Cranfield University

Elizabeth E.A. Bull

Towards a Low-Cost Clinical Multiple Mutation Diagnostic:

Cystic Fibrosis as a Model

Institute of BioScience and Technology

PhD Thesis



ProQuest Number: 10832250

All rights reserved

INFORMATION TO ALL USERS
The quality of this reproduction isdependent upon the quality of the copy submitted.

In the unlikely event that the author did not send a complete manuscript
and there are missing pages, these will be noted. Also, if material had to be removed,
a note will indicate the deletion.

uest

ProQuest 10832250

Published by ProQuest LLC(2018). Copyright of the Dissertation is held by Cranfield University.

All rights reserved.
This work is protected against unauthorized copying under Title 17, United States Code
Microform Edition © ProQuest LLC.

ProQuest LLC.

789 East Eisenhower Parkway
P.O. Box 1346

Ann Arbor, M 48106- 1346



Cranfield University

Institute of BioScience and Technology

PhD Thesis
Academic Years 1998-2001

Elizabeth E.A. Bull

Towards a Low-Cost Clinical Multiple Mutation Diagnostic:

Cystic Fibrosis as a Model

Supervisors- Dr. David C. Cullen, Dr. Stan Evans, Dr. John

O’Donnell and Professor Phil Warner

May 2002

This thesis is submitted in partial fulfilment of the requirements for the degree of
Doctor of Philosophy



Abstract

Cystic fibrosis is used in this wofk as an exampie of a genetic disease where early
diagnosis and medical intervention can improve quality of life. Current methods of
cystic fibrosis diagnosis rely heavily on the sweat test, a biochemical methéd of
measuring the concentration of sodium and chloride in sweat. A repeat test is required
for sodium levels between 40 and 70 mmol per litre, which may occur in babies with
either mild or no cystic fibrosis. The advantage of a DNA test is that a cut off value is
not necessary, this reduces false positive and negative results. A mutation is eithef
present in a person’s DNA or it is absent. Cystic fibrosis has been éssociated with over
500 mutations, therefore a type of mutation detection Qas investigated which could
potentially examine a large proportion of these in one test. A simple, low cost method
of mutation detection is required for use within the National Health Service. The
reverse dot blot hybridisation allows a known sequencé_ of DNA to be placed on a
membrane (mutant and wild type) and hybridised with an unknown sequence (patients’
DNA). Covalent coupling of oligonucleotides to membrane produced increased
attachment over physical attachment as examined via radioactive labels. Polystyrene
slides were chemically modified (using 5% potassium permanganate in 1.2M H,SOy) to
provide carboxyl groups for the covalent attachment of aﬁﬁno terminated
oligonucleotides. Human DNA was amplified by PCR, labelled with biotin and
detected via chemiluminesceﬁce. Genomic DNA was extracted from blood samples
with thé Qiagen QIAamp system and both wild type and mutant sequences were
amplified. Hybridisations were performed on nylon membranes and modified
polystyrene slides. Hybridisatioh was specific at high stringency (0.1%SDS/0.1XSSC).

Further work is required to produce a prototype diagnostic device.
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1 Introduction and Literature Review

1.1 Overview

Genetic diseases have a significant impact on the lives of people who have them and
those around them. In some cases early diagnosis can allow early treatment to delay
deterioration of the disease and improve prognosis. This thesis describes attempts to
move towards a reliable, easy to use 'genetic diagnostic system for use in a District
General Hospital. Cystic Fibrosis is used as a model throughout, although the work
may apply equally well to other genetic diseases that are linked to specific defects at the
molecular level.

1.1.1 Aims

The major aim of this project is to work towards a hybridisation based system for
genetic mutation detection in human DNA. The system will detect different types of
mutation (for example, deletions and point mutations) and will use cystic fibrosis
sequences as a model, although the conclusions should be easily transferable to other

sequences.

This work will investigate three areas, 1) methods of labelling target DNA and detection
of hybridisation, 2) methods of attaching DNA to various surfaces prior to hybridisation

and 3) hybridisation conditions to ensure specificity of hybridisation.

The final sysvtem should be easily used by someone with no specialised training in
molecular biology. It should have a short run time and use few reagents, making it
cheap to use. The test results should be reproducible, ensuring correct mutation
detection and the test itself should be cheap to produce to make it a viable option for use

in a District General Hospital.



1.2 Review of DNA Diagnostics

This section of the thesis will review present methods of using DNA to diagnose disease
as a background to the work described later.

1.2.1 Overview of Genetic Disease

Genetic disease is caused by an alteration in the DNA of an individual, which is usually
passed down from either one, or both parents. Such diseases may either be due to a
single mutation in a single gene, or multiple mutations in the same or different genes.
Some diseases have a genotype-phenotype correlation, where the severity of the disease
can be predicted based on the mutation present in the individual’s DNA, in these cases
it may be useful to identify the mutation present in order to adjust the patient’s

treatment.

Disease causing mutations may be deletions, insertions or base changes. The type of
mutation may affect the severity of the disease, deletions or insertions often lead to the
production of a more deficient protein than single base changés.

1.2.2  Past and Current Approaches to Diagnostics

Until the specific mutations in the gene or genes causing a disease are known, the
disease must be diagnosed on the basis of clinical and biochemical findings. Non-
specific methods of mutation detection are available, however care must be téken when
using these not to diagnose a harmless polymorphism (a variation of a sequence that has

no effect on the final protein) as a mutation.

1.2.2.1 Biochemical-based diagnosis

Before DNA diagnosis was widely available, biochemical methods of diagnosis were
used. This, and the following five sections consider the biochemical methods of

diagnosis currently available as alternative methods to DNA diagnosis once again using



cysﬁc fibrosis as a model disease. Biochemical methods of testing for diseases such as
cystic fibrosis have been known for a relatively long time, although lAack of detailed
knowledge of the biochemical defects involved with such diseases has meant that the
direction of test development is not obvious. Neonates have been tested for cystic
fibrosis since 1959 (Gibson and Cooke) as early intervention with treatments such as
vigorous antibiotic treatment for chest infections, physiotherapy and the use of enzyme
supplements have been observed to improve quality and length of life for cystic fibrosis
patients (Larsen ef al. 1994). The earlier a diagnosis of cystic fibrosis is made, the

sooner suitable treatment can be given.

Methods of diagnosis of cystic fibrosis originally relied solely on the fact that the sweat
of cystic fibrosis patients contained increased sodium and chloride. The biochemical
defect associated with cystic fibrosis is not fully understood, although it is known that
levels of certain substances, for example, sodium, Immunoreactive Trypsin (IRT), and
Pancreatitis-associated Protein (PAP) are usually altered in cystic fibrosis patients, and
this knowledge can be utilised when developing tests (Iovanna et al., 1994, Crossley et
al., 1981). |
1.2.2.2 Cystic fibrosis diagnosis by sweat testing
The first sweat test was devised by Gibson and Cooke in 1959, it consisted of an electric
cuxfent being used to introduce pilocarpine nitrate into the skin. The pilocarpine nitrate
stimulates the sweat glands to produce sweat, which is abéorbed onto filter paper. The
sweat can then be tested for sodium and chloride concentration. Chloride alone may be
tested for directly from the skin, although this may be an unreliable diagnostic indicator
as it has a wider range of ‘normal’ values than sodium and some medications, such as

the antibiotic Cloxacillin, are known to affect levels of chloride measured this way



(Heeley and Watson, 1983). ‘Normal’ values for sweat sodium are between 8 and 40
mmol per litre, and for sweat chloride are between 8 and 50 mmol per litre (Heeley and
Watson, 1983). The levels of sweat sodium that are associated with cystic fibrosis are
above 70 mmol per litre (Heeley and Watson, 1983). The concentration of sodium in
sweat is normally higher than that of chloride although if a high sodium concentration is
observed in conjunction with a low chloride concentration, this may indicate
contamination by detergent. Values of sodium between 40 and 70 mmol per litre

- indicated the necessity for a retest, and may be observed in cases of milder cystic
fibrosis (Mckendrick, 1962). These values are only representative of normal and
abnormal values in infancy and early childhood. As the child gets older, the amount of
sodium and chloride present in sweat increases regardless of disease. The most
common cystic fibrosis mutation in the white European population is AF508, a deletion
of three bases. A second mutation (R553Q) has been associated with patients
homozygous for AF508 who have normal sweat electrolyte concentration, suggesting
that the sweat test may be inconclusive (Stern, 1997). Several diseases other than cystic
fibrosis, such as Addison’s disease and Nephrotic syndrome, are known to increase the
sodium in a sweat test, and whilst these are unlikely to be confused with cystic fibrosis,
it is important not to rely on a sweat test alone for confirmation of cystic fibrosis

diagnosis (Heeley and Watson, 1983).

1.2.2.3 Cystic fibrosis diagnosis by measuring meconium albumin

It was discovered that the meconium (intestinal contents of the neonate) of cystic
fibrosis patients showed an increase in albumin compared to normal levels (Green et al.
1958). A simple test, using a colour change to indicate meconium albumin loads of

over approximately 20 mg/g, was devised by Stephan et al. (1975) which was observed



to give positive results in 75-100% of babies with cystic fibrosis (Heeley and Watson,

1983). Unfortunately a high number of false negative results were also observed.

1.2.24 Cystic fibrosis diagnosis by measuring Immunoreactive Trypsinogen

Immunoreactive Trypsinogen (IRT) is normally present in low amounts in blood. When
the pancreas does not work properly, as in cases of cystic fibrosis, it may allow small
amounté of IRT to ‘leak’ into the blood stream. Crossley et al. (1977) designed the first
neonatal screening test for cystic fibrosis; they measured IRT in faecal trypsin.
ﬁnfortunately the method produced both false positive and false negative results. In
1979 Crossley et al. discovered high levels of IRT in the blood of babies with cystic
fibrosis and by 1981 had developed a radioimmunoassay using polyclonal antibodies for
IRT on samples taken from blood spots on Guthrie cards (Crossley et al. 1981).
Bowling et al. (1987) describe an alternative assay to identify levels of IRT in neonatal
blood spots. The assay uses monoclonal antibodies to IRT, which are more specific

than the polyclonal antibodies previously used by Crossley et al. (1981).

1.2.2.5 Cystic fibrosis diagnosis by measuring Pancreatitis-associated protein

Pancreatitis-associated protein (PAP) is a better marker of alteration of pancreatic
function than IRT. In adults PAP is leaked into the blood only after prolonged
pancreatic alteration, although trypsin may‘be released when there is a transient
obstruction of the pancreatic duct (Iovanna et al. 1994). Elevated PAP is seen in all
babies with cystic fibrosis. False positivé results are only seen where there is a high
level of IRT or when babies are heterozygous for cystic fibrosis. This method gives
slightly better discrimination than jRT testing (Iovanna et al. 1994). PAP discriminates
between babies with cystic fibrosis and those with a wild type genotype, however

heterozygotes may or may not have elevated PAP levels. The levels of PAP are



measured in blood spots using an ELISA with monospecific polyclonal antibodies to

PAP.

1.2.2.6 Summary of biochemical methods of cystic fibrosis diagnosis

In 1983 Heeley and Watson reviewed the different biochemical methods available for
predicting whether or not a patiént has cystic fibrosis, covering swéat tests, meconium
ileus and methods of measuring trypsin. They concluded that accurate sweat tésting
remains the main method of biochemical diagnosis for cystic fibrosis. They also

suggested that the centralisation of sweat testing would improve early diagnosis.



Table 1. Summary of biochemical tests for cystic fibrosis

Test Brief description Advantages Disadvantages References
Sweat Test Pilocarpine nitrate is Non-invasive test. | ‘Normal’ values Gibson and Cooke
introduced to the skin via for sodium may (1959)
an electric current, which include those
induces sweating. The from patients with
sweat is collected on mild CF. Other
filter paper and levels of diseases may
sodium and chloride increase sweat
concentrations are sodium. The test
measured. may not always
be accurate.
Meconium Neonatal meconium Meconium can be | High numbers of | Green et al. (1958)
Albumin Loads albumin loads were collected non- false negatives Stephen et al.
observed to be higherin | invasively. and false positives | (1975)
cystic fibrosis patients. were observed '
Immunoreactive Blood IRT levels were Blood spots on Blood collection | Crossley et al.
Trypsinogen (IRT) | measured using a Guthrie cards is invasive. (1981)
radioimmunoassay. simplified mass Radiolabels
screening. preferably
avoided.
IRT detection with | Monoclonal antibodies Monoclonal Blood collection | Bowling et al.
monoclonal were used to identify antibodies are is invasive. (1987)
antibodies IRT in blood. more specific than
polyclonal.
Colourimetric
detection.
Pancreatitis- PAP is a marker of Elevated PAP is Heterozygotes for | Iovanna et al.
associated protein | altered pancreatic séen in all babies | CF may or may (1994)
(PAP) function. with CF. not have elevated

PAP levels.




1.2.2.7 DNA-Based Diagnostics

There are several methods of mutation detection that can be used to detect genetic
mutations; these methods have been categorised as specific and non-specific methods of
detection. Non-specific detection methods identify the presence of an alteration to a
sequence; these include denaturing gradient gel electrophoresis (DGGE) (Loumi et al,
1999), single strand conformational polymorphism (SSCP) (Murakami et al. 1991),
heteroduplex analysis (Schwarz, 1998), chemical or enzyme cleavage of mismatch (C or
ECM) (Rodrigues et al. 1990 and Hsu et al. 1998) and the protein truncation test (PTT)

“(Schwarz, 1998).

A difference in sequence will cause a difference in annealing temperature. DGGE uses
a gradient of temperature or chemical denaturing agents such as urea and formamide to
denature the DNA duplex as it moves through a polyacrylamide gel. As denaturation
occurs the mobility of the DNA will become retarded and therefore different sequences
will cease migration at different pints in their migration through the gel. A GCrich
‘clamp’ is often used at one end of the duplex in order to prevent complete denaturation

(Loumi et al., 1999).

SSCP uses the ability of single stranded DNA to form secondary structures which are
dependant on the sequence of that DNA. Even a single nucleotide alteration may cause
a different structure to be formed and so the DNA will migrate to a different place on a

polyacrylamide gel (Murakami ef al. 1991).

In heteroduplex analysis the unknown sequence is hybridised to a known sequence, this
will wither form a homoduplex (that is, a duplex of DNA where the strands are

complementary) or a heteroduplex (where there is a mismatch. The mobility of a



heteroduplex will be retarded compared to the mobility of of a homoduplex (Schwarz,

1998).

Cleavage of mismatch can be carried out using chemicals (for example, as used by
Tessitore et al,. 2002 for Rhodopsin mutation detection) or enzymes (as used by Hsu et
al., 1998 for cystic fibrosis mutation detection). The unknown sequence of DNA is
hybridised to a known sequence. If the duplex is cleaved (as indicated by the presence
of two small bands after gel electrophoresis, compared to one large one) then there was

a difference between the sequences

In the PTT PCR products are used for the in vitro syntesis of RNA, which is in turn
translated into protein. The protein produced in this way is analysed on a gel and
compared to the normal protein. Where there has been a mutation causing premature
termination of translation, the protein will be shorter thah normal, and this will be

identifiable after gel analysis (Schwarz, 1998).

Non-specific methods will only identify a change in sequence; they cannot distinguish
between a mutation and a harmless polymorphism because they do not identify specific

sequence changes.

In 1998 Kohler ef al. described a method of detecting mutations which involved
immobilising biotin labelled target DNA onto streptavidin coated microplates.
Oligonucleotides were labelled with 5’-fluorescein isothiocyanate and hybridised to the
target. Correctly matched probe and target were cleaved using the restriction enzyme
Hhal, and the probe label was washed away. Thus, a signal was seen only in those

wells where the probe and target were incorrectly matched.



Brinson et al. (1999) performed multiplex PCR and thep used the product in én
Oligonucleptide Ligation Assay (OLA) with three probes. Each probe was labelled
with a different fluorescent dye, one probe represented the wild type sequence, one
represented the mutant sequence, and one would hybridise to both. When two probes
hybridise adjacent to one another, they are joined by ligase and the prAesence or absence
of a mutation can be identified depending on which label is observed when the probes
are analysed on a gel. A size standard was labelled with a fourth colour. This method

was found to give 100% reliability.

There are several methods of specific mutation detection includin'g reverse dot blot
hybridisation(RDB) (Kawasaki and Chehab, 1994), restriction enzyme digestion
(Schwarz, 1998), rolling circle amplification (RCA) (Hatch et al. 1998), and
amplificétion refractory mutation_detection system (ARMS) (Newton et al. 1989).
Many of these methods have already been investigated for use in cystic fibrosis

diagnosis.

The RDB uses the principle of DNA hybridisation. A short oligonucleotidé of known
sequence is attached to. a membrane (usually by UV-crosslinking or baking). If an
unknown sequence can hybridise to the oligonucleotide (with adequate stringency
conditions) it can be concluded that the unknown sequence contains the complementary

sequence to the oligonucleotide.

~ Restriction enzyme digestion relies on the fact that restriction enzymes will only cleave
DNA at a specific sequence. If the mutation being studied either creates, or destroys
one of these sequences, the presence or absence of the digestion will indicate the

presence or absence of a mutation when the digest is run on a gel.
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The use of RCA for mutation detection was first published in 1999. Short
oligonucleotides are immobilised on a support; the target is hybridised to these and then
circularised using DNA ligase and amplified using the immobilised oligonucleotide as a
primer. Radioactively labelled nucleotides are incorporated and the primers are washed
off the support and run on a gel for detection. RCA is still a relatively new method and
has been used to identify a known mutation in the breast cancer gene, BRACA 1 (Hatch
et al., 1998), to increase the sensitivity of microarrays (Nallur ef al., 2001) and in the

genotyping of single nucleotide polymorphisms (Farugi et al, 2001).

ARMS uses PCR to identify mutations (Newton et al. 1989). Primers are developed
which will anneal to either the mutated or wild type sequence, with the altered base at
the 3’ end of the primer. If there is a product, the unknown sequence is complementary
to the primer, if not, it is different. In commercial ARMS based cystic fibrosis tests (for
example Elucigene CF20, Zeneca), each tube contains two sets of primers, one that will
amplify the wild type version of mutation A and one that will amplify the mutated
version of mutation B. The second tube contains primers that will amplify the mutated
version of mutation A and the wild type version of mutation B. The PCR products are
run on a gel and the presence and absence of bands indicates which mutations the

individual carries.
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Table 2. The advantages and disadvantages of specific methods of mutation

detection.

Test Brief description Advantages Disadvantages Reference
Enzyme cleavage | DNA is immobilised | For testing a Each mutation Kohler et al.
of mismatch onto a microtitre single mutation, | requires a different | (1998)
ECM) plate, hybridised to a | thisisa experiment.
labelled relatively simple Not all mutations
oligonucleotide and | method. .
will have a
cleaved with Hhal.
sequence that a
Label is washed -
restriction enzyme
away where there is will cut.
mismatch.
Oligonucleotide Three different 100% reliability. | The cost of using | Brinson et al.
ligation assay fluorescent-labelled Different probe four differently (1999)
(OLA) probes hybridise to can be designed labelled probes in
the wild type to detect each experiment is
sequence, the mutant different prohibitive.
sequence and both. .
mutations.
The sequence is
determined by which
probes hybridise. A
fourth probe is
labelled as a size
‘marker.
Reverse dot blot An oligonucleotide | Many mutations | Membranes can be | Kawesaki ez al.
(RDB) is attached to a can be analysed | cumbersome, and | (1993)

surface and
hybridised to a
labelled target. The
presence of a signal
indicates the
sequences are

complementary.

in one

experiment.

require relatively
large amounts of
solutions such as
hybridisation
buffer.

Southern (1996)

Table continued on next page
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Continuation of Table 2

Rolling circle An oligonucleotide New method, only | Hatch et al.(1998)
amplification is attached to a solid tested using one
(RCA) support and mutation.

hybridised to the Radiolabels are

target, which is then preferably

circularised. avoided.

Amplification

incorporates

radiolabelled

nucleotides using the

oligonucleotide as a

primer.
Amplified Sequence specific Reliable system, [ Many PCR Elucigene CF(20)
refractory primers are used in commercially reactions needed Zeneca
mutation detection | PCR for both wild available. to test each patient | Diagnostic, UK.

system (ARMS)

type and mutant
sequences in
separate PCR

reactions.

for many

mutations.
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1.2.2.8 Neonatal Screening for cystic fibrosis

Neonatal screening requires a test that can be carried out on every newborn baby to
detect a particular disease. Both biochemical and genetically based tests can be used for

screening, although the test must be easy to carry out, inexpensive and also reliable.

The first biochemical test for cystic fibrosis analysed faecal trypsin (Crossley et al.
1977), although false positive and false negative results were observed. Testing then
moved on to look at IRT levels in blood (Crossley et al. 1981). Heeley et al. (1983)
also detected IRT in blood and found a very low false positive rate of one in 19,500
babies tested, although they theorised that it would be possible to increase the
specificity to 100% with no alteration to the sensitivity of the test. In order to make a '
screening test valid, it is important that the test is both sensitive (identifies as many

affected people as possible) and specific (identifies only those with a particular disease).

In 1991 Elliott looked critically at measuring levels of immunoreactive trypsin (IRT)
using radioimmunoassay. Several methods of error reduction were pﬁt propsed, the two
most viable being automation, and clinical follow up. Elliot (1991) suggested that each
patient underwent two forms of testing. It was found that the use of both IRT and
AF508 testing (on the same patients), reduced false positive results from 5% to 3% in a

sample population of 5,040 new-borns tested.

PAP testing gives better discrimination between affected and unaffected individuals
than IRT testing and Iovanna et al. (1994) have proposed this method as a suitable

candidate to be considered for neonatal screening for cystic fibrosis.

Genetic analysis is highly specific for identifying cystic fibrosis, although the large

number of possible mutations makes screening difficult. This wide range of mutations
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is currently the major obstacle to mutation sc_reening of the population, closely followed
by the risk of identifying babies as carriers of a mutation when they are too young to
give their consént to testing (Beaudet, 1990; Ten Kate, 1990). Other concerns about
screening include worries about the reliability and specificity of any test used and the
possibility of discrimination against carriers of a mutation or people with an ‘affécted’

genotype who show mild symptoms (Billings, 1990).

Genetic detection of the AF508 mutation is useful for screening because 80% of cystic
fit;rosis patients carry this mutation (Riordan et al., 1989; The Cystic Fibrosis Genetic
Analysis Consoniﬁm, 1990). This mutation can be detected via PCR (see section
1.2.2.9.). An additional method of screening is required, however, to identify the

remaining 20% of cystic fibrosis patients who do not have this mutation.

In 1991 Laroche and Travert used PCR to amplify the KM.19 marker from dried blood
spots. Diagnosis was given after a sweat test, although only babies with high levels of
IRT and an indicative KM.19 genotype were recalled for sweat test’s. This method was
seen to be slightly more sensitive than simply testing for the AF508 mutation, which
would only pick up a maximum of 80% of patients. KM.19 testing can identify up to
96% of patients with cystic fibrosis, depending on which alleles are chosen to indicate
IRT testing should be performed. Larsen et al. (1994) used IRT tests, then sweat tests
and found good sensitivity and specificity in the case of the IRT tests, although they
suggested that the cut off point for the level of IRT in neonatal blood should be altered
in order to identify more babies with cystic fibrosis. This would, however, increase the

risk of babies being called for a retest when they do not have cystic fibrosis.

| Currently in the UK 30% of babies are screened for cystic fibrosis. Each baby born in

“the UK has a heel prick blood spot taken to test for phenylketonuria (PKU) and
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congenital hypothyroidism (CHT) at 6 days; it is relatively easy to take additional blood
spots at this time. The use of these blood spots allows mass screening of all new-borns.
It is known that IRT levels are elevated in 95% of babies with cystic fibrosis in the first
four weeks after birth. An assay to detect le\}els of IRT from dried blood spots was
developed by Crossley et al. (1981). At six days, levels of IRT are not as specific to
cysﬁq fibrosis as a second sample, taken at four weéks. If the second sample proves
inconclusive, a sweat test is performed (Pollitt, 1996). Screening tests using
monoclonal antibodies against trypsinogen have been proposed as they produce few
false results (Bowling et al. 1987). Iovanna et al. (1994) identified the main
disadvantage with using IRT levels to screen for cystic fibrosis to be the cut off point
for classifying a result as representing ‘elevated’ IRT. The cut off point must be chosen
so that all affected babies are identified whilst excluding the majority of unaffected. It is
difficult to achieve this, and there is always a risk of missing an affected child due to the
fact that IRT is not always elevated in affected babies. A study by Farrell et al. (2001)
in Wisconsin (USA) concluded that a two tier method of screening (IRT and DNA

testing) identified more affected babies than IRT testing alone.

1.2.2.9 Current Genetic Testing of Cystic Fibrosis

The cystic fibrosis transmembrane conductance regulator (CFTR) gene is located at
7931 (Rommens et al. 1989). The cystic fibrosis mutation that is most commonly found
in the Caucasian population is AF508, a three base deletion (Riordan et al. 1989; The
Cystic Fibrosis Genetic Analysis Consortium, 1990). The genetics of cystic fibrosis
will be discussed in further detail in section 1.3. One simple way to detect AF508 is to
amplify the region of exon 10 around it and analyse the product by agarose gel

electrophoresis. The DNA of a patient who has the AF508 mutation will produce a
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smaller PCR product (by 3 bases) than the wild type DNA (Schwarz, 1998). This ’
method was used in Brazil to identify the percentage of AF508 mutations in the
population (Raskin et al. 1993). This simple technique has been modified in order to
increase the difference in size between mutant and wild type PCR fragments. Veronina
et al. (1991) used two upstream primers of different lengths. The primer that annealed
to the wild type sequence was 26 base pairs and that which annealed to the mutated
sequence was 22 base pairs. These different length primers increase the size difference
between wild type and AF508 containing PCR products to 7 bases. The larger the
difference in PCR fragment size, the more quickly gel analysis may be carried out.
Fortina et al. (1992) used fluorescence based, multiple allele specific PCR (MASPCR)
to reduce the number of PCRs required per patient. Three different fluorescent labels
were used, the normal primer was tagged with a blue label, the primer for the AF508
mutation was tagged with a green label, and internal size standards were tagged with red
labels. All PCR products were analysed in one lane of a gel, thus, only one PCR and
one lane on a gel is required for each patient. These PCR based methods are capable of
distinguishing between patients heterozygous and homozygous for the AF508 mutation.
Unfortunately the methods are only suitable for detecting deletions of three bases or
more, for example, the AF508 mutation, or another cystic fibrosis mutation which is a
three base deletion, AI5S07. PCR based methods are unable to identify point mutations
as easily as a three base deletion. Costes et al. (1993) identified a method of using
DGGE to detect bystic fibrosis mutations. The method analysed 15 exons of the CFTR
gene and detected nearfy 50% of all mutations described at the time. Costes et al.
believed that the analysis of an additional four exons would increase the detection rate

to 95% of possible mutations.
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Mismatch cleavage, where enzymes or chemicals are used to cleave a mismatch in a
duplex, has been used to detect the AF508 cystic fibrosis mutation. Hsu et al. (1998)
showed that mismatch cleavage is a possible method of identifying the AF508 mutatiqn.
A target and a probe with only one base difference are annealed and an enzyme were
used to cleave the mismatch. Stringency was adjusted so that mismatches of more than
one nucleotide would prevent annealing. Thus, the sequence could be deduced
depending on whether the DNA is cleaved when annealed to the wild type or mutant
probe. Problems were identified with the sensitivity of this method, as large amounts of
DNA were required. One milligram of DNA was needed from each patient. Hsu et al.
(1998) were able to reduce the required amount of DNA by recycling the target DNA.
This method used a radioactive label, however which should be avoided in mass

screening.

One method of ensuring mutation identification is to sequence the whole of the cystic
fibrosis gene, although this is time consuming, especially if it is uncertain that the
patient has cystic fibrosis (Loumi ez al. 1999). It is also possible that complete
sequencing could miss rare or new mutations, or identify harmless polymorphisms as

mutations.

Scobie et al. (1996) used ARMS to identify five common cystic fibrosis mutations. The
first PCR amplifies the regions of the gene containing the five mutations; a second
round of PCR will amplify any of these first PCR products using ARMS. The method
was further refined to allow amplification from a single cell, for example, for use in pre-
implantation diagnosis. The presence or absence of a PCR product indicates the
presence or absence of a mutation. Scobie et al. (1996) point out that it is necessary to

optimise the ARMS method for each mutation. A 70% contamination rate of the
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negative controls of PCR reactions was noted by Lui et al. (1992) which indicated the
necessity of controls and strict adherence to procedures implemented in order to reduce

contamination.

One popular method of detecting cystic fibrosis mutations in the past few years has
been the reverse dot blot (RDB) method using allele specific oligonucleotides (ASO)
(Chehab and Wall, 1992; Cronin et al. 1996; Cuppens et al. 1992; Cuppens et al.

1993; Serre et al. 1991; Shuber et al. 1993; Wall er al. 1995). A dot blot usually has a
PCR product of approximately 500 bases immobilised on a membrane, and a short piece
of labelled DNA ‘probe’ is hybridised to this. The RDB is the reverse, the short ‘probe’
is attached to a surface and a larger ‘target’ (the 500 bp PCR product) is labelled. This
technique can reduce the number of hybridisations required when testing a small
number of patients for a large number of mutations, because it is the patients’ DNA that
is amplified and labelled and may be hybridised to many probes at once. Previous to
the use of RDB for detection of cystic fibrosis mutations, this method had been used in
several ways. RDB was used to identify the presence of a sequence in DNA (Merl et al.
1984), to detect point mutations in the N-Ras gene (Baens et al. 1990), to identify
microorganisms (Dattagupta et al. 1989), to diagnose cancer (Zhang et al. 1991) and to
diagnose P thalassemia (Cai ef al. 1994; Maggio et al. 1993). Cystic fibrosis and
thalassemia present similar diagnostic problems due to the large number of different

mutations that may cause each disease (Chehab and Wall, 1992).

When performing RDB there are several important considerations, (i) the surface to
which the DNA will be attached; (ii) the method of attachment; (iii) which mutations to

study; (iv) the hybridisation conditions; and (v) the method of detection. The RDB
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technique lead to the development of microarrays, which use nonporous, rigid surfaces,

rather than nylon or nitrocellulose membranes (Southern ez al. 1999).

Arrays are becoming a more popular method of mutation analysis. Several ‘chips’ are
now commercially produced for applications such as HIV detection (Gerhold et al.
1999). Chips are usually made of glass, and the oligonucleotides can either be

synthesised in situ by photolithography, or covalently attached to the glass.

Light-generated arrays have been used to identify cystic fibrosis mutations ( Cronin et
al. 1996). Methods of producing arrays quickly, and at low cost are being investigated,
particularly by companies wishing to produce ‘chips’ (Stimpson ef al. 1998; Wallace,
1997). quotics-assisted systems for producing arrays have been used for carrier
detection in cystic fibrosis. A robotic workstation was used to produce the dot blots and
found to be readily applied to any type of allele specific oligonucleotidé (ASO) assay

(DeMarchi et al. 1994)

One concern about the use of RDBs and arrays is that the results are qualitative not
quantitative, however, improvements in image analysis have made it much easier to
produce quantifiable results, without using radioactivity (Granjeaud et al. 1996). The
lack of quantifiable results is not a significant problem if wild type oligonucleotides are

included in the RDB unless the patient is homozygous for a mutation.

Hybridisation has been detected using surface plasmon resonance (SPR) (Nilsson et al.
1999) (specifically to look for AF508 mutations in cystic fibrosis (Feriotto et al. 1999)),

and Matrix-assisted laser desorption/ionisation time-of-flight mass spectrometry

(MALDI-TOF) (Bleczinski and Richert, 1998).
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Peptide nucleic acid (PNA) has been suggested as an alternative to oligonucleotides for
use in arrays as it has a neutral backbone, reducing the need for ions, which are required
to stabilise DNA/DNA duplexes in hybridisation buffers. PNA was found to behave in
a similar way to oligonucleotide probes in hybridisation, as well as reducing
hybridisation interference due to intramolecular structures (Egholm et al. 1993; Geiger
et al. 1998). PNA can be very expensive to produce and this would suggest that it is

not suitable for cheap, easy to use arrays.

1.2.2.10 ‘Commercially Available DNA-Based Tests

Kits are currently available from a number of commercial companies to detect cystic
fibrosis mutations. These include the CF(12) kit from Zeneca Diagnostics, to identify
four or twelve mutations and an oligonucleotide ligation assay (PE Applied Biosystems)
that identifies 31 mutations. The CF(12) kit uses ARMS to amplify the DNA, and the
products are separated by gel electrophoresis. The presence or absence of bands indicate
which mutations are present. The PE Applied Biosystems (Foster City, California.
USA) OLA mutation detection method uses two probes with different tail lengths, one
that hybridises to the normal sequence and one which hybridises to the mutant
sequence. A third probe is labelled and hybridises next to the other probes. The two
probes that have hybridised to the patient’s DNA are ligated, and the product is
denatured and run on a gel to detect the size of the product, and by inference, the
sequence (Brinson et al. (1999). The CF(12) kit has been evaluated (Houdayer et al.
1998) and was found to be reliable; it allows at least ten samples to be screened for
twelve mutations in one day. One shortcoming identified by Houdayer et al. was that
heterozygotes could only be distinguished from homozygotes if the mutation is AF508

as this is the only mutation for which the normal allele is included. It would be possible
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to detect compound heterozygotes, providing the kit covered both mutations. It is
suggested that the kit would be used in conjunction with a biochemical method of
screening for example pancreatitis associated protein (PAP) (see section 1.2.2.6.) or
immunoreactive trypsinogen (IRT) testing. Biochemical screening techniques could
identify patients who have mutations that are not included by the kit. Choosing which
mutations to test for is difficult, especially now that people from such a mixture of races
are present in each city in England. The Elucigene CF(12) kit (made by Cellmark
Diagnostics, Zeneca) uses the 12 mutations most common in the Caucasian population
as set out by Welsh et al. (1990). They calculated that 78.8% of cystic fibrosis
mutations would be identified in the French population using the Elucigene kit.

1.3 Genetic Testing of Cystic Fibrosis

1.3.1 The choice of cystic fibrosis as a model

Many diseases other than cystic fibrosis are known to be due to more than a single
mutation. There may be more than one disease causing mutation found within a gene,
or the mutations may be spread across several genes. The antithrombin gene, for
example, may carry one of many different mutations that either prevent the synthesis or
reduce the activity of its protein. This gene éffects a person’s susceptibility to deep vein
thrombosis. Protein C can be used as a biochemical marker to test for the mutations,
but the levels can overlap between affected and unaffected people (Bertina, 2001). In a
case such as this a DNA diagnostic capable of testing for many different mutations at
once would be useful. Other examples of multi-mutation disease include renal disorders
with over 50 mutations reported (Khoshnoodi and Tryggvason, 2001), and the low-

density lipoprotein receptor gene, which has over 150 mutations that result in
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hypercholesterolaemia (Pocsai et al. 2001). There are many other similar diseases

where the sheer number of possible mutations is currently prohibitive to DNA testing.

Cystic fibrosis has been chosen as a model system for this work because of its relatively
high prevalence in the Caucasian population, and thus the relative ease of obtaining
blood samples from affected people. Cystic fibrosis is a good model because it contains
a range of types of mutation (Wall et al. 1995). For example, AF508 is a deletion,
G542X is a point mutation, 3849+10kb is a large insertion, and 3905insT is a small
insertion.

1.3.2  The Genetics of Cystic Fibrosis

This section describes the background to the discovery of the size and position of the
cystic fibrosis gene, as well as a brief discussion of the mutations found there. The
number of mutations in that gene and their frequency are an important consideration
when designing a DNA based test for cystic fibrosis. The mutations causing cystic
fibrosis are found in the cystic fibrosis transmembrane conductance regulator (CFTR)
gene (Rommens ez al. 1989). In 1985 a new marker DOCRI-917 was linked to the
serum paraoxonase activity gene (the PON locus) which itself had previously been
linked to the cystic fibrosis locus (Tsui et al. 1985). The physical position of PON was,
however, still unknown, although linkage of DOCRI-917 to PON was able to reduce the
possible location of cystic fibrosis to 1% of the human genome. The same year,
Knowlton et al. (1985) located DOCRI-917 on chromosome 7 using hybridisation to a
human genomic library. The cystic fibrosis gene was linked to two other markers in
1985, the met gene and pJ3.11. White ez al. (1985) found tight linkage between the
oncogene met and the cystic fibrosis gene. The position of the met gene was known,

and so the location of the cystic fibrosis gene was proposed to be between q21 and q31
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of chromosome 7. Wainwright ez al. (1985) found tight linkage between marker pJ3.11
and cystic fibrosis. PJ3.11 had previously been located to 7q22. An even tighter
linkage was seen between the cystic fibrosis locus and a new marker, pMP6d-9 that
reduced the possible position of the cystic fibrosis gene by 160 Kb (Estivill ef al.

1989). Restriction Fragment Length Polymorphism (RFLP) analysis was used by
Kerem et al. (1989) to try and refine the position of the cystic fibrosis gene. The cysﬁc
fibrosis gene was eventually cloned using chromosome walking and jumping and
comparison of cystic fibrosis and non-cystic fibrosis genomes. The final position of the

cystic fibrosis gene was given by Rommens ef al. (1989) as 7q31.

The CFTR gene is known to have 27 exons, the DNA is 250kb, with a cDNA sequence
of 6,129 bp (Riordan et al. 1989; Rommens et al. 1989). The CFIR protein has five
domains. Two 6f the domains are membrane-spanning, two are nucleotide-binding
domains and one is a regulatory domain. The CFIR protein is known to be a cAMP-
dependant protein kinase and an ATP regulated chlorine channel. It has recently been
discovered that two CFTR molecules are required to form each pore (Zerhusen et al.
1999). Although AF508 (a deletion of a phenylalanine at position 508) is the most
common mutation in the Caucasian population (Riordan et al. 1989; The Cystic
Fibrosis Genetic Analysis Consortium, 1990), over 650 mutations causing cystic
fibrosis have been identified to date. The prevalence of each mutation varies between
ethnic groups and AF508 is not always the most frequent mutation. This is an important
consideration wﬁen deciding which genetic mutations to include in a test. The most

suitable mutations will depend on the area of the world for which the test is intended.

This thesis aims to contribute towards a genetically based test for cystic fibrosis

mutations. The test should be able to identify all varieties of genetic mutation (for
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example, point mutation, deletion, insertion) in order to cover the variety of potential

mutations which may lead to cystic fibrosis.

1.4 Technology of DNA Diagnostics

This section looks at systems that have been developed to allow the identification of
many mutations in one experiment.

14.1  Polymerase Chain Reaction and Related Techniques

Karry Mullis developed polymerase chain reaction (PCR) as a method of amplifying
specific regions of DNA (Mullis and Faloona, 1987). PCR is useful in mutation
detection to amplify the DNA of interest so that there is a sufficient quantity to be
observable on a gel, or be used as a probe in a hybridisation. Labels can be added to
DNA during arﬁplification, either as labelled nucleotides added to the reaction mix, or
as labelled primers. The addition of labelled primers or nucleotides to a PCR mixture
may necessitate optimisation of the PCR. The annealing temperature may need to be
reduced or the magnesium chloride concentration increased. Most PCRs should require
little adjustment to allow amplification with a label (McPherson and Mgller, 2000 ).
1.4.2 DNA chips

There are many different terms u'sed for similar devices. These include DNA chip,
microarray, DNA array and GeneChip (GeneChip is a registered trademark of
Affymetrix Inc.). Here, DNA chip is used to describe an array produced on glass,
where the DNA is synthesised directly onto the surface, and microarray is used to
describe the situation where DNA is synthesised and then attached by some method to

the surface.
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The general objective of DNA chips and microarrays are the same, the miniaturisation
of the hybridisation process. This miniatuﬁsation'requires less DNA, both on the chip
and in solution, less hybridisation solution and usually shorter hybridisation times than a
standard hybridisation. DNA which is already attached to a chip (either by synthesis
directly onto fhe chip or attachment after synthesis) is easier to handle, and glass slides

are easier to handle than membranes.

DNA chips are used on the same basis as a reverse dot blot. In the same way that a blot
can be hybridised with a labelled sequence of interest, so can a DNA chip. The scale is
the major difference between a blot and a chip, a blot may be 10cm?, where the active
surface on a chip may be as small as 1cm®. There is some confusion over the
nomenclature used when talking about the DNA which is attached to the surface of the
chip and the DNA that is being hybridised to the DNA on the chip. This thesis will
follow the recommendation made in Nature Genetics, which says that the ‘probe’ is the
DNA attached to the chip, and the ‘target’ is the labelled DNA being detected
(Phimister, 1999). Chips can be used for sequencing unknown DNA, the probes on the -
chip are short, known sequences of DNA, and by matching up the sequences of the
oligonucleotides the target hybridises to, the sequences can be inferred (O’Donnell-
Maloney et al. 1996). DNA chips can also be used for many other purposes, such as
mutation detection, for example, Affymetrix produces a Cancer array, which holds over
1,700 cancer genes.

Oligonucleotides may be synthesised directly onto glass slides using photolithography
where areas of the chip are masked from light. Light sensitive protecting groups in the
exposed areas are washed off. A base, for example adenine is added to the whole chip

and will couple to the deprotected areas (Blanchard, 1998, Maskos and Southern, 1991).
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In this way specific oligonucleotides may be synthesised in specific places on the chip
(Fodor et al. 1993; Ramsay, 1998). The method has been used by Cronin ef al. (1996)
to scan exon 11 of the CFTR gene. It produced reliable results, although the

photolithographic masks are expensive to produce (Blanchard, 1998).

1.4.3 DNA Microarrays
The difference between a DNA chip and a microarray is that the DNA is synthesised

onto a DNA chip, whereas a pre-synthesised piece of DNA is attached to a microarray.

Many microarrays are made from cDNA and used in order to look at gene expression in
different tissues. By labelling the mRNA from a tissue and hybridising it to a
microarray of known genes it is possible to see which genes are being expressed in the
tissue studied. Comparisons of gene expression can be made on a single gene between
different tissues and between people. Comparisons may also be made between the
expression of two or more different genes in the same person.

1.4.4  Detection Methods

There are several methods of carrying out the detection of DNA annealing, both in
hybridisations and in OLAs, all involve the patients’ DNA being amplified and 1abe1led
in some way. Radioactivity is the most sensitive method of detection, although from a
Health and Safety point of view, it is preferable to use non-radioactive methods.
Dendrimeric oligonucleotide probes have been labelled using a radioactive label and
shown to produce an increased signal compared to a normal oligonucleotide
(Shchepinov et al. 1997b). This dendrimetic approach could be applied to other
methods of labelling. An example of a non-radioactive method is the streptavidin-
horseradish peroxidase method where the patients’ DNA is biotinylated and then

hybridised to immobilised oligonucleotides. An avidin-enzyme conjugate is added, the

27



avidin part of which binds to the biotin. A substrate for the enzyme is added after the
hybridisation washes. The enzyme converts a colourless substrate into a coloured

product that can be observed by eye. (Cook et al. 1988).

Chemiluminescent methods of labelling are available as kits, for example the ECL 3’
labelling kit is available from Amersham Pharmacia Biotech (Bucks, UK) which uses
an antibody-horserédish peroxidase conjugate, the antibody of which will bind to
fluorescein (acting in this case as an antigen), which is used to end-label the probe.
Luminol is added which is cleaved by horseradish peroxidase and emits blue light
detectable by X-ray film. Kawasaki and Chehab (1994) used chemiluminescent
detection to perform sequencing by hybridisation. Probes can be labelled directly with
alkaline phosphatase, which cleaves its substrate, producing the chemiluminescence
(Narayanan, 1992). Digoxygenin has been used as a label, with an antibody conjugated
to an enzyme (alkaline phosphatase) for either chemiluminescent or colourimetric

detection (Roche, UK).

A study has been carried out comparing probes labelled with biotin at either the 5’ or 3’
end. It was found that labelling at both ends increased sensitivity, although neither 3’
nor 5’ labelling alone conferred an advantage. Although the study was carried out on
probes used for in situ hybridisation, there is no theoretical reason why this conclusion

can not be transferred to probes used for membrane hybridisation (Bardin et al. 1993).

Fluorescent dyes can be used as labels; these are available in different colours (as
utilised in experiments described earlier). Fluorescent dyes have been more frequently
used to label proteins in the past, rather than DNA (Szewczyk et al. 1987; Zuk et al.
1979). Fluorescence has also been used to label probes for hybridisation (Guo et al.

1994) and in OLAs (Eggerding et al. 1995). The dyes may be attached to a single base,
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which is then incorporated into the fragment of DNA at the PCR stage. Alternatively, a
pre-labelled base may be added to the end of the oligonucleotide using an enzyme such
as Terminal deoxynucleotidyl Transferase (TdT). In 1979 Roychoudhury et al.
identified the influence of the sequence at the end of a fragment of DNA as being
important when using TdT to add nucleotides to the end of that DNA. It was observed
that a G:C base pair at the exposed end would reducé incorporation of nucleotides. The
more G:C pairs are at the end of the oligonucleotide, the greater the reduction in
labelling efficiency (Roychoudhury et al. 1979). Methods such as random prime
labelling and nick translation labelling have been used to incorporate pre-labelled

nucleotides (Harvey et al. 1994; Harvey and Wheeler, 1994).

Fluorescent dyes require excitation at specific wavelengths. Methods of detection of the
emitted light include CCD cameras and laser confocal microscopy (Fodor et al. 1993).
Glass supports have been seen to work well in conjunction with fluorescence detection
(Guo et al. 1994), where a Molecular Dynamics FluorImager 575 was used to scan the
slide and record the results. There is some evidence to show that fluorescent signals
may be quenched by the 3MM filter paper (Whatman, Kent, UK) used in these

experiments (Woolford and Dale, 1992).

Molecular beacons are probes which have sequences at each end which are
complementary, allowing the ends to hybridise, making the oligonucleotide hairpin
shaped. This brings the fluorophore on one end into the proximity of a quenching
moiety on the other so that no signal is given off. Before hybridisation the probe is
heated to allow denaturation. If the probe hybridises to its target (via a complementary
sequence in the centre of the probe), the beacon will no longer have a hairpin structure

so the fluorophore will fluoresce (Tyagi et al. 1998). Stimpson et al. (1995) used a
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particulate label on the DNA to act as a light scattering source when illuminated. The
results were comparable to fluorescence detection with a confocal microscope

(Stimpson et al. 1995).

Cyanine (Cy) dyes are fluorescent dyes that can be used to label proteins and DNA
covalently (Ernst et al. 1989). Cy dyes can be excited at wavelengths between 500nm
and 750nm. New derivatives of the Cy dyes have been created, which have absorbance
in the red and near infra-red spectrum. These new derivatives have increased water
solubility making them easier to work with (Mujumdar et al. 1989). One particular Cy
dye, Cy5, can be excited with a HeNe laser at 633nm, or a Kr laser at 647nm, HeNe
lasers are readily available. The photostability of Cy5 is better than that of fluorescein

(Mujumdar et al. 1993).

A comparison of several red-emitting fluorophores concluded that Cy3.18 gave the best
signal, which was brighter than ﬂuorescéin. It was thought that this might have been
due to Cy3.18 having a higher extinction coefficient than the other dyes (that is, it
captures more of the excitation light). Fluorescein was also seen to stain least brightly
in this study, despite having the highest concentration (Wessendorf and Brelje, 1992).
1.4.5 Hpybridisation Conditions

Hybridisation conditions must be stringent enough to distinguish between single base
changes because many cystic fibrosis mutations are point mutations. A problem with
RDB can be that different oligonucleotides are likely to have different annealing
temperatures due to their different G:C content. If the annealing is.performed at too low
a temperature, non-specific annealing may occur, at the other extreme, too high a
temperature will not allow annealing at all. To avoid the problems this causes,

tetramethylammoniumchloride (TMAC) may be added to the hybridisation and wash

30



buffers (Marky et al. 1988). In the presence of TMAC, annéaling temperature becomes
a function of oligonucleotide length rather than G:C content (Shuber et al., 1993). Itis
easy to ensure that all oligonucleotides on one chip are the same length. Stringency can
be altered using the annealing temperature of the hybridisation. The clqser the
annealing temperature is to the Tm of the probe (the point at which 50% will be
annealed) the more likely it is that any hybridised target DNA will have hybridised to an
exactly complementary sequence. The Tm of a sequence can also be lowered by

increasing the formamide concentration of the hybridisation buffer (Narayanan, 1992).

In order to improve the signal from hybridisations, it is important to understand the
hybridisation kinetics. Several studies have been carried out in order to identify the
method of duplex formation. In one study by Forman et al. (1998) probes were
synthesized using photolithography and a target was hybridised. Longer probes were
seen to adsorb more target DNA than shorter probes. Melting temperature was not
‘dependent on probe length or target concentration. It was suggested that the high
density of probes might interfere with the hybridisation, due to probes associating with
each other due to steric effects (Forman ez al. 1998). Matrix-assisted laser desorption/
ionisation time of flight (MALDI-TOF) mass spectrometry can be used to produce
hybridisation curves which show hybridisation of oligonucleotides to DNA on a support
as a function of temperature and could be used to study hybridization of complementary
sequences (Bleczinski and Richert, 1998).

Surface diffusion of oligonucleotides has been studied and conditions to improve the
rate of hybridisation and minimise the amount of probe required, have been suggested.
Probes should be chemically coupled to the surface, rather than attachment by physical

adsorbtion to minimize adsorbtion of the target DNA to the surface. In theory, the
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three-dimensional diffusion of the probe out of solution is slow, but the two-
dimensional diffusion is relatively quick. The theory was originally proposed to
explain the binding of ligand to cell surfaces by Adam and Delbruck (1968).

A study carried out by Chan et al. (1997) suggests that single stranded oligonucleotides
of 80 nucleotides or less lie along the surface they are attached to. An increase in target
or probe DNA was seen to reduce the diffusion coefficient, that is, it slows the diffusion
of the target DNA across the surface. The work was carried out on silanised glass, and
the authors suggest oligonucleotides may behave differently on other surfaces (Chan et
al. 1997).

It is important to ensure that the immobilised oligonucleotides are not too close together
as this can interfere with their binding properties (Blanchard, 1998). Conversely, it is
desirable to make the best use of the space available by immobilising as many
oligonucleotides as possible onto the surface. In practice, only the concentration of

oligonucleotides deposited can be controlled, not their precise placement.

1.4.6 Nucleic Acid Immobilisation

The surfaces most commonly used for RDB are nitrocellulose or nylon membranes; the
nylon may be positively charged (for example, Hybond N+, Amersham Pharmacia
Biotech, Bucks, UK or Biodyne B, Pall Life Sciences, Hants, UK). There are several
ways to-attach DNA to these membranes. DNA may be but onto the membrane in a
drop of water and baked onto the membrane over one or two hours. This method was
shown to produce good retention of DNA on both nylon and nitrocellulose membranes
(Nierzwichi-Bauer et al. 1990). An alternative to attachment by baking is UV-
crosslinking of the DNA where it is placed on the membrane (as for baking) and then

exposed to UV light for an appropriate period of time. This exposure activates the
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thymine bases (T) in the DNA, which become covalently attached to primary amines in
nylon membrane (Saiki ef al. 1989). When performing RDB, very short
oligonucleotides are attached to the membrane, for cxample 20 bases. Saiki et al.
(1989) reﬁsed concerns that such a short piece of DNA would not be able to bind
adequately to the membrane and specifically to its target DNA simultaneously. Poly(T)
tails have been added to oligonucleotides using the enzyme Terminal deoxynucleotidyl
Transferase (TdT) before UV-crosslinking. An alternative to this is to synthesise the
oligonucleotide with a tail (Kawasaki et al. 1993). Theoretically, the poly(T) tail would
be preferentially bound to the membrane, allowing the oligonucleotide to be free to bind
to its target DNA (Saiki et al. 1989). It was found that oligonucleotides with long
poly(T) tails (up to 800 bp) hybridise more efficiently thaﬁ those with shorter tails, and
a spacer effect was suggested. An optimum amount of UV exposure was observed, it
was thought that this was due to DNA damage caused by prolonged exposure, as well as
longer exposure attaching more of the tail to the membrane reducing the spacer effect
(Saiki et al. 1989). Spacer molecules increased hybridisation signals, with an optimal
spacer length of 40 atoms giving 150 times increase in hybridisation yield. Positive and
negatively charged groups on the spacer interfered with hybridisation (Shchepinov et al.
1997a). Spacers are now routinely used to increase hybridisation efficiency (Zhang et
al. 1991). Poly(Ethylene Glycol) (PEG) can be used as a spacer, it is commercially
available in various lengths, with a range of different chemical groups at the termini to
aid attachment (Shearwater Polymers, 1999). PEG is a non-DNA spacer, which reduces
the chance of interaction with the target DNA, it is water soluble and allows small
molecules to remain active when covalently bound to them (Milton Harris, 1992)

indicating that it should act as a spacer without restricting access of the target DNA.
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Positively charged nylon membranes increase the attraction of the negatively charged
DNA (Oss, 1987). Studies that have compared different nylon membranes as solid
phases for hybridisation have been performed showing that Nytran nylon+ and NC
nitrocellulose produced weaker hybridisation signals than hydrophobic polyvinylidene
difluoride (PVDF) (Williams, 1990) although the availability of a wide range of nylon
membranes ﬁsed for RDB implies that each may be more suitable for some procedures

than others.

Biodyne C membrane (Pall Life Sciences, Hants, UK) has free surface carboxyl groups
that can form covaient bonds with amino groups, which can be added to the end of an
oligonucleotide during synthesis. This produces a specific attachment between one end
of the oligonucleotide and the membrane,v leaving the entire oligonucleotide free to
hybridise to its target (Ivanovskaya et al. 1995; Kawasaki and Chehab, 1994; Maggio
et al. 1993; Zhang et al. 1991). Zhang et al. (1991) studied different spacer lengths in
conjunction with covalent attachment to Biodyne C membranes and found that spacers
vimproved hybridisation signals. Covalent attachment of DNA to a surface is more

readily transferable to different surfaces than baking or UV-crosslinking.

DNA has been attached to many different surfaces, including glass (Guo et al. 1994),
glass via disulphide bonds (Rogers et al. 1999), gold (Caruso et al. 1997), optical
fibers using various linkers (Henke ef al. 1997) and polystyrene microwells (Hirayama
et al. 1996; Zammatteo et al. 1996). Methods have also been developed to attach
oligonucleotides to polystyrene microwells (Rasmussen e al. 1991).and glass via
covalent bonds (although utilising succinylated oligonucleotides rather than amino
termination). It has been observed that 40-50% of oligonucleotide put onto glass was

bound, and 90% of the bound oligonucleotide was available for hybridisation (Joos et
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al. 1997). Beier et al. (1999) have investigated the use of dendrimeric linkers in order
to increase the capacity of silanised glass to hold oligonucleotides, without hindering
the hybridisation efficiency. The most suitable surface will depend on the application of
the array and also the detection method to be used. Modification of polystyrene is
required to produce chemical moieties to allow the coupling of oligonucleotides.
Waveguides have been used as a support for DNA (Stimpson ef al. 1995; Stimpson and
Gordon, 1996), a microscope slide may be used as a waveguide, improving the signal
emitted when using fluorescent labelled probes. Light is directed into the slide at such
an angle as to allow reflection of the light down the slide in the same way that light
moves down fibre optics. This means that more light reaches each fluorophore on the
slide. DNA may be immobilised oﬁto several different types of beads (O Donnell-
Maloney et al. 1996), for example, streptavidin coated beads capture biotinylated
oligonucleotides. This method does not use a covalent bond, although it is a strong

bond and stable enough to withstand stringent washing conditions.

1.4.7 Micro-fabrication

When designing a device for detection of genetic disease, it is important to consider the
final product, and how easy it is to mass-manufacture. For example, in the case of the
reverse dot blot, the oligonucleotides must be spotted onto the membrane or an
alternative surface. Depending on the size of spot of probe required, there are several
different options available for the deposition of DNA onto a surface. The simplest
method is to pipette the DNA solution by hand, using a normal laboratory pipette. This
method is adequate for spots of approximately 1-5ul, however it is impractical to print
smaller spots in this way, and the accuracy of pipettes may be questioned. In terms of

reliability and aesthetics, it may be difficult to place spots in a straight line, or in the
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same position each time. The BioDot CV1000 syringe pump dispenser is an advanced
stepper motor driven syringe pump which can accurately dispense drops onto a surface.
The system allows rows of identical spots to be placed accurately and reproducibly
(BioDot, 2002). Commercially produced microarraying robots use piné that dip into
many stock DNA solutions and place the drops gathered onto the slide in a reproducible

manner.

The method of probe printing used very much depends on the size of the drop of liquid
containing the DNA and the reproducibility required. The cost of each method

increases as the accuracy and reproducibility increase.

1.5 Summary

In some cases biochemical tests cannot give a definitive answer to the quesfion ‘does
this person have that disease?’ due to overlapping values of the protein in question
between the ‘normal’ and disease state. Genetic testing will give a more reliable
diagnosis in these situations. There are cases where a person has been found to have
two cystic fibrosis mutations and be only mildly affected (Lester et al. 1994) but the
undoubted benefits of testing to discover those with the disease, to allow early
treatment, outweighs the possible harm done by diagnosing ‘healthy’ people with a

disease.

There are many methods of mutation detection currently available and they all have
advantages and disadvantages. For this project’s purposes it is important to use a
system where the ability to detect new mutations is easily incorporated because new
cystic fibrosis mutations are still being discovered. It is also important that the system

is easy to use in order to reduce the chances of user error when detecting mutations;
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because the system should be capable of being used in a district general hospital by
people without specialist knowledge of molecular biology. Reverse dot blots can take
time setting up, deciding which probes and targets to use, and optimising stringency
conditions. Once these problems have been resolved, it is a relatively easy task to carry
out multiple mutation analysis. If the reverse dot blot was miniaturised and carriéd out
on a microscope slide, the ease of handling would be improved, and such slides could
be mass-produced. The oligonucleotides must be immobilised on the slides in such a
way as to minimise their removal during hybridisation, whilst allowing hybridisation to
take place. End labelling of oligonucleotides with poly(T) or with an amino group
allows the attachment of the end of the oligonucleotide to the surface, leaving the rest of
the oligonucleotide free to hybridise. The use of covalent attachment of amino
terminated oligonucleotides to a surface requires carboxyl groups on that surface and
also allows specific attachment of the end of the oligonucleotide to the surface.
Carboxyl groups are found on commercially produced nylon membranes (for example,
Biodyne C, Pall Life Sciences, Hants, UK) and can also be produced on polystyrene

slides by chemical modification (Zammetto et al. 1996).

Hybridisation conditions must be optimised in order to reduce false positive and
negative signals, and a give high degree of reliability in the hybridisation. It is also
preferable that this be carried out with as few washes as possible, in order to speed up

mutation detection.

Hybridisation detection methods must be chosen carefully, again, with the end user in
mind. The detection method should be inexpensive on a day to day basis, and also

should also be easy to use and read.
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1.6 Project Aims and Objectives

This project aims to produce a pre-prototype of a working system that will provide
information about a person’s genetic cystic fibrosis status from a blood sample. The
system will be designed for the genetic testing of neonates, however, it would not
require adjustment for adult testing. The system will be simple enough to be used in a
District General Hospital by staff with the minimum of training in molecular biology.
The device will have a low production cost and the diagnosis will be carried out in as

short a time as possible.

The reverse dot blot (RDB) method of multiple mutation detection will be utilised as it
is a convenient method of multiple mutation analysis. The RDB will allow one
patient’s DNA to be screened for many mutations in one experiment. A solid phase is
required for attachment of the probe DNA prior to hybridisation, the surface used will
determine the methods which can be used to attach the oligonucleotides. Different
surfaces will be investigated to try and identify useful methods of attaching DNA to,
various surfaces. Miniaturisation of the surface will be explored to incorporate the ease
of handling of microarrays and DNA chips. A smaller surface area for hybridisation
will also reduce the amount of solutions such as hybridisation buffer which are required.
Several methods of hybridisation detection are cuﬁently available, the most suitable

method for the system used will be investigated.

Four cystic fibrosis mutations will be used in this project as a model, and then up to one
hundred mutations will be chosen for inclusion in the final device, based on their
frequency in the population. The device will then be tested by being used to provide a

‘diagnosis’ for patients whose cystic fibrosis mutations are already known.
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For simplicity the following three chapters of the thesis report on the different aspects
of this work, i) the immoblisation and materials aspects of solid-phase DNA
diagnostics, ii) the detection and probe deposition for solid-phase DNA diagnostics and
finally, iii) the demonstration of a DNA diagnostic for cystic fibrosis. Each of these
chapters is essentially independant with its own introduction, methods, results and
discussion. This provides a convenient mechanism for evaluaﬁng each part of the
project separately. The overa]l project is assessed through the discussion and

conclusions that are presented in Chapter 5.
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2 Immobilisation and Materials Aspects of Solid-Phase DNA
Diagnostics . '

2.1 Introduction

This study set out to produce a diagnostic device based on the reversé dot blot method
of hybridisation (RDB). In an RDB a series of short oligonucleotides are attached to a
surface and a patient’s DNA is amplified, labelled and hybridised to the
oligonucleotides. The specific hybridisation of oligonucleotides to different mutation
sequences allows identification of the patient’s mutations from the hybridisation signals
produced. A standard dot blot consists of a large piece of target DNA (approximately
300-500 bases) attached to a membrane, which is hybridised to a short, labelled probe
oligonucleotide. A reverse dot blot consists of a short probe oligonucleotide attached to
a membrane, hybridised to a large, labelled DNA target (usually PCR product). This
work aims to combine the ability of the reverse dot blot to test for several mutations at
once, with the ease of handling and small size of the microarray. The number of
oligonucleotides required in each test will be approximately 100, meaning that the size
of each spot of oligonucleotide may be larger than those normally found on a

microarray.

This chapter reports the investigation of the extraction of genomic DNA from cells to
identify the mutations present in the extracted DNA. In order to be used in é
hybridisation the extracted DNA must be amplified and labelled. Different methods of
labelling DNA to allow detection after hybridisation were examined. Methods of
immobilising bligonucleotides on to a series of solid phases were compared to discover

the most suitable surface and method of attachment for use in this work.
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Current methods of attaching DNA to nylon membranes include baking (Nierzwichi-
Bauer et al. 1990), UV-crosslinking (Saiki et al., 1989; Kawasaki et al. 1993) and
covalent attachment (Ivanovskaya et al. 1995; Kawasaki and Chehab. 1994; Maggio et
al. 1993; Zhang et al. 1991). Reverse dot blots are usually carried out on nylon
membranes whilst microarrays are generally attached to glass slides. Joos et al. (1997)
have investigated the use of covalent attachment to secure oligonucleotides to glass
slides, however, glass can be inconvenient to use as it may chip or break, representing a
health risk. Polystyrene microtitre plates have been chemically modified to produce
carboxyl groups on the surface that will covalently bind to an amino group which can be
added to an oligonucleotide (Rasmussen et al. 1991). This chapter reports on both the
use of nylon membranes as a solid phase and the possibility of using oligonucleotides
covalently attached to polystyrene slides in hybridisations.

22 Geheration of DNA Materials and Reagents

2.2.1 Lactobacillus plantarum DNA extraction and PCR

Initially Lactobacillus plantarum cells were used as a model system for genomic DNA
extraction, labelling Vand hybridisation as the principles Being investigated should work
equally well on any DNA sequence and the ethical approval for the collection of human
blood takes time to obtain. Lactobacillus plantarum cells were chosen because they
were readily available in the molecular biology laboratory at Cranfield University (UK).

A full list of reagents used can be found in Appendix J.

Genomic DNA was extracted from a single colony of Lactobacillus plantarum
inoculated into LB media and grown at 30° C to an optical density of 0.7-0.8 measured
at a wavelength of 600nm (ODgg). The culture was centrifuged for 10 minutes at 7000

x g and the pellet was resuspended in 9 ml STE (0.14% w/v NaCl, 25 mM Tris-HCI, 10
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mM EDTA, adjusted to pH 8). Lysozyme (100 mg in 1ml TE (pH 8)) was added to the
resuspended pellet and the mixture was incubated at 37 °C for 30 minutes. Proteinase K
(20 mg in 1ml) was added and the mixture was incubated for 1 hour at 60° C. SDS was
added to a final concentration of 0.1% and incubated at 60 °C for 15 minutes. The

mixture was cooled to room temperature.

DNA was extracted three times using phenol:chloroform (1:1, equilibrated with Tris,
adjusted to pH 8) and three times with chloroform:IsoAmyl Alcohol (24:1). Solvent
was added, the tube was inverted to mix the contents, and centrifuged (10 minutes at

10,000 x g), the upper phase was retained.

Nucleic acid was precipitated by adding 0.1 volumes of sodium acetate (3M at pH 5.2)
and 1 volume of cold isopropanol, mixing by inversion and incubating on ice for 30
minutes. DNA was curled out of the mix using the hooked tip of a sterile Pasteur
pipette, washed in 70% ethanol, air dried and re-suspended in TE (pH7.5). DNAase
free RNAase (50 pg ml”, Sigma-Aldrich, Dorset, UK) was added and incubated for 1
hour at 37°C. 5ul of the DNA solution was analysed by agarose gel electrophoresis

(Witt, 1996; Sambrook et al. 1989).

Primers 1Ab and R4S (see Appendix A for sequence) were used to amplify a 334 bp
region of Lactobacillus plantarum genomic DNA. The PCR reaction mix consisted of
10pl of 10x buffer (Perkin Elmer, Massachusetts, USA), 16ul of dNTPs (1.25 mM of
each dNTP, Promega, Southampton, UK), 20 pmol of each primer (MWG-Biotech,
Milton Keynes, UK), 16ul 25 mM solution of MgCl, (Perkin Elmer, Massachusetts,
USA), 0.9 nmol of the target (Lactobacillus plantarum genomic DNA), and 5 units of
Taq polymerase (Promega, Southampton, UK), in at total volume of 100pul. The cycles

consisted of a hot start at 95°C for 6 minutes, then 30 cycles of denaturing (95°C, 30
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seconds), annealing (55°C, 30 seconds), and extension (72°C, 1 minute). Final
extension was at 72°C for 4 minutes. The PCR product was analysed by agarose gel
.electrophoresis.

2.2.2  Human DNA extraction
\ This project was concerned with human cystic fibrosis sequences. Although DNA from
human placenta can be bought (Sigma-Aldrich, Dorset, UK), the final diagnostic device
aims to use DNA extracted from blood, therefore, it is essential to chgck that methods of

blood collection will not interfere with the gDNA extraction and running of the test.

All work with blood samples was carried out on a tray, in a flow hood, waste blood was
mixed with disinfectant (10x Virkon (Merck, Dorset, UK)), and disposed of down the

sink with a copious quantity of water.

Genomic DNA was extracted from human blood using the Qiagen QIAamp blood kit as
the instructions suggested (Qiagen, UK). The blood (200 pl) was added to 20 pl
Proteinase K and mixed, 200 pl of Buffer AL was added and mixed by vortexing for 15
seconds. The mixture was incubated at 56°C for 10 minutes and briefly centrifuged to
remove drops from the lid. The sample was mixed with 200ul of 99.9% ethanol by
vortexing for 15 seconds, then briefly centrifuged. The mixture was spun through a
QIAamp spin column at 6,000 x g for 1 minute, the filtrate was discarded. Buffer AW1
(500ul) was added to the column, and spun at 6,000 x g for 1 minute. Buffer AW2
(500ul) was added to the column and spun at 20,000 x g for 3 minutes. The column was
placed in a clean 1.5ml tube, 200ul molecular biology grade water (Fisher, UK) was
added to the column and incubated for 5 minutes at RT before centrifuging at 6,000 x g
for 1 minute. The genomic DNA was analysed by running 10ul of each DNA solution

on a 0.3% agarose gel.
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2.2.3 PCR of cystic fibrosis sequences

Amplification of the areas of interest in the cystic fibrosis transmembrane regulator

(CFTR) gene was carried out in order to provide DNA to be used in the following work.

PCR amplification were carried out on human genomic DNA, on three different exons
of the CFTR gene; exon 10 (covering the AF508 mutation), exon 11 (G542X and
G551D) and exon 21 (N1303K). The PCR of each exon was carried out with two
variations, PCR incorporated digoxygenin label and biotin labelled primers. All cystic
fibrosis PCR primer sequences were as shown in Zielenski et al. (1991) and Wall et al.

(1995) (see Appendix A).

2.2.3.1 Digoxygenin (DIG) labelling of PCR
PCR products were labelled with digoxygenin (DIG) in order to allow their detection

after hybridisation. DIG labelling was carried out using a PCR DIG labelling kit .
(Roche, UK). The directions from the kit were followed, however optimisation of the
proportion of DIG labelled dUTP added to the PCR was required. All solutions (except

template and primers) were supplied from the kit.

The PCR reaction mix consisted of the same components for each exon, in a total
reaction volume of 50ul, Sul of 10x buffer, 1ul of DIG dNTP mix, 4ul of ANTP stock
(concentration as supplied), 0.23 pmol of template, 5 units of Taq polymerase and 20
pmol of each primer were used. The PCR for each exon was carried out under different
cycling conditions, which were as shown by Zielenski et al. (1991) (exons 10 and 11)

and Wall et al. (1995) (exon 21).

The cycles used to amplify exon 10 consisted of a hot start at 94°C for 6 minutes, then
denaturation (94°C, 30 seconds), annealing (55°C, 30 seconds), extension (72°C, 2.5

minutes), repeated for 30 cycles, then final extension at 72°C for 7 minutes
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The cycles used to amplify exon 11 were a hot start at 94°C for 6 minutes, then
denaturation (94°C, 30 seconds), annealing (52°C, 30 seconds), extension (72°C, 1

minute), repeated for 30 cycles, then final extension at 72°C for 7 minutes

The cycles used to amplify exon 21 were a hot start at 94°C for 6 minutes, then
denaturation (96°C, 30 seconds), annealing (55°C, 30 seconds), extension (72°C, 30

seconds), repeated for 35 cycles, then final extension at 72°C for 7 minutes.

The success of each PCR was analysed by agarose gel electrophoresis and the amount
of PCR product produced was estimated using EZ load precision molecular mass

standard (Bio-Rad, California, USA).

2232 Biotin labelling of PCRs

The biotin-streptavidin bond has commonly been used as part of methods of detection
due to its strength and reliability. Labelling of a PCR product can be carried out during
PCR by incorporation of labelled primers, with little modification of protocols required,

making it a simple way to incorporate a biotin label for use in hybridisation detection.

The PCR reaction mix consisted of the same components for each exon. Taq

polymerase, 10x buffer, ANTPs and MgCl, were from Qiagen (UK).

In a final volume of 100ul, 10ul of 10x buffer, 2ul of dNTPs, 8ul of MgCly, 5 units of
faq polymerase, 0.23pmol template and 20pmol of each primer (MW G-Biotech, Milton
Keynes, UK) were used. Primers were synthesised by MWG-Biotech with a biotin
label on the 5’ end, and used as normal. The cycles for each PCR are shown below, the
cycling conditions are as described by Zielenski et al. (1991) (exons 10 and 11) and
Wall et al. (1995) (exon 21) except for the annealing step and number of cycles for exon

11 which required optimisation.
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Exon 10 cycling conditions were 6 minutes at 96°C, then 30 cycles of denaturation
(94°C, 30 seconds), annealing (55°C, 30 seconds), extension (72°C, 2.5 minutes) and a

final extension at 72°C for 7 minutes.

Exon 11 cycling conditions were 6 minutes at 94°C, 34 cycles of denaturation (94°C, 30
seconds, 94°C), annealing (46°C, 40 seconds), extension (72°C, 1 minute) and a final

extension at 72°C for 7 minutes.

Exon 21 cycling conditions were 6 minutes at 96°C, then 30 cycles of denaturation
(96°C, 1 minute), annealing (55°C, 30 seconds), extension (72°C, 30 seconds) and a

final extension at 72°C for 7 minutes.

The PCR reactions were analysed by agarose gel electrophoresis and the amount of
PCR product was estimated using EZ load precision molecular mass standard (Bio-Rad,

California, USA).

2.2.4  Results and discussion

2.24.1 Lactobacillus plantarum DNA extraction and PCR

Genomic DNA was successfully extracted from Lactobacillus plantarum (see Figure 1)
and amplified using primers 1Ab and R4S. The PCR product was approximately the
correct size (334 bp) as estimated in comparison to the molecular marker run.on a gel
alongside it (see figure 2). The concentration of PCR product produced was between 0
and over 10 ng/ul (as compared to the molecular mass standard, Bio-Rad). The PCR
product was labelled and found to be of sufficient quality to be used as a target in a

hybridisation.
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2.2.4.2 Human gDNA extraction

Genomic DNA was successfully extracted from control samples of human blood using
the Qiagen QIAamp extraction kit (see figure 3). Blood samples used as wild type
controls were collected by staff at the Silsoe and Cranfield medical centres (Cranfield
University, Bedfordshire, UK). The samples were taken anonymously from 6
volunteers, no anti-coagulant was used, and the genomic DNA was extracted within 30
minutes of collection. Volunteers signed a consent form (Appendix B) which explaiﬁed
the purpose of blood collection, and the anonymity of the results of the experiments.

Figure 3 clearly shows that genomic DNA has been extracted from the blood cells.
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2,645 bp
1,605 bp
1,198 bp

Figure 1. Lactobacillus plantarum gDNA extract

Genomic DNA was extracted from L. plantarum cells using phenol:chloroform
extraction. Two lanes of 5pi of extract from a single extraction were run on a 0.6%
agarose gel in order to confirm extraction, a 1/100 dilution was run in the third lane in
order to confirm the presence of DNA at this dilution. The bands in the pPGEM
marker used were not entirely separated due to the short running time ofthe gel.

Lanes: M-marker.l-gDNAIL. 2-gDNA2. 3-1/100 gDNAI.
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1,000 bp 1,000 bp

700 bp 700 bp
500 bp 500 bp
200 bp 200 bp
100 bp 100 bp

Figure 2. PCR product from primers 1Ab and R4s
L .plantarum gDNA was amplified with primers 1Ab and R4s (see Appendix A for

sequence). 10Opl of amplicon were analysed on a 1.2% agarose gel. PCRs a-h are all
amplifications of gDNAI (see figure 2). The expected product is approximately 334
bp. Bio-rad Molecular Mass marker was used with bands of (top down) 1000 bp, 700
bp, 500 bp, 200 bp and 100 bp. Lanes: M-marker. 1-LB PCRa. 2-LB PCRb. 3-LB
PCRc. 4-LB PCRd. 5-LB PCRe. 6-LB PCRf. 7-LB PCRg. 8-LB PCRh. 9-negative

control. 10-LB PCR (positive control).
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Figure 3. Human gDNA extracted from control blood samples

Genomic DNA was extracted from 7 control blood samples using the Qiagen
ReadyAMP Extraction Kit. 10pl ofextract were run at 50V on a 0.3% agarose gel in
order to confirm extraction. The bands in the pGEM marker used were not entirely

separated and it is not possible to distinguish their sizes due to the use ofa low
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(Figure 3. legend continued)

agarose percentage in the gel (0.3%). Lanes: M-marker. 1- gDNAL1. 2-gDNA2. 3-

gDNA3. 4-gDNAA4. 5-gDNAS. 6-gDNAG6. 7 gDNA7. (gDNAs from seven different

volunteers).
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2243 PCR DIG labelling of cystic fibrosis sequences

Strong bands were seen when the PCR products were analysed by agarose gel
electrophoresis (figure 4). The bands were observed to be approximately the correct
sizes (exon 10-491bp, exon 11-425bp and exon 21-376bp) when compared to the
molecular mass marker. The proportion of DIG labelled dUTP was reduced from that
suggested in the protocol (Roche, UK) in order to reduce interference with the PCR.
The DIG label on dUTP may interfere with the PCR if the labelled bases are present at
too high a concentration. An experiment was performed to determine how much
labelled dUTP could be added to the INTP mix before the PCR was affected. The aim
was to increase labelling without affecting the PCR. DIG labelled dUTP was provided
as part of a dNTP mixture by Roche (UK) which could be diluted using an unlabelled
dNTP mix. The final concentration of DIG labelled dNTPs used (a 1:4 ratio of labelled
to unlabelled nucleotide mix (Roche, UK)) was the optimum amount to allow PCR to be
carried out and to prc;duce a good signal after hybridisations (see section 2.4). The DIG
labelled PCR was successful with no need for modification of the thermal cycling

conditions.

2.2.44 Biotin labelling of cystic fibrosis sequences via end labelled primers

Biotin labelling of PCR was carried out in an alternative manner to DIG labelling.
Biotin labelled priiners were ordered from MWG-Biotech (Milton Keynes, UK), which
produced a PCR product with only one biotin label per strand of DNA, compared to the
multiple DIG labels incorporated previously. The presence of a biotin moiety at the 5’
end of primers may be expected to have an affect on how easily the primer anneals to
the target DNA, necessitating some optimisation of the PCR in question. It is important

to position the biotin label at the 5’ end of the primer as if it were positioned at the 3’
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end it may inhibit the PCR by interfering with the addition of nucleotides to the 3’ endv
during replication. The length and temperature of the PCR cycles for amplifying exons
10 and 21 did not require adjustment in order to produce PCR product when the primers
were end-labelled with biotin. The annealing temperature used to amplify exon 11 with
biotin labelled primers, however, was reduced from that used in the DIG labelling

amplification (from 52°C to 46°C).
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1,000 bp
700 bp
500 bp

200 bp
100 bp

1,000 bp
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200 bp
100 bp

Figure 4. PCR product from DIG labelling exons 10,11 and 21

1,000 bp
700 bp
500 bp
200 bp
100 bp

Three exons from the CFTR gene in human gDNA were amplified using primers 10i-

3, 10i-5, 11i-3, 11i-5, 21a and 21b (see Appendix A for sequence). The amplicon was

labelled by incorporation of DIG labelled nucleotides. 10pl of amplicon were

analysed on a 1.2% agarose gel. The expected band sizes were, exon 10-491 bp, exon

11-425 bp and exon 21-376 bp, however the DIG labels will affect the migration of

the bands making them appear slightly larger than they are.
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(Figure 4. legend continued)

Exon 10 lanes: M-marker, 1 and 2-DIG labelled PCR, 3 and 4 +ve control. 5- -ve
control.

Exon 21 lanes: M-marker, 1-+ve control. 2-DIG labelled PCR. 3- -ve control.

Exon 11 lanes: M-marker, 1, 2 and 6 DIG labelled PCR, 3 and 4-+ve control. 5- -ve

control.
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1,000 bp 1,000 bp
700 bp 700 bp
500 bp 500 bp
200 bp 200 bp
100 bp 100 bp

Exon21

1,000 bp
700 bp
500 bp
200 bp
100 bp

Figure 5. PCR product from biotin labelling

Three exons from the CFTR gene in human gDNA were amplified using biotin
labelled primers 10i-3, 10i-5, 11i-3, 11i-5, 21a and 21b (see Appendix A for
sequence). 1Opl of amplicon were analysed on a 1.2% agarose gel. The expected
band sizes were, exon 10-491 bp, exon 11-425 bp and exon 21-376 bp, however the
biotin label reduced DNA migration time and make the PCR product appear larger
than it is.

Exon 10 lanes: 1-+ve control. 2 and 3- biotin labelled PCR. 4- -ve control

Exon 11 lanes: 1- +ve control. 2-5 biotin labelled PCR. (-ve control not shown)
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(Figure 5. legend continued)

Exon 21 lanes: 1 and 2-+ve controls. 3 and 4-biotin labelled PCR. 5- -ve control
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2.2.5 Summary

Genomic DNA has been extracted and amplified from Lactobacillus plantarum and
human blood cells. Amplification of sequences of interest has been successfully carried
out on all genomic DNA extracted. ‘The PCR amplification also included a method of
labelling (DIG or biotin) for detection. This is a requirement for the preparation of the
target to be used in hybﬁdisations. The PCR products were found to be of sufficient
quality for use as a target in a hybridisation, as shown by successful hybridisation (see

sections 2.3 and 2.4).

2.3 Physical Immobilisation of DNA to Nylon Membranes

2.3.1 Introduction

Nylon membranes are commonly used as the solid phase for attachment of DNA in
hybridisations. This section will look at methods currently available to physically
attach oligonucleotides to nylon membranes. It describes this study’s investigations of

two commonly used methods of attachment, baking and UV-crosslinking using

Lactobacillus plantarum sequences as a model.

Hybond N+ membrane was used because nylon membranes are stronger than
nitrocellulose in solution and after baking (Amersham Pharmacia Biotech, Bucks, UK).
The target DNA used was amplified from Lactobacillus plantarum bacteria, (see 2.2.1)
because these bacteria were readily available in the laboratory. Detection of
hybridisation requires observation of a signal from the hybridised target.
Chemiluminescence is a commonly used method of detection that relies on the catalysis
of a substrate by an enzyme coupled to an antibody (specific to the label of choice) in
order to produce light, which is detected via X-ray film. Hybridisation was detected via

chemiluminescence using the ECL kit (Amersham Pharmacia Biotech, Bucks, UK) as a
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convenient method of detection. Oligonucleotide probes were attached to the

membrane and hybridised to the ECL labelled target.

Two different methods of attaching oligonucleotides to nylon membranes were studied,
baking and UV-crosslinking. It has been suggested that the addition of a poly(T) tail
will allow UV-crosslinking to attach the tail preferentially to the membrane, allowing
the hybridising sequence to behave as if it were in solution (Saiki et al. 1989; Kawasaki
et al. 1993). Both tailed and non-tailed oligonucleotides were used in the following
experiments.
2.3.2 Method of probe labelling and hybridisation'
Amplified Lactobacillus plantarum DNAI (see section 2.2.1) was labelled using an ECL
direct labelling kit (Amersham Pharmacia Biotech, Bucks, UK). The probe was diluted
to a concentration of 10ng/ul, and 10pul were denatured by heating for 5 minutes in a
boiling water bath. The DNA was cooled on ice and spun briefly to collect the liquid at
the bottom of the tube. An equivalent volume of DNA labelling reagent was added and
mixed thoroughly, 10ul of gluteraldehyde solution (from ECL kit) were added and
mixed. The solution was spun briefly and iﬁcubated for 10 minutes at 37 °C. After 1

hour pre-hybridisation at 42°C, 0.23pmol of ECL labelled target were added to the

hybridisation buffer. Hybridisation was carried out overnight at 42°C in a Hybaid
minioven (Hybaid, UK). Washes (0.4% SDS/0.5xSSC) were carried out for 2 x 20
minutes as the protocol suggested, and 2 x 5 minute washes in 20 x SSC. ECL
detection (Amersham Pharmacia Biotech, Bucks, UK) was used to observe the

_ hybridisation. Equal volumes of detection reagents 1 and 2 were mixed and applied to

the membrane. The membrane was incubated for 1 minute at room temperature,
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drained of excess reagent and wrapped in clingfilm. The meinbrane was exposed to

Kodak X-OMAT film (Sigma-Aldrich, Dorset, UK) for 1 hour. .

2.3.3" Oligonucleotide attached by baking in an oven and subsequent hybridisation
Control sequences and oligonucleotide R4A (see appendix C) were pipetted (in 1pl
water) onto Hybond N+ membrane (Amersham Pharmacia Biotech, Bucks, UK), and
baked at 80°C for 1 hour. Probe labelling and hybridisation were carried out as

described in section 2.3.2.

2.3.4 Poly(T) tailed oligonucleotides attached to membranes using UV-crosslinking

2.34.1 Method of adding a Poly(T) tail to an oligonucleotide

A sequence from the Lactobacillus plantarum genome, (oligonucleotide R4A) was
synthesised by MWG-Biotech, (Milton Keynes, UK) (See Appendix C for
oligonucleotide sequence). A poly(T) tail was added to the oligonucleotide (50 pmol) by
incubation at 37°C with Terminal deoxynucleotidyl transferase (TdT) (40 units), dTTP
(10mM) and 5x buffer (made up to 50 pl with water), then the enzyme was inactivated
by incubation at 80°C for 10 minutes. The length of the tailing reaction is proportional
to the length of the poly(T) tail added (as tested by the supplier, Promega, UK).
Approximately 25 nucleotides should be added to the 3’ end of the oligonucleotide in

30 minutes.

2.34.2 Method of UV-crosslinking poly(T) tails to nylon membranes
A poly(T) tail was attached to oligonucleotide R4A as described in section 2.3.4.1. and

was attached to Hybond N+ membrane by exposure to an UV source (CleneCab plus,
Herolab, Wiesloch, Germany). Probes were deposited onto the membrane, allowed to
dry and UV irradiated for 90 seconds. Hybridisation and ECL detection were carried

out as described in section 2.3.2.

60



2.3.5 Results and discussion

These experiments using baking and UV-crosslinking to attach DNA to nylon
membrane were carried out to confirm the results of previous experiments (Nierzwicki-
Bauer et al. 1990) showing that hybridisation is possible when probe DNA has been

attached to a nylon membrane using these methods.

2.3.5.1 DNA attachment to nylon membrane by baking

Figure 6 shows hybridisation results after probe DNA has been baked onto the
membrane. The PCR amplified Lactobacillus plantarum target DNA has hybridised to
both spots of genomic DNA, strongly to itself and also to tailed R4A oligonucleotide.
Hybridisation has not occurred between the target and R4S or 1Ab oligonucleotides.
The R4A sequence is found in the middle of the sequence amplified from Lactobacillus
plantarum, oligonucleotides R4s and 1Ab are the primers used to amplify the sequence
therefore their complementary sequences are found at the ends of the PCR product.

The position of the oligonucleotide sequence in the target should not influence
hybridisation, therefore it is likely that the hybridisation signal observed from the tailed

oligonucleotide (R4A) is due to the addition of the poly(T) tail.’

Baking of DNA onto membrane is a common procedure in hybridisations, it relies on
non-specific attachment of the DNA to the membrane. It is probable that DNA attached
to the membrane using this method does not always have an adequate number of bases
free for hybridisation (Saiki et al. 1989). Whilst this method has been shown to allow
hybridisation and production of a weak signal, it is likely that if the DNA were attached
in a more controlled way, for example by one end, the amount of target which would be

available to hybridise to the probe would be increased.
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Figure 6. Oligonucleotides were attached to Hybond N+ membrane by baking
Oligonucleotides were physically attached to nylon membrane (Hybond N+) by

baking at 80°C for 60 minutes. LB PCR product was labelled using an ECL labelling
Kit (Amersham Pharmacia Biotech, Bucks, UK), and hybridised to spots of: 1- LB
gDNA. 2-LB gDNA. 3- LB PCR product. 4-oligonucleotide R4s. 5-oligonucleotide
1Ab. 6-PolyT tailed oligonucleotide R4A (see appendix C for oligonucleotide
sequences). Each ofthese spots of DNA contains a complimentary sequence to LB

PCR product.
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Figuté . Oligonuc eotldés were a&zic ed to Nyidn 'membr‘ane'b‘y UV-
crosslinking

Oligonucleotides were attached to nylon membrane (Hybond N+) by exposure to UV-
light for 90 seconds. LB PCR product was labelled using an ECL labelling Kit
(Amersham Pharmacia Biotech, Bucks, UK), and hybridised to spots of: 1- LB
gDNA. 2-LB gDNA. 3- LB PCR product. 4-oligonucleotide R4s. 5-oligonucleotide
1Ab. 6-PolyT tailed oligonucleotide R4A (see appendix C for oligonucleotide
sequences). Each of these spots of DNA contains a complimentary sequence to LB
PCR product.
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2.3.5.2 DNA attachment to nylon membrane by UV-.crosslinkirig

Figure 7 shows the results of the hybridisation carried out after probes were attached to
membrane by UV-crosslinking. The Lactobacillus plantarum target DNA hybridised to
both gDNA spots, very strongly to itself, weakly to oligonucleotide R4s and very
strongly to tailed R4A oligonucleotide. No hybridisation signal can be observed at the
position of oligonucleotide 1Ab. A comparison can be made between the results of
hybridisation after baking and UV-attachment of oli gonucleotideé as the control gDNA
(spots 1 and 2) and PCR (spot 3) spots are of a similar intensity in the two figures
(figure;s 6 and 7). Hybridisation is increased (indicated by an increase in the strength of
the hybridisation signal) when W-attachment is used, compared to baking.
Hybridisation has occurred to the R4S oligonucleotide after UV-crosslinking, but no
signal was observed when baking was used to attach this oligonucleotide to the

membrane.

There is obvi(;usly a much stronger signal from target hybridised to tailed R4A than the
un-tailed R4s, implying that the addition of a poly(T) tail allows the oligonucleotide
more freedom to hybridise. UY-cfosslinking rof DNA activates the Thymine (T) bases,
which become covalently attached to the primary amines in the nylon membrane (Saiki
et al. 1989). The purpose of the poly(T) tails added before UV-crosslinking the
oligonucleotides to the membrane, was to allow the tail to be preferentially bound,
leaving the probe sequence free to hybﬁdise. There is still very little control over which
part of the oligonucleotide attaches to the membrane, and the probe sequence as well as
the poly(T) tail may be attached. It has been observed by Saiki et al. (1989) that the
longer a poly(T) tail is, the stronger the signal, implying that more target had hybridised

to the probe. It is possible that the longer the poly(T) tail is, the more likely it is that
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only the fail will be attached to the membrane and the probe sequence will be left free to

hybridise.

The addition of the poly(T) tail itself is not precise. The informatioh given by the
supplier indicates how many bases will be added by the TdT enzyme in a set time,
under certain conditions. From this information it is possible to estimate the length of
the poly(T) tail produced, although it is ndt possible to be certain this length of tail is
added to each oligonucleotide. Tail length could be confirmed by running the tailed
oligonucleotides on a gel, however this can be time consuming and therefore was not
considered to be appropriate for use in the production of a high through-put test. An
alternative to in-house tailing is to have the oligonucleotide synthesised with the tail,
although this can be expensive, and there may still be problems with the accuracy of tail
length if the total oligonucleotide is over 80 bases (A. Venables, Personal
communication).

2.3.6 Summary

The hybridisation signals obtained after hybridisations using baking and UV-
crosslinking as methods of attaching probe oligonucleotides to Hybond N+ membrane

were not reproducible or easily visible enough for use in a diagnostic device.

UV-crosslinking and baking of DNA to membranes give similar results after
hybridisation, however they are both unreliable methods of attaching DNA to a surface.
The consistency of signal (for example, between spots 1 and 2 in figures 6 and 7) is not
reproducible. The desired reproducibility for a clinical diagnostic test is of an extremely
high standard, and physical absorption is not precise enough to meet that standard. In a
later section (2.5) the issue of the amount of oligonucleotide deposited will be

addressed.
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2.4 Covalent Immobilisation of DNA to Carboxylated Nylon Membranes

2.4.1 Introduction

It is important that a diagnostic device always gives the same results with the same
patient’s DNA, under the same conditions. Physical attachment of oligonucleotides to
membranes for hybridisation does not give the consistency and reliability required, as

shown in section 2.3, therefore an alternative method of attachment must be examined.

A covalent bond is stronger than pure physical attachment, and may be more reliable
and reproducible, therefore a method of covalently attaching oligonucleotides to a
commercially produced carboxylated nylon membrane (Biodyne C, Pall Life Sciences,
Hants, UK) was investigated in this section. Oligonucleotides were required to have an
amino group at one end in order to perform the coupling chemistry, the amino group

was added at the time of synthesis (MWG-Biotech, Milton Keynes, UK).

Covalent attachment was carried out in all cases as suggested in the literature (Chehab
and Wall, 1992). Published protocols suggest that the covalent attachment of between 1
and 5 pmol of oligonucleotide to the membrane should be attempted (Kawasaki and
Chehab, 1994; Pall Life Sciences, Hants, UK, Personal Communication). Experiments
using radioactive labelling were carried out to estimate how much oligonucleotide is
covalently attached to Biodyne C membrane. Both radioactive labels and DIG labels
have been used in this section as alternative labelling methods to the ECL method of
detection used previously.

2.4.2 Oligonucleotide covalently attached to carboxylated nylon membrane

Covalent attachment of amino terminated oligonucleotides to carboxylated nylon
membrane was investigated as an alternative to physical attachment of oligonucleotides

to nylon membrane.
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An oligonucleotide was synthesised (MWG-Biotech, Milton Keynes, UK) with an
amino termination at the 5’ end and a DIG label at the 3’ end and was covalently

attached to Biodyne C membrane (Pall Life Sciences, Hants, UK).

24.21 Activation of carboxyl groups and covalent coupling of oligonucleotides

The Biodyne C membrane was activated by a brief incubation in 0.1M HCI, and a 15
minute incubation in 16% 1-Ethyl-3-(3-Dimethylaminopropyl)Carbodiimide (EDC)
solution. The amino terminated oligonucleotides were spotted on to the membrane, air
dried for 30 minutes and the membrane was chemically quenched by a 15 minute

incubation with 0.1M NaOH.

24.2.2 ‘Mock’ hybridisation
The membrane was incubated in DIG hybridisation buffer (5x SSC, 0.1% N-

lauroylsarcosine, 0.02% SDS, 1% DIG block made up in maleic acid buffer (0.1 M
maleic acid, 0.15 M NaCl adjusted to pH 7.5 with solid NaOH)) for 1 hour pre-
hybridisation, as suggeéted in the protocol (Roche, UK). Fresh hybridisation buffer was
used to replace the pre-hybridisation buffer, the ‘mock’ hybridisation was carried out
without the addition of probe DNA at 42°C overnight in a Hybaid minioven. Washes
in 2xSSC/0.1%SDS and 1xSSC/0.1%SDS were carried out for 2 x 5 minutes each. The
membrane was then incubated in 1x DIG block solution (in Maleic acid buffer) for 30
minutes and anti-DIG-AP conjugate (Roche, UK) diluted 1/10,000 in 1x DIG block
solution for 30 minutes. The membrane Was washed for 2 x 15 minutes in DIG washing
buffer (0.3% Tween 20 in Maleic acid buffer). The membrane was equilibrated in
detection buffer (0.1 M Tris-HCL, 0.1 M NaCl, pH 9.5) and sealed in a hybridisation
bag with disodium 3-(4-methoxyspiro{1,2-dioxetane-3,2’-(5’-

chloro)tricyclo[3.3.1.1*"]decan}-4-yl phenyl phosphate (CSPD) diluted 1/100 in

67



detection buffer for 5 minutes. The membrane was blotted (DNA side up) on to filter
paper, sealed in a hybridisation bag and incubated at 37°C for 15 minutes before being
exposed to film (Kodak X-OMAT Sigma-Aldrich, Dorset, UK) for 2 hours for signal

detection.

2.4.3 Determination of quantitative amounts of oligonucleotide covalently attached to
membrane ‘

Physical attachment and covalent coupling methods of attaching oligonucleotides to
membrane were compared by quantification of the amount of oligonucleotide attached.

Radioactive labels were used to allow this quantification to be carried out.

The amount of hybridisation generally indicates the amount of DNA attached to the
membrane. The amount of DNA observed through hybridisation to be physically
attached to membrane (in figures 6 and 7, spots 1 and 2) was inconsistent and lower
than expected, therefore, a radioactive label was used to directly quantify the amount of
DNA which could be attached to the membrane by UV-crosslinking and covalent
coupling. The use of a radioactive label allows a measurement of the radiation
produced by a defined amount of oligonucleotide to be taken, and compared to a
measurement of the radiation produced by oligonucleotide attached to membrane. It is
possible to calculate how much oligonucleotide is left on the membrane after mock

hybridisation and stringency washes.

Two sets of 7 oligonucleotides were radioactively labelled, one set had 5’ amino
termination in order to allow covalent attachment and the remaining set did not. See
Appendix C for the sequence of these oligonucleotides (R4A and R4Aa), the number in

the name refers to the length of poly(T) tail. The oligonucleotides without amino
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termination were identical in sequence to those with, the only difference being the

presence or absence of the amino group.

2.4.3.1 Method for radioactive labelling of oligonucleotides
Oligonucleotides and poly(T) tails were synthesised by MWG-Biotech (Milton Keynes,

UK), and then labelled witﬁ [y-P32] ATP (Amersham Pharmacia Biotech, Bucks, UK)
using T4 Polynucleotide kinase (Roche, Brussels, Belgium). The reaction mix
consisted of 20 pmol of oligonucleotide, 20 units of kinase, 10x buffer and 156 pmol [y-
P*] ATP madé up to 20 pl with water, incubated at 37°C for 30 minutes and inactivated

at 68°C for 10 minutes.

Labelled oligonucleotide was purified from excess [y-P**] ATP using P30 spin columns
(Bio-Rad, California, USA). The column was inverted several times, the tip broken off
and placed in a 2ml tube. The column and tube were spun at 12,000 x g for 2 minutes
to remove excess buffer, which was discarded. The column was placed in a 1.5ml tube,
20-75pl of labelled oligonucleotide were added to the centre of the column and

centrifuged for 4 minutes.

2.4.3.2 Method to test the efficiency of radioactive labelling

A DES8]1 test was carried out after purification in order to test the efficiency of labelling,
it is used to assess the amount of labelling present after unincorporated nucleotides have
vbeen removed. For the test purified oligonucleotide (1pl) was placed in the centre of
each of 4 DESI filters (Whatman, Kent, UK). The filters were dried under a lamp for
15 minutes and then two were washed in 2 x SSC at room temperature for 2 x 5
minutes. The washed filters were rinsed in ethanol and dried under a lamp for 15

minutes. All 4 filters were placed into scintillation tubes and 4ml of scintillation fluid
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(Aqua Luma Plus, Lumac-LSC) were added to each. The radioactivity was counted
using a Beckman scintillation system (LS6500, Beckman, High Wickham, UK) and the
average counts per minute (CPM) of the two washed filters and that of the two
unwashed filters was used to calculate the percentage of radioactivity washed off the

membrane in the form of unincorporated [y-P32] ATP.

2433 Method for determination of probe yield
Radioactively labelled oligonucleotide was diluted 1 part in 100 with water and 5pl

were counted using Cherenkov counting. [y-P**] ATP was also diluted 1/100 and
counted in the same way. These values were used to calculate the yield of labelled
probe. The purity of the labelled probe is the percentage of the CPM remaining on the
filter paper in the DES8]1 test after washing. The final yield of probe is calculated using

the following equation:

CPM .
ul of purified probe

CPM
Al of [y -P2]ATP

2434 Mock hybridisation experiment

Final yield = X % purity of labelled probe

Labelled oligonucleotide was diluted 1 part in 100 with unlabelled oligonucleotide.
Amounts of between 18.24 pmol and 28 pmol of the hot/cold mixture of
oligonucleotides were spotted onto membranes and attached either covalently (see
section 2.4.2) or via UV-crosslinking. UV-crosslinking of oligonucleotides to nylon
_ membrane strips was performed as described in section 2.3.4.2 using a hand held UV

source (UV-hand lamp, L2766, Labcentre).
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A dumxﬁy hybridisation was carried out as described in section 2.4.3, where all
protocols were followed as normal except that no target was added and it was the
oligonucleotidesrthemselves that were labelled. All dummy ‘hybridisations’ were
carried out in duplicate and 5 different concentrations of each oligonucleotide were used

(see Appendix D).

2435 Detection of radioactivity in order to measure absolute amounts of oligonucleotide
attached to membrane

The strips of membranes were wrapped in clingfilm and exposed to film for 5 minutes.
The film was analysed using a cyclone phosphoimager (Packard Bioscience, UK) to
confirm the presence of radioactively labelled probe (results not shown). Each strip was
cut in half to give one piece of membrane with two spots of the same oligonucleotide.
The radioactivity on each half strip was counted using Cherenkov counting, to give the
value for an average of the two spots the counts per minute (CPM) value was divided by
two. The CPM value for each spot was used to calculate the total amount of
oligonucleotide remaining on the membrane, and the values for the washed and
unwashed strips were compared to see how much oligonucleotide had been washed off

during the dummy hybridisation.

2.4.4 Evaluation of covalent coupling of oligonucleotide to membrane via
hybridisation to labelled target

Covalent attachment of oligonucleotides to membrane is stronger than physical
attachment. Therefore this section aims to show that covalent attachment, will allow a
hybridisation signal to be observed, and show that it is a viable method for attaching
oligonucleotides to membrane for hybridisation. The reverse dot blot can be carried out

using physical attachment of DNA to the membrane, however the use of covalent

71



attachment is expected to increase the amount of oligonucleotide available to hybridise

as the attachment occurs only at the 5’ terminus of the oligdnucleotide.

At this point in the project human blood samples became available, therefore human
genomic DNA was used instead of Lactobacillus plantarum genomic DNA as it is
human cystic fibrosis sequences that this project is concerned with. The PCR
amplicons and oligonucleotides used in this experiment were sequences that were of
relevance to detection of cystic fibrosis mutations. Four different cystic fibrosis
mutation sequences were studied, AF508, G542X, G551D and N1303K. These |
mutations are found in exons 10 (AF508), 11 (G542X and G551D) and 21 (N1303K).
PCR was used to amplify sequences from exons 10, 11 and 21, incorporating
digoxygenin labels as described in section 2.2.3.1. Spots of oligonucleotides
complementary to the wild type and mutated sequence of each mutation were covalently
attached to carboxylated membrane (as in section 2.4.3.5). PCR product exactly
complementary to the target, and labelled target itself were spotted down and physically

absorbed to the membrane as positive controls for signal detection and hybridisation.

2.44.1 Method of pre-hybridisation, hybridisation and DIG detection on nylon membrane
The pre-hybridisation, hybridisation and detection of DIG labels were carried out as

described in section 2.4.3, with the exception that labelled target (6ul) was added after
pre-hybridisation.

2.4.5 Results and discussion

This work confirms previous experiments that showed covalent attachment of
oligonucleotides to Biodyne C membrane to be possible (Chehab and Wall, 1992).
Figure 8 shows that oligonucleotide has been successfully bound to Biodyne C

membrane and 20pmol can be easily detected using the DIG detection system from
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Roche (UK). Covalent attachment should couple oligonucleotides to membrane in a
more specific orientation than either baking or crosslinking as the amino termination on
the oligonucleotide is the site of attachment. This specific attachment is expected to
increase the availability of the oligonucleotide for hybridisation, thus increasing the

hybridisation signal.
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Approx. lem j

Figure 8. DIG labelled oligonucleotides were covalently coupled to Biodyne C
membrane and detected using chemiluminescence.

DIG labelled oligonucleotides were covalently coupled to Biodyne C membrane and
detected using a PCR DIG detection kit (Roche, UK). 1-1pi DIG test. 2-2pl DIG test.

3-10pl DIG test (see Appendix C for oligonucleotide sequence).
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24.5.1 Radioactive labelling and detection of oligonucleotides

The amount of oligonucleotide deposited under each of the four experimental conditions
was plotted against the amount detected on the membrane at the end of the experiment
(shown in Figure 9, for raw data see appendix E). The amount of oligonucleotide
remaining on the membrane after washes have been carried out is indicative of the

amount of oligonucleotide undergoing covalent attachment.

When UV-crosslinking and covalent attachment to the membrane were compared, the
amounts of oligonucleotide attached were ndticeably different. If a comparison is made
between unwashed controls, on first sight UV attachment appears to be the better
method (Figure 9a and b). It should be noted, however, that in the case of covalent
attachment, even unwashed membrane undergoes a 15 minute wash in NaOH solution
after the addition of the oligonucleotides, making comparison between the two results
impossible as oligonucleotides attached to membranes by UV-crosslinking undergo no

such treatment.

Because the unwashed UV treated membrane undergoes no washes to remove the DNA,
it would be expected that all of the DNA deposited would remain on the membrane,
however this was not found to be the case. No more than 77% of UV-attached
oligonucleotide remained on the membrane for detection. UV light is known to damage
DNA, however, as the membrane did not undergo washing after UV-attachment,
damaged DNA or single bases would be expected to remain on the membrane, and

therefore be detected. It is not clear why this is the case.

The situation was very different with washed samples. Covalent attachment allowed an
average of 4% of oligonucleotide to remain on the membrane after washes compared to

an average of 0.4% after UV-attachment and washes. This shows that an increase of
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approximately 10x the amount of oligonucleotide was bound to the membrane through

covalent attachment.

The amount of oligonucleotide attached by both UV-crosslinking and covalent
attachment was sma}ler than expected. In a previous experiment Joos et al. (1997)
showed that 40-50% of oligonucleotide deposited by them was bound to glass via
disulphide bonds. The difference between results may représent the different surfaces

and attachment methods used.

These results were obtained from a single experiment and as such would need to be
verified. It was not possible to repeat the experiment within this project as the
radioactive experiments were carried out in a laboratory at Innogenetics B.V. (Gent,
Belgium) in a three week period. Repetition of the experiment could confirm the
amount of oligonucleotide which can be attached to nylon membrane by these methods.
If the amount of oligonucleotide detected in this experiment is representative of that
attached to membranes in a standard coupling procedure, then the efficiency of all
methods of attachment should be studied, with a view to improving attachment
efficiency in order to reduce the amount of oli gonucleotide neccessary to achieve the an

adequate signal strength.

An increase in the amount of oligonucleotide attached to the membrane by UV-
irradiation was seen when a poly(T) tail of O or 90 bases was present at the 3’ terminus
of the oligonucleotide probe sequence. The amount of oligonucleotide attached did not
increase proportionally to the length of the poly(T) tail as observed by Saiki e? al.
(1989). A longer poly(T) tail would be expected to allow more stable attachment for
each oligonucleotide, with a resulting increase in total oligonucleotide attachment

because more bases are available for the attachment. This was not seen in this work.
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Covalently coupled oligonucleotides showed the greatest amount of attachment when
poly (T) tails of 40 and 60 bases were present between the 3’end of the oligonucleotide
probe sequence and the amino termination. This implies that there is an optimum tail
length and that a tail that is too long may interfere with hybridisation. It is possible that
this increase in attachment of oligonucleotides with medium leilgth tails may be due to
differences in the synthesis of the oligonucleotide or due to degradation of the amino
groups on some of the oligonucleotides, or possibly due to the formation of secondary
structures by the oligonucleotides. Again, this would require investigation by repetition

of the experiment with new, freshly made oligonucleotides.
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Figure 9 a-d. These graphs show the amount of radioactively labelled
oligonucleotide remaining attached to Hybond N+ membrane (UV_crosslinking)
and Biodyne C (covalent attachment) both before and after washes.
Oligonucleotides were attached by the chosen method and the radioactivity on the
membrane was measured without washes (9a and 9b) and after washes (9¢ and d).
The amoun£ of oligonucleotide left after washes is indicative of the amount of
oligonucleotide undergoing attachment.

For raw data see appendix E.
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2452 Hybridisation of DIG labelled PCR product to oligonucleotides covalently coupled to
carboxylated nylon membrane

DIG labelled PCR product was hybridised to oligonucleotide covalently bound to
Biodyne C membrane (see figure 10). Stringency conditions were explored to discover
those that allowed hybridisation only between complementary sequences, as seen in
figure 10. Final washes of 0.1x SSC/0.1% SDS gave sufficiently stringent conditions

for use in this hybridisation.

Hybridisation produced the expected signals in all cases, although the signals
corresponding to the lower concentrations of the AF508 wild type sequence produced
weaker signals than the lower concentrations of each of the other mutation sequences.
The mutation sequence oligonucleotide was spotted onto the membrane at a ten times
higher concentration than the wild type sequences in order to ascertain whether a high
concentration of a non-complementary oligonucleotide would hybridise to the target

non-specifically, this was not seen to be the case.

The signals produced from hybridisations of the exon 10 PCR product to the AF508
oligonucleotides in figure 10 were nof very strong. The longer an oligonucleotide is
stored and the more often it undergoes freeze/thaw cycles and the more likely it is that
there will be heat damage or enzyme contamination which will degrade the
oligonucleotide. As the AF508 oligonucleotides have been stored for over a year it is
possible that the oligonucleotide has been damaged in this way and is therefore there is

not a sufficient quantity of intact oligonucleotide to hybridise to the target.

It is not possible to be certain of the amount of oligonucleotide that has been covalently
bound to the membrane in this experiment. If the results of the radioactive study

(section 2.4.5.2) are indicative of the average percentage of oligonucleotide washed off
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after covalent coupling, then approximately 470 of the oligonucleotide deposited
remains on the membrane. Therefore, approximately 0.4 pmol of 10 pmol deposited
will remain bound to the membrane. The proportion of oligonucleotide that is available
for hybridisation after covalent attachment is unknown, however Joos et al. (1997)
found that 90% of oligonucleotide covalently attached to glass was available for

hybridisation.
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N1303K

G551D

AF508

Figure 10. Oligonucleotides representing the mutant and wild type sequences of
four cystic fibrosis mutations (AF508, G542X, G551D and N1303K) were
covalently coupled to Biodyne C membrane and hybridised with the appropriate
PCR product amplified from control blood.

Hybridisation was carried out to mutant and wild type oligonucleotide sequences of
four mutations found in the CFTR gene. Mutations G542X and G551D are found in
exon 11, N1303K in exon 21 and AF508 in exon 10. For each mutation, 1-PCR
product. 2-100pmol wt. 3-20pmol wt. 4-10pmol wt. 5-5pmol wt. 6-lpmol wt. 7-

20pmol mut. 8- DIG labelled PCR (see appendix C for oligonucleotide sequence).
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(Figure 10. legend continued)
The control blood would be expected to contain wild type sequences for each
mutation, and so hybridisation signals should be observed for spots 1-6 and 8. This

was the case for the G542X, N1303K and G551D mutations, however, hybridisation

only occurred with 100pmol of the wild type AF508 oligonucleotide.

85



2.4.6 Summary

This section has shown that amino terminated oligonucleotides can be successfully
coupled to carboxylated nylon membranes. It has also been found that covalent
attachment of oligonucleotide to carboxylated nylon membrane will couple
approximately 10x more oligonucleotide than attachment by UV-crosslinking. The
final experiment in this section was to confirm that hybridisation could be performed
with oligonucleotides covalently coupled to carboxylated nylon membrane.
Hybridisation to oligonucleotides covalently Coupled to carboxylated rﬁembrane was

carried out successfully, using human cystic fibrosis sequences.
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2.5 Covalent Immobilisation to Activated Polystyrene

2.5.1 Introduction

The work reported in this thesis attempts to combine the ease of handling and small
surface area of a microarray with the efficiency of testing for multiple mutations of the
reverse dot blot systems. In the case of the reverse dot blot, the smaller oligonucleotide
is attached to the surface. The longer a piece of DNA is, the more chance there is that
bases will be available for hybridisation after being used in surface attachment. A short
oligonucleotide is unlikely to have many bases available for hybridisation after
attachment to the surface, which may explain the faint signals observed after the
physical attachment of oligonucleotide to membrane in section 2.3. Covalent
attachment of amino terminated oligonucleotides toa surface allows the maximum

number of bases in each oligonucleotide to be available for hybridisation.

Polystyrene slides can be produced by injection moulding and therefore, are compatible
with high throughput manufacture of a device. Polystyrene slides can also be
chemically activated in order to produce carboxyl groups on the surface (Zammatteo et
al. 1996) producing a small, rigid surface to which amino terminated oligonucleotides

can be covalently attached.

This section investigates the possibility of covalent attachment of amino terminated
oligonucleotides to carboxyl groups on polystyrene slides using the principles explored

in section 2.4.

Polystyrene slides (Nunc, Paisley, UK) were modified using a method based on that

described by Zammatteo et al. (1996) to modify polystyrene microtitre plates.
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Some modification to the DIG and biotin detection protocols were required in order to
allow detection of these groups accurately when transferring the technology from

flexible, absorbent membrane to the rigid, non-absorbent slides.

2.5.2 Comparison of the surface chemistry of modified and unmodified polystyrene
slides

Contact angle measurements can be used to compare the hydrophobic characteristics of
surfaces (Weston, 1999). The chemical modification of polystyrene slides is expected
to alter the hydrophobicity of the surface, therefore a change in hydrophobic
characteristics of the surface after modification will imply an alteration of the surface

chemistry.

An atomic force microscope (AFM) will allow the observation of the polystyrene
surfaces in detail. The AFM generates an image by using the force between the probe
and the sample surface (Hansma et al., 1988). The AFM has a tip, which is mounted on
a cantilever spring that will move as the tip runs over the surface being examined. The
most common method of detecting the movement of the cantilever is a laser beam
which is directed onto the end on the cantilever and reflected to a photodetector. The
AFM includes a compensation network or feedback loop that keeps the cantilever
deflection constant by monitoring the cantilever deflection and adjusting the cantilever
height via a piezoelectric positioner in order to allow scanning at very low forces. Data
collected is presented typically as a topographic image. Differences between the

modified and unmodified polystyrene surfaces should be observable using AFM.

2.5.2.1 Method of modification of polystyrene slides to produce carboxyl groups

Polystyrene slides (Nunc, Paisley, UK) were modified by incubation in 5% potassium

permanganate in 1.2 M H,SOy in Coplin jars for 2 hours at room temperature (based on
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Zammatteo et al. (1996)). The slides were rinsed in distilled water, washed in 6 M HCI
for 5 minutes and water for 5 minutes, the latter two washes were repeated three times

each. The slides were then dried by centrifugation at 25 x g for 6 minutes.

2.5.2.2 Method of determining contact angle

Contact angle measurements were taken by using the sessile drop method (Weston,
1999). A known volume of water was placed onto the slide, and the side view was
captured with a CCD camera. The image obtained from the CCD camera was saved as
a TIF file and analysed via Paint Shop Pro (version 3.11, JASC Software, Eden Prairie,
MN 55344 USA). The height and width of the drop were measured by counting the
number of pixels present and the contact angle was calculated from these as shown
below. Between six and nine drops were measured for each slide so that an average

contact angle measurement could be used.
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Slide

By using the equation

The contact angle,9, can be calculated by

0=90-¢

Figure 11. A representation of a droplet as a sector of a circle (Weston, 1999).

H is the height and W is the width of the droplet. R is the radius of the hypothetical

circle created by extension of the droplet.
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2.5.2.3 Method of taking AFM images of polystyrene slides
Atomic Force Microscope (AFM) images were by taken of both modified and

unmodified slides (H. Johnson, Cranfield University). A Quescent Instruments Corp.
(California, USA) Resolver™ scanning probe microscope was used to investigate the
surface of both modified and unmodified polystyrene slides. Samples were prepared for
atomic force microscopy by mounting on a stage with double-sided tape in order to
prevent the movement of the sample during scanning. Images were achieved with a
scan rate of 2Hz at a resolution of 500 scan lines per image with scan dimensions of 5

um.

2.5.3 Covalent binding of oligonucleotides to modified polystyrene slides

2.5.3.1 Method of the activation of carboxyl groups on polystyrene slides

Polystyrene slides were modified as described in section 2.5.2.1. Activation of the
carboxyl groups on the slides was carried out as described for nylon membrane in

section 2.4.2.1. then slides were dried by centrifugation at 25 x g for 6 minutes.

2.5.3.2 Covalent attachment of amino terminated oligonucleotides to carboxyl groups on
polystyrene slides

One microlitre of each oligonucleotide was spotted onto the slide. Two oligonucleotides
with 5’ amino termination, one with a DIG label at the 3’ end and the other with a biotin
label at the 3° end were covalently attached to different modified polystyrene slides via
the amino group. A template showing where to place the spots was drawn on paper
and placed under the slides before the oligonucleotides were spotted down. The spots
were dried onto the slides for 20-30 minutes at 37°C and the slides were incubated in

0.1 M NaOH for 15 minutes.

91



2.5.3.3 Mock hybridisation and detection of DIG and biotin labels
Pre-hybridisation was carried out by pipetting 100ul of Sigma PerfectHyb Plus

hybridisation buffer (Sigma-Aldrich, Dorset UK) onto the slide and covering with a
Sigma Hybri-slip coverslip (Sigma-Aldrich, Dorset, UK). The slides were placed in a
hybridisation chamber (Genetix, UK) and incubated at 42°C overnight. Washes were
carried out in 0.1%SDS/0.1x SSC solution and the slides were incubated in DIG block
buffer (Roche, UK) for 30 minutes. Streptavidin ~HRP conjugate was diluted 1/500 in
DIG block buffer and 0.5ml of antibody mixture was put onto the slides which were
incubated in a humid chamber for 30 minutes. The slides were washed for 3x 5 minutes

in biotin wash buffer F(Southem detection kit, KPL, Maryland, USA).

Detection of biotin was carried out by mixing solutions A and B (Southern detection Kit,
KPL) together in equal parts and adding 0.5ml to each slide. A glass coverslip was
placed on the slide and it was drained onto filter paper by placing the slide on its edge,

lengthways along the filter paper.

In the case of the DIG detection protocol, after the addition of CSPD to the slides, a
coverslip was placed on top. The slides were not blotted on filter paper, but the

underside of the slide was dried.

After the slides were exposed to the appropriate detection reagents, they were then
sealed in a hybridisation bag and exposed to Kodak X-OMAT film (Sigma-Aldrich,
Dorset, UK) for 2 hours.

2.5.4 Hybridisation to covalently coupled oligonucleotides on polystyrene slides
Human CFIR exon 10, 11 and 21 PCR products were labelled with biotin as described
in section 2.2.3.2. Polystyrene slides were modified as described in section 2.5.3.1.

Activation of the carboxyl groups on the slides was based on the method described by
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Chehab and Wall, (1992) for the activation of Biodyne C membrane (Pall Life Sciences,
Hants, UK), and was performed as described in section 2.5.3.1, oligonucleotides were

covalently coupled as described in section 2.5.3.2.

2.54.1 Hybridisation of PCR product to covalently coupled oligonucleotides on polystyrene
slides

Pre-hybridisation was carried out as described in section 2.5.3.3 Biotin labelled target
(12ul of each exon) was mixed with 6ul of hybridisation buffer, the mixture was
denatured at 100°C for 5 minutes, pulse spun and pippetted down the centre of the slide.
The coverslip was replaced onto the slide and the slide was placed back into the

hybridisation chamber for hybridisation at 42°C overnight.

Detection of biotin labels after hybridisation was carried out as described in section

2.5.3.3.

2.5.5 Results and discussion

2.5.5.1 Contact angle measurements on polystyrene slides

Static contact angle measurements were taken which show a small change in
hydrophobicity of the surface of the slides. The larger the angle, the greater the
hydrophobicity. The modified slide was less hydrophobic on average, than the
unmodified slide, although the contact angles showed inconsistency between different
areas on each slide and between different slides for both modified and unmodified slides
(see appendix F). The mean contact angles for four slides, two modified and two
unmodified, are shown in Table 3. There is a small difference between the mean
contact angles of modified slides and unmodified slides, although the inconsistency of
the contact angles across the surface of the slide implies that the modification is not

occurring consistently in these experiments. This could be due to settling of the
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potassium permanganate in sulphuric acid during modification, they were mixed briefly
before being added to the slides in the Coplin jars. Over the two hour modification,
potassium permanganate may settle onto the slides or to the bottom of the Coplin jar if
inadequately mixed. There is no one area of the slides that consistently appears more or
less modified than any other from the contact angle measurements, which may be
expected the case if the potassium permanganate had settled out of solution. The

inconsistency of modification may be due to differences in the slides themselves.
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Scale bar approximately 2mm

Figure 12. An example of a CCD image of a water drop on a modified
polystyrene slide from which contact angle measurements were taken.



Table 3. The mean contact angle measurements taken on modified and unmodified

slides (for raw data, see appendix G).

Slide number Mean contact angle (taken
from 7 or 9 measurements)

Unmodified 1 68° +1°

Unmodified 2 66° £1°

Modified 1 64° £1°

Modified 2 57° £1°

2.5.5.2 AFM analysis of polystyrene slides

The AFM images show a difference between the modified and unmodified slides
(Figure 13). Itis possible to see streaking on the modified slides, which is indicative of
a mobile layer on the top of the slides, produced when the surface is oxidised, this
softer, mobile layer is thought to be the oxidised material (Gillespie, 2001), and allows
the differentiation of modified and unmodified slides. It is important to check that the
modification has had an effect on the surface of the slides in this way because it does

not produce changes that are visible by eye.
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All images were taken using the following parameters:

Scan rate

Integral gain
Derivative gain

Scan angle

Unmodified

polystyrene slide
Beam align 0.4
Setpoint offset-0.4
Sumx Sumx 31.82nm

Modified polystyrene

slide

Beam align 0
Setpoint offset 0

S5pm x S5pm x 51.06nm

2Hz Resolution
200 Proportional gain

100 Image
0
Unmodified

polystyrene slide
Beam align 0.4
Setpoint offset-0.4
Spm x Spm x 59.93nm

Modified polystyrene

slide

Beam align 0.2
Setpoint offset -0.2
S5pm x Spm x 19.27nm

500
200
Z height

Unmodified

polystyrene slide
Beam align 0.4
Setpoint offset-0.4
5pm x Spm x 52.42nm

Modified polystyrene

slide

Beam align 0.2
Setpoint offset -0.2
5pm x 5pm x 115nm

Figure 13. AFM images of unmodified and modified polystyrene slides

Polystyrene slides were chemically modified by incubation in a solution of 5% potassium
permanganate in 1.2M Sulphuric acid in order to produce carboxyl groups on the surface.
Unmodified and modified polystyrene slides were scanned using Quescent Instruments
Corp. (California, USA) Resolver™ scanning probe microscope (H. Johnson).
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2.5.5.3 Covalent coupling of oligonucleotides to modified polystyrene slides

The surface of the polystyrene slides has been altered by the modification as seen from
both the AFM and contact angle results. The practical test of modification, however, is

the covalent coupling of amino terminated oligonucleotides.

Short, labelled oligonucleotides were used to test the transfer of attachment and
detection technology from nylon membrane to polystyrene slides. Both DIG labelled
and biotin labelled oligonucleotides bound to polystyrene slides (see figures 14 and 15).
Nylon membrane, is porous and will adsorb of liquids, polystyrene slides are not and
therefore will not adsorb solutions. The detection methods used in this work were
designed for use with a porous membrane, therefore the transfer of the technology to
non-porous polystyrene required some modification of the protocol used. In
preliminary experiments coverslips were used only during pre-hybridisation and
hybridisation incubations. These experiments produced no observable signal (not

shown).

The introduction of the use of a coverslip on a polystyrene slide after the addition of the
enzyme substrate during detection produced very weak signals using biotin-streptavidin
compared to those seen on nylon (see figure 14). Further experiments using biotin
detection also used a humid chamber for incubation of the slide in the streptavidin-HRP
conjugate solution, which improved the signals and protected the solution from
evaporation. In conclusion, coverslips were required in order to hold the enzyme
substrate in place on the slide to allow its detection and a humid chamber was used to

decrease the chance of evaporation of other solutions.
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DIG

Figure 14. DIG labelled oligonucleotide covalently attached to a modified
polystyrene slide.

All spots are DIG test oligonucleotide (see appendix C for sequence). 1-100pl (2

pmol). 2-1pi (20 pmol). 3-0.5pl (10 pmol). The arrow indicates the edge ofa spot.

Biotin

Figure 15. Biotin labelled oligonucleotides covalently attached to a modified
polystyrene slide and detected using Southern detection kit (KPL, MD, USA).

All spots contain IOpmol of biotin test oligonucleotide, (see appendix C for

sequence).
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Once it had been established that amino terminated oligonucleotides could be bound to
the polystyrene slides, hybridisation with biotin labelled PCR product was attempted
(see figure 16). Although both DIG and biotin detection systems were shown to work
on polystyrene slides, further experiments were performed using biotin as this produced
a stronger more consistent signal. Hybridisation was carried out on polystyrene slides
with the covalently attached oligonucleotides corresponding to the mutant and wild type
sequence of all four cystic fibrosis mutations studied (AF508, G542X, G551D and
N1303K). In general the target hybridised as expected to the oligonucleotides and gave
visible signals. The G542X wild type oligonucleotide hybridised to the target when
present at concentrations of 100, 20 and 10 pmol, the strongest signal was observed for
hybridisation to the 20 pmol spot, the signal from the 10pmol spot was weak. The
N1303K wild type oligonucleotide produced similar strong signals at concentrations of
100, 20 and 10pmol, with a reduced strength signal unexpectedly seen for hybridisation
to the mutant sequence, present at 100pmol. The AF508 wild type oligonucleotide
showed a weak hybridisation signal for hybridisation when present at 10pmol, and also
a stronger signal from 100pmol of mutant sequence oligonucleotide. It is unclear why
this was the case as the target was known to contain only the wild type AF508 sequence
as shown in other hybridisations (figure 10). The G551D wild type oligonucleotide
produced signals when hybridised at concentrations of 100, 20 and 10pmol, with the
strongest signal present at 10pmol. There was no hybridisation to the mutant G551D

oligonucleotide.

It appears the excess of mutant sequence oligonucleotide used in these hybridisations
has had an adverse effect on the specificity of the hybridisation in the case of the AF508

and N1303K mutant sequences. A reduced amount of mutant sequence oligonucleotide
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should eliminate these signals. It was expected that the hybridisation signals would be
strongest where the highest concentration of oligonucleotide was deposited, however
this was not seen to be the case. This may be due to steric interference (Forman et al.,
1998), or possibly a lack of available carboxyl groups on the polystyrene slides for the
covalent attachment of the oligonucleotides. Signals from hybridisations on polystyrene
slides are not as strong as those seen from hybridisations on membrane, despite an
increased concentration of oligonucleotide being placed onto the polystyrene for
attachment. This is because the nylon membrane has a 3-dimensional structure that
allows more oligonucleotide to be absorbed in a given area than in the same area on a
flat slide. It has been found that a greater concentration of oligonucleotide is fequired
on polystyrene slides in order to produce signals comparable to those seen on nylon
membranes. This requirement must be considered in the context of this work, as
increased use of oligonucleotide would increase the overall cost of a diagnostic device,
however it is essential that the signals produced are easily identifiable. Biodyne C
membrane costs approximately £2.50 per hybridisation (assuming 10cm x 10cm per
hybridisation). Polystyrene slides cost £1 each. Without considering the reduced
amount of solutions used, a significant increase in oligonucleotide used on polystyrene

could be tolerated without it proving more cost effective to use Biodyne C membrane.
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G542X

N1303K

AF508

GS551D

Figure 16. Oligonucleotides were covalently coupled to modified polystyrene
slides and hybridised to the appropriate biotin labelled PCR product.

Mutation G542X andG551D are found in exon 11, AF508 is found in exon 10 and
N1303K in exon 21. Each slide has oligonucleotides that are complementary to the
wild type and mutant sequences ofone ofthe cystic fibrosis mutations. 1-PCR

product. 2-100pmol wt oligonucleotide. 3-20pmol wt oligonucleotide. 4-10pmol wt
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(Figure 16. legend continued)
oligonucleotide. 5-100pmol mut oligonucleotide. 6~ biotin labelled PCR product (see

appendix C for oligonucleotide sequence).
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2.5.6  Summary
This section has shown that the surface of modified polystyrene is slightly different to

unmodified polystyrene. The AFM images showed streaking on the modified
polystyrene, indicating a soft, mobile layer. The hydrophobicity of the modified slides,
as determined using contact angle measurements was inconsistent over each slide and
between slides. This implies that the modification of the slides is not occurring
consistently, although there was a small difference in the mean contact angles from
modified and unmodified slides. Oligonucleotides were covalently coupled to modified
polystyrene slides and detected using chemiluminescent detection methods.
Hybridisation was carried out to oligonucleotides covalently coupled to modified
polystyrene, and the chemiluminescent signals produced were detectable, although an
increase in the amount of oligonucleotide deposited was required when transferring the

technology from nylon membranes to polystyrene slides.
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2.6 The Effect of DNA Spacers on Hybridisation Efficiency

2.6.1 Introduction and materials

It has been suggested that the addition of a spacer between the oligonucleotide and the
membrane would allow the oligonucleotide to behave more as if it was suspended in a
solution than attached to a surface, increasing hybridisation due to availability of the
oligonucleotide (Zhang et al., 1991). Spacers may be DNA or non-DNA (for example
polyethylene glycol (Joschke, 1997)). A non-DNA spacer is less likely to interfere with
hybridisation, however a DNA spacer, such as a poly(T) tail, is more easily added ‘in-
house’. Several lengths of poly(T) tail have been studied, both with and without an
amino termination. These experiments were carried out using oligonucleotides
complementary to sequences from Lactobacillus plantarum, and DIG labelled PCR

products as described in section 2.2.3.1.

2.6.2 Investigation of the effect on hybridisation of a poly(T) tailed probe attached by
UV-crosslinking to a surface

A poly(T) tail was added to oligonucleotide R4A as described in section 2.3.4.1.
Hybridisation with DIG labelled target.and subsequent detection were carried out as

described previously (section 2.4.2).

2.6.3 Investigation of the effect of a poly(T) tail on covalently coupled oligonucleotide
used in hybridisation

Oligonucleotides were sythesised with varying lengths of poly(T) tail and an amino
termination (MWG-Biotech, Milton Keynes, UK). The oligonucleotides were
covalently attached to Biodyne C membrane (Pall, UK), covalent attachment was

carried out as suggested by Chehab and Wall, (1992) as described in section 2.4.2.1.
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2.6.4 Results and discussion

A poly(T) tail at the end of an oligonucleotide is expected to allow it to move more
freely and hybridise as if it were in solution. A longer poly(T) tail may be expected to
increase the mobility of the oligonucleotide because the T bases are preferentially bound
to the membrane by UV-crosslinking, however the poly(T) tail starts adjacent to the
oligonucleotide regardless of how long it is. If the whole of the poly(T) tail and none of
the hybridising sequence was bound to the membrane, the tail length would not provide
a spacer effect and increase the mobility of the oligonucleotide. Addition of poly(T)
tails to oligonucleotides, did not produce a significant increase in signal strength
compared to oligonucleotides without (see figure 17), except when the oligonucleotide
was covalently attached via an amino group at the end of the poly(T) tail, where the
strength of signals was seen to increase (see figure 18). The actual fail lengths were not
confirmed and this may be the cause of the weak signals. It is possible that the poly(T)
tails added to the oligonucleotides ‘in-house’ were not as long as estimated and this may
have had a significant impact on the number of bases attached by UV-crosslinking to
the membrane, and subsequently, the strength of the attachment. This seems likely
considering that the more strongly attached, covalently coupled oligonucleotides
produced an increased signal. The poly(T) tail of covalently attached oligonucleotides
is more likely to be the length expected as it was added at synthesis, although this was
not confirmed. Long oligonucleotide may not alwys be synthesised accurately (MWG;

Biotech, Milton Keynes,UK. Personal Communication)
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Figure 17. Poly(T) tailed oligonucleotide was attached to nylon membrane by
UV-crosslinking and hybridised to DIG labelled Lactobacillus plantarum PCR.

Detection was via chemiluminescence (PCR DIG detection kit, Roche, UK). See

Appendix C for oligonucleotide sequences. 1-LB gDNA. 2-LB PCR (57 pmol). 3-
R4A30 (28 pmol). 4-R4A60 (36 pmol). 5-R4A90 (30 pmol). 6-R4A120 (30 pmol). 7-

3A60 (30 pmol). 8-DIG labelled LB PCR.

Figure 18. Poly(T) tailed oligonucleotides were attached to Biodyne C membrane
via covalent coupling and hybridised to DIG labelled Lactobacillus plantarum
PCR product.

Detection was via chemiluminescence (DIG PCR detection kit, Roche, UK). See
Appendix C for oligonucleotide sequences.1-gDNA, 2-LLB PCR (57pmol). 3-R4Aa
(57pmol). 4-R4Aa60 (42pmol). 5-R4Aa90 (40pmol). 6-2Ata60 (32pmol). 7-2Ata90

(32pmol). 8-3Ata (28pmol). 9-DIG labelled LB PCR.
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Poly(T) tails on amino terminated, covalently attached oligonucleotides were seen to
increase the hybridisation signal (and by inference the ability of the probe to hybridise)
(see figure 18). The longer the spacer, the stronger the signal was observed to be. This
was found to be the case for two different oligonucleotides sequences hybridised to DIG
labelled PCR amplifications of Lactobacillus plantarum DNA, and confirms the results
of experiments performed by Zhang ez al. (1991). The increase in signal is due to the
spacer allowing the oligonucleotide to behave more as if it was in solution than attached

to the membrane (Zhang et al.1991).

Although the addition of a poly(T) tail to a covalently attached oligonucleotide
increases the hybridisation signal, the cost of the addition of this tail, the increase in
manufacturing time, and the final low yield of oligonucleotide mean that it is not cost
effective. Covalent attachment of non-tailed oligonucleotides to membranes gives a
sufficient observable signal at a lower cost.

2.6.5 Summary

This section has shown that the addition of a DNA spacer increases the hybridisation
signal when the oligonucleotides are covalently coupled to a carboxylated nylon
membrane. The longer the spacer is, the stronger the signal. A DNA spacer did not
affect the hybridisation signals produced when the oligonucleotide was attached to the
membrane by UV-crosslinking in this work. It is not cost effective to use amino
terminated oligonucleotides with a DNA spacer as sufficient signals can be achieved

without spacer.
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2.7 Summary and Conclusions

This chapter has described the investigation of immobilisation of DNA to solid phases.
DNA has been successfully extracted and amplified from both Lactobacillus plantarum
and human blood cells. The DNA was amplified and labelled using PCR in order to be

used as a target in reverse dot blot hybridisations.

Two methods of physically attaching oligonucleotides to nylon membranes were
studied, baking and UV-crosslinking. Both methods of physical attachment of
oligonucleotides to nylén membranes investigated gave insufficient strength of
hybridisation signal and reproducibility for use in a diagnostic device, therefore a more
reproducible immobilisation method, covalent attachment was explored. Covalent
attachment increased the strength of hybridisation signal due to specific attachment of
only one end of the attached oligonucleotide producing an increase in its mobility

during hybridisation.

. Covalent coupling and UV-crosslinking were studied using radioactive labels as a
method of quantifying the amount of oligonucleotide bound to the membrane. The
amount of oligonucleotide bound to the membrane was lower than expected, although
covalent coupling produced a 10-fold increase in the amount of oligonucleotide bound

compared to UV-crosslinking.

Covalent coupling was considered to be the most suitable method of attachment and the
possibility of using this method on polystyrene slides was explored as chemical
modification may be performed directly on polystyrene and glass slides may break or

become chipped, posing a health risk.

109



Polystyrene slides were chemically modified in order to produce carboxyl groups on the
surface and investigations were carried out in order to ascertain that the surface had
been altered. Contact angle measurements and AFM images were used to study the
surface of modified and unmodified polystyrene slides. The polystyrene surface was
observed to have slightly different characteristics after modification and so the covalent
coupling of labelled, amino terminated oligonucleotides to modified polystyrene slides
was performed. Some adjustment was required for the use of detection systems
designed for use on porous nylon membranes, however both DIG and biotin detection
systems produced signals after modification of the protocol. Hybridisations were
successfully carried out on polystyrene slides with covalently coupled oligonucleotides

using sequences relevant to cystic fibrosis.

DNA spacers at the 3’ terminus of oligonucleotides were investigated as a method of
increasing hybridisation signal. The addition of a poly(T) tail at the 3’ terminus of
oligonucleotide attached to nylon membrane by UV-crosslinking did not produce an
increase in hybridisation signal, however, the use of DNA spacers in conjunction with
an amino termination and covalent attachment did. The addition of a spacer to amino
tennjnéted oligonucleotides must be carried out at syﬁthesis, which increases the cost of
the oligonucleotide. The signals produced after hybridisation to amino terminated
oligonucleotides without poly(T) tails are observable via chemiluminescent detection,
therefore, it may not be possible to justify the use of a DNA spacer in the production of

a low-cost diagnostic device.

The work described in this chapter has covered all of the immobilisation and materials
aspects of hybridisation used in this project. It has shown that covalent attachment of

oligonucleotides to carboxylated nylon or polystyrene is a more reproducible method of
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atfachment than physical attachment. This work has also shown that reverse
hybridisation can be carried out on polystyrene slides, which are more convenient to
work with as part of a diagnostic device than both nylon membranes, due to their size
and rigidity and glass slides, due to their robustness. The use of a slide instead of nylon
membrane allows a reduction of the amount of materials and solutions required when
carrying out hybridisations. It also improves the ease of performing hybridisations with

several patients DNA in parallel, with the use of slide racks and hybridisation chambers.
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3 Detection and Probe Deposition for Solid-Phase DNA Diagnostics

3.1 Introduction

The development of a mutation detection device (which is the aim of this project) will
require methods of hybridisation detection and probe deposition which are cost effective
and adaptable to mass manufacture. This chapter looks in detail at different methods of
hybridisation detection and probe deposition that are available, taking into account the

way in which the final device is to be used.

It is important that the protocol for use of the device can be easily followed, and
contains the minimum number of steps possible in order to reduce the chances of
experimental or user error when detecting mutations. The final device must produce
results which are both reliable and reproducible so that it may be used as a diagnostic
test. The detection method used should be easy to read and inexpensive to allow its use
in a District General Hospital with limited funding and staff with no specific training in
molecular biology. An example of an easily read method of detection would be a
colourimetric system, where one colour is present for a positive signal, and another for a
negative one, (for example, red is positive and blue is negative) as this system would
distinguish a negative result from a test where hybridisation has not taken place. A
similar more easily used method would be to label the target in the hybridisation with a
coloured label, which will produce coloured spots to indicate only a positive result. The
result could be read off the membrane after the washes to remove target that has not
hybridised to the probe, with no complicated read-out system, this method is
investigated in this chapter. Other detection systems to be investigated in this chapter
are fluorescent detection, (which requires an excitation source and detection system)

and a streptavidin-HRP system with chemiluminescence. Chemiluminescent detection
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takes longer to perform than a colourimetric or fluorescent detection system but may

provide more accurate results.

The size of the hybridisation spots on the surface will depend on the size of the drops
containing the oligonucleotide probe, which will depend on the method used to dispense
them. The required size of the spots will vary depending on which method of detection
is used. When fluorescence is used (for example in the analysis of microarrays), the
spots are often very small, in the region of 100-200um in diameter (Jordan, 2000). This
reduces the amount of probe used, however it can increase the production cost of the

array due to the requirement of an arraying system.

The simplest method of depositing spots onto a surface is to use a standard hand held
pipette. Most pipettes cannot deposit accurately sized drops much smaller than 1pl,
therefore this restricts the size of spot which can be used. A 1pl drop placed onto a
porous membrane will have a diameter of approximately 1-2mm. A drop will have a
smaller diameter on a solid, hydrophobic surface and a larger diameter on a hydrophilic
surface due to the spread of the drop. Drops deposited by a hand held pipette may not
be placed precisely. If more than 10 spots are required on one slide more precise
deposition is required and more than 15 spots would require the use of a smaller volume
of oligonucleotide solution to avoid the drops merging together on the slide, therefore,
for the deposition of up to 100 wild type and mutation sequence oligonucleotides (as
required in the device this project is working towards) an alternative to deposition by

hand held pipette is required.

An arrayer is a robotic device that is used for the mass production of microarrays. They
usually use pins to deposit oligonucleotide solution onto a slide and will produce spots

of between 200 and 250nm in diameter. Companies such as Qiagen (UK) and Genetix
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(UK) commercially produce arrayers, however the cost of buying an arrayer may be
prohibitive for production of a test for a single disease in a District General Hospital. If
many arrays were to be produced then it is possible that the purchase of an arrayer
would be cost effective, however in this model, where slides are to be produced for
cystic fibrosis testing in one hospital, the demand for slides would not justify the

expense of an arrayer.

An alternative to these methods, which can deposit sizes of drops that are between the
extreme ends of the scale, is the BioDot CV1000 syringe system (BioDot, UK). The
syringe dispensing system uses a syringe to control the amouﬁt dispensed. Small
volumes of the liquid of interest will form a droplet on the end of the nozzle. The drop
is touched onto the surface in order for it to be transferred from the nozzle to the slide.
The CV1000 system can be set to deposit spots of between 0.2ul and 1000pl. A
disadvantage of using the CV1000 syringe dispenser for deposition is that it only has a
single reservoir, which requires a large amount of solution to fill it. Several different
oligonucleotides would need to be dispensed for production of a diagnostic device,
therefore the single reservoir would require cleaning and refilling between each
oligonucleotide. The BioDot system of deposition is the best for production of a DNA
diagnostic on a small scale, as it combines accuracy of spot size with a relatively small
outlay. This chapter asseses the effectiveness of a BioDot syringe system that was used
in this project to produce arrays of oligonucleotides and control sequences with a view
to final production of a diagnostic device. It also makes a comparison of three methods
of hybridisation detection that were studied 1) biotin-streptavidin with

chemiluminescence, ii) biotin-streptavidin coloured beads and iii) fluorescence. It
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reports on two different methods of labelling of target DNA and two methods that were

used for fluorescence labelling.

3.2 General Materials and Methods

3.2.1 Labelling of target DNA

Target for use in hybridisation requires labelling to allow the detection of hybridisation.
This section examines two different methods of labelling (incorporation of labelled

nucleotide and the use of labelled primers) to attach two different labels (biotin and

Cy5). Biotin labels were added to PCR products as described in section 2.2.3.2.

3.2.1.1 CyS5 labelling by PCR amplification with CyS5 labelled primers
Cy5 labelled primers were used to label PCR product for detection after hybridisation.

End-labelled primers were considered to be a relatively simple method of labelling PCR

product as they can be bought commercially.

Optimisation of PCR conditions was required in order for an amplicon to be produced
when the 5’ ends of the primers were labelled with-Cy5 (MWG-Biotech, Milton
Keynes, UK). In general, the annealing temperature was lowered, and the annealing
time and cycles were increased. The PCR reaction mix was the same for each exon and
consisted of 76ul of water, 10ul of 10x buffer, 14ul of MgCl, (exon 10 and 11) 20.5ul
MgCl, (exon 21), 2ul of dNTPs, 20pmol of each primer, 0.32 pmol of target genomic
DNA extracted from human blood (see section 2.2.2) and 3.75 units of Taq polymerase

(10x buffer, MgCl,, dNTPs and polymerase, from PCR core kit, Qiagen, UK).

Exon 10 cycling conditions consisted of a hot start at 94°C for 6 minutes, then 35 cycles
of denaturing (94°C, 30 seconds), annealing (53°C, 40 seconds), extension (72°C, 2.5

minutes), then final extension at 72°C for 7 minutes.
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Exon 11 cycling conditions consisted of a hot start at 94°C for 6 minutes, then 35 cycles
of denaturing (94°C, 30 seconds), annealing (51°C, 45 seconds), extension (72°C, 1

minute), then final extension at 72°C for 7 minutes.

Exon 21 cycling conditions consisted of a hot start at 94°C for 6 minutes, then 35 cycles
of denaturing (96°C, 30 seconds), annealing (52°C, 45 seconds), extension (72°C, 30

seconds), then final extension at 72°C for 7 minutes.

In order to confirm PCR amplification, 10ul of each PCR reaction were analysed by gel

electrophoresis on a 1.2% agarose gel.

3.2.1.2 CyS5 labelling via aminoallyl dUTP incorporation into PCR product

The incorporation of a label into PCR product provides more label per amplicon than
the use of end labelled primers. The Cy5 moiety itself is too large to be used in this
way, however it can be coupled to aminoallyl groups after the incorporation of

aminoallyl-dUTP.

Aminoallyl-dUTP (Sigma-Aldrich, Dorset, UK) was incorporated into the PCR product
by replacing 60% of dTTP in the PCR reaction. The cycling conditions were carried
out as described in section 3.2.1.1. The PCR reaction mix consisted of 76ul water, 10ul
10x buffer, 8ul MgCl,, 2ul of dNTPs (10 mM aa-dUTP, 15 mM dTTP, and 25 mM of
dATP, dCTP and dGTP ), 20pmol of each primer, 0.32pmol of genomic DNA (see
section 2.2.2) and 3.75 units of Taq polymerase (Qiagen, UK) (Modified from
Hasseman, 2001). The PCR reactions were analysed by gel electrophoresis on a 1.2%
agarose gel to confirm the generation of an amplicon. Unincorporated nucleotides were
removed using Qiagen PCR clean-up kit with a modified protocol (Hasseman, 2001).

The PCR mixture (60ul) was mixed with 300pl PB buffer (Qiagen, UK) and transferred
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to a QIAquick column. The column was placed in a 2ml tube and spun at 8,000 x g for
1 minute. The collection tube was emptied and 750ul phosphate wash buffer (5 mM
KPO,, pH 8.5, 80% ethanol) was added to the column. The column was spun at 8,000 x
g for 1 minute, the collection tube emptied and 750ul phosphate wash buffer was added.
The column was spﬁn at 8,000 x g for 1 minute, the collection tube emptied, and further
spun for 1 minute at 8,000 x g. The column was transferred to a 1.5ml tube and _
phosphate elution buffer (30ul, 4mM KPO,, pHS8.5) was added. The tube was then
incubated at room temperature for 1 minute and spun at 8,000 x g for 1 minute. A
further 30 pl of phosphate elution buffer was added, incubation and centrifugation were

repeated.

CyS5 coupling was carried out as described by Hasseman (2001). CyS5 ester (Amersham
Pharmacia Biotech, Bucks, UK) was re-suspended in DMSO (Sigma-Aldrich, Dorset,
UK) (1mg Cys5 ester in 73ul DMSO) aligoted and stored at -80°C, in the dark. Cleaned
up PCR product (5pl) was added to Sul of 0.1M sodium carbonate buffer (pH 9), 5ul of
Cys5 ester was added and mixed well. The mixture was incubated in the dark at room

temperature for 1 hour.

The purification of the labelled PCR product from excess Cy5 ester was carried out as
described by Hasseman (2001), using the QIAquick PCR cleanup kit. The CyS/PCR
solution was mixed with 100ul buffer PB, and the mixture was placed in the spin
column. The column was spun at 8,000 x g for 1 minute. The collection tube was
emptied and 750 pl buffer PE was added and centrifuged at 8,000 x g for 1 minute. The
column was placed in a 1.5ml tube, buffer EB (30ul) was added, incubated at room
temperature for 1 minute and spun at 8,000 x g for 1 minute. A further 30ul of buffer

EB was added, incubation and centrifugation were repeated. Throughout the whole
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purification, exposure of the samples to light was avoided in order to avoid
photobleaching of the Cy5 dye. The incorporation of Cy5 molecules was estimated

using the absorbance readings at 260nm and 650nm. The calculations used were

OD,, X volume(ul)
0.25

pmol CyS =

OD,, X volume (1) X 37 ng/ul x1000pg/ng
324.5 pg/pmol

pmol nucleotide =

pmol DNA
pmol Cy5 dye

nucleotide/ dye ratio =

3.2.2 Hpybridisation detection via SA-HRP and chemiluminescence on slides

This section compares the use of the biotin-streptavidin bond in chemiluminescent
detection with fluorescent detection. Biotin labelling and detection is carried out as

described in section 2.5.4.

Human CFTR exon 10, 11 and 21 PCR products were labelled with biotin as described
in section 3.2.1.1. Polystyrene slides (Nunc, Paisley, UK) were modified as described
in section 2.5.2.1. Activation of the carboxyl groups and deposition of oligonucleotide

was carried out as in section 2.4.2.1.

Hybridisation and subsequent washes were carried out as described in section 2.5.3.3

with the addition of target after pre-hybridisation. An aliquot of each of the three biotin
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labelled targets (exon 10, exon 11 and exon 21) were mixed together (12ul of each), the
mixture was denatured at 100°C for 5 minutes, pulse spun and pippetted down the
centre of the slide.

3.2.3 Use of coloured streptavidin beads as a readout system

A coloured read out system requires fewer washes and incubations after hybridisation
than chemiluminescent detection, and may be cheaper than alternative detection
methods, for example, the fluorescent scanner required to detect fluorescent signals.
Oligénucfeétides were covalently attached to Biodyne C membrane (Pall Life Sciences,
Hants, UK). Covalent attachment was carried out as described in section 2.4.2.1.
Hybridisation to biotin labelled PCR product was performed as described in section
24.2.2. Red streptavidin coated microspheres (Bangs laboratories, Fishers, Illinois,
USA) were used to detect the biotin labelled PCR product after hybridisation. Two
methods of allowing the streptavidin/biotin bond to form were used; in the first the
beads were diluted 1/1000 in water and the membrane was incubated in the solution. In
the second method beads were diluted % in 1 M glucose solution and spotted onto the
dry membrane in the same position that the oligonucleotide had been spotted
previously. The beads were allowed to dry onto the membrane. The membranes were
then washed for 2 x 15 minutes in DIG washing buffer (0.3% Tween in maleic acid
buffer) in an ultrasonic water bath to remove any non-specifically bouﬁd beads and

were observed by eye to detect the beads.

3.2.4  Fluorescent labelling of PCR product via end-labelled primers .
Fluorescent detection requires only stringency washes after hybridisation and does not

require antibody or conjugate incubations. When compared to the chemiluminescent
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method of detection this can reduce the time necessary to carry out a test by 1-3 hours,

depending on which chemiluminescent detection system is being used.

In this section an arrayer, a Genetix Q-Array, was made available courtesy of Genetix
(UK). Oligonucleotide probes were deposited onto modified polystyrene slides by both
manual pipetting and arraying using the Genetix Q-array equipped with 150pum tip
diameter stainless steel microarraying pins courtesy of Genetix (UK). Hybridisations
with CyS5 labelled target were carried out on polystyrene slides. The PCR products were
labelled with Cy 5 using 5 end-labelled primers in the PCR (see section 3.2.1.2).
Hybridisations were carried out as described in section 3.2.2 except that modifications
to the protocol, such as the covering of wash trays with foil, were made to avoid
exposure of the slides and Cy5 labelled target to light. Washes were carried out (1 x
Smins 2xSSC/0.1% SDS and 2 x 5mins 0.5xSSC/0.1%SDS), the slides were dried by
centrifugation, stored in a dark box and scanned by Dr. S. Steéhens (Genetix, UK) using

a GSI Lumonics Scanarray 4000 (Packard Bioscience, UK).

3.2.5 PCR incorporation of aminoallyl-dUTP as an alternative method of fluorescent
labelling

PCR incorporation of a label will allow the addition of more labels per amplicon than
end labelling. This should produce an increase in the final signal observed after

hybridisation.

The PCR incorporation of aminoallyl-dUTP and subsequent coupling of CyS5 to produce
a labelled target was carried out as described in section 3.2.1.3. Amino terminated
oligbnucleotides were covalently attached to modified polystyrene slides as described in
section 3.2.2. Hybridisations and washes were carried out and the slides were dried by

centrifugation and sent to Dr. S. Stephens at Genetix (UK) to be scanned. As in section
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3.2.4, an attempt was made to reduce exposure of the Cy5 labelled target and the
hybridised slides to light.

3.2.6 BioDot deposition of oligonucleotide probe onto modified polystyrene slides
The deposition of oligonucleotide using a hand held pipette limits the size and
reproducibility of the spots produced. A mechanical system of deposition allows a
smaller drop to be deposited and the spots to be placed in the same position on each

slide.

Polystyrene slides were modified as described in section 3.2.4. After the slides had
been activated with EDC and dried by centrifugation (section 3.2.2.), oligonucleotide

was spotted onto the slides using the BioDot CV1000 syringe dispenser system.

Due to the large reservoir on the BioDot CV1000 syringe dispenser system, some
modifications were required to allow deposition from a relatively small amount of
oligonucleotide solution. The BioDot CV1000 syringe dispenser system was connected
to a peristaltic pump via a 3-way switch (see figure 19). Oligonucleotide solution was
drawn into the nozzle using the peristaltic pump and the T-switch. The flow was then
turned back so that the oligonucleotide solution in the nozzle could be deposited onto
the slide. The volume of the drops deposited was 150nl, the oligonucleotides were at a
concentration of 100 pmol/ul (15 pmol per spot) and 20 pmol/ul (3 pmol per spot).
Identical spots were deposited in 5 rows of 15. In order to print multiple
oligonucleotides and control sequences it was necessary to purge the syringe system
tubes and change the nozzle between different control sequences and oligonucleotides.
A pattern repeat was set up so that several slides could be printed at once. Four rows,

with five spots of each oligonucleotide or PCR control sequence in each row were
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spotted. Hybridisations with biotin labelled PCR product were carried out on the slides

as previously described in section 2.5.4.
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Three-way switch Peristaltic pump

Reservoir

Nozzle

Figure 19. BioDot CV1000 syringe system with additional pump and three-way
switch.
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3.3 Results and Discussion

3.3.1 Biotin labelled probes hybridised to oligonucleotides on polystyrene slides
Oligonucleotides representing cystic fibrosis mutation and wild type sequences were
covalently coupled to modified polystyrene slides in section 2.5. Biotin labelled target
was hybridised to the oligonucleotides and a streptavidin-HRP conjugate was used to
allow chemiluminescent detection (Southern detection kit, KPL, Maryland, USA). The
chemiluminescent detection system used was optimised by the manufacturers for use
with porous membrane therefore some alterations to the protocol were necessary in
order to transfer the system to non-porous slides. The aim of this modification was to
prevent the detection solutions from evaporating or pooling on one area of the slide.
The use of glass coverslips on the slides after the addition of the detection solutions
reduced evaporation and pooling and improved the signals observed. It can be seen
from figure 16 that hybridisation can be carried out with oligonucleotides covalently
coupled to modified polystyrene slides. Hybridisation has occurred between the target
and the wild type oligonucleotide in the case of each mutation. The signal from
hybridisation to the wild type AF508 mutation is not strong, it is unclear why this is the
case. There was some hybridisation to the oligonucleotide complementary to the
mutant sequence in the case of the AF508 and N1303K mutations. An amount of
mutant sequence oligonucleotide in excess of that normally required to allow
hybridisation of complementary sequences was deposited in order to observe the effect
on hybridisation. It is likely that this non-specific hybridisatidn is due to the excess
amount of oligonucleotide used. Although the chemiluminescent biotin-streptavidin
detection system (modified from Southern detection kit, KPL, Maryland, USA) required

optimisation for use on slides, once this had been performed, detection of mutations
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appeared to be consistent and as expected between experiments (see figurel5). The
chemiluminescent method of detection is not simple it requires several steps, many
solutions, as well as the use of a dark room. This can make the procedure time
consuming, however it does provide easily observable signals.

3.3.2 Coloured beads as a detection system

A colourimetric method of detection would not require antibody or conjugate
incubations, or substrate incubations as the chemiluminescent method used above does.
This could reduce the time required to perform a test. Coloured streptavidin beads are
commercially available and should form a bond with biotin labels on PCR products in
the same way as the streptavidin-HRP conjugate does. Initially streptavidin beads
appeared to bind to biotin labels on hybridised PCR product (figure 20a), however this
result was not reproducible. Streptavidin beads did not bind to biotin labels on the PCR
product when the beads were added to a wet membrane, or if the membrane was
exposed to a weak solution of beads. Parallel experiments were carried out using
streptavidin-HRP conjugate and chemiluminescence to detect the biotin labelled PCR
product aftér hybridisation. These control experiments showed that hybridisation had
taken place (figure 20b), however it was not detectable via red streptévidin beads. An
aditional experiment added beads to dry membrane followed by a 30 minute incubation
for the streptavidin-biotin binding to take place. This method allowed the beads to bind
non-specifically to the membrane. Glucose has been previously used to facilitate the
removal of non-specifically bound antibody to nitrocellulose membranes (Birk and
Koepsell, 1987). In this work it was added to the bead solution in order to facilitate the
removal of non-specifically bound beads. The use of glucose in conjunction with gentle

washes was not sufficient to remove non-specifically bound beads. Washing was then
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performed in an ultrasonic water bath in order to remove non-specifically bound beads.
When attempts were made to remove non-specifically bound beads by this method,
however, all of the beads were removed. The biotin-streptavidin bond is strong and
should be able to withstand these washes. These results suggest the washing method
was too disruptive, either breaking streptavidin-biotin bonds or the hydrogen bonds
holding the DNA duplex together. It is also possible that none of the beads were

specifically bound to the biotin labels on the target due to their relatively large size.

In one case red streptavidin beads were thought to have provided a detection signal
(figure 20). In this experiment gentle washes were carried out to remove beads which
were non-specifically bound beads. A strong red spot is visible representing
hybridisation to the wild type AF508 oligonucleotide, and weaker spots are seen
representing control hybridisations to exon 10 PCR product and biotin labelled exon 10
PCR product. This result was not reproducible, however and the conclusion of this
work must be that streptavidin beads did not bind consistently to biotin labelled PCR

product on nylon membrane.
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Figure 20. Red streptavidin beads used as a hybridisation detection method.

Oligonucleotides were covalently coupled to Biodyne C membrane and biotin labelled
Exon 10 PCR product was hybridised, a. red streptavidin beads were used for
detection, b. chemiluminescent detection via streptavidin-HRP conjugate. 1-Exon 10
PCR product. 2-AF508 wt. 3-AF508 mut. 4-biotin labelled exon 10 PCR (see
appendix C for oligonucleotide sequences). Hybridisation signals were expected to be

visible for spots 1,2 and 4 as the PCR was amplified from control gDNA.
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3.3.3 Fluorescent labelling of PCR product by end-labelling of primers

Fluorescent methods of hybridisation detection only require washes to remove unbound
target and drying before results can be obtained. This allows hybridisations to be
processed in a shorter time than using chemiluminescence. A fluorescently labelled
target was required in order to investigate this method of detection. Fluorescent
labelling was initially executed using Cy5 end-labelled primers in a PCR, giving only
one label per strand of DNA as in the case of the biotinA labelling in section 3.2.2. The
Cy5 moiety interfered with the PCR significantly more than the biotin. The Cy5 PCRs
required optimisation of annealing temperature and length, the annealing temperature
for all three PCRs was reduced and the length of annealing was increased. This had the
additional effect of decreasing the specificity of the PCR, which was seen by the
presence of extra bands on the gel (for example, exon 21 in figure 21). The amplified
target for use in a diagnostic device must be the same sequence as the patient’s DNA,
this means that the PCR carried out to produce target must amplify only the sequence of
interest from the patient’s DNA to avoid false positive signals. A series of PCRs were
carried out in order to discover the conditions which produced the most specific PCR
with minimum reduction of PCR product. Because of the requirement for specificity
Cys5 labelled primers gave little PCR product, which produced weak bands when run on

an agarose gel (figure 21).

Although only a limited quantity of the CyS5 labelled target was available, hybridisation
was attempted with oligonucleotides covalently coupled to modified polystyrene slides.
The hybridisation and washes were carried out in the dark to reduce photobleaching of

the Cy5, however signals were not observed from these hybridisations.
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One reason for failure of the experiment may be due to the Cy5 moeity. The CyS5 label
may be the first part of the oligonucleotide to undergo degradation (MWG, Personal
Communication). The Cy5 labelled primers were not aliquoted due to an attempt to
minimise their exposure to light, this did, however, mean that they were subjected to
more freeze/thaw cycles than a primer would normally undergo, possibly allowing
contaminating enzymes to cause damage and degradation. In retrospect it may have
been better to aliquot the primers as this could have been carried out in a dark room,

reducing exposure to light.

The use of Cy5 labelled primers interfered with PCR, making it impossible to obtain
sufficient target, without compromising specificity. It goes without saying that
specificity is critical in a diagnostic device. Therefore, an alternative method of

labelling PCR products with Cy5 was investigated.
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Figure 21. PCR product from Cy5 primer labelling
Three exons from the CFTR gene in human gDNA were amplified using CyS5 labelled

primers 10i-3, 10i-5, 11i-3, 11i-5, 21a and 21b (see Appendix A for sequence). 10pl
ofeach amplicon was analysed on a 1.2% agarose gel. The expected band sizes were,
exon 10-491 bp, exon 11-425 bp and exon 21-376 bp, however the Cy5 label reduced
DNA migration time making the PCR product appear larger than it was. Bio-Rad

Molecular Mass Marker was used for exons 11 and 21, pGEM was used for exon
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(Figure 21, legend continued)

10, however the bands did not separate adequately and their size can not be
distinguished so they cannot be used as indicators of size. Multiple bands were
observed when exon 21 PCR was analysed, this is discussed in more detail in the text.
Exon 10 lanes: M-Marker. 1- -ve control. 2 and 3 +ve controls. 4 and 5 Cy5 labelled
PCR.

Exon 21 lanes: M-Marker. 1-+ve control. 2-Cy5 labelled PCR. 3- -ve control. Exon

11 lanes: M-Marker. 1-+ve control. 2, 3 and 4-Cy5 labelled PCR. 5- -ve control.
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3.3.4 Fluorescent labelling by PCR incorporation of aminoallyl dUTP

Target labelled using end-labelled primers did not produce an observable hybridisation
signal, therefore an alternative method of fluorescent labelling was carried out. A
method of incorporating labels into the target during PCR was investigated to increase
the amount of label per amplicon and so ensure that the target could be distinguished

from the background.

PCR incorporation of 60% aminoallyl labelled dUTP (replacing dTTP) did not interfere
with the PCR, the thermal cycling conditions used were the same as those used for DIG
and biotin labelling. A good yield of PCR product was produced. The CyS5 label was
coupled to aminoallyl groups after their incorporation into the PCR, and unincorporated
nucleotides and Cy5 were removed from the labelled PCR product to reduce
background signal. The calculations carried out in order to check incorporation of Cy5
showed that there was a variation between samples (see Appendix H for examples).
Most samples however, had a ratio of less than 50 nucleotides per dye molecule which
has been suggested to be adequate for signal detection in a hybridisation (Hasseman,

2001).

No fluorescent signals were observable after hybridisation with oligonucleotides
covalently coupled to modified polystyrene slides when scanned by Dr. S. Stephens’
(Genetix, UK) using the GSI Lumonics Scanarray 4000 (Packard Bioscience, UK).
Labelling by incorporation of aminoallyl-dUTP and subsequent coupling of Cy5 has
increased the number of Cy5 molecules per target and should therefore increase the
signal strength compared to the background fluorescence. As signals can not be

detected it is likely that a weak signal is not the cause of the lack of observable signal.
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It is possible that the lack of signal is due to photobleaching or degradation of the Cy5
dye.

3.3.5 Comparison of Cy5 labelling methods

Neither the use of end labelled primers nor aminoallyl incorporation to produce
fluorescently labelled target produced a target that gave a signal when scanned after
hybridisation. A possible cause of the lack of observable signal after hybridisation with
the amplicon produced using Cy5 labelled primers was that it was not possible to
distinguish the signals produced by the target, from the background signal produced
from the natural fluorescence of the slide and non-specifically bound target. This could
be due to reduced hybridisation, because of the reduced target production when using
Cys5 labelled PCR primers. Incorporation of labels allows the addition of more labels
per amplicon and should remedy this problem. The method of labelling PCR products
by incorporation of dUTP labelled with aminoallyl groups and subsequent coupling of
CyS5 has previously been used to label RNA for hybridisations (Hasseman, 2001).
Modification of the protocol by labelling DNA instead of RNA should not affect the
labelling or detection of the PCR product. The lack of hybridisation signal could be due
to photobleaching of the Cy5 label (Molecular Probes, 2002), or a problem with the
labelling reaction. It is unlikely that hybridisation did not occur as biotin labelled
control hybridisations carried out at the same time, under the same conditions as the
fluorescent hybridisations gave positive results. Much more work would need to be
carried out on the fluorescent labelling and hybridisations before this detection method
could be used in a final device, however, due to time constraints, this work could not be

carried out in this project.
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3.3.6 Deposition of oligonucleotide using the BioDot syringe system

The BioDot syringe system can be programmed to print multiple slides (up to 10) in one
run. A pre-programmed volume of DNA solution will be deposited in a specific
position and therefore rows of spots can be produced. The syringe system is able to
print smaller spots than a hand held pipette, and larger spots than most arrayers, the cost
of this system is less prohibitive than an arrayer. It is important to consider the cost of
production of the printed slides as the end-user of this technology will be a District
General Hospital, With limited funds. The reservoir on the BioDot syringe system
requires approximately 10mls of liquid to fill it, making it both expensive and
impractical to fill the reservoir with oligonucleotide solution. Modifications were made
to the system to reduce the amount of oligonucleotide required and therefore reduce

slide printing costs.

The hybridisation results produced when a single oligonucleotide was spotted by this
method were not as consistent as expected from the uniformity of spotting. The drops
of oligonucleotide solution were spotted onto the slide consistently (figure 22), however
the hybridisation signals were not consistent over the slide (figure 23a). This may be
due to a lack of immobilisation or hybridisation or a problem with detection. It seems
likely that the inconsistency of hybridisation signals is due to the method of incubation
with streptavidin-HRP conjugate after hybridisation that was carried out in
hybridisation bags which touch the slide. When the method was altered to incubation in
a humid chamber, with no bag or coverslip on top of the slide, the results were more

consistent over the slide (this can be seen in figure 23).

Figure 23a shows hybridisation of DIG labelled exon 21 PCR target to N1303K wild

type oligonucleotide (15 pmol per spot). The oligonucleotide was covalently attached
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to a modified polystyrene slide. It can be seen that an air bubble has been present at
some point during the processing of this slide, producing a large area where no signal is
observable. The bubble is likely to have occurred during incubation with the
streptavidin-HRP conjugate in a hybridisation bag because when a humid chamber was
used for this incubation bubbles were not observed (see figure 23c). It is difficult to
ensure that air is not preventing the even distribution of solution when using
hybridisation bags to incubate non-porous slides. This problem has not been observed
when performing hybridisation on porous membrane as seen from the lack of bubbles in

figure 10.

Figure 23b shows hybridisation of DIG labelled exon 21 target to exon 21 PCR product
on a modified polystyrene slide (attached by physical adsorption). This hybridisation
was considered to be a positive control as the target and probe were the same sequence.
The hybridisation signals on the slide in figure 23b showed an inconsistency which is
likely to be due to the use of a hybridisation bag for incubation with streptavidin-HRP

conjugate.

Figure 23c shows the results of a hybridisation with four duplicate sets of four different
probes printed onto a slide. The streptavidin-HRP incubation on this slide was carried
out in a humid chamber as opposed to the hybridisation bag used for the two previous
slides (23a and b). It can be seen that there is more consistency between hybridisation
signals over the slide. The oligonucleotides and PCR product on this slide were printed
using the BioDot CV1000 syringe system, the tubes were purged with water and the
nozzle was changed between each different DNA printed. The four probes are present
in duplicate, rows 1,5 and 9 are exon 11 PCR product, rows 2,6 and 10 are 100 pmol

wild type N1303K, rows 3, 7 and 11 are 20 pmol wild type N1303K and rows 4, 8 and
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12 are mutant N1303K. Each row contains 5 duplicate spots. There has been some
non-specific hybridisation to the control sequence in some cases (the fourth row of sets
2 and 3). The signals in the first set are not as strong as those in following rows,
possibly due to dilution of the oligonucleotide because of mixing with the water used to
flush the system between different DNA sequences. The signals in the fourth set are
also weaker than other sets, this may be due to dilution of the oligonucleotide solution

with water in the tubes of the syringe system as the oligonucleotide solution is used up.

Up to 10 slides can be printed in one run, this method of printing would not be suitable
for commercial printing of slides in the order of hundreds per day; however, it may be
suitable for production of diagnostic devices within a single hospital. Setting up the
BioDot syringe system and switching between oligonucleotides is time consuming,
however once the BioDot syringe system has been set up, it is quicker and more
accurate in terms of position of spots and reproducibility of that position from slide to
slide than pipetting by hand. The BioDot syringe system also allows the deposition of

smaller drops than can deposited using a hand held pipette.

It is conceivable that the system could be modified to allow the deposition of several
different oligonucleotides, from relatively small amounts of solution (approximately
50u1). If the manufacture of slides was undertaken for the production of a DNA
diagnostic for use in a hospital, the production of a specifically designed system may be
cost effective and reduce the manufacturing time of the slides. The purchase of an
arrayer for the printing of slides may be justifiable because it would not require the time

and expense of modification before slides could be printed.
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Figure 22. Drops of oligonucleotide on a modified slide as printed using the
BioDot CV1000 syringe system.
A 5x 15 array was printed, the drop volume was 500nl.
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Figure 23. The Bio-dot syringe system was used to print oligonucleotide and PCR
product onto modified slides for hybridisations.

A)N1303Kwt (100pmol/pl). B) exon 21 PCR. C) Sets 2-4 are duplicates ofset 1.
Rows 1, 5 and 9- exon 11 PCR. Rows 2,6 and 10- N1303Kwt (100pmol/pl). Rows
3,7 and 11-N1303Kwt (20poml/pl). Rows 4,8 and 12-N1303Kmut (20pmol/pl). The

oligonucleotide/PCR product on slides were hybridised to biotin labelled exon 21
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(Figure 23. legend continued)
PCR product and detected via chemiluminescence. (see appendix C for

oligonucleotide sequence).
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3.4 Summary and Conclusions

This chapter has compared three methods of hybridisation detection, (i) biotin-
streptavidin with chemiluminescence, ii) biotin-streptavidin coloured beads and iii)
fluorescence. Chemiluminescent detection has been successfully carried out on both
nylon membrane (see section 2.4.5.2) and modified polystyrene slides. The use of non-
porous polystyrene as a surface for hybridisation required adjustment of the
chemiluminescent detection protocol; however, with the use of coverslips to
compensate for this, hybﬁdisation detection was successful. The disadvantage of a
chemiluminescent method of detection is that it requires several incubations and washes
before the results can be observed, as well as a lengthy exposure to Kodak X-OMAT

film (Sigma-Aldrich, Dorset, UK).

The use of coloured streptavidin coated beads as a hybridisation detection method
would not require incubation and development of film, and therefore would be a faster
method of hybridisation detection. The streptavidin beads produced non-specific
positive signals and did not give a good indication of where biotin labelled PCR product
had hybridised. Various methods of bead application and membrane washing were
investigated in order to produce specific signals, however, conditions were not

discovered which allowed the specific detection of hybridisation.

Two methods of fluorescent labelling were used. In the first, labelling was performed
using end-labelled primers. In the second, PCR was used to incorporate aminoallyl
labelled dUTPs, to which CyS5 ester was subsequently coupled. Neither method of
fluorescent labelling produced a satisfactory hybridisation signal. Photobleaching and

oligonucleotide degradation are believed to be the cause of this lack of signal.
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This chapter has also investigated different methods available for the deposition of

oligonucleotide solutions onto a surface. The BioDot CV1000 syringe system was

found to be a consistent method of drop deposition, allowing the same amount of

solution to be spotted each time. The disadvantage of this system was the single, laru
reservoir, which meant that the system had to be flushed through between

oligonucleotides and an alternative to filling the reservoir was required in order to

conserve oligonucleotide solution. A modification of this system, in order to produce a

smaller reservoir requirefnent and allow the printing of more than one oligonucleotide at

once would be cost effective if the production of slides was undertaken for use in a

hospital.

A diagnostic device for use in an NHS hospital requires a method of detection that is
simple to perform, cheap and accurate. The coloured bead and fluorescent detection
methods were simple to perform and required fewer washes and incubations than
chemiluminescence, however they did not give consistently accurate results. The
chemiluminescent method of detection used here involved more steps and took a longer

period of time than using beads or fluorescence, however it gave more consistent

(
results. \6\)

It is more important that a diagnostic device provides reliable information rather than a
quick result. Therefore the biotin-streptavidin chemiluminescent method was chosen to

for use in further experiments.
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4 Demonstration of a DNA Diagnostic for Cystic Fibrosis

4.1 Introduction

The testing of patient samples is necessary for the validation of a diagnostic device. In
the final system DNA will be extracted from human blood for amplification, therefore
samples of patients’ blood were required for testing the device. In this chapter, the
amplification and genetic testing on an ‘array’ of DNA containing cystic fibrosis
mutations is described. The aim of these studies was to ensure that these fnutations
could be amplified and detected (and distinguished from normal control samples).
Blood samples were collected from patients with cystic fibrosis mutations for the
extraction of genomic DNA and amplification of specific sequences from the cystic

fibrosis gene.

Patient samples were obtained through Northampton General Hospital. Patient blood
was collected in tubes containing anti-coagulant in order to prevent clotting. This
chapter also considers the effect this may have on amplification, labelling and

hybridisation of DNA.

Amplified and labelled patient DNA underwent hybridisation to oligonucleotides
covalently attached to modified polystyrene slides as a method of cystic fibrosis
mutation detection. Although this hybridisation method has been tested using control
DNA with wild type sequences (see section 2.5.4), it is important to ensure that it also

works adequately using patient samples, containing cystic fibrosis mutations.

4.2 Materials and Methods

The collection of patient blood samples was carried out by staff at Northampton General

Hospital. Ethical approval was obtained from the hospital ethics committee before the
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use of patient samples in this research. The Northampton General Hospital ethics
committee approved the use of patient blood for testing of the diagnostic device in this

project (see Appendix I).

Blood samples were collected from cystic fibrosis patients with known mutations during
routine medical treatment at the hospital or in the patient’s home. Patients were from
the Northampton General Hospital catchment area. Consent forms were signed by each
patient and their parent or guardian (see Appendix I). Blood was collected in Heparin
tubes to prevent coagulation, and stored at 4°C, for no longer than seven days before
genomic DNA extraction was carried out.

4.2.1 Genomic DNA extraction from patients blood

The validity of the hybridisation system being investigated was confirmed using DNA
extracted from patient blood. Blood samples were obtained as described above (section
4.2) and genomic DNA was extracted as s described in section 2.2.2 in preparation for
PCR amplification and subsequent hybridisation.

4.2.2 PCR amplification and biotin labelling of patients’ genomic DNA

It was necessary to amplify and label the regions of interest from patients’ genomic

DNA in order to produce sufficient quantities of DNA to be used as a target in

hybridisation.

Exons 10, 11 and 21 from the CFTR gene in patients’ genomic DNA were amplified
and labelled with biotin using PCR as described in section 2.2.3.2.

4.2.3 Modification of polystyrene slides and hybridisation of patient sequences
Modification of polystyrene slides was carried out as described previously in order to
produce carboxyl groups on the surface (see section 2.5.3.1). Amino terminated

oligonucleotides were covalently coupled to the polystyrene slides as described in
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section . PCR amplification products of patient sequences were hybridised to the
oligonucleotides and subsequently detected as wild type amplicons were previously

(section 3.2.2).

4.3 Results and Discussion

It is important to test any potential diagnostic device with DNA containing both wild
type and mutant sequences to ensure the test is able to discriminate between the two. In
this work, it was considered essential to compare the hybridisation results from blood
with both wild type and mutation sequences as the bloods were collected using different
methods. Different methods were used for blood collection from volunteers and
patients because the samples were collected in different locations. Blood was collected
from volunteers without anti-coagulant by staff at the Cranfield University Medical
centres (at Cranfield and Silsoe). Blood from cystic fibrosis patients was collected with
anti-coagulant by staff at Northampton General Hospital. It is possible that the use of
anti-coagulant at blood collection may interfere with genomic DNA extraction and
subsequent PCR (Personal communication, Qiagen, UK).

4.3.1 Genomic DNA extraction from patient blood and PCR amplification
Anti-coagulant is required to prevent the blood clotting, if the genomic DNA is
extracted shortly after the blood sample is taken then it is not required. Blood collected
by Northampton General Hospital required collection in anti-coagulant tubes because it
was stored for a number of days at 4°C before genomic DNA could be extracted.
Control blood samples were collected without anti-coagulant due to the expense of anti-
coagulant blood tubes and the short period of time elapsed before genomic DNA was
extracted (within 30 minutes of sample collection) which reduced the chance of the

blood clotting before genomic DNA extraction.
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Genomic DNA extraction was carried out successfully from blood collected both with
and without anti-coagulant (Figures 24 and 3 respectively). Neither the anti-coagulant
nor the difference in length of storage time before genomic DNA extraction appears to

have influenced the final quantity or quality of the genomic DNA extracted.

PCR was carried out successfully on genomic DNA extracted from blood collected
using both methods (Examples of PCR products are shown in figures 4 and 5 for wild
type gDNA and figure 25 for patient gDNA). In a hospital setting it would be more
prudent to use anti-coagulant as the time between the blood sample collection and the
genomic DNA extraction could not be guaranteed. It has been shown here that the
presence of Heparin anti-coagulant at blood collection does not have an effect on
genomic DNA extraction or PCR by these methods. The PCR product produced in
section 4.2.2 was used as a target for hybridisation to immobilised oligonucleotide in
section 4.2.3.

4.3.2 Hybridisation of amplified patient sequences to oligonucleotides on polystyrene
The pre-prototype mutation detection device produced in Chapter 3 is tested in this
chapter by using it to identify the presence or absence of four different cystic fibrosis

mutations, AF508, G542X, G551D and N1303K in a patient’s DNA. These mutations

were chosen as they occur most commonly in the cystic fibrosis population in the
catchment area of Northampton General Hospital. Due to the geographical bias of the
presence of different cystic fibrosis mutations throughout the world population, the
sequence of the oligonucleotides used in a final device (and the cystic fibrosis mutations

to which they correspond) should be adapted to the area where the device is used

(Raskin et al., 1993). The diversity of the population and the most common mutations

in that geographical area must be taken into account in order to produce a useful test.
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1,000 bp
700 bp
500 bp
200 bp
100 bp

Figure 24. Genomic DNA was extracted from 3 samples of patient blood
using the Qiagen ReadyAMP Extraction Kit.

10pl of extract were run at 50V on a 0.3% agarose gel in order to confirm extraction.
The bands in the Bio-Rad Molecular Mass Marker used were not entirely separated

due to the use ofa low agarose percentage in the gel. Lanes: M-marker. 1- gDNAIL. 2-

gDNA2. 3-gDNA3
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1000 bp
700 bp
500 bp
200 bp
100 bp

Figure 25. PCR product from biotin labelling of patient gDNA

Three exons from the CFTR gene in human gDNA were amplified using biotin
labelled primers 10i-3, 10i-5, 11i-3, 11i-5, 21a and 21b (see Appendix A for
sequence). 1Opl of amplicon were analysed on a 1.2% agarose gel. The expected
band sizes were, exon 10-491 bp, exon 11-425 bp and exon 21-376 bp, however the
biotin label reduced DNA migration time and the PCR product appears larger than it
is. pGEM marker was used for exons 11 and 21, however not all ofthe bands are
visible, so the band sizes can not be distinguished. Bio-Rad Molecular Mass marker

was used for exon 10.
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(Figure 25. legend continued)

Exon 10 lanes: M-marker. 1--ve control. 2 and 3- patient 1 biotin labelled PCR, 4 and
5- patient 2 biotin labelled PCR.

Exon 11 lanes: M-marker. 1- +ve control. 2 and 3- patient 1 biotin labelled PCR, 4
and 5- patient 2 biotin labelled PCR, 6 —ve control.

Exon 21 lanes: M-marker. 1 -ve control. 2 and 3- patient 1 biotin labelled PCR, 4 and

5- patient 2 biotin labelled PCR.
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Genomic DNA was extracted from blood collected from patients with known mutations.
Hybridisation was carried out in order to identify the mutations present in each patient’s

DNA. Due to time constraints samples from only two patients were analysed.

Hybridisation between amplified DNA from patient 1 and the cystic fibrosis
oligonucleotides (see figure 26a) shows positive spots representing hybridisation to the
oligonucleotides representing the G542X, G551D and N1303K wild type
oligonucleotides and the N1303K mutant oligonucleotide. Neither the mutant nor wild
type AF508 oligonucleotide hybridised to the patient’s DNA. This would imply that the
patient’s DNA contains only wild type copies of the G542X and G551D mutations and
is heterozygous for the N1303K mutation. It is not possible to confirm the presence or
absence of the AF508 mutation from this hybridisation because there was no
hybridisation to either the wild type or mutant oligonucleotide. This result was not
expected because either the mutant or wild type AF508 should have hybridised to the
patient DNA unless both patient copies contained a ﬁovel mutation. It is unlikely that
two novel mutations are present in this patient. This theory is supported by the absence
of a hybridisation signal from hybridisation between the DNA from patient 2 and the
AF508 oligonucleotides (see later). In summary, from prior knowledge, Patient 1 has a
AF508 mutation and an N1303K mutation in their CFTR genes. The N1303K mutation
was identified by the hybridisation, as were the wild type versions of the G542X and

G551D mutations, however the AF508 wild type and mutated sequence were not.

Hybridisation was carried out between DNA extracted and amplified from the blood of
patient 2 and the four cystic fibrosis sequences of interest. Hybridisations signals

representing the wild type versions of N1303K, G542X and G551D were present (see
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figure 26b). The hybridisation signal from the G542X oligonucleotide was less intense
than the other signals in this hybridisation, it is unclear why this is the case.
Hybridisation signals were not observed in the areas representing the mutant version of
any of these sequences, implying that the patient has only wild type copies of these
three sequences. No signal is visible for either the AF508 wild type or mutant
oligonucleotide therefore a conclusion cannot be drawn about the presence or absence
of this mutation in this patient. Patient 2 is known to be homozygous for the AF508
mutation, therefore this test would not identify the patient’s mutation due to the lack of
hybridisation signal from either AF508 oligonucleotide. In summary, three wild type
sequences were correctly identified for the N1303K, G551D and G542X mutations,

however the two copies of the AF508 mutation known to be present were not identified.

There was a consistent lack of signal showing hybridisation to both the wild type and
mutant AF508 oligonucleotides throughout this experiment, this was not expected
because previous hybridisations with this oligonucleotide have been successful (for
example, Figure 16). The lack of signal may indicate a problem with the
oligonucleotides themselves, or the PCR amplification of exon 10 (the relevant target).
The exon 10 PCR was shown to produce a band of the expected size when analysed by
agarose gel electrophoresis (see section 2.2.3) and hybridisation to an amplicon
generated in the same way as this one has been previously successful (for example,
figure 10), therefore a problem with the PCR product is unlikely. The product of one
PCR provides target for two or three hybridisations, and as such is not stored for a long
period of time. The oligonucleotides, however, were frozen at stock concentration, then
thawed and diluted to working concentration, aliqoted and re-frozen until use. This

thawing and re-freezing, coupled with storage of over a year may allow degradation of
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the oligonucleotide, due to contamination with nucleases or exposure to heat (IDT,
2002). The most recently synthesised oligonucleotides (N1303K being the most recent)
produced stronger hybridisation signals than the AF508 oligonucleotides, supporting the
hypothesis that the age of the oligonucleotide can have an effect on the hybridisation
signal produced. These experiments were carried out towards the end of this project
and therefore sufficient time was not available to obtain new oligonucleotide to coﬁfirm

or deny this hypothesis.

It can be seen from figure 26 that the hybridisation conditions were sensitive enough to
between the mutatnt and wild type sequences for three of the mutations (N1303K,
G551D and G542X), however the AF508 hybridisations did not produce any signal and

could not be used in a diagnostic device at this time.

It is essential that for each mutation either a wild type or mutant oligonucleotide
sequence, or both, show a strong signal after hybridisation otherwise it is not possible to
be certain that the test has performed correctly. It may be prudent to include control
sequences in the final system which would produce a hybridisation signal regardless of
the mutations present. The wild type sequence for each mutation can be used as a
control however, an additional sequence which does not cover a known mutation or
polymorphism may be a more reliable control. Some further developmental work is
required in order to increase the signals produced by hybridisation to the AF508
oligonucleotides. It is possible that the use of a newly synthesised oligonucleotide
would produce a sufficient increase in signal to produce a signal clear enough for use in
a diagnostic device. Alternative optimisation methods such as an increase in

oligonucleotide attached to the slide, or the use of a more sensitive detection system (for
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example, fluorescence) may be required to produce the desired sensitivity and reliability

of signal.

Further experiments would need to be perf01’“med to establish the reliability of PCR
amplification of other regions of the cystic fibrosis gene and hybridisation to
oligonucleotides other than those tested here. It is likely that PCR amplification of
other areas of the cystic fibrosis gene would require optimisation, however the
hybridisation conditions should be sensitive enough to distinguish any mutation. It is
expected that all oligonucleotides complementary to the cystic fibrosis or other
mutations would hybridise as efficiently as those tested, because the mutation which has
the smallest impact on the wild type sequence is a point mutation, and these
experiments have included three point mutations and a three base deletion, which were
identified correctly. This method should have a similar level of success in detecting
other mutations such as insertions or single base deletions as these would be expected to
have a greater effect on the sequence than a point mutation because they cause a
frameshift (with the exception of deletions or insertions of multiples of three bases). A
frameshift mutation not only affects the base that is added or removed, it also shifts the
following bases so that they will not be opposite their complementary base as

hybridisation occurs.
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Figure 26. Hybridisation of biotin labelled target (exon 10, 11 and 21) from
patients 1 (a) and 2 (b) to cystic fibrosis sequences

20pmol of each oligonucleotide was covalently attached to modified polystyrene
slides (see appendix C for oligonucleotide sequence). 1-exon 10 PCR +ve control. 2-
AF508 wt. 3-AF508 mut. 4-G542X wt. 5-G542X mut. 6-G551D wt. 7-G551D mut. 8-

N1303K wt. 9-N1303K mut. 10-biotin labelled exon 10 PCR.
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4.4 Summary and Conclusions

This chapter has confirmed that genomic DNA can be extracted from anti-coagulated
blood using a commerciélly available kit, as claimed by the manufacturer (Qiagen, UK).
Anti-coagulated blood could be stored for up to seven days at 4°C until a sufficient
quantity of samples were available for testing, if required. This would allow more cost
effective testing by reducing the amount of solutions needed for 'washing slides as the

trays would be filled with solution whether one slide or ten were being processed.

This chapter has also shown that the basic principle of hybridisation of labelled PCR
product, to oligonucleotides covalently coupled to modified polystyrene, is suitable for
use in a diagnostic device. Some further work is required to establish the
reproducibility of the hybridisation to the AF508 oligonucleotide used here, however
this oligonucleotide has previously given adequate hybridisation signal and re-synthesis

would be expected to overcome these problems.
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5 Final Discussion, Future Work and Conclusions

5.1 Introduction

This discussion draws on those at the end of Chapters 2, 3 and 4, bringing them together
to assess how far this work has progressed towards the aims, and achieving the
objectives, set out at the end of Chapter 1. It also gives an indication as to how further

work might progress and draws final conclusions.

5.1.1 Reiteration of aims and objectives

The aimé and objectives, set out in Section 1.6 stated that this project would create a
pre-prototype of a system that could provide genetic information, using cystic fibrosis
status in neonates, as an example. It was decided to use reverse dot blot technology as a
simple method of screening neonatal DNA for multiple mutations. This project also set
6ut to explore possible oligonucleotide immobilisation methods and hybridisation

detection systems suitable for use in a final diagnostic device.

5.1.2 Genomic DNA extraction

Bacterial genomic DNA was used as a model system for the initial exploration of
immobilisation and hybridisation issues because the use of human blood samples (more
relevant to a test for detecting cystic fibrosis) required ethical approval which took time
to obtain. Lactobacillus plantarum was used because of the convenient availability of
that bacterium in the laboratory. Genomic DNA was successfully extracted from

bacterial cells and amplified using PCR as previously described (Witt, 1996). .

5.1.3  Physical immobilisation of oligonucleotides to nylon

Three methods of attaching oligonucleotides to a surface were investigated in this work

and comprised of baking, UV-crosslinking and covalent coupling. Bacterial DNA was
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used in these investigations before human DNA became available. There should be no
general difference in the way that these two different DNAs behave in hybridisation as
they are made up of the same basic nucleotides and any specific differences should be
due to specific sequence issues. There is a possibility that a G:C rich sequence would
hybridise more strongly than an A:T rich sequence due to there being three hydrogen
bonds between complementary C and G bases and only two between A and T bases. As
different sequences would be required to detect different cystic fibrosis mutations, this
did not pose a problem for the use of bacterial DNA as a model for human DNA. Any
methods investigated using bacterial DNA required repetition with the finalised human
DNA sequences before inclusion in a final system. The use of baking and UV-
crosslinking as methods of attaching DNA to nylon membranes was investigated as
these methods are commonly used in current molecular biology approaches
(Nierzwichi—Bauer et al. 1990) and therefore form a reference point for alternative
immobilisation methods. These methods of attachment have been successfully used to
immobilise short oligonucleotides for hybridisation (for example, Bsat and Batt, 1993

(baking) and Stothard, 2001 (UV-crosslinking)).

As it is not easy to directly quantify the amount of oligonucleotide immobilised on a
membrane, the success of hybridisation, as shown by the strength of the hybridisation
signal obtained after chemiluminescent detection, was used as an indication of how
much immobilisation had taken place. The hybridisation signal may not be the best
method of monitoring immobilisation however, as a decrease or lack of signal may be
caused at several points during the immobilisation and hybridisation process and not
only by a lack of oligonucleotide immobilisation. The hybridisations carried out in this

project did not produce strong signals from hybridisation to oligonucleotides that had
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been immobilised by baking or UV-crosslinking. Baking and UV-crosslinking of
oligonucleotides to membrane does not allow control over which part of the
oligonucleotide is attached to the membrane, this may be different for each
oligonucleotide, leading to an inconsistency in the amount of oligonucleotide available
for hybridisation. This does not confirm the results of Bsat and Batt (1993) who found
that satisfactory signals could be obtained after baking oligonucleotides to Zeta-probe
GT membrane (Bio-Rad, Richmond, CA, USA). Itis likely that the weak signals
observed in this work are due to a large part of the short oligonucleotide being involved
in immobilisation to the membrane, leaving a minimal part available for hybridisation
as discussed by Saiki et al. (1989). The stronger signals observed by Bsat and Batt
(1993) after attachment by baking may be due to their use of a different membrane. The
use of UV-crosslinking by Stothard (2001) to immobilise oligonucleotide probes,
produced weak hybridisation signals, which was confirmed by the work carried out in
this project. Stothard suggests that the weak signals are due to a low amount of target
being applied for hybridisation, however, weak signals may also be fundamentally due

to the immobilisation method involving a majority of the oligonucleotide sequence.

5.1.4 Poly(T) tailing

Two approaches to address the problem of weak hybridisation signals were
subsequently investigated with the objective being to allow the majority of the
oligonucleotide sequence to be less involved in immobilisation and thus be freer to
behave as if it was in solution. A more consistent method of immobilisation would be
expected to produce a stronger and more reproducible signal between hybridisations.
The first method investigated was the addition of a poly(T) tail to the 3’ end of the

oligonucleotide (as used by Saiki et al. 1989). A poly(T) tail was added to a short
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oligonucleotide complementary to part of the genomic sequence of Lactobacillus
plantarum, (Oligonucleotide R4A, see Appendix C for sequence) before UV-
crosslinking or baking was carried out for attachment of oligonucle;otide to a nylon
membrane. This method of immobilisation produced a clearly visible hybridisation
signal (spots on X-ray film produced by chemiluminescence) compared to the faint or
absent signals from hybridisation to non-tailed oligonucleotides. This implies that the
addition of a tail allows the oligonucleotide more freedom to hybridise. In retrospect, it
would have been useful to have included a non-tailed R4A oligonucleotide in this
hybridisation study in order to allow a direct comparison of the strength of hybridisation
signal between tailed and non-tailed oligonucleotides of the same sequence and also act
as a control. Therefore, the implication that an oligonucleotide with a poly(T) tail
produces a clearly visible hybridisation signal should be confirmed by comparison with
a non-tailed oligonucleotide of the same sequence before use in hybridisation. After
this confirmation, the addition of a poly(T) tail can be used to improve the strength of
signals obtained after hybridisation, although the consistency of attachment can not be
guaranteed as any of the T bases in the oligonucleotide and poly(T) tail may be bound

to the membrane.

5.1.5 Covalent coupling of oligonucleotides to carboxylated membrane

Because the signals observed after hybridisation to oligonucleotides immobilised by
baking or cross-linking were not considered strong enough or consistent enoﬁgh for use
in a diagnostic device, (even after the addition of a poly(T) tail) an alternative method of

immobilisation was investigated.

Covalent coupling of oligonucleotides with a 3° amino group to carboxylated nylon

membrane was carried out, as reported by Ivanovskaya et al. (1995), Kawasaki and
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Chehab, (1996), Maggio et al. (1993) and Zhang et al. (1991). This method of
immobilisation was considered appropriate, as it should be more easily transferred to
surfaces other than nylon membrane than either baking or UV-crosslinking. It is of
interest to study hybridisation on solid surfaces in order to improve the ease of handling
(and therefore the hybridisation process) of multiple hybridisations because standard
methods use membranes, which are flexible and therefore difficult to manipulate during
hybridisation. This would be valuable in a hospital where many tests may have to be
carried out in one experiment, as slide racks and specially designed hybridisation
chambers simplify the high throughput of hybridisation on slides. Nylon membrane
was originally used in this work to investigate covalent coupling of oligonucleotides
because carboxylated nylon membrane was readily available. It was also considered
useful to use nylon membrane as it was the standard surface used for hybridisation, and
had been previously used in this work to study the effect of immobilisation by baking
and UV-crosslinking. Covalent immobilisation should produce attachment from a
specific point on the oligonucleotide, that is, at the amino termination added during
synthesis, allowing the rest of the oligonucleotide to remain free and in an appropriate
configuration for hybridisation. This might be expected to increase the availability of
the oligonucleotide for hybridisation and therefore increase the hybridisation signal
observed. Kawasaki and Chehab (1994) carried out hybridisations to covalently
immobilised oligonucleotides and found that easily visible, reproducible signals could
be observed after hybridisation. The results observed in this project confirm that
oligonucleotides can be successfully covalently coupled to carboxylated nylon, by the
labelling and detection of the oligonucleotide itself rather than using a hybridisation

signal as an implication of the presence of coupled oligonucleotide. Athough the results
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obtained here are able to provide information about the relative amounts of
oligonucleotide attached to nylon membranes, it is not possible to obtain information
about he absolute amount. Therefore, the use of radioactive labels was investigated in
this context. Cranfield University does not have a license for the use of radioactive
labels, therefore a study involving radioactive labels was carried out in laboratiories at— - —
Innogenetics, Ghent, Belgium. A radioactive labelled oligonuclotide was used to
determine the absolute amount of oligonucleotide remaining on the membrane after
immobilisation by UV-crosslinking and covalent coupling, followed by standard
hybridisation washes. Only a very small percentage of both UV-crosslinked, and
covalently coupled oligonucleotide was retained on the membranes. The amount
remaining covalently attached to the membrane (4%) was a ten-fold increase compared
to UV-crosslinking, however, it was much less than expected as previous experiments
(Joos et al., 1997) showed retention of 40-50% of the oligonucleotide covalently
immobilised on silanised glass. The results from this project would suggest that the
immobilisation of oligonucleotide for the system studied in this work is much less
efficient that shown in related reports. It is likely that the difference between the
amount of oligonucleotide remaining on the surface in this work and that carried out by
Joos et al. is due to the use of a different surface and coupling chemistry, suggesting
that silanised glass should be investigated further as a surface for hybridisation. In the
context of a final commercial diagnostics device, if the efficiency of hybridisation was
increased, even from the 40-50% observed by Joos et al, less probe would need to be
deposited, allowing a reduction of production cost of a final device. It is important to
note, however, that the experiment carried out here using radioactive labels was only a

preliminary experiment. The results will need to be confirmed by repetition before
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significant conclusions can be drawn regarding the amount of oligonucleotide

remaining bound to the membrane.

5.1.6 Human genomic DNA extraction, amplification and hybridisation to covalently

coupled oligonucleotide

Experiments were conducted to investigate hybridisation to covalently coééled
oligonucleotide and compare the strength of hybridisation signal obtained after covalent
coupling to that obtained after UV-immobilisation. At this point in the project, ethical
approval was granted, and seven human blood samples were obtained from healthy
volunteers. It is important to note that the method of blood collection (for example, the
addition of anti-coagulant, or long periods of storage before DNA extraction) can affect
the yield of genomic DNA. In this project DNA was extracted from control (healthy
volunteer) blood within 30 minutes of sample collection, therefore anti-coagulant was

not required.

Genomic DNA was extracted from the volunteer blood samples and sequences from the
cystic fibrosis gene were amplified, labelled with an appropriate label for use in a
chemiluminescent read-out system(Digoxygenin (DIG)) and used as target in
hybridisations. Four cystic fibrosis mutations were studied as examples; these were
three point mutations and a three base deletion. A point mutation has the least impact
on the sequence of the DNA as only a single base is altered; therefore it is likely that if a
mutation detection method can correctly identify a point mutation, it will be able to
identify a deletion or insertion, (which will cause a frameshift unless it consists of a
multiple of three bases). Hybridisation signals were expected only from hybridisation
to the wild type sequence oligonucleotides because the DNA extracted from blood from

volunteers was not expected to contain any cystic fibrosis mutations. However,
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although the volunteers were all healthy, there was a possibility that they could be
carriers of a cystic fibrosis mutation. The results of hybridisations carried out to
examine the hybridisation of target amplified from human DNA to covalently
immobilised probes showed that covalent attachment of oligonucleotides to nylon
membrane produces a consistent increase in hybridisation signal (approximately three- -
fold, evaluated visually) compared to physical immobilisation methods. Hybridisation
signal is used in this project to imply an increase in hybridisation and immobilisation of
oligonucleotide. It is important to note, however, that without further work, preferably
using radioactive labels to quantify the absolute amount of immobilisation and
hybridisation, the increase in hybridisation signal cannot be clearly attributed to an
increase in immobilisation or hybridisation. This could not be done in this study as

there was only limited access to a laboratory licenced to handle radioisotopes.

It was observed from the hybridisation results, that none of the control DNA used

contained any of the four cystic fibrosis mutations tested for in this work.

5.1.7 Spacers

It has been suggested that the use of poly(T) tails on immobilised oligonucleotides
produces a spacer effect, allowing the oligonucleotide to move more freely and increase
the hybridisation signal obtained (Zhang et al., 1991). The use of UV-crosslinking to
attach the oligonucleotide to the membrane may negate the spacer effect by
immobilising the whole of the poly(T) tail, or even bases within the oligonucleotide
sequence. It was decided to investigate the effect of a DNA spacer (Poly(T) tail) in
conjunction with an amino termination to allow covalent coupling of the
oligonucleotide to carboxylated membrane. An increase in the strength of hybridisation

signals was observed after covalent immobilisation of tailed oligonucleotides when
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compared to attachment by UV-crosslinking. Covalent immobilisation of tailed
oligonucleotides allowed the hybridisation signals to be readily visible, whereas tailed
oligonucleotides immobilised by UV-crosslinking did not produce consistantly
observable hybridisation signals. Some correlation was also seen between the length of
--the poly(T) tail (in conjunction with covalent attachment) and the strength of the
hybridisation signal, with a tail of approximately 60 bases increasing the signal intensity
approximately 3-fold compared to an oligonucleotide with no tail at all, repeating the
pattern seen above when comparing UV and covalent immobilisation. An increase of a
further 30 bases to the tail length produced a small increase the hybridisation signal
intensity. Zhang et al. (1991) also observed that the longer the spacer tail on an
oligonucleotide, the stronger the hybridisation signal produced, and investigated tails of
| up to 400 bases in length. In the work carried out in this project this effect was seen to a
lesser extent than in the study by Zhang et al. (1991) although in the majority of cases
an increase in signal was observed to correlate with an increase in spacer length. It is
not clear why this was the case, although there may have been differences in the
detailed experimental protols, for example, exposure time of X-ray film to the
chemiluminescent signal or the reagents used, which make it difficult to compare the
density of spots produced in this work and by Zhang et al. For a final device, if the
addition of a spacer to a commercially produced oligonucleotide was desired, this would
significantly increase its cost. It should also be considered that it is not possible to be
absolutely certain of the length of the spacer once it reaches approximately 80 bases
(MWG-Biotech, Personal Communication), therefore the synthesised tail itself may not

be consistent between batches of oligonucleotide. These disadvantages must be
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balanced against the increase in hybridisation signal observed, depending on the

priorities of the experiment, that is, cost or increased hybridisation signal.

5.1.8 Covalent immobilisation of oligonucleotide to activated polystyrene

Once it had been established that hybridisation could be successfully carried out to

amino terminated probes covalently coupled to carboxylated nylon membrane, an
investigation into the use of polystyrene as a surface for hybridisation was performed.
Polystyrene was chosen as a surface because it is an easily obtainable, rigid surface, for
which there are modification techniques available to produce carboxyl groups on the
surface. In terms of a final device, polystyrene can also be injection moulded, which
would simplify production of slides and more compiex devices incorporating fluidics
and other integrated assay components. The decrease in the area that hybridisation is
carried out on when using a slide compared to a nylon membrane also allows a
reduction in the amount of each solution used thrdughout the immobilisation and
hybridisation steps. It is also important to note, however, that polystyrene provides a 2-
D surface for the attachment of oligonucleotide, while nylon is a porous 3-D surface. A
porous 3-D surface will allow the attachment of an increased amount of oligonucleotide
compared to a 2-D surface. This was expected to be reflected as a decrease in the
strength of hybridisation signal, and also to create problems for the use of

chemiluminescent detection techniques.

Signals observed from hybridisations to oligonucleotides immobilised on polystyrene
slides were as strong as those observed after hybridisation to oligonucleotides
immobilised on carboxylated membrane. Once the use of coverslips and a humid
chamber during incubation with small amounts of solutions had been introduced,

chemiluminescent detection of hybridisation could be carried out satisfactorily on 2-D,
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non-porous polystyrene slides. The washes carried out during immobilisation,
hybridisation and detection can be carried out with the slides in slide racks, allowing the
faster, easier throughput of more hybridisations than when using nylon membranes

which require a separate hybridisation tube and wash tray for each hybridisation.

Chemical modification of commercially produced polystyrene slides was carried out
and confirmed by the use of contact angle measurements (to detect changes in the
hydrophobicity of the surface) and AFM imaging (to observe physical alterations to the
surface). The results of these methods of identification of modification were
inconclusive, with only small differences being observed between modified and
unmodified slides. Thus these techniques are probably unable to aid a study of this type.
Zammatteo ef al. (1996) used binding of *[H]lysine to indicate the presence of carboxyl
groups on their modified polystyrene, however due to the lack of a radioactivity licence
at Cranfield University it was not possible to use this method. It is likely that the
polystyrene slides were unevenly modified because the covalent attachment of
oligonucleotide was not observed to be consistant across the slide. The modifications
carried out by Zammatteo et al, (1996) were carried out at a higher temperature (60°C)
and for a shorter period of time (30 minutes) than the modification in this project.
Zammatteo et al. also used shaking during modification which may prevent the reagent
used for oxidation of the polystyrene (potassium permanganate) settling out of solution,
altering its concentration in that solution. The increase in temperature may increase the
speed of modification, alternatively, there may be an optimum modification time. It
would be useful to investigate these issues in further work. As the presence of carboxyl
groups could be neither confirmed nor denied, covalent immobilisation of

oligonucleotide attempted. The covalent coupling of oligonucleotide can, in itself,
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confirm the presence of carboxyl groups. Immobilisation of labelled oligonucleotides
was carried out to confirm that it was possible to do this before hybridisation was
attempted. Labelled oligonucleotides were covalently coupled to modified polystyrene
slides using an adapted version of the method used for immobilisation to carboxyléted
membranes. The label detection protocol also required modification to take into
account that polystyrene slides are 2 dimensional compared to the 3 dimensional nature
of porous membrane, for example, coverslips were required to prevent the evaporation
of the small amounts of solutions used. Two different labelling and detection systems
(DIG and biotin) were explored to identify which was more useful for work on
polystyrene slides. Both systems were originally created for use with porous nylon
membranes, and, as such, may not produce the required intensity of signal in a 2-D
format. It was observed that oligonucleotide attachment had taken place, although the
biotin labelling and detection system produced a stronger, more consistent signal when
used to detect the presence of covalently immobilised oligonucleotides, therefore further

work was carried out using only this system.

5.1.9 Hpybridisation to covalently immobilised oligonucleotide on polystyrene

Confirmation of the covalent coupling of oligonucleotides to modified polystyrene was
the first step towards carrying out hybridisation on these slides. Hybridisations of cystic
fibrosis sequences amplified from control blood samples were carried out as a
preliminary test of the hybridisation system before patient samples were examined.
Hybridisation to the wild type and mutant sequences for each of four cystic fibrosis
mutations were tested for, each on a different sl'ide. A vast excess of mutant sequence
probe was deposited onto the slide for hybridisation in order to identify whether this

would affect the specificity of hybridisation. Hybridisation signals were not expected in
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the positions correspénding to the mutant sequences of each mutation (as the DNA
samples used were those found to contain no mutations previously in this work),
however, signals were observed from the mutant sequences of two of the mutations
studied (N1303K and AF508). These mutant sequence oligonucleotides were present at
a concentration of 100 pmol per ul. When the mutant sequence oligonucleotide was—
present at a 5 times more dilute concentration however, there was no non-specific
hybridisation to the mutant sequence oligonucleotide. This suggests that the aberrant
signals were due to the high concentration of oligonucleotide used. Work has been
carried out previously to identify cystic fibrosis mutations via the reverse dot blot
method (Kawasaki et al., 1993) where hybridisation to oligonucleotides covalently
coupled to membrane was performed, and mutations were correctly identified. The
transfer of this technology to rigid plastic slides results in a device similar to the
microarrays already in use. The advantages of polystyrene slides are that they are less
likely to be dangerous if broken, and the possibility of injection moulding for
production on a large scale (as mentioned above). Other advantages of polystyrene
slides are identical to those for other slide-based microarrays which include the use of
less of each of the solutions used during hybridisation and detection washes, including
oligonucleotide probe and labelled target, as well as a greater ease of handling than

nylon membrane.

Glass slides were an option which was not explored, however in retrospect, this may

have been useful due to their widespread use in the field of microarrays (Sinclair, 1999).

5.1.10 Deposition systems

Once the principles of hybridisation on polystyrene slides had been established,

different options for the deposition of oligonucleotide were considered. The use of a
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hand-held pipette does not produce drops of a consistent size, and may not be accurate
for the deposition of small volumes and wholly inappropriate for a mass-produced
device. Two automated methods of drop deposition were considered, the BioDot
CV1000 automated syringe dispense system and a robotic pin-based micro-arrayer (for
example, Q-Array, Genetix, UK). The BioDot system was used in this project for———— -
convenience in the Research and Development situation. The BioDot syringe system
was not designed for this use and therefore, there were some disadvantages in using it
for oligonucleotide deposition. The BioDot has only one large reservoir, which would
require cleaning between each oligonucleotide used. It would be impractical and very
expensive to fill the reservoir (10mls) with oligonucleotide solution. A modification
was made to the BioDot syringe system, which involved the attachment of an extra
pump to allow oligonucleotide to be drawn, or back-filled, through the dispense nozzle
instead of using the reservoir. This system was tested by the deposition of
oligonucleotides for hybridisation. Although the drops on the slide were deposited
consistently, the oligonucleotide did not appear to be evenly distributed, (identified by
variations in hybridisation signals observed). The first and last drops deposited appear
to contain little or no oligonucleotide (that is, they produce either a weak, or no,
hybridisation signal), the drops between these produced consistent hybridisation signals,
which are easily visible by eye. It is likely that this fluctuation in hybridisation signal is
due to the flushing through of the tubes on the BioDot and the mixing of
oligonucleotide solution with water (which is used to fill the tubes and reservoir rather
than oligonucleotide solution itself). The addition of multiple pumps to dispense
oligonucleotide and the reduction of variation in deposition of oligonucleotide would

allow this system to be a more viable option for the deposition of oligonucleotide.
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The BioDot system has been useful for the the Research and Development of the
hybridisations in this project, however for large scale manufacturing, an arrayer would

be the preferred option.. The use of a diagnostics company to perform the arraying

would reduce the impact of the cost of the arrayer on the hospital. In this way the

diagnostic device could be consistently produced and then supplied for use in a number -

of hospitals.

5.1.11 Detection systems

Although biotin labelling and chemiluminescent detection of target has been
successfully used in this work, it was originally designed for use with three-dimensional
porous membranes. Two alternative methods of detection were investigated. As the
hybridisation is working towards a diagnostic test, rapid throughput of samples is
desirable. A visual detection system would decrease throughput time and allow more
tests to be analysed in a working day. As biotin labels and streptavidin-enzyme
chemiluminescence detection had already been used successfully in this work, the use
of coloured streptavidin beads for detection of hybridisation was investigated.

| Although the initial hybridisation appeared to produce specific signals where
hybridisation was expected (from experiment using chemiluminescent detection run in
parallel), further hybridisations showed non-specific binding of coloured beads to the
membrane. The coloured streptavidin beads produced by Bangs laboratories were
designed to be used as a solid support for affinity separation, they have also been used
as a surface for hybridisation, (Fry, et al, 1992; Tong and Smith, 1992; Fujita and
Swaroop, 1995; Ji and Smith, 1993). It is likely that these beads are too large to remain

bound to biotin labels on hybridised PCR product. This system was not found to
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produce accurate results, although it is possible that under the correct conditions it could

be a viable system for the visual readout of hybridisation results.

Fluorescent labelling of target is commonly used to label target for hybn'disa;tion to
microarrays (Sinclair, 1999). The use of fluorescent detection requires only stringency
washes after hybridiéatioh compared to the multiple block and wash incubations
required for chemiluminescent detection, therefore this method of detection would
reduce the time taken to process samples. A simple method of fluorescent labelling is
to use commercially produced oligonucleotide PCR primers with a fluorescent label
attached for target amplification. Cy5 was used as a convenient label, and added to
target DNA in this way. Hybridisatioﬁs were carried out on polystyrene slides and the
slides were scanned, however, no signal could be detected. As each piece of target
DNA had only one fluorescent label it was considered that the hybridisation signals may
be overpowered by background signal caused by the binding of unincorporated
fluorescently labelled primers to the slide, therefore an alternative method of labelling
was used. This method was based on one that incorporated aminoallyl-dUTP into the
PCR for the subsequent attachment of Cy5 moieties (Hasseman, 2001). Hybridisation
with this multiply labelled target did not produce observable hybridisation signals. If
fluorescent labels are exposed to light, there is a possibility them of undergoing photo-
bleaching, although this is unlikely to be the cause of the lack of signal as care was
taken to avoid exposure of the fluorescent labels to light. The sequences used for the
fluorescent hybridisation were identical to those used before with chemiluminescent
detection, therefore hybridisation should have occurred. Therefore it must be concluded
that the physical difference between the fluorescent label and the biotin label used

previously altered the target so that the optimisation of hybridisation conditions was
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required. This could be confirmed by the re-optimisation of the hybridisation
conditions. In order to reduce possible photobleaching of the Cy5 the entire PCR
amplification of target and hybridisation would be carried out in a dark room. If this did
not produce an observable signal, the background could be reduced by increasing the
stringency of the washes. SDS is known to fluoresce, therefore it cannot be used in the - —
final washes, however, it can be used in the preliminary washes providing it is removed
subsequently. If elimination of photo-bleaching does not allow fluorescent signals to be
produced, investigations must be made into alternative explanations for the lack of
signal, such as inadequate amount of target, or lack of hybridisation (which could be
tested using an antibody to Cy5 conjugated to an enzyme for chemiluminescent
detection). The amount of target added to the hybridisation could be optimised in order
to identify that which produces the strongest hybridisation combined with the least

background signal.

Time constraints meant that it was not possible to investigate this lack of signal further.
Within this project, it must be concluded that fluorescent labelling is not a viable system

for detection of hybridisation signals without further study.

As neither of the alternative methods of hybridisation detection investigated proved
viable for use in this work, biotin labelling and chemiluminescence were used for the

testing of patient DNA samples.

5.1.12 Demonstration of diagnostic

Due to the time constraints on this work, and the limitation of taking blood samples
only when patients were being treated, only three patient blood samples were obtained.

The blood samples were collected in heparin (anti-coaggulant) tubes. The final test
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produced would be used in a hospital where the length of time between blood collection
and DNA extraction cannot be guaranteed; therefore blood samples would require
collection with anti-coagulant to prevent clotting. Due to the cost of heparin tubes, only

blood from cystic fibrosis patients was collected in these. Genomic DNA extraction

- and subsequent PCR amplification was not expected to be affected by the use of - e

Heparin at blood collection, although it was necessary to confirm that this was the case
(Personal communication, Qiagen, UK). It would be useful to check that Heparin does
not interfere with the extraction and amplification of DNA from people who do not
carry a cystic fibrosis mutation, as this has not been confirmed in this work. This
should be confirmed before the system is used a diagnostic test. Heparin has not been
found to affect DNA extraction using the QIAamp method in previous work (Steiner et

al., 2002; Zimmerman et al., 2002).

Oligonucleotides corresponding to the mutant and wild type sequence of all four
mutations to be tested for were immobilised on one slide as thié is a similar format to

" the microarray system this study is working towards, where all of the mutations of
interest are represented on a single slide. Because of this, the target PCR product was a
mixture of all four targets produced. This mixture should not affect the hybridisation as
the target was denatured before application to the slide. Genomic DNA was extracted
and amplified from two patients with known mutations. Biotin was used to label the
target and chemiluminescent detection of hybridisation was carried out. The
hybridisation detected the wild type and mutant sequences as expected for each of the
mutations, with the exception of the AF508 mutation. This latter oligonucleotide was

the first one purchased, and there does appear to be a correlation in this work between

storage age of oligonucleotide and strength of hybridisation signal. This can be
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observed where hybridisation to the oldest oligonucleotide produces weak signals in
comparison to hybridisation to the newest oligonucleotide. This was seen for
hybridisations carried out on both nylon membrane and polystyrene. If oligonucleotides
are aliquoted and frozen, and not subjected to multiple freeze/thaw cycles then they
would not be expected to degrade, however, there is clearly a difference between the —
strength of these hybridisation signals. In order to confirm that it is the age of the
bligonucleotide causing the alteration in signal intensity, it is important to obtain freshly

synthesised oligonucleotides for comparison in future studies.

With the exception of the AF508 wild type and mutant sequences, hybridisation
occurred to the expected oligonucleotides, once the concentration of mutant sequence
oligonucleotide had been reduced to 20 pmol (see previously). Therefore, the main
aims and objectives of the project were met in this device, as a pre-prototype of a
multiple mutation diagnostic for use in a hospital for the detection of cystic fibrosis has
been produced. The pre-prototype can detect the presence of the N1303K mutation and
the wild type sequence of two other mutations (G551D and G542X). Some further

work is required to detect the AF508 mutant and wild type sequences.

5.2 Recommendations for Future Work

While this project has made significant steps towards the development of a suitable
method of mutation detection for neonatal screening, there are areas of work that can be
recommended for the future. These would confirm some of the results presented here
and provide more information on the suitability of alternative methods of hybridisation

detection to chemiluminescence.
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(a) To confirm the results reported in Chapter 2, the experiments using radioactive

labels should be repeated to determine absolute amounts of oligonucleotide remaining

on membrane after washes. The confirmation of these results will show that a very low
percentage of the deposited oligonucleotide is coupled to the membrane, even when

using covalent attachment. Once this has been established, methods of increasing the - —
amount of attached oligonucleotide could be investigated. A study looking at the

increase of oligonucleotide concentration and optimisation of the percentage of EDC

used to activate the membrane could be undertaken.

(b) A method of increasing the efficiency of covalent attachment would allow the
reduction of wasted oligonucleotide and reduce the cost of carrying out hybridisation
with oligonucleotides. It would be of interest to determine the absolute amount of
oligonucleotide which remains coupled to modified polystyrene slides after washes as

this would be relevant to the production of a mutation detection device in this work.

(©) It would be useful to use radioactive labels to study the efficiency of
hybridisation to oligonucleotide by radioactively labelling the target and hybridising to
a known amount of oligonucleotide. As above, if the efficiency of hybridisation could

be improved the cost of hybridisation could be reduced.

(d)  Chemiluminescent detection of hybridisation is a time consuming method of
detection. Two alternative methods were investigated in this work, coloured
streptavidin coated beads and fluorescence. Coloured beads would be the simplest
method to use as the results can be observed by eye, rather than requiring a scanner.
When coloured beads were used in this work it is believed that the streptavidin-biétin
bond either did not occur, or was disrupted by the vigorous washing techniques used. It

is necessary to test this by carrying out vigorous washes when using chemiluminescent
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detection in order to confirm that it is the biotin-streptavidin bond which is being
affected and not the hydrogen bonds involved in DNA hybridisation. Once this has
been established, biotin-streptavidin bonding should be carried out under varying
conditions, for example in buffers containing various salt concentrations in order to
discover the optimum conditions to allow the bond to form. If a method cannot be-
found to ensure the specific binding of streptavidin coloured beads to biotin labelled
PCR product, and alternative method of detection must be used. Fluorescence requires
a scanner or other system in order to observe the hybridisation results, however it
requires fewer incubations and is therefore less time consuming than chemiluminescent

detection.

The lack of fluorescent signals observed in this work could be addressed as discussed in

section 5.1.11 (page 170).

If these investigations do not produce an observable signal, it will be necessary to use

chemiluminescent hybridisation detection.

Optimisation of the chemiluminescent method of detection to reduce incubation time
and so reduce the time taken to produce a result would give a more useful test in a

hospital situation

(e) Once the detection method has been established, the issue of lack of
hybridisation to the AF508 oligonucleotides when using target amplified from patient
blood must be addressed. Freshly synthesised oligonucleotides should be obtained and
used in hybridisation with patient target. If this does not resolve the problem then the
hybridisation stringency conditions must be re-examined and optimised. It may also be

necessary to investigate alternative oligonucleotide suppliers. Once the hybridisation
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signals are satisfactory, more patient samples .must be tested in order to establish the
reproducibility of the hybridisation. As many patient samples as possible should be
tested ‘blind’ so that the hybridisation is known to be a true reflection of the patients
mutations without the experimenter being influenced by the knowledge of the patients

‘mutations. : - e — . .

§9) Once the best detection method has been identified, and the reproducibility of
the test is established, it will be necessary to create a prototype system and protocol.
Ideally this would by tested by a technician from a Biochemistry Department in a
District General Hospital as this is the setting the device is designed to be used in. The
system will comprise of a printed slide, a ‘PCR’ mix, containing all of the PCR
ingredients except the Taq polymerase, Taq, hybridisation buffer and a system of
detection (preferably coloured beads if this system can be optimised). Genomic DNA

extraction will be carried out using the Qiagen QIAamp kit.

(g) If the genetic test is to be used to test only neonates whose sweat test results are
indicative of cystic fibrosis then only a few tests (1-3) each week will be required in a
single hospital. If the test is to be carried out on each baby born, however, the demand
will be much higher and mass manufacture of slides will be a more realistic option.
Investigations into the stability of oligonucleotides on printed slides during storage
should be investigated to show if there is deterioration of the oligonuéleotides over
time. Once the oligonucleotide is dried onto the slide it should not degrade, however
studies have not been undertaken into how long the carboxyl groups produced by
chemical modification of the slides will remain stable. If these investigations show that
printed slides can be stored for a relatively long period of time (for example up to six

months) then the use of a mass manufacturing system will be viable.
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The BioDot CV1000 syringe system could be modified by the addition of extra pumps
and shorter tubes and smaller oligonucleotide reservoirs, in order to allow the printing
of several oligonucleotides in one run. This modification would facilitate the mass

production of printed slides.

The hjfbn'disaﬁons performed in this work will allow the testing of genomic DNA for
four cystic fibrosis mutations. The test can be expanded to include other cystic fibrosis
mutations or used to identify genetic mutations involved in other diseases. When new
oligonucleotides are added to the hybridisation, optimisation may be necessary to
ensure the correct stringency conditions are being used to allow discrimination between
wild type and mutant oligonucleotides. It may also be necessary to optimise or create

the PCR cycles used to amplify the new target of interest.

The establishment of this prototype could lead to production of a test for any genetic
mutation of interest. Depending on the oligonucleotides used, several different disease

mutations could be tested for in a single hybridisation.

5.3 Conclusions

This project aimed to produce a pre-prototype of a genetic test for use in a hospital,
using cystic fibrosis diagnosis as a model. The constraints imposed by the use of the
test in a hospital are that both setting up and running the diagnostic test should be as
cheap as possible, and also that the test should be simple enough to be used be staff with

no specialist molecular biology knowledge.

From the work carried out in this thesis, the most suitable system for use in a hospital
would use an arrayer to deposit oligonucleotides onto modified polystyrene slides as

this method of deposition is consistent and once purchased, an arrayer requires no
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modification before use, as the BioDot syringe system would. Polystyrene slides would

be used because of their ability to unaérgo modification to produce carboxyl groups on

the surface. Chemiluminescence would be the most suitable method of hybridisation
detection studied in this work as it has been found to be the most robust method,
producing the most consistent hybridisation signals in our hands. The use of -~ —
chemiluminescent detection adds 4-5 hours to the length of time take to process a test,

however, the more consistent results obtained justify this increase.

The use of hybridisation on polystyrene slides and chemiluminescent hybridisation
detection requires some further investigation in order to ensure that the hybridisation is
reliable, however a pre-prototype has been established which may be useful as a basis

for further work.
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Appendices

Appendix A. Primer sequences

Primer name

Primer sequence (5°-3") and
label

Reference

1Ab (L. plantarum)

TAT TCT TCG CGA ACG
GTTGATT

R4s (L. plantarum) GAT AAT ATC CGG ATC | Witt, (1996)
TTT TGA ,

10i-3 (CFTR) CAT TCA CAG TAG ATT | Zielenski et al. (1991)
ACCCA

10i-5 (CFTR) GCA GAG TAC CTG AAA | Zielenski et al. (1991)
CAG GA

11i-3 (CFTR) GCA CAG ATT CTG AGT | Zielenski et al. (1991)
AAC CAT AAT

11i-5 (CFTR) CAA CTG TGG TTA AAG | Zielenski et al. (1991)
CAA TAG TGT

21a (CFTR) Biotin-AG GCT TCT GTA Wall et al. (1995)
CAT GGG TGTTTC

21b (CFTR) Biotin-CA AAA GTA CCT | Wall et al. (1995)
GTT GCT CCA

PCR name Product size

Lactobacillus plantarum PCR 334 bases

Exon 10 PCR (CFTR) 491 bases

Exon 11 PCR(CFTR) 425 bases

Exon 21 PCR (CFTR) 376 bases
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Appendix B. Control sample consent forms

Donation of blood to aid the optimisation of a molecular biology based
method of Cystic Fibrosis mutation detection

¢ I give my consent for the Medical Centre at Cranfield University to take
Smls of my blood and for it to be used in molecular biology research to
improve cystic fibrosis detection.

e [ consent for the DNA to be extracted from this blood and amplified. I
understand that the amplified DNA will be hybridised to DNA
containing known cystic fibrosis mutations in order to optimise these
hybridisations.

e I understand that I will not be informed in the event of a mutation being
discovered in my DNA and that the samples are analysed anonymously.

------------------------------------------------------

Signature of scientist receiving the blood
Written by Lizzie Bull (1999)
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Appendix C. oligonucleotide/probe sequences, Lactobacillus
plantarum and cystic fibrosis

Oligonucleotide name | Oligonucleotide sequence Tail length/ 5’ Reference
(5°-3) Amino termination
R4A (L. plantarum) GAA ATA GAT GCA GTT | n/a Witt, 1996
CCACTA
R4Aa (L. plantarum) | GAA ATA GAT GCA GTT | n/a/Amino
CCA CTA termination
R4Atad0 (L. GAA ATA GAT GCA GTT | 20 bases/ Amino
plantarum) CCACTA termination
R4Ata60 (L. GAA ATA GAT GCA GTT | 40 bases/ Amino
plantarum) CCA CTA termination
R4 Ata80 (L. GAA ATA GAT GCA GTT | 60 bases/ Amino
plantarum) CCA CTA termination
R4Ata90 (L. GAA ATA GAT GCA GTT | 70 bases/ Amino
plantarum) CCA CTA termination
R4Atal00 (L. GAA ATA GAT GCA GTT | 80 bases/ Amino
plantarum) CCA CTA termination
R4A40 (L. plantarum) | GAA ATA GAT GCA GTT | Approx. 40 bases/
CCA CTA none
R4A60 (L. plantarum) | GAA ATA GAT GCA GTT | Approx. 60 bases/
CCA CTA none
R4A80 (L. plantarum) | GAA ATA GAT GCA GTT | Approx. 80 bases/
CCA CTA none
R4A90 (L. plantarum) | GAA ATA GAT GCA GTT | Approx. 90 bases/
CCA CTA none
R4A100 (L. GAA ATA GAT GCA GTT | Approx. 100 bases/
plantarum) CCACTA none
415N (AF508 wt, GAA ACA CCA AAG Amino termination | Wall et al.,
CFTR) ATG ATA 1995
416M (AF508 mut, GGA AAC ACC AAT GAT | Amino termination | Wall ez al.,
CFTR) ATT 1995
542N2+ (G542X wt, | TATAGTTC TTG GAG Amino termination | Wall et al.,
CFTR) AAG GTG 1995
542M1 (G542X mut, | TA TAGTTC TTT GAG Amino termination | Wall et al.,
CFIR) AAG GTG 1995
551N (G551D wt, TC GTT GACCTC CACT | Amino termination | Wall ez al.,
CFTR) 1995
551M (G551 mut, AG TGG AGA TCA ACG | Amino termination | Wall et al.,
CFTR) A 1995
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1303N (N1303K wt, AG AAA AAA CTT GGA | Amino termination | Wall et al.,
CFTR) TCC 1995
1303M (N1303K mut, | GG GAT CCA ACTTTT Amino termination | Wall et al.,
CFIR) TTCT 1995
DIG test ATG CCG ATA GAC GCA | 5° Amino
GTA CTG termination, 3’
DIG label '
Biotin test ATG CCG ATA GAC GCA | 5° Amino
GTA CTG termination, 3’
biotin label
LB-ve GAT AAT ATC CGG ATC | 5° Amino
TTT TGA termination

203




Appendix D. Table showing the amount of oligonucleotide put down
in each spot during radioactive studies

Dilution 1 Dilution 2 Dilution 3 Dilution 4 Dilution 5
R4Aa 28 pmol 14 pmol 7 pmol 3.5 pmol 1.75 pmol
R4Aa40 19.5 pmol 9.75 pmol 4.875 pmol 2.438 pmol 1.219 pmol
R4Aa60 19.1 pmol 9.55 pmol 4.775 pmol 2.388 pmol 1.194 pmol
R4Aa80 28 pmol 14 pmol 7 pmol 3.5 pmol 1.75 pmol
R4Aa%0 28 pmol 14 pmol 7 pmol 3.5 pmol 1.75 pmol
R4Aal00 28 pmol 14 pmol 7 pmol 3.5 pmol 1.75 pmol
R4at60 18.24 pmol 9.12 pmol 4.56 pmol 2.28 pmol 1.14 pmol
R4A 28 pmol 14 pmol 7 pmol 3.5 pmol 1.75 pmol
R4A40 22.22 pmol 11.11 pmol 5.55 pmol 2.78 pmol 1.39 pmol
R4A60 28 pmol 14 pmol 7 pmol 3.5 pmol 1.75 pmol
R4A80 28 pmol 14 pmol 7 pmol 3.5 pmol 1.75 pmol
R4A90 28 pmol 14 pmol 7 pmol 3.5 pmol 1.75 pmol
R4A100 24.6 pmol 12.3 pmol 6.15 pmol 3.08 pmol 1.54 pmol
R4At60 20.3 pmol 10.15 pmol 5.08 pmol 2.54 pmol 1.27 pmol
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Appendix E. Radioactive data- CPM and calculations and probe

yield
Membrane Oligonucleotide | Amount Average Pmol
(w-washed) deposited CPM of two | oligonucleotide
(pmol) spots detected (%)
Biodyne (w) | R4Aa 28 7,753.2 0.27 (0.98%)
Biodyne (w) | R4Aa 14 6,708.2 0.23 (1.67%)
Biodyne (w) | R4Aa 7 1,883.8 0.07 (0.94%)
Biodyne (w) | R4Aa 3.5 1,005.2 0.04 (1.00%)
Biodyne (w) | R4Aa 1.75 848.8 0.03 (1.69%)
Biodyne (w) { R4Aa40 28 34,580.5 1.62 (5.77%)
Biodyne (w) | R4Aa40 14 16,052.0 0.75 (5.36%)
Biodyne (w) | R4Aa40 7 8,933.0 0.42 (6.00%)
Biodyne (w) | R4Aa40 35 4,190.9 0.20 (5.60%)
Biodyne (w) | R4Aa40 1.75 2,147.9 0.10 (5.73%)
Biodyne (w) | R4Aa60 28 27,725.5 2.76 (9.80%)
Biodyne (w) | R4Aa60 14 20,787.6 2.07 (14.76%)
Biodyne (w) | R4Aa60 7 9,505.6 0.94 (13.50%)
Biodyne (w) | R4Aa60 3.5 4,045.7 0.40 (11.49%)
Biodyne (w) | R4Aa60 1.75 1,653.1 0.16 (9.39%)
Biodyne (w) | R4Aa80 28 13,222.3 0.63 (2.24%)
Biodyne (w) | R4Aa80 14 9,588.2 0.46 (3.25%)
Biodyne (w) | R4Aa80 7 6,120.7 0.29 (4.15%)
Biodyne (w) | R4Aa80 3.5 2,811.0 0.13 (3.82%)
Biodyne (w) | R4Aa80 1.75 1,374.8 0.07 (3.73%)
Biodyne (w) | R4Aa%90 28 5,531.7 0.25 (0.89%)
Biodyne (w) | R4Aa%90 14 5,125.9 0.23 (1.64%)
Biodyne (w) | R4Aa% 7 2,327.5 0.10 (1.49%)
Biodyne (w) | R4Aa%0 3.5 1,245.5 0.06 (1.60%)
Biodyne (w) | R4Aa%0 1.75 742.7 0.03 (1.90%)
Biodyne (w) | R4Aal00 28 3,451.9 0.19 (0.66%)
Biodyne (w) | R4Aal00 14 2,370.7 0.13 (0.91%)
Biodyne (w) | R4Aal00 7 1,195.7 0.06 (0.92%)
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Biodyne (w) | R4Aal00 3.5 222.4 0.01 (0.34%)
Biodyne (w) | R4Aal00 1.75 232.0 0.01 (0.71%)
Biodyne R4Aa 28 40,743.1 1.42 (5.08%)
Biodyne R4Aa 14 31,650.0 1.11 (7.90%)
Biodyne R4Aa 7 7,011.0 0.24 (3.50%)
Biodyne R4Aa 35 6,722.7 1.23 (6.70%)
Biodyne R4Aa 1.75 28,959.0 1.01 (57.80%)
Biodyne R4Aad0 28 62,445.1 2.92 (10.42%)
Biodyne R4Aa40 14 40,978.9 1.91 (13.68%)
Biodyne R4Aa40 7 33,393.2 1.56 (22.30)
Biodyne . R4Aa40 35 8,085.5 0.38 (10.80%)
Biodyne R4Aad0 1.75 6,095.6 0.28 (16.28%)
Biodyne R4Aa60 28 61,729.4 6.13 (21.91%)
Biodyne R4Aa60 14 20,057.4 1.99 (14.24%)
Biodyne R4Aa60 7 10,897.0 1.08 (15.47%)
Biodyne R4Aa60 3.5 5,484.7 0.55 (15.58%)
Biodyne R4Aa60 1.75 9,951.7 0.99 (56.52%)
Biodyne R4Aa80 28 25,109.2 1.19 (4.26%)
Biodyne R4Aa80 14 12,777.5 0.61 (4.34%)
Biodyne R4Aa80 7 14,309.8 0.68 (9.71%)
Biodyne R4Aa80 3.5 3,313.6 0.15 (4.50%)
Biodyne R4Aa80 1.75 2,607.7 0.12 (7.07%)
Biodyne R4Aa90 28 19,638.8 0.88 (3.14%)
Biodyne R4Aa9%0 14 15,907.8 0.71 (5.10%)
Biodyne R4Aa90 7 5,179.3 0.23 (3.32%)
Biodyne R4Aa90 3.5 3,045.6 0.14 (3.90%)
Biodyne R4Aa%0 1.75 2,318.9 0.10 (5.94%)
Biodyne R4Aal00 28 7,312.0 0.39 (1.40%)
Biodyne R4Aal00 14 2,305.1 0.12 (0.89%)
Biodyne R4Aal00 7 2,142.1 0.12 (1.65%)
Biodyne R4Aal00 3.5 1,014.4 0.05 (1.56%)
Biodyne R4Aal00 1.75 1,055.1 0.06 (3.25%)
Hybond (w) | R4A 28 2,622.8 0.20 (0.71%)
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Hybond (w) | R4A 14 972.7 0.07 (0.53%)
Hybond (w) | R4A 7 457.2 0.03 (0.50%)
Hybond (w) | R4A 3.5 249.2 0.02 (0.54%)
Hybond (w) | R4A 1.75 192.5 0.01 (0.84%)
Hybond (w) | R4A40 28 4,019.8 0.11 (0.38%)
Hybond (w) | R4A40 14 1,631.8 0.43 (0.31%)
Hybond (W) | R4A40 7 765.4 0.02 (0.29%)
Hybond (w) | R4A40 3.5 4293 0.01 (0.33%)
Hybond (w) | R4A40 1.75 231.2 0.01 (0.35%)
Hybond (w) | R4AG0 28 3,844.6 0.10 (0.35%)
Hybond (w) | R4AG0 14 2,393.5 0.10 (0.44%)
Hybond (w) | R4A60 7 1,189.5 0.03 (0.43%)
Hybond (w) | R4A60 3.5 564.1 0.01 (0.41%)
Hybond (w) | R4A60 1.75 3424 0.01 (0.50%)
Hybond (w) | R4A80 28 2,888.4 0.06 (0.23%)
Hybond (w) | R4A80 14 1,564.0 0.04 (0.25%)
Hybond (w) | R4A80 7 733.8 0.02 (0.24%)
Hybond (w) | R4A80 3.5 272.1 0.01 (0.17%)
Hybond (w) | R4A80 1.75 165.5 0.00 (0.21%)
Hybond (w) | R4A90 28 2,337.0 0.18 (0.63%)
Hybond (w) | R4A90 14 1,278.8 0.10 (0.69%)
Hybond (w) | R4A90 7 510.1 0.04 (0.55%)
Hybond (w) | R4A90 3.5 222.9 0.02 (0.48%)
Hybond (w) | R4A90 1.75 185.1 0.01 (0.79%)
Hybond (w) | R4A100 28 2,370.0 0.08 (0.29%)
Hybond (w) | R4A100 14 1,513.7 0.05 (0.37%)
Hybond (w) | R4A100 7 589.8 0.02 (0.29%)
Hybond (w) | R4A100 3.5 319.0 0.01 (0.31%)
Hybond (w) | R4A100 1.75 196.8 0.01 (0.39%)
Hybond R4A 28 246,885.0 18.84 (67.30%)
Hybond R4A 14 135,404.0 10.34 (73.82%)
Hybond R4A 7 67,698.9 5.17 (73.81%)
Hybond R4A 3.5 35,605.7 2.72 (77.65%)
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Hybond R4A 1.75 17,266.4 1.32 (75.31%)
Hybond R4A40 28 266,812.1 7.09 (25.32%)
Hybond R4A40 14 114,730.3 3.05 (21.78%)
Hybond R4A40 7 51,860.4 1.38 (19.68%)
Hybond R4A40 3.5 27,950.0 0.74 (21.22%)
Hybond R4A40 1.75 12,272.8 0.33 (18.63%)
Hybond R4A60 28 240,012.1 6.12 (21.87%)
Hybond R4A60 14 114,631.4 2.92 (20.89%)
Hybond R4A60 7 59,558.6 1.52 (21.71%)
Hybond R4A60 3.5 27,071.8 0.69 (19.74%)
Hybond R4A60 1.75 15,492.4 0.40 (22.59%)
Hybond R4A80 28 171,565.0 3.86 (13.78%)
Hybond R4A80 14 70,301.4 1.58 (11.29%)
Hybond R4A80 7 59.0 0.00 (0.02%)
Hybond R4A80 3.5 19,676.2 0.44 (12.64%)
Hybond R4A80 1.75 9,028.4 0.20 (11.60%)
Hybond R4A90 28 163,676.0 12.27 (42.84%)
Hybond R4A90 14 79,391.4 5.95 (42.53%)
Hybond R4A90 7 40,606.9 3.05 (43.51%)
Hybond R4A90 3.5 14,911.5 1.12 (31.95%)
Hybond R4A90 1.75 8,239.5 0.62 (35.31%)
Hybond R4A100 28 133,414.8 4.60 (16.43%)
Hybond R4A100 14 69,680.7 2.40 (17.16%)
Hybond R4A100 7 31,151.9 1.07 (15.35%)
Hybond R4A100 35 18,620.0 0.64 (18.34%)
Hybond R4A100 1.75 9,235.3 0.32 (18.20%)
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Appendix F. Contact angle measurements on polystyrene slides

Slide number

Position (see Appendix G)

Contact angle all +£1°

Unmodified 1

A

74.8°

Unmodified 1 | Ao 53.5°
Unmodified1 | B 59.0°
Unmodified 1 | Bo 58.2°
Unmodified 1 | Bm 83.5°
Unmodified1 | C 69.3°
Unmodified 1 | Co 78.8°
Unmodified2 | A 75.6°
Unmodified 2 | Ao 60.1°
Unmodified2 | B 59.2°
Unmodified 2 | Bo 58.8°
Unmodified 2 | Bm 55.7°
Unmodified2 | C 80.1°
Unmodified 2 | Co 76.2°
| Modified 1 A 62.0°
Modified 1 Am 68.8°
Modified 1 ao 64.1°
Modified 1 B 59.3°
Modified 1 bm 63.1°
Modified 1 Bo 66.6°
Modified 1 C 66.2°
Modified 1 Cm 63°
Modified 1 Co 65.5°
Modified 2 A 59.7°
Modified 2 Am 60.5°
Modified 2 Ao 50.7°
Modified 2 B 59.3°
Modified 2 Bm 58.1°
Modified 2 Bo 67.4°
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Modified 2 C 54.7°
Modified 2 Cm 55.9°
Modified 2 Co 55.2°
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Appendix G. Diagram to show the position of droplets on the slide

during contact angle measurements

CCD camera
A B C
Am Bm Cm|
Ao Bo Co
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Appendix H. Cy5 absorbance levels of PCR products

PCR product Pmol dye Pmol nucleotide | Nucleotide: dye ratio
Exon 10 (patient 1) 3200 74114.02 23.16
Exon 10 (patient 2) 10500 62711.86 5.97
Exon 10 (patient 3) 2400 62711.86 26.13
Exon 11 (patient 1) 3400 74114.22 21.80
Exon 11 (patient 2) 6200 205238.83 33.10
Exon 11 (patient 3) 58000 359167.95 6.19
Exon 11 (patient 1) 3600 108320.49 30.08
Exon 11 (patient 2) 2400 74114.22 45.13
Exon 11 (patient 3) 4600 68412.94 14.87
Exon 21 (patient 1) 2800 165331.28 59.05
Exon 21 (patient 2) 4600 336363.63 73.12
Exon 21 (patient 3) 4800 114021.57 23.75

According to Hasseman (2001) a value of over 200 pmol of dye incorporation per
sample and a ratio of less than 50 nucleotides/dye molecule is optimal for hybridisation.
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Appendix . Blood collection protocol, patient information and sample
consent form

PROTOCOL

DONATION OF BLOOD SAMPLES TO INVESTIGATE MOLECULAR BIOLOGY
TECHNIQUES TO ADVANCE THE DIAGNOSIS OF CYSTIC FIBROSIS

The samples should be kept at 4°C where possible

Samples required

Blood samples from Cystic Fibrosis patients with one or two known mutations,
preferably including AF508, G542X, G551D and N1303K. 1-2ml of blood, collected in
a heparin or EDTA tube.

Collection of samples
1. Inform the patient and/or guardian about the project and blood sample donation.
2. Obtain signed consent to obtain a blood sample for research.

3. Fill in patient details (including the CF mutations) in a designated book (or use a
sticker from their notes) a patient identification number and the date of collection.

4. Take the sample during routine procedure. Label the tubes with patient number.

b

Store the blood at 4°C and send to Cranfield University as soon as possible.

The samples collected as detailed above will be used in the following way: -

Genomic DNA will be extracted from the blood sample, and areas containing the cystic
fibrosis mutation will be amplified. The amplified product will be used to check the
reliability of a novel test for cystic fibrosis developed at Cranfield University in
conjunction with Northampton General Hospital.

213



PATIENT INFORMATION

DONATION OF BLOOD SAMPLES TO INVESTIGATE MOLECULAR BIOLOGY
TECHNIQUES TO ADVANCE THE DIAGNOSIS OF CYSTIC FIBROSIS

BACKGROUND

The staff of Northampton General Hospital and scientists at Cranfield University are
working together in order to improve the methods of diagnosis of cystic fibrosis in
newborn babies.

?

The cystic fibrosis test that is being developed will provide information on the patients
cystic fibrosis mutations from a blood sample. It is crucial that the test is accurate. In
order to check that the test will correctly diagnose cystic fibrosis mutations, it must be
used on the blood of patients who have known mutations.

Please help us

During the normal course of your/your child’s treatment it is necessary to take blood
samples. If you are willing to allow us, we can use some of this blood to help develop a
new diagnostic test.

Your care and treatment will not be altered in any way by your decision to donate or
otherwise. Furthermore, no additional procedures will be undertaken as a result of your
consent.

Thank you for your help and co-operation. If you have any questions please ask
your doctor or contact Dr J. O’Donnell, Clinical Biochemistry, Northampton
General Hospital. Tel 01604 634700 (ext. 5401).
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CONSENT FORM

DONATION OF BLOOD SAMPLES TO INVESTIGATE MOLECULAR BIOLOGY
TECHNIQUES TO ADVANCE THE DIAGNOSIS OF CYSTIC FIBROSIS

¢ [ have read the attached information leaflet, discussed it with my doctor
and fully understand what is required. YES/NO

e ] request that any blood samples taken during the course of my care at
Northampton General Hospital may be made available for research after

all procedures required for my clinical management have been
completed. YES/NO

e [ understand that my care will be unaffected by my consent

YES/NO
Name of patient Hospital Number
Signature Date
Your doctor will retain this form.
CONFIDENTIAL

Written by Dr. John O’Donnell (2000).
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NORTHAMPTON MEDICAL RESEARCH/
ETHICS COMMITTEE

Deputy Chairman: Dr Chris Frerk
Secretary: Mrs Michelle Spinks

OurRef:  FE/MS/01/72

17 September 2001

Dr John O’Donnell

Consultant Clinical Biochemist
Northampton General Hospital NHS Trust
Cliftonville

NORTHAMPTON

NN1 5BD

Dear Dr O’Donnell

Northampton m

Primary Care Trust

Highfield
Cliftonville Road
Northampton
NN1 5DN

Tel: 01604 615000
Fax: 01604 615010

01/72 Development of a screening test for the idéntification of cystic fibrosis

The Northampton Medical Research/Ethics Committee reviewed your application in relation to
the above study at their meeting on Thursday 13 September 2001. | am writing to inform you
that approval in principle was granted by the Committee, subject to the following amendment:-

The Committee noted that you intend to include patients between the ages of 5 - 35 years.
Members were of the opinion that any children under the age of 16 who are sufficiently mature
and intelligent to be able to understand what is involved in the treatment (i.e., those who are
Gillick competent), should be able to give consent for themselves. The Committee have
therefore requested that a separate Patient Information Sheet and Consent Form be prepared

for children who are able to give consent.

The Committee have delegated authority to the Deputy Chairman to give final approVaI to
your study following the receipt of a satisfactory Patient Information Sheet and Consent Form.

| look forward to hearing from you in due course.

Yours sincerely

b

Michelle Spinks

Secretary, Northampton Medical Research/Ethics Committee

c.c. Anna Fox, Research & Development Centre - Knightley Ward

Chief Executive: Mary Burrows  Chairman: Dr John Toby

¥
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Northampton General Hospltal E!ZIB

NHS Trust

20" September 2001

Dr John O’Donnell

Consultant Clinical Biochemist
" Northampton General Hospital NHS Trust
“Cliftonville

Northampton

NN1 5BD

Dear Dr O’Donnell

01/72 Development of a screening test for the identiﬁgation of cystic fibrosis

- Thank you for sending the additional patient information sheet and consent form
directly to me. On behalf of the Medical Research Ethics Committee, I now give you
final approval of your study.

I hope this is satisfactory and I wish you well with your study.

Yours sincerely

(Hhas ﬁw

Chris Frerk
Deputy Chairman, Northampton Medical Research/Ethics Committee

. (%4
S0/
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Northampton General Hospital
Clinical Biochemistry
Patient Sheet (U16)

Hello. I understand that you have a condition called Cystic Fibrosis. You .
have had this condition since birth. You may not have been unwell from
the beginning, but you may have had to go to hospital since then, and you
may have had visits at home from nurses looking after you because of

this condition. '

In Northampton, we carefully test all newborn babies for Cystic Fibrosis.
This test we do is good, and we find babies who have the condition. It is
better to find them at this time because we can the doctors and nurses can
then plan treatments to help the baby with this condition. The test is not
perfect, and very occasionally, the test does not tell us about a baby with
the condition. ‘ '

In Northampton, we are doing some research to try and find a better test
to look at newborn babies. This involves using a material in the babies
called DNA. The babies’ DNA is made up from DNA from their mum
and dad. It can possibly also tell us if the child has DNA that gives it
Cystic Fibrosis.

We would like you to help us with this research. We would like to take a
sample of blood from you. This will be just a simple blood test taking
about Smls of blood. It will be no different from any other sample you
have given. We can then check if the new test can spot whether you have
Cystic Fibrosis. This will let us know if we have to change the test to
make it better. |

We hope you will help us, but if yoi do not ‘want to be involved; that is
ok. You do not have to agree to this at all. None of the doctors or nurses
will mind, and will give you the same care and attention as always.

Thank you for reading this.
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Northampton General Hospital
Clinical Biochemistry
Consent Form (U16)

I have read and understand the patient information sheet.

T understand that I have been asked to give a sample of
blood to be used in research.

I understand that I will NOT benefit from this research_

I know that I do not have to take part in this research if I
choose not to. ' 3

I have discussed this with a nurse/doctor.

I have discussed this with my mum/dad/guardian

I am happy to consent for myself

Name
Sign

I have discussed this with
and I am satisfied that there is good understanding.

Name of nurse/doctor

Sign

Yes/No

Yes/No

Yes/No

Yes/No

Yes/No

Yes/No

Yes/No
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Appendix J. List of solutions and suppliers

Solutions made in-house
Detection Buffer -0.1M Tris, 0.1M NaCl. PH 9.5

DIG Hyb Buffer -5xSSC, 0.1% N-laurosarcosine, 0.02% SDS, 1% DIG block
(made up in Maleic Acid buffer) (from DIG hybridisation
protocol, Roche, UK)

DIG Wash Buffer =~ -0.3% Tween in Maleic Acid buffer (from DIG hybridisation
protocol, Roche, UK)

Maleic Acid Buffer -0.15M NaCl, 0.1M Maleic Acid. pH 7 with solid NaOH (from
DIG hybridisation protocol, Roche, UK)

Phosphate Elution Buffer-4mM KPO,. pH8.5 (1M KPO, in made from 9.5ml KoHPO4
and 0.5ml KH,PO4(Hasseman, 2001)
Phosphate Wash Buffer-5mM KPOy, 80% ethanol. pH8.5 (Hasseman, 2001)

20x SSC -3M NaCl, 0.3M Sodium Citrate. pH 7

STE buffer - 0.14% w/v NaCl, 25mM Tris-HCI, 10mM EDTA. pH 8
Stringency buffer -0.4% SDS/0.5xSSC

TE buffer -0.1M Tris, 0.1mM EDTA. pH 8

50x TAE buffer -M Tris, pH8, EDTA, 57.1ml Glacial Acetic Acid (make up to 1

litre with water)

Kits used

DNADetector™ HRP Southern Blotting Kit (KPL, Maryland, USA)

ECL Labelling and Detection Kit (Amersham Pharmacia Biotech, Bucks, UK)
PCR Core Kit (Qiagen, UK)

PCR DIG Detection Kit (Roche, UK)

PCR DIG Labelling Kit (Roche, UK)

QIAquick PCR Clean Up Kit (Qiagen, UK)

Qiagen QIAamp Extraction Kit (Qiagen, UK

Southern Detection Kit (KPL, Maryland, USA)

Chemicals and Products from Sigma-Aldrich, Dorset, UK

Chloroform
DMSO
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DNAase free RNAase
Glucose

Hybrislip coverslips
IsoAmyl Alcohol
Kodak X-OMAT
Lysozyme

Maleic Acid

NaCl
N-laurosarcosine
PerfectHyb Plus
Phenol

Potassium Permanganate
Proteinase K

SDS

Sodium Acetate
Sodium Carbonate
Tris

Tween 20

Chemicals and product from other suppliers

Agarose (Helena Biosciences, Sunderland, UK)

Biodyne C membrane (Pall Life Sciences, Hants, UK)

Cy5 Ester (Amersham Pharmacia Biotech, Bucks, UK)

DE&I filter paper (Whatman, Kent, UK)

dNTPs (Promega, Southampton, UK)

EDC (Pierce, Illinois, USA)

.Ethanol (Merck, Dorset, UK)

EZ load Precision Mass Molecular Standard (Bio-Rad, California, USA)
v-P*? ATP (Amersham Pharmacia Biotech, Bucks, UK)

HCI1 (Merck, Dorset, UK)

H,SO4 (Merck, Dorset, U'IJ{)Y

Hybond N+ Nylon Membrane (Amersham Pharmacia Biotech, Bucks, UK)
MgCl, (Perkin Elmer, Massachusetts, USA)

Molecular Biology Grade Water (Fisher, UK)
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Oligonucleotides (MWG-Biotech, Milton Keynes, UK)

P30 spin columns (Bio-Rad, California, USA)

Polystyrene slides (Nunc, Paisley, UK)

Red streptavidin _coated microspheres (Bangs Laboratories, Fishers, Illinois, USA)
T4 Polynucleotide Kinase (Roche, Brussels, Belgium)

Taq Polymerase (Promega, Southampton, UK)

Terminal Deoxynucleotidyl Transferase (Promega, Southampton, UK)

Virkon (Merck, Dorset, UK)
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