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ARRAYS

Single nucleotide polymorphisms (SNPs) are single base differences between
the DNA of organisms. They underlie much of the genetic component of
phenotypic variation between individuals with the exception of identical
siblings and clones. Since this variation includes characteristics such as
predisposition to disease, age of onset, severity of disease and respomse to
treatment, the identification and cataloguing of SNPs will lead to ‘genetic
medicine’ [Chakravarti, A. Narure 409 822-823 (2001)]. Disciplines such as
pharmacogenomics are aiming to establish correlations between SNPs and
response (o drug treatment in order to tailor therapeutic programmes to the
individual person. More broadly, the role of particular SNPs in conditions such
as sickle cell anaemia and Alzheimer’s disease, and issues such as HIV
resistance and transplant rejection, are well appreciated. However, correlations
between SNPs and their phenotypes are usually derived from statistical analyses
of population data and little attempt is made to elucidate the molecular
mechanism of the observed phenotypic variation. Uniil the advent of high-
throughput sequencing projects aimed at determining the complete sequence of
the human genome [The International Human Genome Mapping Consortium
Nature 409 860-921 (2001); Venter, J.C. Science 291 1304-1351 (2001)], only
a few thousand SNPs had been identified. More recently 1.42 million SNPs
were catalogued by a consortium of researchers in a paper accompanying the
human sequence [The International SNP Map Working Group Nature 409 928-
933 (2001)] of which 60,000 were present within genes (‘coding’ SNPs).
Coding SNPs can be further classified according to whether or not they alter the
amino acid sequence of the protein and where changes do occur, protein

funcijon may be affected resulting in phenotypic variation. Thus there is an
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unmet need for apparatus and methodology capable of rapidly determining the

phenotypes of this large volume of variant sequences.

The Inventors herein describe protein arrays and their use to assay, in a parallel
fashion, the protein products of highly homologous or related DNA coding

sequences.

By highly homologous or related it is meant those DNA coding sequences
which share a common sequence and which differ only by one or more
naturally occurring mutations such as single nucleotide polymorphisms,
deletions or insertions, or those sequences which are considered to be
haplotypes (a haplotype being a combination of variations or mutations on a
chromosome, usually within the context of a particular gene). Such highly
homologous or related DNA coding sequences are generally naturally occurring

variants of the same gene.

Arrays according to the invention have multiple for example, two or more,
individual proteins deposited in a spatially defined pattern on a surface in a
form whereby the properties, for example the activity or function of the proteins

can be investigated or assayed in parallel by interrogation of the array,

Protein arrays according to the invention and their use to assay the phenotypic
changes in protein function resulting from mutations (for example, coding SNPs
- i.e. those SNP mutations that still give rise to an expressed protein) differ
completely to, and have advantages over, existing DNA based technologies for
SNP and other mutational analyses [reviewed in Shi, MM Clin Chem 47 164-
72 (2001)]. These latter technologies include high-thronghput sequencing and
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electrophoretic methods for identifying new SNPs, or diagnostic technologies
such as high density oligonucleotide arrays [e.g. Lindblad-Toh, K. Nat Genet 24
381-6 (2000)] or high-throughput, short-read sequencing techmiques which
permit profiling of an individuals gene of interest against known SNPs [e.g.
Bustow, K.H. Proc Natl Acad Sci USA 98 581-4 (2001)]. Importantly, and in
contrast to the invention described herein, the phenotypic effects of a

polymorphism remain unknown when only analysed at the DNA level.

Indeed, the effects of coding SNPs on the proteins they encode are, with
relatively few exceptions, uncharacterised. Examples of proteins with many
catalogued SNPs but little functional data on the effect of these SNPs include
P53, pl0 (both cancer related) and the cytochrome P450s (drug metabolism).
There are currently few if any methods capable of investigating the
functionalities of SNP-encoded proteins with sufficiently high throughput
required to handle the large volume of SNP data being generated.
Bioinformatics, or computer modelling is possible, especially if a crystal
structure is available, but the hypotheses generated still need to be verified
experimentally (i.e. through biochemical assay). Frequently though, the role of
the mutation remains unclear after bioinformatic or computer-based analysis.
Therefore, protein arrays as provided by the invention offer the most powerful

route to functional analysis of SNPs.

It would be possible to individually assay proteins derived from related DNA
molecules, for example differing by one or more single nucleotide
polymorphisms, in a test tube format, however the serial natare of this work and
the large sample volumes involved make this approach cumbersome and

unattractive. By arraying out the related proteins in a microtiter plate or on a



WO 03/048768 PCT/GBO2/05499

10

15

25

microscope slide, many different proteins (hundreds or thousands) can be
assayed simultaneously using only small sample volumes (few microlitres only
in the case of microarrays) thus making functional analysis of, for example,
SNPs economically feasible. All proteins can be assayed together in the same
experiment which reduces sources of error due to differential handling of
materials. Additionally, tethering the proteins directly to a solid support
facilitates binding assays which require unbound ligands to be washed away
prior to measuring bound concentrations, a feature not available in solution

based or single phase liquid assays.

Specific advantages over apparatus and methods currently known in the art
provided by the arrays of the present invention are:
. massively paralle] analysis of closely related proteins, for example those

derived from coding SNPs, for encoded function

. sensitivity of analysis at lzast comparable to existing methods, if not
better
. enables quantitative, comparative functional analysis in a manner not

previously possible
. compatible with protein: protein, protein: nucleic acid, protein; ligand, or
protein: small molecule interactions and post-translational modifications

in situ “on-chip”

. parallel protein arrays according to the invention are spotting density
independent
. microarray format enables analysis to be carried out using small volumes

of potentially expensive ligands
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* information provided by parallel protein arrays according to the invention will be

extremely valuable for drug discovery, pharmacogenomics and diagnostics fields

¢ other useful parallel protein arrays may include proteins derived from non-natural
(synthetic) mutations of a DNA sequence of interest. Such arrays can be used to
invesligate interactions between the variant protein thus produced and other
proteins, nucleic acid molecules and other molecules, for example ligands or
candidate/test small molecules. Suitable methods of carrying out such mutagenesis
are described in Current Protocols in Molecular Biology, Volume 1, Chapter 8,
Edited by Ausubel, FM, Brent, R, Kingston, RE, Moore, DD, Siedman, JG, Smith,
JA, and Struhl, K.

Thus in one aspect, the invention provides a protein array comprising a surface upon which are
deposited in a spatially defined pattern at least two protein moieties characterised in that said
protein moieties are those of naturally occurring variants or alternatively-spliced transcripts of a

DNA sequence of interest.

A protein array as defined herein is a spatially defined arrangement of protein moieties in a
pattern on a surface. Preferably the protein moieties are attached to the surface either directly or
indirectly. The attachment can be non-specific (e.g. by physical absorption onto the surface or
by formation of a non-specific covalent interaction). In a preferred embodiment, the protein
moieties are attached to the surface through a common marker moiety appended to each protein
moiety. In another preferred embodiment, the protein moieties can be incorporated into a
vesicle or liposome which is tethered to the surface.

[Text continues on page 6].
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A surface as defined herein is a flat or contoured area that may or may not be
coated/derivatised by chemical treatment. For example, the area can be :

a glass slide,

one or more beads, for example a magnetised, derivatised and/or labelled bead
as known in the art,

a polypropylene or polystyrene slide,

a polypropylene or polystyrene multi-well plate,

a gold, silica or metal object,

a membrane made of nitrocellulose, PVDF, nylon or phosphocellulose

‘Where a bead is used, individual proteins, pairs of proteins or pools of variant
proteins (e.g., for “shotgun screening” - to initially identify groups of proteins
in which a protein of interest may exist; such groups are then separated and
further investigated (analogous to pooling methods known in the art of
combinatorial chemistry)) may be attached to an individual bead to provide the
spatial definition or separation of the array. The beads may then be assayed
separately, but in parallel, in a compartmentalised way, for example in the wells

of a microtitre plate or in separate test tubes.

Thus a protein array comprising a surface according to the invention may
subsist as series of separate solid phase surfaces, such as beads camrying
different proteins, the array being formed by the spatially defined pattern or

arrangement of the separate surfaces in the experiment.

Preferably the surface coating is capable of resisting non-specific protein
absorption. The surface coating can be porous or non-porous in nature. In

addition, in a preferred embodiment the surface coating provides a specific
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interaction with the marker moiety on each protein moiety either directly or
indirectly (e.g. through a protein or peptide or nucleic acid bound to the
surface). An embodiment of the invention described in the examples below
nses SAM2™ membrane (Promega, Madison, Wisconsin, USA) as the capture
surface, although a variety of other surfaces can be used, as well as surfaces in

microarray or microwell formats as known in the art.

A protein moiety is a protein or a polypeptide encoded by a DNA sequence
which is generally a gene or a naturally occurring variant of the gene. The
protein moiety may take the form of the encoded protein, or may comprise
additional amino acids (not originally encoded by the DNA sequence from
which it is derived) to facilitate attachment to the array or analysis in an assay.
In the case of the protein having only the amino acid sequence encoded by the
naturally occurring gene, without additional sequence, such proteins may be
attached to the array by way of a common feature between the variants. For
example, a set of variant proteins may be attached to the array via a binding
protein or an antibody which is capable of binding an invariant or common part
of the individual proteins in the set. Preferably, protein moieties according to
the invention are proteins tagged (via the combination of the protein encoding
DNA sequence with a tag encoding DNA sequence) at either the N- or C-

terminus with a marker moiety to facilitate attachment to the array.

Each position in the pattern of an array can contain, for example, either:

. a sample of a single protein type (in the form of a monomer, dimer,
trimer, tetramer or higher multimer) or

. a sample of a single protein type bound to an interacting molecule (for

example, nucleic acid molecule, antibody, other protein or small
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molecule. The interacting molecule may itself interact with further
molecules. For example, one subunit of an heteromeric protein may be
attached to the array and a second subunit or complex of subunits may be
tethered to the array via interaction with the attached protein subunit. In
turn the second subunit or complex of subunits may then interact with a
further molecule, e.g. a candidate drug or an antibody) or

a sample of a single protein type bound to a synthetic molecule (e.g.
peptide, chemical compound) or

a sample of two different variant proteins or “haplotype proteins”, for
example each possessing a different complement of mutations or
polymorphisms, e.g. “protein 1”7 is derived from a DNA sequence
carrying SNP “A” and a 3 base pair deletion “X” whilst “protein 27 is
derived from a DNA sequence carrying SNP “A”, SNP “B” and a 3 base
pair insertion “Y”. Such an arrangement is capable of mimicking the

heterozygous presence of two different protein variants in an isdividual.

Preferably the protein moiety at each position is substantially pure but in certain

circumstances mixtures of between 2 and 100 different protein moieties can be

present at each position in the pattern of an array of which at Jeast one is tagged.

20 Thus the proteins derived from the expression of more than one variant DNA

sequence may be attached a single position for example, for the purposes of

initial bulk screening of a set of variants to determine those sets coniaining

variants of interest.

25 An embodiment of the invention described in the examples below uses a biotin

tag to purify the proteins on the surface, however, the functionality of the array

is independent of tag used.

-10-
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“Naturally occurring variants of a DNA sequence of interest” are defined herein
as being protein-encoding DNA sequences which share a common sequence
and which differ only by one or more naturally occurring (i.e. present in a
population and not introduced artificially) single nucleotide polymorphisms,
deletions or insertions or those sequences which are considered to be haplotypes
(a haplotype being a combination of variant features on a chromosome, usually
within the context of a particular gene). Generally such DNA sequences are
derived from the same gene in that they map to a common chromosomal locus
and encode similar proteins, which may possess different phenotypes. In other
words, such variants are generally naturally occurring versions of the same gene
comprising one or more mutations, or their synthetic equivalents, which whilst
having different codons, encode the same “wild-type” or variant proteins as

those know to occur in a population.

Usefully, DNA molecules having all known mutations in a population are used
to produce a set of protein moieties which are attached to the arrays of the
invention. Optionally, the array may comprise a subset of variant proteins
derived from DNA molecules possessing a subset of mutations, for example all
known germ-line, or inheritable mutations or a subset of clinically relevant or
clinically important mutations. Related DNA molecules as defined herein are
related by more than just a common tag sequence introduced for the purposes or
marking the resulting expressed protein. It is the sequence additional to such
tags which is relevant to the relatedness of the DNA molecules. The related
sequences are generally the natural coding sequence of a gene and variant forms
caused by mutation. In practice the arrays of the invention carry protein

moieties which are derived from DNA molecules which differ, i.e. are mutated

-11-
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at1t0 10,107,105, 1104, 11t 3,11to2or 1 discrete locations in the
sequence of one DNA molecule relative to another, or more often relative to the
wild-type coding sequence (or most common variant in a population). The
difference or mutation at each discrete sequence location (for example a
discrete location such as “base-pair 342" (the location can be a single base) or
“base-pair 502 to base-pair 525” (the location can be a region of bases)) may
be a point mutation such as a base change, for example the substitution of “A”
for “G”. This may lead to a “mis-sense” mutation, where one amino acid in the
wild type sequence is replaced by different amino acid. A “single nucleotide
polymorphism” is a mutation of a single nucleotide. Alternatively the mutation
may be a deletion or insertion of 1 to 200, 1 to 100, 1 t0 50,1 to 20 or 1 to 10
bases. To give an example, insertional mutations are found in “triplet repeat”
disorders such as Huntington’s Disease — protein variants corresponding to such
insertional mutations can be derived from various mutant forms of the gene and

attached to the array to permit investigation of their phenotypes.

Thus, it is envisaged that proteins derived from related DNA molecules can be
quite different in structure. For example a related DNA molecule which has
undergone a mutation which truncates it, introduces a frame-shift or introduces
a stop codon part-way through the wild—type coding sequence may produce a
smaller or shorter protein product. Likewise mutation may cause the variant
protein to have additional structure, for example a repeated domain or a number
of additional amino acids either at the termini of the protein or within the
sequence of the protein. Such proteins, being derived from related DNA

sequences, are included within the scope of the invention.

-12-
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As stated above, also included within the scope of the invention are arrays
carrying protein moieties encoded by synthetic equivalents of a wild type gene

(or a naturally occurring variant thereof) of a DNA sequence of interest.

Also included within the scope of the invention are arrays carrying protein
moieties derived from related DNA molecules which, having variant i.e.
mutated sequences, give rise to products which undergo differential pre-
translational processing (e.g., alternatively spliced transcripts) or differential
post-translational processing (e.g. glycosylation occurs at a particular amino
acid in one expressed protein, but does not occur in another expressed protein
due a codon change in the underlying DNA sequence causing the glycosylated

amino acid to be abscnt).

Generally, related DNA molecules according to the invention are derived from
genes which map to the same chromosomal locus, ie. the related DNA
molecules are different versions of the same protein coding sequence derived

from a single copy of a gene, which differ as a result of natural mutation.

The wild-type (or the protein encoded by the most common variant DNA
sequence in a population) of the protein is preferably included as one of the
protein moieties on the array to act as a reference by which the relative
activities of the proteins derived from related DINA molecules can be compared.
The output of the assay indicates whether the related DNA molecule comprising
a mutated gene encodes:

(1) a protein with comparable function to the wild-type protein

(2) a protein with lower or higher levels of function than the wild-type

(3) a protein with no detectable function

13-
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(4) a protein with altered post-translational modification patterns

(5) a protein with an activity that can be modified by addition of an extra
component (e.g. peptide, antibody or small molecule drug candidate).

(6) a protein with an activity that can be modified by post-translational
modification for example in situ on the chip, for example phosphorylation.

(7) a protein with an altered function under different environmental conditions

in the assay, for example ionic strength, temperature or pH.

The protein moieties of the arrays of the present invention can comprise
proteins associated with a disease state, drug metabolism, or may be
uncharacterised. In one preferred embodiment the protein moieties encode wild
type p53 and allelic variants thereof. In another preferred embodiment the
arrays comprises protein moieties which encode a drug metabolising enzyme,

preferably wild type p450 and allelic variants thereof.

The number of protein variants attached to the arrays of the invention will be
determined by the number of variant coding sequences that occur naturally or
that are of sufficient experimental, commercial or clinical interest to generate
artificially. An array carrying a wild type protein and a single variant would be
of use to the investigator. However in practice and in order to take advantage of
the suitability of such arrays for high throughput assays, it is envisaged that 1 to
10000, 1 to 1000, 1 to 500, 1 to 400, 1 to 300, 1 to 200, 1 t0 100, 1 to 75, 1 to
50, 1t0 25,110 10 or 1 to 5 related DNA molecules are represented by their
encoded proteins on an array. For example, in the case of the gene for p53 (the
subject of one of the Examples described herein) there are currently about 50
known germ-line or inheritable mutations and more than 1000 known somatic

mutations. An individual may of course inherit two different germ-line

-14-
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mutations. Thus a p53 variant protein array might carry protein derived from the 50 germ-line
mutations each isolated at a different location, proteins from a clinically relevant subset of 800
somatic coding mutations (where a protein can be expressed) each isolated at a different
location (or in groups of 10 at each location) and all possible pair-wise combinations of the 50
germ-line mutations each located at a different location. It can therefore be seen that an array of
the invention can usefully represent individual DNA molecules containing more than 1000
different naturally occurring mutations and can accordingly carry many more, for example
10000 or more, separate discrete samples or “spots” of the protein variants derived therefrom

either located alone or in combination with other variants.

In a second aspect, the invention provides a method of making a protein array comprising the
steps of:

(a) providing DNA coding sequences which are those of two or more naturally occurring
variants or altematively-spliced transcripts of a DNA sequence of interest;

(b) expressing said coding sequences to provide one or more individual protein moieties;

(¢) depositing said protein moieties in a spatially defined pattern on a surface to give an

array.

Steps ¢) and d) are preferably combined in a single step. This can be done by means of “surface
capture” by which is meant the simultaneous purification and isclation of the protein moiety on
the array via the incorporated tag as described in the examples below. Furthermore, step ) may
be optional as it is not necessary for the protein preparation to be pure at the location of the
isolated

[Text continues on page 14).

-15-
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tagged protein — the tagged protein need not be separated from the crude lysate
of the host production cell if purity is not demanded by the assay in which the

array takes part.

The DNA molecules which are expressed to produce the protein moieties of the
array can be generated vsing techniques known in the art (for example see
Current Protocols in Molecular Biology, Volume 1, Chapter 8, Edited by
Ausubel, FM, Brent, R, Kingston, RE, Moore, DD, Siedman, JG, Smith, JA,
and Struhl, K). The ease of in vitro manipulation of cloned DNA enables
mutations, for example SNPs, to be generated by standard molecular biological
techniques such as PCR mutagenesis using the wild-type gene as a template.
Therefore, only knowledge of the identity of the mutation, for example SNP
(often available in electronic databases), and not the actual mutation containing
DNA molecule, is required for protein array fabrication. The wild-type gene,
encoding the protein of interest, is first cloned into a DNA vector for expression
in a suitable host. It will be understood by those skilled in the art that the
expression host need not be limited to E. coli — yeast, insect or mammalian cells
can be used. Use of a eukaryotic host may be desirable where the protein under
investigation is known to undergo post-translational modification such as
glycosylation, Following confirmation of expression and protein activity, the
wild-type gene is mutated to introduce the desired SNPs. The presence of the

SNP is confirmed by sequencing following re-cloning.

To make the array, clones can be grown in microtiter plate format (but not
exclusively) allowing parallel processing of samples in a format that is
convenient for arraying onto slides or plate formats and which provides a high-

throughput format. Protein expression is induced and clones are subsequently

-16-
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processed for arraying. This can involve purification of the proteins by affinity
chromatography, or preparation of lysates ready for arraying onto a surface
which is selective for the recombinant protein (‘surface capture’). Thus, the
DNA molecules may be expressed as fusion proteins to give protein moieties
tagged at either the N- or C- terminus with a marker moiety, As described
herein, such tags may be used to purify or attach the proteins to the surface or
the array. Conveniently and preferably, the protein moieties are simultaneously
purified from the expression host lysate and aitached to the array by means of
the marker moiety. The resulting array of proteins can then be used to assay the

functions of all proteins in a parallel, and therefore high-throughput manner.

In a third aspect, the invention provides a method of simultaneously
determining the relative properties of members of a set of protein moieties
derived from related DNA molecules, comprising the steps of: providing an
array as herein described, bringing said array into contact with a test substance,
and observing the interaction of the test substance with each set member on the

array.

In one embodiment, the invention provides a mcthod of screening a set of
protein moieties derived from related DNA molecules for compounds (for
example, a small organic molecule) which rcstore or disrupt function of a
protein, which may reveal compounds with therapeutic advantages or
disadvantages for a subsct of the population carrying a particular SNP or other
mutation. In other embodiments the test substance may be:

. a protein for determining relative protein:protein interactions within a set

of protein moieties derived from related DNA molecules

-17-
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. a nucleic acid molecule for determining relative protein:DNA or
protein:RNA interactions
. a ligand for determining relative protein:ligand interactions

" Results obtained from the interrogation of arrays of the invention can be -

quantitative (e.g. measuring binding or catalytic constants Kp & Ky, semi—l
guantitative (e.g. normalising amount bound against protein quantity) or
qualitative (e.g. functional vs. non-functional). By quantifying the signals for
replicate arrays where the ligand is added at several (for example, two or more)
concentrations, both the hinding affinities and the active concentrations of
protein in the spot can be determined. This allows comparison of SNPs with
each other and the wild-type. This level of information has not been obtained
previously from arrays. Exactly the same methodology could be used to

measure hinding of drugs to arrayed proteins.

For example, quantitative results, Kp and B, Which describe the affinity of the
interaction between ligand and protein and the number of binding sites for that
ligand respectively, can be derived from protein array data. Briefly, either
quantified or relative amounts of ligand bound to each individual protein spot
can be measured at different concentrations of ligand in the assay solution.
Assuming a linear relationship between the amount of protcin and bound ligand,
the (relative) amount of ligand bound to each spol over a range of ligand
concentrations used in the assay can be fitted to equation 1, rearrangements or

derivations,

Bound ligand = B, / ((Kp/[L1)+1) (Equation 1)

[L] = concentration of ligand used in the assay
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Preferred features of each aspect of the invention are as defined for each other

aspect, mutatis mutandis.

Further features and details of the invention will be apparent from the following
description of specific embodiments of a protein array, a p53 protein SNP array
and a p450 array, and its use in accordance with the invention which is given by

way of example with reference to the accompanying drawings, in which:-

Figure 1 shows p53 mutant panel expression. E. coli cells containing plasmids
encoding human wild type p53 or the indicated mutants were induced for 4h at 30
C. Cells were lysed by the addition of lysozyme and Triton X100 and cleared
lysates were analysed by Western blot. A band corresponding to full length his-
tagged, biotinylated p53 runs at around 70kDa.

Figure 2 shows a gel shift assay to demonstrate DNA binding function of E.coli
expressed p33. 1ul of cleared E.coli lysate containing wild type p33 (wt) or the
indicated mutant was combined with 250nM DIG-labelled DNA and 0.05mg/ml
polydl/dC competitor DNA. The —ve control contained only DNA, Bound and
frece DNA was separated through a 6% gel (NOVEX), transferred to positively
charged membrane (Roche) and DIG-labelled DNA detected using an anti-DIG
HRP conjugated antibody (Roche). The DNA:pS3 complex is indicated by an

arrow,

Figure 3 shows microarray data for the p33 DNA binding assay. Lysates were

arrayed in a 434 pattern onto streptavidin capture membrane as detailed in A) and
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probed with B) Cy3-labelled anti-histidine antibody or C) Cy3-labslled GADD45

DNA, prior to scanning in an Affymetrix 428 array scanner.

Figure 4 shows CKII phosphorylation of p533. 2ul of E.coli lysate containing p53
wild type (wt) or the indicated mutant protein were incubated with or without
casein kinase 1T in a buffer containing ATP for 30min at 30 C. Reactions were
Western blotted and phosphorylation at serine 392 detected using a
phosphorylation specific antibody.

Figure 5 shows microarray data for the CKII phosphorylation assay. The p53
array was incubated with CKII and ATP for 1h at 30 C and analysed for
phosphorylation at serine 392, Phosphorylation was detected for all proteins on
the array except for the truncation mutants Q136X, R196X, R209X, R213X,
R306X and for the amino acid mutants L.344P and S392A.

Figure 6 shows a solution phase MDM?2 interaction assay. 10ul of P53 containing
lysate was incubated with 10ul of MDM?2 containing lysate and 20ul anti-FLAG
agarose in a total volume of 500ul. After incubation for Lh at room temperature
the anti-FLAG agarose was collected by centrifugation, washed extensively and
bound proteins analysed by Western blotting. P53 proteins were detected by
Strep/HRP conjugate.

Figure 7 shows microarray data for MDM2 interaction. The p53 array was
incubated with purified Cy3-labelled MDM2 protein for 1h at room temperature
and bound MDM?2 protein detected using a DNA array scanner (Affymetrix).
MDM?2 protein bound to all members of the array apart from the W23A and
W23G mutants.
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Figure 8a shows replicate p53 microarrays incubated in the presence of P
labelled duplex DNA, corresponding to the sequence of the GADD45 promoter
element, at varying concentrations and imaged using a phosphorimager so

individual spots could be quantified.

Figure 8B shows DNA binding to wild-type p53 (high affinity), R273H (low
affinity) and 1.344P (non-binder) predicting a wild-type affinity of 7 nM.

Figure 9A  shows a plasmid map of pBJW102.2 for expression of C-terminal
BCCP hexa-histidine constructs.

Figure 9B shows the DNA sequence of pBJW102.2

Figure 9C  shows the cloning site of pBIW102.2 from start codon. Human
P450s, NADPH-cytochrome P450 reductase, and cytochrome bS ORFs, and
truncations thereof, were ligated to a Dralll / Smal digested vector of
pBIW102.2.

Figure 10A  shows a vector map of pfW45

Figure 10B  shows the sequence of the vector pJTW45

Figure 11A  shows the DNA sequence of Human P450 3A4 open reading

frame.

Figure 11B. shows the amino acid sequence of full length human P450 3A4.
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Figure 12A shows the DNA sequence of human P450 2C9 open reading

frame.
Figure 12B  shows the amino acid sequence of full length human P450 2C9

Figure 13A shows the DNA sequence of human P450 2D6 open reading

ES-L A LA

frame.
Figure 13B  shows the amino acid sequence of full length human P450 2D6.

Figure 14  shows a western blot and coomassie-stained gel of purification of
cytochrome P450 3A4 from E. coli. Samples from the purification of
cytochrome P450 3A4 were run on SDS-PAGE, stained for protsin using
coomassie or Western blotted onto nitrocellulose membrane, probed with
streptavidin-HRP conjugate and visualised using DAB stain:

Lanes 1: Whole cells

Lanes 2: Lysate

Lanes 3: Lysed E. coli cells

Lanes 4: Supernatant from E. coli cell wash

Lanes 5: Pellet from E. coli cell wash

Lanes 6: Supernatant after membrane solublisation

Lanes 7: pellet after membrane solublisation

Lanes 8: molecular weight markers: 175, 83, 62, 48, 32, 25, 16.5, 6.5 Kda

Figure 15  shows the Coomassie stained gel of Ni-NTA column purification
of cytochrome P450 3A4. Suamples from all stages of column purification were
run on SDS-PAGE:
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Lane 1: Markers 1735, 83, 62, 48, 32, 25, 16.5, 6.5 KDa
Lane 2: Supernatant from membrane solublisation
Lane 3: Column Flow-Through
Lane 4: Wash in buffer C

5 Lane 5: Wash in buffer D
Lanes 6&7: Washes in buffer D + 50 mM Imidazole
Lanes 8 - 12: Elution in buffer D + 200 mM Imidazole

Fipure 16  shows the assay of activity for cytochrome P450 2D6 in a

10 reconstitution assay using the substrate AMMC. Recombinant, tagged

CYP2D6 was compared with a commercially available CYP2D6 in terms of

ability to turnover AMMC after reconstitution in liposomes with NADPH-

cytochrome P450 reductase.

15 Figure 17  shows the rates of resorufin formation from BzRes by cumene

hydrogen peroxide activated cytochrome P450 3A4. Cytochrome P450 3A4

was assayed in solution with cumene hydrogen peroxide activation in the

presence of increasing concentrations of BzRes up to 160 uM.,

20 Figure 18 shows the equilibrium binding of [*Hlketoconazole to
immobilised CYP3A4 and CYP2C9. In the case of CYP3A4 the data points are

the means + standard deviation, of 4 experiments. Non-specific binding was

determined in the presence of 100uM ketoconazole (data not shown).

25 Figure 19 shows the chemical activation of tagged, immobilised P450

involving conversion of DBF to fluorescein by CHP activated P450 3A4

immobilised on a streptavidin surface.
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Figure 20  shows the stability of agarose encapsulated mmicrosomes.
Microsomes containing cytochrome P450 2D6 plus NADPH-cytochrome P450
reductase and cytochrome b5 were diluted in agarose and allowed to set in 96
well plates. AMMC turnover was measured immediately and after two and

seven days at 4°C.

Figure 21  shows the turnover of BzRes by cytochrome P450 3A4 isoforms.
Cytochrome P450 3A4 isoforms WT, *1, *¥2, *3, *4, *5 & *15, (approximately
1 ug) were incubated in the presence of BzRes (0 — 160 M) and cumene
hydrogen peroxide (200 uM) at room temperature in 200 mM KPO, buffer pH
7.4. Formation of resorufin was measured over time and rates were calculated
from progress curves. Curves describing conventional Michaelis-Menton
kinetics were fitted to

the data.

Figure 22  shows the inhibition of cytochrome P450 3A4 isoforms by
ketoconazole. Cytochrome P450 3A4 isoforms WT, *1, #2, *3, *4, *5 & *15,
(approximately 1 ug) were incubated in the presence of BzRes (50 uM),
Cumene hydrogen peroxide (200 pM) and ketoconazole (0, 0.008, 0.04, 0.2, 1,
5 uM) at room temperature in 200 mM KPQ, buffer pH 7.4. Formation of
resorufin was measured over time and rates were calculated from progress

curves, ICsp inhibition curves were fitted to the data.
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EXAMPLES

Example 1; Use of a protein array for functional analysis of proteins encoded
by SNP-containing genes — the p33 protein SNP array

Mutations in the tumour suppresser protein p53 have been associated with
around 50% of cancers, and more than a thousand SNPs of this gene have been
observed. Mutations of the p53 gene in tumour cells (somatic mutation), or in
the genome of families with a predisposition to cancer (germline mutation),
provide an association betwecn a condition and genotype, but no molecular
mechanism. To demonstrate the utility of protein arrays for functional
characterisation of coding SNPs, the

Inventors have arrayed wild type human p53 together with 46 germline
mutations (SNPs). The biochemical activity of these proteins can then be
compared rapidly and in parallel using small sample volumes of reagent or
ligand. The arrayed proteins are shown to be functional for DNA binding,
phosphorylated post-translationally “‘on-chip” by a known p53 kinase, and can
interact with a known p33-interacting protein, MDM?2. For many of these SNPs,
this is the first functional characterisation of the effect of the mutation on p53
function, and illustrates the usefulness of protein microarrays in analysing

biochemical activities in a massively parallel fashion.

Materials and Methods for construction of p53 SNP array.

Wild type p53 ¢cDNA was amplified by PCR from a HsLa cell cDNA library
using primers PS3F (5° atg gag gag ccg cag tca gat cct ag 37) and P53R (5’ gat
cge gec cge tea gie agg cee tic tg 3°) and ligated into an . coli expression vector

downstream of sequence coding for a poly Histidine-tag and the BCCP domain
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from the E.coli AccB gene. The ligation mix was transformed into chemically
competent XLI1Blue cells (Stratagene) according to the manufacturer’s
instructions. The p53 cDNA sequence was checked by sequencing and found to
correspond to wild type p53 protein sequence as contained in the SWISS-PROT
entry for p53 [Accession No. P04637].

Construction of p53 mutant panel

Mutants of p53 were made by using the plasmid containing the wild type p33
sequence as template in an inverse PCR reaction. Primers were designed such
that the forward primer was 5’ phosphorylated and started with the single
nucleotide polymorphism (SNP) at the 5’ end, followed by 20-24 nucleotides of
p53 sequence. The reverse primer was designed to be complementary to the 20-
24 nucleotides before the SNP. PCR was performed using Pwo polymerase
which generated blunt ended products corresponding to the entire p53-
containing vector. PCR products were gel purified, ligated to form circular
plasmids and parental template DNA was digested with resiriction
endonuclease Dpnl (New England Biolabs) to increase cloning efficiency.
Ligated products were transformed into XL.1Blue cells, and mutant p53 genes
were verified by sequencing for the presence of the desired mutation and the

absence of any secondary mutation introduced by PCR.

Expression of p53 in E.coli

Colonies of XLIBIuc cells containing p33 plasmids were inoculated into 2 ml of
LB medivm containing ampicillin (70 micrograms /ml) in 48 well blocks
(QIAGEN) and grown overnight at 37 °C in a shaking incubator. 40 pl of
overnight culture was used to inoculate another 2 ml of LB/ampicillin in 48

well blocks and grown at 37 °C until an optical density (600nm) of ~0.4 was
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reached. JPTG was then added to 50 pM and induction continued at 30 °C for 4
hours, Cells were then harvested by centrifugation and cell pellets stored at —80
°C. For preparation of protein, cell pellets were thawed at room temperature and
40 pl of p53 buffer (25 mM HEPES pH 7.6, 50 mM KCl, 10% glycerol, 1 mM
DTT, 1 mg/ml bovine serum albumin, 0.1% Triton X100) and 10 pl of 4 mg/mi
lysozyme were added and vortexed to resuspend the cell pellet. Lysis was aided
by incubation on a rocker at room temperature for 30 min before cell debris was
collected by centrifugation at 13000 rpm for 10 min at 4 °C. The cleared
supernatant of soluble protein was removed and used immediately or stored at —

20 °C.

Western blotting

Soluble protein samples were boiled in SDS containing buffer far 5 min prior to
loading on 4-20% Tris-Glycine gels (NOVEX) and run at 200 V for 45 min.
Protein was transferred onto PVDF membrane (Hybond-P, Amersham) and
probed for the presence of various epitopes using standard techniques. For
detection of the histidine-tag, membranes were blocked in 5% Marvel /PBST
and anti-RGSHis antibody (QIAGEN) was used as the primary antibody at
1/1000 dilution. For detection of the biotin tag, membranes were blocked in
Superblock /TBS (Pierce) and probed with Streptavidin-HRP conjugate
(Amersham) at 1/2000 dilution in Superblock/TBS/0.1% Tween20. The
secondary antibody for the RGSHis antibody was anti-mouse IgG (Fc specific)
HRP conjugate (Sigma) used at 1/2000 dilution in Marvel/PBST. After
extensive washing, bound HRP conjugates were detected using either ECLPlus

(Amersham) and Hyperfilm ECL (Amersham) or by DAB staining (Pierce).
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DNA gel shift assay

DNA binding function of expressed p53 was assayed using a conventional gel
shift assay. Oligos DIGGADDA4SA (5°DIG-gta cag aac atg tct aag cat gct ggg
gac-3”) and GADD45B (gtc cce age atg ctt aga cat gtt ctg tac 3’) were anncaled
together to give a final concentration of 25 pM dsDNA. Binding reactions were
assembled containing 1 ul of cleared lysate, 0.2 ul of annealed DIG-labelled
GADD45 oligos and 1 ul of polydl/dC competitor DNA (Sigma) in 20 pl of
P53 buffer. Reactions were incubated at room temperature for 30 min, chilled
on ice and 5 wl loaded onto a pre-run 6% polyacrylamide/TBE gel (NOVEX).
Gels were run at 100 V at 4 °C for 90 min before being transferred onto
positively charged nitrocellulose (Roche). Membranes were blocked in 0.4%
Blocking Reagent (Roche) in Buffer I (100 mM maleic acid, 150 mM NuCl, pH
7.0) for 30 min and probed for presence of DIG-labelled DNA with anti-DIG
Fab fragments conjugated to HRP (Roche). Bound HRP conjugates were
detected using ECLPIus and Hyperfilm ECL (Amersham).

pS3 phosphorylation assay

Phosphorylation of p53 was performed using purified casein kinase II (CKII,
Sigma). This kinase has previously been shown to phosphorylate wild type p53
at serine 392. Phosphorylation reactions contained 2 ul of p33 lysate, 10 mM
MgCl,, 100 uM ATP and 0.1U of CKII in 20 pl of p33 buffer. Reactions were
incubated at 30 °C for 30 min, reaction products separated throngh 4-20%
NOVEX gels and transferred onto PVDF membrane. Phosphorylation of p53
was detected using an antibody specific for phosphorylation of p33 at serine
392 (Cell Signalling Technology), used at 1/1000 dilution in Marvel/TBST.
Secondary antibody was an anti-rabbit HRP conjugate (Cell Signalling
Technology), used at 1/2000 dilution.
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MDM? interaction assay

The ¢cDNA for the N-terminal portion of MDM2 (amino acids 17-127) was
amplified from a cDNA library and cloned downstream of sequences coding for
a His-tag and a FLAG-tag in an E. coli expression vector. Plasmids were
checked by sequencing for correct MDM?2 sequence and induction of E. coli
cultures showed expression of a His and FLAG tagged soluble protein of the
expected size. To test for interaction between MDM?2 and the p53 mutant panel,
binding reactions were assembled containing 10ul p53 containing lysate, 10ul
MDM?2 containing lysate, 20ul anti-FLAG agarose in 500pl phosphate buffered
saline containing 300mM NaCl, 0.1% Tween20 and 1% (w/v) bovine serum
albumin. Reactions were incubated on a rocker at room temperature for 1 hour
and FLAG bound complexes harvested by centrifugation at 5000rpm for 2Zmin.
After extensive washing in PBST, FLAG bound complexes were denatured in
SDS sample huffer and Western blotted. Presence of hiotinylated p53 was
detected by Streptavidin/HRP conjugate.

P53 microarray fabrication and assays

Cleared lysates of the p53 mutant panel were loaded onto a 384 well plate and
printed onto SAM2™ membrane (Promega, Madison, Wisconsin, USA) using a
custom built robot (K-Biosystcms, UK) with a 16 pin microarraying head. Each
lysate was spotted 4 times onto each array, and each spot was printed onio 3
times. After printing, arrays were wet in p53 buffer and blocked in 5%
Marvel/p53 buffer for 30min. After washing 3 x Smin in p53 buffer, arrays
were ready for assay.

For DNA binding assay, Sul of annealed Cy3-labelled GADD4S5 oligo was
added to 500ul p53 buffer. The probe solution was washed over the amray at
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Toom temperature for 30min, and washed for 3 x 3min in p53 buffer. Arrays
were then dried and mounted onto glass slides for scanning in an Affymetrix
428 array scanner. Quantification of Cy3 scanned images was accomplished
using ImaGene software.

For the phosphorylation assay, 10l CKII was incubated with the arrays in
320u1 p53 buffer and 80l Mg/ATP mix at 30°C for 30min. Arrays were then
washed for 3 x 5min in TBST and anti-phosphoserine 392 antibody added at
1/1000 dilution in Marvel/TBST for 1h. After washing for 3 x Smin in TBST,
anti-rabbit secondary antibody was added at 1/2000 dilution for 1h. Bound
antibody was detected by ECLPlus and Hyperfilm.

For the MDM2 interaction assay, 1JM of purified Cy3 labelled MDM?2 proicin
was incubated with the arrays in 500ui PBS/300mM NaCl0.1% Tween20/1%
BSA for 1h at room temperature. After washing for 3 x Smin in the same buffer,
arrays were dried, mounted onto glass slides and analyscd for Cy3 fluorescence

as for the DINA binding assay.

Results

Expression of p53 in E.coli and construction of mutant panel

The full length p53 open reading frame was amplified from a Hela cell cDNA
library by PCR and cloned downstream of the tac promoter in vector pQES0OL
into which the BCCP domain from the E.coli gene ACCB had already been
cloned. The resultant pS3 would then be His and biotin tagged at its N-terminus,
and figure 1 shows Western blot analysis of soluble protein from induced E.coli
cultures. There is a clear signal for His-tagged, biotinylated protein at around
66kDa, and a band of the same size is detected by the p53 specific antibody
pAbISO1 (data not shown). The plasmid encoding this protein was fully

sequenced and shown to be wild type p53 ¢cDNA sequence. This plasmid was
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nsed as the template to construct the mutant panel, and figure 1 also shows
analysis of the expression of a selection of those mutants, showing full length
protein as expected for the single nucleotide polymorphisms, and truncated
proteins where the mutation codes for a STOP codon. The mutants were also
sequenced to confirm presence of the desired mutation and absence of any

secondary mutations.

Although the Inventors have used His and biotin tags in this example of a SNP
array, other affinity tags (eg FLAG, myc, VSV) can be used to enable
purification of the cloned proteins. Also an expression host other than E. coli
can be used (eg. yeast, insect cells, mammalian cells) if required.

Also, although this array was focussed on the naturally occuring germline
SNPs of p33, other embodiments are not necessarily restricted to naturally
occurring SNPs (“synthetic” mutants) or versions of the wild type protein which
contain more than one SNP. Other embodiments can contain versions of the
protcin which are deleted from either or both ends (a nested-set). Such arrays
would be useful in mapping protein:ligand intoractions and delineating

functional domains of unknown proteins.

E. coli expressed p33 is functional for DNA binding

To demonstrate functionality of our p53, the Inventors performed
electrophoretic mobility shift assays using a DNA oligo previously shown to be
bound by p53. Figure 2 shows an example result from these gel shift assays,
showing DNA binding by wild type p53 as well as mutants R72P, P82L and
R181C. The first 2 mutants would still be expected to bind DNA as these
mutations are outside of the DNA binding domain of p53. Having demonstrated

DNA binding using a conventional gel based assay, the Inventors then wanted
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to show the same function for p53 amrayed on a surface. Figure 3C shows the
result of binding Cy3-labelled DNA to the p53 mutant panel arrayed omto
SAM?™ membrane (Promega, Madison, Wisconsin, USA). Although the
Inventors have used SAM2™ membrane in this example of a SNP array, other
surfaces which can be used for arraying proteins onto include but are not
restricted to glass, polypropylene, polystyrene, gold or silica slides,
polypropylene or polystyrene multi-well plates, or other porous surfaces such as
nitrocellulose, PVDF and nylon membranes. The SAM2™ membrane
specifically captures biotinylated molecules and so purifies the biotinylated p53
proteins from the mutant panel cell lysates. After washing unbound DNA from
the array, bound DNA was visualised using an Affymetrix DNA array scanner.
As can be seen from figure 3, the same mutants which bound DNA in the gel
shift assay also bound the most DNA when arrayed on a surface. Indeed, for a
DNA binding assay the microarray assay appeared to be more sensitive than the
conventional gel shift assay. This is probably because in a gel shift assay the
DNA:protein complex has to remain bound during gel electrophoresis, and
weak complexes may dissociate during this step. Also the 3-dimensional matrix
of the SAM2™ membrane nsed may have a caging effect. The amount of p53
protein is equivalent on each spot, as shown by an identical microarray probed

for His-tagged protein (figure 3B).

Use of the p53 array for phosphorylation studies

To exemplify the stady of the effect of SNPs on post-translational
modifications, the Inventors chose to look at phosphorylation of the p33 array
by casein kinase II. This enzyme has previously been shown to phospharylate
P53 at serine 392, and the Inventors made use of a commercially available anti-

p53 phosphoserine 392 specific antibody to study this event. Figure 4 shows
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Western blot analysis of kinase reactions on soluble protein preparations from
p53 wild type and S392A clones. Lane 1 shows phosphorylation of wild type
p53 by CKII, with a background signal when CKII is omitted from the reaction
(lane 2). Lanes 3 and 4 show the corresponding results for S392A, which as
expected only shows background signal for phosphorylation by CKII. This
assay was then applied in a microarray format, which as can be seen from figure
5 shows phosphorylation for all of the mutant panel except the S392A mutant

and those mutants which are truncated before residue 392.

Use of the p53 array to study a protein:protein interaction

To exemplify the study of a protein:protein interaction on a SNP protein array,
the interaction of MDM2 with the p33 protein array was investigated. Figure 6
shows that FLAG-tagged MDM2 pulls down wild type p53 when bound to
anti-FLAG agarosc. However the W23A mutant is not pulled down by FLAG
agarose bound MDM2, which would be expected as this residue has previously
been shown to be critical for the p5S3/MDM2 interaction (Botiger, A, Bottger,
V., Garcia-Echeverria, C., et al, J. Mol. Biol. (1997) 269: 744-756). This assay
was then carried out in a microarray format, and figure 7 shows the result of this
assay, with Cy3-labelled protein being detected at all spots apert from the
W23A and W23G mutant spots.

The Inventors have used a novel protein chip technology to characterise the
effect of 46 germline mutations an human p53 protein function. The arrayed
proteins can be detected by both a His-tagged antibody and also a p53 specific
antibody. This array can be used to screen for mutation specific antibodies

which could have implications for p53 status diagnosis.
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The Tnventors were able to demonstrate functionality of the wild type protein by
conventional gel based assays, and have achieved similar results performing the
assays in a microarray format. Indeed, for a DNA binding assay the microarray
assay appeared to be more sensitive than the conventional gel shift assay. These
arrays can be stored at -20 C in 50% glycerol and have been shown to still be

functional for DNA binding after 1 month (data not shown).

The CKII phosphorylation assay results are as expected, with phosphorylation
bheing detected for all proteins which contained the serine at residue 392. This
analysis can obviously be extended to a screen for kinases that phosphorylate
P53, or for instancé for kinases that differentially phosphorylate some mutants

and not others, which could themselves represent potential targets in cancer.

The MDM?2 interaction assay again shows the validity of the protein array
format, with results for wild type and the p33 mutants mirroring those obtained
using a more conventional pull down assay. These results also show that our
protein arrays can be used to detect protein:protein interactions. Potentially
these arrays can be used to obtain quantitative binding data (ie Kp values) for
protein:protein interactions in a high-throughput manner not possible using
current methodology. The fact that the MDM2 protein was pulled out of a crude
E. coli lysate onto the array bodes well for envisioned protein profiling
experiments, where for instance cell extracts are prepared from different
patients, labelled with different fluorophores and both hybridised to the same

array to look for differences in amounts of protein inieracting species.

Indeed, in Example 2 below the applicant has gone on to demonstrate that these

arrays can be vsed to obtain quantative data.
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Methods

DNA-hinding assays. Oligonucleotides with the GADD45 promoter element
sequence (5’-gta cag aac atg tct aag cat got ggg gac-3" and 5'-gic ccc age atg ctt
aga cat gtt ctg tac-3’) were radiolabelled with ganima BP_ATP (Amersham
Biosciences, Buckinghamshire, UK) and T4 kinase (Invitrogen, Carlsbad, CA),
annealed in p53 buffer and then purified using a Nucleotide Extraction colurnn
(Qiagen, Valencia, CA). The duplex oligos were quantified by UV
spectrophotometry and a 2.5 fold dilution series made in p53 buffer. 500 pl of
each dilution were incubated with microarrays at room temperature for 30 min,
then washed three times for 5 min in p53 buffer to remove unbound DNA,
Microarrays were then exposed to a phosphorimager plate (Fuji, Japan)
overnight prior to scanning. ImaGene software (BioDiscovery, Marina del Rey,
CA) was used to quantify the scanned images. Replicate values for all mutants
at each DNA concentration were fitted to simple hyperbolic concentration-
response curves R=B,/((K; /L)+1), where R is the response in relative counts

and L is the DNA concentration in nM.

Results

Binding of p53 to GADD45 promoter element DNA, Replicate p53
microarrays were incubated in the presence of 5P labelled duplex DNA,
corresponding to the sequence of the GADD45 promoter element. at varying
concentrations (Fig. 8A). The microarrays were imaged using a phosphorimager
and individual spots quantified. The data were normalised against a calibration

curve to compensate for the non-linearity of this method of detection and
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backgrounds were subtracted. Replicate values for all mutants were plotied and
analysed by non-linear regression analysis allowing calculation of both K, and
Buax values (Table 1).
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Table 1

Mutation DNA binding MDM2 [&N]]

Brmax (% wild-lype) K (nh)

Wildtype 100 (90-110) 7 (5-10) +
W23A 131 (119-144) 7 (B-10) - +
W23G 84 (74-94) 5 (3-9) - +
R72F 121 (110-132) ¢ (713)  + +
P32 70 (8377 7 5-10)  + +
M13:T ND + +
Q136X No binding + -
c141y ND + +
FP151S ND + +
P152L 31 (23-38) 18 ©37)  + +
G164V ND + +
R175H ND + +
E180K 31 (2141 12 4-35) + +
R181C 88  (81-85) 11 @13+ +
R181H 48 {4057y 11 ©21) + +
H193R 21 (16-26) 22 (11-42) + +
R196X No binding + -
R209X No binding + -
R213% No binding + -
P2198 21 (1430 10 (3-33) + +
Y220C ND + +
82277 101 (94-110) 7 {5-9) + +
H233N 60 (52-68) & {3-8) + +
H233D 70 (58-84) 7 3-14)  + +
N235D 32 (540) 27 (15-48) + +
N2355 48 (36-586) 9 4-20) + +
S241F 38  (3047) 19 10-37) + +
G245C ND + +
G2458 44 (38851 N (7-18)  + +
G245D ND + +
R248W 107 (85-120) 12 8-17) + +
R248Q 85  (77-95) 17 (12-23) + +
1251M ND + +
L252P 22 (1232) 16 4-63) + +
T2561 32 (2241) 14 6-34)  + +
L257Q 26 (1935 17 (744)  + +
E258K ND + +
1265P ND + +
varzaL ND + +
R273C 70  (56-85) 20 (11-37) ¢ 4
R272H 59  (40-79) 54 (27-106) + +
P278L ND + +
R28CK 54 (40-70) 21 (9-46)  + +
E286A 32 (2341) 22 (10-46) + +
R30€eX No binding + -
R30eEP 80 (B1-100) 7 5-11) + +
G325V 73 (6779 7 (510)  + +
R337C 88 (8095) 6 48 o+ +
1.344P No binding + -
S302A 121 (107-136) 10 614y + -
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Figure 8B shows DNA binding to wild-type p53 (high affinity), R273H (low
affinity) and L344P (non-binder) predicting a wild-type affinity of 7 nM.

Discussion

DNA binding. Quantitative analysis of the DNA binding data obtained from the
microarrays yielded both affinities (Ky) and relative maximum binding values
(Bpax) Tor wild-type and mutant p53. Protein function microarrays have not
previously been used in this way and this data therefore demonstrate their
usefulness in obtaining this quality and amount of data in a parallel fashion. The
approach of normelising binding data for the amount of affinity-tagged protein
in the spot provides a rapid means of analysing large data sets [Zhu, H. et al.
Global analysis of proiein activities using proteome chips. Science 293, 2101-
2103 (2001).], however it takes into account neither the varying specific activity
of the microarrayed protein nor whether the signal is recorded under saturating
or snb-saturating conditions. The quantitative analysis carried out here allowed
the functional classification of mutants into groups according to GADD45 DNA
binding: those showing near wild-type affinity; those exhibiting reduced
stability (low Bg.,); those showing reduced affinity (higher Kg); and those

showing complete loss of activity (Table 1).

Proteins with near wild-type affinity for DNA generally had mutations located
outside of the DNA-binding domain and include R72P, P82L, R306P and
(G325V. R337C is known to affect the oligomerisation state of p53 but at the
assay temperature used here it is thought to be largely tetrameric [Davison, T.S.,
Yin, P, Nie, E, Kay, C. & Arrowsmith, C.H. Characterisation of the
oligomerisation defects of two p53 mutants found in families with Li-Fraumeni
and Li-Franmeni like syndrome. Oncogene 17, 651-656 (1998).], consistent
with the affinity measured here. By contrast, total loss of binding was observed

for mutations introducing premature stop codons (Q136X, R196X, R209X and
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R213X) and mutations that monomerise the protein (L344P [Lomax, M.E.,
Barnes, D.M., Hupp, T.R., Picksley, S.M. & Camplejobn, R.S. Characterisation
of p53 oligomerisation domain mutations isolated from Li-Fraumeni and Li-

Fraumeni like family members. Oncogene 17, 643-649 (1998).]

and the tetramerisation domain deficient R306X) as expected.

Within the DNA-binding domain, the applicant found that mutations generally
reduced or abolished DNA binding with the notable exceptions of R181C/H,
$227T and H233N/D; these are all solvent exposed positions, distant from the
protein-DNA interface and exhibit wild-type binding. Mutations R248Q/W,V
R273C/H and R280K, present at the protein-DNA interface, exhibited low
affinities with K values 2-7 times higher than wild-type (Table 1) consistent
with either loss of specific protein-DNA interactions or steric hindrance through

sub-optimal packing of the mutated residue.

Many of the remaining mutants fall into a group displaying considerably
reduced specific activities, apparent from very low By, values, even when
normalised according to the amount of protein present in the relevant spot. For
some mutants, DNA binding was compromised to such a level that although
binding was cbserved, it was not accurately quantifiable due to low signal to
background ratios e.g. P1518 and G245C. For others such as L252P, low signal

intensities vielded measurable K, values, but with wide confidence limits.

To further demonstrate the applicability of the invention to protein arrays
comprising at least two protein moieties derived from naturally occurring
variants of a DNA sequence of interest such as, for example, those encoding
proteins from phase 1 or phase 2 drug metabolising enzymes (DME’s) the
invention is further exemplified with reference to a p450 array. Phase 1 DME’s
include the Cytochrome p450’s and the Flavin mono oxygenases (FMO’s) and
the Phase 2 DME’s, UDP-glycosylransferase (UGTs), glutathione S
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transferases (GSTs), sulfotransferases (SULTSs), N -acetyltransferases (NATs),

drug binding nuclear receptors and drug transporter proteins.

Preferably, the full complement, or a significant proportion of human DMEs are
present on the arrays of the invention. Such an array can include (numbers in
parenthesis currently described in the Swiss Prot database): all the human P450s
(119), FMOs (5), UDP-glycosyltransferase (UGTs) (18), GSTs (20),
sulfotransferases (SULTs) (6), N-acetyltransferases (NATs) (2), drug binding
nuclear receptors (33) and drug transporter proteins (6). This protein list does
not include those yet to be characterised from the human genome sequencing
project, splice variants known to occur for the P450s that can switch substrate
specificity or polymorphisms known to affect the function and substrate

specificity of both the P450s and the phase 2 DMEs.

For example it is known that there are large differences in the frequency of
occurrence of various alleles in P450s 2C9, 2D6 and 3A4 between different
ethnic groups (see Tables 2, 3 and 4). These alleles have the potential to affect
enzyme Kkinetics, substrate specificity, regio-selectivity and, where multiple
products are produced, product profiles. Arrays of proteins described in this
disclosure allow a more detailed examination of these differences for a
particular drug and will be useful in predicting potential problems and also in

effectively planning the population used for clinical trials.
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Table 2. P450 2D6 Allele Frequency
P450 Allele | Mutation Aliele Ethnic Group Study Group Reference
Frequency
2D6 *1 W.T. 26.9% Chinese 113 [}
36.4% German 589 2)
36% Caucasian 195 (3)
33% European 1344 )
206 *2 R296C; 13.4% Chinese 113 1)
S486T 32.4% German 589 2)
29% Caucasian 195 3)
27.1% Europsan 1344 4)
2D6 *3 Frameshift | 2% German 589 2)
1% Caucasian 195 (3)
1.9% European 1344 4)
2Db6 *4 Splicing 20.7% German 588 2)
defect 20% Caucasian 195 3)
16.6% European 1344 (4)
1.2% Ethiopian 115 (5)
2D6 *5 Deletion 4% Caucasian 195 (3)
6.9% European 1344 4)
2D8 *8 Splicing 0.93% German 589 2
defect 1.3% Caucasian 195 3)
2D6 *7 H324P 0.08% German 589 2)
0.3% Caucasian 195 3
0.1% European 1344 4)
206 *9 K251del 2% Caucasian 195 (3)
2.7% European 1344 4)
206 *10 P34S; 50.7% Chinese 113 (1)
S485T 1.53% German 589 2)
2% Caucasian 195 (3)
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1.5% European | 1344 4)
8.6% Ethioplan 115 (5)
206 12 G42R; 0% German 589 (2)
R296C; 0.1% European 1344 (O]
S486T
2D6 *14 P348S; 0.1% European 1344 )
G169R;
R296C:
S486T
2D6 17 T1071; 0% Caucasian 195 (3)
R296C; 0.1% European 1344 4)
54867 9% Ethiopian 115 (5)
‘ 34% African 388 (6)
All other P450 allelic variants occur at a frequency of 0.1 % or less (4).
Table 3 P450 2C9 Allele Frequency
P450 Allele | Mutation Allele Ethnic Group Study Group Reference
Frequency
2C8 | W.T. 62% Caucasian 52 (7)
2C9 2 R144C 17% Caucasian 52 7
2C9 *3 F1asaL 19% Caucasian 52 @
2C9 *4 i 13597 *x% Japanese X (8)
2Co *5 D360E 0% Caucasians 140 (9)
3% African- 120 ()
Americans
2C9 *7 Y358C X% X Swiss Prot

-42-




10

WO 03/048768

PCT/GBU2/054Y9
41
Table 4. P450 3A4 Allele Frequency
P450 Allele | Mutation Allele Ethnic Group Study Group Relerence
Frequency
3A4 "1 W.T. >80% X
3A4 *2 8222P 2.7% Caucasian X (10)
0% African X (10)
0% Chinese X (10)
3A4 *3 M445T 1% Chinese X (10)
0.47% European 213 (11)
4% Caucasian 72 (12)
3A4 *4 1118V 2.9% Chinese 102 (13)
3A4 *5 P218R 2% Chinese 102 (13)
3A4 7 G56D 14% European 213 (1)
3A4 *8 R130Q 0.33% European 213 (11)
3A4 2 V170l 0.24% European 213 (1)
3A4 *10 D174H 0.24% European 213 (i1)
3A4 *11 T363M 0.34% European 213 (11)
3A4 12 L373F 0.34% European 213 (1)
3A4 *13 P416L 0.34% Eurepean 213 11)
3A4 15 R162Q 4% African 72 (12)
3Ad *7 F189S 2% Caucasian 72 (12)
3A4 *18 293P 2% Asian 72 (12)
3A4 *19 P4678 2% Asian 72 (12)
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Example 3: Cloming of wild-type FH. sapiens cytochrome P450 enzymes

CYP2C9, CYP2D6 and CYP3A4

The human cytochrome p450s have a conserved region at the N-terminus, this
includes a hydrophobic region which faciliates lipid association, an acidic or
‘stop transfer’ tegion, which stops the protein being fed further into the
membrane, and a partially conserved proline repeat. Three versions of the p450s

were produced with deletions up to these domains, the N-terminal deletions are

shown below.

Construct Version N-terminal Deletion
T009-C2 3A4 Proline -34 AA
T009-C1 3A4 Stop Transfer -25 AA
T009-C3 3A4 Hydrophobic peptide -13 AA
T015-C22C9 Proline 28 AA
T015-C1 2C9 Stop Transfer -20 AA
T015-C3 2C9 Hydrophobic peptide -0AA
T017-C1 2D6 Proline 29 AA
T017-C2 2D6 Stop Transfer -18 AA

T017-C3 2D6 Hydrophobic peptide -0 AA

The human CYP2D6 was amplified by PCR from a pool of brain, heart and
liver cDNA libraries (Clontech) using specific forward and reverse primers
(TO17F and T017R). The PCR products were cloned into the pMDO004
expression vector, in frame with the N-terminal His-BCCP tag and using the
Not1 restriction site present in the reverse primer. To convert the CYP2D6 for
expression in the C-terminal tag vector pBJW102.2 (Fig. 9A&B), primers were

used which incorporated an Sfil cloning site at the 5° end and removed the stop
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codon at the 3 to allow in frame fusion with the C-terminal tag. The primers
TO17CR together with either TO17CF1, TO17CF2, or T017CF3 allowed the
deletion of 29, 18 and O amino acids from the N-terminus of CYP2D6
respectively.

Primer sequences are as follows:

TO17F: £’ -GCTGCACGCTACCCACCAGGCCCCCTG-3 " .

TO17R: £ ' _TTECEECCECTCTTC TACTAGCGEGECACAGCACARAGCTCATAG-3 1
TQ17CF1: 5 7 - TATTCTCACTGGCCATTACGGCCACTCCACGCTACCCACTAGGLCCCCTE-3 7
TD17CF2: 57—

PATTCTCACTGGCCATTACGECCETGEACCTGATGCACCEECGCCAACGCTEEGE
TGCACGCTACCCACCAGGCCCCCTG-3

TO17CF3: 5/ _TATTCTCACTCCCCATTACCGCCCATGGCTCTAGRAGCACTGETGCCCCTGGLCE
TGATAGTGGCCATCY TCOTGCTCCTGETGGACCTGATGCACCGECGCCAACGC-3 1
TO17CR: 5 " ~-GCGGEGCACAGCACARRGCTCATAGGG-3

PCR was performed in a 50l volume containin g 0.5uM of each primer, 125-
250uM dNTPs, 5ng of template DNA, Ix reaction buffer, 1-5 units of
polymerase (Pfu, Pwo, or ‘Expand long template’ polymerase mix), PCR cycle
= 95°C Sminutes, 95°C 30 seconds, 50-70°C 30 seconds, 72°C 4 minutes X135
cycles, 72°C 10 minutes, or in the case of Expand 68°C was used Tor the
extension step. PCR products were resolved by agarose gel electrophoresis,
those products of the correct size were excised from the gel and subsequently
purified using a gel extraction kit. Purified PCR products were then digested
with either Sfil or Not] and ligated into the prepared vector backbone (Fig.
9C). Coarrect recombinant clones were determined by PCR screening of

bacterial cultures, Western blotting and by DNA sequence analysis.
CYP3A4 and CYP2C9 were cloned from cDNA libraries by a methodology

similar to that of CYP2D6. Primer sequences to amplify CYP3A4 and CYP2C9

for cloning into the N-terminal vectors are as follows;
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51 ~CTCCCTCCTGGCCCCACTCCTCTCCCAR-3 Y
5 -TTTECEGCCGCTCTTCTATCAGACAGGAATGAAGCACAGCCTGGTA-3

5 ' -CTTGGAATTCCAGGGCCCACACCTCTG-2
51 -TTTGCGGCCECTCTTCTATCAGGCTCCACTTACGGTGCCATCCCTTGA-3 7

Primers to convert the N-terminal clones for expression in the C-terminal

tagging vector are as follows:

3A4
TO09CF1:

TOOSCF2:
TO09CF3:

TO0SCR:

2C9
TO15CF1l:

TQ15CF2:
TO15CR:

5! ~-TATTCTCACTGGECCATTACGGCCTATGGAACCCATTCACATGCACTTTTTA

BGARGCTTGGAATTCCAGGGCCCACACCTCTG-3

5 -TATTCTCACTCEGCCATTACEGCCCTTGGAATTCCAGGGCCCACACCTCTG-3 !
5 ~TTCTCACTGECCATTACGECCCCTCCTGEC TGTCAGCCTGGTGCTCCTCTATCT
ATATCCAACCCATTCACATGGACTTTTITAGG-3 '

57 -GGCTCCACTTACGGTGCCATCCCTTGAC-3 '

5/ -TATTCTCACTCGCCATTACGECCAGACAGAGC TCTGEGAGAGGARARCTCCCTC
CTGGCCCCACTCCTCTCCCAG-3

5/ ~TATTCTCACTGGCCATTACGGCCCTCCCTCCTGGCCCCACTCCTCTCCCAG-3 1
5/ -GACAGGAATGAAGCACAGCTGGTAGARAGG-3

The full length or Hydrophobic peptide (C3) version of 2C9 was produced by

inverse PCR using the 2C9-stop transfer clone (C1) as the template and the

following primers:

2C9-hydrophokic-peptide-F:

5+ . CTCTCATGTTTGCTTCTCCTTTCACTC TGEAGACAGCGCTCTGGGAGAGGAARACTC -3 !
2C9-hydrophokic-peptide-R:

5¢ - ACAGAGCACAAGGACCACAAGAGAATCGECCETAAGTGCCATAGTTAATTTCTC-3
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Example 4: Cloning of NADPH-cytochrome P450 reductase

NADPH-cytochrome P450 reductase was amplified from fetal liver’cDNA
(Clontech), the PCR  primers [NADPH reductase Fl  5'-
GGATCGACATATGGGAGACTCCCACGTGGACAC-3"; NADPH reductase
R1 5 CCGATAAGCTTATCAGCTCCACACGTCCAGGGAG-3']
incorporated a Nde T site at 5' and a Hind III site at the 3’ of the gene to allow
cloning. The PCR product was cloned into the pJW45 expression vecior (Fig.
10A&B)), two stop codons were included on the reverse primer to ensure that
the His-tug was not translated. Correct recombinant clones were determined by

PCR screening of bacterial cultures, and by sequencing.

Example 5: Cloning of polvmorphic variants of H. sapiens cytochrome P450s
CYP2C9, CYP2D6 and CYP3A4

Once the correct wild-type CYP450s (Figs. 11, 12, & 13) were cloned and
verified by sequence analysis the naturally occurring polymorphisms of 2C9,
2D6 and 3A4 shown in Table 5 were created by an inverse PCR approach
(except for CYP2D6*10 which was amplified and cloned as a linear PCR
product in the same way as the initial cloning of CYP2D6 described in Example
3). In each case, the Torward inverse PCR primer contained a 1bp mismatch at
the 5' position to substitute the wild type nucleotide for the polymorphic

nucleotide as observed in the different ethnic populations.

Cytochrome P450 polymorphism Encoded amino acid subsitutions
CYP2C9%1 wild-type

CYP2C9%2 TR144C

CYP2C9*3 1359L
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CYP2C9%4 1359T
CYP2C9*%5 D360E
CYP2C9*7 Y358C
CYP2D6*1 wild-type
CYP2D6*2 R296C, S486T
CYP2D6%9 K281del
CYP2D6*10 P34S, S486T
CYP2D6*17 T1071, R296C, S486T
CYP3A4%] wild-type
CYP3A4%2 S222P
CYP3A4%3 M445T
CYP3Ad*4 1118V
CYP3A4%5 P2ISR
CYP3A4*15 R162Q

Table 5 Polymorphic forms of P450 2C9, 26 and 3A4 cloned

The following PCR primers were used.

CYP2C9*2F: 5’ -TGTGTTCAAGAGGAAGCCCGCIG-3’
CYP2C9*2R: 5’ -GTCCTCAATGCTGCTCTTCCCCATC-3!
CYP2CY*3F: 5‘-CTTGACCUTCTCCCCACCAGCCTG-3!
CYP2C9*3R: 5'-GTATCTCTGGACCTCGTGCACCAC-3'
CYP2C9*4F: 5'-CTGACCTTCTCCCCACCAGCCTG-3 '
CYP2C9*4R: 5‘-TGTATCTCTGGACCTCGTGCAC-3"
CYP2C9*5F: §‘-GCTTCTCCCCACCAGCCTGC-3/
CYP2C9%5R: 5’ -TCAATGTATCTCTGGACCTCGTGC-3’
CYP2CY*7F 5 ' ~GCATTGACCTTCTCCCCACCAGC -3
CYP2C9*7R: 5’ -CACCACGTGCTCCAGGTCTCTA-3’
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CYP2D6*10AF1: 57—
TATTCTCACTGGCCATTACGGCCGTGGACCTGATGCACCGGCECCAALGCT
GG GCTGCACGCTACTCACCAGGCCCCCTGC-37

CYP2D6*10AR1 : 51
GCEEEGECACAGCACAAAGCTCATAGGGGCATGGGCTCACCAGGAAAGCAAA
e-37

CYP2D6#*17F: 5'~TCCAGATCCTGGGTTTCGGGC-3"
CYP2D6*17R: 5'-TGATGGGCACAGGCGGGCGGTC-37

CYP2D6#*9F":  5/-GCCAAGGGGAACCCTGAGAGC-3
CYP2D6*9R: 5'-CTCCATCTCTGCCAGGAAGGC-3”

CYP3A4+%2F;: 5'-CCAATAACAGTCTTTCCATTCCTC-3”
CYP3IA4*2R: 5'-CAGAAAGAATIGATCCAAAAARTC-3'

CYP3A4*3F: 5’-CGAGETTTGCTCTCATGACCATG-3"
CYP3A4#*3R: 5'-TGCCAATGCAGTTTCTGGETCCAC-3
CYP3A4*4F: 5'~CGTCTCTATAGITGAGGATGARG-3'
CYP3A4*4R: 5'-GGCACTTTTCATAAATCCCACTG-3'
CYP3M4*SF: 5'-GATTCTTTCTCTCAATAARCAGTC-3'
CYP3A4*SR: 5'-GATCCAAARAATCAAATCTTAAR-3’
CYP3A4*15F: 5'-AGGAAGCAGAGACAGGCARGC-3
CYP3A4+15R: 5'-GCCTCAGATTTCTCACCAACAC-3’

Example 6: Expression and Purification of P450 3A4

E. coli XL-10 gold (Stratagene) was used as a host for expression cultures of
P450 3A4. Starter cultures were grown overnight in LB media supplemented
with 100mg per litre ampicillin. 0.5 litre Terrific Broth media plus 100mg per
litre amnpicillin and 1mM thiamine and trace clements were inoculated with
1/100 dilution of the overnight starter cultures. The ﬂasks were shaken at 37°C
until cell density OD ¢ was 0.4 then 8-Aminolevulinic acid (ALA) was added

to the cells at 0.5mM for 20 min at 30°C. The cells were supplemented with
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50uM biotin then induced with optimum concentration of IPTG (30- 100uM)
then shaken overnight at 30°C.

The E. coli cells from 0.5 litre cultures were divided into 50 ml aliquots, cells
pelleted by centrifugation and cell pellets stored at —20°C. Cells from each
pellet were lysed by resuspending in 5ml buffer A (100mM Tris buffer pH 8.0
containing 100 mM EDTA, 10mM B-mercaptoethanol, 10x stock of Protease
inhibitor cocktail- Roche 1836170, 0.2mg/ml Lysozyme). After 15 minutes
incubation on ice 40 ml of ice-cold deionised water was added to each
resuspended cell pellet and mixed. 20 mM Magnesium Chloride and Spg/ml
DNasel were added. The cells were incubated for 30 min on ice with gentle
shaking after which the lysed E.Coli cells were pelletted by centrifugation for
30 min at 4000 rpm. The cell pellets were washed by resuspending in 10 ml
buffer B (100mM Tris buffer pl] 8.0 containing 10mM f-mercaptoethanol and
a 10x stock of Protease inhibitor cocktail- Roche 1836170) followed by
centrifugation at 4000 rpm. Membrane associated protein was then solubilised
by Lhe addition of 2 ml buffer C (50mM potassium phosphate pH 7.4, 10x stock
of Protease inhibitor cocktail- Roche 1836170, 10 mM {-mercaptoethanol, 0.5
M NaCl and 0.3% (v/v) Igepal CA-630) and inéubating on ice with gentle
agitation for 30 minutes before centrifugation at 10,000g for 15 min at 4°C and

the snpernatant (Fig. 14) was then applied to Talon resin (Clontech).

A 0.5 ml column of Ni-NTA agarose (Qiagen) was poured in disposable gravity
columns and equilibrated with 5 column volumes of buffer C. Supernatant was
applied to the column after which the column was successively washed with 4
column volumes of buffer C, 4 column volumes of buffer D (50mM potassium
phosphate pH 7.4, 10x stock of Protease inhibitor cocktail- Roche 1836170, 10
mM B-mercaptoethanol, 0.5 M NaCl and 20% (v/v) Glycerol) and 4 column
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volumes of buffer D + 50 mM Imidazole before elution in 4 column volumes of
buffer D + 200 mM Imidazole (Fig. 15). 0.5ml fractions were collected and

protein containing fractions were pooled aliquoted and stored at -80°C.
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Example 7: Determination of heme incorporation into P450s

Purified P450s were diluted to a concentration of 0.2 mg / ml in 20 mM
potassium phosphate (pH 7.4} in the presence and absence of 10 mM KCN and
an absorbance scan measured from 600 — 260 nm. The percentage bound heme

was calculated based on an extinction coefficient €15 of 100 mMem™.

Example 8: Reconstiution and assay of cytochrome P450 enzymes into

liposomes with NADPH-cytochrome P450 reductase

Liposomes are prepared by dissolving a 1:1:1 mixture of 1,2-dilauroyl-sn-
glycero-3-phosphocholine, 1,2-dileoyl-sn-glycero-3-phosphocholine,  1.2-
dilauroyl-sn-glycero-3-phosphoserine in chloroform, evaporating to dryness and
subsequently resuspending in 20 mM potassinm phosphate pH 7.4 at 10 mg/ml.
4 pg of liposomes are added to a mixture of purified P450 2D6 (20 pmol),
NADPH P450 reductase (40 pmol), cytochrome b3 (20 pmol) in a total volume
of 10 ul and preincubated for 10 minutes at 37°C.

After reconstitution of cytochrome P450 enzymes into liposomes, the liposomes
are diluted to 100 pl in assay buffer in a black 96 well plate, containing HEPES
/ KOH (plI 7.4, 50 mM), NADP+ (2.6 mM), glucose-6-phosphate (6.6 mM),
MgCl, (6.6 mM) and glucose-6-phosphate dehyrogenase (0.4 units / ml). Assay
buffer also contains an appropriate fluorogenic substrate for the cytochrome
P450 isoform lo be assayed: for P450 2D6 AMMC, for P450 3A4 dibenzyl
flnorescein (DBF) or resorufin benzyl ether (BzRes) can be used and for 2C9
dibenzyl fluorescein (DBF). The reactions are stopped by the addition of

‘stopping solution’ (80% acetonitrile buffered with Tris) and products are read
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using the appropriate wavelength filter sets in a fluorescent plate reader (Fig.

16).

P450s can also be activated chemically by, for example, the addition of 200 pM
cumene hydroperoxide in place of the both the co-enzymes and regeneration

solution (Fig. 17).

In addition fluorescently measured rates of turnover can be measured in the

presence of inhibitors.

Example 9: Detection of Drug Binding to immobilised P450s CYP3A4

Purificd CYP3A4 (10pg/ml in 50mM HEPES/0.01% CHAPS, pH 7.4) was
placed in streptavidin immobiliser plates (Exigon) (100ul per well) and shaken
on ice for 1 hour. The wells were aspirated and washed twice with 50mM
HEPES/0.01% CHAPS. [*H]-ketoconazole binding to immobilised protein was
determined directly by scintillation counting. Saturation experiments were
performed using [PH]ketoconazole (3CUmmol, American Radiochemicals Inc.,
St. Louis) in 50mM HEPES pH 7.4, 0.01% CHAPS and 10% Superblock
(Pierce) (Figure 18). Six concentrations of ligand were used in the binding
assay (25 ~ 1000nM) in a final assay volume of 100ul. Specific binding was
defined as that displaced by 100uM ketoconazole. Each measurement was made
in duplicate. After incubation for 1 hour at room temperature, the contents of
the wells were aspirated and the wells washed three times with 150ul ice cold
assay buffer. 100pl MicroScint 20 (Packard) was added to each well and the

plates counted in a Packard TopCount microplate scintillation counter (Fig. 18).
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Example 10 Chemical activation of tagged, immobilised CYP3A4

CYP3A4 was immobilised in streptavidin immobiliser plates as described in
Example 9 and was then incubated with dibenzyl flucrescein and varying
concentrations (0-300uM) of cumene hydrogen peroxide. End point assays
demonstrated that the tagged, immobilised CYP3A4 was functional in a turn-

over assay with chemical activation (Fig. 19).

Example 11: Inmobilisation of P450s through gel encapsulation of
liposomes or microsomes

After reconstitution of cytochrome P450 cnzymes together with NADPH-
cytochrome P450 reductase in liposomes or microsomes, these can then be
immabilised on to a surface by encapsulation within a gel matrix such as

agarose, polyurethane or polyacrylamide.

For example, low melting temperature (LMT) (1% wi/v) agarose was dissolved
in 200mM potassium phosphate pH 7.4. This was then cooled to 37 *Cona
heating block. Microsomes containing cytochrome P450 3A4, cytochrome b5
and NADPH-cytochrome P450 reductase were then diluted into the LMT
agarose such that 50 pl of agarose contained 20, 40 and 20 pmol of P450 3A4,
NADPH-cytochrome P450 teductase and cytochrome b5 respectively. 50 pl of
agarose-microsomes was then added to cach well of a black 96 well microtitre

plate and allowed to solidify at room temperature.
To each well, 100 ul of assay buffer was added and the assay was conducted as

described previously (for example, Example 8) for conventional reconstitution

assay. From the data generated a comparison of the fundamental kinetics of
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BzRes oxidation and ketoconarzole inhibition was made (Table 6) which showed

that the activity of the CYP3A4 was retained after gel-encapsulation.

_ Gel encapsulated Soluble
BzRes Oxidation
Ky (M) 49 (18) 20 (5)
Vinax (% of soluble) 50 (6) 100 (6)
Ketoconazole inhibition
IC50 (nM) 36 (12) 207 (54)
Table 6 Comparison of kinetic parameters for Bz Rez oxidation and

5 inhibition by ketoconazole for cytochrome P450 3A4 microsomes in
solution and encapsulated in agarose. For estimation of Ky and Vp, for
BzRes assays were performed in the presence of varying concentrations of
BzRes up to 320 M. Ketoconazole inhibition was performed at 50 uM BzRes
with 7 three-fold ditutions of ketoconazole from 5 uM. Values in parenthesis

10 indicate standard errors derived from the curve fitting.

The activity of the immobilised P450s was assessed over a period of 7 days
(Fig. 20). Aliguots of the same protein preparation stored under identical
conditions, except that they were not gel-encapsulated, were also assayed over
15 the same period, which revealed that the gel encapsualtion confers signilicant

stability to the P450 activity.

Example 12: Quantitative determination of affect of 3A4
polymorphisms on activity

20
Purified cytochrome P450 3A4 isoforms *1, *2, *3, #4, %5 & *15 (approx 1 pg)

were incubated in the presence of BzRes and cumene hydrogen peroxide (200
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M) in the absence and presence of ketoconazole at room temperature in 200
mM KPO, buffer pH 7.4 in a total volume of 100 ul in a 96 well black
microtitte  plate. A minimum of duplicates were performed for each
concentration of BzRes or ketoconazole.

Resorufin formation of was measured over time by the increase in fluorescence
(520 nm and 580 nm excitation and emission filters respectively) and initial

rates were calculated from progress curves (Fig. 21).

For estimation of K™ and V™" for BzRes, background rates were first
subracted from the initial rates and then were plotted against BzRes
concentration and curves were fitted describing conventional Michaelis-Menton
kinetics:

V=V / 1+ (Kp/S)

where V and S are initial rate and subsirate concentration respectively. Viax
values were then normalised for cytochrome P450 concentration and scaled to

the wild-type enzyme (Table 7).

For estimation of ICs, for ketoconazole, background rates were first subtracted
from the initial rates which were then converted to a % of the uninhibited rate
and plotted against ketoconazole concentration (Fig. 22). 1Cs, inhibition curves
were fitted using the equation:

V=100/(1+(/ICs))

where V and I are initial rate and inhibitor concentration respectively. The data

obtained is shown in Table 7:
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Ve BZRes Ky BzRes (UM) ICsp ketoconarzole (UM)
3A4*WT 100 (34} 104 (25) 0.91 (0.45)
3A4%2 659 62 4 0.44 (0.11)
3A4%3 93 (24) 54 (13) 1.13 (0.16)
3A4%4 69 (22) 111 (18) 0.88 (0.22)
3A4*5 59 (16) 101 (11) 1.96 (0.96)
3A4*15 111 (23) 89 (11) 0.59 (0.20)
Table 7 Kinetic parameters for BzRes turnover and its inhibition by

ketoconazole for cytochromc P450 3A4 isoforms. The parameters were
obtzined from the fits of Michaelis-Menton and ICsp inhibition curves to the
data in Figs. 21 & 22. Values in parenthesis are standard errors obtained from

the curve fits.

Example 13: Array-based assay of immobilised CYP3A4
polymorphisms

Cytochrome P450 polymorphisms can be assayed in parallel using an array
format to identify subtle differences in activity with specific small molecules.

For example, purified cytachrome P450 3A4 isoforms *1, ¥2, *3, *4 %5 & *15
can be individually reconstituted in to liposomes with NADPH-cytochrome
P450 reductase as described in Example 11. The resultant liposomes
preparation can then be diluted into LMP agarose and immobilised into

individual wells of a black 96 well microtitre plate as described in Example 11.
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The immobilised proteins can then be assay ed as described in Example 11 by
adding 100l of assay buffer containing BzRes +/- ketoconazole to each well.

Chemical activation (a5 described in Example 12) can also be used in an array
format. For example, purified cytochrome P450 3A4 isoforms *1, *2, *3, *4,
&

15 can be individually reconstituted in to liposomes without NADPH-
cytochrome PA450 reductase and the resultant liposomes can bs immobilised via
encapsulation in agarose as described in Example 11. The cytochrome P450
activity in each well can then be measured as described in Example 12 by 100
of 200 mM KPO, buffer pH 7.4 containing BzRes and cumene hydrogen
peroxide (200 uM), +/- ketoconazole, to each well,

In summary, the Inventors have developed a novel protein array technology for
massively parallel, high-throughout screening of SNPs for the biochemical
activity of the encoded proteins, Its applicability was demonstrated through the
analysis of various functions of wild type pS3 and 46 SNP versions of p53 as
well as with allelic variants of p450. The same surface and assay detection
methodologies can now be applied to other more diverse arrays currently being
developed. Due to the small size of the collection of proteins being studied here,
the spot density of our arrays was relatively small, and each protein was spotted
in quadruplicate. Using current robotic spotting capabilities it is possible to

increase spot density to include over 10,000 proteins per array.

The term “comprise” and variants of the term such as “comprises” or
“comprising” are used herein to denote the inclusion of a stated integer or
stated integers but not to exclude any other integer or any other integers, unless

in the context or usage an exclusive interpretation of the term is required.

Any reference to publications ¢ited in this specification is not an admission that

the disclosures constitute common general knowledge in Australia.
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The claims defining the invention are as follows:

1. A protein array comprising a surface upon which are deposited in a spatially defined pattern
at least two protein moieties characterised in that said protein moieties are those of naturally

occurring variants or alternatively-spliced transcripts of a DNA sequence of interest.

2. A protein array as claimed in claim 1 wherein said variants map to the same chromosomal
locus,
3. A protein array as claimed in claim | or 2 wherein the at least two protein moieties are

derived from synthetic cquivalents of naturally occurring variants or alternatively-spliced

transcripts of a DNA sequence of interest.

4. A protein array as claimed in claim | or claim 2, wherein said at least two protein moieties
comprise a protein moiety expressed by a wild type gene of interest with at least one protein
moiety expressed by one or more genes containing one or more naturally occurring mutations

thereof.

5. A protein array as claimed in claim 4 wherein said mutations are selected from the group
consisting of a mis-sense mutation, a single nucleotide polymorphism, a deletion mutation and an

insertion mutation,

6. A protein array as claimed in any one of the preceding claims wherein the protein moieties
comprise proteins associated with a disease state, drug metabolism or those which are

uncharacterised.

7. A protein array as claimed in any one of the preceding claims wherein the protein moieties

encode wild type p53 and allelic variants or alternatively-spliced transcripts thereof.

8. A protein array as claimed in any one of claims 1 to 6 wherein the protein moieties encode

a drug metabolising enzyme.
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9. A protein array as claimed in claim 8 wherein the drug metabolising enzyme is wild type

p450 and allelic variants or alternatively-spliced transcripts.

10. A method of making a protein array comprising the steps of:

(a)  providing DNA coding sequences which are those of two or more naturally
occurring variants or alternatively-spliced transcripts of a DNA sequence of interest;

b) expressing said coding sequences to provide one or more individual protein
moieties;

()  depositing said protein moieties in a spatially defined pattern on a surface to give an

array.

11.  The method as claimed in claim 10, wherein said protein moieties are simultaneously

purified and isolated on the array in a single step via an incorporated tag.

12.  The method as claimed in claim 10, wherein said DNA sequence of interest encodes a

protein associated with a disease state, drug metabolism or is uncharacterised.

13.  The method as claimed in claim 12, wherein said DNA sequence of interest encodes p53.

14.  The method as claimed in claim 12, wherein said DNA sequence of interest encodes a drug

metabolising enzyme.

15.  The method as claimed in claim 14, wherein said drug metabolising enzyme is wild type

p450 and allelic variants or alternatively-spliced transcripts thereof.

16.  Use of an array as claimed in any one of claims 1 to 9 in the determination of the phenotype
of a naturally occurring variant or alternatively-spliced transcript of a DNA sequence of interest
wherein said DNA sequence is represented by at least one protein moiety derived therefrom and is

present of said array.
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17. A method of screening a set of protein moieties for molecules which interact with one or
more proteins, comprising the steps of :

(a)  bringing one or more test molecules into contact with an array as claimed in any one
of claims | to 9; which carries said set of protein moieties; and

(b)  detecting an interaction between one or more test molecules and one or more

proteins on the array.

18. A method of simultaneously determining the relative properties of members of a set of
protein moieties, comprising the steps of :

(a)  bringing an array as claimed in any one of claims 1 to 9 which carries said set of
protein moieties into contact with one or more test substances; and

(b)  observing the interaction of said test substances with the set members on the array.
19.  The method of claim 18 wherein one or more of said protein moieties are drug metabolising
enzymes and wherein said enzymes are activated by contact with an accessory protein or by

chemical treatment,

Dated: 27 February 2008
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CAGCGGATAG
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AATGTAATTC
GCTGGCCTE6
ATCGTATAAC
TCATGCCATA
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GAAAACCTCT
SCCAGCAGAC
ATGACCCAGT
AGATTGTACT
AATACCGCAT
GGCTGCGGCE
GGRATARCGC
AGGCCGLGTT
GACGCTCAAG
CTGGAAGCTC
CCTTTCTCCC
CGGTGTAGGT
GCLGLGCCTT
CACTGGCAGC
AGTTCTTGAA

CATAARAAAT
GATAACRATT
TCCGCATGCG
GTGGTCACAT
CAARAGCGTT
AAGCCATGAA
TGGTCGAAAG
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GTAAAGAACA
AGCTGCATAT
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3661 CTCTGCTGAA CCCAGTTACC TTCGGRAARAA GAGTTGGTAG CTCTTGATCC GGCARACRAA
3721 CCACCGCTGG TAGCGGIGGT TTTTTTGTTT GCAAGCAGCA GATTACGCGC AGAAAMARAG
3781 GATCTCAAGA AGATCCITTG ATCTTTTCTA CGGGGTCTGA CGCTCAGTGG AACGAAAACT
3841 CACGTTAAGG GATTTTGGTC ATGAGATTAT CAAARAGGAT CTTCACCTAG ATICCTTITTAA
3901 ATTEARAATG ARGTTTTAAA TCAATCTAAA CTATATATGA GTAAARCTIGG TCTGACAGTT
3961 ACCAATGCTT RATCAGTGAG GCACCTATCT CAGCGATCTG TCTATTTCGT TCAICCATAG
£021 TTGCCTGACT CCCCGTCGTG TAGATRACTA CGATACGGGA GGGCTTACCA TCTSGCCCCA
4081 GTGCTGCAAT GATACCGCGA SACCCRCGCT CACCGGCTCC AGATTTATCA GCRATAAACC
4141 AGCCAGCCGG ARGGGCCGAG CGCAGAAGTG GTCCTGCABRC TTTATCCGCC TCCATCCARGT
4201 CTATTAATTG TTGCCGGGRAA GCTAGAGTAA GIAGITCGCC AGTTAATAGT TTGCGTARCG
4261 TTGTTGCCAT TGCTACAGGC ATCGTGGTGT CACGCTCGIC GTTTGGTATG GCTTCATTCA
4321 5CTCCGGTTC CCAACGATCA AGGCGAGITA CATGATCCCC CATGITGTGC AARARAGCGG
4381 TTAGCTCOTT CGGTCCTCCG ATCGTTGTCA GAAGTAAGTT GGCCGCAGTG TTATCACICA
4441 TGGTTATGGC AGCACTGCAT AATTCICTTA CIGLCATGCC ATCCGTAAGA TGCTTTTCTIG
4501 TGACTGGTGA GTACTCAACC AAGTCATTCT GAGRATAGTG TATGCGGCGA CCGAGTTGLT
4561 CTTCCCCGGEC GTCAATACGG GAUAATACCG CGCCACATAG CAGAACTTTA AAAGTGCTCA
4621 TCATTGERAA LCGTTCTTCG GGGCGRAAAC TCTCAAGGAT CITACCGCTG TTGAGATCCA
1681 GTICGALGLA ACCCACTCGT GCACCCAACT GATCTTCAGC ATCTTTTACT TTCACCAGCG
4741 TTTCTGGGTG AGCRAAAACA CGAAGGCANN ATGCCGCAAAR ARAGGGRATA AGGGCGACAC
1§01 GGRAARTGTTG ARTACTCATA CTCTTCCTTT TTCAATATTA TTGAAGCATT TATCAGGGTT
1861 ATTGTCTCAT GAGCGGATAC ATATTTGAAT GTATTTAGAA AAATAPACAA ATAGGGGTTC
1921 CGCGCACATT TCCCCGARAR GIGCCACCTG ACGTCTAAGA BACCATTATT ATCATGACAT
4981 TARCCTATAA AAATAGGCGT ATCACGAGGC CCITTCGTCT TCAC

FIG. 9B conro

Dra III Sph I Sma I
115 ATGGCA CTTAGTGEGA TCCGCATGCG AGCTCGGTAC CCCGGGGGTG GCAGC
TACCGT GAATCACCCT AGGCGTACGC TCGAGCCATG GGGCCCCCAC CGTICG

FIG. 9C
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CAGGTGGCAC
ATTCAAATAT
AARGGCAAGAG
TTTGCCTTCC
NAGTIGGGTGC
GTTTTCGCCC
CGGTATTATC
AGAATGACIT
TARGRAGAATT
TGACAACGAT
TAACTCGCCT
ACACCACGAT
TTACTCTAGC
CACTTCTGCG
AGCGTGGEGIC
TAGTTATCTA
AGATAGCTGC
TTTAGATTGA
ATAATCTCAT
TAZRARRGAT
AAACAARARA
ITTTICCGRA
AGCCETAGIT
TAATCCTGTT
CAAGRCGATA
AGCCCAGCTT
ARAGCGCCAC
GAACNGGAGA
TCGGGTTTICG
GCCTATGGAA
TTGCTCACAT
TTGAGTGAGC
AGGAAGCCCA
TCGCGGTATG
AGTAACGTTA
GGTGAACCAG
GGAGCTGARAT
GATTGGCGTT
TARATCTCGC
CGTCGAAGCC
CATTAACTAT
TCCGGCGTITA

TTTTCGGGGA
GTATCCGCTC
TATGAGTATT
TGITTTTGCT
ACGAGIGGGET
CGAAGAACGT
CCGTATTGAC
GGTTGAGTAC
ATGCAGTGCT
CGGAGGACCG
TGATCGTTGG
CGCCTGTAGCA
TTCCCGGCAA
CTCGGCCCTT
TCGCGGTATC
CNCGACGGGGE
CTCACTGATT
TTTAARACTT
GACCARAALC
CARAGGATCT
ACCACCGCTA
GGTRACTEGC
AGGCCACCAC
ACCRGTGECT
GTTACCGGAT
GCAGCGAACG
GCTTCCCGAA
GCGCACGAGG
CCACCTCTGR
ABLACGCCAGC
GITCTITCCT
TGATACCGCT
GGACCCRACG
GCATGATAGC
TACGATGTCG
GCCAGCCACG
TACATTCCCA
GCCACCTCCA
GCCGATCAAC
TCTAARAGCGG
CCGCTGGATG
TTTCTTGALG

12722

AATGTGCGCG
ATGAGACAAT
CMACATTTCC
CACCCAGAAA
TACATCGAAC
TTTCCAATGA
GCCGGGCAAG
TCACCAGTCA
GCCATAACCA
AAGGAGCTAA
GAACCGGAGC
ATGGCAACAA
CRATTAATAG
CCGGCTGGCT
ATTGCAGCAC
AGTCAGGCAA
AAGCATTGGET
CATTTTTAAT
CCTTRACGTG
TCTTGAGATC
CCAGCGGTGG
TTCAGCAGAG
TTCAAGAACT
GCTGCCAGTG
AAGGCGCAGC
ACCTACACCG
GGGACARAAGG
GAGCTTCCAG
CTTGAGCGIC
AACGCGGCTT
GCGTTATCCZC
CGCCGCAGCC
CTGCCCGARA
GCCCGGAAGA
CAGAGTATGC
TTTCTGCGAA
ACCGCGTGGEC
GTCTGGCCCT
TGGGTGCCAG
CGGTGCACAA
ACCAGGATGC
TCTCTGACCA

GAACCCCTAT
BACCCTGATA
CTGICGCCCT
CGCTGGTGAA
TGGATCTCAA
TGAGCACTIT
AGCAACTCGG
CAGAAAAGCA
TGAGTGATAA
CCGCTTTITIT
TGAATGAAGC
CGTTGCGCARA
ACTGGATGGA
GGTTTATTGC
TCCCCCCAGA
CTATGGATGA
AACTGTCACGA
TTARAAGGAT
AGTTITTCGTT
CTTTTTZTCT
TTTGTTTGCC
CGCAGATACC
CTGTAGCACC
GCGATRAGTC
GGTCGGGCTG
AACTGAGATA
CGGACAGGTM
GGGGAAACGC
GATTITTGTC
TT2TACGGTT
CTGATTCTGT
GRACGACCGA
TTCCGACACT
GAGTCRATTC
CGGTGICICT
ALCGCGGGAA
ACAACRACTG
GCACGCCCCG
CGTGGTGETG
TCTTCTCECG
CATTGCTGTG
GACACCCATC

FIG. 10B
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TTGTITTATTT
AATCCTTCAR
TATTCCCL Y
AGTARRAGAT
CAGCGGTAAG
TAAAGITCTG
TCGCCGCATA
TCTTACGGAT
CACTGCGGECC
GCACARCATG
CATACCAAAC
ACTATTAACT
GGCCGATARA
TGATARATCT
TGGTANGCCC
ACGARATAGA
CCAAGYTTAC
CTAGGTGAAG
CCACTGAGZG
GCGCGTAATC
GGATCARGAG
ARATACTGTC
GCCTACATAC
GTGTCITACC
BACGGGGGGET
CCTACAGCGT
TCCGGTAAGC
CTGGTATCTT
ATGCTCGTCA
CCTGGCCTTT
GGATAACCGT
GCGCAGCGAG
ATCGAATGGT
AGGGTGGTGA
TATCAGRCCG
AADGTGCAAG
GCGGGCRARC
TCGCAMATTG
TCGATGCTAG
CAACGCCTCA
GAAGCTGECCT
AACAGTATTA

TTCTARATAC
TAATATTGAN
TIPGCGGCAT
GCLGAAGATC
ATCCTTGAGA
CTATGTGGCG
CACTATTCTC
GGCATGACAG
AACTTACTTC
GGGGATCATG
GACGAGCGTG
GGCGARACTAC
CTIGCAGGAC
GGRGCCGGTG
ICCCETATCG
CAGATCGCTG
TCATATATAC
ATCCTTTTIG
TCAGACCCCG
TGCTGCTTEC
CTACCAACTIC
CTTCTAGTG

CTCGCTCTGEC
GGGTTGCACT
TCGTGCACAC
GAGCATTGAG
GGCAGGGTCG
TATAGTCCTG
GGGGEEIGEGA
TGCTGGCCTT
ATTACCGCCT
TCAGTGAGCG
GCRARACCTT
ATGTGARACC
TTTCCCGCGT
CGGCGATGGC
AGTCGTTGCT
TCGCGGCGAT
AMCGARAGCGG
GTGGGCTGAT
GCACTAATGT
TTTTCTCCCA
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TEAAGACGGT
GCTGTTAGCG
ATATCTCACT
GICCGGTTTT
GGTTGCCAAC
CETTGGTGCGE
CCCGCCGTTA
CTTGCTGCAA
GGTGAARAAGA
CGATTCATTA
ACGCRATTARA
ATCGACTGCA
GCTGTGCAGG
ATAATGTIY
ACAATTAALC
GARACACATA
TACGACAATG
GTGARGGCGA
GGGGCCTCCC
ATCGRAGCGC
CAGCAGCGCA
TACACCGGCC
CCAGIGARAG
ITTGTGCTTG
ITTTCCTATC
CTCGTCCATT
GTCCGCTTCG
CCGTATCCAT
CAACCAGGCG
GGGRCGATTC
CTTGTTGACG
CGCCTGCCTG
GAGGTAATTT
TGCACGATCA
AGAAACGCCA
GGATCCGRAT
TTTTGGCGGA

ACGCGACTGC
GGCCCATTAA
CGCAATCAAR
CAACAAACCA
GATCAGATGG
GATATCTCGG
ACCACCATCA
CTCTCTCAGG
AARACCACCC
ATGCAGCTGG
TGTGAGTTAG
CGGTGCACCA

CGTARATCA
TTGCGCCGAC
AICGGCTCGT
TGAACGAZIT
TGCGCGAAICT
ACGCCTAIGG
GCCTGGCGET
CGATTCTAGT
TTGCCCTGAC
CTATTCCTAT
ACGAGGAGGA
AMGCGGCGTA
AGTATACCCG
CCGCCAACAG
GCATTGCCAT
TAARAGAAGC
AARAGGTGAG
CGATCGGCTA
GACARRAAGGC
GGCCGCTGCC
CCATTGATGA
GCTATCGAGT
TTGGCCGCGE
TCAGCCCGCC
TGAGAGIAAGA

1317122

GCGTGGAGCA
GITCTGTCTC
TTCAGCCGAT
TGCARALGCT
CGCTGGGCGC
TAGTGGGATA
AACAGGATTT
GCCAGGCGGET
TGGECGCCCAA
CACGACAGST
CTCACTCATT
ATSCTITCTSG
CTGCATAATT
ATCATAACSG
ATAATGTGIG
LTCATCGCGAT
GCGCCGTTTG
ACATGGGGAT
TGCCTTTTTG
TCTCGGGGCT
CGTGTTCCEC
TCATTTCCAT
GACGAARCGA
CACGCATTTT
TTTTTTGCAC
CGCACCCTLG
GTATGGGCTT
ATTTTCGCTC
CTATGGTGCG
TGCGGACGGC
GCCGATTGTC
GGTCGGCACG
TGTCGCTCEC
GCCCCGTATT
GGARAGCARGT
TAATGAGCGG

TCTGGTCGCA
CCCGCETCTG
AGCCGAACGG
GRATGAGGGC
ARTGCGCGCC
CGACGATACC
TCGCCTGCTG
GRAGGGCAAT
TACGCAAACC
TTCCCGACTG
AGGCACAATT
CGTCAGGCARG
CETGTCECTC
TTCTGGCAAR
GAATTGTGAG
ACGTGGCCGE
CTGCCGGACG
GLGCAGGTGG
GATGAGGCGC
TCCCGTCCARG
TCCGACTGGT
TTGARAATGG
ATCGCAGCCC
GCGACTGCGG
ATGCTCGAAT
CTCCGTTTCC
GCCCCGTCEC
CATASCCGCC
ACGTACACIG
TGECTCCGTC
GGCCGCATTT
AAGGTGACAC
CATTTGGARAA
TTTTTCCGCC
GCACATCACC
GCTTTTTTIT

FIG 108 CONTD
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TTEGGTCACC
CGTCTGGCIG
GARGGCGACT
ATCGTTCCCA
ATTACCGAGT
GAAGACNGCT
GGGCALACCA
CAGCTGTIGC
GCCTCICCCC
GAAAGCGGGC
CTCATGTTTG
CCATCGGAAG
AAGGCGCACT
TATTCTGAAR
CGGATAACRAR
AAGTGGATTT
ACACGCACAT
CARAGGACAGC
TCGCTTTAAG
CTGATGCGGC
TGGAAGAAGC
ACACCEGCAT
TGATTGAGCG
ATGAGGTZAA
GECTGCCETC
CTGACCGGAC
CCGGCATCAA
TCGTACACGT
CGCAGACGGA
GCCTGCAGCA
GCATGGACCA
TGATTGSETCG
CGATCRACTA
ATAAGCGTAT
ATCACCATCA
GAACAAAATT

AGCARATCGC
GCTGGCATAAR
GGAGTGCCAT
CTGCGATGCT
CCGGGCTGCG
CATGTTATAT
GCGTGGACCG
CCGTCTCACT
GCGCGTTGEEC
AGTGAGCGCA
ACAGCTTAIC
CTGTGGTALIG
CCCGITCTEG
TGAGCTGTTIG
TTTCACACAG
GGACGCCATT
TATGGCGGTC
GCTCGAAGCG
CGAAARAGGA
GCTGECCGCC
GTCCGCCCTT
GGGACGGCTT
CCATCCGCAT
CACCGATTAT
GCGCCCGCCG
GTTCARATATG
GCCGLTGCTG
CAARARACTG
GGAGTGGATC
CTTTCATGTC
GTGCATGATC
CCAGGGGGAC
CGAAGTGCCT
AATGGAAGTS
CTAARAGCTT
AGCTTCGCTS
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. GCTGAGGATG
1 ARACTCAAGG

14122

ATGGCTCICA TCCCAGACTT
CTCCTCTATC TATATGGAAC
CCCACACCTC TGCCTTTTTT
GRCATGGRAT GTCATAAAAA
GTGCTGGCTA TCACAGATCC
GICTTCACAR ACCGGAGGCC
AAGARTGGRA
AGATGGICCC
AGGCGGGRAG CAGAGACACG
ATGGATGTGA CACTAGCAC
GACCCCTTTG TGGARAACAC
CTCTCAATBA CAGTCTITCC
TTTCCAAGAG AAGTTACAAZA
CTCGARGATA CACAARAGCA
TCAAARGAAR CTGAGTCCCA
ATCTTTATTT TTGCTGGCTA
CTGGCCACTC ACCCTGATGT
AATARGGCAC CACCCRCCTA
AATGRARCGC TCAGATTATT
STTGAGATCA AIGGGATGTT
CTTCACCGTG ACCCARBAGTA
AAGAAGANCA ACGACBACAT
RAACTGCATTG GCATGAGGTT
CAGARCTI'CT CCTTCRAACC
GGACITCTTC AACCAGAAAA
AGTGGAGCCT GA

CGCCATGGAA
CCATTCACAT
GGGAAATATT
GTATGGARRA
TGACATGATC
TTTTGETCCA
GAGATTACGA
TATCATTGCC
CAAGCCIGTC
ATCATTTGGA
CAAGRAGCTT
ATTCCTCATC
TTTTTTAAGA
CCGAGTGGAT
CARAGCICTG
TGAARCCACG
CCAGCAGARA
TSATACTGIG
CCCANTTGCT
CATTCCCRAA
CTGGACAGAG
AGATCCTTAC
TGCTCICATG
TTGTAAAGAA
ACCCGTTGTT

PCT/GB02/05499

ACCTGGCTTC TCCTGSCIGT CAGCCTGGTE
CGACITTTTA ACAAGCTTGG AATTCCAGSE
TTGTCCTIACC ATAAGEGLTT TTGTATGTTT
GTGTGGEECT TITATGATIGE TCAARCAGCOT
AAAACAGTGC TAGTGAAAGA ATGTTATTCT
GTGGGATTTA TGAARAGTGC CATCTICTATA
TCATTGCTGT CTCCAACCTT CACCAGTGGA
CAGTATGGAG ATGTGTTGGY GACEAATCTG
ACCTTGAAAG ACGTCTTTGG GGCCTACAGC
GTGAACATCG ACTCTCTCAA CAATCCACAA
TTARGATTTG ATTTTTTGGA TCCATTCTTT
CCAATTCTTG AAGTATTRAA TATCTSTGTG
ARATCTGTAA AAAGGATGAA AGARAGTCGC
TTCCTTCAGC TGATGATTGA C7CTCAGAAT
TCCGATCTGG AGCTCGTGGC CCAATCANTT
AGCAGTGTTC ICTCCTTCAT TATGTATGSAA
CTGCAGBAGG AAATTGATGC AGTTTTACCC
CTACAGATGG AGTATCTTGA CATGGTGETG
ATGAGACTTG AGAGGGTCTG CAARARAGAT
GGGETGETGEE TGATGATTCC AAGCTATGCT
CCTCAGAAGT TCCTCCCTGA AAGATTCAGC
ATATACACAC CCTITTGGAAG TGGACCCAGA
AACATGARAC TTGCTCTAAT CAGAGTCCTT
ACACAGATCC CCCTGARATT AAGCTTAGGA
CTARAGGTTC AGTCRACGGA TGGCACCETA

FIG. 11A

MALIPLLAME TWLLLAVSLV LLYLYGTHSH
DMECHXKKYGK VWGEYDGQQP VLAITDDDMI
AEDEEWKRLR SLLSPTFTSG KLKEMVPITIA
MDVITSTSFG VNIDSLNNPQ D2FVENTKKL
FPREVTNFLR KSVKRMKESR LEDTQOKHRVD
IFIFAGYETT SSVLSFIMYE LATHEDVQDK
NETLRLFPIA MRLERVCKKD VEINGMEIPK
KKNKDNIDPY IYTPFGSGPR NCIGMRFALM
GLLQPEKPVY LKVESRDGTV SGA*

GLFKKLGIPG PTPLPFLGNI LSYHKGFCMF
KIVLVKECYS VFTNRRPFG? VGFMKSAISI
QYGDVLVRNL RREAETGKPV TLKDVEGAYS
LRFDFLDPFF LSITVFPFLT PILEVLNICV
FLOLMIDSON SKETESHKAL SDLELVAQSI
LOEETDAVLE NKAPPTYDTV LCMEYT.DMVV
GVYVMIPSYA LHRDPKYWTE PZKFLEERFS
NMKLALIRVL QNFSFKPCKE TQIFLKLSLG

FIG. 11B
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ATGGATTCTC
AGACAGAGCT
AATATCCTAC
TATGGCCCGG
GAAGCAGTGA
CCACTGGCTG
AAGGAGATCC
ATTGAGGACC
GCCTCACCCT
ATTATTTTCC
TTGAATGAAR
CCTATCATTG
AAARGTTATA
CRAGGACTTTA
GRATTTACTA
ACGACAAGCA
GCTRAAGTCC
GACRGGAGCC
CTTCTCCCCA
ATTCCCAAGG
TTTCCCARCC
AAARGTARAT
GCCEGCATGG
CTGGTTGACC
CCCTTCTACC
GTGCAGTCCC
GCCTTTTCTC
CTCCATTACG
CTGTAACAGT
ATGTTATTAT
TGCATGATCT

MDSLYVLVLC
YGPVFTLYFG
KEIRRFSLMT
IIFHKRFDYK
KSYILEKVKE
TISTTLRYAL
LLPTSLPHAV
KSKYFMPFSA
PFYQLCFIPV
LAYGEFPMFH
CMI*IKSITI

TTGIGGTCCT
CTGGGAGAGG
AGATAGGTAT
TGTTCACTCT
AGGAAGCCCT
ADAGAGCTAA
GGCGITTCTC
GTGTTCRAGA
GTGATCCCAC
ATAARCGTIIT
ACATCAAGAT
ATTACTTCCC
TTTTGGAAAA
TTGAITGCTT
TTGAARAGCTT
CAACCCTGAG
AGGARGAGAT
ACATGCCCTA
CCAGCCTGCC
GCACRACCAT
CAGAGATGTT
ACTTCATGCC
AGCTGTTTTT
CARAGAACCT
AGCTGTGCTT
TGCAGCTCTC
ACCTGTCATC
GAGAGTTTCC
TGCATTGACT
TAAATAGAGA
AAATARARAG

LSCLLLLSLW
LKPIVVLHGY
LRNFGMGKRS
CQOFINLMAK
HQESMDMNNP
LLLLEHPEVT
TCDIKFRNYL
GKRICVGEAL
*RRADGLAAA
CANISAILHT
c

15122

TGTGCTCTIGT
ABRAACTCCCT
TRAGGACATC
GTATTTTGGC
GATTGATCTT
CAGAGGATTT
CCTCATGACG
GGAAGCCCGEC
TTTCATCCTG
TGATTATAAA
TTTGAGCAGC
GGGAACTCAC
AGTARRAGAA
CCTGATGAAR
GGARRAACACT
ATATGCICIC
TGAACGTGTG
CACAGATGCT
CCATGCAGTG
ATTAATTTCC
TGACCCTCAT
TTTCTCAGCA
ATTCCTGACC
TGACACCACT
CATTICCTGTC
TTICCTCTGG
TCACATTTIC
TATGTTTCAC
GTCACATAAT
AATATGATTT
CATTATTATT

CICTCATGTT
CCTGGCCCCA
AGCARATCCT
CTGAAACCCA
GGAGAGGAGT
GGRATTGITT
CTGCGGAATT
TGCCTTCTCG
GGCTGTGCTC
GATCAGCAAT
CCCTGGATCC
ARCAAATTAC
CACCAAGAAT
ATGGAGARGG
GCAGTTGACT
CTTCTCCTIGC
ATTGGCAGAA
GIGGTGCACG
ACCTGTGACA
CTGACTITCTG
CRCTTTCIGG
GGARAACGGA
TCCATTTTAC
CCAGTTCTCA
TCAAGARGAG
GGCATTATCC
CCTTCCCTGA
TGTGCARATA
GCTCATACTT
GTGTATTATA
TGCTG

FIG. 12A

ROSSGRGKLP
EAVKEALIDL
IEDRVQEEAR
ILNENIKILSS
QDEIDCFLMK
AKVQEEIERV
IPKGTTILIS
AGMELFLFLT
VOSLQLSFLW
L*QLH*LSHY

PGPTPLPVIG
GEEFSGRGIF
CLVEELRKTK
PWIQICNNEFS
MEKEKHNQPS3
TGRNRSPCMQ
LTSVLHDNKE
SILONFNTLKS
GIIHLCTZICN
AHTYLM*SIN
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TGCTTCTCCT
CTCCTCTCCC
TAACCAATCT
TAGTGGTGECT
TTTCTGGRAG
TCAGCARTGG
TTGCGATGGG
AGGAGTIGAG
CCTGCARTGT
TTCTTAACTT
AGATCTSECAA
I"TAAAAACGT
CAATGGACAT
AARAGCACARA
TGITTGGAGC
TGAAGCACCC
ACCGGAGCCC
AGGTCCAGAG
TTAAATTCAG
TGCTACATGAR
ATGARAGGTGE
TTIGTGTGGE
AGRACTTTAA
ATGGATTTGC
CAGATGGCCT
ATCTTTGCAC
AGATCTAGTG
TATCTGCTAT
ATCTAATGTA
ATTCAAAGGC

NILQIGIKDI
PLAERANRCF
ASPCDPTFIL
PIIDYFPGTH
EFTIESLENT
DRSHMPYTDA
FPNPEMFDPH
LVIPKNLDTT
AFSHLSSHIF
MLLLNRET*F

TICACTCIGG
AGTGATTGGA
CTCAAAGGTC
GCATGGATAT
AGGCATTTTC
ABAGARATGG
GAAGAGGAGC
ARRAACCAAG
GATCTGCTCC
AATGGARRAG
TAATTTTTCT
TGCTTTTATG
GRACAACCCT
CCAACCATCT
TGGGACAGAG
AGAGGTCACA
CTGCATGCAA
ATACATTGAC
AAACTATCTC
CAACRARAGRA
CAATTTTARG
RAGRACGCCCTG
CCTGARATCT
CTCTGTGCCG
GGCTGCTGECT
TATCTCTAAT
AACATTCGAC
TCTCCATACT
CAGTATTAAT
ATTTCTTTILC

SKSLTNLSKV
GIVEFSNGEEW
GCAPCNVICS
NKLLEKNVAFM
AVDLFGAGTE
VVHEVORYILC
HFLDEGGNFK
PYVNGFASVP
PSLKI**TFD
VYYNSKAFLE
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ATGGGGCTAG
GACCTGATGC
CCCGGGLTGE
TTGCBEECGCC
CTCAATGGGC
CGCCCGCCTE

TGGCGCGCT
RACTTGGGCC
TGIGCCGCCT
GCCGTGAGCA
CGCTICCTCA
CGCGAGGTGC
CTACECTTCC
RCCTGBGGACC
AAGGCCAAGG
GACCTGITCT
ATGATCCTAC
CAGGTGCGGC
CATGAGGTCC
GACATCGAAG
TCGETGCTGA
CTGGATGCCC
CGTGCATGCC
CTGCAGCACT
TTTGCTTTCC

MGLEALVPLA
LRRREGDVFS
LARYGPAWRE
AVSNVIASLT
LRFQKAFLTQ
DLFSAGMVTT
HEVQRFGDIV
LDAQGHFVKP
FAFLVSPSPY

AAGCACTGGET
ATCGGCGCCA
GCAACCTGCT
GCTTCGGEEGA
Y36CGECCGET
TECCCATCAC
ATGGGCCCGC
TGGGCRAGAR
TCGCCRACCA
ACGTGATCGC
GGCTGCTGGA
TGAATGCTGT
AMAAGGCTTT
CAGCCCAGCC
GGAACCCTGA
CTGCCGGGAT
ATCCGGATGT
GACCAGAGAT
RGCGCTTTGSE
TACAGGGCLY
AGGATGAGGC
AGGGCCARCTT
TCGGGGAGCC
TCAGCTTCTC
TGGTGAGCCC

VIVAIFLLLV
LQLAWTPYVV
QRRE'SVSTLR
CGRRFEYDDP
LDELLTEHRM
STTLAWSLLL
PLGMTHMTSR
EAFLPFSAGR
ELCAVPR*

16 /22

GCCCCTGGCC
ACGCTGGEGCT
GCATGTGGAC
CGTGTTCAGC
GCGCGAGGCE
CCAGATCCTG
GTGGCGCGAG
GTCGCTEGAG
CTCCGGACGC
CTCCCTCARCC
CCTAGCTCAG
CCCCETCCTC
CCTGACCCAG
CCCCCGAGAC
GAGCAGCTTC
GGTGACCRCC
GCAGCGCCGET
GCGGTGACCAG
GGACATCZTC
CCGCATCCCT
CGTCTGGCAG
TGTGRAGLLG
CCTGGCCCGC
GETGCCCACT
ATCCCCCTAT

GTGATAGTGG
GCACGCTACC
TTCCAGAACA
CTGCAGCTGG
CTGGTGACCC
GGTTTCGGGC
CAGAGGCGCT
CAGTGGGTGA
CCCTTTCGCC
TGCGGECGLC
GAGGGACTGA
CTGCATATCC
CTGGATGAGC
CTGACTGAGG
AATGATGAGA
TCGACCACGC
GTCCAACAGG
SCTCACATGC
ZCCCTGEETA
AAGGGAACGA
BAGCCCTTCC
GAGGCCTTCC
ATGGAGCTCT
GGACAGCCCC
GAGCTTTGTG

FIG. 13A

DLMHRRORWA
LNGLAAVREA
NLGLGKKSLE
RFLRLLDLAQ
TWDPAQPERD
MILHPDVORR
DIEVQGFRIP
RACLGEPLAR

ARYPPGPLPL
LVIHGEDTAD
CWVTEEAACL
FGLKEESGFL
LTEAFLAEME
VOREIDDVIG
KGTITLITNLS
MELFLFETSL
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CCATCTTCCT
CRCCAGGCCC
CACCATACTG
CCTGGARCGCC
ACGGCGAGGA
CGCGTTCCCA
TCTCCGTGTC
CCGRGGAGGC
CCAACGGTCT
GCTTCGAGTA
ACGAGGASTC
CAGCGLTGGEC
TGCTAACTGA
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Stability of immobilised and soluble CYP2D6
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