
ILLEGITIMATE 

RECOMBINATION IN 

PLASMIDS 

DAVID PINDER 

Thesis presented for the degree of Doctor of Philosophy 
University of Edinburgh 

1996 



Abstract 

Illegitimate recombination mechanisms are important for genetic change 

within an organism. They are also the cause of many instability problems in 

biotechnology and have been associated with certain human genetic disorders and 

cancers. 

The original aim of this work was to construct a deletion (illegitimate 

recombination) resistant cosmid based cloning system, for the cloning of unstable 

human DNA. Two 'mutant plasmids' pMS5 and pMS7 were isolated. The plasmids 

were derived from pUC1 8 and appeared to stabilise the propagation of a long DNA 

palindrome. The basic concept was to construct a new cosmid using pMS7 as part of 

the backbone. 

The construction of two new cosmids cDRII (Deletion Resistant) and cDRIII 

is described. However, they are unlikely to contain a mutation which stabilises 

unstable sequences. 

This thesis also describes the search for the 'mutation' in pMS7 by, single-

strand conformation polymorphism and fragment swap analysis. This work did not 

detect any such mutation. However, it lead to the isolation of a novel mutation 

composed of both direct and inverted repeats, which I have called DIR. The presence 

of DIR in pAC2 (a derivative of pUCI8, with the same DNA palindrome as pMS7), 

and the absence of DIR from pMS7, are consistent with the failure to find a 

stabilising 'mutation' in pMS7. The structure of the DIR mutation is analysed in 

detail and a hypothesis for its formation is proposed. 

Finally, the behaviour of four long DNA palindromes (other than that cloned 

in pMS7) is investigated, when ligated into pM*  (a palindrome-free derivative of 

pMS7). 
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Amp Ampicillin resistant 

AMPS Ammonium persuiphate 

ATP Adenosine-5'-triphosphate 

BAC Bacterial Artificial Chromosome 

bp Base pair(s) 
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DIR Direct and Inverted Repeat 
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EDTA Diaminoethanetetra-acetic acid 
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g Gram(mes) 

HEPES N-2-hydroxyethylpiperazine 

IHF Integration Host Factor 

in Inch(es) 

IPTG Isopropylthio--D-galactoside 

IRU Intergenic Repeat Unit 



IS Insertion Sequence 

Kan' Kanamycin resistant 
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kb Kilobase pairs 

Bacteriophage Lambda 
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lb Pound(s) 

MAC Mammalian Artificial Chromosome 

mg Milligram(s) 

ml Millilitre(s) 

M Molar 

mm Millimetre 

mm Millirnolar 

mol Mole(s) 

Ci Microcurie(s) 

Itg Microgram(s) 

tl Microlitre(s) 

ori Origin of replication 

PAC P1-derived Artificial Chromosome 

pH -log 10[H] 

REP Repetitive Extragenic Palindromes 

RIP Repetitive IHF-binding Protein 

RIB Reiterative IHF BIME 

RNAse Ribonuclease 

SDS Sodium dodecyl sulphate 

SSCP Single-Strand Conformation Polymorphism 

TEMED N-N-N' -N' -tetra-methyl- 1 ,2-diamino-ethane 
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Tris 2-amino-2-(hydroxyrnethyl)- 1,3 -propandiol 

Triton X- 100 Octylphenooxypolyethoxyethanol 

U Unit(s) 

V Volt(s) 

v/v Volume per volume 

v/w Volume per weight 

W Watt(s) 

w/v Weight per volume 

Xgal 5 -bromo-4-chloro-3 -indoly-3-D-ga1actoside 

YAC Yeast Artificial Chromosome 
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CHAPTER 1: 

INTRODUCTION 



INTRODUCTION 

The survival of a species depends on its ability to maintain genetic diversity, 

so that individuals can vary their response to unforeseen environmental changes. 

Diversity is maintained through mutation, which alters single genes or small groups 

of genes in an individual, and recombination, which rearranges genetic material. 

Genetic rearrangement may be mediated by many mechanisms including: 

transposition, homologous recombination, site-specific recombination and 

illegitimate recombination (Leach, 1996). Illegitimate recombination is a mixture of 

events and cellular mechanisms (for a recent review see Ehrlich, 1993), but may be 

divided into two main classes, end joining and strand slippage. When cloning 

eukaryotic DNA, instability is frequent among cloned sequences. Much of the 

observed instability is due to illegitimate recombination. 

At the onset of this work, the goal was to construct a "deletion resistant" 

(illegitimate recombination resistant) cosmid based system, for the cloning of 

unstable human DNA sequences. Two 'mutant' plasmids, pMS5 and pMS7 were 

isolated. These plasmids were derived from pUC18 and appeared to stabilise a 571 

base pair (bp) palindrome. The basic concept was to use pMS7 as part of the 

backbone in the construction of a new cosmid. This cosmid would then contain the 

'mutation' and would have the potential to stabilise unstable sequences. The 571bp 

palindrome was cloned into the lacZ' gene of pUC18, and instability of the 

palindrome was estimated by the phenotype of clones on special media. After an 

extensive search for the 'mutation' in pMS7 an alternative explanation was 

discovered. The parent vector pAC2 from which pMS7 was derived was found to 

contain an unusual mutation which gave the appearance of instability. I have called 

this mutation DIR for direct and inverted repeat. 

This thesis describes: a) the search for the 'intangible mutation' in pMS7 by: 

1) Single-Strand Conformation Polymorphism (SSCP) analysis comparing pM* 
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(pMS7 derivative, without palindrome) and pUC18. 2) fragment swap analysis where 

fragments from various plasmids were swapped, to determine the fragments which 

generated a change in behaviour, b) the behaviour of different palindromes when 

cloned in pM*,  c) the isolation of a novel mutation composed of both direct and 

inverted repeats, that I have called DIR (Direct and Inverted Repeat), referred to as 

the "DIR mutation" in this thesis (the data support the hypothesis that DIR is 

responsible for the differences of plating behaviour in pMS7 and pAC2), and d) the 

construction of three cosmid vectors. The results describing the discovery of DIR 

have been submitted for publication (Pinder et al.). 

This chapter is split into 2 sections, the first is an introduction to 

recombination, illegitimate recombination, strand slippage, DNA palindromes and 

other topics related to this thesis; the second is an introduction to cosmids and yeast 

artificial chromosomes, their uses as cloning vectors and associated problems. 
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SECTION 1: 

Illegitimate Recombination 



Figure 1.1 

Overview of the four classes of recombination (Leach, 1996): a) homologous 

recombination b) site-specific recombination c) transposition & d) illegitimate 

recombination. 

a). 	 I  

I 	 11111111 	 I  
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Genetic Recombination 

Genomes are not static, they have both the necessary levels of fidelity for 

stable inheritance, and the required flexibility for genetic change. The survival of, or 

the ability for a species to evolve, depends on genetic change. This is primarily 

mediated in genomes by both mutation and recombination. Genetic recombination in 

both prokaryotes and eukaryotes, may result from a).'homologous recombination', 

recombination between long homologous sequences, b).'site-specific recombination', 

mediated by specialised proteins, acting as catalysts, that bind specific target 

sequences, c).'transposition' (of transposable elements), mediated by proteins that 

recognise the ends of the element, d). and from 'illegitimate recombination', between 

sequences of little or no homology (see Fig 1.1 for overview of recombination 

mechanisms). As this thesis is associated mainly with illegitimate recombination, it 

will be discussed in detail in the following sections. 

Homologous Recombination 

The roles of homologous recombination in cells are varied. The most 

important of these is the maintenance of genetic diversity. Other consequences of 

homologous recombination include: a). repair of double strand DNA damage, b). 

scheduled DNA rearrangements such as mating-type switching in fungi or antigenic 

variation as seen in various pathogens, and c). the spread of selfish DNA sequences 

as seen with mobile introns. Homologous recombination in prokaryotes has been 

studied most in the Red and Rec pathways. In Escherichia coil homologous 

recombination is RecA-dependent (reviewed by Leach, 1996; Kowalczykowski et 

at., 1995; Smith, 1988; West 1992). 
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Site-Specific Recombination 

Site-specific recombination involves the interaction of defined DNA 

sequences. Unlike homologous recombination, the proteins involved in site-specific 

recombination mediate recognition of specific sequences directly. The best studied 

models of this type of recombination are: a). bacteriophage 2 integration/excision 

and b).Tn3 co-integrate resolution (reviewed by Leach, 1996; Sadowski, 1993). 

Transposition 

A transposable element may be defined as a DNA sequence capable of 

inserting itself into many different sites within the host's genome. Most transposons 

share the common feature of inverted terminal repeats. A transposase recognises the 

ends of the cognate element, breaks the DNA at these ends, and joins the ends to 

target sequences (reviewed by, Leach, 1996; Berg & Howe, 1989). Some transposons 

may take part in illegitimate recombination events also. 

Illegitimate Recombination 

The phrase illegitimate recombination was originally used by Franklin (1971), 

to define recombination between sequences with little or no homology. 

Illegitimate recombination mechanisms are important in evolution (Anderson 

& Roth, 1977; Ohno, 1970). During the process of evolution large genome 

rearrangements, such as duplications, deletions, translocations and insertions can be 

extremely advantageous. In the case of genetic material which has been duplicated, 

this provides supplementary copies of genes, which can accommodate mutations and 

thus evolve. Translocations and deletions can fuse genes and create proteins with 

novel function, or simply alter the regulatory environment of a gene. Insertion of 

foreign DNA into a genome facilitates horizontal transfer, allowing different 

organisms to bypass the need to repeatedly evolve similar functions (Campbell, 
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1979; Arber, 1984). In biotechnology, 'the utilisation of living organisms for the 

benefit of man', illegitimate recombination is frequently a problem, and in vitro 

constructed genomes are often unstable (Ehrlich et at., 1986; Primrose, 1981; 

Summers, 1994). Illegitimate recombination has also been found associated with 

certain human genetic disorders (reviewed by Richards & Sutherland, 1992; Wells 

and Sinden, 1993; Wells, 1996), and colorectal carcinomas (Thibodeau et al., 1993; 

Ionov etal., 1993). 

Classes of Illegitimate Recombination 

Illegitimate recombination may be divided into two broad classes: a). end 

joining, which is mediated by enzymes which cut and join DNA, such as 

topoisomerases, site-specific DNases and proteins which initiate rolling circle 

replication, b). strand slippage, where, after pausing at the replication fork, the 

nascent strand can dissociate from one template and pair with another (reviewed by 

Allgood & Silhavy, 1988; Ehrlich, 1989; Franklin, 1971; Leach, 1996; Meuth, 1989). 

For the purposes of this thesis strand slippage will be discussed only. 

Strand Slippage 

Strand slippage is thought to be mediated by a pause in DNA replication (for 

a review see Bierne & Michel, 1994). Several structural and functional features can 

regulate the rate at which the replication fork progresses. These include DNA 

secondary structures, DNA damage, and structural or regulatory proteins tightly 

bound to the DNA. 

Strand slippage in E. coli, usually occurs in association with short 

homologous sequences, but unlike homologous recombination this process is recA-

independent both in plasmids (Matfield et al., 1985; Lovett et al., 1993; Bi & Liu, 

1994), and the chromosome (Lovett et al., 1993). A review by Kuzminov (1996) 

concludes that inhibition of the progress of replication forks in E. co!i causes their 

instability. 
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Strand Slippage and Secondary Structure 

Sequences which have the potential to form unusual secondary structure are 

known to promote pausing of DNA replication and can stimulate replication 

slippage. Such sequences include: a) oligopurine-oligopyrimidine sequences, able to 

adopt a triple helix structure in supercoiled DNA (H-DNA), both in vivo (Rao et al., 

1988) and in vitro (Dayn et al., 1992; Samadashwily et al., 1993), b) tn- and tetra-

nucleotide repeats, thought to form pseudo-hairpins when single stranded (Wells, 

1996; Richards & Sutherland, 1992), and recently shown to have the potential to 

form a K+-dependent quadruplex secondary structure (Usdin & Woodford, 1995), c) 

alternating GC or GT dinucleotide repeats (microsatellite repeats), capable of 

forming Z-DNA (Hite ci' al., 1996; Freund et al., 1989; Klysik et al., 1982), and d) 

DNA palindromes (perfect inverted repeats containing no spacer region at the central 

sequence), able to form hairpins when single stranded, or cruciforms when double 

stranded ( for a review see Leach, 1994). A diagrammatic representation of possible 

DNA secondary structures, known to stimulate replication slippage, may be seen in 

Fig. 1.2. 

Strand Slippage associated with E. co/i Multicopy Plasmids 

Replication slippage events in E. coil multicopy plasmids are: a) usually 

mediated by short (.-.-3-20bp) homologous sequences (Bi & Liu, 1994; Bi & Liu, 

1996), b) mostly, recA-independent (Allgood & Silhavy, 1988; Bi & Liu, 1994; Bi & 

Liu, 1996; Lovett et al., 1993), c) sharply reduced by increasing the distance between 

repeats (Lovett et al., 1993; Chédin et al., 1994; Hi & Liu, 1994; Bi & Liu, 1996), 

and d) produce multiple products (Dianov et al., 1991; Mazin et al., 1991; Lovett et 

at., 1993; Bi & Liu, 1994; Bi et at., 1995; Bi & Liu, 1996). 

An emerging theme of experiments using multicopy plasmids, in the study of 

recombination and mutagenesis, is that deletion formation is always associated with 
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Figure 1.2 

Secondary structures potentially formed by trinucleotide repeats and oligopurine-

oligopyrimidine sequences: i) model for triple helical structure (H-DNA) formed by 

oligopurine-oligopyrimidine stretches (Hoogsteen base pairing is represented by four 

pointed star), ii) models for the K+-independent (a) and K+-dependent (b) structures 

formed by (CGG)20  tract. Tetrads are shown as grey parallelograms. Different loop 

sizes, loop orientations and tetrad numbers are possible (Usdin & Woodford, 1995). 

Figure 1.2i 

Mirror symmetry 

GATCTTC CC CTTC CTATTC CTTC CC CTTCTAG 

C TAGAAG G G GAAG GATjAAG GAAG G G G AAGAT C 

G —A —T - C - I —T - C - C - C - C —T —T— C —C --T 
IItIIIIIlIIIII'1\ 

---C—T—A—G—A—A—G—G—G—G—A—A—G—G 
+++ ++ +++++A,[ 
T—T—C—C—C—C—T—T— C—C--PT,  

Triple helix structure (H-DNA) 
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dimerization of plasmid DNA (for a recent review see Kuzminov, 1996). This 

suggests an intimate involvement of recombination in the deletion process. More 

than one mechanism may be involved, recA-dependent and recA-independent (Bi & 

Liu, 1994; Lovett et al., 1993). There seems to be a trend towards increasing recA-

independence of deletion with decreasing repeat length and decreasing distance 

between the repeats. However, there may be replicon or sequence context effects that 

govern the contribution of a recA-independent mechanism for deletion. 

The predicted product of recombination between plasmid-borne direct repeats 

is a monomeric plasmid, which has deleted one repeat and any intervening DNA. 

However, many studies have found dimers to be the major product of recA-

independent recombination (Dianov et al., 1991; Mazin et al., 1991; Lovett ci al., 

1993; Bi & Liu, 1994; Bi et al., 1995; Bi & Liu, 1996). Two hetero-dimeric forms 

are commonly observed, 1+2 and 1+3 (see Fig. 1.3 for diagrammatic representation of 

these heterodimers). Bi & Liu (1996), demonstrated that the length of the repeat and 

the distance between the repeats affect the relative abundance of each form of 

product. They proposed a model for DNA recombination between direct repeats that 

combines both strand slippage during DNA replication, and recA-independent 

recombination (described in Fig. 1.3). The model most similar to this one is the sister-

strand-exchange model for the formation of dimeric products (Lovett et al., 1993). 

A review by Kuzminov (1996), highlighted a possible mechanistic link 

between deletion formation, associated with dimerization of plasmid DNA, and the 

mutation and evolution of animal mitochondrial DNA (mtDNA). This has an 

important medical aspect as many human degenerative diseases are associated with 

deficiencies in mitochondrial function, due to duplications (Poulton ci al., 1993) or 

deletions (Wallace, 1992) in mtDNA. Heterogeneous mtDNA deletions have been 

found to accumulate during the human ageing process, and are thought to arise from 

either strand slippage or another intramolecular illegitimate recombination event 

during replication (Baumer etal., 1994). 
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Figure 1.3 

A replication model for DNA recombination between direct repeats (Bi & Liu, 

1996). Each strand of a repeat participating in recombination is shown as an arrow. 

(Note that the repeat shown may be only a segment of the entire duplication in the 

substrate). Open arrows correspond to the 5' to 3' orientation of the DNA and filled 

arrows to the 3' to 5' orientation. A, B & C are arbitrary markers. The open and 

shaded circles represent the leading and lagging strand polymerases, respectively. 

The wavy line represents the RNA primer for lagging strand DNA polymerase. An 

explanation of the model is as follows: a) At the replication fork and after replication 

of the repeats in the leading strands is completed, the region containing the direct 

repeats in the lagging strand remains single-stranded. b) If stalling of the replication 

fork occurs, misalignment may take place between the repeats in the nascent DNA 

helix of the leading strand and its template; this would generate two single-stranded 

loops, each consisting of one strand of a repeat and any intervening sequence. c) The 

loops may subsequently be removed by endonuclease and ligase; completion of 

replication will then lead to the formation of a monomeric product of deletion (M) 

together with a substrate plasmid. d) If the loop originated from the leading strand 

template anneals with its complementary sequence in the lagging strand template, 

dimeric products will be formed as discussed below. The open arrowhead indicates 

the specific junction created in the leading strand template that is to be cleaved. 

Independently, as indicated by the two filled arrowheads, the two specific junctions, 

one in the lagging strand template and the other in the leading strand are to be 

cleaved and later misjoined (i.e. rejoined after the ends are exchanged). Note that 

these processes do not have to occur simultaneously. Completion of these processes 

leads to the structure shown in e) which is better illustrated in e'). Up to this point, a 

formal crossover is achieved and there is only one repeat left in the original lagging 

strand and, therefore, both deletion and dimerization are achieved. f) If the remaining 

single-stranded loop as shown in e') is removed, the result of replication would 

generate the 1+2 dimeric product. g) If the loop persists and "slips" back to anneal 

with its complementary sequence, the 1+3 dimeric product would be formed. 
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Figure 1.3 
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b) 	
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Strand Slippage and Disease 

Simple sequence repeats are ubiquitous and highly polymorphic in eukaryotic 

genomes. Recently, the molecular basis of ten human genetic disorders including 

fragile X syndrome, mytonic dystrophy, Kennedy's disease, Huntingtons disease, 

spinocerebellar ataxia type 1, and dentatorubral-pallidoluysian atrophy has been 

partially established. At the molecular level these genetic diseases are all 

characterised by the expansion of a simple tninucleotide repeat, CTG and CGG. As 

discussed previously, sequences which have the potential to form unusual secondary 

structure can stimulate replication slippage. It has been proposed that the expansion 

and contraction of di-, tn-, and tetranucleotide repeats could be facilitated by 

secondary structure formation. Therefore, the underlying mechanism for the 

associated disease could be replication slippage (reviewed by Richards & Sutherland, 

1994; Sinden & Wells, 1992; Wells, 1996). In the review by Sinden and Wells 

(1992), a hypothetical mechanism for the expansion of triplet repeats was put 

forward (see Fig. 1.4). Trinucleotide repeats can form hairpin loops, triplex or K+-

dependent quadruplex DNA, when single stranded (Usdin, 1995; Wells, 1996). When 

double stranded, trinucleotide repeats have been shown to form what is best 

described as toroid DNA (Shimizu, 1996). All these secondary structures may cause 

stalling of DNA replication. 

A recent review by Bouffler et al. (1993), highlights the role of DNA repeats 

and their associated secondary structures in genomic instability and neoplasia. Many 

studies have indicated, direct repeats play a major role in the deletion breakpoints in 

tumorigenesis. The relative precision of such deletions implies that some form of 

DNA secondary structure is formed between the flanking repeats. This secondary 

structure may be facilitating either replication slippage past a small DNA loop or 

sequence specific recombination, possibly unequal sister chromatid exchange 

between repeats (Canning & Dryja, 1989; Meuth, 1990; Streisinger et al., 1960). 

Deletions and insertions in the p53 tumor suppressor gene are often associated with 

inverted or direct repeats and runs of punines or pynirnidines (Greenblatt et al., 1996). 
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As previously discussed many human degenerative diseases are associated 

with deletion and/or duplication of mtDNA. Most mtDNA deletions in mitochondrial 

disease and ageing, are flanked by short (4-13bp) direct repeats (Wallace et al., 

1991). It is thought that the mechanism of deletion in mtDNA arises from either 

strand slippage or another intramolecular illegitimate recombination event during 

replication (Baumer et al., 1994). 
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Figure 1.4 

A hypothetical mechanism for the expansion of triplet repeats (Sinden and Wells, 

1992). The formation of the expanded triplet repeats could occur by replication 

slippage where there is a strong block to DNA replication. This blockage, 

represented by the shaded box, could be a tightly bound protein, a region of triplex 

DNA, or a tetra-stranded region formed within the triplet repeat, preventing the 

progression of the polymerase (open circle). The long single (CGG) or (CAG) 

strand may be stabilised by the formation of a duplex (or other non-B-DNA 

structure). 
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Figure 1.4 
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Figure 1.5 

Potential DNA secondary structures formed by DNA palindromes (Leach, 1994). 
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DNA Palindromes 

"DNA palindrome" is the term first used in 1974 by Wilson and Thomas, to 

describe inverted repeats with two-fold rotational symmetry. Palindromes have the 

potential to form secondary structure such as hairpins, when single stranded, or 

cruciforms, when double stranded (see Fig. 1.5). Long DNA palindromes are found 

frequently in eukaryotes where they can comprise up to several percent of the 

genome. In contrast, long DNA palindromes are not often found in prokaryotic 

genomes and are generally short and imperfect. 

Long DNA palindromes have been shown to be unstable in eukaryotes 

(Collick, el al., 1996; Gordenin, et al., 1993; Henderson & Petes, 1993 Ruskin & 

Fink, 1993), prokaryotes (Peeters, et al., 1988; Warren & Green, 1985; Weston-Hafer 

& Berg, 1991), and halt the progress of the replication fork in vitro, (Bedinger et at., 

1989; LaDuca et al., 1983; Weaver & DePamphilis, 1984). 

Possible Cellular Roles for Palindromic DNA 

Evolution 

Large genome rearrangements, such as duplications, deletions, translocations, 

inversions and insertions, are important for the evolution of a species. Palindromic 

DNA can mediate such rearrangements, an example of which, is its association with 

mammalian DNA amplification (Stark et al., 1989). Palindromes have been shown 

to stimulate intrachromosomal recombination (reviewed by Klein, 1994). 

Palindrome-stimulated replication slippage, can facilitate deletions which can fuse 

different genes, creating proteins with novel regulatory control or function. For an 

overview of palindrome-stimulated replication slippage see Fig. 1.6. 
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Figure 1.6 

Palindrome-stimulated replication-slippage. (Leach, 1994). When DNA replication 

enters a region of intra-strand base-pairing, there is an increased likelihood of 

stalling. The 3' end of the newly replicated strand can dissociate and pair 

downstream with another complementary sequence. This allows one to define a 

donor repeat and a target repeat in the strand slippage reaction. 

Mv 
a' b' c' 
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Transcription & Replication 

In a study by Park et al. (1993), the authors conclude that co-operative 

binding of two protein monomers, to its palindromic target site, increases the 

specificity of protein-DNA interaction. DNA palindromes are more common in 

regions that have regulatory function, than chance alone would predict (Muller & 

Fitch, 1982). Numerous studies (Watz & Pirrotta, 1975; L'Abbe et al., 1991; Dimri 

& Das, 1990) have demonstrated the presence of palindromic DNA in transcriptional 

promoter regions. Palindromes have also been found associated with transcriptional 

terminators (reviewed by Platt 1986). 

Palindromic DNA is a common feature of DNA replication origins. In E. coli 

the replication origin has both inverted and direct repeated sequence (Meijer et al., 

1979; Hirota et al., 1979). Prokaryotic plasmids also have inverted repeat sequences 

at their replication origins ( Lin & Meyer, 1987; Wang etal., 1993). 

Mobile Genetic Elements 

Many mobile genetic elements (insertion sequences and many transposons) 

are flanked,almost perfect inverted repeats. The function of inverted repeats in 

mobile genetic elements is to allow the transposase to recognise the ends of the 

element to initiate strand-transfer (for a review see Berg & Howe, 1989). 

Repetitive Palindromic DNA 

In E. coli , Salmonella lyphimurium and other members of the family 

Enterobacteriaceae repetitive palindromic DNA has been well characterised. 

Repetitive Extragenic Palindromes (REP sequences; Higgins et al., 1982), have been 

identified as binding targets for a number of bacterial proteins (Yang & Ames, 1990; 

Gilson et al., 1990), and are thought to have a primary role in chromosomal structure 

and organisation. Clusters of REPs are called Bacterial Interspersed Mosaic Elements 

(BIMEs; Gilson et al., 1991). Repetitive IHF-binding Palindromes or Reiterative JHF 

BIME elements (RIP, Oppenheim et al., 1993; or RIB, Boccard & Prentki, 1993), 

have a recognition site for a histone related protein and may insulate domains from 
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changes in supercoiling. Intergenic Repeat Units or Enterobacterial Repetitive 

Intergenic Consensus Sequences (IRUs or ERICS), have also been identified in K 

coil (Sharples & Lloyd, 1990; Hulton et al., 1991),Their function is at present 

undetermined, but it has been suggested that they represent a form of selfish DNA. 

Human Genetic Disease 

Trinucleotide repeat sequences have the potential to form hairpin-like 

structures. One hypothesis for the expansion of trinucleotide repeats, associated with 

genetic disease, is strand slippage. Stable secondary structure may facilitate strand-

slippage by causing DNA replication to pause (for a review see Wells, 1996). In 

Prader-Willi syndrome long inverted repeats were shown to be associated with 

structural instability of chromosome 15 (Donlon et al., 1986); the chromosomal 

lesions may have been due to cruciform extrusion. A recent study by Greenblatt et al. 

(1996), highlights the association of insertions and deletions in the p53 tumour 

suppressor gene in human cancers with, palindromes, tandem repeats and 

homocopolymer runs (runs of purines or pyrimidines). See Bouffler et al. (1993), for 

a review of the role of both inverted and direct repeats, and their associated 

secondary structures in genomic instability and neoplasia. 

Long DNA Palindromes in Escherichia coil 

Naturally occurring palindromes in E. coil are mostly short (<40bp) and 

generally imperfect.DNA palindromes longer than 150-200bp can not be cloned in 

wild type E. coii either the replicon containing the palindrome is so poorly replicated 

that it is inviable (Warren & Green, 1985; Yoshimura et al., 1986), or the palindrome 

is so unstable that it suffers partial or complete deletion (Collins, 1981; Hagen & 

Warren, 1983). These phenomena are interlinked and have been termed inviability 

and instability respectively. When cloning palindromes in E. coil various factors 

affect the levels of instability and inviability. These factors are reviewed in the 

following sections. 
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Palindrome Length 

Generally an increase in palindrome length gives a corresponding increase in 

instability and inviability. When above the arbitrary limit of 1 50-200bp, palindromes 

cloned in E. coli tend to cause inviability. This observation may be due to a number 

of reasons. Perhaps, they extrude to form stable secondary structure, that either halts 

DNA replication completely. Or they may provide a suitable substrate for enzyme 

systems within the cell that remove secondary structure of this type. The SbcCD and 

RecBCD proteins may perform this function in E. coli (Leach, 1994). Palindromes 

are known to stimulate intrachromosomal recombination events (for a review see, 

Klein, 1994), therefore an inviable head-to-head dimer product similar to that 

observed by Mizuuchi (1982) may cause inviability (Bi & Liu, 1996). 

Smaller palindromes (>200bp) tend to be viable in Escherichia coli, but may 

be unstable and prone to deletion. Palindromes as short as 22bp have been 

demonstrated to stimulate deletion (DasGupta et aL, 1987). Shafferman et al., 

(1987), showed that a 68bp perfect palindrome is genetically unstable. Sequence 

analysis of the 21bp deletion derivatives revealed two deletion types. Their 

generation was best described by the formation of intermediate cruciform structures. 

Sequence of Palindrome 

The sequence of a DNA palindrome plays an important role in its genetic 

stability. The kinetics and energetics of cruciform extrusion (reviewed by Murchie & 

Lilley, 1992) are primarily determined by the sequence of the palindrome and the 

level of DNA supercoiling. DNA palindromes are believed to extrude to form 

cruciform structures by two pathways, S-type extrusion and C-type extrusion (see 

Allers 1993 and references therein for comprehensive review). S-type extrusion is 

characterised by a requirement for cations, relatively moderate activation entropies 

and enthalpies, and a profound effect of central sequence changes on the reaction 

kinetics. It involves the melting of a small (10bp) region at the centre of a DNA 

palindrome in negatively supercoiled DNA. The single stranded region generated, 



intrastrand base pairs to form a protocruciform structure. This transition state is 

stabilised by cation binding. Branch migration, driven by DNA supercoiling, leads to 

the formation of the full length cruciform. C-type extrusion is exhibited by a small 

group of DNA palindromes that extrude in low salt concentrations. In this extrusion 

type the absence of salt helps destabilise the DNA helix allowing the melting of 

large regions of DNA. The melted region containing the DNA palindrome can then 

intrastrand base pair to form a cruciform structure in one step. In order for 

palindromes to extrude by this pathway they, or the DNA to either side of the 

palindrome, must be very AlT-rich. 

Asymmetry at the palindrome centre can alleviate inviability and instability. 

Collins et al. (1982), showed that the removal of the 2750bp central region of Tn5 to 

generate a perfect palindrome stimulates a five-fold increase in the precise excision 

of this transposon. A detailed study by Warren and Green (1985), demonstrated that 

insertions of approximately 50bp in the centre of a palindrome were required to 

overcome inviability, but insertions of at least I 5Obp were required to overcome 

instability. 

Short Direct Repeats 

Many studies of deletion stimulated by palindromic sequences have shown 

that their endpoints tend to occur in short direct repeats (Bichara, et al., 1995; 

Collick, et al., 1996; DasGupta, ci' al., 1987; Peeters, et al., 1988; Weston-Hafer & 

Berg, 1991), Most models for palindrome-stimulated deletion postulate that a 

cruciform or hairpin secondary structure formed by a palindrome brings direct 

repeats into close proximity, allowing deletion of the DNA between the repeats 

during DNA replication (Glickman & Ripley, 1984; Trinh & Sinden, 1993). Direct 

repeats are deletion hotspots in their own right. In a recent study by Bi and Liu 

(1996), recombination between direct repeats was examined. The frequency of 

recombination was affected by both the length of the repeat, and the distance between 

the repeats. 
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Genotype of Host 

The propagation of palindromic sequences is affected by the genotype of the 

host. Leach and Stahl (1983), demonstrated that a X phage carrying a long DNA 

palindrome could plaque on recBC sbcB hosts. Chalker et al. (1988), subsequently 

proved that this property was not a function of the recBC and sbcB mutations 

themselves. Instead, the ability to plate long DNA palindromes was due to a mutation 

in sbcC. Sequence analysis of sbcC revealed that it is co-transcribed with sbcD 

(Naom et al., 1989). E. coil sbcCD mutants are known to allow the replication of 

DNA containing long palindromes (Collins et al., 1982; Chalker et al., 1988; Gibson 

ci al., 1992). 

Connelly & Leach (1996), have demonstrated that the sbcC and sbcD genes 

of E. coil encode a nuclease activity. One possible hypothesis for palindrome 

mediated inviability is that SbcCD recognises unusual secondary structure and 

removes them from the replicon. 

DNA Replication 

DNA replication is closely associated with palindrome-mediated inviability 

and instability. When a 2 phage with an 8.4kb palindrome infects an E. coli reck  

dnaBtS and DNA replication is prevented by growth at the restrictive temperature, 

there is no loss of the palindrome sequence or its carrier replicon. However, growth 

at 37°C revealed, phage that have undergone DNA replication formed deletion 

derivatives of the palindrome (Shurvinton ci al., 1987). In another study by Lindsey 

and Leach (1988), demethylation was used to determine the fate of palindrome-

containing 2 DNA in an E. coii reck  dam host. The results observed, implied that 

inviability was a consequence of slow replication. 

DNA palindromes are known to halt the progress of the replication fork in 

vitro, (Bedinger et al., 1989; LaDuca et al., 1983; Weaver & DePamphilis, 1984). If 

the replication block is stable it can render the replicon containing the DNA 
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palindrome inviable. Pausing of DNA replication could also facilitate strand slippage 

or template switching between direct repeats. 
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SECTION 2: 

Cosmid Cloning 

1I 



Introduction 

The Human Genome Project is a massive genome sequencing initiative aimed 

at obtaining the nucleotide sequence of the entire genome of man and its physical 

mapping. The analysis of the human genome is critically dependent on the 

techniques of DNA cloning in bacteria and yeast. A number of useful cloning vectors 

have been developed. These include, cosmids (Collins & Hohn, 1978), Yeast 

Artificial Chromosomes (YACs; Burke et al., 1987), Bacterial Artificial 

Chromosomes (BAC5; Shizuya et al., 1992) and P1-derived Artificial Chromosomes 

(PACs; Ioannou et al., 1994). At the present time, cosmids and YACs are the most 

practical vehicles for the cloning and manipulation of large DNA fragments. 

Various sequences in mammalian genomes are unstable and subject to 

rearrangement when cloned. Many sequences are unstable because they have the 

potential to form unusual secondary structure (for an overview of unstable sequences, 

capable of forming secondary structure, see Section 1: Strand Slippage and 

Secondary Structure). The following section reviews cosmids, and to a lesser extent 

YACs, highlighting their uses, problems associated with the vectors, and 

developments. 

Cosmid Vectors 

Cosmid vectors were first developed by Collins and Hohn (1978), to 

overcome the problems associated with transforming Escherichia coli with large 

plasmids. Efficient transfer of DNA plasmids of up to about 15kb into competent E. 

coil is possible. However, molecules above this limit give a dramatic reduction of 

transformation efficiencies (Kushner, 1978). Cosmids may be defined as plasmids 

containing: a) the cos region of bacteriophage X, required for in vitro packaging 

(Collins & Hohn, 1978; Hohn & Collins, 1980), b) an antibiotic resistance gene for 

selection, and c) unique restriction sites for insertion the foreign DNA. 
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Cosmids have been applied in many different procedures, including: the 

construction of high quality, representative genomic libraries (Little, 1989; Vincze & 

Kiss, 1990), restriction mapping (Evans & Wahl, 1987), physical mapping by 

chromosome walking or jumping (Bender et al., 1983; Breter et al., 1997; Spoerel & 

Kafatos, 1987) or sequence fingerprinting (Stallings et al., 1990), expression of 

foreign genes in E. coli (Choo et al., 1986) and P-element-mediated transformation 

in Drosophila (Speek etal., 1988). 

In vitro Packaging of Cosmid DNA 

An in vitro packaging assay for the study of "DNA State" when packaged, 

was developed by Hohn & Hohn (1974). It was demonstrated that only a small 

region of k DNA (the cos site) in the proximity of the cleavage site is required for 

recognition by the packaging mechanism (Hohn, 1975). DNA fragments of 

approximately 37kb to 52kb are packaged into ? phage heads (Feiss et al., 1977). 

These limits govern the cloning capacity of an individual cosmid. The cloning of 

DNA fragments in the range of 30-50kb are typical. 

The cohesive-end site (cos) is where DNA packaging is initiated, proceeding 

in a vectoral manner from left to right along the chromosome. It is also where 

endonucleolytic cleavage of DNA takes place, separating concatemers into single 

chromosomes which are packaged into ?. proheads (for a review see Murialdo, 1991). 

As summarised in Fig. 1.7, cos comprises about 200bp and consists of several 

subunits. They include: a) cosB, which contains a series of protein binding sites b) 

cosN, where the DNA is nicked specifically by terminase to generate the 1 2bp 

cohesive ends, and c) cosQ, which contains the R4 element, (originally classed as 

part of cosB). Terminase, the DNA packaging enzyme of bacteriophage 2 is an ATP-

stimulated site specific endonuclease, comprising the products of ? genes Nul and A 

(Higgins & Becker, 1995). Terminase binds to cosQ and cosB, to the left and right 

of cosN forming a DNA-protein complex called the termisome. The termisome 

complex recognises cosN and cuts the DNA to allow fragments of the correct size to 
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Figure 1 .7 

Summary of the cohesive-end site (cos) of bacteriophage lambda. Terminase nicks 

the DNA at cosN to regenerate the 12-base cohesive ends of the mature 2. 

chromosome. The alternating orientation of the four gpNul-binding sequences, 

called R-1.2.3+4, and one IHF binding sequence called Ii, are also shown. 
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be packaged. In vitro packaging kits are available commercially. Using these kits it is 

possible to package cosmid DNA and subsequently infect and transform E. coli 

strains by manipulating the natural life cycle of lambda. 

The Development of Cosmids 

The first cosmid vectors developed where based on ColE 1 hybrid plasmids 

carrying a cohesive-end site (Collins et al., 1976). Many subsequent cosmids were 

based on the plasmid vector pBR322 (for a review see Balbás et al., 1990). Cosmids 

have been constructed with a variety of structural elements designed to improve 

sequence representation, to simplify or accelerate the structural or functional analysis 

of cloned DNA, or to simplify the construction of high quality, representative 

genomic libraries. The features have included: selectable genes for transfection into 

and rescue from eukaryotic cells (Bates & Swift, 1983; Breter et al., 1997; Choo et 

al., 1986; Evans et al., 1989; Grosveld et al., 1992), features for rapid restriction 

mapping using phage X terminase (Little & Cross, 1995; Rackwitz et al., 1985), 

recognition sequences for specific oligonucleotides (Evans & Wahl, 1987; Ji et al., 

1996; Wahl ci al., 1987), or triple-helix-mediated affinity capture (Ji et al., 1994; 

1996), Intron-encoded endonuclease sites (Ji et al., 1996), rare cutting restriction 

endonuclease sites (Campbell, 1989; De Smet et al., 1993; Ji ci al., 1996; Wahl et 

al., 1987), altered cloning capacity (Saito & Stark, 1986), bacteriophage promoters 

for the synthesis of end-specific RNA probes for chromosome walking (Cross & 

Little, 1986; Evans & Wahl, 1987; Wahl et al., 1987), bacterial insertion sequences 

and double origin vectors for simple preparation of DNA templates for sequencing 

(Ahmed, 1987; 1989; 1994), transcriptional terminators to prevent expression of 

functional genes when cloned (Gibson et al., 1987), multi-copy replication origins 

(Ehrich et al., 1987), features to simplify library construction by including two 

(Bates & Swift, 1983; Ishiura et al., 1989; Ji et al., 1996) or more (Pirrotta et al., 

1983) cos sequences in the vector, specific sequences facilitating the removal of 

vector sequence by triple-helix-mediated affinity capture (De Smet ci al., 1993), and 

origins of replication that improve the stability of cloned sequences (Kim et al., 
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1992; Jiang et al., 1987; Little & Cross, 1985; Nakano et al., 1995; Speek et al., 

1988) or enable the cloning of genes which are toxic to the host, in high copy number 

vectors (Jiang et al., 1987; Nakano et al., 1995). It is interesting to note that the 

cosmid vectors developed which seemed to help stabilise cloned sequences had 

either, low copy number origins of replication or origins which gave a constant copy 

number. 

Cosmids have also been developed for use in a broad range of bacterial 

species. These include vectors specifically designed for use in: Salmonella 

typhimurium (Palva et al., 1981), Pseudomonas aeruginosa, P. putida, Alcaligenes, 

Thiobacillus, Rhizobium, Agrobacterium, Rhodopseudomonas, Vibrio cholerae 

(Bagdasarian et al., 1981; Frey etal., 1983; Gallie etal., 1985; Connell etal., 1995), 

and Mycobacterium smegmatis (Hindshelwood & Stoker, 1992). Shuttle cosmid 

vectors have been developed for use in E. coli and eukaryotes. These include 

Saccharomyces cerevisae (Breter ci al., 1987) and actinomycetes (Denis & 

Brzezinski, 1992). Recently a 'phasmid', which functions as a cosmid in Escherichia 

coli, and as a phage in Streptomyces has also been characterised (Zhou et al., 1994). 

Problems Associated with the use of Cosmids 

In early work involving the first use of cosmids, Collins and Hohn (1978), 

observed the absence of palindromic structures; they also noted a high number of 

deletions among their isolates (4 out of 52). There have since been many anecdotal 

reports of instability of human DNA inserts in genomic cosmid libraries (Chia ci 

al., 1982; Steinmetz ci al.,1982; Yelton et al.,1985). 

Due to the presence of tandem repeats and other unstable sequences, human 

DNA often undergoes rearrangement when cloned in E. coli. Rearrangements due to 

homologous recombination can be prevented with the use of recA strains (Kumit, 

1989). Ishiura ci' al. (1989), demonstrated a recB recC sbcB recf host prevented 

cosmid deletion events that occurred in recA hosts. However, they since have carried 

out a comprehensive study of RecA-independent deletion of recombinant cosmid 
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DNA in E. coli (Ishiura et al., 1990), and concluded a recB recC sbcB recf host did 

not prevent all deletion events. Ishiura et al. (1990), observed various sequence 

motifs close to the junctions of the deletion events investigated. These included: 

direct repeats, inverted repeats, Chi-related sequences and frequent 5-10bp stretches 

of each nucleotide. These sequences are all known to have an association with 

possible illegitimate recombination events; for a review see Section 1 of this thesis. 

It has been suggested by a number of groups that low copy number vectors 

may improve the stability of cloned eukaryotic sequences (Kim et al., 1992; Jiang et 

al., 1987; Little & Cross, 1985; Nakano et al., 1995; Speek ci al., 1988). It is 

possible that improved stability in low copy number vectors is partially true; as 

deletion events probably reflect two processes, the formation of deletions, and the 

displacement of original cosmids by deleted forms. It is likely that low copy number 

vectors appear to possess improved stability, because they generate more uniform 

genome representation. Some genes when cloned in high copy number vectors are 

toxic to E coli. Low copy number vectors are also useful for the cloning of such 

sequences (Nakano ci' al., 1995). Most groups conclude a low or intermediate copy 

number origin of replication to be the best choice when constructing a cosmid. 

Fernandez et al. (1986), showed that spontaneous insertion of E. coil insertion 

element IS], occurred during propagation of two vectors pNNl and pTCF. He 

concluded that the use of a vector carrying IS] for cosmid cloning, caused a very 

high frequency of deletion in standard recA hosts, (this observation has been applied 

by Ahmed (1987; 1989), where production of deletions using IS], allowed the 

sequencing of long DNA fragments in cosmids). 

Cosmids are stability maintained and do not undergo the same levels of 

rearrangements in yeast (Hohn & Hinnen, 1980), consequently shuttle vectors for E. 

coil and Saccharomyces cerevisiae have been constructed (Breter et al., 1987). 
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Yeast Artificial Chromosomes 

YACs were first developed for use as a cloning vector by Burke et al. (1987). 

In general YACs consist of large (up to 1 megabase) inserts of DNA ligated between 

vector arms. The arms end in telomere sequences and contain centomeres (CEN), 

replication origins (ARS) and selectable markers (eg. TRPJ or URA3) to stabilise the 

YACs in yeast (Burke et al., 1987; Schiessinger, 1990). Many YACs have bacterial 

replication origins and selectable markers, to facilitate mapping and recovery of part 

of an insert as a plasmid in E. coil. Developments have included: the addition of T3 

and 	T7 promoters, or rare restriction endonuclease sks, selectable markers for 

mammalian cells and YACs constructed for use in many bacterial and plant species, 

(Schiessinger, 1990; and references within). YACs are mainly used as tools for 

mapping and analysis of genomes in a similar fashion to cosmids. 

Problems Associated with the use of YACs 

Burke et al. (1987), suggested it was conceivable that sequences unstable 

when cloned in E. coil, may have improved stability in yeast. However, many studies 

have reported instability of repeated, and other sequences in plasmids (Bijovet et al., 

1991; Gordenin ci al., 1993; Henderson & Petes, 1993; Ruskin & Fink, 1993), and 

YACs (Matsuoka et al., 1991; Neil et al., 1990; Soeda, 1993) Other problems 

associated with YACs include: low transformation efficiency, the abundant presence 

of chimaeric clones in nearly all YAC libraries, and difficulties in DNA manipulation 

relative to bacterial systems (Baldini et al., 1992; Bates et ai.,1992; Green et al., 

1991). 

Summary 

In most studies of genomic mapping and analysis, cosmids and YACs are 

used together. Both systems are subject to similar problems of instability due to 

illegitimate recombination and other events. In order to achieve the goals of the 
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Human Genome Project, there is a necessity for the development of a cloning system 

which challenges the effects of illegitimate recombination. At the moment many 

eukaryotic sequences are considered so unstable in E. coli and Saccharomyces 

cerevisiae as to be un-clonable. It is interesting to note a recent development, the 

possible construction of Mammalian Artifical Chromosomes (MACs). MACs would 

in theory be similar to YACs, containing two vector arms which end in human 

telomeres and markers for selection, replication origins and centromeres. However, 

replication origins and centromeres that are active in mammalian cells remain to be 

defined. 
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CHAPTER 2: 

MATERIALS & METHODS 
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MATERIALS 

Microbiological Strains, Media and Solutions 

Strains 

All Escherichia coli strains and plasmid vectors used in this work are 

described in Tables 2.1 and 2.2 respectively. 

Media 

Bacteriological Media 

The following quantities are for 1 litre final volumes made up in distilled 

water and sterilised by autoclaving for 20 minutes at 151b in-2  unless otherwise 

stated. 

L Agar, 1 Og Bacto-typtone (Difco), 5g yeast extract (Difco), lOg NaCl, 15g Bactro-

agar (Difco), adjusted to pH 7.2 with NaOH. 

L Broth, lOg Bacto-typtone (Difco), 5g yeast extract (Difco), 1 Og NaCl, adjusted to 

pH 7.2 with NaOH. 

SOB, 20g Bacto-typtone (Difco), 5g yeast extract (Difco), 0.5g NaCl, lOmi 250mM 

KC1 adjusted to pH 7.0 with NaOH. 

SOC, SOB supplemented just before use (per lOOml), imi 2M glucose, imi 1M Mg 

C12  and lml 1M MgSO4. 

Media Additives 

1M KC1 Stock, made up in distilled water, autoclaved. 

2M Glucose Stock, made up in distilled water, filter sterilised. 



IM MgCl2  Stock, made up in distilled water, autoclaved. 

1M M9SO4  Stock, made up in distilled water, autoclaved. 

Ampicillin (100 mg ml t) Stock, (Beecham Pharmaceuticals) was stored at -20°C. 

Kanamycin sulphate (50 mg ml') Stock, (Beecham Pharmaceuticals) was stored at 

-20°C. 

Xgal (5-bromo-4-chloro-3-indolyl-3-D-ga1actoside) Stock, (Sigma) was made up 

in dimethylformamide and stored at -20°C. It was used at 40 tg ml'. 

IPTG (IsopropyIthio-3-D-ga1actoside) Stock, (Sigma) IM, was made up in sterile 

distilled water and stored at -20°C. 

Materials for DNA Purification and Manipulation 

Unless otherwise stated, general laboratory chemicals were purchased from 

Sigma, Fisons or BDH. 

General Solutions and Materials for DNA Purification and Manipulation 

1M Tris/HCl Stock (pH 7.5), 1M Tris base, adjusted to pH 7.5 with concentrated 

HCI, autoclaved. 

0.5 M EDTA Stock (pH 7.5), 0.5 M EDTA disodium salt, adjusted to pH 8.0 with 

glacial acetic acid, autoclaved. 

TE Buffer Stock (lOx), 100mM Tris, 10mM EDTA, adjusted to pH 7.5 with 

concentrated HC1, autoclaved. 

Solutions for Ethanol Precipitation 

3M Sodium Acetate (pH 7.0), 3M sodium acetate, adjusted to pH 7.0 with glacial 

acetic acid, autoclaved. 

70% Ethanol, prepared by adding 0.3 volumes of sterile distilled water to 0.7 

volumes of ethanol. 
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Materials for Purification of DNA from Agarose Gels and Solutions 

DNA in agarose gels or solutions were purified using either GENECLEAN®  

II kit (Bio .101) or QIAquickTM Gel Extraction Kit (QIAGEN 28704). The solutions 

used were those supplied by the kit. 

Solutions for Plasmid/Cosmid DNA Purification 

Rapid Plasmid Preparation 

Li Buffer, 2.5M LiC1, 50mM Tris-HC1 (pH 8.0), 4% (v/v) Triton X-100, 62.5mM 

Na2EDTA, filter sterilised. 

QIAGEN Plasmid Purification 

Large scale plasmid DNA preparation was performed using a QIAGEN 

Plasmid Midi Kit. The solutions used were those supplied by the kit. 

SDS Alkaline Lysis Plasmid DNA Purification 

TEG, 0.9% glucose, 25mM Tris-HCL (pH 7.5), 10mM EDTA, filter sterilised. 

Alkaline SDS, 0.2M NaOH, 1% SDS (sodium dodecyl sulphate), freshly prepared. 

Potassium Acetate, potassium acetate (3M in potassium, 5M in acetate) was 

prepared by adding 0.4 volumes of sterile 5M acetic acid to 0.6 volumes of sterile 

SM potassium acetate, autoclaved. 

TE-RNAase A, 10mM Tris/HCL (pH 7.5), 1mM EDTA, 20p.g ml' RNAse A. 

prepared by adding 100tl RNAse A stock (10mg ml') to SOml sterile 1xTE buffer. 

Stored at 4°C. 

Triton Lysis Midi Plasmid DNA Purification 

10% Triton X-100, 10% (vlv) Triton X100 was made up in sterile distilled water. 



Phenol-Chloroform, Phenol-Chloroform was prepared by adding an equal volume 

of 24:1 Chloroform-Isoamylalcohol (see below) to equilibrated phenol (phenol 

saturated with 1 OxTE buffer). 

Chloroform-Isoamylalcohol, 24 volumes of chloroform were added to 1 volume of 

isoamylalcohol, stored in dark bottle to protect from light. 

Preparation of Cosmid DNA from Minilysates 

STET Buffer, 8% sucrose, 5% Triton X-100, 50mM EDTA, 50mM Tris-HC1 (pH 

8.0), in sterile distilled water. 

Enzymes, Buffers and Solutions for DNA Manipulation 

Restriction Enzymes 

All restriction endonucleases used in this work and their reaction buffers were 

purchased from NBL Gene Sciences Limited, New England Biolabs, Boehringer 

Mannheim or Promega, and used according to the manufacturers instructions. 

DNA Sequencing 

DNA was sequenced using a Sequenase®v2.0  Sequencing Kit (United States 

Biochemical). The solutions used were those provided by the kit. Sequencing primers 

were manufactured by Oswel DNA service, or Perkin Elmer EconopureTM 

Other Enzymes 

Reaction buffers were supplied by the manufacturer. 

Bacteriophage T4 DNA ligase, (New England Biolabs) was incubated in 50mM 

Tris-HCl (pH 7.5), 10mM MgCl2, 10mM DTT, 1mM ATP, 25 i ml' BSA. 

Shrimp Alkaline Phosphatase (SAP), (United States Biochemical) was incubated 

in restriction endonuclease buffer, or 200mM Tris-HC1 (pH 8.0), 100mM MgC12. 
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Kienow Enzyme, (Boeringer Mannheim) was incubated in restriction endonuclease 

buffer. 

Other Solutions 

dNTP Stocks, (Boeringer Mannheim) were prepared in sterile distilled water at 

concentration of 50mM and 2mM. Stored at -20°C. 

BSA, (20mg ml') bovine serum albumin (NBL Gene Sciences Limited) was stored 

at -20°C. 

Solutions for Gel Electrophoresis 

Agarose Gel Electrophoresis 

TAE Gel Buffer Stock, (20x), 0.8M Tris/acetate, 20mM EDTA (pH 8.0). 

TAE Gel-Loading Buffer Stock, (5x), 0.2M Tris/acetate, 0.25M EDTA (pH 8.0), 

0.2% bromophenol blue, 15% Ficoll 400. 

Ethidium Bromide, (10mg ml'), prepared in distilled water and used at 0.5tg ml' 

Polyacrylamide Gel Electrophoresis 

TBE Gel Buffer Stock, (I Ox) 0.89M Tris-borate, 20mM EDTA (pH 8.0). 

Formamide-EDTA Gel Loading Buffer, 98% formamide, 0.1% bromophenol blue, 

0.1% xylene cyanol FF, 10mM EDTA (pH 8.0). 

Stop Solution, 95% formamide, 10mM NaOH, 0.25% bromophenol blue, 0.25% 

xylene cyanol FF. 

LongrangerTM Gel Solution, 50% stock (AT Biochem). 

MDETM Gel Solution, 2X stock (AT Biochem). 

TEMED, (N-N-N' -N' -tetra-methyl- 1 ,2-diamino-ethane)(Sigrna Chemical Company) 

was stored at 4°C and protected from light. 

10% AMPS, (ammonium persuiphate) was freshly prepared in sterile distilled water. 



Solutions for Silver Staining 

The solutions used for silver staining were those included in the Silver Stain 

Plus Kit (BioRad). 

Solutions for Cosmid Methods 

In Vitro Packaging of Cosmid DNA 

Cosmids were in Vitro packaged by using the Gigapack®  II XL Packaging 

Extract kit (Stratagene). The solutions used were those supplied by the kit. 

SM Buffer, 0.1M NaCl, 0.01M MgSO4.1-120, 0.05M Tris-HC1 (pH 7.5), 0.01% (wlv) 

gelatin. 

Human Genomic DNA, CLONTECH Laboratories, Inc., source: placental tissue. 

Transformation 

CaC12, (0.1 M), made up in distilled water, autoclaved. 

Electroporation 

HEPES, (1mM), (N-2-hydroxyethylpiperazine-N'-2ethanesulfonic acid) (pH 7.5) 

prepared in sterile MilliQ water. 
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Table 2.1 

Escherichia coil Strains Used in this Work. 

Strain Description Reference/Source 	Notes 

JM83 ara A(lac-proAB) rpsL (Str') 080 lacZt\M15 Yanish-Perron et al.,1985 

DL494 sbcC201 phoR::Tn]O D. Leach 

DL733 1sbc D::Kanr D. Leach 

DL795 sbcC'201 L(mcrBC mrr hsdRMS) mcrA D. Leach 	 2 

recA : :Cmr 

1046 recA Bates & Swift, 1983 

DL90I sbcC201 phoR::TnIO ApcnB::Kan' D.Leach 

DL887 recA:: Cm' D.Leach 

GM1 19 F dam-3 dcm-6 metBI galK2 gal T22 lacYl D.Leach 

tsx-78 supE44 thi-I IonA3 I mEl- I 

Derivative of JM83, (Yanish-Perron et al., 1985). 

This strain is a derivative of K12SH28, which carries a mutation in the deoA gene 

(also known as tpp) encoding thymidine phosphorylase activity (Fangrnan & Novick, 

1966). 



Table 2.2 Plasmid/Cosmid Vectors Used in this Work 

Plasmid 	Markers 	 Reference/Source 	 Notes 

pUC4K Amp' Kan' Vieira & Messing 1982 

pUCI8 Amp' Vieira& Messing, 1982 

pAC2 Am 1  A. Chalker 

pMS5 Amp1  M. Shaw 2 

pMS7 Amp' M. Shaw 2 

PM* Amp' This work 3 

pM* 167 Ampr This work 4 

pM* 170 Amp1  This work 4 

pM* 171 Amp' This work 4 

pM* 180 Amp' This work 4 

c2XB Amp1 Kanr Bates & Swift, 1983 

cDRI Amp1  Kan1  This work 5 

cDRII Ampr Kan' This work 6 

cDRIII Amp' Kan' This work 6 

Derivative of pUC 18 (Vieira & Messing, 1982); clones have highly sectored 

phenotype on AXI media. 

Derivative of pUC 18 (Vieira & Messing, 1982) originally thought to contain a 

'mutation' which stabilised a 571bp DNA palindrome (C. Blake, M. Shaw & D. 

Leach, unpublished observations). 

Derivative of pMS7, has 571bp palindrome removed. 

Derivative of pM*,  have different palindromes cloned into the EcoRI site. 

Cosmid cloning vector derived from pM*  and c2XB (Bates & Swift, 1983). 

Cosmid cloning vector derived from pM*. 
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METHODS 

DNA Purification and Manipulation 

Ethanol Precipitation 

Ethanol precipitation was used to concentrate and purify DNA. To 0.9 

volumes of DNA solution, 0.1 volumes of 3M sodium acetate pH 7.0 and 2 volumes 

of freezer-cold (-20°C) ethanol were added. The contents of the tube were mixed by 

inversion and incubated at -20°C for at least an hour to allow precipitation of the 

DNA. This was followed by centrifugation to pellet the DNA at 1 Skrpm for 30 

minutes at 4°C (Sorvall Microspin 24 centrifuge). The ethanol was removed and 

replaced by a large volume of freezer-cold 70% ethanol. The mixture was then 

centrifuged at 1 5krpm for 10 minutes at 4°C (Sorvall Microspin 24 centrifuge). 

Following the removal of the 70% ethanol the DNA was allowed to air dry on the 

bench next to a Bunsen flame for 10 minutes and redissolved in 1xTE buffer, 

1 xTris/HC1 buffer or distilled water. 

Purification of DNA in Agarose Gels or Solutions 

DNA in agarose gels or solutions were purified using either GENECLEAN®  

II kit (Bio 10 1) or QIAquickTM Gel Extraction Kit (QIAGEN 28704). 

GENECLEAN®  II Kit 

This kit is based on the method of Vogelstein and Gillespie (1979). The DNA 

fragment of interest was excised from the agarose gel using a sterile scalpel blade. 

The band was weighed in a tar ed Eppendorf tube to give an estimate of volume. Into 

the Eppendorf tube 3 volumes of Nal stock solution were added and the agarose gel 

dissolved by incubating at 450  to 55°C for 5 minutes. Where DNA was in solution 3 

volumes of NaT stock solution were added and the incubation step at 450  to 55°C was 



omitted. 5il of GLASSMILK suspension were added, mixed by vortexing and 

incubated on ice for 5 minutes. The GL'SSMILKIDNA complex was pelted by 

centrifugation for 1 minute at 1 5krpm (Sorvall Microspin 24 centrifuge) and the 

supernatant removed. The pellet was washed 3 times by resuspending it in 500p1 

Freezer-cold NEW WASH followed by centrifugation for 1 minute at I 5krpm 

(Sorvall Microspin 24 centrifuge). After the third wash all the NEW WASH solution 

was removed and the pellet resuspended in 10p.1 of 1xTE or distilled water and 

incubated in a 50°C water bath for 2.5 minutes. It was then centrifuged for 1 minute 

at I Skrpm (Sorvall Microspin 24 centrifuge) and the supernatant containing the DNA 

was transferred to a fresh sterile Eppendorf tube. This step was repeated and the 

supernatant combined. The DNA was stored at -20°C. 

QlAquickTM Gel Extraction Kit 

The DNA fragment of interest was excised from the agarose gel using a 

sterile scalpel blade. The band was weighed in a tar ed Eppendorf tube to give an 

estimate of volume. Into the Eppendorf tube 3 volumes of QX1 buffer were added 

(for> 2% gels 6 volumes of QX1 buffer were added) and the agarose gel dissolved 

by incubating at 450  to 55°C for 10 minutes. Where DNA was in solution, 3 volumes 

of QX1 buffer were added and the incubation step at 450  to 55°C was omitted. After 

solubifiiing the agarose gel, the pH of the solution was checked with a pH strip. If the 

pH was> 7.5 then lOpi of 3M sodium acetate, pH 5.0 were added and the solution 

mixed. One gel volume of isopropanol was added, mixed by vortexing and the 

sample loaded onto a QlAquick spin column in a 2m1 collection tube followed by 

centrifugation for 1 minute at 1 Skrpm (Sorvall Microspin 24 centrifuge). After 

centrifugation the flow-through was discarded, 0.5ml of buffer QX1 was loaded onto 

the QlAquick spin column followed by centrifugation for 1 minute at 1 Skrprn 

(Sorvall Microspin 24 centrifuge). The DNA bound to the QlAquick membrane was 

washed by loading 0.75ml of buffer PE to the QlAquick spin column incubating at 

room temperature for Smins followed by centrifugation for 1 minute at 1 5krpm 

(Sorvall Microspin 24 centrifuge). After centrifugation the flow-through was 
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discarded and the centrifugation step repeated in order to remove residual wash. The 

2m1 collection tube wrc discarded and the QlAquick spin column was placed in a 

fresh 1 .5m1 Eppendorf tube. Depending on the downstream application the DNA was 

eluted from the QlAquick column by loading 50-20p1 1xTE, lxTris/HC1 or distilled 

water followed by centrifugation for 1 minute at 1 5krpm (Sorvall Microspin 24 

centrifuge). After the final centrifugation the DNA was placed in a fresh sterile 

Eppendorf tube and stored at -20°C. 

Plasmid/Cosmid DNA Purification 

Rapid Plasmid Preparation 

This method is based on a method from He et al. (1989) 1.5m1 of a fresh 

overnight culture were transferred to an Eppendorf tube and centrifuged in the cold 

room (4°C) at 15krpm for 2 minutes (Sorvall Microspin 24 centrifuge). The 

supernatant was removed completely and the pellet resuspended in 200p1 of Li 

buffer, to which 200p1 phenol/chloroform were added. After vortexing for 10-15 

seconds the cell debris was removed by centrifugation at 1 5krpm for 3 minutes at 

4°C (Sorvall Microspin 24 centrifuge). 150[d of supernatant containing the plasmid 

DNA was removed and to which 300.tl of freezer-cold ethanol were added. After 

centrifugation at 1 5krpm for 15 minutes at 4°C (Sorvall Microspin 24 centrifuge), the 

supernatant was discarded and the DNA pellet was washed in 800p1 of freezer-cold 

70% ethanol, followed by a further centrifugation at 15krpm for 5 minutes at 4°C 

(Sorvall Microspin 24 centrifuge). The DNA pellet was air dried for lOmins, 

redissolved in 40p.l 1xTE RNAse A and stored at -20°C. 

QIAGEN Plasmid Purification Method 

Using a QIAGEN Plasmid Midi Kit this method was used when large 

amounts of plasmid DNA 	required. An appropriate volume (depending on the 

vector type) of fresh overnight culture was centrifuged at 12krpm for 6 minutes at 

EM 



4°C (Sorvall centrifuge, GSA or SS34 rotor). The bacterial pellet was resuspended in 

4m1 of buffer P1. 4m1 of buffer p2 were added, mixed gently, and then incubated at 

room temperature for 5 minutes. 4m1 of chilled (0°C) buffer P3 were added, mixed 

and then incubated on ice for 15 minutes. After incubation the samples were 

centrifuged at 1 6krpm for 40 minutes at 4°C (Sorvall centrifuge, GSA or SS34 rotor). 

Following equilibration of a QIAGEN-tip 100 with 4m1 of QBT buffer, the 

supernatant was removed promptly and introduced to the QIAGEN-tip 100. After the 

QIAGEN-tip had emptied the QIAGEN-tip was washed by passing two lOml 

volumes of QC buffer through. The DNA was eluted from the column with Sml of 

buffer QF. The DNA in solution was precipitated with 0.7 volumes of isopropanol 

which had been previously equilibrated to room temperature, by centrifugation at 

16krpm for 40 minutes at 4°C (Sorvall centrifuge, GSA or SS34 rotor). The 

supernatant was discarded and the pellet washed with 2ml of freezer-cold 70% 

ethanol. After further centrifugation at l6krpm for 10 minutes at 4°C, the 70% 

ethanol was carefully poured off and the DNA pellet air dried for 15 minutes. The 

plasmid DNA was redissolved in 100tl 1xTE buffer and stored at -20°C. 

SDS Alkaline Lysis Plasmid DNA Purification 

This method is derived from Birnboim and Doly (1979). 1.5m1 of a fresh overnight 

culture were transferred to an Eppendorf tube and centrifuged for 30 seconds at 

1 Skrpm (Sorvall Microspin 24 centrifuge). The supernatant was discarded and the 

tube centrifuged again for 5 seconds. The remaining liquid was removed and the 

pellet resuspended in 100[d ice-cold TEG by vortexing for 15 seconds. The cell 

suspension was incubated at room temperature for 5 minutes. 200.il of freshly 

prepared alkaline SDS were added, the tube was mixed by inversion and incubated 

for 5 minutes on ice. 150[d ice-cold potassium acetate were added and the tube was 

vortexed for 5 seconds. After 5 minutes on ice, the cell debris was removed by 

centrifugation at 4°C for 5 minutes at 1 5krpm (Sorvall Microspin 24 centrifuge). 

400tl of supernatant containing the plasmid DNA were transferred to a fresh 

Eppendorf tube and extracted with equal volumes of phenol-chloroform and 
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chloroform. Two volumes of room temperature 100% ethanol were added, the tube 

vortexed briefly and incubated at room temperature for 5 minutes. The DNA was 

pelted by centrifugation at 1 5krpm for 5 minutes at 4°C (Sorvall Microspin 24 

centrifuge). The supernatant was discarded and the DNA pellet was washed in 800tl 

of freezer-cold 70% ethanol, followed by a further centrifugation at 1 5krpm for 5 

minutes at 4°C (Sorvall Microspin 24 centrifuge). The DNA pellet was air dried for 

lOmins, redissolved in 40pJ 1xTE RNAse A and stored at -20°C. 

Triton Lysis Midi Plasmid DNA Purification 

25m1 of fresh overnight culture was centrifuged at 12krpm for 6 minutes at 4°C 

(Sorvall centrifuge, GSA or SS34 rotor). The supernatant was discarded and the 

bacterial pellet resuspended in 500tl ice-cold 50mM Tris-HC1 which were 

transferred to a fresh Eppendorf tube. A further 500d of ice-cold 50mM Tris-HCl 

were used to rinse out the centrifuge tube. 50p1 of freshly made lysozyme were 

added, the tube was mixed by inversion and incubated for 5 minutes on ice. lOOjfl of 

0.5M EDTA pH8.0 were added, the tube was mixed by inversion and incubated for 5 

minutes on ice. 1 Op.l RNAse were added, the tube was mixed by inversion and 

incubated for 5 minutes on ice. 20p! 10% Triton X-100 were added, the tube was 

mixed by inverting the Eppendorf tube 3 times and the cell debris was removed by 

centrifugation at 4°C for 15 minutes at 1 Skrpm (Sorvall Microspin 24 centrifuge). 

The supernatant containing the plasmid DNA was transferred to a fresh Eppendorf 

tube and extracted with equal volumes of phenol-chloroform and isoamylalcohol-

chloroform. An equal volume of freezer-cold 100% ethanol and 1/10 volume of 

sodium acetate pH7.0 were added and the tube vortexed briefly. The DNA was pelted 

by centrifugation at 1 Skrpm for 20 minutes at 4°C (Sorvall Microspin 24 centrifuge). 

The supernatant was discarded and the DNA pellet was washed in 500p1 of freezer-

cold 70% ethanol, followed by a further centrifugation at 1 Skrpm for 15 minutes at 

4°C (Sorvall Microspin 24 centrifuge). The DNA pellet was air dried for lOmins, 

redissolved in 100.t1 1xTE RNAse A and stored at -20°C. 
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Preparation of Cosmid DNA from Minilysates 

This method is derived from Evans and Wahl (1987). 2.5m1 of LB broth 

containing 20ig/ml ampicillin were incubated at 37°C for 6-8 hours. 1 .5m1 of the 

culture were transferred to an Eppendorf tube and centrifuged at 1 5krpm for 2 

minutes (Sorvall Microspin 24 centrifuge). The supernatant was removed completely 

and the pellet resuspended in 300pJ STET buffer. 25j.tl of freshly made lysozyme 

solution were added. After vortexing, the Eppendorf tube was placed in boiling water 

for 2 minutes. The solution was allowed to cool for 2-5 minutes and was centrifuged 

at 15krpm for 10 minutes (Sorvall Microspin 24 centrifuge). The gelatinous pellet 

was removed using a sterile toothpick and 325tl of 2-propanol were added to 

precipitate the plasmid DNA. After incubation at room temperature for 5 minutes the 

DNA was pelted by centrifugation at 1 Skrpm for 10 minutes (Sorvall Microspin 24 

centrifuge). After centrifugation all the 2-propanol was removed and the DNA pellet 

was air dried for lOmins, redissolved in 25p1 1xTE RNAse A and stored at -20°C. 

General DNA Manipulation 

Annealing of Oligonucleotides 

Oligonucleotides (Oswel DNA service) were annealed in 1 xTE buffer that 

had been made 10mM NaCl. This was prepared by adding 40ig of the 

oligonucleotide to 8 ILl of I OxTE buffer and 32Iil of 25mM NaCl in an Eppendorf 

tube. The mixture was heated in boiling water for 1 minute and allowed to cool 

slowly to room temperature. It was then diluted 100-fold in 1xTE Buffer, 10mM 

NaCl and stored at -20°C. 

Restriction Enzyme Digests 

Restriction enzyme digests were carried out according to the manufacturer's 

instructions, in the appropriate 1 Ox incubation buffer with 5-fold excess of restriction 



enzyme. Incubations were normally for 1 hour at the optimum temperature (usually 

37°C). 

DNA Sequencing 

DNA was sequenced using a Sequenase®v2.0 Sequencing Kit (United States 

Biochemical). This method is derived from Sanger et al. (1977). 2-5tg plasmid DNA 

were purified using GENECLEAN®  II kit (Bio 101) or QIAquickTM Gel Extraction 

Kit (QIAGEN 28704). 1-3tl (0.5ig) sequencing primer (Oswel DNA service or 

Perkin Elmer EconopureTM) and 7-9p1 purified template DNA were added to an 

Eppendorf tube. The DNA was denatured by incubation at 100°C for 4 minutes, and 

snap-cooling on dry ice. Into a fresh Eppendorf 2p1 of DTT, 2j.tl of Sequenase®  

reaction buffer, 0.7p1 lx labelling mix, 0.5tl (5j.tCi) [a35S]dATP (Amersham) and 

2.5p1 diluted 1/8-1/5x Sequenase®  enzyme were added. This labelling reaction was 

kept on ice while the template/primer mix was thawed and centrifuged briefly at 

1 Skrpm. The template/primer mix was then added to the labelling reaction and 

incubated at 15°C for 4 minutes. 4pJ aliquots of the reaction were then transferred to 

4 Eppendorf tubes, each containing 2tl of either ddT, ddC, ddA or ddG termination 

Mix; the tubes had been prewarmed to greater than 37 and less than 50°C before the 

addition of 4tl reaction mix. The termination reactions were carried out at 42°C for 

less than 5 minutes and halted with the addition of 4.il stop solution. The sequencing 

reactions were stored at -20°C for no more than a week. 

DNA Ligation 

DNA ligation was carried out in a total volume of no bigger than 20tl 

bacteriophage T4 DNA ligase buffer. To the DNA 50 units of bacteriophage T4 

ligase (New England Biolabs) were added and the mixture was incubated for 1 hour 

at 37°C or for greater than 4 hours at 16°C. The reaction was terminated by 

incubation at 70°C for 10 minutes. If the DNA was to be purified (GENECLEAN®  11 



kit (Bio 101) or QIAquickTM Gel Extraction Kit (QJAGEN 28704) the incubation 

step at 70°C was omitted. 

DNA Dephosphorylation 

DNA dephosphorylation was carried out immediately after DNA restriction. 

As Shrimp alkaline phosphatase is active in virtually all restriction enzyme buffers, 

the incubation buffer was not changed. 1-2p1 (4UIpJ) of Shrimp Alkaline 

Phosphatase (United States Biohemical) were added to the DNA restriction reaction 

and incubated at 37°C for 1 hour. The reaction was terminated by incubation for 15 

minutes at 65°C. 

Radiolabelling of DNA 

Radiolabelling of DNA was generally carried out after an EcoRI digest. As 

Klenow enzyme is active in virtually all restriction enzyme buffers, the incubation 

buffer was not changed. 1 p1 (1 0pCi) [cc 35S]dATP (Amersham), 1 p1 dTTP (2mM) 

and 1 p.! Klenow were added to 20p.l DNA. The mixture was incubated at room 

temperature for 15 minutes then ipi Klenow and 0.5p.l chase (12.5 mM of each 

dNTP) were added and the mixture incubated for a further 10 minutes. The 

radiolabelled DNA was purified using a QIAquickTM spin column and eluted in 1xTE 

buffer. 

Gel Electrophoresis 

Agarose Gel Electrophoresis 

Agarose gels were made and run in 1xTAE or 1xTBE gel buffer. The 

concentration of agarose was varied according to the size of the relevant DNA 

fragment (0.3% - 4% agarose). After 0.2 volumes loading buffer were added the 
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samples were loaded in the gel slots. Gels were generally run at 5-8 V cm-1 and 

examined on a C-62 Blak-Ray transilluminator (Ultraviolet Products Incorporated) 

after electrophoresis and Staining with 0.5ig ml' ethidium bromide. Pictures were 

taken using GRABITTM  (UVP,INC.). 

Polyacrylamide Gel Electrophoresis 

Polyacrylamide gels (40cm x 21cm x 0.4mm) were made and run in TBE gel 

buffer using a Sequi-Gen®  Nucleic Acid Sequencing Cell (BioRad). The apparatus 

was assembled according to the manufacturer's instructions. 

Sequencing Gels 

DNA Sequencing gels were made by adding 20g urea to 11 .2ml 5x TBE, 

4.7m1 Long RangerTM (AT Biochem) and 1 6.4m1 distilled water. The mixture was 

incubated at 50°C until all the Urea had dissolved. To lOml of the mixture were 

added 50.xl TEMED and 125p1 freshly prepared 10% AMPS. This was used to seal 

the bottom of the Sequencing Cell. To the remaining volume of acrylamide were 

added 36il TEMED and lOOpd freshly prepared 10% AMPS. The acrylamide 

solution was poured into the Sequencing Cell using a 25m1 glass pipette. The flush 

side of a 24-tooth shark's-tooth comb was inserted, the top of the cell covered with 

Saran wrap and the Gel left to polymerise for at least 1 hour. The Gel was assembled 

in the Sequencing Cell apparatus and pre-run to a temperature of -50°C at 40-50W 

for 1 hour. The shark's-tooth comb was removed and reinserted toothed side first. 

The DNA sequencing reactions were denatured by incubation at 100°C for 3 minutes 

and snap-cooled on ice. 5.il of each reaction were loaded onto the gel in the order: 

ddT, ddC, ddA, ddG. The gel was run at a constant power of 40W for 1 hour to 3 

hours according to the sequencing primer. After gel electrophoresis the gel was 

transferred to wet blotting paper (Ford Golmedal), covered in Saran wrap, and dried 

in a BioRad Model 583 Gel Drier for 1 hour at 80°C. 
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10% LongrangerTM Gels 

10% LongrangerTM gels were prepared and treated as above with the 

following exceptions: a flat toothed comb was used instead of a shark's-tooth comb 

and inserted toothed side first, 1 Oml Long RangerTM were added to the gel mixture 

and the gel was run at a minimum temperature of 55°C to prevent hairpin formation. 

SSCP Gel Electrophoresis 

SSCP gels (16cm x 18cm x 1.5mm), were made and run in TBE gel buffer 

using a SE600 dual cooled vertical slab electrophoresis unit (Hoefer Scientific 

Instruments). The apparatus was assembled according to the manufacturer's 

instructions. 

The gels were made by adding 25ml MDE Gel Solution to 12m1 5x TBE and 

the solution was made up to lOOml with distilled water. To the solution were added 

40il TEMED and 400p1 freshly prepared AMPS. The solution was poured into the 

gel cell using a 25m1 glass pipette. A 15-toothed flat edged comb was inserted, the 

top of the cell was covered with Saran wrap, and the gel left to polymerise for at least 

1 hour. The gel was assembled in the apparatus and 30.tl of each sample (15p! of 

Stop Solution & 15[d from restriction digest), were loaded onto the gel. The gel was 

run for 2-6 hours at a constant 200V. After electrophoresis the gel was stained using 

Silver Stain Plus Kit (BioRad). 

Autoradiography 

Autoradiography was carried out at room temperature in Cronex (DuPont) 

cassettes, using Cronex 4 (DuPont) X-ray film (3 0cm x 40cm). The exposure time 

depended on the strength of signal and varied from I day to 3 weeks. The films were 

developed in a X-OGRAPH Compact X2 automatic film processor. 
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Microbiological Methods 

Bacterial Methods 

Storage of Bacteria 

For short term storage, bacteria were kept at 4°C on L-agar plates. Permanent 

stocks were prepared by adding 5 drops of sterile 100% glycerol to irni of a 

stationary phase culture in an Eppendorf. This was sealed with Paraflim and stored at 

-70°C. 

Growth of Bacteria 

Temporary stocks were generated by streaking permanent stocks to single 

colonies on L agar plates, which were incubated at 37°C overnight. Overnight 

cultures were grown by inoculating a single colony into L broth and shaking at 37°C. 

Cosmid Cloning Methods 

In Vitro Packaging of Cosmid DNA 

Cosmids were in Vitro packaged by using the Gigapack®  II XL Packaging 

Extract kit (Stratagene). The appropriate number of extract sets were removed from 

storage at -70°C and placed on dry ice. The sonic extract and freeze-thaw extract 

were thawed. 0.1-5 tg test DNA were added to the freeze-thaw extract at the point 

were the extract was just beginning to thaw. 15.il of the sonic extract were added, 

mixed by gentle pipetting, and the reaction was incubated at room temperature for 

100 minutes. To terminate the reaction 500tl of SM buffer were added and the 

packaged DNA stored at 4°C. 
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Plasmid Methods 

Maintenance of Plasmids 

Plasmids were maintained by supplementing the media with ampicillin or 

when appropriate kanamycin. 

Transformation 

This method is derived from Mandel and Higa (1970). A fresh overnight 

culture was diluted 1 in 100 and grown at 37°C to an 0D650  of 0.4. The culture was 

chilled on ice and 25m1 were centrifuged at 4.5krpm for 5 minutes at 4°C (MSE 

Centaur-2 bench centrifuge). The cell pellet was resuspended in 2m1 ice-cold CaC12  

and incubated on ice for 20 minutes. The cell suspension was then further centrifuged 

at 4.5krpm for 5 minutes at 4°C (MSE Centaur-2 bench centrifuge) and resuspended 

gently in 400p1 ice-cold CaC12. 50-100ng of Plasmid DNA were added to 200p1 of 

the competent cell suspension and incubated on ice for 30 minutes. The cells were 

heat-shocked for 2 minutes at 42°C followed by a 1 minute incubation on ice. lOOpd 

of the transformed cells were spread on media (L-agar supplemented with ampicillin 

or ampicillin, IPTG and X-gal) and incubated overnight at 370C. 

Electroporation 

This method is derived from Dower et al. (1988). A fresh overnight culture 

was diluted 1 in 100 (e.g. lOml into 1 litre) and grown at 37°C to an 0D650  of 0.4-0.5. 

The culture was chilled on ice and centrifuged at 1 Okrpm for 15 minutes at 4°C 

(Sorvall centrifuge, GSA rotor). The supernatant was removed and the pellet 

resuspened in an equal volume of ice-cold sterile 1mM HEPES (pH 7.0; made up 

with MilliQ water). The cell suspension was centrifuged at 1 Okrpm for 15 minutes at 

4°C (Sorvall centrifuge, GSA rotor). The supernatant was removed and the pellet 

resuspened in a half volume of ice-cold sterile 1mM HEPES (pH 7.0; MilliQ water). 
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The cell suspension was centrifuged at l0krpm for 15 minutes at 4°C (Sorvall 

centrifuge, GSA rotor). The supernatant was removed and the pellet resuspened in a 

1/25 volume of ice-cold sterile 10% glycerol 1mM HEPES (pH 7.0). The cell 

suspension was centrifuged at lOkrpm for 15 minutes at 4°C (Sorvall centrifuge, 

GSA rotor). The supernatant was removed and the pellet resuspened in a 1/50 

volume of ice-cold sterile 10% glycerol 1mM HEPES (pH 7.0). The cell suspension 

was centrifuged at 10krpm for 15 minutes at 4°C (Sorvall centrifuge, SS34 rotor). 

The supernatant was removed and the pellet resuspened in a 0.08 volume of ice-cold 

sterile 10% glycerol 1mM HEPES (pH 7.0). 80pJ aliquots of the electrocompetent 

were placed in Eppendorf tubes, frozen on dry ice and stored at -70°C. 

To transform, 10-50ng of plasmid DNA were added to 40p1 electrocompetent 

cells in an electroporation cuvette (1mm electrode gap) on ice. The cuvette was 

placed in a Gene Pulser II apparatus (BioRad) and pulsed at 2.5kV, 25tF at a 

resistance of 200). 1 ml SOC broth was added immediately and the cell suspension 

transferred to a Sml plastic tube. After incubation at 37°C for 1 hour, 200 [11 were 

spread on media (L-agar supplemented with ampicillin or ampicillin, IPTG and X-

gal), and incubated overnight at 37°C. 



CHAPTER 3: 

The Search for the 'Mutation' in pMS7 
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Figure 3.1 

Colony morphology of DL733 containing a) pAC2 and b) pMS7 when grown on 

AXI media. 



Introduction 
DNA palindromes longer than 1 50-200bp can not be cloned in wild type E. 

coil, either the replicon containing the palindrome is so poorly replicated that it is 

inviable (Warren & Green, 1985; Yoshimura et al., 1986), or the palindrome is so 

unstable that it suffers partial or complete deletion (Collins, 1981; Hagen & Warren, 

1983). These phenomena have been termed inviability and instability respectively. 

The propagation of palindromic sequences is affected by the genotype of the host. E. 

coil sbcCD mutants are known to allow the replication of DNA containing long 

palindromes (Collins et al., 1982; Chalker et al., 1988; Gibson et al., 1992). 

Before commencement of this work three plasmids, pAC2, pMS5 and pMS7 

were constructed, or isolated by other workers (Chalker & Shaw, unpublished). 

pAC2 was constructed by ligating a 571bp imperfect palindrome into the EcoRl site 

of pUC18. DL733 (AsbcCD::Kanr)  was transformed with pAC2 DNA and the clone 

chosen had a characteristic phenotype on L-agar supplemented with Ampicillin, X-

gal and IPTG (AXI media), white colonies with dark blue sectors (see Fig 3.1a). 

pMS5 and pMS7 were both isolated as derivatives of pAC2 which have different 

phenotypes on AXI. (see Fig. 1 .3b for the phenotype of pMS7). pMS5 has a similar 

phenotype on AXI to that of pMS7, only with more sectoring. 

pUC plasmids were first developed by Vieira and Messing (1982). They 

contain a gene which codes for the ct. subunit of 3-galactosidase (lacZ'). Cloning in 

pUC18 involves insertional inactivation of the lacZ'. The enzyme 3-galactosidase, 

whose synthesis can be induced by IPTG, can hydrolyse the chromogenic substrate 

(X-gal), to give a dark blue colour (Horwitz et al., 1964). E. coil hosts, encoding a 

defective form of -ga1actosidase may be complemented by transformation with 

pUC18 and will give rise to blue colonies. Insertion into this gene leads to the 

production of an inactive a subunit. Consequently, E. coil harbouring recombinant 

plasmids will give rise to white colonies. This provides a simple histochemical test, 

to distinguish parental clones from recombinants. 
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With consideration to the above, the most 	 concerning the 

phenotype of pAC2, is that the sectored phenotype (as seen in Fig. 3.1 a), is due to 

instability of the 571bp palindrome. This conclusion was assumed at the beginning of 

this work. The difference seen between the phenotype of pAC2, pMS5 and pMS7 

was explained by the presence of a mutation in pMS5 and pMS7 which stabilised the 

propagation of palindromes (Leach & Blake, unpublished). At the onset of this work 

the aim was to construct a deletion resistant cosmid using pM*  (pMS7 with the 

571bp palindrome removed, see Fig 3.2), as part of the backbone. The concept was, 

if a 'mutation' could stabilise a palindrome which appeared unstable, then the 

'mutation' could perhaps stabilise other unstable sequences (see Chapter 1 of this 

thesis). 

Sequencing of the 'mutant' plasmids revealed no gross change in their 

sequence compared to that of pUC 18 (Blake, 1996). In this chapter, are described the 

results of two other methods, Single-Strand Conformation Polymorphism analysis 

(SSCP; Orita et al., 1989) and Fragment Swap analysis, which were used to try to 

determine the position of the mutation in pM*  (for a summary of these methods see 

Fig. 3.3 and Fig. 3.4). 

Results 

SSCP analysis 

A series of different single-stranded fragments were run on SSCP 

polyacrylamide gels. These included fragments generated by digestion of pUC 18 and 

pM* with: AatII, ApaLI, BglI, BslI, DpnI, MboI, PvuII and TaqI. The fragments were 

visualised by silver staining using Silver Stain Plus Kit (BioRad). 

No differences in strand mobility, between fragments generated from pUC 18 

and pM*  were observed (data not shown). 
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Fragment Swap Experiments 

A set of four fragment swaps were performed to try to determine the 

approximate position of the 'mutation'. Each experiment involved: a) restriction of 

the plasmids with two endonucleases each of which cuts the backbone once, b) gel 

purification of the fragments, c) ligation of the fragments and d) transformation of 

DL733 (AsbcCD::Kan') with the ligation mixes and the controls. Two -ligase 

controls were included to estimate the relative amount of uncut background, and 

three +ligase controls of each of the individual fragments were included to measure 

the background from each fragment. The results from the four experiments are in 

Tables 3.1, 3.2, 3.3 and 3.4. The controls are shown as percentage totals in each set 

of data. The actual numbers of each colony type in the control experiments were very 

low. 

Note, BsrFI is in the ampicillin resistance gene of pUC18. Other fragment 

swaps not involving the BsrFI site were attempted but, these gave a large number of 

white clones. This was probably due to junk DNA, ligated in the fragment swap. 

Fragment swaps involving the BsrFI site alleviated the problem of background 

'whites' (see Fig. 3.2 for position of endonuclease sites). 
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Figure 3.2 

An overview of the chronological construction of pAC2, pMS7 and pM*.  An 
approximate restriction map of the endonucleases used in the fragment swap 
experiments is also shown. 

EcoRI 	
HindTll 

Aflull 

BsrFI 

571bp asymmetric 

lSbp 	
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Unknown 

1 5bp 	"mutation" 
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pMS7 

EcoRl 

E 	 Digest 



Figure 3.3 

The principle of SSCP analysis: a) plasmids cut with restriction endonucleases, to 

generate double stranded fragments, b) fragments chemically denatured, single 

strands fold in a different way, and c) native gel electrophoresis reveals any 

differences. 

pUC18 

LL 
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Figure 3.4 

Summary of the principles of the Fragment Swap experiments. 
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HindIII 
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BsrFI 1779 

Restriction diagram of pUC 18 (or pM*), showing the relevent sites for the 
table on the facing page. pAC2 and pMS7 have a 571bp palindrome ligated 

into the EcoRI site. 



Table 3.1 

Percentage colony type after fragment swap 1: (BsrFI and AflhII). 

% Total TciAI 

Fragment Swap 

Ligation Mix Blue colonies 	Sectoring colonies White colonies 
cot cw 

"pAC2 like" 

pUC18/pAC2 34 	 66 -qoa 

+ ligase 

pM*/pAC2 18 	 82 -/97 

+ ligase 

pUC18/pAC2 - - 

- ligase 

pM*/pAC2 - 	 - - 

- ligase 

pUC18 fragment - 

+ ligase 

pAC2 fragment 100 	 - - 

+ ligase 

pM* fragment - 

+ ligase 

pM*, pUC18 and pAC2 were digested to completion with BsrFI and Aflull. The 1kb 

fragments from pM*  and pUC1 8, were gel purified and ligated to the 2.3 kb fragment 

from pAC2, which also was gel purified. DNA was used to transform DL733. 
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AatII 2617 

BsrFI 1779 

Restriction diagram of pUC 18 (or pM*),  showing the relevent sites for the 
table on the facing page. pAC2 and pMS7 have a 571bp palindrome ligated 
into the EcoRJ site. 



Table 3.2 

Percentage colony type after fragment swap 2: (BsrFI and Afihil). 

% Total 
7,0701 

Fragment Swap rUAMOFSP 

0,4 

Ligation Mix Blue colonies Sectoring colonies White colonies 

"pAC2 like" 

pAC2/pUC18 13 67 20 

+ ligase 

pMS7/pUC18 41 - 59 70 

+ ligase 

pAC2/pUC18 93 5 2 

- ligase 

pMS7/pUC18 100 - - 

- ligase 

pUC18 fragment 100 - - 

+ ligase 

pAC2 fragment 36 44 20 

+ ligase 

pM* fragment 100 - - 

+ ligase 

pUC18, pAC2 and pMS7 were digested to completion with BsrFI and AflhII. The 

2.3kb fragments from pAC2 and pMS7, were gel purified and ligated to the 1kb 

fragment from pUC18, which also was gel purified. DNA was used to transform 

DL733. 
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AatII 2617 

BsrFI 1779 

Restriction diagram of pUC 18 (or pM*),  showing the relevent sites for the 
table on the facing page. pAC2 and pMS7 have a 571bp palindrome ligated 
into the EcoRI site. 



Table 3.3 

Percentage colony type after fragment swap 3 :(BsrFI and AatII). 

% Total 101rA 
iwR 

Fragment Swap OF 

CC>LO 	. 

Ligation Mix Blue colonies 	Sectoring colonies White colonies 

"pAC2 like" 

pUC18/pAC2 8 	 78 15 eg 

+ ligase 

pM*/pAC2 6 	 84 10 

+ ligase 

pUC18/pAC2 - 	 - - a 

- ligase 

pM*/pAC2 - 	 100 - 

- ligase 

pUC 18 fragment - 	 - - a 

+ ligase 

pAC2 fragment - 	 100 - 3 

+ ligase 

pM* fragment 100 	 - - 3 

+ ligase 

pM*, pUC18 and pAC2 were digested to completion with BsrFI and AatII. The 0.8kb 

fragments from pM*  and pUC18 were gel purified and ligated to the 2.4kb pAC2 

fragment, which also was gel purified. DNA was used to transform DL733. 
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AatII 2617 

BsrFI 1779 

Restriction diagram of pUC 18 (or pM*),  showing the relevent sites for the 
table on the facing page. pAC2 and pMS7 have a 571bp palindrome ligated 
into the EcoRI site. 



Table 3.4 

Percentage colony type after fragment swap 4: (BsrFI and Hindu). 

% Total 

Fragment Swap 

Ligation Mix Blue colonies Sectoring colonies White colonies 
CQONS 

"pAC2 like" 

pUC18/pAC2 25 39 36 

+ ligase 

pM*/pAC2 6 45 49 3•9c' 

+ ligase 

pUC18/pAC2 - - - 0 

- ligase 

pM*/pAC2 * - - 0 

- ligase 

pUC18 fragment 100 - - 1a8 

+ ligase 

pAC2 fragment 5 51 44 79 

+ ligase 

pM* fragment 79 8 13 96 

+ ligase 

pM*, pUC 18 and pAC2 were digested to completion with BsrFI and Hindlil. The 

1.3kb fragments from pM*  and pUC1 8 were gel purified and ligated to the 2.0kb 

pAC2 fragment, which also was gel purified. DNA was used to transform DL733. 
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Conclusion 

SSCP analysis 

The SSCP experiments did not reveal any strand mobility differences between 

fragments generated from pM*  and pUC18. This presents two possibilities: a) the 

assay was not sensitive enough to detect differences between pM*  and pUC18 

fragments, and b) there are no differences between pM*  and pUC18, and the 

'mutation' is not present in pM*. 

Fragment Swap Experiments 

The results presented above seem to suggest a possible difference between 

pM* and pUC18. In the first fragment swap the BsrFJ/A,flIII 1kb region of pM*  and 

pUC 18 were ligated to the 2.3kb fragment of pAC2. If the 'mutation' were present in 

the 1kb region then the swap would have generated sectored colonies with the 

pUC 18 swap and white colonies with the pM*  swap. The data in Table 3.1 shows 

that both the pUC 1 8/pAC2 and pM*/pAC2  swaps generated sectoring colonies. This 

suggests that the 'mutation' is not present in the 1kb region of pM*. 

In the second fragment swap BsrFI/AflhII 2.3kb fragments from pAC2 and 

pMS7 were ligated to the 1kb fragment from pUC18 (the converse of fragment swap 

1). This swap is not a direct comparison of pM*  and pUC18, but it was necessary to 

use pAC2 and pMS7, as pM*  does not contain the palindrome. The data shown in 

Table 3.2 shows that the pMS7/pUC 18 swap did not generate sectoring colonies. The 

absence of sectoring colonies from this swap strongly suggests that the 2.3kb section 

of pMS7 contains a 'mutation' which appears to stabilise palindromes. The 

generation of white colonies in the pAC2/pUC 18 swap could not be explained, but it 

is possible that the experiment somehow enriched a sub-population present in pAC2. 

In the third fragment swap BsrFIIAatII 0.8kb fragments from pM*  and 

pUC18 were ligated to the 2.4kb fragment of pAC2. The data shown in Table 3.3 
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shows that the pUC1 8/pAC2 and pM*/pAC2  swaps generated both sectoring 

colonies and white colonies. The generation of sectoring colonies in the pM*/pAC2 

swap suggests the 'mutation' is not present in the 0.8kb region of pM*.  Taking the 

data from fragment swap 1 and fragment swap 3 the 1.8kb region of pM*  between 

AflhII and AatII does not appear to contain the 'mutation'. 

The fourth fragment swap was designed to increase the resolution of the 

experiment. BsrFI/HindIII 1.3kb fragments from pM*  and pUC1 8 were ligated to the 

2.0kb fragment of pAC2. The data shown in Table 3.4 shows the generation of 

sectoring colonies in both the pUC1 8/pAC2 and pM*/pAC2  swaps. The presence of 

sectoring colonies in this swap suggests the 'mutation' is not in the region between 

the BsrFI and HindIII sites. This result taken together with all the previous data 

suggests, by elimination, that the 'mutation' is present in the 398bp fragment 

between HindIII and A/7III of pMS7. 

It is not possible to draw any direct conclusions from the results presented 

above. When observed on their own, they seem to suggest a fragment which may 

contain a 'mutation'. The results obtained were confused, by the presence of large 

numbers of white colonies in the pAC2/pUC 18 fragment swap, in experiment two 

and the pUC 1 8/pAC2 fragment swap, in experiments three and four. If the generation 

of white colonies were due to the presence of a 'mutation', then white colonies 

should not be generated by these swaps. A possible alternative for their appearance is 

enrichment of a sub-population due to the processes involved in the experiment. 

NOTE: I have discussed the data above as it stands on its own. Further data 

presented in Chapter 5, have permitted an alternative conclusion regarding the 

fragment swap experiments. 
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CHAPTER 4: 

The cloning of DNA palindromes 
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Introduction 

As described in the introduction of this thesis, the DNA sequence of a 

palindrome plays an important role in its genetic stability. The kinetics and 

energetics of cruciform extrusion (reviewed by Murchie & Lilley, 1992) are 

primarily determined by the sequence of the palindrome and the level of DNA 

supercoiling. DNA palindromes are believed to extrude to form cruciform structures 

by two pathways, S-type extrusion and C-type extrusion. S-type extrusion is 

characterised by a requirement for cations, relatively moderate activation entropies 

and enthalpies, and a profound effect of central sequence changes on the reaction 

kinetics. It involves the melting of a small (1 Obp) region at the centre of a DNA 

palindrome in negatively supercoiled DNA. The single stranded region generated, 

intrastrand base pairs to form a protocruciform structure. Branch migration, driven by 

DNA-supercoiling, leads to the extrusion of the full length cruciform. Therefore, the 

sequence at the centre of a palindrome, which extrudes by an S-type mechanism is 

important in determining its stability when cloned. It is known that AT-rich centres 

have the lowest kinetic barrier to cruciform extrusion in vivo (reviewed by Davison, 

1994). Asymmetry at the palindrome's centre can also alleviate instability and 

inviability (Collins et al., 1982; Warren & Green, 1985). 

pMS7 appears to stabilise the propagation of a 571bp imperfect palindrome 

(Leach & Blake, unpublished). A priority was to demonstrate that the enhanced 

stability was not specific to the 571bp palindrome. DNA from four ? phage, each 

containing different palindromes was provided by Angus Davison. For details see 

Davison (1994). XDRL180 contains an imperfect palindrome with ten base pairs of 

asymmetry. 2DRL167, 2DRL17O and 2DRL171 contain perfect palindromes. In this 

chapter, are described the results from cloning these four DNA palindromes with 

different central sequences in pM*. 



Results 

Cloning Other DNA Palindromes 

In order to test if it was possible to stabilise other DNA palindromes in pM*, 

four palindromes each with different central sequences, were gel purified from the 

bacteriophage DNA after EcoRI digestion and were ligated separately into the EcoPJ 

site of pM*  (see Fig 3.2 for how pM*  was isolated). Each of these palindromes was 

about 460bp long. A summary of the palindromes used in this experiment may be 

seen in Table 4.1. As a control the four palindromes were ligated into the EcoRl site 

ofpUCl8 also. 

Table 4.1 

Summary of the palindromes used. 

2 Phaget Restriction site Sequence at centre Plasmid name 

2DRL180 Xhol GTGGATCTCA 
I 

pM* 180 
I Obp 

2DRL167 Sacl GAGCTC pM* 167 

XDRL170 SphI GCATGC 
04 

pM* 170 

2DRL171 AatII GACGTC pM* 171 

tLambda phage DNA was provided by Angus Davison (see Davison, 1994). 

It was possible, to clone all four palindromic sequences in pM*,  but not in 

pUC18. The presence of the palindromes in pM*  was confirmed by agarose gel 

electrophoresis of an EcoRI and HindIII digest of each of the pM*  vectors. An EcoRI 

or HindIII digest of pM* 180 and pM*  167 may be seen in Fig. 4.1. Fig. 4.2 shows 
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pM* 180 has less sectoring than pM* 167. pM* 180 therefore appears to be more 

stable than pM*  167. 

Lowered DNA Yield/Copy Number 

DNA was prepared using a QIAGEN Plasmid Midi Kit. When preparing 

DNA, a lower DNA yield than was usual was observed. The yield seemed to be 

about 10% of normal (normal=2-5 jig! ml culture). This led to an investigation of 

copy number of pM*  180 and pM*  167 compared to the copy number of pUC18. E 

coli DL733 harbouring pM*167, pM*180 and pUC18 were plated on AXI media 

containing increasing concentrations of ampicillin. The number of colonies on 

control plates containing no ampicillin was taken as 100% survival. As Fig. 4.3 

illustrates pM*  180 and pM*  167 had a much lowered copy number compared to that 

of pUC18. At concentrations of about 400 jig/mi ampicillin the colonies surviving 

were blue and therefore had deleted the palindrome. Using Fig 4.3 it possible to 

estimate the concentration at which there is 50% survival. pM*  167 has 50% survival 

at an ampicillin concentration of approximately SOjig/ml, while pM*  180 has 50% 

survival at an ampicillin concentration of approximately 200jig/ml. Therefore, 

pM* 167 appears to have a lower copy number than pM*  180. 

NOTE: An attempt was made to increase the ratio of the palindrome-

containing DNA in the plasmid DNA isolated. pM*  167 DNA was used to transform 

E. coli DL901 (sbcC, ApcnB::Kan'). This experiment did not give the desired result 

and exaggerated the low plasmid DNA yield. 
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Figure 4.1 

Negative picture of ethidium bromide stained, agarose gel: a) EcoRI digest of 

pUC18, pM*,  pMS7,  pM*180 & pM*167, b) Hindlil digest of pMS7, pM*180 & 

pM*167. 

a)EcoRI 	 b)HindIII 

00 00 
N 
C 00 

N 
C 
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17-F 
Plasmid + palindrome ......J  
Plasmid - paIindrome- 

571bp pa1indrorne...... 
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Figure 4.2 

Colony morphology of DL733 containing a)pM*  180 and b) pM*  167, when grown on 

AXI media. 



Figure 4.3 

Average survival on Ampicillin: (N20) 
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E coli DL733 harbouring pM*  167,  pM*  180 and pUC18 were plated on AXI media 

containing increasing concentrations of ampicillin. The number of colonies on 

control plates containing no ampicillin was taken as 100% survival. 
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Conclusion 

Cloning Other DNA Palindromes 

The purpose of the cloning experiments described above was to demonstrate a 

difference between pM*  and pUC18. As discussed in the introduction to Chapter 3, 

pM* was derived from pMS7, and thought to contain a 'mutation' which permitted 

the propagation of the 571bp palindrome. The results suggested that it was possible 

to clone the four new DNA palindromes in pM*,  but not in pUC18. 

NOTE: After the conclusion of these cloning experiments, I cloned the 

original 571bp palindrome into pUC18. The colony morphology of the majority of 

the clones obtained were similar to that of pMS7 (white colonies with no sectors). 

This contradicted the conclusion that pMS7 had a 'mutation' which helped to 

stabilise the propagation of palindromes. 

Therefore, it was not possible to conclude if the 'mutation' in pMS7 and pM* 

existed or not. At this stage of investigation, some evidence suggested that pM*  was 

identical to pUC18, and that the mutation did not exist (sequencing of pM*,  Blake, 

1996; and SSCP analysis as reported in Chapter 3 of this work). However, the 

fragment swap analysis in Chapter 3 and the cloning experiments in this Chapter 

suggested that there was a difference between pM*  and pUC 18. 

Lowered DNA Yield/Copy Number 

When preparing pM* 180, pM* 167, pM* 170 and pM* 171 DNA, a low DNA 

yield was observed. Qualitative analysis of the DNA prepared, revealed pM*  180 

DNA consisted of about 50% palindrome containing pM*  180, and 50% pM* 

backbone (as illustrated in Fig. 4.1). pM* 167, pM* 170 and pM* 171 DNA were all 

found to contain low ratios of vector plus palindrome (Fig. 4.1 and other data not 

shown). Inviability and/or instability problems associated with the cloning of long 

DNA palindromes (reviewed by Leach, 1994), provides an explanation of the low 

DNA yields obtained. The palindromes cloned may be so unstable that they delete 



out from the plasmid backbone at a high frequency. Or, if they form a stable 

cruciform secondary structure they would have the potential to terminally block 

DNA replication resulting in an inviable replicon. Inviability and instability are likely 

to both play a part in the low yield observed in these cloning experiments. 

Imperfections introduced into perfect palindromes are known to alleviate 

problems of instability and/or inviability (Collins et al., 1982; Warren & Green, 

1985). This provides an explanation for the relative stability of pM*180,  as the 

palindrome in pM*  180 contains 1 Obp of asymmetry. 

The difference in the stability of pM*  180 compared to the other plasmids was 

supported with the investigation of copy number (see Fig. 4.3). pM*  180 and pM*  167 

had a much lower copy number than that of pUC 18. pM *167  had the lowest copy 

number with a 50% survival at an ampicillin concentration of 50ig/ml. The results 

from the copy number experiments, confirm the conclusion that palindromes 

interfere with DNA replication by forming secondary structure, and in this case lower 

the number of viable replicons within the host cell. 
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CHAPTER 5: 

The isolation of a novel mutation: DIR 



Introduction 

Sequences which have the potential to form unusual secondary structures are 

known to promote pausing of DNA replication and can stimulate replication slippage 

(Sinden & Wells, 1992). Such sequences include: a). oligopurine-oligopyrirnidine 

sequences, able to adopt a triple helix structure in supercoiled DNA (H-DNA), both 

in vivo (Rao etal., 1988) and in vitro (Dayn etal., 1992; Sarnadashwily et al., 1993), 

b). tn- and tetra-nucleotide repeats, thought to form pseudo-hairpins when single 

stranded (Wells, 1996; Richards & Sutherland, 1992), and recently shown to have the 

potential to form a K+-dependent quadruplex secondary structure (Usdin & 

Woodford, 1995), c). alternating GC or GT dinucleotide repeats (microsatellite 

repeats), capable of forming Z-DNA (Hite et al., 1996; Freund et al., 1989; Klysik et 

al., 1982), and d).DNA palindromes (perfect inverted repeats containing no spacer 

region at the central sequence), able to form hairpins, when single stranded, or 

cruciforms, when double stranded (for a review see Leach, 1994). 

pAC2 has a very different phenotype to that of pMS7 (as seen in Chapter 3, 

Fig 3.1). The most logical conclusion concerning the phenotype of pAC2, is that the 

sectored phenotype is due to instability of the 571bp palindrome. This conclusion 

was assumed at the beginning of this work. The difference seen between the 

phenotype of pAC2, pMS5 and pMS7 was explained by the presence of a mutation in 

pMS5 and pMS7 which stabilised the propagation of palindromes (Leach & Blake, 

unpublished). Blake (1996), demonstrated that the simplest multirneric form of 

pAC2, was a heterodimer in which only one copy of the palindrome was present and 

that the simplest form of pMS7 was a homodimer with the palindrome present in 

both copies of the plasmid. This presents an alternative explanation for the difference 

of phenotype observed between pAC2 and pMS7, that colonies harbouring pAC2 

DNA sectored because pAC2 was a heterodimer. 

In this chapter, are described the results of an experiment which is a 

continuation of the fragment swap experiments described in Chapter 3, and the 

subsequent discovery, isolation, and characterisation of a novel type of mutation 



which I have called DIR (Direct and Inverted Repeat). The mutation appears to be 

caused primarily by replication slippage and to be stimulated by the presence of the 

571bp asymmetric DNA palindrome. 

Results 

Cut and Ligate experiment 

pAC2 and pMS7 were digested with BsrFI, re-ligated and the ligation mix 

DNA was used to transform DL733. The results are summarised in Table 5.1. This 

experiment was designed to investigate the effects of the processes in the fragment 

swap experiments described in Chapter 3. pAC2 and pMS7 were known to exist as 

dimers (Blake, 1996), so this experiment may also be viewed as the monomerization 

of pAC2 and pMS7. 

The results in Table 5.1 indicate an increase in the yield of highly sectoring 

colonies derived from pMS7; from 1% to 8.5%. They also indicate changes in the 

ratios of colony type after pAC2 has been cut and religated. Plasmid DNA was 

isolated from a large number of sectoring "pAC2 like" clones (derived from both 

pAC2 and pMS7). Restriction analysis revealed that although they had the sectoring 

phenotype of pAC2 they did not contain the 571bp DNA palindrome. One such 

plasmid (denoted pDIR1) derived from the monomerisation of pAC2 was chosen for 

further analysis. Restriction analysis with PvuII suggested that the plasmid was 

predominantly a heterodimer of pUC 18, and pUC 18 with an insert of approximately 

forty nucleotides (see Fig 5.1). Furthermore, this analysis suggested that pAC2 

heterodimers contained the 571bp palindrome on one side and this same forty 

nucleotides insert on the other. This also revealed that pMS7 was primarily present 

as a horno-multimer. 
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Fine-Structure Analysis of pDIR1 

pAC2, pDIR1, pMS7 and pUC18 DNA were digested with EcoRJ and 

radiolabelled using [a-35S] dATP and Kienow enzyme. A sample of the purified 

DNA was digested with BamHI, run on a 10% LongrangerTM polyacrylarnide gel and 

bands were visualised by autoradiography (see Fig 5.2). The restriction pattern 

obtained confirmed the presence of a second EcoRI site in the polylinker region, 

giving a 46bp fragment (42bp plus 4bp EcoRI overhang) in both pAC2 and pDIR1. 

pMS7 and pUC 18 did not have this second EcoRI site. In contrast all four plasmids 

have the correct 25bp (21bp plus 4bp) EcoRI to Bami-JI fragment. 

Sequencing of the 42bp Insert Present in pDIR1 

DNA sequencing of the polylinker region of pDIR1, pUC 18 and pAC2 was 

carried out on both strands using two primers: 576L and -40 (see Fig 5.3). (40 is a 

standard M13 sequencing primer, available commercially). 

Figure 5.3 

Primers for the sequencing of the polylinker region ofpUCl 8. 

(576L) 5-GACTGGAAJ.GCGGGCA-3 

(-40) 5-GTTTTCCCAGTCACGAC-3 

Since pDIR1 and pAC2 were found to be predominantly hetero-multirners, 

sequencing of the 42bp insert required its separation from the other component of the 

multimer. This was achieved in two ways. Firstly, the PvuII fragment containing the 

insert was purified away from the other parts of the multimer by agarose gel 

electrophoresis and sequencing was performed on the DNA fragment isolated from 

the gel. Secondly, pDIR1 DNA was used to transform JM83 and a homo-multimer 

containing the 42bp insert was isolated that could be sequenced directly. NonTnal 
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DNA sequencing (Sanger, 1977), revealed a region in the multicloning site where the 

DNA polymerase seemed to stall. This suggested the presence of secondary structure. 

Sequencing in the presence of 10% DMSO destabilised the secondary structure, 

allowing the polymerase to sequence through most of this region and revealed the 

presence of a novel mutation (see Fig 5.4). The sequence shows the presence of a 

duplicated EcoRI to BarnHI multi-cloning site fragment with the same region 

inverted between the duplication. 

Analysis of pDIR1 derivatives 

When E. coli cells containing pDIR1 are plated on AXI medium, two typesof 

colony phenotype are observed. One type is sectored and the others are completely 

blue, similar to cells containing pUC18. pDIR1 DNA was used to transform JM83, 

DL733 and DL795 and Plasmid DNA was isolated from the blue and sectored 

colonies formed. Agarose gel electrophoresis of uncut DNA (Fig. 5.5) revealed that 

plasmid DNA isolated from sectoring colonies with JM83 (wild type) and DL733 

(AsbcD::Kanr) genetic backgrounds were high multimeric forms. The plasmid DNA 

isolated from blue colonies with JM83 and DL733 genetic backgrounds were mostly 

monomeric. DL795 (reck, sbcC), does not contain the mutation for blue/white 

selection in pUC plasmids. Two plasmid populations, one mostly present as 

monomers and the other mostly present as multimeric forms were isolated from the 

DL795 genetic background (see Fig. 5.5, lanes 11 and 13). 

Sequencing and restriction with PvuII of plasmid DNA isolated from blue 

colonies revealed that they did not contain the DIR structure and were really pUC 18 

(data not shown). 

NOTE: The homo-multimer plasmid containing the 42bp insert that could be 

sequenced directly, is in lane 3 in Fig. 5.5. 



Table 5.1 

Percentage colony type, after digestion with BsrFI, ligation and transformation. 

% Total 	 roicu 

OP Plasmid 	 COLCvvlcs 

Blue colonies 	Sectoring colonies 	White colonies 

"pAC2 like" 

pAC2 cut with 	 5.5 	 86 	 8.5 

BsrFI + ligase 

pMS7 cut with 

BsrFI + ligase 

pAC2 cut with 

BsrFI - ligase 

pMS7 cut with 

BsrFI - ligase 

pAC2 uncut 

pMS7 uncut 

0 	 8.5 	 91.5 	I 

9 	 75 	 15 	1 16  

10.5 	 80 	 9.5 

- 	 1 	 99 	103,cI" 



Figure 5.1 

Negative picture of ethidium bromide stained agarose gel; PvuII restriction digests 

of pAC2, pDIR1, pMS7 and pUC18. 

Maps of the monomeric components of the plasmids analysed by restriction with 

PvuII. pAC2 contains major proportions of the 893bp PvuII fragment containing the 

571bp palindrome and the 366bp PvuII fragment containing the DIR. It also contains 

a minor proportion of the 322bp PvuII fragment, characteristic of pUC 18. pDIR1 

contains equal proportions of the 366bp PvuII DIR fragment and the 322bp PvuII 

pUC18 fragment. pMS7 contains only the 893bp PvuII palindrome-containing 

fragment. pUC18 contains only the 322bp PvuII fragment (B = BsrFI). 
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Figure 5.2 

Autoradiograph of EcoRI single digests and EcoRI/BamHI double digests of pAC2, 

pDIR1, pMS7 and pUC18. 
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Figure 5.4 

Autoradio graph of the DIR sequence. The data shown were obtained using primer 

596L on pUC18 and on the homo-multimer substrate derived from pDIR1 after 

transformation of JM83. i) DIR sequence using the standard sequencing method. ii) 

pUC18 sequence using the standard method. iii) DIR sequence using the DMSO 

method to minimise pausing of Sequenase®  at regions of secondary structure. The 

complete sequence of DIR could not be obtained on any individual gel but all 

ambiguities could be resolved using the DNA sequence obtained from the -40 primer 

(data not shown). 

Sequence of pUC18 multicloning site and DIR: i) sequence of the multicloning 

site of pUC18, ii) sequence of the multicloning site in pDIR1, iii) diagrammatic 

representation of DIR. 

92 



T C A G 

LU 

Figure 5.4 

T C A G 

T C A G 

74.  

- 	a 

MWL- 
- 

B — 
-- 	E 

B 	-. — 

— 	B •*s.l_Itiii 

— 
E 

E 

(iii) 

SGAGC-rCGGTACCCGG TCTAGAGTCGACCTGCAGGCATGc 3  

S. GAGCTC3TACCCGG CCGTACCGATc GAGCTCGGTACCGGG TCTAGAGTCGACCTGCAGGCATGc -3 

E 	 B 	 E 	 B 	 H 
I 	 I4 	 I 	 I-------------------------- 

4 	 Multicloning site  

b) 	
of pDIR1 

93 



Figure 5.5 

Uncut pDIR1 DNA and HindJII restriction digests of pDIR1 DNA isolated from 

different genetic backgrounds (DL324;DL733;DL795),(U = uncut; H= HindIII 

digest). Clones were Blue or had a sectored phenotype on AXI medium. 

pUCI8 Sectored Blue Sectored Blue Blue Blue 
(DL733) (DL324) (131,324) (DL733) (131,733) (DL795) (DL795) 
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Conclusion 

When pAC2 and pMS7 were monomerised, sectoring clones were discovered 

that did not contain the 571bp palindrome. One of these clones was analysed in detail 

and found to contain an inverted and directly duplicated region (DIR) in the 

polylinker adjacent to the site of insertion of the palindrome (see Fig. 5.4b for an 

overview of the structure). The palindrome itself was no longer present in the clones 

analysed. The same DIR structure was found to be present in pAC2 which is 

primarily a hetero-multirner composed of one momorneric subunit containing the 

palindrome and the other containing the DIR structure. pMS7 does not contain the 

DIR structure and is a homo-multimer, both subunits containing the palindrome. 

As described previously, the most logical conclusion concerning the 

phenotype of pAC2, is that the sectored phenotype is due to instability of the 571bp 

palindrome. The isolation of 'DIR' provides an alternative explanation for the 

sectoring phenotype of pAC2. Only plasmids containing the DIR structure cause 

sectoring colonies, and it is possible to have sectoring clones which do not contain 

the palindrome. Therefore, one may conclude that the sectoring colony phenotype 

seen in pDIR1 and pAC2 is due to the presence of the DIR structure. 

Since all these plasmids were maintained in Reck  cells interconversion 

between various multimeric forms will be occurring to generate sub-populations of 

plasmids. The results shown in Table 5.1 are consistent with heterogeneous 

populations of plasmids in the DNA preparations of pAC2 and pMS7. They also 

show it is possible to isolate the sub-populations in multimeric populations of 

plasmids by forcing monomerisation. Additionally, monomerisation may actually 

stimulate rearrangement, this will be discussed in Chapter 7. 

The DIR structure itself is unstable and it deletes out in a perfect manner to 

generate pUC 18. It is not known if the sectoring phenotype observed when the DIR 

structure is present is due to its deletion, or if some other phenomenon is responsible 

for the sectored phenotype. This will be discussed in Chapter 7. 
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NOTE: At the conclusion of the work described in this chapter, pM*  167 and 

pM* 180 DNA, were restricted with PvuII, to check for the presence of DIR. pM*  167 

and pM*  180, were found not to have the DIR mutation (data not shown). 
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CHAPTER 6: 

The construction of cDR cloning vectors 
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Introduction 

Cosmid vectors were first developed by Collins and Holm (1978). Cosmids 

may be defined as plasmids containing the cos region of bacteriophage ?, an 

antibiotic resistance gene for selection and unique restriction sites for insertion of 

foreign DNA. Cosmid cloning utilises the natural mechanisms of lambda phage, to 

transform E. coli. For an overview of in vitro packaging of cosmid DNA see Chapter 

1 of this thesis. 

Deletion has been closely associated with cosmids and other similar large 

capacity cloning vectors. Collins and Hohn (1978) noticed the absence of 

palindromic structures and noted a large number of deletions among their isolates. 

There have since been many anecdotal reports of instability of human DNA inserts 

in genomic cosmid libraries (Chia et al., 1982; Steinmetz et al., 1982; Yelton et al., 

1985). 

Deletion due to homologous recombination can be prevented by using recA 

strains (Kumit, 1989) and a recB recC sbdll reci host can prevent some illegitimate 

recombination events (Ishiura et al., 1989; Ishiura et al., 1990). However, there is 

still a requirement for a cloning system which reduces the current levels of 

illegitimate recombination in E. coli. 

At the beginning of this work, the goal was to construct a deletion resistant 

cosmid. A 'mutant' plasmid called pMS7 which seemed to stabilise a 571bp 

palindrome had been isolated; the idea was to use the part of pMS7 containing the 

'mutation' as part of the backbone for a new cosmid. Chapters 3 to 5 in this thesis 

describe how pMS7 was analysed; the results demonstrated that pMS7 does not 

contain a mutation. In this Chapter the construction of three new cosmids are 

described. The first cosmid constructed, cDRI, is referred to briefly, while the 

construction of the remaining cosmids, cDRII and cDRIII are reviewed in detail. 



Figure 6.1 

Overview of the construction of cDRI(i). 
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The construction of cDRI 

The construction of cDRI involved the insertion of the cos containing EcoRI 

to BamHI fragment from c2XB into pM*.  c2XB is a double cos vector with a 

kanamycin resistance gene between the cos sites for selection and screening against 

small inserts (Bates & Swift, 1983). 

The construction of cDRI proved difficult, and as a result two methods of 

construction were employed; these methods are summarised in Fig. 6.1 & 6.2. After 

many attempts cDRI was finally constructed using the method outlined in Fig. 6.1. 

When cDRI DNA was digested with EcoRI and analysed by restriction and gel 

electrophoresis it was found to be unstable. cDRI appeared to delete part of its 

backbone to give a smaller plasmid of about 2kb. The cosmid was maintained in a 

recA host (1046; Bates & Swift, 1983), so deletion was likely to be due to an 

illegitimate recombination event. Attempts were made to use cDRI for the 

construction of a cosmid library, but the work was abandoned when instability of the 

vector continued (some of the work on analysis of cDRI was done by Thorsten 

Allers). 

The Construction of cDRII & cDRIII 

Following the problems associated with cDRI, a different approach was 

applied in the construction of cDRII and cDRIII. These cosmids were engineered by 

inserting two oligos into pM*.  The oligos contained cosQ and a number of restriction 

sites, to facilitate the insertion of two cos containing MboI fragments from lambda 

and the kanamycin resistance GenBlock from pUC4K. This construction required 

sequencing to check the orientation of a ligated fragment.The sequencing primers 

used may be seen in Fig. 6.3. 
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Figure 6.3 

Primers for sequencing in both directions towards the AatII site ofpUCl8. 

(PRIMER1:) 5 -AA.AGGGCCTCGTGATACG- 3 

(PRIMER2:) 3-GGCGAGTACTCTGTTATT-5 

A summary of the structure of cos DNA in 2, the sequences of the oligos, the 

construction of the cosmids and a scheme for use of the cosmids are summarised in 

Fig. 6.4a-i, and in the following text: 

Summary of the structure of cos DNA in X and the 431 bp MboI 2. 

fragment 

As described previously in Chapter 1 of this work, the cohesive-end site (cos) 

comprises about 200bp and consists of several subunits. They include: i) cosB, which 

contains a series of protein binding sites ii) cosN, where the DNA is nicked 

specifically by terminase to generate the 12bp cohesive ends, and iii) cosQ, which 

contains the R4 element (originally classed as part of cosB). The 43 1 b MboI 2 

fragment used in this construction does not contain cosQ. However, cosQ is 

incorporated into the construction as part of the oligo sequences. The oligos also 

contain a number of restriction sites. 

Isolation of the cos Containing fragment from Lambda 

The 431bp MboI fragment from lambda contains cosB and cosN and was 

isolated in the following manner. Lambda DNA (wild type), was ligated to form a 

circular molecule. This was digested with PstI, and the 1405 7bp fragment generated, 

was purified by gel electrophoresis. This fragment was ligated into pBR322 and 

cloned in E. coil JM83. Recombinant plasmid DNA was isolated, digested to 

completion with MboI and the 431 bp fragment generated was purified by gel 
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electrophoresis, (recombinant plasmid DNA (pBR322 + the 14057bp PstI fragment 

from X), was provided by Ewa Okely). 

Ligation of Oligol into pM* 

Single stranded oligonucleotides obtained from Oswel DNA service were 

annealed to form double stranded Oligol. pM*  was digested with AatII. 

Oligol has AatlFlike ends, and was ligated into the AauII site 

of pM*;  this destroys the original AatII site in the plasmid. An AatII digest was 

employed to reduce background, before the DNA mixture was used to transform E. 

coil DL887 (recA). Recombinant plasmid DNA was isolated using a QIAGEN 

Plasmid Midi Kit. Oligol can be ligated in two orientations so, the recombinant 

DNA was sequenced to determine if in the correct orientation. 

Ligation of MboI ?. Fragment into Oligol, in pM* 

Oligol contains the R4 site (cosQ), and on the right side of R4 there is a BclI 

site. BclI is sensitive to Dam methylation, so recombinant plasmid DNA from the 

previous step was used to transform GM1 19 (dam). plasmid DNA was then isolated 

and digested with BclI which generates GATC overhangs; these 4bp overhangs are 

complementary to the overhangs generated by MboI. The purified 431 bp fragment 

DNA from part b) was ligated into the BclI site in Oligol; this destroys the BclI site. 

Recombinant plasmid DNA was isolated using a QIAGEN Plasmid Midi Kit. The 

MboI fragment can be ligated in two orientations so, the recombinant DNA was 

sequenced to determine if in the correct orientation. 

Ligation of Oligo2 into Oligol, in pM* 

Single stranded oligonucleotides obtained from Oswel DNA service were 

annealed to form double stranded Oligo2. DNA from the previous step was digested 

with XhoL 	 Oligo2 has XhoI like ends; when 

Oligo2 is ligated into the )thol site in Oligol, the XhoI site is destroyed. An )i71oI 

digest was used to reduce background, before the DNA mixture was used to 



transform E. coil DL887 (recA). Recombinant plasmid DNA was isolated using a 

QIAGEN Plasmid Midi Kit. Oligo2 can be ligated in two orientations so, the 

recombinant DNA was sequenced to determine if in the correct orientation. 

Ligation of MboI X Fragment into Oligo2 

Oligo2 contains the R4 site (cosQ), and on the right side of R4 there is a BclI 

site. BclI is sensitive to Dam methylation so recombinant plasmid DNA from the 

previous step was used to transform GM1 19 (dam). plasmid DNA was isolated and 

digested with BclI which generates GATC overhangs; these 4bp overhangs are 

complementary to the overhangs generated by MboI. The purified 431 bp fragment 

DNA from part b) was ligated into the BclJ site in Oligo2; this destroys the BclI site. 

Recombinant plasmid DNA was isolated using a QIAGEN Plasmid Midi Kit. The 

MboI fragment may be ligated in two orientations so, the recombinant DNA was 

sequenced to determine if in the correct orientation. 

Isolation of the Kanamycin GenBlock 

pUC4K contains the Kanamycin Resistance GenBlock and is available 

commercially from Pharmacia Biotech. The GenBlock is approximately 1.3kb long 

and contains the drug resistance marker from the transposon Tn903; it was isolated 

from pUC4K. pUC4K DNA was digested with BamHI and the 1264bp fragment 

containing the kanamycin resistance gene was purified by agarose gel 

electrophoresis. 

Ligation of Kanamycin GenBlock into Bg/lI site in Oligol 

DNA from f) was digested with BgiII and the ends were dephosphorylated. 

The Kanamycin GenBlock has GATC overhangs generated from a BamHI digest. 

The GenBlock was ligated into the BglII site in Oligo 1; this destroys the Bg11I site. A 

BglII digest was employed to reduce background, before the DNA mixture was used 

to transform E. coli DL887 (recA). Recombinant plasmid DNA was isolated using a 

QIAGEN Plasmid Midi Kit. The Kanamycin GenBlock may be ligated in two 
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orientations so recombinant DNA was digested with )ThoI, BsrFI and )aiol/BsrFI 

(7ioI cuts once in the kanamycin resistance gene, while BsrFI cuts twice, once in the 

kanamycin resistance gene and once in the ampicillin resistance gene). The fragments 

generated were analysed by agarose gel electrophoresis to determine which 

orientation the GenBlock was inserted in each cosmid. 

cDRII contains the kanamycin Gene in one orientation and cDRIII contains 

the kanamycin Gene in the opposite orientation. The full sequences of cDRII and 

cDRIII are in Appendix I of this work. 

i) Scheme of Use for cDRII & cDRIII 

cDRII and cDRIII are double cos vectors; this eliminated the need to prepare 

two separate cosmid arms, which is a long and tedious process. They have a 

kanamycin resistance gene between the cos sequences for selection and screening 

against small inserts and are based on pUC18. Sites available for insertion of foreign 

DNA include, EcoRI, BamHI and any site in the polylinker region of lacZ', not 

present elsewhere in the vector. The cosmids are 4.9kb and therefore have insert 

limits of approximately 34-47kb. Their use in the construction of a cosmid library is 

summarised in Fig. 6.4i. 

The cloning efficiency of the cDR cosmids 

In order to check the cloning efficiency of the new cosmid vectors, human 

genomic DNA was ligated into the BamI-TI site of cDRII and cDRIII, and into 

SuperCos as a positive control. The recombinant DNA was packaged using 

Gigapack®  II XL Packaging Extracts. After packaging, 500p1 SM buffer were added 

to the packaging reaction, then 200p1 of the diluted packaged mixture were added to 

250pi of the host strain (DL795). Various dilution's of the mixture were then plated 

on L-agar supplemented with ampicillin (100tg/ml). 
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Results 

The first cloning experiments with cDRII, cDRJII and SuperCos yielded very 

low numbers of clones (4/plate). Extrachromosomal DNA was isolated and uncut 

DNA was analysed by agarose gel electrophoresis. As Fig. 6.5 shows only three of 

the eight clones chosen contained high molecular weight recombinant cosmid DNA. 

Further cloning experiments using fresh genomic DNA where performed. 

Both cDRII and SuperCos yielded larger numbers of clones. However, cDRII seemed 

more unstable than SuperCos. Most of the SuperCos clones analysed, contained high 

molecular weight recombinant cosmid DNA. cDRII clones consistently had lower 

number of high molecular weight recombinant cosmid DNA, and many of the 

isolates analysed, had undergone deletion. 
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Note: The text sections a-i, pp102-105, correspond to the sections a-i, in Fig. 6.4, 

pp 107-115. The sections in brackets are repeated from previous page(s). 
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Figure 6.4 

Overview of the construction of cDRII and cDRIII. 
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Figure 6.4b) 
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Figure 6.4c) 
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Figure 6.4d) 

OLIGO 1 

GACCTIT 	 TACG1I C 

CII GCAA 	 T 	 A[IAG 

Cut with Bell and ligate 

431bp A. fragment  A GATCC ? fragment 	
TCTAGI 

]mUIiIEO 
	

OLIGO 1(b) 

[eIF 	 fragment 
	 TCT 	T 

110 



OLIGO 1 

Figure 6.4e) 
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Conclusion 

cDRII and cDRIII have been constructed. They both may be used to clone 

large fragments of eukaryotic DNA; however, they are both subject to instability 

problems. This could be due to many reasons but, the most likely explanation for 

instability is, the high copy number origin of replication present in cDRII and 

cDRIII. Many other studies have reported that a low copy number origin of 

replication bestows an increase in cloning stability (Kim et al., 1992; Jiang et al., 

1987; Little & Cross, 1985; Nakano et al., 1995; Speek et al., 1988). 

The original purpose of constructing these vectors was, to construct a deletion 

resistant cosmid using the 'mutant' plasmid pMS7 which seemed to stabilise a 571bp 

palindrome. An alternative explanation for the behaviour of pMS7 has been 

described in Chapters 3-5 of this thesis. This means that the backbone of cDRII and 

cDRIII is likely to be pUC 18 and therefore, is unlikely to contain a "stabilising 

mutation". 
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Summary 

At the onset of this work the aim was to construct a deletion resistant cosmid 

using pM*,  as part of the backbone. pM*  was isolated from pMS7, by removing the 

571bp palindrome with an EcoRJ digest. pMS7 appeared to contain a 'mutation' 

which stabilised the propagation of the 571bp palindrome. The concept was, if a 

'mutation' could stabilise a palindrome, then the 'mutation' could perhaps stabilise 

other unstable sequences. The results presented in Chapter 5 provided an alternative 

explanation for the phenotype of clones containing pMS7 when plated on AXI 

media. It was determined that pAC2 contained an unusual mutation, consisting of an 

inverted and directly duplicated region, (DIR). 

This thesis describes the fine structure analysis of pAC2 and its derivatives; 

and the construction of two new cosmids using pM*  as part of the backbone. 

In Chapter 3, SSCP analysis, and a number of fragment swap experiments are 

described. The purpose of these experiments was to determine if there was a 

difference between pUC 18 and pM*.  No difference was observed between fragments 

of pUC18 and pM*,  when run on SSCP gels. However, the fragment swap 

experiments did suggest a difference between pAC2 and pMS7; this was 

subsequently found to be due to the presence of DIR. 

In Chapter 4, the cloning of four different palindromes, one with 1 Obp of 

asymmetry at its centre, and three perfect palindromes, are described. The purpose of 

these experiments was to demonstrate that these palindromes could be cloned in 

pM*, but not in pUC18. This would provide evidence for the presence of a 

'mutation' in pM*  and demonstrate its possible usefulness for the cloning of other 

unstable sequences. It was possible to clone all four palindromes in pM*  but, not in 

pUC18. The results obtained provide evidence for differences between pUC18 and 

pM*. However, I invested much more time in attempting to ligate the palindromes 

into pM*.  I anticipate that it might be possible to clone the four palindromes in 

pUC 18, if as much effort was invested. 
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The copy number of pM*  167 and pM*  180 were also investigated. The results 

indicated a low copy number for each of the plasmids. Inviability and/or instability 

problems are known to be associated with the cloning of long DNA palindromes 

(reviewed by Leach, 1994); this provides an explanation for the observed low copy 

number of the plasmids. pM*  180 appears to have a higher copy number than 

pM* 167; this result confirms that asymmetry within a palindromic sequence 

influences the relative viability, of a plasmid containing a palindrome. 

The results presented in Chapter 5 revealed that pAC2 is primarily a hetero-

niultimer composed of one monomeric subunit containing the 571 bp palindrome and 

the other containing a novel mutation. This mutation was found to be composed of a 

direct and inverted repeat (DIR), of the EcoRI to BamHI site, in the polylinker 

region. pMS7 is primarily a homo-multimer and E. coil containing pMS7 is likely to 

represent, the normal situation for the propagation of the 571bp palindrome in 

pUC18. The sectoring phenotype observed when pAC2 clones are plated on AXI 

media is most likely due to the presence of the DIR structure. However, the direct 

mechanism of the production of pAC2 sectoring colonies is unknown. 

Chapter 6 describes the construction of three new cosmid vectors. The first, 

cDRI, was constructed by ligating pM*  to the cos containing fragment of c2XB. 

cDRI was found to be unstable so, further work on cDRI was discontinued. cDRII 

and eDRIII were constructed by ligating various fragments into pM*.  These vectors 

have been used successfully as cosmid vectors. However, the evidence presented in 

previous chapters shows that pM*  is unlikely to contain a mutation which stabilises 

palindromic sequences. Therefore, these cosmids are not likely to be deletion 

resistant. The cDR cosmids seem to suffer more instability problems than SuperCos 

when used to clone human genomic DNA. The most likely reason for this is the high 

copy number of pUC 18, as most cosmid constructions report a low to medium copy 

number to be favourable. 
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Discussion 

The results presented in this thesis describe the progressive search for an 

answer to the puzzle concerning, the differences in phenotype of clones containing 

pAC2 and pMS7 when plated on AXI media. The initial hypothesis regarding the 

sectoring phenotype of pAC2 was that it might be due to the 571bp palindrome 

deleting out from the EcoRI site in pUC18. It followed, that pMS7 might have 

contained a mutation which stabilised the 571bp palindrome. The discovery of the 

DIR mutation in pAC2 and pDIR1 provided an alternative conclusion. The sectoring 

"pAC2 like" phenotype observed was due to the presence of the DIR mutation. 

However, the mechanism for how the DIR mutation exerts this phenotype remains to 

be determined. No evidence for the presence of a mutation in pMS7 which stabilises 

palindromes was found. 

In the following sections I wish to discuss, a model for the formation of the 

DIR mutation, and the future development of cDRII and cDRIII. 

Model for the Formation of DIR 

The DIR mutation was first discovered and analysed in pDIR1, a derivative of 

pAC2 that sectored like pAC2, but did not contain the 571bp palindrome. The DIR 

structure was subsequently found in pAC2 also. Fine structure analysis of DIR 

revealed, it consists of a 42bp insert, which is both an inverted and direct repeat of 

the EcoPJ to BamHI site, in the polylinker region. The structure of the DIR mutation 

is most easily explained if the 571bp palindrome facilitates strand-slippage at the 

replication fork from the leading to the lagging strand (as summarised in Fig. 7.1). 

The first step, in the model for the formation of DIR, is the rare extrusion of 

the 571bp palindrome, to form a stable cruciform structure by intra-strand base-

pairing. Once formed the secondary structure causes the DNA polymerase to pause. 

This facilitates replication across the fork from the leading to the lagging strand. A 

new palindromic strand is formed which can fold back to form a hairpin, leading 
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strand synthesis can then resume by re-copying the already duplicated region. A 

further strand-slippage event across the base of the extruded 571bp palindrome leads 

to the loss of the original palindrome. This event uses the EcoRI sites as a direct 

repeats and results in the loss of the original palindrome. 

The model presented may only represent part of the mechanism for the 

formation of the DIR mutation. The complete model may be similar to the model 

proposed by Bi and Liu (1996; see Fig 1.3 in Chapter 1). In their model, replication 

slippage is associated with dimerisation, (a similar hypothesis is reviewed by 

Kuzminov, 1996). Further work would have to be completed, to establish such a link. 

The mechanism for how the DIR mutation exerts the pAC2 phenotype 

remains to be determined. Two possibilities are likely: deletion of the DIR mediated 

by a further strand-slippage event, or interference of transcription of lacZ' by DIR. 
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Figure 71 

Model for the formation of DIR. The 571bp palindrome is represented by long bold 

arrows; the EcoRI -BamHI fragment that is duplicated in DIR is represented by a 

short arrow; and the nascent leading strand is represented by a dashed line. 
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The future Development of cDRII and cDRIII 

In their present form cDRII and cDRIJI, seem to suffer more instability problems 

than SuperCos when used to clone human genomic DNA. The most likely reason 

being their high copy number as most cosmid constructions report a low to medium 

copy number to be favourable (see Chapter 1). Future developments of the cDR 

vectors would include the introduction of a medium to low copy number origin of 

replication and possibly, other useful features already present in other cosmids as 

previously described in Section 2 of Chapter 1. 
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APPENDIX 1 



Sequence of cDRII; 5'— 3' DNA; Length: 4885bp. 

1 GCGCCCAATA CGCAAACCGC CTCTCCCCGC GCGTTGGCCG ATTCATTAAT 

51 GCAGCTGGCA CGACAGGTTT CCCGACTGGA AAGCGGGCAG TGAGCGCAAC 

101 GCA?TTAATG TGAGTTAGCT CACTCATTAG GCACCCCAGG CTTTACACTT 

151 TATGCTTCCG GCTCGTATGT TGTGTGGAAT TGTGAGCGGA TAACAATTTC 

201 ACACAGGAAA CAGCTATGAC CATGATTACG ATTCGAGCT CGGTACCCGG 

GAATTC (EcoRI) 

251 GGATCCTCTA GAGTCGACCT GCAGGCATGC AAGCTTGGCA CTGGCCGTCG 

Multicloning Site (p13d8) 	 AAGCTT(HindIII) 

301 TTTTACAACG TCGTGACTGG GAAAACCCTG GCGTTACCCA ACTTAATCGC 

351 CTTGCAGCAC ATCCCCCTTT CGCCAGCTGG CGTAATAGCG AAGAGGCCCG 

401 CACCGATCGC CCTTCCCAAC AGTTGCGCAG CCTGPJTGGC GAATGGCGCC 

451 TGATGCGGTA TTTTCTCCTT ACGCATCTGT GCGGTATTTC ACACCGCATA 

501 TGGTGCACTC TCAGTACAAT CTGCTCTGAT GCCGCATAGT TAPGCCAGCC 

551 CCGACACCCG CCAACACCCG CTGACGCGCC CTGACGGGCT TGTCTGCTCC 

601 CGGCATCCGC TTACAGACAA GCTGTGACCG TCTCCGGGAG CTGCATGTGT 

651 CAGAGGTTTT CACCGTCATC ACCGAAACGC GCGAGACGAA AGGGCCTCGT 

701 GATACGCCTA TTTTTATAGG TTAATGTCAT GATAATAATG GTTTCTTAGA 

+ 

751 CGTTCACTTT ACGGGTCCTT TCCGGTGATC CGACGGTTAC GGGGCGGCGA 

+-4-+-1-++++OLIGO 1 ---------------------------------------

801 CCTCGCGGGT TTTCGCTATT TATGAAATT TTCCGGTTTA AGGCGTTTCC 

851 GTTCTTCTTC GTCATAACTT AATGTTTTTA TTTAAAATAC CCTCTGAAAA 

Lambda 431bp Fragment -------------------

901 GAAAGGAAAE GACAGGTGCT GAAAGCGAGG CTTTTTGGCC TCTGTCGTTT 



951 CCTTTCTCTG TTTTTGTCCG TGGAATGAAC AATGGAAGTC AACAAAAAGC 

------------------------------------------------------ 

1001 AGCTGGCTGA CATTTTCGGT GCGAGTATCC GTACCATTCA GAACTGGCAG 

------------------------------------------------------ 

1051 GAACAGGGAA TGCCCGTTCT GCGAGGCGGT GGCAAGGGTA ATGAGGTGCT 

------------------------------------------------------ 

1101 TTATGACTCT GCCGCCGTCA TAAAATGGTA TGCCGAAAGG GATGCTGAAA 

------------------------------------------------------ 

1151 TTGAGAACGA AAAGCTGCGC CGGGAGGTTG AAGAACTGCG GCAGGCCAGC 

------------------------------------------------------ 

1201 GAGGCAGATC AGATCCGTCG ACCTGCAGGG GGGGGGGGGC GCTGAGGTCT 

---------------- ************************************** 

1251 GCCTCGTGAA GAAGGTGTTG CTGACTCATA CCAGGCCTGA ATCGCCCCAT 

1301 CATCCAGCCA GAAAGTGAGG GAGCCACGGT TGATGAGAGC TTTGTTGTAG 

* ******** *******Kanamycin Genblock***** *************** 

1351 GTGGACCAGT TGGTGATTTT GAACTTTTGC TTTGCCACGG A7CGGTCTGC 

****************************************************** 

1401 GTTGTCGGGA AGATGCGTGA TCTGATCCTT CAACTCAGCA APJ4GTTCGAT 

****************************************************** 

1451 TTATTCAACA AAGCCGCCGT CCCGTCAAGT CAGCGTAATG CTCTGCCAGT 

1501 GTTACAACCA ATTAACCAAT TCTGATTAGA AAAICTCATC GAGCATCAAA 

****************************************************** 

1551 TGAAACTGCA ATTTATTCAT ATCAGGATTA TCAATACCAT ATTTTTGAAA 

1601 AAGCCGTTTC TGTAATGAAG GAGAAAACTC ACCGAGGCAG TTCCATAGGA 

****************************************************** 

1651 TGGCAAGATC CTGGTATCGG TCTGCGATTC CGACTCGTCC AACATCAATA 

****************************************************** 

1701 CAACCTATTA ATTTCCCCTC GTCAAAAATA AGGTTATCAA GTGAGAAATC 

****************************************************** 

1751 ACCATGAGTG ACGACTGAAT CCGGTGAGAA TGGCAAAAGC TTATGCATTT 

* *** * * ** ************* *** ******* * ********* *********** ** 

1801 CTTTCCAGAC TTGTTCAACA GGCCAGCCAT TACGCTCGTC ATCAAAATCA 

1851 CTCGCATCAA CCAAACCGTT ATTCATTCGT GATTGCGCCT GAGCGAGACG 

****************************************************** 

1901 AAATACGCGA TCGCTGTTAA AAGGACAATT ACAAACAGGA ATCGAATGCA 

1951 ACCGGCGCAG GAACACTGCC AGCGCATCAA CAATATTTTC ACCTGAATCA 

* * * * * * * * * * * * ***** * * * * ** * ** * * * * * *** * *** * * ** ** * **** * * * * * 
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2001 GGATATTCTT CTAATACCTG GAATGCTGTT TTCCCGGGGA TCGCAGTGGT 

2051 GAGTAACCAT GCATCATCAG GAGTACGGAT AAAATGCTTG ATGGTCGGAA 

2101 GAGGCATAAA TTCCGTCAGC CAGTTTAGTC TGACCATCTC ATCTGTAACA 

****************************************************** 

2151 TCATTGGCAA CGCTACCTTT GCCATGTTTC AGAAACAACT CTGGCGCATC 

****************************************************** 

2201 GGGCTTCCCA TACAATCGAT AGATTGTCGC ACCTGATTGC CCGACATTAT 

****************************************************** 

2251 CGCGAGCCCA TTTATACCCA TATAAATCAG CATCCATGTT GGAATTTAAT 

2301 CGCGGCCTCG AGCAAGACGT TTCCCGTTGA ATATGGCTCA TAACACCCCT 

****************************************************** 

2351 TGTATTACTG TTTATGTA2G CAGACAGTTT TATTGTTCAT GATGATATAT 

2401 TTTTATCTTG TGCAATGTAA CATCAGAGAT TTTGAGACAC AACGTGGCTT 

****************************************************** 

2451 TCCCCCCCCC CCCTGCAGGT CGACGGATCT CTCGATCACT TTACGGGTCC 

*******************************++..+..#####Oligo 2#### 

2501 TTTCCGGTGA TCCGACGGTT ACGGGGCGGC GACCTCGCGG GTTTTCGCTA 

------------------------------ 

2551 TTTATGAAAA TTTTCCGGTT TAAGGCGTTT CCGTTCTTCT TCGTCATAAC 

------------------------------------------------------ 

2601 TTAATGTTTT TATTTAAAAT ACCCTCTGAA AAGAAAGGAA ACGACAGGTG 

Lambda 431bp Fragment -----------------

2651 CTGAAAGCGA GGCTTTTTGG CCTCTGTCGT TTCCTTTCTC TGTTTTTGTC 

------------------------------------------------------ 

2701 CGTGGAATGA ACAATGGAAG TCAACAAAAA GCAGCTGGCT GACATTTTCG 

------------------------------------------------------ 

2751 GTGCGAGTAT CCGTACCATT CAGAACTGGC AGGAACAGGG AATGCCCGTT 

------------------------------------------------------ 

2801 CTGCGAGGCG GTGGCAAGGG TAATGAGGTG CTTTATGACT CTGCCGCCGT 

------------------------------------------------------ 

2851 CATAAAATGG TATGCCGAAA GGGATGCTGA AATTGAGAAC GAAAAGCTGC 

------------------------------------------------------ 

2901 GCCGGGAGGT TGAAGAACTG CGGCAGGCCA GCGAGGCAGA TCATCGAGTA 

----------------------#####+++ 

2951 CGTAGGTGGC ACTTTTCGGG GAAATGTGCG CGGAACCCCT ATTTGTTTAT 

3001 TTTTCTAAAT ACATTCAAAT ATGTATCCGC TCATGAGACA ATAACCCTGA 
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3051 TAAATGCTTC AATAATATTG AAAAAGGAAG AGTATGAGTA TTCA1CATTT 

3101 CCGTGTCGCC CTTATTCCCT TTTTTGCGGC ATTTTGCCTT CCTGTTTTTG 

3151 CTCACCCAGA AACGCTGGTG AI½AGTAAAAG ATGCTGAAGA TCAGTTGGGT 

3201 GCACGAGTGG GTTACATCGA ACTGGATCTC AACAGCGGTA AGATCCTTGA 

3251 GAGTTTTCGC CCCGAAGAAC GTTTTCCAAT GATGAGCACT TTTAAAGTTC 

3301 TGCTATGTGG CGCGGTATTA TCCCGTATTG ACGCCGGGCA AGAGCAACTC 

3351 GGTCGCCGCA TACACTATTC TCAG2ATGAC TTGGTTGAGT ACTCACCAGT 

3401 CACAGAAAAG CATCTTACGG ATGGCATGAC AGTAAGAGAA TTATGCAGTG 

3451 CTGCCATAAC CATGAGTGAT AACACTGCGG CCAACTTACT TCTGACAACG 

3501 ATCGGAGGAC CGAAGGAGCT AACCGCTTTT TTGCACAPCA TGGGGGATCA 

3551 TGTAACTCGC CTTGATCGTT GGGAACCGGA GCTGAATGAA GCCATACCAA 

3601 ACGACGAGCG TGACACCACG ATGCCTGTAG CAATGGCAAC A?CGTTGCGC 

3651 AAPCTATTAA CTGGCGAACT ACTTACTCTA GCTTCCCGGC AACAATTAAT 

3701 AGACTGGATG GAGGCGGATA AAGTTGCAGG ACCACTTCTG CGCTCGGCCC 

3751 TTCCGGCTGG CTGGTTTATT GCTGATAAAT CTGGAGCCGG TGAGCGTGGG 

3801 TCTCGCGGTA TCATTGCAGC ACTGGGGCCA GATGGTAAGC CCTCCCGTAT 

3851 CGTAGTTATC TACACGACGG GGAGTCAGGC AACTATGGAT GAPCGAATA 

3901 GACAGATCGC TGAGATAGGT GCCTCACTGA TTAAGCATTG GTAACTGTCA 

3951 GACCAAGTTT ACTCATATAT ACTTTAGATT GATTTAAAAC TTCATTTTTA 

4001 ATTTAAAAGG ATCTAGGTGA AGATCCTTTT TGATAATCTC ATGACCAAAA 

4051 TCCCTTAACG TGAGTTTTCG TTCCACTGAG CGTCAGACCC CGTAGAAAPG 
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4101 ATCAPJGGAT CTTCTTGAGA TCCTTTTTTT CTGCGCGTAA TCTGCTGCTT 

4151 GCAACAAAA AAPCCACCGC TACCAGCGGT GGTTTGTTTG CCGGATCAAG 

4201 AGCTACCAAC TCTTTTTCCG AAGGTAACTG GCTTCAGCAG AGCGCAGATA 

4251 CCAA1TACTG TCCTTCTAGT GTAGCCGTAG TTAGGCCACC ACTTCAAGA 

4301 CTCTGTAGCA CCGCCTACAT ACCTCGCTCT GCTAATCCTG TTACCAGTGG 

4351 CTGCTGCCAG TGGCGATAAG TCGTGTCTTA CCGGGTTGGA CTCAAGACGA 

4401 TAGTTACCGG ATAPGGCGCA GCGGTCGGGC TGAACGGGGG GTTCGTGCAC 

4451 ACAGCCCAGC TTGGAGCGAA CGACCTACAC CGAACTGAGA TACCTACAGC 

4501 GTGAGCTATG AGAAAGCGCC ACGCTTCCCG AAGGGAGAAA GGCGGACAGG 

4551 TATCCGGTAA GCGGCAGGGT CGGAACAGGA GAGCGCACGA GGGAGCTTCC 

4601 AGGGGGAAAC GCCTGGTATC TTTATAGTCC TGTCGGGTTT CGCCACCTCT 

4651 GACTTGAGCG TCGATTTTTG TGATGCTCGT CAGGGGGGCG GAGCCTATGG 

4701 AAAAACGCCA GCMCGCGGC CTTTTTACGG TTCCTGGCCT TTTGCTGGCC 

4751 TTTTGCTCAC ATGTTCTTTC CTGCGTTATC CCCTGATTCT GTGGATAACC 

4801 GTATTACCGC CTTTGAGTGA GCTGATACCG CTCGCCGCAG CCGAACGACC 

4851 GAGCGCAGCG AGTCAGTGAG CGAGGAAGCG GAPGA 

Sequence of cDRIII; 5— 3 DNA; Length: 4885bp. 

1 GCGCCCAATA CGCAAACCGC CTCTCCCCGC GCGTTGGCCG ATTCATTAAT 

51 GCAGCTGGCA CGACAGGTTT CCCGACTGGA AAGCGGGCAG TGAGCGCA1C 

101 GCATTAATG TGPGTTAGCT CACTCATTAG GCACCCCAGG CTTTACACTT 
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151 TATGCTTCCG GCTCGTATGT TGTGTGGAAT TGTGAGCGGA TAACAATTTC 

201 ACACAGGAAA CAGCTATGAC CATGATTACG AATTCGAGCT CGGTACCCGG 

GAATTC (EcoRI) 

251 GGATCCTCTA GAGTCGACCT GCAGGCATGC AAGCTTGGCA CTGGCCGTCG 

Multicloning Site (pUC18) 	 A7GCTT(HindIII) 

301 TTTTACAACG TCGTGACTGG GAAAACCCTG GCGTTACCCA ACTTAATCGC 

351 CTTGCAGCAC ATCCCCCTTT CGCCAGCTGG CGTAATAGCG APGAGGCCCG 

401 CACCGATCGC CCTTCCCA1C AGTTGCGCAG CCTGAATGGC GAATGGCGCC 

451 TGATGCGGTA TTTTCTCCTT ACGCATCTGT GCGGTATTTC ACACCGCATA 

501 TGGTGCACTC TCAGTACAAT CTGCTCTGAT GCCGCATAGT TAAGCCAGCC 

551 CCGACACCCG CCAACACCCG CTGACGCGCC CTGACGGGCT TGTCTGCTCC 

601 CGGCATCCGC TTACAGACAA GCTGTGACCG TCTCCGGGAG CTGCATGTGT 

651 CAGAGGTTTT CACCGTCATC ACCGAPJCGC GCGAGACGAA AGGGCCTCGT 

701 GATACGCCTA TTTTTATAGG TTAATGTCAT GATAATAATG GTTTCTTAGA 

+ 

751 CGTTCACTTT ACGGGTCCTT TCCGGTGATC CGACGGTTAC GGGGCGGCGA 

++++++++OLIGO 1 ---------------------------------------

801 CCTCGCGGGT TTTCGCTATT TATGAAATT TTCCGGTTTA AGGCGTTTCC 

851 GTTCTTCTTC GTCATAACTT AATGTTTTTA TTTAAAATAC CCTCTGAAAA 

Lambda 431bp Fragment -------------------

901 GAAAGGA1AC GACAGGTGCT GAAAGCGAGG CTTTTTGGCC TCTGTCGTTT 

951 CCTTTCTCTG TTTTTGTCCG TGGAATGAAC AATGGAAGTC AACAAAAAGC 

1001 AGCTGGCTGA CATTTTCGGT GCGAGTATCC GTACCATTCA GAACTGGCAG 

1051 GAACAGGGAA TGCCCGTTCT GCGAGGCGGT GGCAAGGGTA ATGAGGTGCT 

1101 TTATGACTCT GCCGCCGTCA TAAAATGGTA TGCCGAAAGG GATGCTGAAA 

1151 TTGAGAACGA AAAGCTGCGC CGGGAGGTTG AAGAACTGCG GCAGGCCAGC 
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1201 GAGGCAGATC AGATCCGTCG ACCTGCAGGG GGGGGGGGGA AAGCCACGTT 

---------------- ************************************** 

1251 GTGTCTCAAA ATCTCTGATG TTACATTGCA CAAGATAAAA ATATATCATC 

1301 ATGAACAATA AAACTGTCTG CTTACATAAA CAGTAATACA AGGGGTGTTA 

*****************Kanamycin Genblock******************* 

1351 TGAGCCATAT TCAACGGGAA ACGTCTTGCT CGAGGCCGCG ATTAAATTCC 

1401 A1CATGGATG CTGATTTATA TGGGTATAAA TGGGCTCGCG ATAATGTCGG 

* * *** ** * * ** ** * * * * * * * * * ** * * * * * * * ** * * ** * * * ** * * ** * * * * * * * * 

1451 GCAATCAGGT GCGACAATCT ATCGATTGTA TGGGAAGCCC GATGCGCCAG 

****************************************************** 

1501 AGTTGTTTCT GAAACATGGC AAAGGTAGCG TTGCCAATGA TGTTACAGAT 

****************************************************** 

1551 GAGATGGTCA GACTAAACTG GCTGACGGAA TTTATGCCTC TTCCGACCAT 

* * * ** ** * * * * * * * ** * * * * * * * * * * * * * * * * * * * * * * * ** * * * * * * * * * * *** 

1601 CAAGCATTTT ATCCGTACTC CTGATGATGC ATGGTTACTC ACCACTGCGA 

* * * * * * * * * * * * * ** * * * ** ** * * * * * * ** * * * * * * * * * * * * * * * * * * * * * *** 

1651 TCCCCGGGAA AACAGCATTC CAGGTATTAG AAGAATATCC TGATTCAGGT 

****************************************************** 

1701 GAAAATATTG TTGATGCGCT GGCAGTGTTC CTGCGCCGGT TGCATTCGAT 

****************************************************** 

1751 TCCTGTTTGT AATTGTCCTT TTAACAGCGA TCGCGTATTT CGTCTCGCTC 

****************************************************** 

1801 AGGCGCAATC ACGAATGAAT AACGGTTTGG TTGATGCGAG TGATTTTGAT 

* * * ** ** * * * * * * * * * * * * **** ** * * * * * * * * * * * * * * * * * * * * * * * * ** ** * 

1851 GACGAGCGTA ATGGCTGGCC TGTTGAACAA GTCTGGAAAG AAATGCATAA 

****************************************************** 

1901 GCTTTTGCCA TTCTCACCGG ATTCAGTCGT CACTCATGGT GATTTCTCAC 

****************************************************** 

1951 TTGATACCT TATTTTTGAC GAGGGGAAAT TAATAGGTTG TATTGATGTT 

****************************************************** 

2001 GGACGAGTCG GAATCGCAGA CCGATACCAG GATCTTGCCA TCCTATGGAP 

************ ** * * ** * ********************** ******** ** *** 

2051 CTGCCTCGGT GAGTTTTCTC CTTCATTACA GAAACGGCTT TTTCAAAAAT 

****************************************************** 

2101 ATGGTATTGA TAATCCTGAT ATGAATAAAT TGCAGTTTCA TTTGATGCTC 

****************************************************** 

2151 GATGAGTTTT TCTAATCAGA ATTGGTTAAT TGGTTGTA1C ACTGGCAGAG 
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2201 CATTACGCTG ACTTGACGGG ACGGCGGCTT TGTTGAATAA ATCGA1CTTT 

2251 TGCTGAGTTG AAGGATCAGA TCACGCATCT TCCCGACAAC GCAGACCGTT 

2301 CCGTGGCAAA GCAAAAGTTC AAAATCACCA ACTGGTCCAC CTACAACAAA 

2351 GCTCTCATCA ACCGTGGCTC CCTCACTTTC TGGCTGGATG ATGGGGCGAT 

2401 TCAGGCCTGG TATGAGTCAG CAACACCTTC TTCACGAGGC AGACCTCAGC 

2451 GCCCCCCCCC CCCTGCAGGT CGACGGATCT CTCGATCACT TTACGGGTCC 

*********++.++++#4###Q1igo 24### 

2501 TTTCCGGTGA TCCGACGGTT ACGGGGCGGC GACCTCGCGG GTTTTCGCTA 

------------------------------

2551 TTTATGAAAA TTTTCCGGTT TAAGGCGTTT CCGTTCTTCT TCGTCATAAC 

2501 TTAPTGTTTT TATTTAAAAT ACCCTCTGAA AAGAAAGGAA ACGACAGGTG 

Lambda 431bp Fragment ------------------

2651 CTGAAAGCGA GGCTTTTTGG CCTCTGTCGT TTCCTTTCTC TGTTTTTGTC 

2701 CGTGGAATGA ACAATGGAAG TCAACAAAAA GCAGCTGGCT GACATTTTCG 

2751 GTGCGAGTAT CCGTACCATT CAGAACTGGC AGGAACAGGG AATGCCCGTT 

2801 CTGCGAGGCG GTGGCAAGGG TAATGAGGTG CTTTATGACT CTGCCGCCGT 

2851 CATAAAATGG TATGCCGAAA GGGATGCTGA ATTGAGAAC GAAAAGCTGC 

2901 GCCGGGAGGT TGAAGACTG CGGCAGGCCA GCGAGGCAGA TCATCGAGTA 

---------------------- 

2951 CGTAGGTGGC ACTTTTCGGG GAAATGTGCG CGGAACCCCT ATTTGTTTAT 

3001 TTTTCTAAAT ACATTCAAAT ATGTATCCGC TCATGAGACA ATAACCCTGA 

3051 TAAATGCTTC AATAATATTG AAAAAGGAG AGTATGAGTA TTCAACATTT 

3101 CCGTGTCGCC CTTATTCCCT TTTTTGCGGC ATTTTGCCTT CCTGTTTTTG 

3151 CTCACCCAGA AACGCTGGTG AAAGTAAAAG ATGCTGAAGA TCAGTTGGGT 

3201 GCACGAGTGG GTTACATCGA ACTGGATCTC AACAGCGGTA AGATCCTTGA 
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3251 GAGTTTTCGC CCCGAAGAAC GTTTTCCAAT GATGAGCACT TTTAAAGTTC 

3301 TGCTATGTGG CGCGGTATTA TCCCGTATTG ACGCCGGGCA AGAGCAACTC 

3351 GGTCGCCGCA TACACTATTC TCAGAATGAC TTGGTTGAGT ACTCACCAGT 

3401 CACAGAAAAG CATCTTACGG ATGGCATGAC AGTA-AGAGAA TTATGCAGTG 

3451 CTGCCATAAC CATGAGTGAT AACACTGCGG CCAACTTACT TCTGACAACG 

3501 ATCGGAGGAC CGAAGGAGCT AACCGCTTTT TTGCACAACA TGGGGGATCA 

3551 TGTAACTCGC CTTGATCGTT GGGA1CCGGA GCTGAATGAA GCCATACCAA 

3601 ACGACGAGCG TGACACCACG ATGCCTGTAG CAATGGCAAC AACGTTGCGC 

3651 AAACTATTAA CTGGCGAACT ACTTACTCTA GCTTCCCGGC AACAATTA1T 

3701 AGACTGGATG GAGGCGGATA AAGTTGCAGG ACCACTTCTG CGCTCGGCCC 

3751 TTCCGGCTGG CTGGTTTATT GCTGATAAAT CTGGAGCCGG TGAGCGTGGG 

3801 TCTCGCGGTA TCATTGCAGC ACTGGGGCCA GATGGTAAGC CCTCCCGTAT 

3851 CGTAGTTATC TACACGACGG GGAGTCAGGC AACTATGGAT GAACGAAATA 

3901 GACAGATCGC TGAGATAGGT GCCTCACTGA TTAAGCATTG GTAACTGTCA 

3951 GACCAAGTTT ACTCATATAT ACTTTAGATT GATTTAAAAC TTCATTTTTA 

4001 ATTTAAAAGG ATCTAGGTGA AGATCCTTTT TGATAATCTC ATGACCAAAA 

4051 TCCCTTAACG TGAGTTTTCG TTCCACTGAG CGTCAGACCC CGTAGAAA]G 

4101 ATCAAAGGAT CTTCTTGAGA TCCTTTTTTT CTGCGCGTAP TCTGCTGCTT 

4151 GCAAACAAAA AAPCCACCGC TACCAGCGGT GGTTTGTTTG CCGGATCAAG 

4201 AGCTACCAAC TCTTTTTCCG AAGGTAACTG GCTTCAGCAG AGCGCAGATA 

4251 CCAA1TACTG TCCTTCTAGT GTAGCCGTAG TTAGGCCACC ACTTCAAGAA 
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4301 CTCTGTAGCA CCGCCTACAT ACCTCGCTCT GCTAATCCTG TTACCAGTGG 

4351 CTGCTGCCAG TGGCGATAAG TCGTGTCTTA CCGGGTTGGA CTCAAGACGA 

4401 TAGTTACCGG ATAAGGCGCA GCGGTCGGGC TGAACGGGGG GTTCGTGCAC 

4451 ACAGCCCAGC TTGGAGCGAA CGACCTACAC CGAACTGAGA TACCTACAGC 

4501 GTGAGCTATG AGAAAGCGCC ACGCTTCCCG AAGGGAGAAA GGCGGACAGG 

4551 TATCCGGTAA GCGGCAGGGT CGGPACAGGA GAGCGCACGA GGGAGCTTCC 

4601 AGGGGGAA1C GCCTGGTATC TTTATAGTCC TGTCGGGTTT CGCCACCTCT 

4651 GACTTGAGCG TCGATTTTTG TGATGCTCGT CAGGGGGGCG GAGCCTATGG 

4701 AAPAACGCCA GCAACGCGGC CTTTTTACGG TTCCTGGCCT TTTGCTGGCC 

4751 TTTTGCTCAC ATGTTCTTTC CTGCGTTATC CCCTGATTCT GTGGATAACC 

4801 GTATTACCGC CTTTGAGTGA GCTGATACCG CTCGCCGCAG CCGAACGACC 

4851 GAGCGCAGCG AGTCAGTGAG CGAGGAAGCG GAAGA 

158 




