






























































































































































































































































































































































































































































































































































P_values (comparison of binding of TS DNA tobea 5 in samples
containing competitor DNA  with - samples  containing = no-
competitor) 7

Competing Equi-molar concentration 10x molar excess

DNA

TS 0.0304 0.0064

Cl1 0.3962 0.0188

C2 0.0136 0.0052

C3 0.0095 0.0046

C4 0.0108 0.0047

Table 7.7 Statistical analysis of the effect of competition on the binding of TS DNA to
SPA beads, one tailed t-test was applied. Full analysis is shown in appendix XXIV.

As expected, when non-labelled TS DNA was added to the assay at equi-molar
concentration there was a significant (P-value< 0.05) decrease in the binding of the
labelled DNA to the SPA beads. The amount of labelled DNA bound to the SPA
bead/protein complex was reduced by approximately 50%. This demonstrates that the
protein binds the labelled TS DNA and the non-labelled TS sequence DNA with equal
affinity. When a 10x molar excess of non-labelled TS DNA was added, the binding of the
labelled TS DNA was reduced (P-value< 0.05) to a level similar to that s;aen in the
negative controls.

At equi-molar concentration the binding of TS DNA to the SPA bead/protein
complex is unaffected by the presence of C1 DNA. At a 10x molér excess of C1 DNA
there is an approximately 50% reduction (P-value< 0.05, Table 7.7) in the binding of the
TS DNA to the SPA beads. This show that the alteration of the binding site from 5’
GGG GGG GGG 3’ to 5> TTT TTT TTT 3’ significantly impairs the binding of the
DNA to the SPA beads. This would be expected as the binding sites for all three zinc

finger motifs in the protein have been altered.
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At equi-molar concentration C2,C3 andC4DN si
Table 7.10) reduce the binding of the TS DNA to the SP

Approximately 50% of the TS DNA seem to have been compé’téd,ﬁiqﬁ“ th protemby

these competitors. This implies that the protein binds as: efficiently to these competitors

as it does to the TS DNA.

Non-labelled competing DNA | P-Value

C1 0.0005 Preference for TS over Cl1

C2 0.2222 Equal reference for both TS and C2
C3 0.0422 Slight preference for C3 over TS
C4 0.0592 Equal reference for both TS and C2

Table 7.8 comparison of the binding of various oligonucleotides to the SPA bead/
protein complex at equi-molar concentrations, t-tests performed between the cpm
observed in samples containing non-labelled TS competitor and those containing C1, C2,
C3 and C4. Statistical analysis shown in appendix XXIV.

Two tailed t-tests (Table 7.11) were performed between amount of TS bound to
the protein in the presence of non-labelled 1x TS DNA and the amount bound in the
presence of non-labelled TS competitor DNA. The data suggests that the protein will
preferentially bind TS DNA rather than C1 DNA (P-value< 0.005). There is no
significant preference for the TS DNA over C2. The protein seems to bind significantly
better (P-value< 0.05) to C3 than to the TS. There is no significant preference for the TS
DNA over C4. As competitor oligonucleotides were not Jabelled they were also not spun
through a C10 column (Sigma) in order to remove unincorporated label. The
oligonucleotides used to make C2, C3 and C4 were gel purified in order to remove the
products of incomplete synthesis. There may therefore be traces of urea in these samples.
This may interfere with the assay and result in non-specific binding of the DNA to the

SPA beads, accounting for the unexpected binding of the zinc finger protein to

“inappropriate” sites.
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Chapter 7

GST Protein

7.4 CALCULATION OF A DISSOCIATION CONSTANT FOR THE INTERACTION |
BETWEEN GST-ZF AND TS DNA. B

7.4.1 Identification of the range of concentrations over which a'SSays should be
carried out in order to calculate a dissociation constant. SR

The zinc finger protein on which the zinc finger domains of GST-ZF were based
has a dissociation constant with regards to its target DNA sequence of 2nM (Desjarlais
and Berg, 1993; Shi and Berg, 1995a). The synthetic zinc finger protein was therefore
expected to have a Kq4 within the low nM range. In order to predict the concentration
range required for an experiment to calculate the Kg, several preliminary experiments
were carried out.

The assay was performed using the same conditions as those employed in
previous experiments (2.11.6, order of addition B). Protein (16.4nM) was allowed to
interact with the DNA over a wide range of DNA concentrations from 0.1-100nM (Fig.
7.4).

25000 1
¢ .
20000 + . - —
///VJA’_’ .
15000
1S
o
(&}
c 10000 1
©
[«
=

o GST-ZFG
B8 GST

1 1 1 1 i —
T T T 1

40 50 60 70 80 D0 100

DNA concentration (nM)

Figure 7.4 Graph showing the effect of a wide range of DNA concentrations on the
SPA. Assays performed in quadruplet, full data shown in appendix XXV.
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The graph shows that the assay is essentially saturated at about 20-30nM DNA.
The increase in binding of DNA to beads after this point is likely to be due to the
increase in non-specific binding. This indicates that in order to calculate a dissociation
constant for the DNA/GST-ZF interaction the range of concentrations required is from

approximately 1-20nM.

To further identify the range of concentrations over which an experiment to
calculate the dissociation constant should be performed, assays were carried out over
lower ranges of both DNA and protein concentrations. Initially assays were performed
over a range of protein concentrations, with a constant DNA concentration of 10nM

(Fig. 7.5).

60000
@ GST
B GST-ZFG
50000 + = R
S
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10000 ¢
i é
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0 } } ¢ } {
0 20 40 60 80 100 120

Protein concentration (nM)

Figure 7.5 Graph showing the effect of a range of proteiﬁ‘concentrations on the binding
of DNA to SPA beads. Assays were performed in quadruplet. Full data is shown in
appendix XXVI.

The effect of varying the DNA concentration over a low range was demonstrated

using a constant protein concentration of 16.4nM (Fig. 7.6).
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Figure 7.6 Graph showing the effect of a low range of DNA concentrations. Assays were
performed in quadruplet. Full data is shown in appendix XXVII.

7.4.2 Calculation of dissociation constant.

The previous experiments (7.4.1) revealed that a range of assays with
concentrations of DNA varying from approximately 1-20nm would be necessary in order
to gather the data required to calculate the dissociation constant between the protein and
its DNA target sequence. A range of assays were performed at 16.4nM protein with

DNA concentrations varying from 1-16nM (Fig. 7.7).

185



Chapter 7 GST Pfﬂbte:izg. Sczntzllatzon «f,froxszz;ty"Assav
25000 v
® GST
B _GST-ZFG s
— [
20000 g = 9= B
. -
,‘/!" e -
g 15000 + o
a e
o "
c
= ,
= - F
10000 + '
//"
/
S0+ o / ¢ 7
: y = 327.52x + 737.8%
R®=0.9678
0 t t t } t t } |
0 2 4 6 8 10 12 14 16
DNA concentration (nM)

Figure 7.7 Graph showing the SPA data used in the calculation of the dissociation
constant. Assays were performed in quadruplet. Full data is shown in appendix XX VIIIL.

The data from this experiment was plotted using KaleidaGraph (Synergy

software), and the dissociation constant calculated by fitting the following equation to

the data.

Bmax = The maximum amount of ligand which may bind
n = Hill coefficient

Bmax Free ligand”
Bound ligand =
Free ligand" + Kd"
Where; m0 = Free ligand
ml = Biax
m2 = n (Hill coefficient)
m3 = Kd
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GST Pfoz‘"e’in:‘:'Sc:intil lation Proximity Assay

The dissociation constant was calculated both without the background (assays
containing only GST) subtracted from the specifically bound DNA (assays containing
GST-ZF) (Fig. 7.8), and with the background subtracted (Fig. 7.9). The values -
background binding of the DNA to the beads was calculated by plotting a graph of the

GST assays and fitting a straight line to it. The equation for this straight line was then

subtracted from the values obtained from the assays containing GST-ZF.

2 p—
i e
@
= 1.5
= i
~
< 4 y = m1*m0Am2/(m0Am2+m3)
CZ] 1 Value Error
- i m1 2.185| 0.21632
5 | mz | 0.98026| 0.14215
2 i m3 3.0801| 0.36581
0.5 Chisq | 0.063505 NA
] R| 0.98887 NA
O T 1 T [ T T T I T 1 T ] T T T I T T T I T i T l T T T I
0 2 4 6 8 10 12 14

Free DNA / nM

Figure 7.8 Calculation of this dissociation constant is without background subtracted
calculation of values plotted on graph shown in appendix XX VIII.
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Chapter 7
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Figure 7.9 Calculation of this Dissociation constant is with background subtracted,
calculation of values plotted on graph shown in appendix XXVIII.
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7.5 DISCUSSION.

7.5.1 Development of the SPA to detect GST-ZF / DNA interactions.

The binding of radio labelled DNA to the protein A-coated PVT SPA beads was
shown to be induced in the presence of both anti-GST antibody and GST-ZF. A
correlation was shown between increased concentrations of GST-ZF protein and
increased binding of the DNA to the beads (7.2.1).

Two different negative controls were used in order to confirm that the binding of
the DNA to the SPA beads in this assay was due only to the presence of the zinc finger
protein. By using the buffer from GST-ZF (7.2.1) as the negative control in an assay it
was confirmed that no other small molecules were responsible for the binding of the
DNA to the SPA beads. Secondly the use of GST (synthesised and purified in the same
way as GST-ZF) as a negative control showed that no other large molecule (such as a
contaminating E. coli protein), or GST itself were causing the DNA to bind to the SPA
beads.

The assay buffer was optimised with regards to DTT, BSA and ZnCl, (7.2.2).
The addition of none of these reagents seemed to confer any particular advantage, either
in lowering the non-specific binding of the DNA to the beads or increasing the specific
binding.

The order of addition of reagent to the assay was tested (7.2.3) revealing that the
addition of antibody and protein to the SPA mix prior to the addition of the DNA may
lower the non-specific binding of the DNA to the beads. This experiment also indicated
that there may be some advantage to increasing the amount of antibody added to the
assay. Further investigation however did not seem to indicate that this may be

advantageous.

7.5.2 Specificity of binding of GST-ZF.

The specificity of the binding of GST-ZF to the TS DNA was demonstrated by
challenging the labelled DNA with non-labelled competitor, at both equi-molar
concentration and at a 10x molar excess (7.3).

As expected there is a preference for the TS DNA over C1 DNA (which has all
three zinc finger binding sites altered). It would also be expected that the zinc finger

protein would bind C2, C3 and C4 (all of which have only one zinc finger binding site
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altered) with a lower affinity that it does TS DNA. C2 with the central binding site
altered would be expected should show the least affinity (out of C2, C3, and C4) for the
protein (Choo, 1998). In this experiment however it seems to have the same affinity for
the protein as the TS DNA. Likewise C4 seems to bind to the protein with a similar
affinity to the TS DNA. C3 however seems to bind the protein with a slightly higher
affinity than the TS DNA.

These results suggest that the binding of GST-ZF is sequence specific with
regards to the alteration of the binding site from 5° GGG GGG GGG 3 to 5* TTT TTT
TTT 3°. It was not expected that the zinc finger protein would bind quite so well to the
DNA sequences with one zinc finger binding site altered. This may be a true reflection of
the binding of these sequences to the GST-ZF protein. It is possible however that these

results are due to contaminating urea in C2 C3 and C4 interfering with the assay.

7.5.3 Calculation of dissociation constant.

The range of concentrations over which an experiment to calculate the Kd of the
TS DNA/ GST-ZF interaction should be carried out was predicted from the results of
several preliminary experiments (Fig. 7.4, 7.5 and 7.6).

The specific binding of the DNA to the SPA beads observed in the presence of
GST-ZF increases in response to increased DNA concentration, at high DNA
concentrations binding reaches a plateau (Fig 7.4). The response of the non specific
binding of the DNA to the SPA beads is however linear. As the concentration of the
DNA in the assay increases the level of non-specific binding represents
disproportionately more of the specific binding (Fig 7.4). Non-specific binding (in the
GST assays) seems to be constantly approximately 10% of the total counts. In the
presence of GST-ZF the concentration of DNA available to non-specifically bind will be
lower than that in the GST counterpart (as a certain percentage of the DNA is already
specifically bound). The amount of non-specific binding is therefore probably not as
great in the assays containing GST-ZF as it is in the assays“ containing GST.

The dissociation constant was calculated both with the background (binding in
the presence of only GST) subtracted (7.9) and without the background subtracted (7.8).
Without the background subtracted the fit of the equation to the data (R= 0.989) was
higher than the fit with the background subtracted (R= 0.975). The Kd estimation from

the data without background subtracted was slightly more conservative (3.07nM) than
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the value from the data with the background binding subtracted (2.69nM). In both cases
the Hill coefficient is predicted to be approximately 1 implying that as expected the
interaction between GST-ZF and the DNA is 1:1. The Vmax (amount of GST-ZF
binding sites available) in both cases is far lower than the amount of protein added to the
assay. This is probably due to the fact that not all of the protein present is functional and,
or not all of the functional protein placed in the assay is bound to the SPA beads. Low
binding of the protein to the SPA beads could be due to lack of protein A on the beads,
lack of functional antibody or poor interaction between the protein and the antibody.

For the reasons outlined above it is probably justifiable to not subtract the
background (GST assay values) from the specific binding values in the calculation of the
Kd. Particularly as the calculation of the Kd without subtracting the background

provides the more conservative estimate.

7.5.4 Summary.

e The binding of the DNA to the SPA beads in the presence on GST-ZF was shown to
be due to the presence of the protein not another factor in the buffer, and a
correlation between increased protein concentration and increased binding of the

DNA to the SPA beads was demonstrated.

¢ The assay was optimised with regards to DTT, BSA and ZnCl,. The addition of these

reagents to the assay seemed to have no particular benefit.

e Order of addition of reagents to the assay was investigated and this revealed that n
the absence of the antibody high non-specific binding of the DNA to the SPA beads
was observed. This suggested that it was beneficial to pre-couple the antibody and the
protein to the beads before the addition of DNA. 1

e The binding of GST-ZF to its target sequence is specific at least with respect to the
alteration of the entire binding site. The alteration of individual binding sites however

seems to have less effect on the binding of GST-ZF to the DNA
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« It was possible to calculate a Kd of 3.08nM with respect to the binding of the DNA
to the TS DNA. The fit of the equation to the data was satisfactory (R= 0.989), and
the Hill coefficient of 0.989 suggests that there is a 1:1 interaction between the
protein and the DNA.
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8. GENERAL DISCUSSION.

8.1 SUMMARY AND DISCUSSION OF WORK COMPLETED.

8.1.1 Summary of the work completed.

A zinc finger gene has been designed, and the protein product synthesised by the
controlled expression of its gene in E. coli. The zinc finger protein contains three zinc
finger motifs each is based on a zinc finger consensus sequence (Krizek et al., 1991).
The DNA contacting residues used within each domain are those found in the first zinc
finger of the transcription factor Spl (Shi and Berg, 1995a). The zinc finger motifs are
preceded by a consensus linker sequence, which is necessary for the binding of the
protein in the correct orientation to DNA. Also the linker sequence allows the three zinc
finger motifs to be correctly “spaced” in order to bind to their 3 base pair subsites (Choo
and Klug, 1993). Use of a consensus zinc finger framework with predetermined
contacting residues should give predictable DNA binding preferences (Shi and Berg,
1995a). The synthetic zinc finger protein designed here is designed to bind to the
dsDNA sequence 5> GGG GGG GGG 3. In the presence of zinc the consensus zinc
finger domains fold into the PPa structure (Kim and Berg, 1996) this formation
(described in 1.2.2) is typical of zinc finger proteins.

The gene encoding the zinc finger protein uses, where possible, the optimal
codon bias for maximal expression in E. coli (Wada, et al., 1992). Initially unique
restriction enzyme sites were incorporated at each end of the gene allowing the gene to
be inserted into the expression vector pT7-7 and a His tag was incorporated for the
purification of the protein product. Flanking the central zinc finger domain there are two
Age 1 sites, which enable the removal or replacement of the central motif. Within the
central zinc finger either side of the area containing the contacting residues there are two
unique sites (5' Bsi W1 and 3' Hind IIT). These sites allow the cassette mutagenesis of
the region responsible for the specificity of the binding of the protein to DNA.

The gene was synthesised using three different methods, all of which relied on
the use of oligonucleotides. Difficulties in isolating a copy of the gene, which did not
contain single or multiple base deletions, were experienced. The reason why such a high

frequency of copies of the gene which contained deletions were isolated is not clear, but
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it is likely that some quality unique to the oligonucleotides used, possibly in combination
with the sequence of the gene, caused the mutations.

The synthetic zinc finger protein described here was initially attached to a His
tag, to allow it to be purified by metal affinity chromatography. Initially an assay was
attempted in which biotinylated DNA was attached to streptavidin-coated PVT SPA
beads, in order to detect the binding of labelled DNA. This failed to detect interaction
between the protein and the DNA, probably due to the low specific activity of the
protein and steric hindrance from the SPA bead. To overcome these problems it was
intended to attach the protein to protein A-coated PVT SPA beads via an anti-His
antibody, in order to detect the binding of labelled DNA. Since none of the antibodies
available were capable of recognising the zinc finger protein, the protein was therefore
linked directly to yttrium silicate SPA beads. This assay format seemed to function but
was unfortunately prone to huge non-specific binding of the DNA to the SPA beads in
the presence of small quantities of divalent cations. This format was therefore
considered impractical because there was a high chance of producing false positives
from contamination with divalent cations.

The zinc finger gene was then fused to a Glutathione S-Transferase (GST) gene
in order that the protein product could be purified by Glutathione affinity
chromatography. The GST-fused protein was linked to protein A-coated PVT SPA
beads via an anti-GST antibody, in order to detect the binding of labelled DNA to the
protein. A SPA assay using the GST-fused zinc finger gene proved far more successful.
This format was also sensitive to salt concentrations although the non-specific binding
was not increased to the same levels as the specific binding. The reason why in both
assay formats non-specific binding of the DNA to the SPA beads is induced by salt
remains unsolved.

The binding of the zinc finger protein to the target DNA was demonstrated using
both “traditional” methods (dot blot and gel retardation assay) and the SPA technology.
The zinc finger protein was shown to bind with some dé‘gree of specificity to its DNA
target sequence. The predicted mode of binding of the protein to the DNA is discussed
below.
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8.1.2 Discussion of the observed interaction between the synthetic zinc finger
protein and DNA.

The GST fused zinc finger gene was found to bind to its target DNA sequence
with a dissociation constant of approximately 3nM. The binding of the zinc finger
protein to the DNA is likely to stabilised by six hydrogen bonds made to the to the

phosphate backbone and a minimum of nine base contacts (Fig 8.1).

0! B
TGEKPXKCPECGKSFS@KS@LV%}EQRTH
TGEKP}[KCPECGKSFS@KS@LV@EQRTH

TGEKPZKCPECGKSFS@KS@LV@_}EQRTH

Figure 8.1 Amino acid sequence of the synthetic zinc finger peptide. Linker sequence is
shown in Italics. Zinc co-ordinating residues shown in bold. Contacting residues
o, B and y are indicated by the letter above the amino acid sequence. Predicted base
contacting residues are encircled (Pavlatich and Pabo, 1991; Kim and Berg, 1995; Kim
and Berg, 1996; Yokono et al., 1998). Predicted phosphate backbone contacting
residues are underlined (Kim and Berg, 1996).

The binding of the zinc finger protein to the DNA seems to be sequence specific.
The protein shows a strong preference for its target DNA sequence over a competitor in
which all three binding sites have been altered. The zinc finger protein also unexpectedly
bound to a competitor sequence used in a gel retardation assay (4.5.2) and possibly
binds to competitor sequences used in SPA in which one of the three subsites was
altered (7.3).

There is no x-ray crystal structure available that demonstrates how the
contacting residues of the first zinc finger of Spl recognise their three base subsite. It
has been suggested that only the lysine at position o contributes to the specificity of the
binding of the Spl finger 1 domain to the DNA (Yokorio et al., 1998). X-ray crystal
structures confirm that Lysine residues in zinc finger motifs are capable of making either
one or two base specific contacts to G (Kim and Berg, 1996). This may be the case but
comparison to the x-ray crystal structure of other zinc finger domains suggests that the

histidine at position B will also make a base specific contact. Histidine residues in zinc
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finger motifs have been shown to interact with both A (Kim and Berg, 1996) and G
(Pavlatich and Pabo, 1991). The alanine residue at position vy is unlikely to make a base
contact to the DNA (Yokono et al., 1998). The serine residue, however which lies
immediately to the amino side of residue f is capable of contacting the DNA. But as
serine can act as a hydrogen bond acceptor or a hydrogen bond donor this contact is
unlikely to contribute to the specificity of the binding between the protein and the DNA
(Kim and Berg, 1995). Based on these findings the way in which I predict the zinc finger
protein interacts with the target sequence DNA is shown in figure 8.2.

Although zinc finger 1 of the Spl protein binds to the consensus sequence
5°GGG 3’ (Desjarlais and Berg, 1993) the structure and data available (discussed above)
on the behaviour of the contacting residues it utilises suggest that it could bind to 5° N
A/G G 3°. Possible DNA targets to which the synthetic zinc finger protein could bind
are 5’ N A/G G N A/G G N A/G G 3’. This sequence is quite degenerate and probably,
in part, accounts for the binding of the protein to sequences that it was not initially
expected to bind.

Despite the fact that the potential binding site of this protein may be
“degenerate” it still binds with a higher specificity to its target sequence than to
unrelated DNA sequences (7.3). The binding of the zinc finger protein to DNA
sequences it would not be expected to bind to occurred in competition experiments were
the comparison of binding was not entirely fair. Where the protein bound the competitor
oligonucleotide in the gel shift experiment the concentration of competitor was much
higher than the concentration of the target DNA (4.5.2). The binding of the zinc finger
protein to competitor DNA in the SPA assay may be due to the different preparation of
the competitor and target DNA (7.3). Further experimentation is now required in order
to confirm that the binding of the zinc finger protein to the DNA is affected by the

alteration of the zinc finger subsites within the target DNA.
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Finger 3 Finger 2 Fingerl

NH2
Terminus

B sheet

COOH
a helix Terminus

- G G G
C C C

Key.
: Alanine @ Lysine . Hydrogen bonds made by
O Histidine O Serine amino acid residues to base

‘ Zinc ion co-ordinated by the conserved cysteine and histidine residues.

N Any base at this position will be contacted by the serine residue in finger 1.

Figure 8.2 Diagram showing the predicted amino acid base contacts made by the
synthetic zinc finger protein (Pavletich and Pabo, 1991; Kim and Berg, 1995; Kim and
Berg, 1996; Yokono et al., 1998).

In conclusion I believe that the zinc finger protein described here is capable of
binding DNA with a high affinity and specificity. This zinc finger protein in conjunction

with the scintillation proximity assay will provide a suitable system for future work.
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Chapter 8 General Discussion

8.2 FUTURE WORK.

The zinc finger protein and assay developed here may be used for the elucidation
of a code of interaction between zinc fingers and DNA, and for the selection of zinc
finger proteins with novel ligand binding specificities.

In the elucidation of a code of interactions between zinc finger proteins and
DNA the residues responsible for the specificity of the binding of the protein to the
DNA will be altered by controlled randomisation. This may be achieved by cassette
mutagenesis of the central zinc finger in the protein. The combinatorial libraries
produced can then be analysed using the high throughput SPA developed here.

The SPA developed here is extremely versatile and may be used not only for the
detection of zinc finger DNA interaction. A variety of ligands may be tested using this

assay including RNA and proteins.
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APPENDICES.

APPENDIX

Full restriction enzyme map of the zinc finger gene. Sequence analysis performed on
DNA Strider™,
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APPENDIX II

Genetic map of pUCIQ showing major restriction sites and polycloning site. Taken
from Molecular cloning a Laboratory manual. Second Edition, Sambrook, Fritsch and

Maniatis.
Ndel, HgiEll 185
Nar 237
2622 Aatll  Eco0108 2674 / Bgll 252
2501 Sspl Mstl 2569
P Pvul 280
ST Pyl 309
2299 Xmnl o Polycloning site
2180 Scal
. Pvull 631
2070 Pvul
2060 Avall ~ ] pUC18 / pUC19
2000 (2.69 kb)
1922 qu Afll 806

1838 Avall
1820 Bgll

HgiEll 1387

Polycloning Sites
pucis
1 2 3 4 5 6 e 1 v2 3 4 5 6 7 8 9 10 1 12 13 14 16 16 17 18 7 8
Thr  Met lle Thr Asn Ser Ser Ser Val Pro Gly Asp Pro Leu Glu Ser Thr Cys Arg His Ala Ser Lleu Ala Leu Ala
ATG ACC ATG ATT ACG AAT TCG AGC TEG GTA ccC GGG GAT CCT CTA GAG TCG ACC TGC AbG CAT GCA‘ GC TIG GCA CTG GCC
l-——-—u-«-aw——j L«-—u—-——-—-—-—j : .

| I | L J L |
{ j L J L J L J .
EcoRl Sacl Kpnl Smal  BamH| Xbal Sall Pst Spht Hindiil
' Xmal Accl
Hincll
pucits
1 2 3 4 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 18 17 18 5 8 7 8

The Met lle Thr Pro Ser Leu His Ala Cys Arg Ser Thr Leu Glu_ Asp Pro Arg Val Pro B8Bor Ser Asn Ser Leu Ala
ATG ACC ATG ATT ACG CCA AGC TIG CAT GCC TGC AGG TCG ACT CTA GAG GAY CCC CGG GTA CCG AGC TCG AAT TCA CTG GCC
| .

| — L J <L J L 1
| I | I L vl J :
Hindlll Spht Psti Safl Xbal BamH!  Smal  Kpnt-? Sacl EcoR!
: Accl Xmal

Hincll
In pUC18, the EcoRl site fies immediately downstream from Plac.
In pUC18, the Hindlll site lies immediately downstream from Plac.
-4



APPENDIX 11T

Genetic map of pT7-7 showing major restriction sites and polycloning site (Tabor,

1990).

Contains T7 RNA polymerase promoter ¢10 and the . Stan Tabor

translation start site for the T7 geae 10 protein (T7 bp Dept. of Biol. Chem.
p : I 7 - 7 22857 10 22972), inscrted beiween the Pvull and the  Harvard Medical School

Clal sites of pT7-5. Unique restriction sites for Boston, Mass. 02115
creation of fusion proteins (after filling in 5' ends) are:

Frame 0: EcoRI

Frame 1: Ndel, Smal, Clal November 1987

Frame 2: BamHI, Sall, HindII
Sacl site of original polylinker removed by deletion.
Note the additional Xbal site upstream of start codon.

Sall 49 /4.

Xbal ¢
Col E1

origin BamH1 6/

Smal ¢¢

Bglll linker E‘wR I

inserted into
Ndel site of 1
pT7-7 (position Bgl i Nde
2297 of pBR322) 434
T7 promoter

T7:22857

|

CGATTCGAACTTCTOGATTCGAACTTCTGATAGACTTCGAAATTAATACGACTCACT ATAGGGAGA

Met ala arg ile
CCACAACGGTTTCCCHCTAGAAATAATITTGTTTAACTTTAAGAAGGAGATATACAT Fl'(‘G GCT AGA ATI1

Ndel EcoR 1
arg ala arg gly ser ser arg val lew gin pro lys ile ile asp ... T7:
cGe G6ee CFG GGA Tt*: TCT AC*A GTC oAlc <.J[rc CAG CCC AAG m’[r ATC ATC dr\ 22972
Smal BamHX Xbal Sall Pstl Clal



APPENDIX IV

Genetic map of pGex-2TK showing major restriction sites and polycloning site. Taken
from the Amersham Pharmacia Biotech catalogue 1998.

pGEX-2TK

Theotmbin | Ki I
Leu Val Pro lGly Ber Ala Ser Val :
‘c?é orrcoaegrwrcf‘gaqrgeqrom TCT GTTGGA TCC CCG GGA ATT CAT CGT GAC TGA

et Yemt $10p codon

Smal

pS|10aBam7Stop7
Psti

pGEX
~4950 bp




APPENDIX V

Sequences of primers.

pUC19 Forward primer.

5 TTTTCC CAGTCACGAC3’

pUC19 Reverse primer.

5" CAG GAA ACA GCT ATG AC 3’

pT7-7 Forward primer.

5° AAG CTT GAG CAA ATC CCA TCT GGT TGG 3°

pT7-7 Reverse primer.

5° GGA TTT GCA CTC CGG ACA TTT GTACG 3’



APPENDIX VI

DNA annealing experiment using SPA (5.2.1, Table 5.1).

Experiment cpm

32P only 54.1
64.1
332.5
48.3
32P TS1A 645.5
1013.9
1274.3
981.5
32P TSIB 2895.7
874.9
90.3
408.1
Annealing experiment 1 |2461.7
2015.5
2720.9
2684.5
Annealing experiment 2 [4145.3
3481.5
2693.9
3505.3




APPENDIX VII

Optimisation of amount of SPA beads (mg) required/ pmol DNA in SPA method 1
(5.2.1, Fig. 5.3).

Ratio of SPA beads to DNA cpm Ratio of SPA beads to DNA |cpm
1pmol 33P/ lmg SPA beads 7.0mg/pmol 1212.0
17.0 1209.0
519.0 1107.0
106.6 626.8
0.1mg/pmol 78.2 8.0mg/pmol 843.6
167.2 1377.0
196.2 1310.0
354.4 1339.4
0.25mg/pmol 300.6 9mg/pmol 755.6
690.8 1215.8
693.6 1250.4
799.0 648.4

0.5mg/pmol 415.8 10mg/pmol 507.6
623.2 6006.8

526.8 799.0

458.4 763.4
1mg/pmol 539.8
2607.6

859.8

876.0

1.5mg/pmol 952.0

1222.0

1076.0

1004.0

2.0mg/pmol 1295.0

1129.0

1162.0

952.6

3.0mg/pmol 1013.2

1368.8

1032.2

948.4

4.0mg/pmol 1065.6

1258.2

1274.2

977.8

5.0mg/pmol 1076.8

1294 .4

1244 .4
1244.6

6.0mg/pmol 1018.4
1275.6
1379.0

1286.6




APPENDIX VIII

SPA method 1 pre-coupling DNA and beads (5.2.2, Table 5.2).

Total counts / assay = 1658
Assay cmp

No DNA (negative control) | 296.8
3145
DNA (positive control) 287.0
251.0

SPA method 1 pre-coupling DNA and His-ZF (5.2.2, Table 5.3).

Total counts / assay = 1597.1

Assay cpm

No DNA (negative control) | 149.3
119.8
DNA (positive control) 108.0
104.1

SPA method 2, selection of assay format (5.3.1, Table 5.4).

Assay format cpm
Protein A coated yttrium silicate beads 16316
15321
Protein A coated yttrium silicate beads + RGS His antibody 7399
7363
Protein A coated PVT beads 2529
3227
Protein A coated PVT beads + RGS His antibody 3688
2890
Protein A coated PVT beads + penta His antibody 3716
5237
Protein A coated PVT beads + tetra His antibody 5813

5886




APPENDIX IX

Effect of pH on the binding of DNA to SPA beads (5.3.2, Figure 5.5).

Containing His-ZF  [Negative control
pH6.8 99344 54915
95805 50307
95743 69755
87987 70207
pH7.0 90832 80287
97051 85704
99121 96982
78806 99797
pH7.2 87540 84050
76466 92453
82877 104536
88088 107382
pH7.4 85347 61803
84528 64916
66455 72512
76023 75683
pH7.6 80443 36566
70516 32840
80259 39073
86924 34838
pH7.8 66748 16203
69455 19448
70128 18018
70144 21166
pH8.0 63436 9764
61626 10060
63408 10023
64494 10997

Statistical analysis (t-Test: Paired Two Sample for Means) of the effect of pH on the
binding of DNA to SPA beads (5.3.2).

pH6.8 pH7.0
Negative With His- Negative With His-
control ZF control ZF
Mean 94719.75 61296 Mean 91452.5 90692.5
Variance 22979473 1.04E+08 |Variance 83489359 85203098
Observations 4 4 Observations 4 4
Pearson Correlation -0.63214 Pearson Correlation  [-0.34929
Hypothesised Mean 0 Hypothesised Mean |0
Difference Difference
df 3 df 3
t Stat 4.862782 t Stat 0.10075
P(T<=t) one-tail 0.008305 P(T<=t) one-tail 0.463052
t Critical one-tail 2.353363 t Critical one-tail 2.353363
P(T<=t) two-tail 0.016609 P(T<=t) two-tail 0.926105
t Critical two-tail 3.182449 t Critical two-tail 3.182449




pH7.2 pH7.4
Negative | With His- Negative With His-
control ZF control ZF
Mean 83742.75 97105.25 |Mean 78088.25 68728.5
Variance 29000306 1.18E+08 |Variance 77919198 41725883
Observations 4 4 Observations 4 4
Pearson Correlation 0.128413 Pearson Correlation  |-0.77867
Hypothesised Mean 0 Hypothesised Mean |0
Difference Difference
df 3 df 3
t Stat -2.32932 t Stat 1.296579
P(T<=t) one-tail 0.051105 P(T<=t) one-tail 0.142749
t Critical one-tail 2.353363 t Critical one-tail 2.353363
P(T<=t) two-tail 0.102211 P(T<=t) two-tail 0.285498
t Critical two-tail 3.182449 t Critical two-tail 3.182449
pH7.6 pH7.8
Negative With His- Negative With His-
control ZF control ZF
Mean 79535.5 35829.25 [Mean 69118.75 18708.75
Variance 45762774 6994302 Variance 2601081 4446829
Observations 4 4 Observations 4 4
Pearson Correlation 0.422065 Pearson Correlation  |0.785192
Hypothesised Mean 0 Hypothesised Mean |0
Difference Difference
df 3 df 3
t Stat 14.245 t Stat 77.16476
P(T<=t) one-tail 0.000375 P(T<=t) one-tail 2.4E-06
t Critical one-tail 2.353363 t Critical one-tail 2.353363
P(T<=t) two-tail 0.00075 P(T<=t) two-tail 4.8E-06
t Critical two-tail 3.182449 t Critical two-tail 3.182449
pHS8.0
Negative With His-
control ZF
Mean 63241 10211
Variance 1414716 291916.7
Observations 4 4
Pearson Correlation 0.575839
Hypothesised Mean 0
Difference
df 3
t Stat 107.881
P(T<=t) one-tail 8.78E-07
t Critical one-tail 2.353363
P(T<=t) two-tail 1.76E-06
t Critical two-tail 3.182449




APPENDIX X

Effect of KClI on the binding of DNA to SPA beads (5.3.2, Fig. 5.6).

His-ZF Negative

control

0.0mM 51392 12720
49507 15375

49988 13817

50723 15288

2.5mM |53144 15724
56177 16814

57166 17795

56807 15837

25mM  |50004 49480
50053 49801

46742 52356

51998 50493
250mM |57090 93978
56166 101883

67723 92043

72984 95361

Statistical analysis (t-Test: Paired Two Sample for Means) of the effect of KCl on the
binding of DNA to SPA beads (5.3.2).

0.0mM KCl 2.5mM KCl
With His-  |Negative With His-  |Negative
ZF control ZF control
Mean 50402.5 14300 Mean 55823.5 16542.5
Variance 685187 1620486 Variance 3358087 936713.7
Observations 4 4 Observations 4 4
Pearson Correlation |-0.63559 Pearson Correlation [0.61585
Hypothesised Mean |0 Hypothesised Mean |0
Difference Difference
df 3 df 3
t Stat 37.81896 t Stat 54.08061
P(T<=t) one-tail 2.03E-05 P(T<=t) one-tail 6.96E-06
t Critical one-tail 2.353363 t Critical one-tail 2.353363
P(T<=t) two-tail 4.07E-05 P(T<=t) two-tail 1.39E-05
t Critical two-tail 3.182449 t Critical two-tail 3.182449




25mM KCl 250mMKCl
With His- |Negative With His-  |Negative
ZF control ZF control
Mean 49699.25 50532.5 Mean 63490.75  [95816.25
Variance 4749197 1656520 Variance 67551766 |18209762
Observations 4 4 Observations 4 4
Pearson Correlation {-0.72052 Pearson Correlation [-0.50336
Hypothesised Mean |0 Hypothesised Mean |0
Difference Difference
df 3 df 3
t Stat -0.51558 t Stat -5.87567
P(T<=t) one-tail 0.320868 P(T<=t) one-tail 0.004917
t Critical one-tail 2.353363 t Critical one-tail 2.353363
P(T<=t) two-tail 0.641736 P(T<=t) two-tail 0.009835
t Critical two-tail 3.182449 t Critical two-tail 3.182449




APPENDIX XI

Effect of ZnCl, on the binding of DNA to SPA beads (5.3.2, Fig. 5.7).

[ZnCl, His-ZF Negative
] control
0.0mM {51392 12720
49507 15375
49988 13817
50723 15288
2.5mM 190921 89487
88433 88444
99212 84290
77805 88936
25mM 185259 70305
89946 74877
85482 70241
81263 69878
250mM |73776 50077
76533 51494
80448 50380
75607 50180

Statistical analysis of the effect of ZnCl, on the binding of DNA to SPA beads (5.3.2).

0.0mM ZnCl, 2.5mM ZnCl,

Variable 1 | Variable 2 Variable 1 | Variable 2
Mean 50402.5 14300|{Mean 89092.75] 87789.25
Variance 685187, 1620486{Variance 77863430 5623613
Observations 4 4|{Observations 4 4
Pearson Correlation -0.63559 Pearson Correlation -0.7277
Hypothesised Mean 0 Hypothesised Mean 0
Difference Difference
df 3 df 3
t Stat 37.81896 t Stat 0.24423
P(T<=t) one-tail 2.03E-05 P(T<=t) one-tail 0.411402
t Critical one-tail 2.353363 t Critical one-tail 2.353363
P(T<=t) two-tail 4.07E-05 P(T<=t) two-tail 0.822803
t Critical two-tail 3.182449 t Critical two-tail 3.182449
25mM ZnCl, 250mM ZnCl,

Variable 1 | Variable 2 Variable 1 | Variable 2
Mean 85487.5| 71325.25{Mean 76591| 50532.75
Variance 12592288| 5641990|Variance 7924098] 426491.6
Observations 4 4]Observations 4 4
Pearson Correlation 0.877481 Pearson Cortrelation 0.178626
Hypothesised Mean 0 Hypothesised Mean 0
Difference Difference
df 3 df 3
t Stat 15.2672 t Stat 18.78901
P(T<=t) one-tail 0.000305 P(T<=t) one-tail 0.000165
t Critical one-tail 2.353363 t Critical one-tail 2.353363
P(T<=t) two-tail 0.00061 P(T<=t) two-tail 0.000329
t Critical two-tail 3.182449 t Critical two-tail 3.182449




APPENDIX XII

Effect of the removal of the His-ZF from the buffer (5.4.2, Table 5.5).

Assay cpm
Negative control |15174
16459
His-ZF buffer 56457
55796
His-ZF 52267
56375

Statistical analysis (t-Test: Paired Two Sample for Means) of the effect of removing the
His-ZF from the buffer (5.4.2).

With His-ZF  |Buffer only
Mean 56126.5 54321
Variance 218460.5 8437832
Observations 2 2
Pearson Correlation -1
Hypothesised Mean Difference 0
df 1
t Stat 0.757182
P(T<=t) one-tail 0.293709
t Critical one-tail 6.313749
P(T<=t) two-tail 0.587418
t Critical two-tail 12.70615




APPENDIX XIII

Effect of imidazole on the binding of DNA to SPA beads (5.4.3, Fig. 5.8).

His-ZF His-ZF buffer Negative control
0.0mM |47261 42836 11076
50295 42735 12306
45474 40678 12923
47909 42968 11916
2.5mM  |57868 42225 11473
46579 39277 10380
42460 47697 10086
48068 41109 10002
25mM  |35542 43401 6339
35474 43139 5942
52589 40453 6947
49127 44088 6478
250mM {15501 17289 3013
15500 15140 5936
12121 16573 2896
15242 16149 3150

Statistical analysis of the effect of imidazole on the binding of DNA to SPA beads

Anova: Two-Factor With Replication (5.4.3).

SUMMARY His-ZF Buffer Negative control|Total
0.0mM

Count 4 4 4 12

Sum 190939 169217 48221 408377
Average 47734.75 42304.25 12055.25 34031.42
Variance 3973558 1184519 598062.3 2.7E+08
2.5mM

Count 4 4 4 12

Sum 194975 170308 41941 407224
Average 48743.75 42577 10485.25 33935.33
Variance 42626744 13127776 459886.3 3.22E+08
25mM

Count 4 4 4 12

Sum 172732 171081 25706 369519
Average 43183 42770.25 6426.5 30793.25
Variance 80539178 2546645 171989.7 3.47E+08
250mM

Count 4 4 4 12

Sum 58364 65151 14995 138510
Average 14591 16287.75 3748.75 11542.5
Variance 2726361 806816.9 2137025 35202160
Total

Count 16 16 16

Sum 617010 575757 130863

Average 38563.13 35984.81 8178.938

Variance 2.35E+08 1.42E+08 12151386




ANOVA

Source of Variation  |SS df MS F P-value |F crit
Sample 4.19E+09 |3 14E+09 |111.1859 |2.9E-18 [2.866265
Columns 9.08E+09 |2 4 54E+09 |361.1461 |1.5E-24 |3.259444
Interaction 1.18E+09 |6 1 97E+08 ]15.67193 [9.45E-09 {2.363748
Within 4.53E+08 |36 12574880

Total 1.49E+10 |47

t-Test: Paired Two Sample for Means (5.4.3).

0.0mM imidazole

2.5mM imidazole

His-ZF buffer [His-ZF His-ZF buffer |His-ZF
Mean 47734.75 42304.25 |Mean 48743.75 42577
Variance 3973558 1184519 Variance 42626744 13127776
Observations 4 4 Observations 4 4
Pearson Correlation {0.713391 Pearson Correlation |-0.38396
Hypothesised Mean |0 Hypothesised Mean |0
Difference Difference
df 3 df 3
t Stat 7.562324 t Stat 1.434512
P(T<=t) one-tail 0.002398 P(T<=t) one-tail 0.123453
t Critical one-tail 2.353363 t Critical one-tail 2.353363
P(T<=t) two-tail 0.004795 P(T<=t) two-tail 0.246905
t Critical two-tail 3.182449 t Critical two-tail 3.182449
[25mM imidazole 250mM imidazole
His-ZF buffer |[His-ZF His-ZF buffer |His-ZF
Mean 43183 4277025 |Mean 14591 16287.75
Variance 80539178 2546645 Variance 2726361 806816.9
Observations 4 4 Observations 4 4
Pearson Correlation |-0.50334 Pearson Correlation |-0.20836
Hypothesised Mean |0 Hypothesised Mean |0
Difference Difference
df 3 df 3
t Stat 0.0836 t Stat -1.66556
P(T<=t) one-tail 0.46932 P(T<=t) one-tail 0.097195
t Critical one-tail 2.353363 t Critical one-tail 2.353363
P(T<=t) two-tail 0.93864 P(T<=t) two-tail 0.194391
t Critical two-tail 3.182449 t Critical two-tail 3.182449




APPENDIX X1V

Effect of NiCl, on the binding of DNA to SPA beads (5.4.3, Fig. 5.9).

[NiCL} |His-ZF |Buffer Negative
control
0.0mM 65529 {36440 12423
45454 142051 12120
36379  |47683 13147
48269 141996 12164
0.01mM 54385 53107 12168
57487  |58445 15129
55320 49552 13051
56706 {37787 12781
0.lmM |64377  |59189 19768
78005 162434 21043
71191 64292 18015
70987  |64677 20288
ImM 37969  |37418 55768
35805 45722 55201
36001 46022 55038
33842  |40576 47008
10mM  |17682 15111 11136
17366 15067 29223
17508 14322 20779
17251 12597 18224

Statistical analysis of the effect of NiCl, on the binding of DNA to SPA beads.

Anova: Two-Factor With Replication (5.4.3).

SUMMARY |His-ZF Buffer Negative control |Total
0.0mM

Count 4 4 4 12 7
Sum 195631 168170 49854 413655
Average 48907.75 |42042.5 12463.5 34471.25
Variance 1.49E+08 (21068494 |225501.7 3.19E+08
0.0lmM

Count 4 4 4 12

Sum 223898 198891 53129 475918
Average 55974.5 4972275 |13282.25 39659.83
Variance 1925876  |76674026 |1652256 4.09E+08
0.1lmM

Count 4 4 4 12

Sum 284560 250592 79114 614266
Average 71140 62648 19778.5 51188.83
Variance 30964135 |6276685 1656198 5.62E+08
ImM

Count 4 4 4 12

Sum 143617 169738 213015 526370
Average 35904.25 |42434.5 53253.75 43864.17
Variance 2845093 17432369 17435392 66128413




10mM
Count 4 4 4 12
Sum 69807 57097 79362 206266
Average 17451.75 1427425 |19840.5 17188.83
Variance 3461092 11381350  |55764494 21265672
Total
Count 20 20 20
Sum 917513 844488 474474
Average 45875.65 (422244 23723.7
Variance 3 7RE+08 |2.84E+08 |2.52E+08
ANOVA
Source of Variation |SS df [MS F P-value F crit
Sample 785E+00 |4 |1.96E+09 176.67018 |1.67E-19 2.578737
Columns 5 64E+09 |2 [2.82E+09 [110.2375 4.54E-18 (3.20432
Interaction 835C+09 |8 |1.04E+09 [40.79396 |4.03E-18 2.152134
Within 1.15E+09 |45 25590697
Total 2.3E+10 59
t-Test: Paired Two Sample for Means (5.4.3).
0.0mM NiCl, 0.01mM NiCl,
His-ZF His-ZF buffer His-ZF  {His-ZF buffer
Mean 48907.75 (420425 Mean 55974.5 149722.75
Variance 1.49E+08 [21068494 Variance 1925876 76674026
Observations 4 4 Observations 4 4
Pearson Correlation  |-0.97599 Pearson Correlation -0.02211
Hypothesised Mean |0 Hypothesised Mean 0
Difference Difference
df 3 df 3
t Stat 0.822341 t Stat 1.405533
P(T<=t) one-tail 0.235577 P(T<=t) one-tail 0.127262
t Critical one-tail 2.353363 t Critical one-tail 2.353363
P(T<=t) two-tail 0.471153 P(T<=t) two-tail 0.254524
t Critical two-tail 3.182449 t Critical two-tail 3.182449
0.1mM NiCl, 1.0mM NiCl,
His-ZF His-ZF buffer His-ZF  |His-ZF buffer
Mean 71140 62648 Mean 35904.25142434.5
Variance 30964135 6276685 Variance 2845093 {17432369
Observations 4 4 Observations 4 4
Pearson Correlation  0.518793 Pearson Correlation -0.30786
Hypothesised Mean |0 Hypothesised Mean 0
Difference Difference
df 3 df 3
t Stat 3.558796 t Stat -2.63252
P(T<=t) one-tail 0.018926 P(T<=t) one-tail 0.039078
t Critical one-tail 2.353363 t Critical one-tail 2.353363
P(T<=t) two-tail 0.037853 P(T<=t) two-tail 0.078156
t Critical two-tail 3.182449 t Critical two-tail 3.182449




10mmM NiCl,

His-ZF His-ZF buffer
Mean 17451.75 114274.25
Variance 3461092 |1381350
Observations 4 4
Pearson Correlation 0.707474
Hypothesised Mean 0
Difference
df 3
t Stat 6.041223
P(T<=t) one-tail 0.004548
t Critical one-tail 2.353363
P(T<=t) two-tail 0.009096

t Critical two-tail

3.182449




APPENDIX XV

Effect of EDTA on the binding of DNA to SPA beads (5.4.3, Fig. 5.10).
[EDTA] |His-ZF Buffer Negative
control
0.0mM 65529 39440 12423
45454 42051 12120
36379 47683 13147
48269 41996 12164
51172 37608 9767
24967 37992 10122
50439 37456 10075
28818 41046 10385
40157 41055 3708
53076 46376 3882
52217 50625 3376
50336 50203 3474
8166 12593 2074
9110 12073 2076
10281 11718 2094
8736 11219 2008
1712 1774 1413
1595 1867 1315
1765 1871 1287
1881 1757 1400

|

Statistical analysis of the effect of EDTA on the binding of DNA to SPA beads.
Anova: Two-Factor With Replication (5.4.3).
SUMMARY |His-ZF Buffer Negative control  |Total
0.0mM
Count 4 4 4 12

Sum 195631 171170 49854 416655
Average 48907.75 |42792.5 12463.5 34721.25
Variance 140E+08 [12113494 |225501.7 3.21E+08

0.01mM
Count 4 4 4 12

Sum 155396 154102 40349 349847
Average 38849 38525.5 10087.25 29153.92
Variance 1.93E+08 |2874393 64190.92 2.52E+08

0.1lmM
Count 4 4 12

Sum 195786 188259 398485
Average 48946.5 47064.75 33207.08
Variance 35644987 19705155 4.94E+08

ImM
Count 4 4 4 12

Sum 36293 47603 8252 92148
Average 9073.25 11900.75 2063 7679
Variance 7989503 |335686.9 |1425.333 18966767




10mM
Count 4 4 4 12
Sum 6953 7269 5415 19637
Average 1738.25 1817.25 1353.75 1636.417
Variance 14100.92 |3621.583 |3868.917 50605.36
Total
Count 20 20 20
Sum 590059 568403 118310
Average 29502.95 |28420.15 |5915.5 ,
Variance 4 87TE+08 |3.5E+08 21369874
ANOVA
Source of Variation SS df |MS F P-value F cnt
Sample 1.15E+10 |4 {2.87E+09 [104.0062 |[3.91E-22 |2.578737
Columns 7.09E+09 |2 3.55E+09 128.6474 |2.44E-19 (3.20432
Interaction 3.6E+09 8 |4.51E+08 |16.34119 |S.14E-11 |2.152134
Within 1.24E+09 {45 27568893
Total 2.34E+10 |59
t-test: Paired Two Sample for Means (5.4.3)
0.0mM EDTA 0.01lmM EDTA
His-ZF His-ZF His-ZF His-ZF buffer
buffer
Mean 48907.75 42792.5 Mean 38849 38525.5
Variance 1.49E+08 12113494 |Variance 1.93E+08 2874393
Observations 4 4 Observations 4 4
Pearson Correlation |-0.89529 Pearson Correlation  |-0.58818
Hypothesised Mean |0 Hypothesised Mean |0
Difference Difference
df 3 df 3
t Stat 0.795149 t Stat 0.043252
P(T<=t) one-tail 0.242313 P(T<=t) one-tail 0.484109
t Critical one-tail 2.353363 t Critical one-tail 2.353363
P(T<=t) two-tail 0.484626 P(T<=t) two-tail 0.968218
t Critical two-tail 3.182449 t Critical two-tail 3.182449
0.lmM EDTA 1.0mM EDTA
His-ZF His-ZF His-ZF His-ZF buffer
buffer
Mean 48946.5 47064.75 |Mean 9073.25 11900.75
Variance 35644987 19705155 |Variance 798950.3 335686.9
Observations 4 4 Observations 4 4
Pearson Correlation |0.829891 Pearson Correlation  |-0.39424
Hypothesised Mean |0 Hypothesised Mean |0
Difference Difference
df 3 df 3
t Stat 1.116537 t Stat -4.55253
P(T<=t) one-tail 0.172782 P(T<=t) one-tail 0.00993
t Critical one-tail 2.353363 t Critical one-tail 2.353363
P(T<=t) two-tail 0.345563 P(T<=t) two-tail 0.01986
t Critical two-tail 3.182449 t Critical two-tail 3.182449




10.0mM EDTA

His-ZF His-ZF
buffer

Mean 1738.25 1817.25
Vanance 14100.92 3621.583
Observations 4 4
Pearson Correlation {-0.61358
Hypothesised Mean [0
Difference
df 3
t Stat -0.97073
P(T<=t) one-tail 0.201641
t Critical one-tail 2.353363
P(T<=t) two-tail 0.403282
t Critical two-tail 3.182449




APPENDIX XVI

Effect of de-salting the His-ZF and His-ZF buffer used in the assay (5.4.4, Table 5.6).

Assay

cpm

Negative control

12914

7440

8116

7699

His-ZF buffer (de-salted)

9481

10242

9542

10236

His-ZF (de-salted)

9439

13134

12387

12440

t-Test: Paired Two Sample for Means (5.4.4).

Negative His-ZF His-ZF His-ZF
control buffer buffer
Mean 9042.25 9875.25 Mean 11850 9875.25
Variance 6739971 177044 .9 Variance 2699349 1770449
Observations 4 4 Observations 4 4
Pearson Correlation |-0.69877 Pearson Correlation [0.701729
Hypothesised Mean |0 Hypothesised Mean |0
Difference Difference
df 3 df 3
t Stat -0.57334 t Stat 2.860625
P(T<=t) one-tail 0.303287 ' P(T<=t) one-tail 0.032272
t Critical one-tail 2.353363 t Critical one-tail 2.353363
P(T<=t) two-tail 0.606575 P(T<=t) two-tail 0.064544
t Critical two-tail 3.182449 t Critical two-tail 3.182449




APPENDIX XVII

Effect of various concentrations of de-salted His-ZF on the binding of DNA to SPA
beads (5.4.4, Fig. 5.12).

His-ZF concentration |Negative control |Positive
Opmol 9376 9359
9330 9552
9410 9155
9234 11868
1pmol 9460 12383
9079 10766
9005 12622
9814 10997
2pmol 8265 13116
9878 13563
9832 12499
9823 14841
4pmol 8021 12065
11404 15544
11790 12901
10074 13016

Statistical analysis of the effect of various concentrations of de-salted His-ZF on the
binding of DNA to SPA beads (5.4.4).

Opmol Ipmol

Negative  |Positive Negative  |Positive
Mean 9337.5 9983.5 Mean 9339.5 11692
Variance 5835.667 1604648 |Variance 139807 894294
Observations 4 4 Observations 4 4
Pearson Correlation -0.95044 Pearson Correlation -0.29825
Hypothesised Mean 0 Hypothesised Mean 0
Difference Difference
df 3 df 3
t Stat -0.96449 t Stat -4.21669
P(T<=t) one-tail 0.202973 P(T<=t) one-tail 0.012187
{ Critical one-tail 2.353363 t Critical one-tail 2.353363
P(T<=t) two-tail 0.405946 P(T<=t) two-tail 0.024375
t Critical two-tail 3.182449 t Critical two-tail 3.182449




2pmol 4pmol

Negative Positive Negative  |Positive
Mean 94495 13504.75 |Mean 10322.25 [13381.5
Varlance 624153.7 |983872.3 |Vanance 2893951 |2258016
Observations 4 4 Observations 4 4
Pearson Correlation 0.255145 Pearson Correlation 0.619957
Hypothesised Mean 0 Hypothesised Mean 0
Difference Difference
df 3 df 3
t Stat -7.37885 t Stat -4.3456
P(T<=t) one-tail 0.002573 P(T<=t) one-tail 0.011249
t Critical one-tail 2.353363 t Critical one-tail 2.353363
P(T<=t) two-tail 0.005146 P(T<=t) two-tail 0.022499
t Critical two-tail 3.182449 t Critical two-tail 3.182449




APPENDIX XVIII

Effect of the variation of protein concentration on the binding of DNA to SPA
beads (7.2.1, Table 7.1).

[Protein] GST-ZF GST
8.2nM 31774 6816
31857 6225
43109 6226
30737 12280
16.4nM 32618 5562
46991 3405
37351 5142
39344 4395
32.8nM 53577 4870
44694 4829
48756 3142
51099 4872
65.3nM 45771 5458
53100 3809
53891 4434
39648 5749
98.4nM 38001 15771
17614 11293
31716 12096
47516 13770

Statistical analysis of the effect on DNA binding to the SPA beads due to the
addition of the GST zinc finger protein, compared with the effect of the GST
protein alone. t-Test: Paired Two Sample for Means (7.2.1, Table 7.2).

8.2nM protein 16.4nM protein

GST-ZF  |GST GST-ZF |GST
Mean 34369.25 |7886.75 |Mean 39076 4626
Variance 34207731 8655552 |Variance 35800146 {895518
Observations 4 4 Observations 4 4
Pearson Correlation |-0.45559 Pearson Correlation |-0.98084
Hypothesised Mean |0 Hypothesised Mean |0
Difference Difference
df 3 df 3
t Stat 6.922366 t Stat 9.965336
P(T<=t) one-tail 0.00309 P(T<=t) one-tail 0.001075
t Critical one-tail 2.353363 t Critical one-tail 2.353363
P(T<=t) two-tail 0.00618 P(T<=t) two-tail 0.00215
t Critical two-tail 3.182449 t Critical two-tail 3.182449




32.8nM protein

65.6nM protein

GST-ZF  |GST GST-ZF  |GST
Mean 49531.5 4428.25 |Mean 48102.5 4862.5
Variance 14275311 |735698.9 |Variance 45132067 |811325.7
Observations 4 4 Observations 4 4
Pearson Correlation  |0.158559 Pearson Correlation  |-0.916
Hypothesised Mean |0 Hypothesised Mean |0
Difference Difference
df 3 df 3
t Stat 24.12308 t Stat 11.45163
P(T<=t) one-tail 7.81E-05 P(T<=t) one-tail 0.000715
t Critical one-tail 2.353363 t Critical one-tail 2.353363
P(T<=t) two-tail 0.000156 P(T<=t) two-tail 0.001429
t Critical two-tail 3.182449 t Critical two-tail 3.182449
98.4nM protein
GST-ZF  |GST
Mean 33711.75 |13232.5
Variance 1.57E+08 |3928727
Observations 4 4
Pearson Correlation  ]0.694415
Hypothesised Mean |0
Difference
df 3
t Stat 3.637985
P(T<=t) one-tail 0.017896
t Critical one-tail 2.353363
P(T<=t) two-tail 0.035792
t Critical two-tail 3.182449




APPENDIX XIX

Effect of the addition of DTT on the binding of DNA to SPA beads (7.2.2, Table

7.2).
[DTT] GST-ZF GST
0.0mM 45164 5756
43395 4970
46683 6538
40273 6621
0.5mM 38469 3955
36632 5493
36929 6347
38359 6846
5.0mM 34281 4008
31788 5496
47496 5853
35708 5869

Statistical analysis of the effect of DTT on the binding of DNA to SPA beads.
t-Test: Paired Two Sample for Means (7.2.2, Table 7.2).

Effect of 0.5mM DTT on GST-ZF assay

Effect of 0.5mM DTT on GST assay

No DTT |O.5mM DTT No DTT |0.5mM DTT
Mean 43878.75 {37597.25 Mean 5971.25 [5660.25
Variance 7583711 1906158.9 Variance 597404.9 11604493
Observations 4 4 Observations 4 4
Pearson Correlation {-0.3857 Pearson Correlation  [0.57681
Hypothesised Mean |0 Hypothesised Mean |0
Difference Difference
df 3 daf- 3
t Stat 3.874804 t Stat 0.600623
P(T<=t) one-tail 0.015215 P(T<=t) one-tail 0.295218
t Critical one-tail 2.353363 t Critical one-tail 2.353363
P(T<=t) two-tail 0.030429 P(T<=t) two-tail 0.590436
t Critical two-tail 3.182449 t Critical two-tail 3.182449

Effect of 5.0mM DTT on GST assay

Effect of 5.0mM DTT on GST-ZF assay

No DTT |5.0mM DTT No DTT |5.0mM DTT
Mean 43878.75 |37318.25 Mean 5971.25 |5306.5
Variance 7583711 |48662684 Variance 597404.9 |779027
Observations 4 4 Observations 4 4
Pearson Correlation [0.574664 Pearson Correlation {0.373781
Hypothesised Mean |0 Hypothesised Mean |0
Difference Difference
df 3 df 3
t Stat 2.244719 t Stat 1.428294
P(T<=t) one-tail 0.055239 P(T<=t) one-tail 0.124259
t Critical one-tail 2.353363 t Critical one-tail 2.353363
P(T<=t) two-tail 0.110477 P(T<=t) two-tail 0.248519
t Critical two-tail 3.182449 t Critical two-tail 3.182449




APPENDIX XX

Effect of BSA on the binding of DNA to SPA beads. Total cpm / assay = 127307

(7.2.2, Table 7.3).

cpm

BSA concentration GST GST-ZF

0.0mg/ml 6843 35464
14884 71783
3515 30295
5845 75677

5.0mg/ml 2877 43515
3084 45198
3229 34740
3229 43871

Statistical analysis of the effect of BSA on the binding of DNA to SPA beads, t-
Test: Paired Two Sample for Means (7.2.2, Table 7.3).

Effect of BSA on GST assay

Effect of BSA on GST-ZF assay

BSA conc. 0.0mg/ml |5.0mg/ml |BSA conc. 0.0mg/ml  |5.0mg/ml
Mean 7771.75 3104.75 |Mean 53304.75 41831
Variance 24426321 |27725.58 |Variance 5.63E+08 22872142
Observations 4 4 Observations 4 4
Pearson Correlation |-0.2853 Pearson Correlation  {0.707703
Hypothesised Mean |0 Hypothesised Mean |0

Difference Difference

df 3 df 3

t Stat 1.869658 t Stat 1.112519

P(T<=t) one-tail 0.079154 P(T<=t) one-tail 0.17352

t Critical one-tail 2.353363 t Critical one-tail 2.353363

P(T<=t) two-tail 0.158307 P(T<=t) two-tail 0.347041

t Critical two-tail 3.182449 t Critical two-tail 3.182449




APPENDIX XXI

Effect of ZnCl; on the binding of DNA to SPA beads Total CPM/ assay = 112862
7.2.2, Table 7.4, Fig. 7.2).

ZnCly] GST-ZF GST
0.0mM 43270 5400
35620 5512
31200 4293
46450 2970
0.1mM 30371 13218
34320 12098
33984 13887
28991 13971
1.0mM 105104 55701
84982 57298
111074 57566
112097 55120
10.0mM 98231 94675
132239 105717
136057 104079
135200 103690

Statistical analysis of the effect of ZnCl, on the binding of DNA to SPA beads, t-
Test: Paired Two Sample for Means (7.2.2, Table 7.4).

0.0mM ZnCl, 0.1mM ZnCl,

GST-ZF GST GST-ZF  |GST
Mean 39135 4543.75 |Mean 31916.5 13293.5
Variance 48642300  |1403412 |Variance 6999496 1748723
Observations 4 4 Observations 4 4
Pearson Correlation |-0.37863 Pearson Correlation |{-0.51133
Hypothesised Mean |0 Hypothesised Mean |0
Difference Difference
df 3 df 3
t Stat 9.220037 t Stat 11.72596
P(T<=t) one-tail 0.001349 P(T<=t) one-tail 0.000666
t Critical one-tail 2.353363 t Critical one-tail 2.353363
P(T<=t) two-tail 0.002699 P(T<=t) two-tail 0.001333
t Critical two-tail 3.182449 t Critical two-tail ~ |3.182449
1.0mM ZnCl, 10.0mM ZnCl,

GST-ZF GST GST-ZF |GST
Mean 1033143 56421.25 |Mean 125431.8 ]102040.3
Variance 1.59E+08 1430385 |Variance 3.32E+08 24881192
Observations 4 4 Observations 4 4
Pearson Correlation {-0.44019 Pearson Correlation [0.965809
Hypothesised Mean |0 Hypothesised Mean |0
Difference Difference
df 3 df 3
t Stat 7.118556 t Stat 3.477721
P(T<=t) one-tail 0.002853 P(T<=t) one-tail 0.020061
t Critical one-tail 2.353363 t Critical one-tail 2.353363
P(T<=t) two-tail 0.005705 P(T<=t) two-tail 0.040121
t Critical two-tail 3.182449 t Critical two-tail 3.182449




APPENDIX XXI1

Effect of order of addition and volume on the binding of DNA to SPA beads.
Total cpm / assay = 242691.7 (7.2.3, Table 7.5).

Order of addition A |Order of addition B
50ul 100ul 50ul 100ul
DNA 5502 22084.4
20035.9 20149
Antibody + DNA 46803  [2752.1
4256.4  [2931.2
GST+ Antibody+ DNA 6140.9 4833.8 5876.4  [34313
15447.7 4556.1 5937.5  [3774.1
GST-ZF+ Antibody+ DNA 42105 22832.3 32087.5  [22892.9
271523 21727 28974 25989.7

Statistical analysis of the effect of order of addition and - volume on the binding
of DNA to SPA beads, t Test: Paired Two Sample for Means (7.2.3).

Effect of addition of antibody

50ul 100pl
No antibody |Antibody No antibody |Antibody
Mean 12768.95 4468.35 |Mean 10794.3 2841.65
Variance 1.06E+08 89845.6 |Variance 43308263 16038.41
Observations 2 2 Observations 2 2
Pearson Correlation |-1 Pearson Correlation |1
Hypothesised Mean |0 Hypothesised Mean |0
Difference Difference
df 1 df 1
t Stat 1.109869 t Stat 1.742531
P(T<=t) one-tail 0.233439 P(T<=t) one-tail 0.165836
t Critical one-tail 6.313749 t Critical one-tail 6.313749
P(T<=t) two-tail 0.466879 P(T<=t) two-tail 0.331673
t Critical two-tail 12.70615 t Critical two-tail 12.70615
Order of addition
50ul GST 50ul GST-ZF
Order A Order B Order A Order B
Mean 10794.3 5906.95 |Mean 34628.65 30530.75
Variance 43308263 1866.605 |Variance 1.12E+08 4846941
Observations 2 2 Observations 2 2
Pearson Correlation |1 Pearson Correlation |1
Hypothesised Mean |0 Hypothesised Mean |0
Difference Difference
df 1 df 1
t Stat 1.057216 t Stat 0.69226
P(T<=t) one-tail 0.241149 P(T<=t) one-tail 0.307259
t Critical one-tail 6.313749 t Critical one-tail 6.313749
P(T<=t) two-tail 0.482299 P(T<=t) two-tail 0.614519
t Critical two-tail 12.70615 t Critical two-tail 12.70615




1001 GST

EErmcal two-tail

Order A Order B
Mean 4694.95 3602.7
Variance 38558.64 |58755.92
Observations 2 2
Pearson Correlation {-1
Hypothesised Mean |0
Difference
df 1
t Stat 3.520548
P(T<=t) one-tail 0.088095
t Critical one-tail 6.313749
P(T<=t) two-tail 0.176189
t Critical two-tail 12.70615
Effect of volume
GST order A GST order B
50ul 100ul 50ul 100ul
Mean 10794.3 4694.95 Mean 5906.95 3602.7
Variance 43308263 |38558.64 |Varance 1866.605 58755.92
Observations 2 2 Observations 2 2
Pearson Correlation -1 Pearson Correlation |1
Hypothesised Mean 0 Hypothesised Mean |0
Difference Difference
df 1 df 1
t Stat 1.272753 t Stat 16.3596
P(T<=t) one-tail 0.211981 P(T<=t) one-tail 0.019433
t Critical one-tail 6.313749 t Critical one-tail 6.313749
P(T<=t) two-tail 0.423963 P(T<=t) two-tail 0.038866
t Critical two-tail 12.70615 t Critical two-tail 12.70615
GST-ZF order A
50ul 100pl
Mean 34628.65 22279.65
Variance 1.12E+08 |610844
Observations 2 2
Pearson Correlation |1
Hypothesised Mean |0
Difference
df 1
t Stat 1.783584
P(T<=t) one-tail 0.162656
t Critical one-tail 6.313749
P(T<=t) two-tail 0.325311
12.70615




APPENDIX XXI1I1

Effect of amount of antibody on the binding of DNA to SPA beads. Total cpm /
assay = 242691.7 (7.2.3, Table 7.6).

Antibody concentration DNA only|GST |GST-ZF
0.0mg/ml 5789.8  12669.5 |3368.3
194842 {19284 |16826.1
1.0mg/ml 2275.8 2651.8 126826.8
5701.8 5994.4 {24599.4
1.5mg/ml 2488.3 2307.3 |27231.1
3663.7  [3520 |20674.5
2.0mg/m; 2319.1 23152 |31133.8
3382.1 4229 251418
3.0mg/ml 2492.4 3892.4 110214.2
3539.5 3522 |33527.1

Statistical analysis of the effect of amount of antibody on the binding of DNA to
SPA beads, t Test: Paired Two Sample for Means (7.2.3).

Effect of the addition of antibody to GST

No 1.0mg/ml 1.0mg/ml |2.0mg/ml
antibody
Mean 10976.75 |4323.1 Mean 4323.1 3272.1
Variance 1.38E+08 |5586487 |Variance 5586487 |1831315
Observations 2 2 Observations 2 2
Pearson Correlation 1 Pearson Correlation 1
Hypothesised Mean 0 Hypothesised Mean 0
Difference Difference
df 1 df 1
t Stat 1.002667 t Stat 1.471165
P(T<=t) one-tail 0.249576 P(T<=t) one-tail 0.190029
t Critical one-tail 6.313749 t Critical one-tail 6.313749
P(T<=t) two-tail 0.499152 P(T<=t) two-tail 0.380058
t Critical two-tail 12.70615 t Critical two-tail 12.70615
Effect of the addition of antibody to GST-ZF
0.0mg/ml and 1.0mg/ml 1.0mg/ml and 2.0mg/ml
No 1.0mg/ml 1.0mg/ml {2.0mg/ml
antibody ’
Mean 10097.2 25713.1 |Mean 25713.1 28137.8
Variance 90556190 |2480655 |Variance 2480655 (17952032
Observations 2 2 Observations 2 2
Pearson Correlation -1 Pearson Correlation 1
Hypothesised Mean 0 Hypothesised Mean 0
Difference Difference
df 1 df ) 1
t Stat -1.99116 t Stat -1.28816
P(T<=t) one-tail 0.148148 P(T<=t) one-tail 0.210124
t Critical one-tail 6.313749 t Critical one-tail 6.313749
P(T<=t) two-tail 0.296296 P(T<=t) two-tail 0.420247
t Critical two-tail 12.70615 t Critical two-tail 12.70615




APPENDIX XXIV

Demonstration of the specificity of binding of TS DNA to GST-ZF. Total counts =

314931.5 (7.3, Fig. 7.3).

No competition
GST GST-ZF
14485 57886
14895 46138
15899 28774
7456 48424
1xTS competition 10xTS competition
GST GST-ZF  |GST GST-ZF
10930 20332 6593 11054
12631 25105 6087 11483
10402 26816 6025 12305
11965 21184 11038 11214
1xC1 competition 10xC1 competition
GST GST-ZF  |GST GST-ZF
10631 40873 6369 22713
12669 45112 5994 22694
10264 43603 9196 23619
9772 44102 6249 22524
1xC2 competition 10xC2 competition
GST GST-ZF  |GST GST-ZF
5269 21425 4834 8498
5282 19222 6245 9527
5185 21248 5014 9618
8818 20677 5334 10179
1xC3 competition 10xC3 competition
GST GST-ZF  |GST GST-ZF
9720 17397 4988 8322
5001 20947 4737 9135
5236 16452 5154 8478
4970 16261 4544 8629
1xC4 competition 10xC4 competition
GST GST-ZF |GST GST-ZF
4249 19182 4756 8370
6311 19311 5453 8271
5436 18661 5170 8856
5547 18084 4771 9911




Statistical analysis t-test (Paired Two Sample for Means) demonstrating the
significance of the differences between assay with no competition and those with
competing cold DNA (7.3, Table. 7.7).

1xTS 10xTS

No competitor |1xTS No éompetitor 10xTS
Mean 45305.5 23359.25 |Mean 45305.5 11514
Variance 1.47E+08 9630906 |Variance 1.47E+08 309414
Observations 4 4 Observations 4 4
Pearson Correlation  |-0.88988 Pearson Correlation {-0.97876
Hypothesised Mean |0 Hypothesised Mean |0
Difference Difference
df 3 df 3
t Stat 2.932713 t Stat 5.32874
P(T<=t) one-tail 0.030434 P(T<=t) one-tail 0.006458
t Critical one-tail 2.353363 t Critical one-tail 2.353363
P(T<=t) two-tail 0.060867 P(T<=t) two-tail 0.012915
t Critical two-tail 3.182449 t Critical two-tail 3.182449
1xC1 10xCl1

No competitor |1xCl No competitor {10xCl
Mean 45305.5 43422.5 Mean 45305.5 22887.5
Variance 1.47E+08 3282887 |Variance 1.47E+08 245039
Observations 4 4 Observations 4 4
Pearson Correlation  |-0.47793 Pearson Correlation |-0.8645
Hypothesised Mean |0 Hypothesised Mean |0
Difference Difference
df 3 df 3
t Stat 0.287464 t Stat 3.567419
P(T<=t) one-tail 0.396235 P(T<=t) one-tail 0.018811
t Critical one-tail 2.353363 t Critical one-tail 12353363
P(T<=t) two-tail 0.792471 P(T<=t) two-tail 0.037621
t Critical two-tail 3.182449 t Critical two-tail 3.182449
1xC2 10xC2

No competitor |1xC2 No competitor |10xC2
Mean 45305.5 20643 Mean 45305.5 9455.5
Variance 1.47E+08 999315.3 |Variance 1.47E+08 490592.3
Observations 4 4 Observations 4 4
Pearson Correlation  }-0.03408 Pearson Correlation 20.48683
Hypothesised Mean |0 Hypothesised Mean |0
Difference Difference
df 3 df 3
t Stat 4.038799 t Stat 5.738864
P(T<=t) one-tail 0.013654 P(T<=t) one-tail 0.005253
t Critical one-tail 2.353363 t Critical one-tail 2.353363
P(T<=t) two-tail 0.027309 P(T<=t) two-tail 0.010506
t Critical two-tail 3.182449 t Critical two-tail 3.182449




1xC3 10xC3

No competitor |1xC3 No competitor |10xC3
Mean 45305.5 17764.25 [Mean 45305.5 8641
Variance 1.47E+08 4748844  |Variance 1.47E+08 124170
Observations 4 4 Observations 4 4
Pearson Correlation  |0.189474 Pearson Correlation }-0.07363
Hypothesised Mean |0 Hypothesised Mean |0
Difference Difference
df 3 df 3
t Stat 4.621585 t Stat 6.025982
P(T<=t) one-tail 0.009535 P(T<=t) one-tail 0.00458
t Critical one-tail 2.353363 t Critical one-tail 2.353363
P(T<=t) two-tail 0.01907 P(T<=t) two-tail 0.009161
t Critical two-tail 3.182449 t Critical two-tail 3.182449
1xC4 10xC4

No competitor |{1xC4 No competitor |{10xC4
Mean 45305.5 18809.5 Mean 45305.5 8852
Variance 1.47E+08 312887 Variance 1.47E+08 563794
Observations 4 4 Observations 4 4
Pearson Correlation  {0.260021 Pearson Correlation |-0.1211
Hypothesised Mean |0 Hypothesised Mean |0
Difference Difference
df 3 df 3
t Stat 4.414346 t Stat 5.950907
P(T<=t) one-tail 0.010787 P(T<=t) one-tail 0.004745
t Critical one-tail 2.353363 t Critical one-tail 2.353363
P(T<=t) two-tail 0.021574 P(T<=t) two-tail 0.00949
t Critical two-tail 3.182449 t Critical two-tail 3.182449

Comparison of the effect of different DNA sequences at equi-molar concentration to the
labelled TS DNA t-test; Paired Two Sample for Means (7.3, Table. 7.8).

Comparison of TS and C1

Comparison of TS and C2

1xTS 1xC1 1xTS 1xC2
Mean 23359.25 43422.5 Mean 2335925 20643
Variance 9630906 3282887 |Variance 9630906 999315.3
Observations 4 4 Observations 4 4
Pearson Correlation  |0.581743 Pearson Correlation [-0.30414
Hypothesised Mean |0 Hypothesised Mean |0
Difference Difference
df 3 df 3
t Stat -15.8967 t Stat 1.53548
P(T<=t) one-tail 0.000271 P(T<=t) one-tail 0.111119
t Critical one-tail 2.353363 t Critical one-tail 2.353363
P(T<=t) two-tail 0.000541 P(T<=t) two-tail 0.222238
t Critical two-tail 3.182449 t Critical two-tail 3.182449




Comparison or TS and C3

Comparison of TS and C4

IxTS 1xC3 1xTS 1xC4
Mean 23359.25 17764.25 |[Mean 23359.25 18809.5
Variance 9630906 4748844  |Variance 9630906 312887
Observations 4 4 Observations 4 ' 4
Pearson Correlation ]0.266253 Pearson Correlation |0.156049
Hypothesised Mean |0 Hypothesised Mean |0
Difference Difference
daf 3 df 3
t Stat 3.408402 t Stat 2.967611
P(T<=t) one-tail 0.0211 P(T<=t) one-tail 0.029591
t Critical one-tail 2.353363 t Critical one-tail 2.353363
P(T<=t) two-tail 0.0422 P(T<=t) two-tail 0.059181
t Critical two-tail 3.182449 t Critical two-tail 3.182449




APPENDIX XXV

Effect of a wide range of [DNA], cpm/pmol=351976.5 (7.4.1, Fig 7.4).

[DNA] pmol/assay |Total cpm/ assay |cpm/ Assay
GST-ZFG |GST
0.1nM 0.005pmol  [1759.9 635 266
415 350
231 1173
591 509
1.0nM 0.05pmol 17598.8 3190 347
2294 542
2299 415
3396 312
10nM 0.5pmol 175988.2 12602 2127
11336 3649
13274 1919
12824 2401
20nM 1.0pmol 351976.5 17006 3415
16042 3601
13971 4540
24108 4535
30nM 1.5pmol 527964.7 17057 6064
17139 5182
19319 5688
19128 5396
40nM 2.0pmol 703953 15899 9051
19674 7301
17508 8199
17284 8724
50nM 2.5pmol 879941.2 21441 10361
17043 9223
17291 10140
22071 8523
60nM 3.0pmol 1055930 17374 11339
18217 11786
18963 10610
17372 10048
70nM 3.5pmol 1231917 16276 11592
19831 12353
17244 12232
18960 12486
g80nM 4.Opmol 1407906 19017 14375
22345 15604
21627 16721
21082 18100
90nM 4.5pmol 1583894 21723 16060
21253 16746
19553 16660
18950 14784
100nM  |5.0pmol 1759882 17413 18573
23456 18493
23043 14029
20386 18620




APPENDIX XXVI

Effect of vaniation of protein concentration on the binding of DNA to SPA beads,
Total CPM/ Assay = 68375 (7.4.1, Fig 7.5).

[Protein] cpm / assay |cpmy/ assay
GST GST-ZF
SmM 7425 29702
5725 30736
5372 30470
3112 20089
7.5mM 5812 28830
5142 37599
6461 34165
8470 38853
10mM 6716 37794
7176 40594
8755 43502
4694 42111
12.5mM 7724 44775
8918 40459
6022 42658
7840 42837
15mM 10324 58506
6590 49990
10609 47796
6365 46466
17.5mM 5835 42073
11464 48403
19885 49072
9996 49791
20mM 12351 50821
9277 45287
13469 45314
13166 50209




APPENDIX XXVII

Effect of a variation of DNA concentration over a low range (7.4.1, Fig 7.6).

[DNA] Total cpm/ jcpm GST |cpm GST-
assay assay ZF assay
2nM 6167 826 5711
274 3675
938 3020
271 5318
4nM 12334 808 5448
558 5578
924 5434
997 5643
6nM 18500 877 5445
958 5246
1016 5284
841 15306
8nM 24667 1280 9379
1245 7816
1402 7650
2568 9408
10nM 30834 1661 9769
1347 10101
1370 10237
1594 10376
12nM 37000 1389 12035
1504 10086
1500 11662
1888 10668
14nM 43168 1486 11443
1810 11751
1859 11982
1840 12482
16nM 49335 1925 12247
2450 12071
1622 12116
1845 12946




APPENDIX XXVIII

Variation of concentration of DNA 1-16nM CPM/pmol = 247469 (7.4.2, Fig. 7.7).

DNA GST |GST-ZF  |DNA GST GST-ZF
concentration concentration
(nM) (M)
1 587 |4761 9 3695 19641
1112|4313 3424 19286
352 4196 3743 19604
1216|3981 3349 19854
2 1278 17032 10 3948 19976
1157 |7635 4332 19935
1066 6948 3974 19171
1087 |7883 3479 20031
3 1492 19166 11 4752 19420
1527 |9813 4615 19846
1521 |9871 4961 20417
1693|8847 5197 19434
4 2104 |11178 12 4275 20392
1697 11033 4144 20052
2593 11717 3961 19770
1914 10773 4044 20609
5 2362 |13357 13 4532 20430
2771 |12726 4697 19471
2310 |13037 4998 20130
2952 |13362 6538 20768
6 3282 14998 14 4928 20494
2347 14602 4502 20540
4264 15035 4429 21052
2715 |15087 6931 20571
7 3420 |16490 15 5205 20398
2977 15920 5583 21128
3289 |17038 5639 21223
3633 16546 5417 20303
8 3483 18611 16 5172 20451
3701 |19243 5708 20698
3199 |18643 5961 21136
3095 |18535 7060 21313




Calculation of bound and free ligand for Kd plots (7.4.2, Fig. 7.8 and 7.9).

Background not Background
subtracted (Fig. 7.8) subtracted (Fig. 7.9)
Totals {Mean |Mean Mean GST- [nM DNA  |[nM DNA nM DNA |nM DNA
GST GST-ZF |ZFcpm - [bound free bound free

cpm cpm Mean GST
cpm
10609 |816.75 (4312.75 3496 0.34855 0.65145 0.28254 10.71746
22404 (1147 7374.5 6227.5 0.595996 [1.404004 0.503295 |1.496705
31882 |1558.25 {9424.25 7866 0.761654 {2.238346 |0.635716 |2.364284
44213 2077 11175.25 |9098.25 0.903167 13.096833 |0.735304 3264696
54483 [2598.75 {13120.5 10521.75  {1.06038 3.93962 0.850349 14.149651
65492 |3152 14930.5 11778.5 1.206661 |4.793339 0.951917 |5.048083
78041 |3329.75 |16498.5 13168.75 [1.333385 ]5.666615 |1.064275 |5.935725
86385 {3369.5 |18758 15388.5 1.515994 16.484006 |1.243671 {6.756329
100921 {3552.75 {19596.25 |16043.5 1.58374 7.41626 1.296607 |7.703393
112793 {3933.25 |19778.25 [15845 1.598449 [8.401551 |1.280564 |8.719436
122826 [4881.25 {19779.25 {14898 1.59853 9.40147 1.20403  ]9.79597
135198 {4106 20205.75 116099.75 |1.632999 |10.367 1.301153 [10.69885
142313 [5191.25 |20199.75 |15008.5 1.632514 [11.36749 |1.21296 |11.78704
155767 15197.5 |20664.25 [15466.75 [1.670054 [12.32995 |1.249995 12.75001
170638 |5461 20763 15302 1.678035 [13.32196 |1.23668 [13.76332
185004 {5975.25 |20899.5 1492425 [1.689067 [14.31093 |1.206151 |14.79385
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