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Assay

The invention relates to a method for screening for pre-eclampsia in a mammal, such as a
human, by determining the amount of ACE2 (Angiotensin-converting Enzyme 2),
variant, or fragment of ACE2, or mRNA encoding the ACE2. Additionally a new
fragment of ACE2 has been identified and isolated. Reagents and kits for carrying out

the method are also provided.

Pre-eclampsia is a disorder unique to pregnancy (affecting about 10% of pregnancies),
characterised by high blood pressure i.e. blood pressure of > 140/90 mmHg (on at least
two occasions 6 hours apart) and the presence of protein in the urine. In some cases (1-
2% of pregnancies), convulsions or coma or both may develop resulting in eclampsia. It
endangers both the mother and foetus and along with other hypertensive pregnancy
disorders, is one of the main causes of maternal and perinatal morbidity and mortality. In
the developed world, pre-eclampsia is estimated to play a role in almost 1 out of every 5
maternal deaths and accounts for some 15% of premature births. The costs associated
with managing pre-eclampsia have been estimated to be in the region of 10 billion US
dollars per year with a similar figure being suggested in coping for disease after birth
resulting from pre-eclampsia during pregnancy. These later effects include the
psychological and physical effects on the affected mother (cerebral haemorrhage and
adult respiratory distress syndrome) and many infant conditions associated with
premature birth and intrauterine growth restriction due to pre-eclampsia, ranging from
respiratory distress in premature babies to cerebral palsy, blindness, epilepsy, deafness,
and learning disabilities. In severe cases, intrauterine death may occur. The detrimental
effects of pre-eclampsia upon the health of women and children all over the world has
prompted the World Health Organisation to launch a global program to combat this

disorder.

Pre-eclampsia is a rapidly progressive disorder affecting multiple organ systems. In
severe cases, a multidisciplinary approach in an intensive care setting is absolutely

crucial in the successful care of these patients. The current management of pre-eclamptic
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patients concentrates upon intensive maternal and foetal surveillance employing a wide
range of blood tests, urinalysis and ultrasonography (Doppler). The use of anti-
hypertensives (methyldopa, nifedipine, hydralazine and labetalol) is well recognised,
particularly in the prevention of cerebro-vascular accidents. The ultimate treatment of
pre-eclampsia is the delivery of the placenta (and the baby) that invariably abates the

progression of this disease.

The pathophysiology of pre-eclampsia has been well studied. The underlying abnormality
is generalised vasoconstriction of the arterioles and enhanced sensitivity of these blood
vessels to vasopressor peptides and amines. It has been proposed by some investigators
that an imbalance of prostaglandins i.e. Prostacyclin (vasodilator and platelet aggregator
inhibitor) and Thromboxane A2 (vasoconstrictor and platelet aggregator) is central in the
development of pre-eclampsia. Other investigators have found that there is decreased
production of nitric oxide, an endogenous vasodilator, in pre-eclampsia. However,
despite extensive research, the exact aetiology of pre-eclampsia remains an enigma. In
relation to this, the placenta has been identified as the organ with a pivotal role in the
pathogenesis of pre-eclampsia. Essentially, in pre-eclampsia, placentation and trophoblast
invasion is abnormal. This compromises the utero-placental circulation and results in

placental ischaemia.

Pre-eclampsia assays are known.

WO 91/16633 shows a pre-eclampsia marker based on A134-binding cell marker. This is

assayed using an anti-(cellular fibronectin) antibody.

US 5,198,366 discloses pp-13 as a marker for pre-eclampsia, intra-uterine growth

retardation and pre-term delivery.

Cytokines have been implicated in pre-eclampsia. Hence, M-CSF levels have been

suggested as an assay target and therapeutic agent (US 5,543,138).
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Other markers that have been tried to be assayed include Insulin-like Growth Factor
Binding Protein 1 (US 5,712,103), Marinobutagenin (WO 2004/071273), defensins (WO
99/42826) and free albumin: non-esterified fatty acid ratios (WO 01/77675). Mitogens
have also been assayed (US 5,238,819), as have phosphatidyl choline (US 6,461,830).

Syncytin levels have been used as targets for pre-eclampsia drugs (WO 02/04678 and US
2002/0102530).

US 5,849,474 discloses an assay method which looks for haemoglobin variants,
haemoglobin variant precursors or red blood cell glycolytic enzymes or precursors of
such enzymes from the blood of a pregnant female mammal. The assayed compounds
are produced within the female mammal's red blood cells. The document suggests that
reduced levels of 2,3 diphosphoglyceric acid (2,3-DPG) could indicate an interruption in
glycolysis, resulting in decreased ATP production and increased haemolysis. 2,3-DPG
increase in normal pregnancy causes a shift in the oxyhaemoglobin djssociation curve for
the mother's blood which increases the supply of oxygen made available to not only

maternal tissues, but also for transport to the foetus.

There is a complicated enzymatic cascade effecting the production of 2,3-DPG involving
a large number of different enzymes. US 5,849,474 suggested that one or more of these
enzymes from the mother might be involved in affecting 2,3-DPG levels. A problem
with this approach is that there are a number of different factors which affect the 2,3-
DPG production in mothers, including stress factors as diverse as the altitude at which the

mother lives and whether the mother smokes.

Although there are several different pre-eclampsia assays known, there is still a need to
produce improved assays for determining the presence of the condition as early as
possible during pregnancy, to allow treatment of the condition before further harm is

done to either the mother or the foetus.
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The renin-angiotensin system (RAS) has been known for many years. It has a central
role in the control of blood pressure. Within the RAS angiotensinogen is converted to a
10 amino acid long peptide (angiotensin I - Ang I) by'renin. This in turn is converted
into angiotensin II (Ang II), an 8 amino acid long peptide by Angiotensin Converting
Enzyme (ACE). This is a zinc metallopeptidase. ACE has been identified as a
fundamental regulator of RAS in humans and is an important target for blood pressure
homeostasis. ACE inhibitors such as captopril and lisinopril have been proven to be
effective anti-hypertensive therapeutic agents. Ang II is directly involved in causing

vasoconstriction, cell proliferation and hypertrophy.

In 2000 a human homologue of ACE was discovered (see the review by Warner F.J., et
al., Cell. Mol. Life Sci. (2004), Vol. 61, pages 2704-2713). This human homologue is
known as ACE H or ACE2. ACE2 produces a 7 amino acid peptide, Ang(1-7) via two
pathways: it converts Ang I to a 9 amino acid peptide Ang(1-9) which is converted to
Ang(1-7) by ACE; and it converts Ang II directly to Ang(1-7). Ang(1-7) is thought to be
involved in vasodilation, anti-proliferation and apoptosis. Hence, it decreases blood

pressure in humans.

ACE2 has been found in rat, mouse and human genomes, displaying about 86% and 82%
identity to the human sequence. The human ACE2 gene consists of 18 exons, the first 12
of which being of a similar size to the first 11 exons of the ACE. The gene comprises a
zinc-binding motif within exon 9. Only a single ACE2 species appears to have been
reported. ACE gives two isoforms: sACE with two catalytic domains and tACE with
only one such domain. The gene also contains a portion encoding a transmembrane

region.

Work on animal models indicates that ACE2 is associated with hypertension. Tissue-
specific expression of ACE2 mRNA has been observed in kidney and heart.
Immunohistochemical studies have localised ACE2 to the endothelion of ventricular
intramyocardial vessels and over the smooth muscle and adventitia of larger vessels.

ACE2 activity has been observed to increase in idiopathic dilated cardiomyopathy
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patients. In kidney ACE2 has been observed in the endothelium of intrarenal arteries and
epithelia of proximal tubules. It has also been observed in testes and the gastrointestinal

tract. The presence of ACE2 in placentae has not been reported.

The ACE2 gene encodes an open reading frame of an 805 amino acid polypeptide. This
includes a potential signal peptide at the N-terminus and a 22 amino acid hydrophobic
region near the C-terminus, thought to be a transmembrane region. The gene contains a

number of glycosylation sites.

Towler P., et al. (J. Biol. Chem. (2004), Vol. 279(1), pages 17996-18007) discusses the
- study of X-ray crystals in combination with an ACE2 inhibitor MLN-4760 ((S,S)-2-[1-
carboxy-2-[3-(3,5-dichlorobenzyl)-3H-imidazol-4-y1] ethylamino]-4-methylpentanoic
acid). Huentelman M.J., et al. (Hypertension (2004), Vol. 44, pages 903-906) discusses
the identification of an ACE2 inhibitor N-(2-aminoethyl)-1-aziridine-ethanamine. This
inhibitor is also implicated in the inhibition of SARS coronavirus, for which ACE2

appears to be a target.

Brosnihan K.B. (Braz. J. Med. Biol. Res. (2004), Vol. 37(8), pages 1255-1262) shows
that Ang(1-7) is increased in pregnancy. In pre-eclamptic subjects plasma Ang(1-7) was
suppressed compared to normal levels. Kidney and urinary levels of Ang(1-7) were
increased in pregnant rats. This coincided with enhanced detection and expression of
ACE2 in kidneys in pregnant rats. This led the authors of the paper to speculate that
ACE2 may play a role in the renal production of Ang(1-7) in pregnancy.

No detection of ACE2 in placentae has previously been reported. The Applicants have
unexpectedly found that ACE2 mRNA is increased fivefold in response to low oxygen
concentrations compared to normal oxygen conditions. In contrast ACE is undetectable

following exposure to a low oxygen environment indicating a large drop in mRNA levels.

Real time PCR measurements have unexpectedly found increases in mRNA of ACE2 in

patients with pre-eclampsia of 1.8 fold compared with biopsies from normal placentas.
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This was completely unexpected. Brosnihan (2004) reported that plasma Ang(1-7) was
suppressed in pre-eclamptic subjects compared with normal pregnancy. If a decrease in
Ang(1-7) is observed then it would have been expected that ACE2 would be present in
decreased concentrations in the body, as ACE2 produces Ang(1-7). Furthermore, as
discussed above the presence of ACE2 in placenta itself was unexpected. Tipnis S.R., et
al. (J. Biol. Chem. (2000), Vol. 275(No. 43), pages 33238-33243) studied ACE2 (which
they called ACE H) expression in a number of tissues and failed to identify any

expression in placenta as measured by Northern blotting.

Tipnis, et al. also report a 120 kDa soluble form of ACE2 which is able to cleave
angiotensin I and angiotensin II, but not bradykinin or Hip-His-Leu, isolated from
Chinese Hamster ovary cells. This is suggested as being a glycosylated protein lacking
the transmembrane region of the protein. Deglycosylation with PNGase resulted in
migration of the protein when subjected to SDS-PAGE at an apparent molecular weight
of ca.85 kDa.

The Applicants have now identified a smaller soluble fragment of about 55 kDa. This
has been found in blood, unlike the larger 85 kDa fragment which, whilst having been
found in tissue cultured cells, has not been detected in blood or human body fluids
(Warner FJ., et al., Cell. Mol. Life Sci. (2004), pages 2704-2713). Warner, et al. do
report that the ACE2 soluble form (the 85 kDa), having been isolated from urine in rats,
however the paper indicates that the majority of animal studies have relied on indirect
means of measuring ACE2 activity in plasma by measuring changes in levels of Ang II or
Ang(1-7). Hence the finding of (1) the smaller (ca.55 kDa) soluble form of ACE2 and
(2) the presence of the fragment in blood is totally unexpected.

The Applicants believe that the presence of increased ACE2 in pre-eclampsia is due to
the need to increase the oxygen and blood supply to the foetus. The mother or foetus
produces more ACE2 to dilate the blood vessels to the placenta.
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The first aspect of the invention provides a method for screening for placental
insufficiency, such as pre-eclampsia in a pregnant mammal such as a human or mouse

comprising the steps of:

@) providing a sample of maternal or foetal bodily fluid or tissue;

(ii)  measuring the amount of Angiotensin-Converting Enzyme (ACE2) or fragment or
a variant thereof, for example directly by detecting the protein, or indirectly by
measuring the amount of mRNA encoding the ACE2, fragment or variant thereof

in the sample; and

(iii)  comparing the amount with a known normal level of ACE2 or a fragment of

variant thereof.

The normal level is a standard level of the protein, for example established by averaging

levels in pregnant patients without pre-eclampsia.

Angiotensin-Converting Enzyme 2 (ACE2) is also known as ACE H. As discussed
above, ACE2, when present as the full protein with a transmembrane region is capable of
converting Ang I to a 9 amino acid peptide Ang(1-9), it is also capable of converting Ang
II directly to Ang(1-7).

Figure 1 shows a summary of the interaction between ACE and ACE2 in the conversion

of angiotensin I and angiotensin II.

The nucleotide sequence introduced amino acid sequence of cDNA encoding ACE H
(ACE2) is disclosed in the article by Tipnis, ef al. (2000 - Supra).

Appendix 1 shown the Genbank files for human and mouse ACE2. In the present
application, the human ACE2 amino acid and nucleotide sequences (as shown in
NM_021804.1 (GI:11225608)) are designated SEQ ID No. 1 and SEQ ID No. 2
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(respectively) and the mouse ACE2 amino acid and nucleotide sequences (as shown in
NM_027286.1 (GI:39930432)) are designated SEQ ID No. 3 and SEQ ID No. 4
(respectively). The amino acid and nucleotide sequences of the complete cds of human
ACE2 (as shown in AB046569.1 (GI:13516971)) are designated SEQ ID No. 5 and SEQ
ID No. 6, respectively.

The term “variant” preferably means a protein having the same activity as ACE2, that is
having the ability to cleave angiotensin I and angiotensin II. However, it may also be a

substantially inactive protein.

Preferably, the ACE2 is not capable of hydrolysing angiotensin(1-9), angiotensin(1-7),
bradykinin, bradykinin(1-7) and/or neurotensin(1-14). Preferably, the ACE2 is capable
of complete hydrolysis of angiotensin IV, des-Arg’ bradykinin, apelin-13, apelin-36,
beta-casmorphin and/or dynorphin A 1-13.

Substrates and inhibitors of human soluble ACE2 are discussed in the article by Warner,
et al. (Cell. Mol. Life Sci. (2004), Vol. 61, pages 2704-2713).

Preferably, the ACE2 activity is inhibited by EDTA, but not by captopril, lisinopril or
enalaprilat. The ACE2 preferably functions as a carboxypeptidase.

The variants of ACE2 preferably have the same activity as the native ACE2, discussed
above, but may be inactive. Preferably, the ACE2 variants have at least 80, 85, 90, 95 or
98% homology to one or more of the nucleic acid sequences shown in Appendix 1 and/or

have at least 80, 85, 90, 95 or 98% identity to an ACE2 sequence shown in Appendix 1.

Preferably, the fragment of the ACE2 protein contains at least 20, 30, 40, 50 or 60
contiguous amino acids of a sequence shown in Appendix 1 or a variant thereof. Most
preferably, the fragment has a molecular weight of approximately 55 kDa as determined
by SDS-PAGE. Preferably, the fragment has a molecular weight of from 50 to 60 kDa,
e.g 50,51,52,53, 54, 55, 56, 57, 58, 59 or 60 kDa.
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An ACE2 variant is preferably encoded by a nucleic acid sequence or amino acid
sequence which varies from an ACE2 sequence such as the sequence shown in Appendix

1 by the addition, deletion or substitution of 1, 2, 3, 4, 5, 6, 7, 8, 9, 10 or more nucleotides

or amino acids.

For example, there is redundancy in the genetic code which allows different nucleotide

sequences to encode the same amino acids. The table below shows the mRNA triplets

and the amino acids they encode:

PCT/GB2006/002030

U C G
Uuu ] Phe | UCU UAU ] Tyr | UGU ] Cys | U
U | UUC ucC Ser | UAC UGC C
UUA 7T Leu | UCA UAA* Stop | UGA* Stop| A
UuuG — UCG UAG* Stop | UGG Trp | G
CUU CCU — CAU :I His | CGU ] U
C | CUC Leu | CCC Pro | CAC CGC Arg | C
CUA CCA CAA ] Gh | CGA A
CUG — CCG CAG — CGG G
AUU ~ ACU AAU 7|7 Asn|AGU 7 Ser | U
A | AUC Ile | ACC Thr| AAC — AGC C
AUA ~ ACA AAA 7] Lys| AGA :| Arg [ A
AUGH* Met| ACG_— AAG T AGG G
GUU GCU GAU 7 Asp| GGU U
G | GUC Val | GCC Ala| GAC — GGC Gy | C
GUA GCA GAA ] Gl | GGA A
GUGH* GCG_— GAG GGG G
* Chain-terminating, or "nonsense" codons.

*x Also used to specify the initiator formyl-Met-tRNAMet.

The Val triplet GUG is therefore "ambiguous" in that it codes both

valine and methionine.
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It is known that variations in the nucleotide sequence encoding proteins or regulatory
regions such as the promoter regions of genes encoding proteins may also affect the
concentration of protein produced -or the activity of the protein produced. Such
variations, including single nucleotide polymorphisms (SNPs) are known to affect, for
example, transcription levels of proteins or produce frame shift mutations or encode
different amino acids. Such variations may result in the different levels of expression or
activity observed. By variant, we also mean the upstream region encoding the promoter
or other regulatory region, such as enhancer region, as wéll as the region encoding the

ACE2 protein (including exon and introns).

Preferably, the variant and/or fragment are capable of being specifically bound by an
antibody raised against ACE2, but not by an antibody specific for ACE.

The amount, such as concentration or activity of the ACE2, variant or fragment, may be
determined as the concentration of the enzyme present, or alternative by measuring the
level of enzymatic activity. Alternatively, or additionally, the concentration of, for

example, mRNA encoding the protein may be measured.

The presence of the protein may be detected by use of an antibody against the protein in
an immunoassay. Such techniques for the detection of ACE2, per se, are known in the

art.

Monoclonal or polyclonal antibodies against the protein may be produced using
techniques well known in the art, for example using the method of Kohler and Milstein.
The antibodies used may be, for example, antibodies of the classes IgG, IgM, IgA, IgD
and IgE, binding fragments and hybrid derivatives of antibodies including, for example,
Fab and F(ab’), fragments of antibodies. Such antibodies preferentially bind to the
protein to allow the protein to be identified. Preferably, such antibodies or fragments

have less than 10%, preferably less than 5% cross-reactivity with ACE.
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Immunoassays use the preferential binding property of the antibodies to allow the
identification of the protein. Immunoassay methods known in the art include competition
assays, sandwich assays, agglomoration assays, precipitation assays, transistor bridge
probe, particle sorting, light disturbing, light scattering and ultrasonic code
immunoassays. Such immunoassays may use as labels, for example, radio isotopes,
enzymes such as horseradish peroxidase, fluorogenic, chromogenic or chemiluminescent
substances. Such assays themselves are well-known per se in the art, as indeed shown in,

for example, WO 91/16633 and US 5,712,103 incorporated hearing by reference.

Preferably, the sample is selected from maternal blood, foetal blood, maternal urine,
maternal faeces, maternal sputum, amniotic fluid and placental material such as a

chorionic villus sample.

It is particularly expected to identify the presence of the soluble form (that is the 55 kDa
fragment) of ACE2 in urine. Pre-eclampsia patients often have symptoms of renal
failure. This results in the walls of the kidney becoming leaky to proteins. Hence, it is
expected to identify the 55 kDa fragment within the urine of patients.

Inhibitors of ACE2, such as DX600 (see Warner, et al. Supra) may be labeled and used
to detect the ACE2. Further generic ligands such as DNA or RNA nucleic acid
‘aptamers’ produced by the SELEX method to specifically interact with ACE2 would
also make good detection agents (e.g. see: Hori T, Taguchi Y, Uesugi S and Kurihara Y.
(2005), “The RNA ligands for mouse praline-rich RNA-binding protein (mouse Prrp)
contain two consensus sequences in separate loop structure.” Nucleic Acids Res.

12;33(1), pages 190-200).

Most preferably, the method provides the step of providing a sample of maternal blood or

foetal cord blood, or maternal urine.

The measurement of mRNA expression may be determined by techniques well-known in

the art, such as real-time PCR.
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A further aspect of the invention provides an isolated fragment of ACE2 having an
apparent molecular weight of 55 kDa as determined by SDS-PAGE. Preferably, this has
one or more functions of ACE2 as defined above. Preferably 12% polyacrylamide gel
(29:1 acrylamide to bisacrylamide) is used.

The identification of the new 55 kDa fragment is completely unexpected. It is expected
that this fragment may be detected in other conditions or disorders having hypertension
. or hypotension as a symptom. Hence, the further aspect of the invention provides a
method of screening for a disorder having hypertension or hypotension as a symptom,
comprising:

@ obtaining a sample of bodily fluid or tissue;

(ii))  determining an amount of ACE2 55 kDa fragment present in the sample; and

(ili)  comparing the amount with a normal level of the ACE2 55 kDa fragment.
Preferably, the sample is blood or urine.

The identification that ACE2, a fragment of ACE2 or variants thereof, are markers for the
treatment of placental insufficiency, such as pre-eclampsia, makes the proteins a suitable
target for following the effect of a compound on the expression of the proteins, and

therefore for identifying a drug candidate.

The invention therefore provides a drug candidate for the treatment of placental

insufficiency, such as pre-eclampsia comprising:

)] providing a cell expressing ACE2, a fragment of ACE2 or a variant thereof;

(ii)  introducing a compound to the cell;
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(iii)  determining the effect of the compound on the amount of ACE2, fragment or

variant the cell.

The cell may be an isolated cell, a tissue culture cell or alternatively be found within the
tissue or body of an animal, such as a mouse or other rodent model. Alternatively, the

cell may be in a patient, for example in a patient taking part in a drug trial.

Preferably, the ACE2 fragment has an apparent molecular weight of 55 kDa and is as

defined according to the invention.

The invention also provides a method of determining a drug candidate for the treatment

of a disorder involving hypertension or hypotension, comprising:

@@ providing a cell expressing an ACE2 fragment;

(i)  introducing a compound to the cell;

(ili)  determining the effect of the compound on the ACE2 fragment produced by the

cell.

As ACE2 is linked to the regulation of blood pressure, it is expected that ACE2, or
fragments or variants, are likely to be suitable for use in the manufacture of medicaments
to treat placental insufficiency, such as pre-eclampsia. Preferably, the fragment is a 55

kDa fragment as defined above.

Additionally, the invention provides an ACE2 fragment as defined above, for use in the

manufacture of a medicament to treat a hypertensive disorder.

Methods of treating a placental insufficiency and/or a hypertensive disorder, comprising

administering a pharmaceutically effective amount of ACE2, or a fragment or variant
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thereof, is also provided. Preferably, the fragment is a 55 kDa fragment of ACE2 as

defined above.

Assay kits for use in a method according to the invention comprising means for
measuring the amount of ACE2, fragment or variant thereof, and instructions for using

the assay kit are also provided.
Preferred ACE2 primers are:

(forward) 5 -GATGCCTCCCTGCTCATTTG-3’ (SEQ ID No. 7) and
(reverse) 5 ~AGAACTTCTCGGCCTCCTTG3’ (SEQ ID No. 8).

The invention will now be described by way of example only with reference to the

following figures:

Figure 1 shows a schematic diagram indicating the interaction between ACE and ACE2

in the regulation of blood pressure.

Figure 2 shows ACE2 Western blot. Lane 1, purified recombinant ACE2 of full length.
Lanes 2, 3: placental protein extract at two, fivefold different, loadings. Lanes 4, 6
protein extract of whole foetal chord blood at two, fivefold different, loadings. Lanes 7, 8
protein extract of whole adult blood at two, fivefold different, loadings. Lane 5, size
markers. The arrows indicates the control protein (A) present abundantly in lane 1 and
less abundantly in lanes 4, 6, 7, 8 and the 55 KDa species (B) present abundantly in lanes
2, 3, 4, 6, 7, 8. The control protein is non-glycosylated commercially available

recombinant ACE2 protein.

Figure 3 shows immunicytochemistry localisation of ACE2 in human placenta sections.
The ACE2 (blue stain in the original image) appears mainly in the maternal blood

circulating in the intervillous spaces. Staining is also evident in the foetal vessel lumens
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and endothelium. The erythrocytes appear red indicating that the circulating ACE2 is

soluble in the serum rather than associated with cells.

Figure 4 shows a dot blot analysis of serial-diluted urine samples probed with anti-ACE2
antibody. Each row contains three dots of sequentially diluted urine from one sample
(from left to right: neat, 1 in 3 dilution, 1 in 9 dilution). Rows are ordered with those
displaying the strongest reactivity towards the top and those with no reactivity at any
dilution at the bottom. Sample reference numbers are to the right of each row. N: normal
subjects, PET: patients with pre-eclampsia, ?: unknown status. The samples derived from
pre-eclamptic patients are clustered towards the top indicating an association of pre-

eclampsia with anti-ACE2 antibody reactivity.

Mouse monoclonal anti-human ACE2 IgG affinity purified antibody was purchased from
Alpha Diagnostic International through autogenbiocléar.com. Western blot analysis was
performed by standard methods. Briefly, human adult or foetal chord blood or placental
extracts were prepared in SDS denaturing buffers and electrophoresed under denaturing
conditions before being electro transferred to nitrocellulose membranes along with
suitable molecular weight markers. The membranes were treated with 2% dried skimmed
milk to block non specific interactions before probing with ACE2 antibody diluted
1:2000. Membranes were washed in buffer containing 0.1% Triton X detergent before the
position of the bound antibody were visualised using chemiluminescence with a
commercial kit (ECL™ Western Blot Analysis System, Cat RPN2109, Amersham

Biosciences, Buckinghamshire, UK).

The same ACE2 antibody was used for immuno histochemical localisation of ACE2 in
microscope slide-mounted sections of human placentas. The paraffin embedded
specimens were dewaxed and hydrated by successive washes in xylene and decreasing
concentrations of ethanol in water. The slides were then reacted with the ACE2 antibody
diluted at 1:200 in an appropriate blocking reagents before washes in buffer containing

Tween 20 detergent to remove loosely bound antibody. Bound antibody was then
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visualised by reaction with an alkaline phosphatase-conjugated anti-mouse secondary
antibody followed by colour development using commercially available NBT reagents

(Promega corporation USA).

Real-time PCR quantitations of ACE2 mRNA levels were determined from RNA
samples made using Trizol reagent (Invitrogen) from flash-frozen fresh placenta biopsies
using commercial reagents (Applied Biosystems SYBR green (TM) system). The

following primers were used:

(forward) 5° ~GATGCCTCCCTGCTCATTTG-3’ (SEQ ID No. 7) and
(reverse) 5 —~AGAACTTCTCGGCCTCCTTG-3’ (SEQ ID No. 8).

Other primers may also be made by the skilled person using the known ACE2 protein

sequence as basis.

Dot blot analysis was used to determine the relative amounts of ACE2 in urine of normal
subjects and pre-eclamptic patients. Urine samples were 3-fold serially diluted with PBS.
The samples were transferred to nitrocellulose membrane using a vacuum manifold. The
membranes were treated as per standard dot blot and western blot procedures and then
probed with anti-ACE2 antibody (mouse monoclonal anti-human ACE2 IgG affinity
purified antibody, as described above). The bound antibody was visualised using
chemiluminescence with a commercial kit (ECL™ Western Blot Analysis System, Cat
RPN2109, Amersham Biosciences, Buckinghamshire, UK).

The inventors have discovered that ACE2 is present in placental tissue in a truncated
soluble form with a molecular weight around 55 kDa compared to a predicted molecular
weight of around 105 KDa for the membrane bound native form described in the
literature. The evidence comes from western blot analysis (Figure 2) and from
immunocytochemistry analysis of placental biopsy (Figure 3). The soluble ACE2 species
is also detectable by western blot in adult and foetal (chord) blood. 12% PAGE gels were
preferably used (29:1 acrylamide:bisacrylamide)
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Studies using explanted normal human placenta biopsies, show that the levels of ACE2
mRNA are increased 5-fold in response to low oxygen conditions compared to normal
oxygen conditions (determined by real time PCR). Similar experiments demonstrate that
mRNA for ACE is undetectable following exposure to a low oxygen environment

indicating a large drop in mRNA levels.

Real time PCR measurements of ACE2 mRNA levels in placental biopsies derived from
patients with pre-eclampsia, were found to be increased 1.8-fold compared to the levels

in biopsies from normal placentas.

Dot blot analysis shows a good correlation between the presence of ACE2 in urine and

pre-eclampsia.
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APPENDIX 1 Genbank files for human and mouse ACE2

LOCUS
DEFINITION

ACCESSION
VERSION
KEYWORDS
SOURCE
ORGANISM

REFERENCE
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REFERENCE
AUTHORS
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PUBMED
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REFERENCE

NM 021804 3405 bp mMRNA linear PRI 26-0CT-2004
Homo sapiens angiotensin I converting enzyme (peptidyl-dipeptidase
A) 2 (ACE2), mRNA.

NM_021804

NM _021804.1 GI:11225608

Homo sapiens (human)

Homo sapiens

Eukaryota; Metazoa; Chordata; Craniata; Vertebrata; Euteleostomi;
Mammalia; Eutheria; Primates; Catarrhini; Hominidae; Homo.

1 (bases 1 to 3405)

Douglas,G.C., O'Bryan,M.K., Hedger,M.P., Lee,D.K., Yarski,M.A.,
Smith,A.I. and Lew,R.A.

The novel angiotensin-converting enzyme (ACE) homolog, ACE2, is
selectively expressed by adult Leydig cells of the testis
Endocrinology 145 (10), 4703-4711 (2004)

15231706

2 (bases 1 to 3405)

Turner,A.J., Hiscox,J.A. and Hooper,N.M.

ACE2: from vasopeptidase to SARS virus receptor

Trends Pharmacol. Sci. 25 (6), 291-294 (2004)

15165741

GeneRIF: ACE2 also serves as the cellular entry point for the
severe acute respiratory syndrome virus and the enzyme is therefore
a prime target for pharmacological intervention on several disease
fronts--REVIEW

3 (bases 1 to 3405)

Towler,P., Staker,B., Prasad,S.G., Menon,S., Tang,J., Parsons,T.,
Ryan,D., Fisher,M., Williams,D., Dales,N.A., Patane,M.A. and
Pantoliano,M.W.

ACE2 X-ray structures reveal a large hinge-bending motion important
for inhibitor binding and catalysis

J. Biol. Chem. 279 (17), 17996-18007 (2004)

14754895

GeneRIF: large hinge-bending motion is important for inhibitor
binding and catalysis in ACE2

4 (bases 1 to 3405)

Wong,S.K., Li,W., Moore,M.J., Choe,H. and Farzan,M.

A 193-amino acid fragment of the SARS coronavirus S protein
efficiently binds angiotensin-converting enzyme 2

J. Biol. Chem. 279 (5), 3197-3201 (2004)

14670965

GeneRIF: ACE2 binds to a 193-amino acid fragment of the SARS
coronavirus S protein

5 (bases 1 to 3405)

Li,W., Moore,M.J., Vasilieva,N., Sui,J., Wong,S.K., Berne,M.A.,
Somasundaran,M., Sullivan,J.L., Luzuriaga,K., Greenough,T.C.,
Choe,H. and Farzan,M.

Angiotensin-converting enzyme 2 is a functional receptor for the
SARS coronavirus
Nature 426 (6965),
14647384

GeneRIF: ACE2 is a functional receptor for the coronavirus that
causes severe acute respiratory syndrome (SARS-CoV).

GeneRIF: a metallopeptidase, angiotensin-converting enzyme 2
(ACE2), isolated from SARS coronavirus (SARS-CoV)-permissive Vero
E6 cells, that efficiently binds the S1 domain of the SARS-CoV S
protein; ACE2 is a functional receptor for SARS-CoV

6 (bases 1 to 3405)

450-454 (2003)
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Clark,H.F., Gurney,A.L., Abaya,E., Baker,K., Baldwin,D., Brush,dJ.,
Chen,J., Chow,B., Chui,C., Crowley,C., Currell,B., Deuel,B.,
Dowd,P., Eaton,D., Foster,J., Grimaldi,C., Gu,Q., Hass,P.E.,
Heldens,S., Huang,A., Kim,H.S., Klimowski,L., Jin,Y., Johnson,S.,
Lee,J., Lewis,L., Liao,D., Mark,M., Robbie,E., Sanchez,C.,
Schoenfeld,J., Seshagiri,S., Simmons,L., Singh,J., Smith,V.,
Stinson,J., Vagts,A., Vandlen,R., Watanabe,C., Wieand,D., Woods, K.,
Xie,M.H., Yansura,D., Yi,S., Yu,G., Yuan,J., Zhang,M., Zhang,Z.,
Goddard,A., Wood,W.I., Godowski,P. and Gray,A.

The secreted protein discovery initiative (SPDI), a large-scale
effort to identify novel human secreted and transmembrane proteins:
a bioinformatics assessment

Genome Res. 13 (10), 2265-2270 (2003)

12975309

7 (bases 1 to 3405)

Donoghue,M., Wakimoto,H., Maguire,C.T., Acton,S., Hales,P.,
Stagliano,N., Fairchild-Huntress,V., Xu,J., Lorenz,J.N.,
Kadambi,V., Berul,C.I. and Breitbart,R.E.

Heart block, ventricular tachycardia, and sudden death in ACE2
transgenic mice with downregulated connexins

J. Mol. Cell. Cardiol. 35 (9), 1043-1053 (2003)

12967627

GeneRIF: We tested the hypothesis that cardiac ACE2 activity
contributes to features of ventricular remodeling associated with
the renin-angiotensin system

8 (bases 1 to 3405)

Harmer,D., Gilbert,M., Borman,R. and Clark,K.L.

Quantitative mRNA expression profiling of ACE 2, a novel homologue
of angiotensin converting enzyme

FEBS Lett. 532 (1-2), 107-110 (2002)

12459472

GeneRIF: tissue distribution of ACE 2 mRNA by RT-PCR

9 (bases 1 to 3405)

Crackower,M.A., Sarao,R., Oudit,G.Y., Yagil,C., Kozieradzki,I.,
Scanga,S.E., Oliveira-dos-Santos,A.J., da Costa,J., Zhang, L.,
Pei,Y., Scholey,J., Ferrario,C.M., Manoukian,A.S., Chappell,M.C.,
Backx,P.H., Yagil,Y¥. and Penninger,J.M.

Angiotensin-converting enzyme 2 is an essential regulator of heart
function

Nature 417 (6891),
12075344

10 (bases 1 to 3405)

Vickers,C., Hales,P., Kaushik,V., Dick,L., Gavin,J., Tang,J.,
Godbout ,K., Parsons,T., Baronas,E., Hsieh,F., Acton,S., Patane,M.,
Nichols,A. and Tummino,P.

Hydrolysis of biological peptides by human angiotensin-converting
enzyme-related carboxypeptidase

J. Biol. Chem. 277 (17), 14838-14843 (2002)

11815627

GeneRIF: role in hydrolyzing biological peptides

11 (bases 1 to 3405)

Tipnis,S.R., Hooper,N.M., Hyde,R., Karran,E., Christie,G. and
Turner,A.J.

A human homolog of angiotensin-converting enzyme. Cloning and
functional expression as a captopril-insensitive carboxypeptidase
J. Biol. Chem. 275 (43), 33238-33243 (2000)

10924499

12 (bases 1 to 3405)

Donoghue,M., Hsieh,F., Baronas,E., Godbout,K., Gosselin,M.,
Stagliano,N., Donovan,M., Woolf,B., Robison,K., Jeyaseelan,R.,
Breitbart,R.E. and Acton,S.

A novel angiotensin-converting enzyme-related carboxypeptidase
(ACE2) converts angiotensin I to angiotensin 1-9

822-828 (2002)
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JOURNAL Circ. Res. 87 (5), EL-E9 (2000)
PUBMED 10969042
COMMENT REVIEWED REFSEQ: This record has been curated by NCBI staff. The
reference sequence was derived from AF241254.1.

Summary: The protein encoded by this gene belongs to the
angiotensin-converting enzyme family of dipeptidyl
carboxydipeptidases and has considerable homology to human
angiotensin 1 converting enzyme. This protein catalyzes the
cleavage of angiotensin I into angiotensin 1-9. The organ- and
cell-specific expression of this geme suggests that it may play a
role in the regulation of cardiovascular and renal function, as
well as fertility.
COMPLETENESS: complete on the 3' end.
FEATURES Location/Qualifiers
source 1..3405
/organism="Homo sapiens"
/mol_type="mRNA"
/db_xref="taxon:9606"
/chromosome="X"
/map="Xp22"
gene 1..3405
/gene="ACE2"
/note="gynonyms: ACEH, DKFZP434A014"
/db_xref="GeneID:59272"
/db_xref:"MIM:300335"
CDS 104..2521
/gene="ACE2"
/note="angiotensin converting enzyme-like protein;
go_component: membrane [goid 0016020] [evidence IEA];
go_function: carboxypeptidase activity [goid 0004180]
[evidence IEA];
go_function: peptidyl-dipeptidase A activity [goid
0004246] [evidence IEA];
go_process: proteolysis and peptidolysis [goid 0006508]
[evidence IEA]"
/codon_start=1
/product="angiotensin I converting enzyme 2 precursor"
/protein id="NP_068576.1"
/db_xref:"GI:11225609"
/db_xref="GeneID:59272"
/db_xref="MIM:300335"
/translation:"MSSSSWLLLSLVAVTAAQSTIEEQAKTFLDKFNHEAEDLFYQSS
LASWNYNTNITEENVQNMNNAGDKWSAFLKEQSTLAQMYPLQEIQNLTVKLQOLQALQQ
NGSSVLSEDKSKRLNTILNTMSTIYSTGKVCNPDNPQECLLLEPGLNEIMANSLDYNE
RLWAWESWRSEVGKQLRPLYEEYVVLKNEMARANHYEDYGDYWRGDYEVNGVDGYDYS
RGQLIEDVEHTFEEIKPLYEHLHAYVRAKLMNAYPSYISPIGCLPAHLLGDMWGRFWT
NLYSLTVPFGQKPNIDVTDAMVDQAWDAQRI FKEAEKFFVSVGLPNMTQGFWENSMLT
DPGNVQKAVCHPTAWDLGKGDFRILMCTKVTMDDFLTAHHEMGHIQYDMAYAAQPFLL,
RNGANEGFHEAVGEIMSLSAATPKHLKSIGLLSPDFQEDNETEINFLLKQALTIVGTL
PFTYMLEKWRWMVFKGE I PKDQWMKKWWEMKRE IVGVVEPVPHDETYCDPASLFHVSN
DYSFIRYYTRTLYQFQFQEALCQAAKHEGPLHKCDISNSTEAGQKLFNMLRLGKSEPW
TLALENVVGAKNMNVRPLLNYFEPLFTWLKDONKNSFVGWSTDWSPYADQSIKVRISL
KSALGDKAYEWNDNEMYLFRSSVAYAMRQYFLKVKNQMILFGEEDVRVANLKPRISFN
FFVTAPKNVSDIIPRTEVEKAIRMSRSRINDAFRLNDNSLEFLGIQPTLGPPNQPPVS
IWLIVFGVVMGVIVVGIVILIFTGIRDRKKKNKARSGENPYASIDISKGENNPGFQNT

' DDVQTSF"
sig_peptide 104..154
/gene="ACE2"
mat_peptide 155..2518

/gene="ACE2"
/product="angiotensin I converting enzyme 2"
polyA signal 3370..3375
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/gene="ACE2"

3393

/gene="ACE2"
/evidence=experimental

polyA_site

ORIGIN

/!

61
121
181
241
301
361
421
481
541
601
661
721
781
841
901
961

1021
1081
1141
1201
1261
1321
1381
1441
1501
1561
1621
1681
1741
1801
1861
1921
1981
2041
2101
2161
2221
2281
2341
2401
2461
2521
2581
2641
2701
2761
2821
2881
2941
3001
3061
3121
3181
3241
3301
3361

cgceccaacce
gggaaagtca
gcteccttete
gacatttttg
ttcttggaat
ggacaaatgg
agaaattcag
agtgctctea
ctacagtact
aggtttgaat
aagctggaga
gaaaaatgag
ctatgaagta
ggaacatacc
aaagttgatg
gettggtgat
acagaaacca
aatattcaag
attctgggaa
cacagcttgg
ggacgacttc
tgcacaacct
aatcatgtca
cgattttcaa
tgttgggact
ggaaattccc
ggtggtggaa
ttctaatgat
agaagcactt
ctctacagaa
gaccctagca
ctactttgag
gagtaccgac
agctecttgga
tgttgcatat
ggaggaggat
tgcacctaaa
gtceceggage
gatacagcca
tggagttgtg
agatcggaag
tagcaaagga
gaaaaatcta
tatagaaaat
aaaaaaattg
agtatttatt
tagagtatat
gtaaatgtct
gatcttgtat
tgcaaggatt
catgctttcet
ggaatcgatc
gtagaggaca
aactagagcce
tgttctctaa
acccagtctce
cagacactca

aagttcaaag
ttecagtggat
agccttgttg
gacaagttta
tataacacca
tctgectttt
aatctcacag
gaagacaaga
ggaaaagttt
gaaataatgg
tectgaggteg
atggcaagag
aatggggtag
tttgaagaga
aatgcctatce
atgtggggta
aacatagatg
gaggccgaga
aattccatgce
gacctgggga
ctgacagctc
tttctgctaa
ctttetgeag
gaagacaatg
ctgccattta
aaagaccagt
cctgtgecece
tactcattca
tgtcaagcag
gctyggacaga
ttggaaaatg
cccttattta
tggagtccat
gataaagcat
gctatgagge
gtgcgagtgg
aatgtgtctg
cgtatcaatg
acacttggac
atgggagtga
aagaaaaata
gaaaataatc
tgtttttect
ataagatgat
tccaaagaca
tetgtetetg
tagggaaagt
gttgaattte
ggaatatgga
gagaatggca
tcacagtaac
atgectttett
ttgcttttte
aggggcctece
ctgtggagtg
ttaaatcttt
ataaatgcta

gctgataaga
gtgatcttgg
ctgtaactgce
accacgaagc
atattactga
taaaggaaca
tcaagcttea
gcaaacggtt
gtaacccaga
caaacagttt
gcaagcagct
caaatcatta
atggctatga
ttaaaccatt
cttcctatat
gattttggac
ttactgatgce
agttetttgt
taacggaccc
agggcgactt
atcatgagat
gaaatggagc
ccacacctaa
aaacagaaat
cttacatgtt
ggatgaaaaa
atgatgaaac
ttcgatatta
ctaaacatga
aactgttcaa
ttgtaggagc
cctggcetgaa
atgcagacca
atgaatggaa
agtacttttt
ctaatttgaa
atatcattcce
atgcttteeg
ctcetaacca
tagtggttgg
aagcaagaag
caggattcca
cttgaggtga
aaagatatca
acatggccaa
gatttgactt
gtgtatttgg
tgaagttgaa
tggatcactt
tgcattaget
tcagttcaag
caaggtgaca
acttccaagg
gtgaactccc
aatggaaatt
tgtatttgct
gatttacaca

gagaaaatct
ctcacagggg
tgctcagtce
cgaagacctg
agagaatgtc
gtccacactt
gctgecaggcet
gaacacaatt
taatccacaa
agactacaat
gaggccatta
tgaggactat
ctacagcege
atatgaacat
cagtceaatt
aaatctgtac
aatggtggac
atctgttggt
aggaaatgtt
caggatcctt
ggggcatatc
taatgaagga
gcatttaaaa
aaacttcctg
agagaagtgg
gtggtgggag
atactgtgac
cacaaggacc
aggccctetg
tatgctgagg
aaagaacatg
agaccagaac
aagcatcaaa
cgacaatgaa
aaaagtaaaa
accaagaatc
tagaactgaa
tctgaatgac
gcecectgtt
cattgtcatc
tggagaaaat
aaacactgat
ttttgttgta
ttaaatgteca
ggagagagca
ctgttetgtt
tectecacagge
aacaaggata
gtaaggacag
cactttecatt
tactatggtg
ggtctaaaga
tgcttgatca
agagcatgce
ccaactgtat
cacagtgttt
ctcaaaaaaa

catgaggagg
acgatgtcaa
accattgagg
ttctatcaaa
caaaacatga
gcccaaatgt
cttecagcaaa
ctaaatacaa
gaatgcttat
gagaggctct
tatgaagagt
ggggattatt
ggccagttga
cttcatgect
ggatgecctece
tctttgacag
caggcctggg
cttcctaata
cagaaagcag
atgtgcacaa
cagtatgata
ttccatgaag
tececattggte
ctcaaacaag
aggtggatgg
atgaagcgag
cccgecatcte
ctttaccaat
cacaaatgtg
cttggaaaat
aatgtaaggc
aagaattctt
gtgaggataa
atgtacctgt
aatcagatga
tcctttaatt
gttgaaaagg
aacagcctag
tcecatatggce
ctgatcttca
cettatgeet
gatgttcaga
tgtaaatgtt
aaactatgac
tettcattga
tcttaataag
tgttcaggga
tatcattgga
tgcctagggaa
taatccattg
atttgcctac
gagaagaatc
acatctcect
tgatagaaac
gttcacccte
gagcagtgct
aaaaa

ttttagtcta
gctettectg
aacaggccaa
gttecacttgc
ataatgctgg
atccactaca
atgggtcttc
tgagcaccat
tacttgaacc
gggcttggga
atgtggtett
ggagaggaga
ttgaagatgt
atgtgagggc
ctgetcattt
ttceetttgg
atgcacagag
tgactcaagg
tectgeccatcece
aggtgacaat
tggcatatgce
ctgttgggga
ttctgtcacce
cactcacgat
tectttaaagg
agatagttgg
tgtteccatgt
teccagtttca
acatctcaaa
cagaaccctg
cactgctcaa
ttgtgggatg
gcctaaaatce
tecgatcate
ttetttttgg
tctttgteac
ccatcaggat
agtttctggg
tgattgtttt
ctgggatcag
ccatcgatat
cctectttta
aatttcatgg
tctgttcaga
cattgettte
gattttgtat
taatctaaat
gcaagtgttg
ctggtgtage
tcaaggatga
agtgatgttt
cagggaacag
gacaacacaa
tecatttctac
tgaagtgggt
gagcacaaag
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NM_027286 2760 bp mMRNA linear ROD 24-AUG-2004
Mus musculus angiotensin I converting enzyme (peptidyl-dipeptidase
A) 2 (Ace2), mRNA.

NM_027286 XM_136130

NM 027286.1 GI:39930432

Mus musculus (house mouse)
Mus musculus
Eukaryota; Metazoa; Chordata; Craniata; Vertebrata; Euteleostomi;
Mammalia; Eutheria; Rodentia; Sciurognathi; Muridae; Murinae; Mus.
1
Komatsu,T., Suzuki,Y., Imai,J., Sugano,S., Hida,M., Tanigami,A.,
Muroi,S., Yamada,Y. and Hanaoka, K.
Molecular cloning, mRNA expression and chromosomal localization of
mouse angiotensin-converting enzyme-related carboxypeptidase
(mACE2)
DNA Seqg. 13 (4), 217-220 (2002)
12487024
GeneRIF: ACE2 gene is expressed mainly in the kidney and the lungs.
2 (bases 1 to 2760) ]
Crackower ,M.A., Sarao,R., Oudit,G.Y., Yagil,C., Kozieradzki,I.,
Scanga,S.E., Oliveira-dos-Santos,A.J., da Costa,J., Zhang,L.,
Pei,Y., Scholey,J., Ferrario,C.M., Manoukian,A.S., Chappell,M.C.,
Backx,P.H., Yagil,Y. and Penninger,J.M.
Angiotensin-converting enzyme 2 is an essential regulator of heart
function
Nature 417 (6891), 822-828 (2002)
12075344
GeneRIF: Angiotensin-converting enzyme 2 ig an essential regulator
of heart function.
PROVISIONAL REFSEQ: This record has not yet been subject to final
NCBI review. The reference sequence was derived from AB053181.1.
On Dec 18, 2003 this sequence version replaced gi:38086963.
Location/Qualifiers
1..2760
/organism="Mus musculus"
/mol_type="mRNA"
/db_xref="taxon:10090"
/chromosome="X"
/map="X 70.5 cM"
1..2760
/gene="Ace2"
/note="gynonym: 2010305LO5Rik"
/db_xref="GeneID:70008"
/db_xref:"MGI:l9l7258"
187..2583
/gene="Ace2"
/note="go_component: membrane [goid 0016020] [evidence
ISS] [pmid 124668511 ;
go_component: extracellular space [goid 0005615] [evidence
TAS] [pmid 12466851] ;
go_component: integral to membrane [goid 0016021]
[evidence TAS] [pmid 12466851];
go_function: carboxypeptidase activity [goid 0004180]
[evidence TAS] [pmid 12075344} ; ’
go_function: peptidyl-dipeptidase A activity [goid
0004246] [evidence ISS] [pmid 12466851];
go_process: proteolysis and peptidolysis [goid 0006508]
[evidence ISS] [pmid 12466851]"
/codon_start=1
/product="angiotensin I converting enzyme
{peptidyl-dipeptidase A) 2%
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61
121
181
241
301
361
421
481
541
601
661
721
781
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901
961

1021
1081
1141
1201
1261
1321
1381
1441
1501
1561
1621
1681
1741
1801
1861
1921
1981
2041
2101
2161
2221
2281
2341
2401
2461
2521

ggatttaact
cttttttttt
actcatgaag
ggaaagatgt
tecectcaceg
ctgtcttatce
gcccaaaaga
actgcccaaa
gcecttcage
attctgaaca
caagaatgct
aactctaggc
ttgtatgaag
tatggggatt
cgtaaccagt
catcttecatg
actggatgcc
taccectttga
aatcagggct
ggccttecte
ggccggaaag
aagatgtgta
atccaatatg
gggttccatg
aaatccattg
ctactgaaac
tggaggtgga
gagatgaagc
gaccctgeat
accatttacc
ctgcacaaat
agtcttggaa
atggatgtaa
aacagaaatt
aaagtgagga
gaaatgttcc
aaaaaccaga
gtctecttet
gaagttgaag
gataacagcce
gtcaccatat
atcctgattg
agcccttatg
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/protein id="NP_081562.1"

/db_xref="GI:39930433"

/db_xref="GeneID:70008"

/db_xref:"MGI:1917258"
/translation="MSSSSWLLLSLVAVTTAQSLTEENAKTFLNNFNQEAEDLSYQSS
LASWNYNTNITEENAQKMSEAAAKWSAFYEEQSKTAQSFSLQEIQTPIIKRQLOALQQ
SGSSALSADKNKQLNTILNTMSTIYSTGKVCNPKNPQECLLLEPGLDEIMATSTDYNS
RLWAWEGWRAEVGKQLRPLYEEYVVLKNEMARANNYNDYGDYWRGDYEAEGADGYNYN
RNQLIEDVERTFAEIKPLYEHLHAYVRRKLMDTYPSYISPTGCLPAHLLGDMWGREFWT
NLYPLTVPFAQKPNIDVTDAMMNQGWDAERIFQEAEKFFVSVGLPEMTQGFWANSMLT
EPADGRKVVCHPTAWDLGHGDFRIKMCTKVTMDNFLTAHHEMGHIQYDMAYARQPFLL
RNGANEGFHEAVGEIMSLSAATPKHLKSIGLLPSDFQEDSETEINFLLKQALTIVGTL
PFTYMLEKWRWMVFRGEIPKEQWMKKWWEMKREIVGVVEPLPHDETYCDPASLFHVSN
DYSFIRYYTRTIYQFQFQEALCQAAKYNGSLHKCDISNSTEAGQKLLKMLSLGNSEPW
TKALENVVGARNMDVKPLLNYFQPLFDWLKEQNRNSFVGWNTEWSPYADQSIKVRISL
KSALGANAYEWTINNEMFLFRSSVAYAMRKYFSIIKNQTVPFLEEDVRVSDLKPRVSFY
FFVTSPQNVSDVIPRSEVEDAIRMSRGRINDVFGLNDNSLEFLGIHPTLEPPYQPPVT
IWLITIFGVVMALVVVGIIILIVTGIKGRKKKNETKREESPYDSTGHWKRRKQCRIPKQ

L

tecatattggt
cttetettet
agattttact
ccagctecte
aggaaaatgc
aaagttcact
tgagtgaggc
gtttctcact
aaagtgggtc
ccatgagcac
tattacttga
tctgggeatg
agtatgtggt
attggagagg
tgattgaaga
cctatgtgag
tcecetgecea
ctgttececett
gggatgcaga
atatgactca
ttgtctgeca
caaaggtcac
acatggcata
aagctgttgg
gtcttetgee
aggcattgac
tggtcttteg
gggagatcgt
ctctgtteea
aattccagtt
gtgacatctc
attcagagcc
aaccactget
cttttgtggg
taagcctaaa
tgttcegatce
cagttcettt
acttetttgt
atgccatcag
tggagtttet
ggctgattat
tcactgggat
actcgactgg

ccagcagcett
cagtgcccaa
ctagggaaag
ctggeteett
caagacattt
tgcttettgg
tgcagccaaa
acaagaaatc
ttcagcactce
catttacagt
gccaggattg
ggagggctgg
cctgaaaaac
ggactatgaa
tgtagaacgt
gaggaagttg
tttgcttggt
tgcacagaaa
aaggatattt
aggattctgg
ccccacaget
aatggacaac
tgccaggcaa
agaaatcatg
atccgatttt
aattgttgga
gggtgaaatt
tggtgtggtg
tgtttctaat
tcaagaagct
aaattccact
ctggaccaaa
caattacttce
gtggaacact
atcagctctt
atctgttgea
tctagaggaa
cacctcaccc
gatgtctegg
ggggattcac
ttttggtgtt
caaaggtcga
acattggaaa

gtttactgtt
cccaagtteca
ttgctcagtg
ctcageccettg
ttaaacaact
aattataata
tggtectgect
cagacteccga
tecagcagaca
actggaaaag
gatgaaataa
agggctgagg
gagatggcaa
gcagagggag
accttegeag
atggatacct
gatatgtggg
ccaaacatag
caagaggcag
gcaaactcta
tgggatctgg
ttcttgacag
cctttectge
tcactttetg
caagaagata
acactaccgt
cccaaagagce
gagcctectge
gattactcat
ctttgtcaag
gaagctgggce
gccttggaaa
caaccgttgt
gaatggagcce
ggagctaatg
tatgccatga
gatgtacgag
caaaatgtgt
ggccgcatceca
ccaacacttg
gtgatggcac
aagaagaaaa
aggagaaagc

ctcttetgtt
aaggctgatg
gatgggatct
ttgctgttac
ttaatcagga
ctaacattac
tttatgaaga
tcatcaagceg
agaacaaaca
tttgcaacce
tggcgacaag
ttggcaagca
gagcaaacaa
cagatggcta
agatcaagcc
acccttecta
gtagattttg
atgttactga
agaaattctt
tgctgactga
gacacggaga
ccecatcacga
taagaaacgg
cagctaccce
gcgaaacaga
ttacttacat
agtggatgaa
ctcatgatga
tcattcgata
cagctaagta
agaagttgct
atgtggtagg
ttgactggcet
catatgccga
catatgaatg
gaaagtattt
tgagtgattt
ctgatgtcat
atgatgtctt
agccacctta
tggtagtggt
atgaaacaaa
aatgcaggat

tcttettetg
agagagaaaa
tggcgcacgg
tactgctcag
agctgaagac
tgaagaaaat
acagtctaag
tcaactacag
gttgaacaca
aaagaaccca
cacagactac
gctgaggecg
ttataacgac
caactataac
attgtatgag
catcagceccce
gacaaatctg
tgcaatgatg
tgtttctgtt
gccagcagat
cttcagaatc
gatgggacac
agccaatgaa
caagcatctg
gataaacttc
gttagagaag
aaagtggtgg
aacatactgt
ttacacaagg
taatggttct
caagatgctg
agcaaggaat
gaaagagcag
ccaaagcatt
gaccaacaac
ttcaataatc
gaaaccaaga
tcctagaagt
tggcctgaat
ccagcctecet
tggcatcatc
aagagaagag
tccaaaacag
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2581 tgatgatgct cagacttcct tttagcaaag cacttgtcat cttcctgtat gtaaatgceta
2641 acttcatagt cacaaaatat gagagtatac acatgtcatt agctatcaaa actatgatct
2701 gttcagtaaa cgttgcccaa gagcatcaaa aaaaaaaaaa aaaaaaggcc ccatgtgetce

/!

LOCUS
DEFINITION
ACCESSION
VERSION
KEYWORDS
SOURCE
ORGANISM

REFERENCE
AUTHORS
TITLE

JOURNAL
REFERENCE
AUTHORS

TITLE
JOURNAL

FEATURES
source

gene

CDS

ORIGIN

AB046569 2599 bp mMRNA linear PRI 14-APR-2001
Homo sapiens ace2 mRNA, complete cds.
AB046569

AB046569.1 GI:13516971

Homo sapiens (human)
Homo sapiens
Eukaryota; Metazoa; Chordata; Craniata; Vertebrata; Euteleostomi;
Mammalia; Eutheria; Euarchontoglires; Primates; Catarrhini;
Hominidae; Homo.
1 (sites)
Suzuki,Y., Watanabe,M. and Sugano,S.
Cloning, expression analysis and chromosomal localization of a
novel ACE like enzyme
Unpubl ished
2 (bases 1 to 2599)
Komatsu,T., Suzuki,Y. and Sugano,S.
Direct Submission
Submitted (25-JUL-2000) Takami Komatsu, the Institute of Medical
Science, Virology; 4-6-1, Minato-ku, Tokyo 108-8639, Japan
(E-mail:komatsu@ims.u-tokyo.ac.jp, Tel:81-3-5449-5283(ex.75283),
Fax:81-3-5449-5416)
Location/Qualifiers
1..2599
/organism="Homo sapiens"
/mol_type="mRNA"
/db_xref="taxon:9606"
/chromosome="X"
/map="Xp22"
/clone="kaiad505"
/clone lib="Sugano human cDNA library kaia"
/dev_stage="adult"
/country="Japan"
/note="vector:pME18S FL3, lab host:Topl0"
1..2599
/gene="ace2"
55..2472
/gene="ace2"
/codon_start=1
/product="ACE2"
/protein_id:"BAB40370.l"
/db_xref:"GI:13516972"
/translation="MSSSSWLLLSLVAVTAAQSTIEEQAKTFLDKFNHEAEDLFYQSS
LASWNYNTNITEENVQNMNNAGDKWSAFLKEQSTLAQMYPLQEIQNLTVKLOLQALQQ
NGSSVLSEDKSKRLNTILNTMSTIYSTGKVCNPDNPQECLLLEPGLNEIMANSLDYNE
RLWAWESWRSEVGKQLRPLYEEYVVLKNEMARANHYEDYGDYWRGDYEVNGVDGYDYS
RGQLIEDVEHTFEEIKPLYEHLHAYVRAKIMNAYPSYISPIGCLPAHLLGDMWGREWT
NLYSLTVPFGQKPNIDVTDAMVDQAWDAQRIFKEAEKFFVSVGLPNMTQGFWENSMLT
DPGNVQKAVCHPTAWDLGKGDFRILMCTKVTMDDFLTAHHEMGHIQYDMAYAAQPFLL
RNGANEGFHEAVGEIMSLSAATPKHLKSIGLLSPDFQEDNETEINFLLKQATLTIVGTL
PFTYMLEKWRWMVFKGEI PKDQWMKKWWEMKREIVGVVEPVPHDETYCDPASLFHVSN
DYSFIRYYTRTLYQFQFQEALCQAAKHEGPLHKCDISNSTEAGQKLFNMLRLGKSEPW
TLALENVVGAKNMNVRPLLNYFEPLFTWLKDONKNSFVGWSTDWSPYADQSIKVRISL
KSALGDRAYEWNDNEMYLFRSSVAYAMRQYFLKVKNOQMILFGEEDVRVANLKPRISFN
FFVTAPKNVSDIIPRTEVEKATRMSRSRINDAFRLNDNSLEFLGIQPTLGPPNQPPVS
IWLIVFGVVMGVIVVGIVILIFTGIRDRKKKNKARSGENPYASIDISKGENNPGFQNT
DDVQTSF"
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61
121
181
241
301
361
421
481
541
601
661
721
781
841
901
961

1021
1081
1141
1201
1261
1321
1381
1441
1501
1561
1621
1681
1741
1801
1861
1921
1981
2041
2101
2161
2221
2281
2341
2401
2461
2521
2581

tttttagtct
agctettect
gaacaggcca
agttcacttg
aataacgctg
tatccactac
aatgggtctt
atgagcacca
ttacttgaac
tgggettggg
tatgtggtct
tggagaggag
attgaagatg
tatgtgaggg
cctgeteatt
gttcecetttg
gatgcacaga
atgactcaag
gtetgecate
aaggtgacaa
atggcatatg
gctgttgggg
cttctgtcecac
gcactcacga
gtctttaaag
gagatagttg
ctgttccatg
ttcecagtttce
gacatctcaa
tcagaaccct
ccactgctca
tttgtgggat
agcctaaaat
ttcecgatcat
attectttttg
ttctttgtca
gccatcagga
gagtttectgg
ctgattgttt
actgggatca
tccatcgata
acctecctttt
taatttecatg
ctectgtteag

agggaaagte
ggctecttet
agacattttt
cttettggaa
gggacaaatg
aagaaattca
cagtgctcte
tctacagtac
caggtttgaa
aaagctggag
tgaaaaatga
actatgaagt
tggaacatac
caaagttgat
tgettggtga
gacagaaacc
gaatattcaa
gattctggga
ccacagcettg
tggacgactt
ctgcacaacc
aaatcatgte
ccgattttea
ttgttgggac
gggaaattcc
gggtagtgga
tttctaatga
aagaagcact
actctacaga
ggaccctagce
actactttga
ggagtaccga
cagctecttgg
ctgttgcata
gggaggagga
ctgcacctaa
tgtceeggag
ggatacagcc
ttggagttgt
gagatcggaa
ttagcaaagg
agaaaaatct
gtatagaaaa
aaaaaaaaa
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attcagtgga
cagcettgtt
ggacaagttt
ttataacacc
gtectgecettt
gaatctcaca
agaagacaag
tggaaaagtt
tgaaataatg
atctgaggtc
gatggcaaga
aaatggggta
ctttgaagag
gaatgcctat
tatgtggggt
aaacatagat
ggaggccgag
aaattccatg
ggacctgggg
cctgacagcect
ttttectgeta
actttctgea
agaagacaat
tctgececattt
caaagaccag
acctgtgece
ttactcattc
ttgtcaagca
agctggacag
attggaaaat
gcecettattt
ctggagtcca
agatagagca
tgctatgagg
tgtgcgagtyg
aaatgtgtct
ccgtatcaat
aacacttgga
gatgggagtyg
gaagaaaaat
agaaaataat
atgtttttee
tataagatga

tgtgatcttg
gctgtaactg
aaccacgaag
aatattactg
ttaaaggaac
gtcaagcttc
agcaaacggt
tgtaacccag
gcaaacagtt
ggcaagcagc
gcaaatcatt
gatggctatg
attaaaccat
ccttectata
agattttgga
gttactgatg
aagttctttg
ctaacggacc
aaaggcgact
catcatgaga
agaaatggag
gccacaccta
gaaacagaaa
acttacatgt
tggatgaaaa
catgatgaaa
attcgatatt
gctaaacatg
aaactgttca
gttgtaggag
acctggctga
tatgcagacc
tatgaatgga
cagtactttt
gctaatttga
gatatcattc
gatgctttce
cctectaace
atagtggttg
aaagcaagaa
ccaggattce
tettgaggtg
taaaaatatc
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gctcacaggg
ctgctcagtc
ccgaagacct
aagagaatgt
agtccacact
agctgcaggce
tgaacacaat
ataatccaca
tagactacaa
tgaggccatt
atgaggacta
actacagceg
tatatgaaca
tcagtccaat
caaatctgta
caatggtgga
tatctgttgg
caggaaatgt
tcaggatcct
tggggcatat
ctaatgaagg
agcatttaaa
taaacttcct
tagagaagtg
agtggtggga
catactgtga
acacaaggac
aaggccctcect
atatgctgag
caaagaacat
aagaccagaa
aaagcatcaa
acgacaatga
taaaagtaaa
aaccaagaat
ctagaactga
gtctgaatga
agcccectgt
gcattgtceat
gtggagaaaa
aaaacactga
attttgttgt
attaaatgtce

gacgatgtca
caccattgag
gttctatcaa
ccaaaacatg
tgcccaaatg
tcttcagcaa
tctaaataca
agaatgctta
tgagaggctc
atatgaagag
tggggattat
cggccagttg
tcttecatgcece
tggatgcete
ctctttgaca
ccaggectgg
tcttectaat
tcagaaagca
tatgtgcaca
tcagtatgat
attccatgaa
atccattggt
gctcaaacaa
gaggtggatg
gatgaagcga
cceecgeatcet
cctttaccaa
gcacaaatgt
gcttggaaaa
gaatgtaagg
caagaattct
agtgaggata
aatgtacctg
aaatcagatg
ctcetttaat
agttgaaaag
caacagccta
ttececatatgg
cectgatcette
teccttatgee
tgatgttcag
atgtaaatgt
aaaactatga
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Claims

1. A method for screening for placental insufficiency, such as pre-eclampsia in a

pregnant mammal such as a human or mouse comprising the steps of:

@) providing a sample of maternal or foetal bodily fluid or tissue;

(i)  measuring the amount of Angiotensin-Converting Enzyme (ACE2) or a fragment
or a variant thereof, for example directly by detecting the protein, or indirectly by
measuring the amount of mRNA encoding the ACE2, fragment or variant thereof

in the sample; and

(iii)) comparing the amount with a known normal level of ACE2 or a fragment of

variant thereof.

2. A method according to claim 1, wherein the ACE2 fragment has an apparent
molecular weight of approximately 55 kDa as determined by SDS-PAGE.

3. A method according to claims 1 or 2, wherein the sample is selected from
maternal blood, foetal blood, maternal urine, maternal faeces, maternal sputum, amniotic

fluid and placental material such as a chorionic villus sample.

4. A method according to claim 2, comprising the steps of providing a sample of
maternal blood or foetal chord blood or maternal urine and measuring the amount of 55

kDa ACE2 fragment present.

5. A method according to any preceding claim, wherein the amount of ACE2,
fragment or variant thereof is determined by an immunoassay, enzymatic assay or real-
time PCR.

6. An isolated fragment of ACE2 having an apparent molecular weight of 55 kDa as
determined by SDS-PAGE.
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7. A method of screening for a disorder having hypertension or hypotension as a
symptom, comprising:
(1) obtaining a sample of bodily fluid or tissue;

(i)  determining an amount of ACE2 55 kDa fragment, as defined in claim 6, present

in the sample; and

(i)  comparing the amount with a normal level of the ACE2 55 kDa fragment

8. A method according to claim 7, wherein the sample is blood or urine.

9. A method of determining a drug candidate for the treatment of placental

insufficiency, such as pre-eclampsia comprising:

® providing a cell expressing ACE2, a fragment of ACE2 or a variant thereof;

(i)  introducing a compound to the cell;

(iii)  determining the effect of the compound on the amount of ACE2, fragment or

variant produced by the cell.

10. A method according to claim 9, wherein the ACE2 fragment has an apparent

molecular weight of 55 kDa, as defined in claim 6.

11. A method of determining a drug candidate for the treatment of a disorder

involving hypertension or hypotension, comprising:

O providing a cell expressing an ACE2 fragment according to claim 6;
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(i)  introducing a compound to the cell;

(iii)  determining the effect of the compound on the amount of ACE2 fragment
produced by the cell.

12. ACE2, or a fragment or a variant thereof, for use in the manufacture of a

medicament to treat a placental insufficiency, such as pre-eclampsia.

13. An ACE2 fragment as defined in claim 6 for use in a manufacture of a

medicament to treat a hypertensive disorder.

14. A method of treating a placental insufficiency such as pre-eclampsia comprising
administering a pharmaceutically effective amount of ACE2, or a fragment or a variant

thereof.

15. A method of treating a hypertensive disorder comprising administering a

pharmaceutically effective amount of a 55 kDa fragment of ACE?2 as defined in claim 6.

16.  An assay kit for use in a method according to claims 1 to 11 comprising means for
measuring the amount of ACE2, fragment or variant thereof and instructions for using the

assay kit.
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SEQUENCE LISTING
<110> University of Warwick
<120> ACE2 Inhibitor
<130> P713167PCT

<150> GB0511279.2
<151> 2005-06-02

<160> 8

<170> PatentIn version 3.3

<210> 1
<211> 805
<212> PRT

<213> Homo sapiens

<400> 1

Met Ser Ser Ser Ser Trp Leu Leu Leu Ser Leu Val Ala Val Thr Ala
1 5 10 15

Ala Gln Ser Thr Ile Glu Glu Gln Ala Lys Thr Phe Leu Asp Lys Phe
20 25 30

Asn His Glu Ala Glu Asp Leu Phe Tyr Gln Ser Ser Leu Ala Ser Trp
35 40 45

Asn Tyr Asn Thr Asn Ile Thr Glu Glu Asn Val Gln Asn Met Asn Asn
50 55 60

Ala Gly Asp Lys Trp Ser Ala Phe Leu Lys Glu Gln Ser Thr Leu Ala
65 70 75 80

Gln Met Tyr Pro Leu Gln Glu Ile Gln Asn Leu Thr Val Lys Leu Gln
85 90 95

Leu Gln Ala Leu Gln Gln Asn Gly Ser Ser Val Leu Ser Glu Asp Lys
100 105 110

Ser Lys Arg Leu Asn Thr Ile Leu Asn Thr Met Ser Thr Ile Tyr Ser
115 120 125

Thr Gly Lys Val Cys Asn Pro Asp Asn Pro Gln Glu Cys Leu Leu Leu
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130 135 140

Glu Pro Gly Leu Asn Glu Ile Met Ala Asn Ser Leu Asp Tyr Asn Glu
145 150 155 160

Arg Leu Trp Ala Trp Glu Ser Trp Arg Ser Glu Val Gly Lys Gln Leu
165 170 175

Arg Pro Leu Tyr Glu Glu Tyr Val Val Leu Lys Asn Glu Met Ala Arg
180 185 190

Ala Asn His Tyr Glu Asp Tyr Gly Asp Tyr Trp Arg Gly Asp Tyr Glu
195 200 205

Val Asn Gly Val Asp Gly Tyr Asp Tyr Ser Arg Gly Gln Leu Ile Glu
210 215 220

Asp Val Glu His Thr Phe Glu Glu Ile Lys Pro Leu Tyr Glu His Leu
225 230 235 240

His Ala Tyr Val Arg Ala Lys Leu Met Asn Ala Tyr Pro Ser Tyr Ile
245 250 255

Ser Pro Ile Gly Cys Leu Pro Ala His Leu Leu Gly Asp Met Trp Gly
260 265 270

Arg Phe Trp Thr Asn Leu Tyr Ser Leu Thr Val Pro Phe Gly Gln Lys
275 280 285

Pro Asn Ile Asp Val Thr Asp Ala Met Val Asp Gln Ala Trp Asp Ala
290 295 300

Gln Arg Ile Phe Lys Glu Ala Glu Lys Phe Phe Val Ser Val Gly Leu
305 310 315 320

Pro Asn Met Thr Gln Gly Phe Trp Glu Asn Ser Met Leu Thr Asp Pro
325 330 335

Gly Asn Val Gln Lys Ala Val Cys His Pro Thr Ala Trp Asp Leu Gly
340 345 350

Lys Gly Asp Phe Arg Ile Leu Met Cys Thr Lys Val Thr Met Asp Asp
355 360 365
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Phe Leu Thr Ala His His Glu Met Gly His Ile Gln Tyr Asp Met Ala

370 375 380

Tyr Ala Ala Gln Pro Phe Leu Leu Arg Asn Gly Ala Asn Glu Gly Phe
385 390 395 400

His Glu Ala Val Gly Glu Ile Met Ser Leu Ser Ala Ala Thr Pro Lys
405 410 415

His Leu Lys Ser Ile Gly Leu Leu Ser Pro Asp Phe Gln Glu Asp Asn
420 425 430

Glu Thr Glu Ile Asn Phe Leu Leu Lys Gln Ala Leu Thr Ile Val Gly
435 440 445

Thr Leu Pro Phe Thr Tyr Met Leu Glu Lys Trp Arg Trp Met Val Phe
450 455 460

Lys Gly Glu Ile Pro Lys Asp Gln Trp Met Lys Lys Trp Trp Glu Met
465 470 475 480

Lys Arg Glu Ile Val Gly Val Val Glu Pro Val Pro His Asp Glu Thr
485 490 495

Tyr Cys Asp Pro Ala Ser Leu Phe His Val Ser Asn Asp Tyr Ser Phe
500 505 510

Ile Arg Tyr Tyr Thr Arg Thr Leu Tyr Gln Phe Gln Phe Gln Glu Ala
515 520 525

Leu Cys Gln Ala Ala Lys His Glu Gly Pro Leu His Lys Cys Asp Ile
530 535 540

Ser Asn Ser Thr Glu Ala Gly Gln Lys Leu Phe Asn Met Leu Arg Leu
545 550 555 560

Gly Lys Ser Glu Pro Trp Thr Leu Ala Leu Glu Asn Val Val Gly Ala
565 570 575

Lys Asn Met Asn Val Arg Pro Leu Leu Asn Tyr Phe Glu Pro Leu Phe
580 585 590
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Thr Trp Leu Lys Asp Gln Asn Lys Asn Ser Phe Val Gly Trp Ser Thr
595 600 605

Asp Trp Ser Pro Tyr Ala Asp Gln Ser Ile Lys Val Arg Ile Ser Leu
610 615 620

Lys Ser Ala Leu Gly Asp Lys Ala Tyr Glu Trp Asn Asp Asn Glu Met
625 630 635 640

Tyr Leu Phe Arg Ser Ser Val Ala Tyr Ala Met Arg Gln Tyr Phe Leu
645 650 655

Lys Val Lys Asn Gln Met Ile Leu Phe Gly Glu Glu Asp Val Arg Val
660 665 670

Ala Asn Leu Lys Pro Arg Ile Ser Phe Asn Phe Phe Val Thr Ala Pro
675 680 685

Lys Asn Val Ser Asp Ile Ile Pro Arg Thr Glu Val Glu Lys Ala Ile
690 695 700

Arg Met Ser Arg Ser Arg Ile Asn Asp Ala Phe Arg Leu Asn Asp Asn
705 710 715 720

Ser Leu Glu Phe Leu Gly Ile Gln Pro Thr Leu Gly Pro Pro Asn Gln
725 730 735

Pro Pro Val Ser Ile Trp Leu Ile Val Phe Gly Val Val Met Gly Val
740 745 750

Ile Val Val Gly Ile Val Ile Leu Ile Phe Thr Gly Ile Arg Asp Arg
755 760 765

Lys Lys Lys Asn Lys Ala Arg Ser Gly Glu Asn Pro Tyr Ala Ser Ile
770 775 780

Asp Ile Ser Lys Gly Glu Asn Asn Pro Gly Phe Gln Asn Thr Asp Asp
785 790 795 800

Val Gln Thr Ser Phe
805
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<210> 2

<211> 3405
<212> DNA
<213> Homo

<400> 2
cgcccaacce

gggaaagtca
gctcecttcete
gacatttttg
ttcttggaat
ggacaaatgg
agaaattcag
agtgctctca
ctacagtact
aggtttgaat
aagctggaga
gaaaaatgag
ctatgaagta
ggaacatacc
aaagttgatg
gcttggtgat
acagaaacca
aatattcaag
attctgggaa
cacagcttgg
ggacgacttec
tgcacaacct
aatcatgtca
cgattttcaa
tgttgggact

ggaaattccc

sapiens

aagttcaaag
ttcagtggat
agccttgttyg
gacaagttta
tataacacca
tctgectttt
aatctcacag
gaagacaaga
ggaaaagttt
gaaataatgg
tctgaggtcg
atggcaagag
aatggggtag
tttgaagaga
aatgcctatc
atgtggggta
aacatagatg
gaggccgaga
aattccatgc
gacctgggga
ctgacagctc
tttctgectaa
ctttctgcag
gaagacaatg
ctgccattta

aaagaccagt

gctgataaga
gtgatcttgg
ctgtaactge
accacgaagc
atattactga
taaaggaaca
tcaagcttcea
gcaaacggtt
gtaacccaga
caaacagttt
gcaagcagct
caaatcatta
atggctatga
ttaaaccatt
cttcctatat
gattttggac
ttactgatgce
agttctttgt
taacggacce
agggcgactt
atcatgagat
gaaatggagc
ccacacctaa
aaacagaaat
cttacatgtt

ggatgaaaaa

5/18

gagaaaatct
ctcacagggg
tgctcagtce
cgaagacctg
agagaatgtc
gtccacactt
gctgcaggcet
gaacacaatt
taatccacaa
agactacaat
gaggccatta
tgaggactat
ctacagccge
atatgaacat
cagtccaatt
aaatctgtac
aatggtggac
atctgttggt
aggaaatgtt
caggatcctt
ggggcatatc
taatgaagga
gcatttaaaa
aaacttcctg
agagaagtgg

gtggtgggag

. -

catgaggagg
acgatgtcaa
accattgagg
ttctatcaaa
caaaacatga
gcccaaatgt
cttcagcaaa
ctaaatacaa
gaatgcttat
gagaggctct
tatgaagagt
ggggattatt
ggccagttga
cttcatgect
ggatgecctce
tctttgacag
caggcctggg
cttcctaata
cagaaagcag
atgtgcacaa
cagtatgata
ttccatgaag
tcecattggte
ctcaaacaag
aggtggatgg

atgaagcgag

s varn

PCT/GB2006/002030

ttttagtcta 60
gctcttectg 120
aacaggccaa 180
gttcacttge 240
ataatgctgg 300
atccactaca 360
atgggtcttce 420
tgagcaccat 480
tacttgaacc 540
gggcttggga 600
atgtggtctt 660
ggagaggaga 720
ttgaagatgt 780
atgtgagggce 840
ctgctcattt 900
ttccetttgg 960
atgcacagag 1020
tgactcaagg 1080
tctgecatce 1140
aggtgacaat 1200
tggcatatge 1260
ctgttgggga 1320
ttctgtcace 1380
cactcacgat 1440
tctttaaagg 1500
agatagttgg 1560
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ggtggtggaa
ttctaatgat
agaagcactt
ctctacagaa
gaccctagca
ctactttgag
gagtaccgac
agctcttgga
tgttgcatat
ggaggaggat
tgcacctaaa
gtcccggage
gatacagcca
tggagttgtg
agatcggaag
tagcaaagga
gaaaaatcta
tatagaaaat
aaaaaaattg
agtatttatt
tagagtatat
gtaaatgtct
gatcttgtat
tgcaaggatt
catgctttct
ggaatcgatc
gtagaggaca

aactagagcc

cctgtgeece
tactcattca
tgtcaagcag
gctggacaga
ttggaaaatg
cccttattta
tggagtccat
gataaagcat
gctatgaggce
gtgcgagtgg
aatgtgtctg
cgtatcaatg
acacttggac
atgggagtga
aagaaaaata
gaaaataatc
tgtttttect
ataagatgat
tccaaagaca
tctgtctctg
tagggaaagt
gttgaatttc
ggaatatgga
gagaatggca
tcacagtaac
atgctttett
ttgecttttte

aggggecctcce

atgatgaaac
ttcgatatta
ctaaacatga
aactgttcaa
ttgtaggagc
cctggctgaa
atgcagacca
atgaatggaa
agtacttttt
ctaatttgaa
atatcattcc
atgctttceg
ctcctaacca
tagtggttgg
aagcaagaag
caggattcca
cttgaggtga
aaagatatca
acatggccaa
gatttgactt
gtgtatttgg
tgaagttgaa
tggatcactt
tgcattagct
tcagttcaag
caaggtgaca
acttccaagg

gtgaactcce

6/18

atactgtgac
cacaaggacc
aggccctctg
tatgctgagg
aaagaacatg
agaccagaac
aagcatcaaa
cgacaatgaa
aaaagtaaaa
accaagaatc
tagaactgaa
tctgaatgac
gccecctgtt
cattgtcatc
tggagaaaat
aaacactgat
ttttgttgta
ttaaatgtca
ggagagagca
ctgttctgtt
tctcacaggce
aacaaggata
gtaaggacag
cactttcatt
tactatggtyg
ggtctaaaga
tgcttgatca

agagcatgcc

EE 1 £ ATTER L o

cccgeatcte
ctttaccaat
cacaaatgtg
cttggaaaat
aatgtaaggc
aagaattctt
gtgaggataa
atgtacctgt
aatcagatga
tcetttaatt
gttgaaaagg
aacagcctag
tccatatgge
ctgatcttca
ccttatgect
gatgttcaga
tgtaaatgtt
aaactatgac
tcttcattga
tcttaataag
tgttcaggga
tatcattgga
tgcctgggaa
taatccattg
atttgcctac
gagaagaatc
acatctccct

tgatagaaac

PCT/GB2006/002030

w

tgttccatgt 1620
tccagtttca 1680
acatctcaaa 1740
cagaaccctg 1800
cactgctcaa 1860
ttgtgggatg 1920
gcctaaaatc 1980
tcecgatcate 2040
ttctttttgg 2100
tectttgtcac 2160
ccatcaggat 2220
agtttctggg 2280
tgattgtttt 2340
ctgggatcag 2400
ccatcgatat 2460
cctcctttta 2520
aatttcatgg 2580
tctgttcaga 2640
cattgctttce 2700
gattttgtat 2760
taatctaaat 2820
gcaagtgttyg 2880
ctggtgtage 2940
tcaaggatga 3000
agtgatgttt 3060
cagggaacag 3120
gacaacacaa 3180
tcatttctac 3240
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tgttctctaa ctgtggagtg aatggaaatt ccaactgtat gttcacccte tgaagtgggt 3300

acccagtctc ttaaatcttt tgtatttget cacagtgttt gagcagtgct gagcacaaag 3360

cagacactca ataaatgcta gatttacaca ctcaaaaaaa aaaaa 3405
<210> 3

<211> 798

<212> PRT

<213> Mus musculus

<400> 3

Met Ser Ser Ser Ser Trp Leu Leu Leu Ser Leu Val Ala Val Thr Thr
1 5 10 15

Ala Gln Ser Leu Thr Glu Glu Asn Ala Lys Thr Phe Leu Asn Asn Phe
20 25 30

Asn Gln Glu Ala Glu Asp Leu Ser Tyr Gln Ser Ser Leu Ala Ser Trp
35 40 45

Asn Tyr Asn Thr Asn Ile Thr Glu Glu Asn Ala Gln Lys Met Ser Glu
50 55 60

Ala Ala Ala Lys Trp Ser Ala Phe Tyr Glu Glu Gln Ser Lys Thr Ala
65 70 75 80

Gln Ser Phe Ser Leu Gln Glu Ile Gln Thr Pro Ile Ile Lys Arg Gln
85 90 95

Leu Gln Ala Leu Gln Gln Ser Gly Ser Ser Ala Leu Ser Ala Asp Lys
100 105 110

Asn Lys Gln Leu Asn Thr Ile Leu Asn Thr Met Ser Thr Ile Tyr Ser
115 120 125

Thr Gly Lys Val Cys Asn Pro Lys Asn Pro Gln Glu Cys Leu Leu Leu
130 135 140

Glu Pro Gly Leu Asp Glu Ile Met Ala Thr Ser Thr Asp Tyr Asn Ser
145 150 155 160

Arg Leu Trp Ala Trp Glu Gly Trp Arg Ala Glu Vval Gly Lys Gln Leu
165 170 175
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Arg Pro Leu Tyr Glu Glu Tyr Val Val Leu Lys Asn Glu Met Ala Arg
180 185 190

Ala Asn Asn Tyr Asn Asp Tyr Gly Asp Tyr Trp Arg Gly Asp Tyr Glu
195 200 205

Ala Glu Gly Ala Asp Gly Tyr Asn Tyr Asn Arg Asn Gln Leu Ile Glu
210 215 220

Asp Val Glu Arg Thr Phe Ala Glu Ile Lys Pro Leu Tyr Glu His Leu
225 230 235 240

His Ala Tyr Val Arg Arg Lys Leu Met Asp Thr Tyr Pro Ser Tyr Ile
245 250 255

Ser Pro Thr Gly Cys Leu Pro Ala His Leu Leu Gly Asp Met Trp Gly
260 265 270

Arg Phe Trp Thr Asn Leu Tyr Pro Leu Thr Val Pro Phe Ala Gln Lys
275 280 285

Pro Asn Ile Asp Val Thr Asp Ala Met Met Asn Gln Gly Trp Asp Ala
290 295 300

Glu Arg Ile Phe Gln Glu Ala Glu Lys Phe Phe Val Ser Val Gly Leu
305 310 315 320

Pro His Met Thr Gln Gly Phe Trp Ala Asn Ser Met Leu Thr Glu Pro
325 330 335

Ala Asp Gly Arg Lys Val Val Cys His Pro Thr Ala Trp Asp Leu Gly
340 345 350

His Gly Asp Phe Arg Ile Lys Met Cys Thr Lys Val Thr Met Asp Asn
355 360 365

Phe Leu Thr Ala His His Glu Met Gly His Ile Gln Tyr Asp Met Ala
370 375 380

Tyr Ala Arg Gln Pro Phe Leu Leu Arg Asn Gly Ala Asn Glu Gly Phe
385 390 395 400
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His Glu Ala Val Gly Glu Ile Met Ser Leu Ser Ala Ala Thr Pro Lys
405 410 415

His Leu Lys Ser Ile Gly Leu Leu Pro Ser Asp Phe Gln Glu ASp Ser
420 425 430

Glu Thr Glu Ile Asn Phe Leu Leu Lys Gln Ala Leu Thr Ile Val Gly
435 440 445

Thr Leu Pro Phe Thr Tyr Met Leu Glu Lys Trp Arg Trp Met Val Phe
450 455 460

Arg Gly Glu Ile Pro Lys Glu Gln Trp Met Lys Lys Trp Trp Glu Met
465 470 475 480

Lys Arg Glu Ile Val Gly Val Val Glu Pro Leu Pro His Asp Glu Thr
485 490 495

Tyr Cys Asp Pro Ala Ser Leu Phe His Val Ser Asn Asp Tyr Ser Phe
500 505 510

Ile Arg Tyr Tyr Thr Arg Thr Ile Tyr Gln Phe Gln Phe Gln Glu Ala
515 520 525

Leu Cys Gln Ala Ala Lys Tyr Asn Gly Ser Leu His Lys Cys Asp Ile
530 535 540

Ser Asn Ser Thr Glu Ala Gly Gln Lys Leu Leu Lys Met Leu Ser Leu
545 550 555 560

Gly Asn Ser Glu Pro Trp Thr Lys Ala Leu Glu Asn Val Val Gly Ala
565 570 575

Arg Asn Met Asp Val Lys Pro Leu Leu Asn Tyr Phe Gln Pro Leu Phe
580 585 590

Asp Trp Leu Lys Glu Gln Asn Arg Asn Ser Phe Val Gly Trp Asn Thr
595 600 605

Glu Trp Ser Pro Tyr Ala Asp Gln Ser Ile Lys Val Arg Ile Ser Leu
610 615 620

Lys Ser Ala Leu Gly Ala Asn Ala Tyr Glu Trp Thr Asn Asn Glu Met
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625

Phe Leu

Ile Ile

Ser Asp

Gln Asn
690

Arg Met
705

Ser Leu

Pro Pro

Val Val

Lys Lys
770

Gly His
785

<210>
<211>
<212>
<213>

<400>
ggattta

ctttttt

actcatg

ggaaaga

Phe Arg Ser
645

Lys Asn Gln
660

Leu Lys Pro
675

Val Ser Asp

Ser Arg Gly

Glu Phe Leu
725

Val Thr Ile
740

Val Gly Ile
755

Lys Asn Glu

Trp Lys Arg

4

2760

DNA

Mus musculus

4

act tcatattggt
ttt cttctcttcet
aag agattttact

tgt ccagctcctce

630

Ser

Thr

Arg

Val

Arg

710

Gly

Trp

Ile

Thr

Arg
790

Val

Val

Val

Ile

695

Ile

Ile

Leu

Ile

Lys

775

Lys

Ala

Pro

Ser

680

Pro

Asn

His

Ile

Leu

760

Arg

Gln

10/18

Tyr

Phe

665

Phe

Arg

Asp

Pro

Ile

745

Ile

Glu

Cys

Ala

650

Leu

Tyxr

Ser

Val

Thr

730

Phe

Val

Glu

Arg

635

Met

Glu

Phe

Glu

Phe

715

Leu

Gly

Thr

Ser

Ile
795

ccagcagett gtttactgtt
cagtgcccaa cccaagttca
ctagggaaag ttgctcagtg

ctggctcctt ctcagcecttg

Arg Lys

Glu Asp

Phe Val
685

Val Glu
700

Gly Leu

Glu Pro

Val Val

Gly Ile
765

Pro Tyr
780

Pro Lys

ctcttetgtt tcttettetg
aaggctgatg agagagaaaa
gatgggatct tggcgcacgg

ttgctgttac tactgctcag

Tyr

Val

670

Thr

Asp

Asn

Pro

Met

750

Lys

Asp

Gln

PCT/GB2006/002030

Phe

655

Arg

Ser

Ala

Asp

Tyr

735

Ala

Gly

Ser

640

Ser

Val

Pro

Ile

Asn

720

Gln

Leu

Arg

Thr

60

120

180

240
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tcecteacceg
ctgtcttatc
gcccaaaaga
actgcccaaa
gcccttcage
attctgaaca
caagaatgct
aactctaggc
ttgtatgaag
tatggggatt
cgtaaccagt
catcttcatg
actggatgce
taccctttga
aatcagggct
ggccttecte
ggccggaaag
aagatgtgta
atccaatatg
gggttccatg
aaatccattg
ctactgaaac
tggaggtgga
gagatgaagc
gaccctgcat
accatttacc
ctgcacaaat
agtcttggaa

atggatgtaa

aggaaaatgc
aaagttcact
tgagtgaggce
gtttctcact
aaagtgggtc
ccatgagcac
tattacttga
tctgggcatg
agtatgtggt
attggagagg
tgattgaaga
cctatgtgag
tcectgecca
ctgttccctt
gggatgcaga
atatgactca
ttgtctgceca
caaaggtcac
acatggcata
aagctgttgg
gtcttctgee
aggcattgac
tggtcttteg
gggagatcgt
ctctgttcca
aattccagtt
gtgacatctc
attcagagcc

aaccactgct

caagacattt
tgcttcttgg
tgcagccaaa
acaagaaatc
ttcagcactce
catttacagt
gccaggattg
ggagggetgyg
cctgaaaaac
ggactatgaa
tgtagaacgt
gaggaagttg
tttgcttggt
tgcacagaaa
aaggatattt
aggattctgg
ccccacagcet
aatggacaac
tgccaggcaa
agaaatcatg
atccgatttt
aattgttgga
gggtgaaatt
tggtgtggtyg
tgtttctaat
tcaagaagct
aaattccact
ctggaccaaa

caattacttc

11/18

ttaaacaact
aattataata
tggtctgect
cagactccga
tcagcagaca
actggaaaag
gatgaaataa
agggctgagg
gagatggcaa
gcagagggag
accttcgcag
atggatacct
gatatgtggg
ccaaacatag
caagaggcag
gcaaactcta
tgggatctgg
ttcttgacag
cctttectge
tcactttctg
caagaagata
acactaccgt
cccaaagagc
gagcctctge
gattactcat
ctttgtcaag
gaagctgggce
gccttggaaa

caaccgttgt

ttaatcagga
ctaacattac
tttatgaaga
tcatcaagceg
agaacaaaca
tttgcaacce
tggcgacaag
ttggcaagca
gagcaaacaa
cagatggcta
agatcaagcc
acccttecta
gtagattttg
atgttactga
agaaattctt
tgctgactga
gacacggaga
cccatcacga
taagaaacgg
cagctacccce
gcgaaacaga
ttacttacat
agtggatgaa
ctcatgatga
tcattcgata
cagctaagta
agaagttget
atgtggtagg

ttgactggcet

PCT/GB2006/002030

agctgaagac 300
tgaagaaaat 360
acagtctaag 420
tcaactacag 480
gttgaacaca 540
aaagaaccca 600
cacagactac 660
gctgaggeeg 720
ttataacgac 780
caactataac 840
attgtatgag 900
catcagcccce 960
gacaaatctg 1020
tgcaatgatg 1080
tgtttctgtt 1140
gccagcagat 1200
cttcagaatc 1260
gatgggacac 1320
agccaatgaa 1380
caagcatctg 1440
gataaacttc 1500
gttagagaag 1560
aaagtggtgg 1620
aacatactgt 1680
ttacacaagg 1740
taatggttct 1800
caagatgctg 1860
agcaaggaat 1920
gaaagagcag 1980
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aacagaaatt
aaagtgagga
gaaatgttcc
aaaaaccaga
gtctecttcet
gaagttgaag
gataacagcc
gtcaccatat
atcctgattg
agcccttatg
tgatgatgct
acttcatagt
gttcagtaaa
<210> 5
<211> 805
<212> PRT
<213> Homo
<400> 5
Met Ser Ser

1

Ala Gln Ser

Glu
35

Asn His

Asn Tyr Asn

50

Ala
65

Gly Asp

Gln Met Tyr

cttttgtggg
taagcctaaa
tgttcecgatce
cagttccttt
acttctttgt
atgccatcag
tggagtttect
ggctgattat
tcactgggat
actcgactgg
cagacttcct
cacaaaatat

cgttgcccaa

sapiens

Ser

Ser

Thr
20

Ile
Ala Glu
Thr Asn
Lys

Trp

Leu
85

Pro

Trp

Glu

Asp

Ile

Ser

70

Gln

gtggaacact
atcagctctt
atctgttgceca
tctagaggaa
cacctcaccc
gatgtctcgg
ggggattcac
ttttggtgtt
caaaggtcga
acattggaaa
tttagcaaag
gagagtatac

gagcatcaaa

Leu Leu

Gln

Glu

Phe
40

Leu

Thr Glu

55

Ala Phe

Glu Ile

12/18

gaatggagcc
ggagctaatg
tatgccatga
gatgtacgag
caaaatgtgt
ggccgcatca
ccaacacttg
gtgatggcac
aagaagaaaa
aggagaaagc
cacttgtcat
acatgtcatt

aaaaaaaaaa

Ser Leu

10

Leu

Ala Thr

25

Lys

Tyr Gln Ser

Glu Asn Val

Glu
75

Leu Lys

Gln Asn Leu

90

catatgccga
catatgaatg
gaaagtattt
tgagtgattt
ctgatgtcat
atgatgtctt
agccacctta
tggtagtggt
atgaaacaaa
aatgcaggat
cttcectgtat
agctatcaaa

aaaaaaggcc

Val Ala Val

Phe Leu Asp

30

Leu Ala

45

Ser

Gln Met

60

Asn

Gln Ser Thr

Thr Val Lys

PCT/GB2006/002030
ccaaagcatt 2040
gaccaacaac 2100
ttcaataatc 2160
gaaaccaaga 2220
tcctagaagt 2280
tggcctgaat 2340
ccagcctecet 2400
tggcatcatc 2460
aagagaagag 2520
tccaaaacag 2580
gtaaatgcta 2640
actatgatct 2700
ccatgtgctc 2760
Thr Ala

15

Lys Phe

Ser Trp

Asn Asn

Leu Ala

80
Leu Gln
95
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Leu Gln Ala Leu Gln Gln Asn Gly Ser Ser Val Leu Ser Glu Asp Lys
100 105 110

Ser Lys Arg Leu Asn Thr Ile Leu Asn Thr Met Ser Thr Ile Tyr Ser
115 120 125

Thr Gly Lys Val Cys Asn Pro Asp Asn Pro Gln Glu Cys Leu Leu Leu
130 135 140

Glu Pro Gly Leu Asn Glu Ile Met Ala Asn Ser Leu Asp Tyr Asn Glu
145 150 155 160

Arg Leu Trp Ala Trp Glu Ser Trp Arg Ser Glu Val Gly Lys Gln Leu
165 170 175

Arg Pro Leu Tyr Glu Glu Tyr Val Val Leu Lys Asn Glu Met Ala Arg
180 185 190

Ala Asn His Tyr Glu Asp Tyr Gly Asp Tyr Trp Arg Gly Asp Tyr Glu
195 200 205

Val Asn Gly Val Asp Gly Tyr Asp Tyr Ser Arg Gly Gln Leu Ile Glu
210 215 220

Asp Val Glu His Thr Phe Glu Glu Ile Lys Pro Leu Tyr Glu His Leu
225 230 ‘ 235 240

His Ala Tyr Val Arg Ala Lys Leu Met Asn Ala Tyr Pro Ser Tyr Ile
245 250 255

Ser Pro Ile Gly Cys Leu Pro Ala His Leu Leu Gly Asp Met Trp Gly
260 265 270

Arg Phe Trp Thr Asn Leu Tyr Ser Leu Thr Val Pro Phe Gly Gln Lys
275 280 285

Pro Asn Ile Asp Val Thr Asp Ala Met Val Asp Gln Ala Trp Asp Ala
290 295 300

Gln Arg Ile Phe Lys Glu Ala Glu Lys Phe Phe Val Ser Val Gly Leu
305 310 315 320
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Pro Asn Met Thr Gln Gly Phe Trp Glu Asn Ser Met Leu Thr Asp Pro
325 330 335

Gly Asn Val Gln Lys Ala Val Cys His Pro Thr Ala Trp Asp Leu Gly
340 345 350

Lys Gly Asp Phe Arg Ile Leu Met Cys Thr Lys Val Thr Met Asp Asp
355 360 365

Phe Leu Thr Ala His His Glu Met Gly His Ile Gln Tyr Asp Met Ala
370 375 380

Tyr Ala Ala Gln Pro Phe Leu Leu Arg Asn Gly Ala Asn Glu Gly Phe
385 390 395 400

His Glu Ala Val Gly Glu Ile Met Ser Leu Ser Ala Ala Thr Pro Lys
405 410 415

His Leu Lys Ser Ile Gly Leu Leu Ser Pro Asp Phe Gln Glu Asp Asn
420 425 430

Glu Thr Glu Ile Asn Phe Leu Leu Lys Gln Ala Leu Thr Ile Val Gly
435 440 445

Thr Leu Pro Phe Thr Tyr Met Leu Glu Lys Trp Arg Trp Met Val Phe
450 455 460

Lys Gly Glu Ile Pro Lys Asp Gln Trp Met Lys Lys Trp Trp Glu Met
465 470 475 480

Lys Arg Glu Ile Val Gly Val Val Glu Pro Val Pro His Asp Glu Thr
485 490 495

Tyr Cys Asp Pro Ala Ser Leu Phe His Val Ser Asn Asp Tyr Ser Phe
500 505 510

Ile Arg Tyr Tyr Thr Arg Thr Leu Tyr Gln Phe Gln Phe Gln Glu Ala
515 520 525

Leu Cys Gln Ala Ala Lys His Glu Gly Pro Leu His Lys Cys Asp Ile
530 535 540
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Ser Asn Ser Thr Glu Ala Gly Gln Lys Leu Phe Asn Met Leu Arg Leu
545 550 555 560

Gly Lys Ser Glu Pro Trp Thr Leu Ala Leu Glu Asn Val Val Gly Ala
565 570 575

Lys Asn Met Asn Val Arg Pro Leu Leu Asn Tyr Phe Glu Pro Leu Phe
580 585 590

Thr Trp Leu Lys Asp Gln Asn Lys Asn Ser Phe Val Gly Trp Ser Thr
595 600 605

Asp Trp Ser Pro Tyr Ala Asp Gln Ser Ile Lys Val Arg Ile Ser Leu
610 615 620

Lys Ser Ala Leu Gly Asp Arg Ala Tyr Glu Trp Asn Asp Asn Glu Met
625 630 635 640

Tyr Leu Phe Arg Ser Ser Val Ala Tyr Ala Met Arg Gln Tyr Phe Leu
645 650 655

Lys Val Lys Asn Gln Met Ile Leu Phe Gly Glu Glu Asp Val Arg Val
660 665 670

Ala Asn Leu Lys Pro Arg Ile Ser Phe Asn Phe Phe Val Thr Ala Pro
675 680 685

Lys Asn Val Ser Asp Ile Ile Pro Arg Thr Glu Val Glu Lys Ala Ile
690 695 700

Arg Met Ser Arg Ser Arg Ile Asn Asp Ala Phe Arg Leu Asn Asp Asn
705 710 715 720

Ser Leu Glu Phe Leu Gly Ile Gln Pro Thr Leu Gly Pro Pro Asn Gln
725 730 735

Pro Pro Val Ser Ile Trp Leu Ile Val Phe Gly Val Val Met Gly Val
740 745 750

Ile Val Val Gly Ile Val Ile Leu Ile Phe Thr Gly Ile Arg Asp Arg
755 760 765

Lys Lys Lys Asn Lys Ala Arg Ser Gly Glu Asn Pro Tyr Ala Ser Ile
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770

16/18

775

780

PCT/GB2006/002030

Asp Ile Ser Lys Gly Glu Asn Asn Pro Gly Phe Gln Asn Thr Asp Asp
790

785

Val Gln Thr Ser Phe

<210> 6
<211>
<212>
<213>

DNA
<400> 6

tttttagtct
agctcttcct
gaacaggcca
agttcacttg
aataacgctg
tatccactac
aatgggtctt
atgagcacca
ttacttgaac
tgggcttggg
tatgtggtct
tggagaggag
attgaagatg
tatgtgaggg
cctgctcecatt
gttcecetttg
gatgcacaga
atgactcaag
gtctgecatc

aaggtgacaa

2599

805

Homo sapiens

agggaaagtc
ggctecttcet
agacattttt
cttcttggaa
gggacaaatg
aagaaattca
cagtgctctce
tctacagtac
caggtttgaa
aaagctggag
tgaaaaatga
actatgaagt
tggaacatac
caaagttgat
tgcttggtga
gacagaaacc
gaatattcaa
gattctggga
ccacagcttg

tggacgactt

attcagtgga
cagccttgtt
ggacaagttt
ttataacacc
gtctgcettt
gaatctcaca
agaagacaag
tggaaaagtt
tgaaataatg
atctgaggtc
gatggcaaga
aaatggggta
ctttgaagag
gaatgcctat
tatgtggggt
aaacatagat
ggaggccgag
aaattccatg

ggacctgggg

cctgacaget

795

tgtgatcttg
gctgtaactg
aaccacgaag
aatattactg
ttaaaggaac
gtcaagcttc
agcaaacggt
tgtaacccag
gcaaacagtt
ggcaagcagc
gcaaatcatt
gatggctatg
attaaaccat
ccttectata
agattttgga
gttactgatg
aagttctttg
ctaacggacc
aaaggcgact

catcatgaga

gctcacaggg
ctgctcagtc
ccgaagacct
aagagaatgt
agtccacact
agctgcaggc
tgaacacaat
ataatccaca
tagactacaa
tgaggccatt
atgaggacta
actacagccg
tatatgaaca
tcagtccaat
caaatctgta
caatggtgga
tatctgttgg
caggaaatgt
tcaggatcct

tggggcatat

800

gacgatgtca
caccattgag
gttctatcaa
ccaaaacatg
tgcccaaatg
tcttcagcaa
tctaaataca
agaatgctta
tgagaggctc
atatgaagag
tggggattat
cggccagttg
tcttcatgcee
tggatgcctce
ctectttgaca
ccaggcctgg
tcttectaat
tcagaaagca
tatgtgcaca

tcagtatgat

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200
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atggcatatg
gctgttgggg
cttctgtcac
gcactcacga
gtctttaaag
gagatagttg
ctgttccatg
ttccagtttce
gacatctcaa
tcagaaccct
ccactgctca
tttgtgggat
agcctaaaat
ttccgatcat
attctttttg
ttectttgtca
gccatcagga
gagtttctgg
ctgattgttt
actgggatca
tccatcgata
acctccectttt
taatttcatg
ctctgttceag
<210> 7

<211> 20

<212> DNA
<213>

<220>
<223>

ctgcacaacc
aaatcatgtc
ccgattttca
ttgttgggac
gggaaattcc
gggtggtgga
tttctaatga
aagaagcact
actctacaga
ggaccctage
actactttga
ggagtaccga
cagctcttgg
ctgttgcata
gggaggagga
ctgcacctaa
tgtccecggag
ggatacagcc
ttggagttgt
gagatcggaa
ttagcaaagg
agaaaaatct
gtatagaaaa

daaadaaaaa

Artificial

ttttctgcta
actttctgceca
agaagacaat
tctgecattt
caaagaccag
acctgtgcce
ttactcatte
ttgtcaagca
agctggacag
attggaaaat
gcecttattt
ctggagtcca
agatagagca
tgctatgagg
tgtgcgagtg
aaatgtgtct
ccgtatcaat
aacacttgga
gatgggagtyg
gaagaaaaat
agaaaataat
atgtttttcc

tataagatga

Oligonucleotide Primer

17/18

agaaatggag
gccacaccta
gaaacagaaa
acttacatgt
tggatgaaaa
catgatgaaa
attcgatatt
gctaaacatg
aaactgttca
gttgtaggag
acctggctga
tatgcagacc
tatgaatgga
cagtactttt
gctaatttga
gatatcattc
gatgctttcc
cctectaacce
atagtggttg
aaagcaagaa
ccaggattcc
tcttgaggtg

taaaaatatc

ctaatgaagg
agcatttaaa
taaacttcct
tagagaagtg
agtggtggga
catactgtga
acacaaggac
aaggccctcet
atatgctgag
caaagaacat
aagaccagaa
aaagcatcaa
acgacaatga
taaaagtaaa
aaccaagaat
ctagaactga
gtctgaatga
agcccecetgt
gcattgtcat
gtggagaaaa
aaaacactga
attttgttgt

attaaatgtc

PCT/GB2006/002030

attccatgaa
atccattggt
gctcaaacaa
gaggtggatg
gatgaagcga
cceegeatct
cctttaccaa
gcacaaatgt
gcttggaaaa
gaatgtaagg
caagaattct
agtgaggata
aatgtacctg
aaatcagatg
ctcctttaat
agttgaaaag
caacagccta
ttccatatgg
cctgatcttce
tcettatgece
tgatgttcag
atgtaaatgt

aaaactatga

1260

1320

1380

1440

1500

1560

1620

1680

1740

1800

1860

1920

1980

2040

2100

2160

2220

2280

2340

2400

2460

2520

2580

2599



WO 2006/129110

<400>

18/18

7

gatgcctcece tgctcatttg

<210>
<211>
<212>
<213>

<220>
<223>

<400>

8

20

DNA

artificial sequence

Oligonucleotide Primer

8

agaacttctc ggcctecttg

PCT/GB2006/002030

20

20
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