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USE OF RNAT INHIBITING PARP ACTIVITY FOR THE MANUFACTURE OF A
MEDICAMENT FOR THE TREATMENT OF CANCER

This invention relates to the use of an agent that inhibits the activity of an
enzyme which mediates repair of DNA strand breaks in the treatment of certain forms of
cancer, in particular breast cancer.

Any discussion of the prior art throughout the specification should in no way be
considered as an admission that such prior art is widely known or forms part of common
general knowledge in the field.

Homologous recombination (HR) has been shown to play an important role in
repair of damage occurring at DNA replication forks in mammalian cells (2). Thus, cells
deficient in HR show retarded growth and exhibit higher level of genetic instability. It is
believed that genetic instability, due to loss of HR repair in human cancers, significantly
contributes to the development of cancer in these cells (1).

Post transcriptional modification of nuclear proteins by poly(ADP-ribosyl)ation
(PARP) in response to DNA strand breaks plays an important role in DNA repair,
regulation of apoptosis, and maintenance of genomic stability.

Poly(ADP-ribose) Polymerase-1 (PARP-1) is an abundant nuclear protein in
mammalian cells that catalyses the formation of poly(ADP-ribose) (PAR) polymers
using NAD" as substrate. Upon DNA damage, PARP-1 binds rapidly to a DNA strand
break (single strand or double strand) and catalyses the addition of negatively charged
PAR chains to itself (automodification) and other proteins (see (3, 4) for reviews). The
binding of PARP-1 to DNA strand breaks is believed to protect DNA lesions from
further processing until PARP-1 is dissociated from the break by the accumulated
negative charge resulting from PAR polymers (5,6).

Although PARP-1 has been implicated in several nuclear processes, such as
modulation of chromatin structurc, DNA replication, DNA repair and transcription,
PARP-1 knockout mice develop normally (7). Cells isolated from these mice exhibit a
hyper recombination phenotype and genetic instability in the form of increased levels of
SCE, micronuclei and tetraploidy (8-10). Genetic instability may also occur in these
PARP-1 knockout mice through telomere shortening, increased frequency of

chromosome fusion and aneuploidy (11), although all of these results could not be
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repeated in another set of PARP-1 knock-out mice (12). In the former mice knockout,
PARP-1 null mutation rescue impaired V(D)J recombination in SCID mice (13).

These results support the view suggested by Lindahl and co-workers that PARP-
1 has a protective role against recombination (5). They proposed that binding of PARP-1
to DNA strand breaks prevents the recombination machinery from recognizing and
processing DNA lesions or, alternatively, that the negative charges accumulated
following poly ADP-ribosylation repel adjacent recombinogenic DNA sequences. Only
the latter model is consistent with inhibition of PARP-1 itself and expression of a
dominant negative mutant PARP-1, inducing SCE, gene amplification and homologous
recombination (HR [14-18]).

Studies based on treating cells with inhibitors of PARP or cells derived from
PARP-1 or PARP-2 knockout mice indicate that the suppression of PARP-1 activity
increases cell susceptibility to DNA damaging agents and inhibits strand break rejoining
(3, 4,811,119, 20, 47).

Inhibitors of PARP-1 activity have been used in combination with traditional
anti-cancer agents such as radiotherapy and chemotherapy (21). The inhibitors were
used in combination with methylating agents, topoisomerase poisons and ionising
radiations and were found to enhance the effectiveness of these forms of treatment.
Such treatments, however, are known to cause damage and death to non-cancerous or
“healthy” cells and are associated with unpleasant side effects.

There is therefore a need for a treatment for cancer that is both effective and
selective in the killing of cancer cells and which does not need to be administered in
combination with radio or chemotherapy treatments.

The present inventors have surprisingly found that cells deficient in homologous
recombination (HR) are hypersensitive to inhibitors of PARP as compared to wild type
cells. This is surprising since PARP-1 knockout mice live normally, thereby indicating
that PARP-1 is not essential for life. Thus, it could not be expected that cells would be
sensitive to PARP inhibition.

According to a first aspect of the invention there is provided the use of an
inhibitor of poly (ADP-ribose) polymerase (PARP) in the manufacture of a medicament
for the treatment of homologous recombination (HR) defective cancer.

In one or more preferred embodiments, the present invention provides a method

of treatment of a disease or condition in a mammal, including human, which is caused




22 Nov 2007

2004261779

20

25

30

-3

by a genetic defect in a gene which mediates homologous recombination, which method
comprises administering to the mammal a therapeutically effective amount of an agent
which inhibits the activity of an enzyme which mediates repair of DNA strand breaks or
other lesions present at replication forks.

[n another embodiment said enzyme is PARP. In a further preferred aspect said
agent is an inhibitor of PARP or an RNAI molecule specific to PARP gene.

In a further embodiment, the use is in the treatment of cancer.

Preferably the medicament is a pharmaceutical composition consisting of the
inhibitor of PARP in combination with a pharmaceutically acceptable carrier or diluent.

The specific sensitivity of HR defective tumours to PARP-1 inhibition means
that normally dividing cells in the patient will be unaffected by the treatment. Treatment
of HR defective cancer cells using an inhibitor of PARP also has the advantage that it
does not need to be administered as a combination therapy along with conventional radio
or chemotherapy treatments thereby avoiding the side effects associated with these
conventional forms of treatment,

A genetic defect in a gene, which mediates homologous recombination, may be
due to a mutation in, the absence of, or defective expression of, a gene encoding a
protcin involved in HR.

In a second aspect, the present invention provides the use of an inhibitor of poly
(ADP-ribose) polymerase (PARP) in the manufacture of a medicament for inducing
apoptosis in HR defective cells.

In one or more embodiments, the present invention provides a method of
inducing apoptosis in HR defective cells in a mammal which method comprises
administering to the mammal a therapeutically effective amount of an inhibitor of
PARP.

By causing apoptosis in HR defective cells it should be possible to reduce or halt
the growth of a tumour in the mammal.

Preferably, the HR defective cells are cancer cells.

Cancer cells defective in HR may partially or totally deficient in HR. Preferably
the cancer cells are totally deficient in HR.

The term “cancer” or “tumour” includes lung, colon, pancreatic, gastric, ovarian,

cervical, breast or prostate cancer. The cancer may also include skin, renal, liver,
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bladder or cerebral cancer. In a preferred aspect, the cancer is in a mammal, preferably
human.

The cancer to be treated may be an inherited form of cancer wherein the patient
to be treated has a familial predisposition to the cancer. Preferably, the cancer to be
treated is gene-linked hereditary cancer. In a preferred embodiment of the invention the
cancer is gene-linked hereditary breast cancer.

In one or more embodiments, the inhibitor of PARP is useful in the treatment of
cancer cells defective in the expression of a gene involved in HR. Genes with suggested
function in HR include XRCC1, ADPRT (PARP-1), ADPRTL2 (PARP-2), CTPS, RPA,
RPAI, RPA2, RPA3, XPD, ERCCI, XPF, MMSI19, RAD51, RAD5!B, RADSIC,
RADSID, DMCI1, XRCC2, XRCC3, BRCAI, BRCA2, RADS2, RAD54, RADSO,
MREI11, NBS1, WRN, BLM, Ku70, Ku80, ATM, ATR, chkl, chk2, FANCA, FANCB,
FANCC, FANCDI, FANCD2, FANCE, FANCF, FANCG, RADI, RADY, FEN-I1,
Mus81. Emel, DDS1, BARD (see (2, 3, 5, 22-28) for reviews).

A gene involved in HR may be a tumour suppressor gene. The invention thus
provides for the treatment of cancer cells defective in the expression of a tumour
suppressor gene. Preferably, the tumour suppressor gene is BRCA1 or BRCA2.

Breast cancer is the most common cancer disease among women in the Western
world today. Certain families have strong predisposition for breast cancer, which is often
owing to an inherited mutation in one allele of either BRCAl or BRCA2. However,
these patients still maintain one functional allele. Thus, these patient develop normally
and have no phenotypic consequence from this mutation. However, in one cell, the
functional allele might be lost, making this cell cancerous and at the same time deficient
in homologous recombination (HR). This step is critical for the onset of a tumour [1].

The present inventors have surprisingly found that BRCA2 deficient cells are
100 times more sensitive to the cytotoxicity of the inhibitor of PARP, NU1025, than
wild type cells.

Thus in an embodiment, the invention provides the use of an inhibitor of PARP
in the manufacture of a medicament for the treatment of cancer cells defective in HR, eg
due to the loss of BRCA1 and/or BRCA2 expression.

The cancer cells to be treated may be partially or totally deficient in BRCA1 or
BRCAZ2 expression. BRCAI and BRCA2 mutations can be identified using multiplex
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PCR techniques, array techniques (29, 30) or using other screens known to the skilled
person.

Inhibitors of PARP useful in the present invention may be selected from inhibitors
of PARP-1, PARP-2, PARP-3, PARP-4, tankyrase 1 or tankyrase 2 (see 31 for a
review). [n a preferred embodiment, the inhibitor of PARP useful in the present
invention is an inhibitor of PARP-1 activity.

Inhibitors of PARP useful in the present invention include benzimidazole-
carboxamides, quinazolin-4-[3H]-ones and isoquinoline derivatives (e.g.2-(4-
hydroxyphenyl)benzimidazole-4-carboxamide (NU1085), 8-hydroxy-2-
methylquinazolin-4-[3H]one (NU1025); 6(5H)phenanthridinone; 3 aminobenzamide;
benzimidazole-4-carboxamides (BZ1-6) and tricyclic lactam indoles (T11-5) [32].
Further inhibitors of PARP may be identified either by design [33] or the novel
FlashPlate assay [34].

The inhibitor of PARP formulated as a pharmaceutical composition may be
administered in any effective, convenient manner effective for targeting cancer cells
including, for instance, administration by oral, intravenous, intramuscular, intradermal,
intranasal, topical routes among others. Carriers or diluents useful in the pharmaceutical
composition may include, but are not limited to saline, buffered saline, dextrose, water,
glycerol, ethanol and combinations thereof.

In therapy or as a prophylactic, the active agent may be administered to an
individual as an injectable composition, for example as a sterile aqueous dispersion. The
inhibitor may be administered directly to a tumour or may be targeted to the tumour via
systemic administration.

A therapeutically effective amount of the inhibitor is typically one which is
sufficient to achieve the desired effect and may vary according to the nature and severity
of the disease condition, and the potency of the inhibitor. It will be appreciated that
different concentrations may be employed for prophylaxis than for treatment of an active
disease.

For administration to mammals, and particularly humans, it is expected that the
daily dosage level of the active agent will be up to 100mg/kg, for example from
0.01mg/kg to 50 mg/kg body weight, typically up to 0.1, 0.5, 1.0, 2.0 5.0, 10, 15, 20 or
30mg/kg body weight. Ultimately, however, the amount of inhibitor administered and

the frequency of administration will be at the discretion of a physician.
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A therapeutic advantage of using an inhibitor of PARP to treat cancer cells is that
only very low doses are needed to have a therapeutic effect in treating cancer thereby
reducing systemic build up of the inhibitors and any associated toxic effects.

In one or more embodiments the present invention provides an agent which is an
inhibitory RNA (RNAI) molecule.

A technique to specifically ablate gene function is through the introduction of
double stranded RNA, also referred to as inhibitory RNA (RNAI), into a cell which

results in
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the destruction of mRNA complementary to the sequence included in the RNAi
molecule. The RNAi molecule comprises two complementary strands of RNA (a
sense strand and an antisense strand) anncaled to each other to form a double stranded
RNA molecule. The RNAI molecule is typically derived from exonic or coding

sequence of the gene which is to be ablated.

Preferably said RNAi molecule is derived from the nucleic acid molecule comprising
a nucleic acid sequence selected from the group consisting of:
a) anucleic acid sequence as represented by the sequence in Figure 9, 10, 11,
12, 13 or 14 or fragment thereof;
b) a nucleic acid sequence which hybridises to the nucleic acid sequences of
Figure 9,10, 11, 12, 13 or 14 and encodes a gene for PARP;
¢) a nucleic acid sequence which comprise sequences which are degencrate

as a result of the genetic code to the nucleic acid sequences defined in (a)

and (b).

Recent studies suggest that RNAI molecules ranging from 100-1000bp derived from
coding sequence are effective inhibitors of gene expression. Surprisingly, only a few
molecules of RNAi are required to block gene expression which implies the
mechanism is catalytic. The site of action appears to be nuclear as little if any RNAi
is detectable in the cytoplasm of cells indicating that RNAi exerts its effect during
mRNA synthesis or processing.

More preferably said RNAi molecule according has a length of between 10 nucleotide
bases (nb) ~1000nb. Even more preferably said RNAi molecule has a length of 10nb;
20nb; 30nb; 40nb; 50nb; 60nb; 70nb; 80nb; 90nb; or 100bp. Even more preferably
still said RNAi molecule is 21nb in length.

Even more preferably still the RNAi molecule comprises the nucleic acid sequence

aaa agc cau ggu gga gua uga (PARP-1)

Even more preferably still the RNAi molecule consists of the nucleic acid sequence

aag acc adu cuc ucc agu uca ac (PARP-2)
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Even more preferably still the RNAi molecule consists of the nucleic acid
sequence aag acc aac auc gag aac aac (PARP-3)

The RNAi molecule may comprise modified nucleotide bases.

According to a third aspect, the present invention provides a method of treatment
of a disease or condition in a mammal which is caused by a genetic defect in a gene that
mediates homologous recombination, which method comprises administering to the
mammal a therapeutically effective amount of an inhibitor of poly (ADP-ribose)
polymerase (PARP).

According to a fourth aspect, the present invention provides a method of
inducing apoptosis in HR defective cells in a mammal which method comprises
administering to the mammal a therapeutically effective amount of an inhibitor of poly
(ADP-ribose) polymerase (PARP).

According to a fifth aspect, the present invention provides a method of treating
homologous recombination (HR) defective cancer comprising administering to a subject
in need of treatment a therapeutic amount of an inhibitor of poly (ADP-ribose)
polymerase (PARP).

According to a sixth aspect, the present invention provides use of an inhibitor of
poly (ADP-ribose) polymerase (PARP) in the manufacture of a medicament for the
treatment of a disease or condition in a mammal which is caused by a genetic defect in a
gene that mediates homologous recombination

Unless the context clearly requires otherwise, throughout the description and the
claims, the words “comprise”, “comprising”, and the like are to be construed in an
inclusive sense as opposed 10 an exclusive or exhaustive sense; that is to say, in the
sense of “including, but not limited to”.

Preferred features of each embodiment of the invention are as for each of the
other embodiments mutatis mutandis.

The present invention will now be described by way of example only with
reference to the accompanying figures, wherein:

Figure 1 is a graph demonstrating that HR deficient cells are hypersensitive to
the toxic effect caused by inhibition of PARP-1. Colony outgrowth of the Chinese
hamster cell lines AA8 (wild-type), irsISF (deficient in HR[4]), CXR3 (irsISF
complemented with XRCC3 [2]), V79 (wild-type), irs] (deficient in HR[5]) or irs1X2.2

-10-
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(irsI complimented with XRCC2 [1]) upon exposure to 3-AB (A), I1SQ (B) or NU1025
(C). The means (symbols) and standard deviation (bars) of at least three experiments are
shown. Colony outgrowth assay was used;

Figure 2 is a graph showing cell survival in the presence of an inhibitor of PARP
NU1025 in wt V79 cells, BRCA2 deficient VC-8 cells and VC-8 cells complimented
with functional BRCA2 gene (VC-8#13, VC-8+B2). Colony outgrowth assay was used;

Figure 3 is a histogram showing the percentage of the cells in apoptosis
following a 72 hour incubation with NU1025;

Figure 4 (a) Western blot analysis of protein lysates isolated from MCF-7 (p53")
or MDA-MB-231 (p53™") breast cancer cells following 48 hours transfection with
siRNA (b) Colony outgrowth of siRNA-treated MCF-7 cells or (c) MDA-MB-231 cells
following exposure to the inhibitor of PARP NU1025. The means (symbols) and
standard deviation (bars) of at least three experiments are shown.

Figure 5 BRCA2 deficient cells fail to repair a recombination lesion formed at

replication forks by inhibitors of PARP (a) Visualization of double strand breaks

11-
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(DSBs) in BRCA?2 proficient or deficient cells following a 24-hour treatment with
NU1025 (0.1 mM) by pulse-field gel electrophoresis. Hydroxyurea 2 mM was used as
a positive control. (b) Visualisation of YH2Ax foci in untreated V-C8+B2 and V-C8
cells. Number of cells containing yH2Ax foci (¢) or RAD51 foci (d) visualised in V-
C8+B2 and V-C8 cells following a 24-hour treatment with NU1025 (10 uM). The
means (symbols) and standard errors (bars) of three to nine experiments are shown.

(e) A snggested model for cell death induced in BRCA?2 deficient cells.

Figure 6. PARP-1 and not PARP-2 is important in preventing formation of a
recombinogenic lesion, causing death in absence of BRCA2. (a) RT-PCR on RNA
isolated from SW480SN.3 cells treated with BRCA2, PARP-1 and PARP-2 siRNA in
combinations as shown for 48 hours. (b) Clonogenic survival following 48-hours
depletion of BRCA2, PARP-1 and PARP-2. The means (symbols) and standard
deviation (bars) of at least three experiments are shown. Two and three stars designate
statistical significance in t-test p<0.01 and p<0.001, respectively. (¢) Western blot for
PARP-1 in SW480SN.3 cells treated with different siRNA.

Figure 7. (a) Visualisation of PAR polymers in untreated and (b) thymidine treated
V79 cells (5 mM for 24 hours). (c) Percentage cells containing >10 sites of PARP
activity following treatment with hydroxyurea (0.2 mM) and thymidine (5 mM). At
least 300 nuclei were counted for each treatment and experiment. (d) Survival of V-
C8+B2 cells following co-treatment with hydroxyurea or (e) thymidine and NU1025
(10 uM). (f) The activity of PARP was measured by the level of free NAD(P)H "',
following treatment with MMS, hydroxyurea (0.5 mM) or thymidine (10 mM). The
means (symbol) and standard deviation (error bars) from at least three experiments are

depicted.

Figure 8. (a) Visualisation of PAR polymers in untreated V-C8 and (b) V-C8+B2
cells. (¢) Quantification of percentage cells containing >10 sites of PARP activity in
untreated V-C8 and V-C8+B2 cells. (d) Level of NAD(P)H measured in untreated V-
C8 and V-C8+B2 cells. Three stars designate p<0.001 in t-test. (e) Visualization of
RADS1 and sites of PARP activity in V79 cells following a 24-hour thymidine

-12-
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treatment (5 mM). (f) A model for the role of PARP and HR at stalled replication
forks.

Figure 9 is the human ¢cDNA sequence of PARP-1;
Figure 10 is the human cDNA sequence of PARP-2;
Figure 11 is the human cDNA sequnce of PARP-3;
Figure 12 is the human gDNA sequnce of Tankyrase 1;
Figure 13 is the human mRNA sequnce of Tankyrase 2;

Figure 14 is the human mRNA sequnce of VPARP,

Materials and Methods

Cytotoxicity of PARP inhibitors to HR-defective cells: XRCC2, XRCC3 or BRCA2

Cell culture
The irsl, irs1X2.1 and V79-4 cell lines were a donation from John Thacker [40] and
the AAS, irs1SF and CXR3 cell lines were provided by Larry Thompson [41].

The VC-8, VC-8+B2, VC-8#13 were a gift from Malgorzata Zdzienicka [42]. All cell
lines in this study were grown in Dulbecco’s modified Eagle’s Medium (DMEM)
with 10% Foetal bovine serum and penicillin (100 U/ml) and streptomycin sulphate
(100 pg/mL) at 37°C under an atmosphere containing 5% CO,.

Toxicity assay - colony outgrowth assay

500 cells suspended in medium were plated onto a Petri dish 4 hours prior to the
addition of 3-AB, ISQ or NU1025. ISQ and NU1025 were dissolved in DMSO to a
final concentration of 0.2% in treatment medium. 7 - 12 days later, when colonies

could be observed, these colonies were fixed and stained with methylene blue in

10
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methanol (4 g/l). Colonies consisting of more than 50 cells were subsequently

counted.

Apoptosis experiments
0.25x10° cells were plated onto Petri dishes and grown for 4 hours before treatment

with NU1025. After 72 hours, cells were trypsinized and resuspended with medium
containing any floating cells from that sample. The cells were pelleted by
centrifugation and resuspended for apoptosis analysis with FITC-conjugated annexin-
V and propidium iodine (PI) (ApoTarget, Biosource Intemational) according to
manufacturer’s protocol. Samples were analysed by flow cytometry (Becton-
Dickenson FACSort , 488 nm laser), and percentage of apoptotic cells was determined
by the fraction of live cells (PI-negative) bound with FITC-conjugated annexin-V.

Immunofluorescence

Cells were plated onto coverslips 4 h prior to 24-h treatments as indicated. Following
treatments the medium was removed and coverslips rinsed once in PBS at 37°C and
fixed as described elsewhere [2]. The primary antibodies and dilutions used in this
study were; rabbit polyclonal anti PAR (Trevigen; 1:500), goat polyclonal anti Rad51
(C-20, Santa Cruz; 1:200) and rabbit polyclonal anti Rad51 (H-92, Santa Cruz;
1:1000). The secondary antibodies were Cy-3-conjugated goat anti-rabbit IgG
antibody (Zymed; 1:500), Alexa 555 goat anti-rabbit F(ab’), IgG antibody (Molecular
Probes; 1:500), Alexa 546 donkey anti-goat IgG antibody (Molecular Probes; 1:500)
and Alexa 488 donkey anti-rabbit IgG antibody (Molecular Probes; 1:500).
Antibodies were diluted in PBS containing 3% bovine serum albumin. DNA was
stained with 1 pg/ml To Pro (Molecular Probes). Images were obtained with a Zeiss
LSM 510 inverted confocal microscope using planapochromat 63X/NA 1.4 oil
immersion objective and excitation wavelengths 488, 546 and 630 nm. Through
focus maximum projection images were acquired from optical sections 0.50 pm apart
and with a section thickness of 1.0 um. Images were processed using Adobe
PhotoShop (Abacus Inc). At least 300 nuclei were counted on each slide and those
containing more than 10 RADS1 foci or sites of PARP activity were classified as

positive.

11
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PARP activity assays

A water-soluble tetrazolium salt (SmM WST-8) was used to monitor the amount of
NAD(P)H through its reduction to a yellow coloured formazan dye[43]. 5000 cells
were plated in at least triplicate into wells of a 96 well plate and cultured in 100pl
normal growth media for 4 h at 37°C. CK8 buffer (Dojindo Molccular Technology,
Gaithersburg, USA), containing WST-8, was then added either with or without
treatment with DNA damaging agents at concentrations indicated. Reduction of WST-
8 in the presence of NAD(P)H was determined by measuring visible absorbance
(ODssp) every 30 min. A medium blank was also prepared containing just media and
CKS8 buffer. Changes in NAD(P)H levels were calculated by comparing the
absorbance of wells containing cells treated with DNA damaging agents and those
treated with DMSO alone. Alternately relative levels of NAD(P)H in different cells
lines were calculated after 4 h incubation in CK8 buffer.

The ability of NU1025 to inhibit PARP-1 activity was also assayed in permeabilised
cells using a modification of the method of Halldorsson ez al [44], and described in detail
elsewhere [45]. Briefly: 300 ul of NU1025-treated (15 min) permeabilised cells were
incubated at 26°C with oligonucleotide (final conc. 2.5 pg/ml), 75 uM NAD + [* P]
NAD (Amersham Pharmacia, Amersham, UK) in a total volume of 400 pl. The reaction
was terminated after S min by adding ice cold 10%TCA 10%Na Ppi for 60 min prior to
filtering through a Whatman GF/C filter (LabSales, Maidstone, UK), rinsed 6x with 1%
TCA 1% NaPPij, left to dry and incorporated radioactivity was measured to determine
PARP-1 activity. Data are exprcssed as pmol NAD incorporated/ 10° cells by reference to
[**P] NAD standards.

Pulse-field gel electrophoresis
1.5x10% cells were plated onto 100 mm dishes and allowed 4 h for attachment.

. Exposurc to drug was for 18 h after which cells were trypsinsied and 10° cells melted

into each 1% agarose insert. These inserts were incubated as described elsewhere (8)
and separated by pulse-field gel electrophoresis for 24 h (BioRad; 120° angle, 60 to
240 s switch time, 4 V/cm). The gel was subsequently stained with ethidium bromide

for analysis.
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siRNA treatment

Predesigned BRCA2 SMARTpool and scrambled siRNAs were purchased
(Dharmacon, Lafayette, CO). 10000 cells seeded onto 6 well plates and left over night
before transfected with 100nM siRNA using Oligofectamine Reagent (Invitrogen)
according to manufacturers instructions. Cells were then cultured in normal growth
media for 48 h prior to trypsinisation and replating for toxicity assays. Suppression of
BRCA?2 was confirmed by Western blotting (as described previously [46]) of protein
extracts treated with siRNA with an antibody against BRCAZ (Oncogene,
Nottingham, UK).

EXAMPLES

Homologous recombination deficient cells are hypersensitive to PARP-1 inhibition

Ta investigate the involvement of HR in cellular responses to inhibition of PARP-1,
the effects of PARP-1 inhibitors on the survival of HR repair deficient cell lines were
studied. Tt was found that cells deficient in HR (i.e., irs1SF which is defective in
XRCC3 or irs] which is defective in XRCC2 [see Table 1] were very sensitive to the
toxic effect of 3-aminobenzamide (3-AB) and to two more potent inhibitors of PARP-
1. 1,5-dihydroxyisoquinoline (ISQ; [37]) or 8-hydroxy-2-methylquinazolinone
(NU1025 [38,‘39]) (Figure 1). The sensitivity in irs1SF cells to 3-AB, 1SQ or
NU1025 was corrected by the introduction of a cosmid containing a functional
XRCC3 gene (CXR3 ). Similarly, the sensitivity in irsl cells to 3-AB, ISQ or
NU1025 was corrected by the introduction of a cosmid containing a functional
XRCC2 gene (irs1X2.2).

BRCA?2 deficient cells are hypersensitive to PARP-1 inhibition

The survival of BRCA2 deficient cells (VC8) and wild type cells (V79Z) in the
presence of inhibitors of PARP-1 was investigated. It was found that VC8 cells are
very sensitive to the toxic effect of NU1025 (Figure 2). The sensitivity in VC8 cells
was corrected by the introduction of a functional BRCAZ gene either on chromosome
13 (VC8#13) or on an overexpression vector (VC8+B2). This result demonstrates that
the sensitivity to PARP-1 inhibitors is a direct consequence of loss of the BRCA2
function.
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To investigate if inhibition of PARP-1 triggers apoptosis in BRCA2 deficient cells,
the level of apoptosis 72 hours following exposure to NU1025 was investigated. It
was found that NU1025 triggered apoptosis only in VC8 cells, showing that loss of
PARP-1 activity in BRCA2 deficient cells triggers this means of death (Figure 3).

BRCA? deficient breast cancer cells are hypersensitive to PARP-1 inhibition
It was examined whether the MCF7 (wild-type p53) and MDA-MB-231 (mutated

p53) breast cancer cell lines displayed a similar sensitivity to NU1025 upon depletion
of BRCA2. It was found that PARP inhibitors profoundly reduced the survival of
MCF7 and MDA-MB-231 cells only when BRCA2 was depleted with a mixure of
BRCA2 siRNA (Figure 4). This shows that BRCA2 depleted breast cancer cells are
sensitive to PARP inhibitors regardless of p53 status.

BRCA? deficient cells die from PARP-1 inhibition in absence of DNA double-strand
breaks (DSBs) but in presence of YH2Ax

HR is known to be involved in the repair of DSBs and other lesions that occur during
DNA replication [2]. To determine whether the sensitivity of BRCA2 deficient cells is
the result of an inability to repair DSBs following NU1025 treatment, the
accumulation of DSBs in V79 and V-C8 cells was measured following treatments
with highly toxic levels of NU1025. It was found that no DSBs were detectable by
pulsed field gel electrophoretic analysis of DNA obtained from the treated cells

(Figure 5A), suggesting that low levels of DSBs or other recombinogenic substrates
accumulated following PARP inhibition in HR deficient cells, which trigger yH2Ax
Figure 5B). The reason why BRCA2 deficient cells dic following induction of these
recombinogenic lesions is likely to be due to an inability to repair such lesions. To test
this, the ability of BRCA2 deficient V-C8 cells and BRCAZ complimented cells to
form RADSI1 foci in response to NU1025 was determined. It was found that RADS1
foci were indeed induced in V-C8+B2 cells following treatment with NU1025
(statistically significant in #fest p<0.05; Figure 5D). This indicates that the
recombinogenic lesions trigger HR repair in these cells allowing them to survive. In
contrast, the BRCA2 deficient V-C8 cells were unable to form RADS51 foci in
response to NU1025 treatment (Figure 5D) indicating no HR, which would leave the

recombinogenic lesions unrepaired and thus cause cell death.
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PARP-1_and not PARP-2 is important in preventing formation of a recombinogenic

lesion

There are two major PARPs present in the nucleus in mammalian cells, PARP-1 and
PARP-2 and all reported PARP inhibitors inhibit both, In order to distinguish which
PARP was responsible for the effect, we tested if the absence of PARP-1 and/or
PARP-2 results in accumulation of toxic lesions, by depleting these and BRCA2 with
siRNA in human cells (Figure 6a). We found that the clonogenic survival was
significantly reduced when both PARP-1 and BRCA2 proteins werc co-depleted from
human cells (Figure 6b). Depletion of PARP-2 with BRCA2 had no effect on the
clonogenic survival and depletion of PARP-2 in PARP-1 and BRCA2 depleted cells
did not result in additional toxicity. These results suggest that PARP-1 and not PARP-
2 is responsible for reducing toxic recombinogenic lesions in human cells. The
cloning efficiency was only reduced to 60% of control in PARP-1 and BRCA2 co-
depleted cells, while no HR deficient cells survived treatments with PARP inhibitors.
This is likely to do with incomplete depletion of the abundant PARP-1 protein by
siRNA (Figure 6c), which might be sufficient to maintain PARP-1 function in some
of the cells.

PARP-1 is activated by replication inhibitors

HR is also involved in repair of lesions occurring at stalled replication forks, which
may not involve detectable DSBs [2]. To test if PARP has a role at replication forks,
PARP activation in cells treated cells with agents (thymidine or hydroxyurea) that
retard or arrest the progression of DNA replication forks was examined. Thymidine
depletes cells of dCTP and slows replication forks without causing DSBs.
Hydroxyurea depletes several dNTP and block the replication fork, which is
associated with the formation of DSBs at replication forks [2]. Both of these agents
potently induce HR [2]. V79 hamster cells treated for 24 hours with thymidine or
hydroxyurea were stained for PAR polymers. This revealed a substantial increase in
the number of cells containing sites of PARP activity (Figure 7C). This result suggests
a function for PARP at stalled replication forks. It was also shown that inhibition of
PARP with NU1025 enhances the sensitivity to thymidine or hydroxyurea in V-
C8+B2 cells (Figure 7D,E). This result suggests that PARP activity is important in
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repair of stalled replication forks or alternatively that it prevents the induction of death

in cells with stalled replication forks.

PARP is rapidly activated at DNA single-strand breaks (SSB) and attracts DNA repair
enzymes [3-6]. Methylmethane sulphonate (MMS) causes alkylation of DNA, which
is repaired by base excision repair. PARP is rapidly activated by the SSB-intermediate
formed during this repair, which depletes the NAD(P)H levels (Figure 7F). We found
that the activation of PARP and reduction of NAD(P)H levels is much slower
following thymidine or hydroxyurea treatments. This slow PARP activation can be
explained by the indirect action of thymidine and hydroxyurea and the time required

to accumulate stalled replication forks as cells enter the S phase of the cell cycle.

PARP-1 and HR have separate roles at stalled replication forks

The number sites of PARP activity in untreated BRCA2 deficient V-C8 cells was
determined. It was found that more V-C8 cells contain sites of PARP activity
compared to V-C8+B2 cells (Figure 8A,B,C). Also, the V-C8 cells have lower free

. NAD(P)H levels than the corrected cells (Figure 8D), as a likely result of the
increased PARP activity. Importantly these sites of PARP activity do not overlap with
RADS1 foci (Figure 8E).

The results herein suggest that PARP and HR have separate roles in the protection or
rescue of stalled replication forks (Figure 8F). A loss of PARP activity can be
compensated by increased HR while a loss of HR can be compensated by increased
PARP activity. However, loss of both these pathways leads to accumulation of stalled
replication forks and to death, as in the case of PARP inhibited BRCA?2 deficient

cells.

As shown in the model outlined in Figure 8F PARP and HR have complementary
roles at stalled replication forks. (i) Replication forks may stall when encountering a
roadblock on the DNA template. In addition, they may also stall temporarily, due to
lack of dNTPs or other replication co-factors. (ii) PARP binds stalled replication forks
or other replication-associated damage, triggering PAR polymerization. Resulting
negatively charged PAR polymers may protect stalled replication forks, by repelling
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proteins that normally would process replication forks (e.g., resolvases), until the

replication fork can be restored spontaneously when dNTPs or other co-factors

become available. Alternatively, PAR polymers or PARP may attract proteins to

resolve the replication block by other means. (iii) In absence of PARP activity, HR

may be used as an altemative pathway to repair stalled replication forks. This

compensatory model explains the increased level of HR and RADS1 foci found in
PARP deficient cells *® and higher PARP activity found in HR deficient cells (i.e. V-

C8). Spontaneous replication blocks/lesions are only lethal in the absence of both

PARP and HR.

Table 1. Genotype and origin of cell lines used in this study.

Cellline Genotype  Defect Origin Reference

AAS8 Wt Wt CHO [41]

is1SF XRCCY XRCCY, deficientin HR ~ AAR [41]

CXR3 XRCC3 Wt irsISF  [41]
+hXRCC3

V79-4 Wt Wt V19 [40]

irsl XRCCT XRCC?, deficientin HR ~ V79-4  [40]

is1X22 XRCCZ Wt irs1  [40]
+hXRCC2

v79-Z Wi Wt V79 [42]

VC8 BRCAZ BRCAZ, deficientin HR ~ V79-Z [42]

VC8#13 BRCAZ Wt VC8 [42]
+hBRCA2

VC8+B2 BRCAZ Wt Ve [42]
+hBRCA2
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THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS:-

1. Use of an inhibitor of poly (ADP-ribose) polymerase (PARP) in the manufacture

of a medicament for the treatment of homologous recombination (HR) defective cancer.

2. Use according to claim 1 wherein the inhibitor of PARP is an inhibitor of
PARP-1.

3 Use according to claim 1 or claim 2 wherein the inhibitor of PARP is selected
from the group consisting of benzimidazole-carboxamides, quinazolin-4-[3H]-ones and

isoquinolone derivatives.

4. Use according to any one of the preceding claims wherein the inhibitor of PARP
is selected from the group consisting of 2-(4-hydroxyphenyl)benzimidazole-4-
carboxamide, 8-hydroxy-2-methylquinazolin-4-[3H]Jone, 6(5H)phenanthridinone, 3-

amnobenzamide, benzimidazole-4-carboxamides and tricyclic lactam indoles.

5. Use according to any one of the preceding claims wherein the inhibitor of PARP

is an RNAi molecule specific to a PARP gene.

6. Use according to claim 5 wherein the RNAi molecule is derived from a nucleic
acid molecule comprising a nucleic acid sequence selected from the group consisting of:
a) a nucleic acid sequence as represented by the sequence in Figure 9, 10,
11,12, 13 or 14, or a fragment thereof;
b) a nucleic acid sequence which hybridises to the nucleic acid sequences of
Figure 9, 10, 11,12, 13 or 14, and encodes a gene for PARP; or
¢) a nucleic acid sequence which comprises sequences which are degenerate
as a result of the genetic code to the nucleic acid sequences defined in (a)

and (b).

7. Use according to claim 5 or claim 6 wherein the RNAi molecule comprises the

nucleic acid sequence aaa agc cau ggu gga gua uga.

-26-




22 Nov 2007

2004261779

20

25

30

.24 .

8. Use according to claim 5 or claim 6 wherein the RNAi molecule consists of the

nucleic acid sequence aag acc aau cuc ucc agu uca ac.

9. Use according to claim 5 or claim 6 wherein the RNAi molecule consists of the

nucleic acid sequence aag acc aac auc gag aac aac.

10.  Use according to any one of the preceding claims wherein the defect in the HR

defective cancer is a mutation in a gene encoding a protein involved in HR.

11, Use according to any one of claims 1 to 9 wherein the defect in the HR defective

cancer is the absence of a gene encoding a protein involved in HR.

12, Use according to any one of claims 1 to 9 wherein the defect in the HR defective

cancer is in the expression of a gene encoding a protein involved in HR.

13, Use according to any one claims 10 to 12 wherein the gene encoding a protein
involved in HR is selected from the group consisting of XRCC1, ADPRT (PARP-1),
ADPRTL2 (PARP-2), CTPS, RPA, RPAL, RPA2, RPA3, XPD, ERCCI, XPF, MMS19,
RADS1, RADSIB, RADSIC, RAD51D, DMCI, XRCC2, XRCC3, BRCAI, BRCA2,
RADS52, RADS4, RADS0, MRE1 1, NBS1, WRN, BLM, Ku70, Ku80, ATM, ATR, chkl,
chk2, FANCA, FANCB, FANCC, FANCDI, FANCD2, FANCE, FANCF, FANCG,
RADI, RADY, FEN-1, Mus81, Emel, DDSI and BARD.

14. Use according to any one of the preceding claims wherein the cancer is selected
from the group consisting of lung, colon, pancreatic, gastric, ovarian, cervical, breast and

prostate cancer.

15. Use according to any one of the preceding claims wherein the cancer is in a

human,

16.  Use according to any one of the preceding claims wherein the cancer is gene-

linked hereditary cancer.
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17. Use according to any one of the preceding claims wherein the cancer is breast

cancer.

18.  Use according to any one of claims 14 to 17 wherein the cancer cells to be

treated are defective in BRCAI expression.

19.  Use according to any one of claims 14 to 17 wherein the cancer cells to be

treated are defective in BRCA2 expression,

20.  Use according to claim 18 or 19 wherein the cancer cells are partially deficient in

BRCA1 and/or BRCA2 expression.

21, Use according to claim 18 or 19 wherein the cancer cells are totally deficient in
BRCA1 and/or BRCA2 expression.

22, Use according to any one of claims 10 to 13 wherein the gene encoding a protein

involved in HR is a tumour suppressor gene.

23. Use according to claim 22 wherein the tumour suppressor gene is BRCAL.

24, Use according to claim 22 wherein the tumour suppressor gene is BRCA2

25.  Use ofan inhibitor of poly {ADP-ribose) polymerase (PARP) in the manufacture

of a medicament for inducing apoptosis in HR defective cells.

26.  Use according to claim 25 wherein the HR defective cells are cancer cells.

27. Use according to claim 26 wherein the cancer cells defective in HR are partially

deficient in HR.

28.  Use according to claim 26 wherein the cancer cells defective in HR are totally
deficient in HR.
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29. A method of treatment of a disease or condition in a mammal which is caused by
a genetic defect in a gene that mediates homologous recombination, which method
comprises administering to the mammal a therapeutically effective amount of an

inhibitor of poly (ADP-ribose) polymerase (PARP).

30. A method of inducing apoptosis in HR defective cells in a mammal which
method comprises administering to the mammal a therapeutically effective amount of an

inhibitor of poly (ADP-ribose) polymerase (PARP).

31. A method of treating homologous recombination (HR) defective cancer
comprising administering to a subject in need of treatment a therapeutic amount of an

inhibitor of poly (ADP-ribose) polymerase (PARP),

32.  Use of an inhibitor of poly (ADP-ribose) polymerase (PARP) in the manufacture
of a medicament for the treatment of a disease or condition in a mammal which is caused

by a genetic defect in a gene that mediates homologous recombination.

33.  Use of an inhibitor of poly (ADP-ribose) polymerase (PARP) in the manufacture
of a medicament; a method of treatment of a disease or condition in a mammal which is
caused by a genetic defect in a gene that mediates homologous recombination; a method
for inducing apoptosis in HR defective cells; or a method of treating homologous
recombination (HR) defective cancer in a2 mammal, substantially as herein described

with reference to any one or more of the examples but excluding comparative examples.
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FIGURE 9

1 cgeecgeeca geeceggggg cagggaaage ctaaattacg gaattaccge gagcaaggag
61 cgepgaateg gggagegtee ggagetaget geatecteta ggcaggatgg tgatgggaat
121 ctttgcaaat tgtatcttct gittgaaagt gaagtactta cctcageage agaagaaaaa
181 getacaaact gacattaagg aaaatggegg aaagtitice tttcgttaa atectcagtg
241 cacacatata atcttagata atgctgatgt tetgagtcag taccaactga attctatcca
301 aaagaaccac gttcatattg caaacccaga tittatatgg aaatctatca gagaaaagag
361 actettggat gtaaagaatt atgatcctta taageccctg gacatcacac cacctectga
421 tcagaaggeg ageagttctg aagtgaaaac agaaggicta tgcecggaca gtgecacaga
481 ggaggaagac actgtggaac tcactgagtt tggtatgeag aatgttgaaa ttcctcalct
541 tectcaagat titgaagttg caaaatataa caccttggag aaagtgggaa tggagggagg
601 ccaggaagct gtgptgatag agoticagtg ticgogggac tecagggact gteettteet
661 gatatcctea cactteetee tggatgatgg catggagact agaagacagt ttgctataaa
721 gaaaacctct gaagatgcaa gtgaatactt tgaaaattac attgaagaac tgaagaaaca
781 aggaiticta ctaagagaac atttcacacc tgaageaace caattageat ctgaacaatt
841 geaageattg ctittggagg aagtcatgaa ttcaageact ctgagccaag aggtgagega
901 tttagtagag atgatitggg cagaggecct gggecacctg gaacacatgc ttctcaagec
961 agtgaacagg attagectca acgatgtgag caaggceagag gggattetce ttctagtaaa
1021 ggcageactg asaaatggag aaacagcaga geaatigcaa aagatgatga cagagtttta
1081 cagactgata cotcacaaag geacaatgee caaagaagtg aacctgggac tattggetaa
1141 gaaagcagac ctetgecage taataagaga calggttaat gtctgtgaaa ctaatttgtc
1201 caaacccaac ccaccatece tggecasata ccgagetttg aggtgcaaaa ttgageatpt
1261 tgaacagaat actgaagaat ttctcagggt tagaaaagag gttttgcaga atcatcacag
1321 taagageeca gtggatgtct tgcagatatt tagagtigge agagigaatg aaaccacaga
1381 gtittigage aaacttggta atgtgaggeo cttgttgcat pgticteetg tacaaaacat
1441 cglgggaatc ttgtptogag ggttgetitt acceaaagta gtogaagate gtggtetgea
1501 aagaacagac gtcggaaacc ttggaagtgg gatttatitc aglgattcge tcagtacaag
1561 tatcaagtac tcacaccegg gagagacaga tggeaccaga ctoctgetea tttgtgacgt
1621 agecctegga aagtgtatgg acttacatga gaaggacttt tecttaactg aagcaccace
1681 aggetacgac agtgtgeatg gagtttcaca aacagectet gteaccacag actitgagga
1741 tgatgaattt gttgtctata aaaccaatca ggitaaaatg aaatatatta ttaaattitc
1801 catgectgga gatcagataa aggactttea teotagtgat catactgaat tagaggaata
1861 cagaccigag ttttcaaatt tttcaaaggt tgaagattac cagttaccag atgccaaaac
1921 ttccageage accaaggeeg goctecagga tgettetggg aactiggtic ctetggagga
1981 tgtecacatc aaagggagaa teatagacac tgtageecag gteattgttt ttcagacata
2041 cacaaataaa agtcacgtge ccattgagge aaaatatatc tticctttgg atgacaaggc
2101 cgetgtgtgt ggeticgaag cettcatcaa tgggaageac atagtiggag agattaaaga
2161 gaaggaagaa geecageaag agtacctaga agoegtgace cagggceatg gegettacot
2221 gatgagteag gatgeteegg acgtititac tgtaagtgtt ggaaacttac cceotaagge
2281 taaggttott ataaaaatta cctacatcac agaactcage atcctgggea cigttggtgt
2341 cittitcatg ceegecaccg tageaceetg geaacaggac aaggetttga atgaaaacct
2401 tcaggataca gtagagaaga tttgtataaa agaaatagga acaaagcaaa gottetettt
2461 gactatgtet attgagatge cgtacgtgat tgaattcatt ticagtgata ctcatgaact
2521 gaaacaaaag cgeacagact geaaagetgt cattageace atggaaggea getecttaga
2581 cageagtgga ttttetctee acateggtit gtotgetgee tatoteccaa gaatgtgggt
2641 tgaaaaacat ccagaaaaag aaagcgagec ttgoatgett gietttcaac cegatctega
2701 tgtegaccte cetgacctag ccaatgagag cgaagtgatt atttgtettg actgetccag
2761 ttecatggag ggtgtgacat tettgcaage caaggaaate geettgeatg cgetgtoctt
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2821 ggtegggtgag aageagaaag taaatattlz;t/%:(::agtcggc acaggttaca aggagctatt
2881 ttegtatcet aagcatatca caagcaatac cgeggeagea gagttcatea tgtetgecac
2941 acctaccatg gggaacacag acttctggaa aacactcega tatcttaget tattgtacce
3001 tgetcgaggg tcacggaaca tectectggt gtetgatggg cacctecagg atgagagect
3061 gacattacag ctcgtgaaga ggageegeee geacaccagg ttattegect geggtategg
3121 tictacagea aatcgtcacg tettaaggat titgteccag tgtggtgecg gagtatitga
3181 atattttaat gcaaaatcca agcatagttg gagaaaacag atagaagacc aaatgaccag
3241 getatgttct ccgagtigee actctgtetc cgtcaaatgg cageaactca atccagatge
3301 gecegaggee ctgeaggeee cageecaggt gecatecttg tticgeaatg atcgactect
3361 tgtctatgga ttcattecte actgeacaca ggeaactctg tgtgeactaa ttcaagagaa
3421 agaattttgt acaatggtgt cgactactga geticagaag acaactggaa ctatgatcca
3481 caagetggea geecgagete taatcagaga ttatgaagat ggeattette acgaaaatga
3541 aaccagtcat gagatgaaaa aacaaacctt gaaatctctg attattaaac tcagtaaaga
3601 aaactctctc ataacacaat ttacaagcit tgtggeagtt gagaaaaggg atgagaatga
3661 gcacctttt cotgatatic caaaagtitc tgaacttatt gccaaagaag atgtagactt
3721 cetgeectac atgagetgge agggggaace ccaagaagec gtoaggaace agtetctttt
3781 agcatcctct gagtggecag aattacgttt atccaaacga aaacatagga aaattccatt
3841 ttccaaaaga aaaatggaat tatctcagee agaagtitct gaagattitg aagaggatge
3901 cttaggteta ctaccagett tcacatcaaa tttggaacgt ggacgtgtgg aaaagetatt
3961 ggatttaagt tggacagagt catgtaaacc aacagcaact gaaccactat ttaagaaagt
4021 cagtocatgg gaaacatcta ctictagett tittcctatt ttggeteegg cogttggtte
4081 ctatcttacc ccgactacce gegetcacag tectgettee tigtettttg cetcatateg
4141 tcaggtaget agtttcggtt cagetgetee tcccagacag tttgatgeat cteaattcag
4201 ccaaggcecet gtgeetggea ctigtgetga ctggatceca cagteggegt cttgteccac
4261 aggaccteee cagaacceac cttetgeace ctattgtgge attgttittt cagggagete
4321 attaagctct geacagtetg ctecactgea acatcctgga ggctitacta ccaggcctte
4381 tgetggeace ttcoctgage tggattetee coagettcat tictetottc ctacagacce
4441 tgatcccate agaggtittg ggtcttatca tecetetget tacteteett ttcattttca

4501 accttccgea geotettiga ctgecaacet taggetgeea atggectetg cittacctga
4561 ggctetttge agtcagicee ggactaccee agtagatcte tgtettctag aagaatcagt
4621 aggcagtctc gaaggaagtc gatgtcetgt ctttgetitt caaagtictg acacagaaag
4681 tgatgagcta tcagaagtac ttcaagacag ctgetttita caaataaaat gtgatacaaa
4741 agatgacagt atccegtget tictggaagt aaaagaagag gatgaaatag tgtgcacaca
4801 acactggcag gatgctgtge cttggacaga actcctcagt ctacagacag aggatggett
4861 ctggaaactt acaccagaac tgggacttat aftaaatctt aatacaaatg gtttgcacag
4921 ctttcttaaa canaaaggea ttcaatetct aggtgtaaaa ggaagagaat gtetectgga
4981 cctaattgee acaatgetgg tactacagtt tattcgeace aggttggaaa aagagggaat
5041 agtgttcaaa tcactgatga aaatggatga cccttctatt tccaggaata ttecetggge
5101 tittgaggca atanagcaag caagtgaatg ggtaagaaga actgaaggac agtacccatce
5161 tatctgceca cggettgaac tggggaacga ctgggactct gecaccaage agttgetpgg
5221 actccagecc ataageactg tgteecctcet tcatagagte ciccattaca gicaaggeta
5281 agtcaaatga aactgaattt taaacttitt gcatgettet atgtagaaaa taatcaaatg
5341 ataatagata cttataatga aacttcatta aggtttcatt cagtgtagea attactgtct

5401 ttaaaaatta agtggaagaa gaattactit aatcaactaa caagcaataa taaaatgaaa
5461 cttaaaat
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Figure 10

Vi

1 ctagaattca peggecgotg aattctagge ggegeggegg cgacggagea cecggeggegg
61 cagggcgaga geattaaatg aaagcaaaag agitaataat ggeaacacgg ctecagaaga
121 ctctteceet gecaagaaaa ctegtagatg ccagagacag gagtcgaaaa agatgeetgt
181 ggetggagga aaagetaata aggacaggac agaagacaag caagatggta tgccaggaag
241 gteatgggce ageanaaggg tetetgaate tgtgaaggec ttgctgttaa agggcaaage
301 tectgtggac ccagagtgta cagecaaggt ggggaaggct catgtgtatt gtgaaggana
361 tgatgtctat gatgtcatge taaatcagac caatctecag tteaacaaca acaagtacta
421 tctgaticag ctattagaag atgatgceca gaggaacttc agtgtttgea tgagatgegg
481 ccgagttggg aaaatgggac agcacagect gatggottgt lcaggeaate tcaacaagge
541 caaggaaatc tticagaaga aattccttga caaaacgaaa aacaattggg aagatcgaga
601 aaagtttgag aaggtgcctg gaaaataiga tatgetacag atggactatg ccaccaatac
661 tcaggatgaa gaggaaacaa aaanagagga atctottaaa tetecctiga agecagagtc
721 acagctagat cticgggtac aggagttaat aaagttgate tgtaatgttc aggecatgga
781 agaaatgatg atggaaatga agtataatac caagaaagcee ccacttggga agetgacagt
841 ggeacaaate aaggeaggtt accagtcict taagaagatt gaggattgta ttegggcteg
901 ccagcatgga cgagetetea tggaageaty caatgaatic tacaccagga ttecgeatga
961 ctitggacte cgtactcctc cactaatceg gacacagaag gaactgtcag aaaaaataca
1021 attactagag getttgggag acattgaaat tgetattaag ctggtgaaaa cagagetaca
1081 aagcccagaa cacccattgg accaacacta tagaaaccta cattgigect tgegeccect
1141 tgaccatgaa agttacgagt tcaaagtgat ttcccagtac ctacaatota cccatgetee
1201 cacacacage gactatacca tgacctiget ggatttgttt gaagtggaga aggatggtga
1261 gaaagaagce ticagagagg accttcataa caggatgctt ctatggeatg gttccaggat
1321 gagtaactgg gtgggaatct tgageeatgg gettcgaatt geccaccetg aageteecat
1381 cacaggttac atgtitggga aaggaateta ctitgetgac atgicttcca agagtgecaa
1441 ttactgettt gectetegee taaagaatac aggactgotg ctettateag aggtagetot
1501 aggtcagtgt aatgaactac tagaggcecaa toctaaggee gaaggattge ticaaggtaa
1561 acatagcacc aaggggetgg goaagatgge teccagttct geccactteg teacectgaa
1621 tgggagtaca gtgecattag gaccageaag tgacacagga attetgaate cagatggtta
1681 taccetcaac tacaatgaat atattgtata taaccecaac caggteegta tgeggtacct
1741 titaaaggtt cagtttaatt tecttcaget gtggtgaatg ttgatcttaa ataaaccaga
1801 gatctgatct tcaagcaaga aaataageag tgttgtactt gtgaattttg tgatatitta
1861 tgtaataaaa actgtacagg tctaaaaaaa aaaaaaanaa aaaaaaanaa
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Figure 11

1 tggeactggt cgectgacte ggeetgeece agectetget teaceceact ggtgpecaaa

61 tagccgatgt ctaatcceee acacaagete atceceggec tetgggattg tigggaatte
121 tetcectaat tcacgeetga ggctcatgga gagttgetag acctgggact geeetgggag
181 gegeacacaa ccaggeeggg tggeagecag gacctetece atgtecetge tittettgge
241 catggctcca aageegaage cotgggtaca gactgaggge cotgagaaga agaagggecg
301 geaggeagga agggaggagg accceticeg ctecaceget gaggeeeica aggecatace
361 cgeagagaag cgeataatce gegtggatee aacatgteca ctecageagea acceegggac
421 ccaggtgtat gaggactaca actgcaccct gaaccagacc aacatcgaga acaacaacaa
481 caagttctac atcatccage tgetccaaga cageaaccge tettcacct getggaaccg
541 ctggggecgt gtgggagagg teggecagte aaagatcaac cacttcacaa ggetagaaga
601 tgcaaagaag gactttgaga agaaatttcg ggaaaagace aagaacaact gggeagageg
661 ggaccacttt gtgtctcace cgggeaagta cacacttatc gaagtacagg cagaggatga
721 gpeccaggaa getgtggtga aggtegacag aggeccagtg aggactgtga ctaageggat
781 goagecetge teeetggace cagecacgea gaageteate actaacatet tcagcaagga
841 gatpttcaag aacaccatgg ccctcatgga cotggatgtg aagaagatge cectgggaaa
901 getgageaag caacagattg cacggggttt cgaggecttg gaggegcetgg aggaggecct
961 gaaaggccoc acggatggtg gecaaagect ggaggagetg tectcacact tttacacegt
1021 catcccgeac aacttcggee acagecagee cecgeccate aaticceetg agettetgea
1081 ggecaagaag gacatgelge (ggteclgee ggacatcgag ctggeceagg cectgeagge
1141 agtctctgag caggagaaga cggtpgagga ggtgecacac ceectggace gagactacea
1201 gettctcaag tgecagetge agetgetaga ctetggagea cotgagtaca aggtgataca
1261 gacctactta gaacagactg geageaacca caggtgeect acacttcaac acatctggaa
1321 agtaaaccaa gaaggggagp aagacagatt ccaggeccac tecaaactgg ptaatcggaa
1381 getgetgtgg catggeacca acatggeegt ggtggeegee atectcacta gtgggeteeg
1441 catcatgcea cattotggtg ggogtgtigg caagggeate tactttgect cagagaacag
1501 caagtcagct ggatatgtta ttggcatgaa gtgtggggce caccatgtcg getacatgtt
1561 cotgggtgag gtggecctgg geagagagea ceatatcaac acggacaace ccagettgaa
1621 gagcccacct cetggetteg acagtgtceat tgeccgagge cacaccgage ctgatccgac
1681 ccaggacact gagttggage tggatggeea geaagtggty gtgccccagg gecageotgl
1741 gecetgecca gagttcagea getceacatt ctcccagage gagtacctea tetaccagga
1801 gagecagtgt cgectgeget acctgetgga ggtecaccte tgagtgeceg cectgtecee
1861 cggggtcetg caaggetgga ctgtgatctt caatcatect geccatctet ggtaceecta
1921 tatcactcct ttitticaag aatacaatac gttgttgtta actatagtca ccatgetgta
1981 caagatecct gaacttatge ctectaactg aaattttgta ttctttgaca catctgecca
2041 gteectetee teccageeca tggtaaccag catttgacte titacttgta taagggcage
2101 tittataggt tccacatgta agtgagatca tgeagtgtit gtetttetgt gectggetta
2161 tttcactcag cataatgtge accgggttca cecatgtttt cataaatgac aagatttect
2221 cctttaaaaa aaaaaaaaaa aaaaadaaaaa A2aaaaaada aaa
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1 cgaagatggc ggcgtegegt cgcetctcage atcatcacca ccatcatcaa caacagctec

61 agccegecce aggggettea gegecgeege cgecacctee teccccacte ageoctggec
121 tggecceoggg gaccacccca gectctccca cggecagegg cctggocccce ttegectcece
181 cgcggcacgg cctagegctg ccggaggggy atggeagtcg ggatccgeoe gacaggecce
241 gatcececgga cccggttgac ggtaccaget gttgcagtac caccagcaca atctgtaceg
301 tcgocegecge tccegtggtc ccageggttt ctacttcate tgeccgetggg gtcgetccca
361 acccageegg cagtggeagt aacaattcac cgtcgtecte ttetteeeceg acttctteoct
421 catcttccte tccatcctee cctggatcga gottggcgga gagecccgag goeggccggag
481 ttagcagcac agcaccactg gggcectggeg cagcaggacce tgggacaggg gteccageag
541 tgagcgggge cctacgggaa ctgctggagyg coctgtcgcaa tggggacgtg tcccgggtaa
601 agaggetggt ggacgoggea aacgtaaatg caaaggacat ggecggecgg aagtcttete
661 ccctgeactt cgctgeaggt tttggaagga aggatgttgt agaacactta ctacagatgg
721 gtgctaatgt ccacgctcgt gatgatggag gtctcatcce gettcataat gectgttett
781 ttggccatge tgaggttgtg agtctgttat tgtgccaagg agctgatcca aatgccaggg
841 ataactggaa ctatacacct ctgcatgaag ctgctattaa agggaagatc gatgtgtgca
901 ttgtgctget gecagcacgga gctgacccaa acattcggaa cactgatggg aaatcagece
961 tggacctggqc agatccttca gcaaaagctg tccttacagg tgaatacaag aaagacgaac
1021 tcctagaage tgctaggagt ggtaatgaag asaaactaat ggctttactg actcctctaa
1081 atgtgaattg ccatgcaagt gatgggcgaa agtcgactcee tttacatcta gcageggget
1141 acaacagagt tcgaatagtt cagcttcttc ttcageatgg tgctgatgtt catgczaaag
1201 acaaaggtgg acttgtgect cttcataatg catgttcata tggacattat gaagtcacag
1261 aactgctact aaagcatgga grttgtgtta atgccatgga tctctggeag tttactccac
1321 tgcacgaggc tgcttccaag aaccgtgtag aagtctgcte ttkgttactt agccatggeg
1381 ctgatcctac gttagtcaac tgccatggca aaagtgcetgt ggatatggct ccaactcegg
1441 agcttaggga gagattgact tatgaattta aaggtcattc tttactacaa gcagccagag
1501 aagcagactt agctaaagtt aaaaaaacac tcgctctgga aatcattaat ttcaaacaac
1561 cgragtctcea tgaaacagea ctgcactgtg ctgtggecte tctgeatccc aaacgtaaac
1621 aagtgacaga attgttactt agaaaaggag caaatgttaa tgaaaaaaat aaagatttca
1681 tgactcccct gcatgttgca gccgaaagag cccataatga tgtcatggaa gttetgeata
1741 agcatggcgc caagatgaat gcactggaca ccettggtca gactgetttg catagagecg
1801 ccctageagg ccacctgcag acctgeegee toetgetgay ttacggetct gaccccleca
1861 tcatctectt acaaggcttc acagcagcac agatgggcaa tgaagcagtg cagcagatte
1921 tgagtgtgag ttacggctet gaccectcca tcatcteoctt acaaggcttc acagcagcac
1981 agatgggcaa tgaagcagtg cagcagatte tgagtggtca ttogtagata gtgatcatte
2041 tacttcagcc ttaatggtga tcttgagacg ggaagattta gaaggaaatc tatccageat
2101 gtcttcactg tcaacatgaa gagtacacct atacgtactt ctgatgttga ttatcgacte
2161 ttagaggcat ctaaagctgg agacttggaa actgtgaagec aactttgcag ctctcaaaat
2221 gtgaattgta gagacttaga gggccggcat tccacgccct tacacttcgc agcaggctac
2281 aacagagtac acctatacgt acttctgatg ttgattateg actcttagag gcatctaaag
2341 ctggagactt ggaaactgtg aagcaacttt gcagctctca aaatgtgaat tgtagagact
2401 tagagggccg gcattccacg cocttacact tcgcagcagg ctacaaccege gtgtctgttg
2461 tagagtacct gctacaccac ggtgccgatg tccatgccaa agacaagggt ggcttggtge
2521 cccttcataa tgcctgttca tatggacact atgaggtgge tgagetttta gtaaggcatg
2581 gggcttctgt caatgtggcg gacttatgga aatttaccec tctccatgaa gcagcagcta
2641 aaggaaagta tgaaatctgc aagctccttt tamaacatgg agcagatcca actaaaaaga
2701 acagagatgg aaatacacct ttggatttgg taaaggaagg agacacagat attecaggact
2761 tactgaaagg ggatgctgct ttgttggatg ctgccaagaa gggctgcctg gcaagagtgce
2821 agaagctctg taccccagag aatatcaact geagagacac ccagggcaga aattcaaccce
2881 ctctgcacct ggcagcaggc tataataacc tggaagtage tgaatatctt ctagagcatg
2941 gagctgatgt taatgcccag gacaagggtg gtttaattce tettcataat geggeatett
3001 atgggcatgt tgacatagcg gctttattga taaaatacaa cacgtgtgta aatgcaacag
3061 ataagtgggc gtttactcce ctccatgaag cagcccagaa aggaaggacg cagetgtgeg
3121 ceoctectect agcgcatggt gcagacccca ccatgaagaa ccaggaaggc cagacgoctc
3181 tggatctgge aacagctgac gatatcagag ctttgctgat agatgecatg cccccagagg
3241 ccttacctac ctgttttaaa cctecaggcta ctgtagtgag tgectcebctyg atctcaccag
3301 catccacccc ctcctgecte tcggctgecca gocagcataga caacctcact ggecctttag
3361 cagagttggce cgtaggagga gcctccaatg caggggatgg cgecgeggga acagaaagga
3421 aggaaggaga agtbtgctggt cttgacatga atatcagcca atttctaaaa agccttggec
3481 ttgaacacct tcgggatatc tttgaaacag aacagattac actagatgtg ttggctgata
3541 tgggtcatga agagttgaaa gaaataggca tcaatgcata tgggcaccge cacaaattaa
3601 tcaaaggagt agaaagactc ttaggtggac aacaaggcac caatccttat ttgactttte
3661 actgtgttaa tcagggaacyg attttgetgg atcttgectcc agaagataaa gaatatcagt
3721 cagtggaaga agagatgcaa agtactattc gagaacacag agatggtggt aatgctggeg
3781 gcatcttcaa cagatacaat gtcattcgaa ttcaaaaagt tgtcaacaag aagttgaggg
3841 agcggttctg ccaccgacag aaggaagtgkt ctgaggagaa tcacaaccat cacaatgagc
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3901 gcatgttgtt tcatggttet cctégég{ta atgccattat tcataaaggg tttgatgage
3961 gacatgcata cataggagga atgtttgggg ccgggattta ttttgctgaa aactcctcaa
4021 aaagcaacca atatgtttat ggaattggag gaggaacagg ctgccctaca cacaaggaca
4081 ggtcatgcta tatatgtcac agacaaatgc tcttctgtag agtgaccctt gggaaatcct
4141 ttctgeagtt tagcaccatg asaatggcce acgegectec agggeaccac tcagteattg
4201 gtagaccgag cgtcaatggg ctggcatatg ctgaatatgt catctacaga ggagaacagg
4261 catacccaga gtatcttate acttaccaga tcatgaagec agaagcccct tcccagaccg
4321 caacagccgc agagcagaag acctagtgaa tgcctgctgg tgaaggecag atcagatttc
4381 aacctgggac tggattacag aggattgttt ctaataacaa catcaatatt ctagaagtcc
4441 ctgacagcct agaaataage tgttbgtett ctataaagea ttgctatagt g
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Figure 13

1 cgegeegect cgetagecga aacctgeeca geeggtgece ggecactgey cacgegeggg
61 acgacgtcac gtgegetece ggggetggac ggagetggea ggaggggeet tgecagetic
121 cgeegeegey legtttcagg acceggacgg cggattegeg ctgecteege cgeegeggeg
181 cagecgggeg gagggagec cagegagaas cecsegtysg cyeggecaty ggactgegee
241 ggatccggtg acagcaggga gecaagegae cegggeeetg agegegtctt cteegpapeg
301 cetegececte ctgetegegg ggeogggect cetgeteegg ttgetggege tgttgetgge
361 tgtggeggeg gecaggatea tgtegggteg cegeigegec pgegggssag cgecctgege
421 gagegeegeg gecgaggecg tggagecgec cgecegagag cigttcgagg cgtgeegeaa
481 cgpggacgtg gaacgagtca agaggotggt gacgectgag aaggtgaaca geegegacac
541 ggegggeagg aaatceacce cgetgeuctt cgecgeaggt titgggegga aagacgtagt
601 tgaatatttg cticagaatg gtgcaaatgt ccaageacgt gatgatgggg geettatice
661 tcttoataat geatgetctt ttggteatge tgaagtagte aatctecttt tgegacatgg
721 tgeagaccee aatgetegag ataattggaa ttatactcct ciccatgaag ctgeaattaa
781 aggaaagatt gatgtttgca ttgtgctgtt acageatgga getgagecaa ceatccgaaa
841 tacagatgga aggacagcat tggatttage agatccatct gocaaageag tgettactgg
901 tgaatataag aaagatgaac tcttagaaag tgccaggagt ggeaatgaag aaaanatgat
961 ggctetacte acaccaitaa atgtcaactg ceacgeaagt gatggeagaa agtcaactee
1021 attacatttg gocagcaggat ataacagagt aaagattgta cagetgttac tgcaacatgg
1081 agctgatgte catgetaaag ataaaggtga tetggtacca ttacacaatg cctgttetta
1141 togtcattat ‘gaagtaactg aacttitggt caageatggt goctgtgtaa atgcaatgga
1201 citgtggeaa ttcactecte ticatgagge agetictaag aacagggttg aagtatgtic
1261 tcttetctta agttatggts cagacccaac actgetcaat tgtcacaata aaagtgctat
1321 agacttgget cccacaceac agttanaaga aagattagea tatgaattta aaggecacte
1381 gttgetgeaa getgeacgag aagetgatgt tactcgaatc aaaaaacate tetetctgga
1441 aatggtgaat ttcaagcatc ctcaaacaca tgaaacagea ttgeattgtg ctgetgeate
1501 tecatatcce aaaagasage aaatatgtga actgttgeta agaaaaggag caaacatcaa
1561 tgaaaagact aaagaattct tgactcetct geacgtggea tetgagaaag cteataatga
1621 tgttattgaa gtagtgptea aacatgaage aaaggttaat getctggata atetiggtca
1681 gactictcta cacagagctg catattgtgg teatctacaa acctgeogee tactectgag
1741 ctatgggtgt gatcctaaca tlatatceet teagggettt actgetttac agatgggaaa
1801 tgaaaatgta cagcaactee tecaagaggg tatcicatta ggtaattcag aggeagacag
1861 acaattgctg gaagetgeaa aggetggaga tgtegaaact gtaaaaaaac tgtgtactgt
1921 tcagagtgtc aactgcagag acattgaagg gegtcagtct acaccactte attttgeage
1981 tgggtataac agagtgteeg tggtggaata tetgetacag catggagetg atgtgeatge
2041 taaagataaa ggaggeetig tacctttgea caatgeatgt tettatggac attatgaagt
2101 tgeagaactt cligttaaac atggagcagt agttaatgta getgatttat ggaaatttac
2161 acctttacat gaagcageag caaaaggaaa atatgaaatt tgcaaacttc tgetccagea
2221 tggtgcagac cetacaaaaa aaaacaggga tggaaatact cetitggate ttgitaaaga
2281 tggagataca gatattcaag atctgcitag gggagatgea getttgetag atgetgecaa
2341 gaagggttgt ttagccagag tgaagaagtt gictictect gataatgtaa attgeegega
2401 tacccaagge agacaticaa cacctttaca titageaget ggttataata atttagaagt
2461 tgcagagtat tigttacaac acggagetga tgtgaatgee caagacaaag gaggacttat
2521 tectttacat aatgcagceat cttacgggea tgtagatgta goagetetac taataaagta
2581 taatgcatgt gtcaatgeca cggacaaatg ggctttcaca cetttgeacg aageageeca
2641 aaagggacga acacagcitt gtgetttgtt getageccat ggagetgace cgacicttaa
2701 aaatcaggaa ggacaaacac ctitagattt agtitcagca gatgatgtca gegetctict
2761 gacagcagce atgeoceeat ctgetetgee ctettgttac aagectcaag tgotcaatgg
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2821 tgtgagaage ccaggageca ctgeagatge tetetetica ggtecatcta geccatcaag

2881 ccttictgea gecageagte ttgacaactt atctgggagt ttttcagaac tgtettcagt
2941 agttagttca agtggaacag agggtgctic cagtttggag aaaaaggagg ttccaggagt
3001 agattttagc ataactcaat tcgtaaggaa tettggactt gageacctaa tggatatatt
3061 tgagagagaa cagatcactt tggatgtatt agttgagatg gggeacaagg agetgaagga
3121 gattggaatc aatgcttatg gacataggea caaactaatt aaaggagicg agagacttat
3181 ctccggacaa caaggtctta acccatatit aactttgaac acctetggta gtggaacaat
3241 tcttatagat ctgtetectg atgataaaga gtitcagtet gtggaggaag agatgcaaag
3301 tacagttcga gagcacagag atggaggtea tgcaggtgga atcttcaaca gatacaatat
3361 tctcaagatt cagaaggttt gtaacaagaa actatgggaa agatacactc accggagaaa
3421 agaagtttct gaagaaaacc acaaccatge caatgaacga atgetatttc atgggteice
3481 ttttgtgaat geaattatce acaaaggett tgatgaaagg catgegtaca taggtgptat
3541 gtttggaget gecatttatt ttgetgaaaa ctellccaaa ageaatcaat atgtatatgg
3601 aattggaggea getactgggt gtecagtica caaagacaga tettgttaca titgecacag
3661 geagcetgete ttitgecgge taaccttggg aaagtetttc ctgeagtica gtgcaatgaa
3721 aatggeacat tctcetccag gteatcacte agtcactggt aggeccagtg taaatggect
3781 agcattagct gaatatgtta tttacagagg agaacaggct tatcotgagt alttaattac
3841 ttaccagatt atgaggectg aaggtatggt cgatggataa atagttattt taagaaacta
3901 attccactga acctaaaatc atcaaageag cagtggeete tacgtittac tectttgetg
3961 aaaaaaaatc atcttgecca caggectgtg geaaaaggat aaaaatgtga acgaagtita
4021 acattctgac ttgataaage titaataatg tacagtgitt tctaaatatt tectgttett

4081 tcagcacttt aacagatgee attccaggtt aaactgggtt gtetgtacta aattataaac
4141 agagttaact tgaacctttt atatgttalg cattgattct aacaaactgt aatgecctca
4201 acagaactaa tittactaat acaatactgt gttctttaaa acacagcatt tacactgaat
4261 acaatttcat ttgtaaaact gtaaataaga gettttgtac tagcccagta titatttaca
4321 ttgetttgta atataaatet gitttagaac tgcageggtt tacaaaattt tttcatatgt

4381 attgttcatc tatacttcat cttacatcgt catgattgag tgatctitac atttgattce

4441 agaggctatg ttcagtigtt agttgggaaa gattgagtta tcagatttaa tttgecgatg
4501 ggagccttta tetgtcatta gaaatctttc tcatttaaga acttatgaat atgetgaaga
4561 tttaatttgt gatacctttg tatgtatgag acacaticca aagagcicta actatgatag
4621 gtectgatta ctaaagaage tictitactg gectcaattt ctagetttca tgttggaaaa
4681 ttitctgeag tocttetgtg aaaattagag caaagtgetc ctgtitttta gagaaactaa
4741 atcttgetgt tgaacaatta ttgtgttett ticatggaac ataagtagga tgttaacatt

4801 tccagggtgg gaagggtaat cctaaatcat ttcccaatct attctaatta cettaaatct
4861 aaaggggaaa aaaaaaatca caaacaggac tgggtagtit titatcctaa gtatatttit
4921 tectgttett titacttggt tttattgetg tatttatage caatctatac atcatgggta

4981 aacttaaccc agaactataa aatgtagttg tttcagtcce cttcaggect cetgaatggg
5041 caagtgcagt gaaacaggtg cttectgete ctgggttite tetccatgat gitatgeeca
5101 attggaaata tgctgtcagt ttgtgcacca tatggtgace acgeetgtge teagtttgge
5161 agctatagaa ggaaatgetg tcccataaaa tgecatccct atttctaata taacactett
5221 ttccaggaag catgettaag catcttgtta cagagacata catccattat ggettggeaa
5281 tetcttttat ttgttgacte tagetcectt caaagtcgag gaaagatctt tactcactta

5341 atgaggacat tccecateac tgtetgtace agttcacctt tattttacgt titattcagt

5401 ctgtaaatta actggecctt tgcagtaact tgtacataaa gigctagaaa atcatgttce
5461 ttgtcctgag taagagttaa tcagagtaag tgcatitctg gagitgttic tgtgatgtaa
5521 attatgatca ttatttaaga agtcaaatcc tgatcttgaa gtgcttttta tacagetcte

5581 taataattac aaatatccga aagtcatttc ttggaacaca agtggagtat gecaaatttt
5641 atatgaattt ttcagattat ctaagcttce aggttttata attagaagat aatgagagaa
5701 ttaatggggt ttatatitac attatctctc aactatgtag cccatattac tcaccotatg

5761 agtgaatctg gaattgettt tcatgtgaaa teattgtggt ctatgagttt acaatactge

-46-




WO 2005/012524 PCT/GB2004/003233

5821 aaactgtgtt attitatcta aaccattget talal{/gza?gtgt gittttccat gaatgaatat
5881 accgtggtic atatgitage atggeageat titcagatag ctttttgttt gttgggaagt
5941 tgggpttttg gggegaggeg gagtattagt acgtigeatg gaatagecta ctttataatg
6001 atgggaatge tttttctttt gttttgggat tittitttt gaagigaaat ttaactittt

6061 gtgccagtag tactattata cccatcttca gtgtettact tgtactgtat caaattecat
6121 accctcattt aattcttaat aaaactgttc acttgtaaaa aaaaaaaaaa aaanaaaaaa
6181 aaaaaaaaa
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Figure 14

1 cgecegeeca goeceggegg cagggaaage ctaaattacg gaattaccge gagcaaggag
61 cgeggaateg gggagegtee ggagctaget ggatecteta ggeaggatgg tgatgggaat
121 cittgcaaat tgtatcttet gtttgaaagt gaagtactta cctcagecage agaagaaaaa
181 getacaaact gacattangg aaaatggegp aaagtittce tittegttaa atccteagte
241 cacacatata atcttagata atgctgatgt tetgagteag taccaactga attctatcca
301 aaagaaccac gttcatattg caaacccaga ttttatatgg aaatctatca gagaaaagag
361 actcttggat ptaaagaatt atgatcctta taagceectg gacatcacac caccteetga
421 tcagaaggceg agcagttctg aagtgaaaac agaaggicta tgccoggaca gigocacaga
481 ggaggaagac actgtggaac teactgagtt tggtatgeag aatgttgaaa ttccteatct
541 tectcaagat tttgaagttg caaaatataa caccttggag aaagtgggaa tggagggagg
601 ccaggaagot gtggtegtgg agottcagtg tegegggac tecagggact gtectttect
661 gatatcctea cacttectee tggatgatgg catggagact agaagacagt ttgctataaa
721 gaaaaccict gaagatgcaa gigaatactt tgaaaattac attgaagaac tgaagaaaca
781 aggatttcta ctaagagaac atttcacacc tgaagcaacc caattageat ctgaacaatt
841 gcaagcattg cttttggage aagfcatgaa ttcaageact ctgagceaag aggtgagega
901 tttagtagag atgatttggo cagaggcect gggeoacctg gaacacatge ttetcaagec
961 agtgaacagg attagectca acgatgtgag caaggeagag gggattetcc tictagtaaa
1021 ggeageactg aaaaatggag aaacagcaga geaattgeaa aagatgatga cagagttita
1081 cagactgata cctcacaaag geacaatgec caaagaagtg aacctgggac tattggctaa
1141 gaaageagac ctotgecage taataagaga catggttaat gictgtgaaa ctaatttgtc
1201 caaacccaac ceaccatcee tggecaaata cogagetitg aggtgcaaaa ttgageatgt
1261 tgaacagaat actgaagaat tictcagggt tagaaaagag giiftgcaga atcatcacag
1321 taagagcceea gtggatgict tgeagatatt tagagttgge agagtgaatg aaaccacaga
1381 gtitttgage aaacttggta atgtgaggce ctigttgcat ggttcteetg tacaaaacat
1441 cgtgggaate ttgtatogag gotigetitt acccaaagta gtgpaagatc gtggtetgca
1501 aagaacagac gteggaaacc ttggaagteg gatttatttc agtgattcge tcagtacaag
1561 tatcaagtac tcacaccegg gagagacaga tggeaccaga ctectgotea tttgtgacgt
1621 agecetegga aagtgtatgg acttacatga gaaggacttt cocttaactg aagcaccacc
1681 aggetacgac agtgtgeatg gagtttcaca aacagectet gtcaccacag actttgagga
1741 tgatpaattt gttgtctata aaaccaatca ggttaaaatg aaatatatta ttaaattitc
1801 catgectgga gatcagataa aggactttca tectagtgat catactgaat tagaggaata
1861 cagacctgag tttcaaatt titcaaaggt tgaagattac cagttaccag atgccaaaac
1921 ttccageage accaaggeeg gectccagga tgectetggg aacttggttc ctetggagga
1981 tgtecacatc aaagggagaa toatagacac tgtagcecag gtcattgttt ticagacata
2041 cacaaataaa agtcacgtge ccattgagge aaaatatatc tttcetttgg atgacaagge
2101 cgelgtgtgt gecttegaag ccttcatcaa taggaageac atagttggag agattasaga
2161 gaaggaagaa geceageaag agtacctaga agocgtgace cagggecatg gegettacet
2221 gatgagtcag gatgetcegg acgttitlac tgtaagtgtt ggaaacttac cccctaagge
2281 taaggttctt atagaaatta cctacatcac agaactcage atcctgggea ctgttggtet
2341 ctitticatg ccogocaceg tageaceetg goaacaggac aaggctttga atgaaaacct
2401 tcaggataca gtagagaaga titgtataaa agaaatagga acaaagcaaa gettetettt
2461 gactatgtct attgagatge cgtatgtgat tgaattcatt ttcagtgata cacatgaact
2521 gaaacaaaag cgeacagact geaaagelgt cattagcace atggaaggca getccttaga
2581 cageagtgga ttttetctee acatggtit gtetgetgee tatcteccaa gaatgtggst
2641 tgaaaaacat ccagaanaag aaagegagge ttgeatgett gtetttcaac cogatetega
2701 tgtegacctc cotgacctag ceagigagag cgaagtgatt atttgtcttg actgetecag
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2761 ttccatggag ggtgtgacat tcttgcaaggﬁéiggcaaatc accttgeatg cgetgtectt
2821 ggtgegtaag aagcagaaag taaatattat ccagttcgge acaggttaca aggagetatt
2881 ttegtatect aagceatatca caageaatac cacggeagea gagttcatea tgtetgecac
2941 acctaccatg gggaacacag acttctggaa aacactcega tatettagot tattgtacce
3001 tgetegaggg tcacggaaca tecteetggt gtotgatggg cacctecagy atgagagect
3061 gacattacag ctcgtgaaga ggageegeee geacaccagg tattcgect geggtategg
3121 ttctacagea aalcgtcacg tettaaggat tttgtcceag tgtggtgoeg gagtatitga
3181 ataitttaat gcanaatcca agcatagitg gagaaaacag atagaagacc aaatgaccag
3241 getatgttct ccgagttgee actetgtcte cgtcaaatgg cageaactca atccagatge
3301 geccgaggee ctgeaggeee cagoccaggt gecatecttg titcgeaatg ategactect
3361 tgtetatgga ttcatteete actgeacaca ageaactctg tgtgcactaa ticaagagaa
3421 agaattttgt acaatggtet cgactactga geticagaag acaactggaa ctatgatcea
3481 caagetggea geeegagetc taatcagaga ttatgaagat ggcattcttc acgaaaatga
3541 aaccagtcat-gagatgaaaa aacaaacctt gaaatcictg atattaaac tcagtaaaga
3601 aaactcictc ataacacaat ttacaagctt tgtggeagtt gagaaaaggg atgagaatga
3661 gtcgeetttt cetgatatte caaaagtttc tgaacttatt gecaaagaag atgtagactt
3721 cetgeeclac atgagetgge agggggagee ccaagaagee gtcaggaacce agtetotttt
3781 agcatcctet gagtggecag aattacgttt atccaaacga aaacatagga aaattccatt
3841 ttccaaaaga aaaatggaat tatctcagee agaagtttct gaagattitg aagaggatgg
3901 cttaggtgta ctaccagctt tcacatcaaa tttggaacgt ggagptgtge aaaagetatt
3961 ggatttaagt tggacagagt catgtaaacc aacagcaact gaaccactal ttaagaaagt
4021 cagtccatgg gaaacatcta cttctagett tittectatt ttggetcegg cegttggttc
4081 ctatcttace cegactacee gegetcacag tectgetice tigtettttg ceteatateg
4141 tcaggtaget agtttcggtt cagetgetee tcccagacag titgatgeat cteaattcag
4201 ccaaggeect gtgectggea ctigtgeiga ctggatecca cagteggegt ctigicecac
4261 aggacctece cagaacceac cttetgeace clattgtgge attgtttttt cagggagete
4321 attaagctet geacagtetg ctecactgea acatcotgga ggetttacta ccaggectte
4381 tgetggeace tteectgage tggattetee coagettcat tictetettc ctacagacec
4441 tgatcccate agaggttitg ggtettatea tecetetget tactetectt ticattttea
4501 accttccgea gectetitga ctgecaacct taggetgeea atggectetg ctttacetga
4561 ggctetttge agtcagtcce ggactaceee agtagatete tgtetictag aagaatcagt
4621 aggcagtcte gaaggaagte gatgteetgt ctitgetttt caaagttctg acacagaaag
4681 tgatgagcta tcagaagtac ttcaagacag ctgettitta caaataaagt gigatacaaa
4741 agatgacagt atcccgtget tteiggaatt aaaagaagag gatgaaatag tgtgeacaca
4801 acactggcag gatgctgtge cttggacaga actecicagt ctacagacag aggatggcett
4861 ctggaaactt acaccagaac tgggacttat attaaatctt aatacaaatg gtttgcacag
4921 ctttcttaaa caaaaaggcea ttcaatctet aggtgtaaaa ggaagagaat gtetcetgga
4981 cctaattgee acaatgetgg tactacagtt tattcgeace aggttggaaa aagagggaat
5041 agtgttcaaa tcactgatga aaatggatga cectictatt tccaggaata ttecetggge

- 5101 tttigaggcea ataaagcaag caagtgaatg ggtaagaaga actgaaggac agtacccatc
5161 tatctgeeca cggettgaac tggggaacga ctgggactct gecaccaage agltgotgag
5221 actccageee ataageactg tgtecectet teatagagtc ctecattaca gteaaggeta
5281 agtcaaatga aactgaattt taaacttttt gcatgettct atgtagaaaa taatcaaatg
5341 ataatagata attataatga aacttcatta aggtitcatt cagtgtagca attactgtct
5401 ttaaaaatta agtggaagaa gaattacttt aatcaactaa caagcaataa taaaatgaaa
5461 cttaaaataa aaaaaaaaaa aaaaaaaaad
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