. M d . Cell. B id . 
3, 1108-1122.

Luster, A.D., Unkeless, J.C. and Ravetch, J.V. (1985). 7 —Interferon Transcriptionally 
Regulates an Early—Response Gene Containing Homology to Platelet Proteins. Nature, 
Lond. 315 , 672 -  676.

Maniatis, T ., Hardison, R.C., Lacy, E ., Lamer, J .,,  O'Connel, C, Quon, D., Sim, D.K. 
and Efstratiadis, A. (1978). The Isolation of Structural Genes from Libraries of 
Euakaryotic DNA. Cell 15, 687—701.



Maniatis, T ., Fritsch, E.F. and Sambrook, J . (1982). Molecular Cloning (A Laboratory 
Manual), Cold Spring Harbour.

Majors, J . and Varmus, H.E. (1983). A Small Region of Mouse Mammary Tumor Virus 
Long Terminal Repeat confers Glucocorticoid Hormone Regulation on a Linked 
Heterologous Gene. Proc. natn. Acad. Set., U .S.A. 80, 5866—5870.

Mantei, N. and Weissmann, C. (1982). Controlled Transcription of a Human 
a —Interferon Gene Introduced into Mouse L Cells. Nature, Lond. 297, 128—132.

Mantei, N., Schwarzstein, M., Streuli, M., Pasem, S., Nagata S. and Weissmann. C.
(1980). The Nucleotide Sequence of a Cloned Human Leukocyte Interferon cDNA. Gene 
10, 1 - 10.

Mark, D .F., Lu, S.D., Creasey, A.A., Yamamoto, R. and Lin, L.S. (1984). Site—specific 
Mutagenesis of the Human Fibroblast Interferon Gene. Proc. natn. Acad. Sci. U.S.A. 
81, 5662-5666.

Maroteaux, L., Kahana, C., Mory, Y., Groner, Y. and Revel, M. (1983). Sequences 
Involved in the Regulated Expression of the Human Interferon— Gene in Recombinant 
SV40 DNA Vectors Replicating in Monkey Cells. EMBO. J. 2, 325—332.

Mayo, K.E., Warner, R. and Palmiter, R.D. (1982). The Mouse Metallothionein—I Gene 
is Transcriptionally Regulated by Cadmium Following Transfection into Human or Mouse 
Cells. Cell, 29, 99-108.

McConologue, L., Gupta, M., Wu, L. and Coffino, P. (1984). Molecular Cloning and 
Expression of the Mouse Ornithine Decarboxylase Gene. Proc. natn. Acad. Sci. U.S.A. 
81, 540-544.

McCormick, FF., Trahey, M. Innis, Dieckmann, B. and Ringold, G.M. (1984). Inducible 
Expression of Amplified Human /3 Interferon Genes in CHO Cells. Mol. Cell. Biol. 4, 
166-172.

McKnight, S.L. (1982). Functional Relationships between Transcriptional Control Signals 
of the Thymidine Kinase Gene of Herpes Simplex Virus. Cell 31, 355—365.

McKnight, S.L. and Gavis, E.R. (1980). Expression of the Herpes Thymidine Kinase
Gene in Xenopus laevis Oocytes; an Assay for the Study of Deletion Mutants 
Constructed in Vitro. Nucl. Acids Res. 8, 5931 —5948.

McKnight, S.L., and Kingsbury, R. (1982). Transcriptional Control Signals of a 
Eukaryotic Protein—Coding Gene. Science, N .y. 217, 316—324.

McKnight, S.L., Gavis, E.R., Kingsbury, R. and Axel, R. (1981). Analysis of
Transcriptional Regulatory Signals of the HSV Thymidine Kinase Gene; Identification of 
an Upstream Control Region. Cell 25, 385—398.

McKnight, S.L., Kingsbury, R.C., Spence, A. and Smitch, M. (1984). The Distal
Transcription Signals of the Herpes Virus tk Gene Share a Common Hexanucleotide 
Control Sequence. Cell 37, 253—262.

McKnight, S.L. and Tjian, R. (1986). Transcriptional Selectivity of Viral Genes in
Mammalian Cells. Cell 46, 795—805.

Meinkoth, J . and Wahl, G. (1984). Hbridisation of Nucleic Acids Immobilised on Solid 
Supports. Anal. Biochem. 138, 267—284

Mellon, P., Parker, V., Gluzmann, Y. and Maniatis, T. (1981). IdentiEcation of DNA



Sequences Required for Transcription of the Human a l — Globin Gene in a New SV40 
Host—Vector System. Cell 27, 279—288.

Mercola, M., Goverman, J ., Mirell, C. and Calame, K. (1985). Immunoglobulin
Heavy—Chain Enhancer Requires One or More Tissue—Specific Factors. Science, N.y. 
277, 266-270.

Merlin, G., Chebath, J ., Benech, P., Metz, R. and Revel, M. (1983). Molecular Cloning 
and Sequence of Partial cDNA for Interferon — Induced (2 '—5*) Oligo(A) Synthetase 
mRNA from Human Cells. Proc. natn. Acad. Sci., U .S.A. 80, 4904—4908.

Messing, J . (1983). New M l3 Vectors for Cloning. Methods Enzymoi. 101, 20—89.

Moore, R.N., Larsen, H.S., Horokov, D.W. and Rouse, B.T. (1984). Endogenous 
Regulation of Macrophage Proliferative Expansion by Colony—Stimulating Factor Induced 
Interferon. Science, N .y. 232, 178—180.

Moreau, P., Hen, R., Wasylyk, B., Everett, R., Gaub, M.P. and Chambon, P. (1981). 
The SV40 72base pair Repeat has a Striking Effect on Gene Expression both in SV40 
and Other Chimeric Recombinants. Nucl. Acids Res. 9, 6047—6068.

Mory, Y., Chemajouvsky, Y., Feinstein, S.I., Chen, L., Nir, U ., Weissenbach, J ., 
Malpiece, Y., Tiollais, P., Marks, D., Ladner, M., Colby, C. and Revel, M. (1981). 
Synthesis of Human Interferon /3j in Escherichia coli Infected by a Lambda Phage
Recombinant Containing a Human Genomic Fragment. Eur. J. Bioch. 120, 197—202.

Murray, N.E., Brammar, W.J. and Murray, K. (1977). Lambdoid Phages that Simplify 
the Recovery of In Vitro Recombinants. Mol. Gen. Genet. 150, 53.

Nagata, S., Mantei, N. and Weissmann, C. (1980a). The Structure of One of the Eight 
or More Distinct Chromosomal Genes for Human Interferon a. Nature, Lond. 287,
401-408.

Nagata, S., Taira, H ., Hall, A., Johnsrud, L., Streuli, M., Ecsodi, J ., Boll, W., Cantell, 
K. and Weissmann, C. (1980b). Synthesis in E.coli of a Polypeptide with Human 
Leukocyte Interferon Activity. Nature, Lond. 284, 316—320.

Naylor, S.L., Lalley, P.A., Sakaguchi, A.Y. and Gray, P.W. (1984). Cytogenet. Cell
Genet. 37, 550

Ohno, S. and Taniguchi, T. (1981). Structure of a Chromosomal Gene for Human 
Interferon j3. Proc. natn. Acad. Sci., U .S.A. 78, 5305—5309.

Ohno, S. and Taniguchi, T. (1982). Inducer—Responsive Expression of the Cloned 
Human I n t e r f e r o n G e n e  Introduced into Cultured Mouse Cells. Nucl. Acids Res. 10, 
967-977.

Ohno, S. and Taniguchi, T. (1983). The 5 ' Flanking Sequence of Human Interferon—/Sj 
Gene is Responsible for Viral Induction of Transcription. Nucl. Acids Res. 11, 
5403-5412.

Owerbach, D ., Rutter, W .J, Shows, T.B., Gray, P., Goeddel, D.V. and Lawn, R.M.
(1981). Leukocyte and Fibroblast Interferon Genes are Located on Human Chromosome 
9. Proc. natn. Acad. Sci., U .S.A. 78, 3123—3127.

Parker, C.S. and Topol, J . (1984). A Drosophila RNA Polymerase II Transcription 
Factor Binds to the Regulatory Site of an hsplO Gene. Cell 37, 273—283.

Pelham, H.R.B. (1982). A Regulatory Upstream Promoter Element in the Drosophila Hsp 
70 H eat-Shock Gene. Cell 30, 517-528.



Pelham, H.R.B. and Bienz, M. (1982). A Synthetic Heat—shock Promoter Element 
Confers H eat—Inducibility on the Herpes Simplex Virus Thymidine Kinase Gene. EMBO. 
J. 1, 1473-1477.

Pellicer, A., Robins, D., Wold, B., Sweet, R., Jackson, J ., Lowy, I., Roberts, J.M ., 
Sim, G.K., Silverstein, S. and Axel, R. (1980). Altering Genotype and Phenotype by 
DNA—Mediated Gene Transfer. Science, N.y. 209, 1414—1422.

Pellicer, A. Wigler, M. Axel, R. and Silverstein, S. (1978). The Transfer and Stable 
Integration of the HSV Thymidine Kinase Gene into Mouse Cells. Cell 14, 133—141.

Pestka, S. (ed. 1981). Interferons. Methods Enzymoi. 78

Picard, D. and Schaffner, W. (1984). A Lymphocyte—specific Enhancer in the Mouse 
Immunoglobulin K Gene. Nature, Lond. 307, 80—82.

Proudfoot, N .J. and Brownlee, G.G. (1976). 3 ' Non—coding Region Sequences in 
Eukaryotic Messenger RNA. Nature, Lond. 263, 211—214.

Prat, M., Gribaudo, G., Comogeio, P.M., Cavallo, G. and Landalfo, S. (1984).
Monoclonal Antibodies Against Murine y  Interferon. Proc. natn. Acad. Sci. U.S.A. 82, 
4515-4519.

Ptashne, M. (1986). Gene Regulation by Proteins Acting Nearby and at a Distance.
Nature, Lond. 322, 697 —201

Queen, C. and Baltimore, D. (1983). Immunoglobulin Gene Transcription is Activated by 
Downstream Sequence Elements. Cell 33, 741 —748.

Ragg, H. and Weissmann, C. (1983). Not More Than 117 base pairs of 5 '—flanking
Sequence are Required for Inducible Expression of a Human IFN—a  Gene. Nature, 
Lond. 303, 439-442.

Raj, N.B.K., Fernie, B.F. and Pitha, P.M. (1979). Correlation between the Induction on 
Mouse Interferon and the Amount of Its mRNA. Eur. J. Biochem. 98, 215—221.

Raj, N.B.K. and Pitha, P.M. (1977). Relationship between Interferon Production and
Interferon messenger RNA Synthesis in Human Fibroblasts. Proc. natn. Acad. Sci., 
U.S.A. 74, 1483-1487.

Raj, N.B.K. and Pitha, P.M. (1981). Analysis of Interferon mRNA in Human Fibroblast 
Cells Induced to Produce Interferon. Proc. natn. Acad. Sci., U .S.A. 78, 7426—7430.

Raj, N.B.K. and Pitha, P.M. (1983). Two Levels of Regulation of /3 —interferon Gene 
Expression in Human Cells. Proc. natn. Acad. Sci., U .S.A. 80, 3923—3927.

Rashidbaigi, A., Langer, J.A ., Jung, V., Jones, C., Morse, H .G ., Tischfield, J.A ., Trill, 
J .J .,  Kung, H —F. and Pestka, S. (1986). The Gene for the Human Immune Interferon 
Receptor is Located on Chromosome 6 . Proc. natn. Acad. Sci., U .S.A. 83, 384—388.

Razin, A., Hirose, T ., Itakura, K. and Riggs, A.D. (1978). Efficient Correction of a 
Mutation by Use of Chemically Synthesised DNA. Proc. natn. Acad. Sci., U .S.A. 75, 
4268-4270.

Remmers, R .F., Yang, J —Q. and Marcu, K.B. (1986). A Negative Transcriptional 
Control Element Located Upstream of the Murine c—myc Gene. EMBO. J. 5, 899—904.

Resnitzky, D., Yarden, A., Zipori, D. and Kimchi, A. (1986). Autocrine jg-Related 
Interferon Controls c —myc Suppression and Growth Arrest during Hematopoietic Cell



Differentiation. Cell 46, 31—40.

Revel, M., Bash, D. and Ruddle, F.H. (1976). Antibodies to a Cell—Surface Component 
Coded by Human Chromosome 21 Inhibit Action of Interferon. Nature, Lond. 260, 
139-141.

Richards, R.I., Heguy, A. and Karin, M. (1984). Structural and Functional Analysis of 
the Human Metallothionein—1 gene : Differential Induction by Metal Ions and
Glucocorticoids. Cell 37, 263—272.

Rigby, P.J.W ., Dieckmann, M., Rhodes, C. and Berg, P. (1977). Labellind 
Deoxyribonucleic Acid to high Specific Activity in Vitro by Nick Translation with DNA 
Polymerase I. / .  Mol. Biol. 113, 237—251.

Rinderknecht, E ., O'Conner, B.H. and Rodriguez, H. (1984). Natural Human Interferon^ 
Complete Amino Acid Sequence and Determination of Sites of Glycosylation. / .  Bid. 
Chem. 259, 6790-6797.

Ringold, G.M., Dieckmann, B., Vannice, J.L ., Trahey, M. and McCormick, F. (1984). 
Inhibition of Protein Synthesis Stimulates the Transcription of Human /3—Interferon Genes 
in Chinese Hamster Ovary Cells. Proc. natn. Acad. Sci., U .S.A. 81, 3964—3968.

Robins, D.M., Paek, I., Seeburg, P.H. and Axel, R. (1982). Regulated Expression of 
Human Growth Hormone Genes in Mouse Cells. Cell, 29, 623—631.

Rosa, F., Hatat, D., Abadie, A., Wallach, D., Revel, M. and Fellous, M. (1983). 
Differential Regulation of HLA—DR mRNAs and Cell Surface Antigens by Interferon. 
EMBO. J. 2, 1585-1589.

Rosen, C.A., Sodroski, J.G . and Haseltine, W.A. (1985). The Location of CiJ—Acting 
Regulatory Sequences in the Human T Cell Lymphotropic Virus Type III 
(HTLV—III/LAV) Long Terminal Repeat. Cell 41, 813—823.

Rubinstein, M., Rubinstein, S., Familletti, P.C., Miller, R.S., Waldman, A.A. and 
Pestka, S. (1979). Human Leukocyte Interferon: Production, Purification to Homogeneity 
and Initial Characterisation. Proc. natn. Acad. Sci., U .S.A. 76, 640—644.

Ryals, J ., Dierks, P., Ragg, H. and Weissmann, C. (1985). A 46 Nucleotide Promoter 
Fragment from an IFNa Gene Renders an Unrelated Promoter Inducible by Virus. Cell 
41, 497-507.

Sanger, F ., Nicklen, S. and Coulson, A.R. (1977). DNA Sequencing with Chain 
Terminating Inhibitors. Proc. natn. Acad. Sci., U .S.A. 74, 5463—5467.

Sassone —Corsi, P. and Borrelli, E. (1986). Transcriptional Regulation by Trans—acting 
Factors. T.I.G . 2, 215-219.

Sassone—Corsi, P., Dougherty, J .P ., Wasylyk, B. and Chambon, P. (1984). Stimulation 
of in Vitro Transcription from Heterologous Promoters by the Simian Virus 40 Enhancer. 
Proc. natn. Acad. Sci., U .S.A. 81, 308—312.

Sassone—Corsi, P ., Wildeman, A. and Chambon, P. (1985). A Transacting Factor is 
Responsible for the Simian Virus 40 Enhancer Activity in Vitro. Nature, Lond. 313, 
458-463.

Saunders, M.E., Gewert, D.R., Tugwell, M.E., McMahon, M. and Williams, B.R.G.
(1985). Human 2 —5A Synthetase: Characterisation of a Novel cDNA and Corresponding 
Gene Strucure. EMBO. J. 4, 1761—1768.

Scheidereit, C., Geisse, S., Westphal, H.M. and Beato, M. (1983). The Glucocorticoid



Receptor Binds to Defined Nucleotide Sequences near the Promoter of Mouse Mammary 
Tumour Virus. Nature, Lond. 304, 749—752.

Scholer, H.R. and Gruss, P. (1984). Specific Interaction between Enhancer—Containing 
Molecules and Cellular Components. Cell, 36, 403—411.

Sehgal, P.B., Dobberstein, B. and Tamm, I. (1977). Interferon messenger RNA Content 
of Human Fibroblasts during Induction, Shutoff and Superinduction of Interferon 
Production. Proc. natn. Acad. Sci., U .S.A. 74, 3409—3413.

Sen, G.C., Taira, H. and Lengyel, P. (1978). Interferon, Double—stranded RNA and 
Protein Phosphorylation. J. Biol. Chem. 253, 5915—5921.

Sergeant, A., Bohmann, D., Zentgraf, H., Weiher, H. and Keller, W. (1984). A 
Transcription Enhancer Acts in Vitro over Distances of Hundreds of Base—pairs on both 
Circular and Linear Templates, but not on Chromatin—reconstituted DNA. J. Mol. Biol. 
180, 577-600.

Serfling, E. Jasin, M. and Schaffner, W. (1985). Enhancers and Eukaryotic Gene 
Transcription. TIG, 1, 224—230

Shaw, G.D., Boll, W., Taira, H., Mantei, N., Lengyel, P. and Weissmann, C. (1983). 
Structure and Expression of Cloned Murine IFN—a  Genes. Nucl. Acids Res. 11, 
555-573.

Shaw, W.V. (1975) Chloramphenicol Acetyltransferase from Chloramphenicol Resistant 
Bacteria. Methods Enzymoi. 737— 755.

Shepard, H.M., Leung, D., Stebbing, N. and Goeddel, D.V. (1981). A Single Amino 
Acid Change in IFN— Abolishes its Antiviral Activity. Nature, Lond. 294, 563—565.

Shulman, L.M., Kamark, M.E., Slate., Ruddle. F.H ., Branca. A.W., Baglioni. C., 
Maxwell. B.L., Gutterman. J .,  Anderson. P., Nagler. C., Vilcek. J. (1984). Antibodies to 
Chromosome 21 Coded Cell Surface Components Block Binding of Human alFN but not 
7 IFN to Human Cells. Virology, 137, 422—427.

Skup, D., Windass, J .D ., Sor, F., George, H., Williams, B.R.G., Fukuhara, H., De 
Maeyer—Guignard, J . and De Maeyer, E. (1982). Molecular Cloning of Partial cDNA 
Copies of Two Distinct Mouse IFN—^ mRNAs. Nucl. Acids Res. 10,

Sloma, A. (1983). European Patent Application. 83102893.1.

Staden, R. (1977). Sequence Data Handling by Computer. Nucl. Acids Res. 12,
4037-4051

Staden, R. (1984). Graphic Methods to Determine the Function of Nucleic Acid
Sequences. Nucl. Acids Res. 12, 521—538.

Stadler, J ., Larsen, A., Engel, J.D ., Dolan, M., Groudine, M. and Weintraub, H.
(1980). Tissue—Specific DNA Cleavages in the Globin Chromatin Domain Introduced by 
DNase I. Cell 20, 451-460.

Stahl, F.W ., Crasemann, J.W. and Stahl, M.M. (1975). Rec—mediated Recombinational 
Hot Spot Activity in Bacteriophage Lambda. Ill Chi Mutations are Site Mutations 
Stimulating Rec—mediated Recombination J. M d . B id . 94, 203 — 212.

Stewart II, W.E. (1979). The Interferon System. New York: Springer.

Stewart II, W .E., Sarkar, F.H ., Taira, H., Hall, A., Nagata, S. and Weissmann, C.
(1986). Comparison of Several Biological and Physicochemical Properties of Human



Leukocyte Interferons Produced by Human Leukocytes and by E.coli. Gene 11, 181—186.

Streuli, M., Nagata, S., and Weissmann, C. (1980). At Least Three Human Type a  
Interferons: Structure of cû. Science, N.y. 209, 1343—1347.

Swimmer, C. and Shenk, T. (1984). A Viable Simian Virus 40 Variant that Carries a 
Newly Generated Sequence Reiteration in Place of the Normal Duplicated Enhancer 
Element. Proc. natn. Acad. Sci., U .S.A. 81, 6652—6656.

Taira, H., Broeze, R .J., Jayaram, B.M., Lengyel, P., Hunkapiller, M.W. and Hood, 
L.E. (1980). Mouse Interferons: Amino Terminal Amino Acid Sequences of Various 
Species. Science, N .y. 207, 528—529

Tan, Y.H. (1976). Chromosme 21 and the Cell Growth Inhibitory Effect of Human 
Interferon Preparations. Nature, Lond. 260, 141—143.

Tan, Y.H., Barakat, F., Berthold, W., Smith—Johannsen, H. and Tan, C. (1979). The 
Isolation and Amino Acid/Sugar Composition of Human Fibroblastoid Interferon. J. B id. 
Chem. 254, 8067-8073.

Taniguchi, T ., Mantei, N., Schwarzstein, M., Nagata, S., Muramatsu, M. and Weissman,
C. (1980b). Human Leukocyte and Fibroblast Interferons are Structurally Related. Nature, 
Lond. 285, 547-549.

Taniguchi, T ., Ohno, S., Fujii—Kuriyama, Y. and Muramatsu, M. (1980a). The
Nucleotide Sequence of Human Fibroblast Interferon cDNA. Gene 10, 11—15.

Tavernier, J .,  Derynck, R. and Fiers, W. (1981). Evidence for a Unique Human
Fibroblast Interferon (IFN—j3j) Chromosomal Gene, Devoid of Intervening Sequences. 
Nucl. Acids Res. 9, 461—472.

Ta verier, J ., Gheysen, D., Duerinck, F., Van der Heyden, J . and Fiers, W. (1983). 
Deletion Mapping of the Inducible Promoter of Human IFN—(3 Gene. Nature, Lond. 
301, 634-636.

Taya, Y., Devos, R., Tavernier, J ., Cheroute, H., Engler, G. and Fiers, W. (1982).
Cloning and Structure of the Human Immune Interferon — 7  Chromosomal Gene. EMBO. 
J. 1, 953-958.

Todokoro, K., Kioussis, D. and Weissmann, C. (1984). Two Non—allelic Human
Interferon a  Genes with Identical Coding regions. EMBO. J. 3, 1809—1812.

Torczynski, R.M., Fuke, M. and Bollon, A.P. (1984). Human Genomic Library Screened 
with 1 7 —base Oligonucleotide Probes Yields a Novel Interferon Gene. Proc. natn. Acad. 
Sci., U .S.A. 81, 6451-6455.

Trapman, J. (1979). A Systematic Study of Interferon Production by Mouse L —929 Cells 
Induced with PolyrI.rC and DEAE—dextran. F EBBS Lett. 98, 107—110.

Trapman, J . (1980). Distinct Antigenic Character of Two Components of 
Poly(I).Poly(C)—Induced Mouse L Cell Interferon. FEBBS. Lett. 109, 137—139.

Treisman, R. and Maniatis, T. (1985). Simian Virus 40 Enhancer Increases Number of 
RNA Polymerase II Molecules on Linked DNA. Nature Lond. 315, 72—75.

Trent, J.M ., Olson, S. and Lawn, R.M. (1982). Chromosomal Localisation of Human 
Leukocyte, Fibroblast and Immune IFN Genes by Means of in Situ  Hybridisation. Proc. 
natn. Acad. Sci., U .S.A. 79, 7809-7813.

Twigg, A.J. and Sherratt, D. (1980). Trans—complementable Copy—number Mutants of



Plasmid ColEl. Nature Lond. 283, 216.

Ullrich, A., Gray, A., Goeddel, D.V. and Dull, T .J. (1982). Nucleotide Sequence of a 
Portion of Human Chromosome 9 Containing a Leukocyte Interferon Gene Cluster. / .  
Mol. B id . 156, 467-486.

Van Beveren, C., van Straaten, F., Curran, T ., Muller, R. and Verma, I.M. (1983). 
Analysis of F B J—MuSV Pro virus and c —fo s  (mouse) Gene Reveals That Viral and 
Cellular fa s  Gene Products Have Different Carboxy Termini. Cell 32, 1241—1255.

Van Damme, J .,  Opdenakker, G., Billiau, A., De Somer, P., De Wit, L., Poupart, P. 
and Content , J . (1985). Stimulation of Fibroblast Interferon Production by a 22K
Protein from Human Leukocytes. J. Gen. V ird . 6 6 , 693—700.

Vilcek, J. and Ha veil, E.A. (1973). Stabilisation of Messenger RNA Activity by
Treatment with Metabolic Inhibitors and Lowering of the Incubation Temperature. Proc.
natn. Acad. Set., U .S.A. 70, 3909-3913.

Wallace, R.B., Shaffer, J ., Murphy, R.F., Bonner, J .,  Hirose, T. and Itakura, K.
(1979). Hybridisation of Synthetic Oligodeoxyribonucleotides to $xl74 DNA: the Effect of 
Single Base Pair Mismatch. Nucl. Acids Res. 6 , 3543—3557.

Walker, M.D., Edlund, T ., Boulet,. A.M. and Rutter, W .J. (1983). Cell—specific 
Expression Controlled by the 5 '—flanking Region of Insulin and Chymotrypsin Genes. 
Nature Lond. 306, 555—561.

Wasylyk, B., Derbyshire, R., Guy, A., Molko, D ., Roger, A., Teoule, R., and 
Chambon, P. (1980). Specific in Vitro Transcription of Conalbumin Gene is Drastically 
Decreased by Single —point Mutations in T —A —T —A Box Homology Sequence. Proc.
natn. Acad. Sci., U .S.A. 77, 7024—7028.

Weaver, R.R. and Weissmann, C. (1979). Mapping of the Berk—Sharp Procedure: The 
5 ' Termini of 15S /3—globin mRNA precursors and Mature lOS |3-globin mRNA have 
Identical Map Coordinates. Nucl. Acids Res. 7, 1175—1193.

Weber, F., de Villiers, J. and Schaffner, W. (1984). An SV40 "Enhancer Trap"
Incorporates Exogenous Enhancers or Generates Enhancers from Its Own Sequences. Cell 
36, 983-992.

Weidle, U. and Weissmann, C. (1983). The 5 ' Flanking Region of a Human IFN—a
Gene Mediates Viral Induction of transcription. Nature, Lond. 303, 442—446.

Weiher, H., Konig, M. and Gruss, P. (1983). Multiple Point Mutations Affecting the 
Simian Virus 40 Enhancer. Science, N .y. 219, 626—631.

Weil, P.A., Luse, D.S., Segall, J. and Roeder, R.G. (1979). selective and Accurate 
Initiation of Transcription at the Ad2 Major Late Promotor in a Soluble System
Dependent on Purified RNA Polymerase II and DNA. Cell 18, 469—484.

Weil, J ., Epstein, C .J., Epstein, L.B., Sedmak, J .J . ,  Sabran, J.L . and Grossberg, S.E.
(1983). A Unique set of Polypeptides is Induced by 7  Interferon in addition to those 
Induced in Common with a  and |S Interferons. Nature, Lond. 301, 437—439.

Weintraub, H. and Groudine, M. (1976). Chromosomal subunits in Active Genes have an
Altered Conformation. Science, N.y. 193, 848—856.

Weissenbach, J ., Cherajvsky, Y., Zeevi, M., Schulman, L., Soreq, H., Nir, U., Wallach,
D., Perricaudet, M., Tiollais, P. and Revel, M. (1980). Two Interferon mRNAs in
Human Fibroblasts: In Vitro Translation and E .cdi. Cloning Studies. Proc. natn. Acad. 
Sci., U .S.A. ?, 7152-7156.



Wetzel, R. (1981). Assignment of the Disulphide Bonds of Leukocyte Interferon. Nature 
Lond. 289, 606-607.

Wigler, M., Pellicer, A., Silverstein, S., Axel, R., Urlaub, G. and Chasin, L., (1979).
DNA—mediated Transfer of the Adenine Phosphoribosyl Transferase Locus into 
Mammalian Cells. Proc. natn. Acad. Sci., U .S.A. 76, 1373—1376.

Wildeman, A.G., Sassone—Corsi, P ., Grundstrom, T ., Zenke, M. and Chambon, P.
(1984). Stimulation of in Vitro Transcription from the SV40 Early Promoter by the
Enhancer Involves a Specific Tran5 —acting Factor. EMBO. J. 3, 3129—3133.

Wilson, V., Jeffreys, A .J., Barrie, P.A., Boseley, P .G ., Slocombe, P.M, Easton, A. and 
Burke, D.C. (1983). A Comparison of Vertebrate Interferon Gene Families Detected by 
Hybridisation with Human DNA. J. Mol. Biol. 166, 457—475.

Wright, S., Rosenthal, A., Fla veil, R. and Gros veld, F. (1984). DNA Sequences Required 
for Regulated Expression of globin Genes in Murine Erythroleukaemia Cells. Cell 38, 
265-273.

Wright, S., deBoer, E., Grosveld, F. and Fla veil, R. (1983). Regulated Expression of the 
Human j3—globin Gene Family in Murine Erythroleukaemia Cells. Nature Lond. 305, 
333-336.

Wu, C. (1980). The 5' Ends of Drosophila Heat Shock Genes in Chromatin are 
Hypersensitive to DNase I. Nature, Lond. 286, 854—860.

Wu, C. (1984b). Two Protein — binding sites in Chromatin Implicated in the Activation of 
H eat—shock Genes. Nature, Lond. 309, 229—234.

Wu, C. (1984a). Activating Protein Factor Binds in Vitro to Upstream Control Sequences
in Heat Shock Gene Chromatin. Nature, Lond. 311, 81—84.

Yip, Y.K., Barrowclough, B.S., Urban, C. and Vilcek, J. (1982a). Purification of Two 
Subspecies of Human "y( immune) Interferon. Proc. natn. Acad. Sci., U.S.A. 79, 
1820-1824.

Yip, Y.K., Barrowclough, B.S., Urban, C. and Vilcek, J. (1982b). Molecular Weight of 
Human Gamma Interferons is Similar to that of Other Human Interferons. Science, N.y. 
215, 411-412.

Yoshie, O ., Schmidt, H ., Reddy, E.S.P., Weissman, S. and Lengyel, P. (1982). Mouse 
Interferons Enhance the Accumulation of a Human HLA RNA and Protein in Transfected 
Mouse and Hamster Cells. / .  Biol. Chem. 257, 13169—13172.

Yoshie, O ., Schmidt, H ., Lengyel, P., Reddy, E.S.P., Morgan, W.R. and Weissman, 
S.M. (1984). Transcripts of Human HLA Gene Fragments Lacking the 5 ' Terminal 
Region in Transfected Mouse Cells. Proc. natn. Acad. Sci., U .S.A. 81, 649—653.

Zenke, M., Grundstrom, T., Matthes, H., Wintzerith, M., Schatz, C., Wildeman, A. and 
Chambon, P. (1986). Multiple Sequence Motifs are Involved in SV40 Enhancer Function. 
EMBO. J. 5, 387-397.

Zinn, K., DiMaio, D. and Maniatis, T. (1983). Identification of Two Distinct Regulatory 
Regions Adjacent to the Human |3—Interferon Gene. Cell, 34, 866—879.

Zinn, K. and Mania tis, T. (1986). Detection of Factors That Interact with the Human 
|3—Interferon Regulatory Region in Vivo by DNase I Footprinting. Cell 45, 611—618.

Zinn, K., Mellon, P., Ptashne, M. and Mania tis, T. (1982). Regulated Expression of an



Extrachromosomal Human /3—Interferon Gene in Mouse Cells. Proc. natn. Acad. Sci., 
U.S.A. 79, 4897-4901.

Zoller, M.J. and Smith, M. (1983). Oligonucleotide—directed Mutagenesis of DNA 
Fragments Cloned into Ml 3 Vectors. Methods Enzymol. 100, 468—500.

Zoon, K.C., Smith, M.E., Bridgen, P .J., Anfinsen, C.B., Hunkapiller, M.W. and Hood, 
L.E. (1980). Amino Terminal Sequence of the Major Component of Human 
Lymphoblastoid Interferon. Science, N.y. 207, 527—528.

Zoon, K., Smith, M.E., Bridgen, P .J,, zur Nedden, D. and Anf insen, C.B. (1979). 
Purification and Partial Characterisation of Human Lymphoblastoid Interferon. Proc. natn. 
Acad. Sci., U.S.A. 76, 5601—5605.

Zullo, J.N., Cochran, B.H., Huang, A.S. and Stiles, C D . (1985). Platelet Derived 
Growth Factor and Double Stranded Ribonucleic Acids Stimulate Expression of the Same 
Genes in 3T3 Cells. Cell, 43, 793-800.

Zwarthoff, E.C., Mooren, A.T.A. and Trapman, J . (1985). Organisation, Structure and 
Expression of Murine Interferon Alpha Genes. Nucl. Acids Res. 13, 791—804.



MOLECULAR ANALYSIS OF HUMAN AND MOUSE 
INTERFERON a  GENE STRUCTURE AND FUNCTION

C. Bartholomew

SUMMARY:-
Four human IFN a chromosomal genes have been isolated from a newly constructed 

placental DNA library in XL47. Restriction and sequencing analysis revealed that each gene 
had been described previously. However, one gene, S M T l l l . l ^ ,  which encodes a full length 
IFN, is an allelic varient of a previously characterised pseudogene, thus indicating some 
degeneracy of the IFNa gene family.

A chimaeric gene comprising the M uIFN aj promoter (-188 to +52) and cat gene coding 
sequences has been constructed in vitro, enabling promoter function to be examined in mouse 
cells. Reproducible polyrI.rC mediated induction of CAT expression from the M uIFNaj 
promoter has been demonstrated in pools of stably transfected, but not transiently 
transfected, L929 cells. Monitoring mRNA production revealed the transient accumulation of 
correctly initiated hybrid gene transcripts which precede optimum CAT production.

Aspects of the structure/function relationship of the MuIFNo] promoter have been 
investigated by oligonucleotide site directed mutagenesis. Comparative studies of IFNa 
promoter sequences identified prospective regulatory regions for mutagenesis. Quantitative 
CAT assays have been employed for promoter assessment. Additionally, the construction of a 
pseudogene comprising the wildtype M uIFNai promoter linked to an internally deleted cat 
gene has enabled both mutant and wildtype promoters functioning simultaneously in the same 
cell population to be assessed by S-1 nuclease protection studies using a common probe.

Such studies have revealed three distinct c/s-acting regions implicated in MuIFNaj 
promoter function. Two are located upstream of the TATA box, defined by mutations at -87 
and between -66 and -33 respectively. These reduce promoter activity 2 to 5 fold. The 
third, is defined by a mutation at +14, within the untranslated leader sequence. This 
enhances activity 2 to 3 fold.

A deletion derivative of the MuIFNofj promoter containing only 94bp of upstream 
sequence is inactive. Cis-activation by the Mo-MuSV enhancer restores inducibility to this 
promoter whereas the intact M uIFNaj promoter is refractory to this element. This suggests 
that distinct m -ac tin g  sequences dictate the efficiency and regulation of MuIFNofj gene 
transcription.


