Alzheimer’s Disease Secretase

FIELD OF THE INVENTION

The present invention related to the field of Alzheimer's Disease, APP, amyloid
beta peptide, and human aspartyl proteases as well as a method for the identification of

agents that modulate the activity of these polypeptides.
BACKGROUND OF THE INVENTION

Alzheimer’s disease (AD) causes progressive dementia with consequent formation
of amyloid plaques, neurofibrillary tangles, gliosis and neuronal loss. The disease occurs in
both genetic and sporadic forms whose clinical course and pathological features are quite
similar. Three genes have been discovered to date which when mutated cause an autosomal
dominant form of Alzheimer’s disease. These encode the amyloid protein precursor (APP)
and two related proteins, presenilin-1 (P81} and presenilin-2 (PS2), which as their names
suggest are both structurally and functionally related. Mutations in any of the three
enhance proteolytic processing of APP via an intracellular pathway that produces amyloid
beta peptide or the AP peptide (or sometimes here as Abeta), a 40-42 amino acid long
peptide that is the primary component of amyloid plaque in AD. Dysregulation of
intracellular pathways for proteolytic processing may be central to the pathophysiology of
AD. Inthe case of plaque formation, mutations in APP, PS1 or PS2 consistently alter the
proteolytic processing of APP so as to enhance formation of AP 1-42, a form of the AP
peptide which seems to be particularly amyloidogenic, and thus very important in AD.
Different forms of APP range in size from 695-770 amino acids, localize to the cell surface,
and have a single C-terminal transmembrane domain. The Abeta peptide is derived from a
region of APP adjacent to and containing a portion of the transmembrane domain.
Normally, processing of APP at the a-secretase site cleaves the midregion of the Ap
sequence adjacent to the membrane and releases the soluble, extracellular domain of APP
from the cell surface. This u-secretase APP processing, creates soluble APP-a, and it is

normal and not thought to contribute to AD.

Pathological processing of APP at the B~ and y-secretase sites produces a very

different result than processing at the « site. Sequential processing at the - and y-secretase
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sites releases the AP peptide, a peptide possibly very important in AD pathogenesis.
Processing at the B- and y-secretase sites can occur in both the endoplasmic reticulum (in
neurons) and in the endosomal/lysosomal pathway after reinternalization of cell surface
APP (in all cells). Despite intense efforts, for 10 years or more, to identify the enzymes
responsible for processing APP at the B and ¥ sites, to produce the AP peptide, those
proteases remained unknown until this disclosure. Here, for the first time, we report the
identification and characterization of the B secretase enzyme. We disclose some known
and some novel human aspartic proteases that can act as B -secretase proteases and, for the
first time, we explain the role these proteases have in AD, We describe regions in the
proteases critical for their unique function and for the first time characterize their substrate.
This is the first description of expressed isolated purified active protein of this type, assays
that use the protein, in addition to the identification and creation of useful cell lines and
inhibitors.

SUMMARY OF THE INVENTION

Here we disclose a number of variants of the asp2 gene and peptide.

The invention provides for an isolated or purified nucleic acid polynucieotide that
codes for a protease capable of cleaving the beta (B) secretase cleavage site of APP that
contains two or more sets of special nucleic acids, where the special nucleic acids are
separated by nucleic acids that code for about 100 to 300 amino acid positions, where the
amino acids in those positions may be any amino acids, where the first set of special
nucleic acids consists of the nucleic acids that code for the peptide DTG, where the first
nucleic acid of the first special set of nucleic acids is, the first special nucleic acid, and
where the second set of nucleic acids code for either the peptide DSG or DTG, where the
last nucleic acid of the second set of nucleic acids is the last special nucleic acid, with the
proviso that the nucleic acids disclosed in SEQ ID NO. 1 and SEQ. ID NO. 5 are not
included. In one embodiment, the two sets of nucleic acids are separated by nucleic acids
that code for about 125 to 222 amino acid positions, which may be any amino acids. Ina
particular embodiment, the two sets of special nucleic acids are separated by nucleic acids
that code for about 150 to 172 amino acid positions, which may be any amino acids. Ina
more particular embodiment, the two sets are separated by nucleic acids that code for about

172 amino acid positions, which may be any amino acids. An exemplary polynucleotide
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comprises the nucleic acid described in SEQ. ID. NO. 3. In another embodiment, the two
sets of nucleic acids are separated by nucleic acids that code for about 150 to 196 amino
acid positions. In another embodiment, the two sets of nucleotides are separated by
nucleic acids that code for about 196 amino acids . An exemplary polynucleotide
comprises the two sets of nucleic acids separated by the same nucleic acid sequences that
separate the same set of special nucleic acids in SEQ. ID. NO. 5. The In a particular
embodiment, the two sets of nucleic acids are separated by nucleic acids that code for about
150 to 190, amino acid . In another embodiment, the two sets of nuclectides are separated
by nucleic acids that code for about 190 amino acids . In a more particular embodiment,
the two sets of nucleotides are separated by the same nucleic acid sequences that separate
the same set of special nucleotides in SEQ. ID. NO. I. In one embodiment, the first nucleic
acid of the first special set of amino acids, that is, the first special nucleic acid, is operably
linked to any codon where the nucleic acids of that codon codes for any peptide
comprising from 1 to 10,000 amino acid. In one variation, the first special nucleic acid is
operably linked to nucleic acid polymers that code for any peptide selected from the group
consisting of: any reporter proteins or proteins which facilitate purification. In another
variation, the first special nucleic acid is operably linked to nucleic acid polymers that code
for any peptide seiected from the group consisting of: immunoglobin-heavy chain, maltose
binding protein, glutathion § transfection, Green Fluorescent protein, and ubiquitin. In
another embodiment, the last nucleic acid of the second set of special amino acids, that is,
the last special nucleic acid, is operably linked to nucleic acid polymers that code for any
peptide comprising any amino acids from 1 to 10,000 amino acids. In one variation, the
last special nucleic acid is operably linked to any codon linked to nucleic acid polymers
that code for any peptide selected from the group consisting of: any reporter proteins or
proteins which facilitate purification. In another embodiment, the first special nucleic acid
is operably linked to nucleic acid polymers that code for any peptide selected from the
group consisting oft immunoglobin-heavy chain, maltose binding protein, glutathion S

transfection, Green Fluorescent protein, and ubiquitin.

The invention provides for an isolated or purified nucleic acid
polynucleotide that codes for a protease capable of cleaving the beta secretase cleavage site
of APP that contains two or more sets of special nucleic acids, where the special nucleic

acids are separated by nucleic acids that code for about 100 to 300 amino acid positions,
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where the amino acids in those positions may be any amino acids, where the first set of
special nucleic acids consists of the nueleic acids that code for DTG, where the first nucleic
acid of the first special set of nucleic acids is, the first special nucleic acid, and where the
second set of nucleic acids code for either DSG or DTG, where the last nucleic acid of the
second set of special nucleic acids is the last special nucleic acid, where the first special
nucleic acid is operably linked to nucleic acids that code for any number of amino acids
from zero to 81 amino acids and where each of those codons may code for any amino acid.
In an embodiment, the first special nucleic acid is operably linked to nucleic acids that code
for any number of from 64 to 77 amino acids where each codon may code for any amino
acid. In a particular embodiment, the first special nucleic acid is operably linked to nucleic
acids that code for 71 amino acids. For example, the first special nucleic acid is operably
linked to 71 amino acids and where the first of those 71 amino acids is the amino acid T.

In another embodiment, the polynucleotide comprises a sequence that is at least 95%
identical to a human Aspl or Asp2 sequence as taught herein, In still another embodiment,
the first special nucleic acid is operably linked to nucleic acids that code for any number of
from 40 to 54 amino acids where each codon may code for any amino acid. In a particular
embodiment, the first special nueleic acid is operably linked to nucleic acids that code for
47 amino acids. For example, the first special nucleic acid is operably linked to 47 codons
where the first those 47 amino acids is the amino acid E such as a polynucleotide
comprising a sequence that is at least 95% identical to SEQ. ID. NO: 29 described in
Example 10 or the complete polynucleotide sequence of SEQ. ID. NO: 29 described in
Example 10,

In another related aspect, the invention provides for an isolated or purified nucleic
acid polynucleotide that codes for a protease capable of cleaving the beta () secretase
cleavage site of APP that contains two or more sets of special nucleic acids, where the
special nucleic acids are separated by nucleic acids that code for about 100 to 300 amino
acid positions, where the amino acids in those positions may be any amino acids, where the
first set of special nucleic acids consists of the nucleic acids that code for the peptide DTG,
where the first nucleic acid of the first special set of amino acids 1s, the first special nucleic
acid. and where the second set of special nucleic acids code for either the peptide DSG or
DTG, where the last nucleic acid of the second set of special nucleic acids, the last special

nucleic acid, is operably linked to nucleic acids that code for any number of codons from
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50 to 170 codons. In an embodiment, the last special nucleic acid is operably linked to
nucleic acids comprising from 100 to 170 codons. In a particular embodiment, the last
special nucleic acid is operably linked to nucleic acids comprising from 142 to 163 codons.
In another embodiment, the last special nucleic acid is operably linked to nucleic acids
comprising about 142 codons. For example, the polynucleotide comprises a sequence that
is at least 95% identical to SEQ. ID NO: 21 desctibed in Example 9 or SEQ ID NO: 29
described in Example 10 or the complete polynucleotidesequence of SEQ. ID. NO: 21
described in Example 9 or SEQ ID NO: 29 described in Example 10. In one variation, the
last special nucleic acid is operably linked to nueleic acids comprising about 163 codons.
In another variation, the last special nucleic acid is operably linked to nucleic acids
comprising about 170 codons. In another embodiment, the second set of special nucleic
acids code for the peptide DSG, and optionally the first set of nucleic acid polynucleotide is
operably linked to a peptide purification tag. For example, the nucleic acid polynucleotide
is operably linked to a peptide purification tag which is six histidine. In still another
embodiment, the first set of special nucleic acids are on one polynucleotide and the second
set of special nucleic acids are on a second polynucleotide, where both first and second
polynucleotides have at lease 50 codons. In one embodiment of this type, the first set of
special nucleic acids are on one polynucleotide and the second set of special nucleic acids
are on a second polynucleotide, where both first and second polvnucleotides have at lease
30 codons where both said polynucleotides are in the same solution, In a related aspect, the
invention provides for a vector which contains a polynucleotide as described above , and a

cell or cell line which contains a polynucleotide deseribed above .

In still another aspect, the invention provides an isolated or purified peptide
or protein comprising an amino acid pelymer that is a protease capable of cleaving the beta
(P) secretase cleavage site of APP that contains two or more sets of special amino acids,
where the special amino acids are separated by about 100 to 300 amino acid positions,
where each amino acid position can be any amino acid, where the first set of special amino
acids consists of the peptide DTG, where the first amino acid of the first special set of
amino acids is, the first special amino acid, where the second set of amino acids is selected
from the peptide comprising either DSG or DTG, where the last amino acid of the second
set of special amino acids is the last special amino acid, with the proviso that the proteases
disclosed in SEQ ID NO. 2 and SEQ. ID NO. 6 are notincluded. In an embodiments, the
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two sets of amino acids are separated by about 125 to 222 amino acid positions where in
each position it may be any aminc acid. In a particular embodiment, the two sets of amino
acids are separated by about 150 to 172 amino acids. In another particular embodiment, the
two sets of amino acids are separated by about 172 amino acids. For example, the
polypeptide is the protease described in SEQ. ID. NO. 4. In another particular
embodiment, the two sets of amino acids are separated by about 150 to 196 amino acids.

In one variation, the two sets of amino acids are separated by about 196 amino acids, In an
embodiment, the two sets of amino acids are separated by the same amino acid sequences
that separate the same set of special amino acids in SEQ. ID. NO. 6 In a particular
embodiment, the two sets of amino acids are separated by about 150 to 190, amino acids.

In another particular embodiment, the two sets of nucleotides are separated by about 190
amino acids. For example, the two sets of nucleotides are separated by the same amino
acid sequences that separate the same set of special amino acids in SEQ. ID. NO. 2. Inone
embodiment, the first amino acid of the first special set of amino acids, that is, the first
special amino acid, is operably linked to any pepiide comprising from ! to 10,000 amino
acids. In another embodiment, the first special amino acid is operably linked to any
peptide selected from the group consisting of: any reporter proteins or proteins which
facilitate purification. In particular embodiments, the first special amino acid is operably
linked to any peptide selected from the group consisting of: immunoglobin-heavy chain,
maltose binding protein, glutathion S transfection, Green Fluorescent protein, and
ubiquitin. In still another variation, the last amino acid of the second set of special amino
acids, that is, the last special amino acid, is operably linked to any peptide comprising any
amino acids from 1 to 10,000 amino acids, By way of nonlimiting example, the last
special amino acid is operably linked any peptide selected from the group consisting of any
reporter proteins or proteins which facilitate purification, In particular embodiments, the
first special amino acid is operably linked to any peptide selected from the group
consisting of: immunoglobin-heavy chain, maltose binding protein, glutathion S

transfection, Green Fluorescent protein, and ubiquitin.

The invention also provides for an isolated or purified peptide or protein
comprising an amino acid polypeptide that codes for a protease capable of cleaving the beta
secretase cleavage site of APP that contains two or more sets of special amino acids,

where the special amino acids are separated by about 100 to 300 amino acid positions,
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where each amino acid in each position can be any amino acid, where the first set of special
amine acids consists of the amino acids DTG, where the first amino acid of the first special
set of amino acids is, the first special amino acid, D, and where the second set of amino
acids is either DSG or DTG, where the last amino acid of the second set of special amino
acids is the last special amino acid, G, where the first special amino acid is operably linked
to amino acids that code for any number of amino acids from zero to 81 amino acid
positions where in each position it may be any amino acid. In one embodiment, the first
special amino acid is operably linked to a peptide from about 64 to 77 amino acids
positions where each amino acid position may be any amino acid, In a particular
embodiment, the first special amino acid ts operably linked to a peptide of 71 amino acids.
In a more particular embodiment, the first special amino acid is operably linked to 71
amino acids and the first of those 71 amino acids is the amino acid T.  For example, the
polypeptide comprises a sequence that is at least 95% identical to an aspartyl protease
sequence as described herein. In another embodiment, the first special amino acid is
operably linked to any number of from 40 to 54 amino acids where each amino acid
position may be any amino acid. In a particular embodiment, the first special amino acid is
operably linked to amino acids that code for a peptide of 47 amino acids. In a very
particular embodiment, the first special amino acid is operably linked to a 47 amino acid
peptide where the first those 47 amino acids is the amino acid E.  For example, the
polypeptide comprises a sequence that is at least 95% identical to SEQ. ID. NO: 30
described in Example 10 or or the complete polypeptide sequence of SEQ ID NO: 30

described in Example 10.

In still another related aspect, an isolated or purified amino acid polypeptide that is
a protease capable of cleaving the beta (B) secretase cleavage site of APP that contains
two or more sets of special amino acids, where the special amino acids are separated by
about 100 to 300 amino acid positions, where each amino acid in each position can be any
amino acid, where the first set of special amino acids consists of the amino acids that code
for DTG, where the first amino acid of the first special set of amino acids is, the first
special amino acid, D, and where the second set of amino acids are either DSG or DTG,
where the last amino acid of the second set of special amino acids is the last special amino
acid, G, which is operably linked to any number of amino acids from 50 to 170 amino

acids, which may be any amino acids. In one embodiment, the last special amino acid is
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operably linked to a peptide of about 100 1o 170 amino acids. In a particular embodiment,
the last special amino acid is operably linked to a peptide of about 142 to 163 amino acids.
In another particular embodiment, the last special amino acid is operably linked to a
peptide of about 142 amino acids. For example, the polypeptide comprises a sequence that
is at least 95% identical to SEQ. ID, NO: 22 described in Example 9 or SEQ 1D NO: 30
described in Example 10. In one particular embodiment, the last special amino acid is
operably linked to a peptide of about 163 amino acids. For example, the polypeptide
comprises a sequence that is at least 95% identical to SEQ. 1. NO: 22 described in
Example 9 or SEQ ID NO: 30 described in Example 10, or the complete polypeptide
sequence of SEQ. ID. NO: 22 described in Example 9 or SEQ 1D NO: 30 described in
Example 10. In another embodiment, the last special amino acid is operably linked to a
peptide of about 170 amino acids. In a particular embodiment, the second set of special
amino acids is comprised of the peptide with the amino acid sequence DSG. Optionally,
the amino actd polypeptide is operably linked to a peptide purification tag suchas a
peptide purification tag which is six histidine. In one variation, the first set of special
amino acids are on one polypeptide and the second set of special amino acids are on a
second polypeptide, where both first and second polypeptide have at lease 50 amino acids,
which may be any amino acids. In another variation, the first set of special amino acids are
on one polypeptide and the second set of special amino aéids are on a second polypeptide,
where both first and second polypeptides have at lease 50 amino acids where both said
polypeptides are in the same vessel. The invention also provides for a vector which
contains a polypeptide as described herein. The invention further provides for a cell or ceil
line which contains a polynucleotide described herein. The invention also provides for a
process of making any of the polynucleotides, vectors, or cells described herein, and 2

process of making any of the polypeptidesdescribed herein.

Any isolated or purified peptide or protein comprising an amino acid polypeptide
that codes for a protease capable of cleaving the beta secretase cleavage site of APP that
contains two or more sets of special amino acids, where the special amino acids are
separated by about 100 to 300 amino acid positions, where each amino acid in each position
can be any amino acid, where the first set of special amino acids consists of the amino acids
DTG, where the first amino acid of the first special set of amino acids is, the first special

amino acid, D, and where the second set of amino acids is either DSG or DTG, where the
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last amino acid of the second set of special amino acids is the last special amino acid, G,
where the first special amino acid is operably linked to amino acids that code for any
number of amino acids from zero to 81 amino acid positions where in each position it may

be any amino acid.

The invention provides for an amino acid polypeptide described herein, where the
first special amino acid is operably linked to a peptide from about 30 to 77 amino acids
positions where each amino acid position may be any amino acid, The invention also
provides for an amino acid polypeptide described herein, where the first special amino acid

is operably linked to a peptide of 35, 47, 71, or 77 amino acids.

The invention provides for an amino acid polypeptide described herein, where the
first special amino acid is operably linked to the same corresponding peptides from SEQ.
ID. NO. 3 that are 35, 47, 71, or 77 peptides in length, beginning counting with the amino
acids on the first special sequence, DTG, towards the N-terminal of SEQ. ID. NO. 3.

The invention provides for an amino acid polypeptide described herein, where the
polypeptide comprises a sequence that is at least 95% identical to the same corresponding
amino acids in SEQ. ID. NO. 4, that is, identical to that portion of the sequences in
SEQ.ID. NO. 4, including all the sequences from both the first and or the second special
nucleic acids, toward the N- terminal, through and including 71, 47, 35 amino acids before

the first special amino acids. (Examples 10 and 11).

The invention provides for an amino acid polypeptide described herein, where the
complete polypeptide comprises the peptide of 71 amino acids, where the first of the amino
acid is T and the second is Q. The invention also provides for a nucleic acid polynucleotide
described herein, where the polynucleotide comprises a sequence that is at least 95%
identical to the same corresponding amino acids in SEQ. ID. NO, 3, that is, identical to the
sequences in SEQ. ID. NO. 3 including the sequences from both the first and or the second
special nucleic acids, toward the N-Terminal, through and including 71 amino acids, see
Example 10, beginning from the DTG site and including the nucleotides from that code for

71 amino acids).

The invention provides for a nucleic acid polynucleotide described herein, where
the complete polynucleotide comprises identical to the same corresponding amino acids in
SEQ. ID. NO. 3, that is, identical to the sequences in SEQ. ID. NO. 3 including the
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sequences from both the first and or the second special nucleic acids, toward the N-
Terminal, through and including 71 amino acids, see Example 10, beginning from the DTG

site and including the nucleotides from that code for 71 amino acids).

The invention provides for a nucleic acid polynucleotide described herein, where
the first special nucleic acid is operably linked to nucleic acids that code for any number of

from about 30 to 54 amino acids where each codon may code for any amino acid.

The invention provides for a nucleic acid polynuclieotide -described herein, where
the first special nucleic acid is operably linked to 47 codons where the first those 35 or 47

amino acids is the amino acid E or G.

The invention provides for a nucleic acid polynucleotide described herein, where
the polynucleotide comprises a sequence that is at least 95% identical to the same
corresponding amino acids in SEQ. ID. NO. 3, that is, identical to that portion of the
sequences in SEQ. ID. NO. 3 including the sequences from both the first and or the second
special nucleic acids, toward the N-Terminal, through and including 35 or 47 amino acids,
see Example 11 for the 47 example, beginning from the DTG site and including the
nucleotides from that code for the previous 35 or 47 amino acids before the DTG site. The
nucleic acid polynucieotide of the present invention, where the polynucleotide comprises
identical to the same corresponding amino acids in SEQ. ID. NO. 3, that is, identical to the
sequences in SEQ. ID. NO, 3 including the sequences from both the first and or the second
special nucleic acids, toward the N-Terminal, through and including 35 or 47 amino acids,
see Example 11 for the 47 example, beginning from the DTG site and including the

nucleotides from that code for the previous 35 or 47 amino acids before the DTG site.

An isolated nucleic acid molecule comprising a polynucieotide, said polynucleotide
encoding a Hu-Asp polypeptide and having a nucleotide sequence at least 95% identical to

a sequence selected from the group consisting of:

{8)  anucleotide sequence encoding a2 Hu-Asp polypeptide selected from
the group consisting of Hu-Aspl, Hu-Asp2(a), and Hu-Asp2(b), wherein said Hu-Aspl,
Hu-Asp2(a) and Hu-Asp2(b) polypeptides have the complete aminc acid sequence of SEQ
ID No. 2, SEQ ID No. 4, and SEQ ID No. 6, respectively; and

(b)  a nucleotide sequence complementary to the nucleotide sequence

of {a).
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The invention provide for a nucleic acid molecule, wherein said Hu-Asp
polypeptide is Hu-Aspl, and said polynucleotide molecule comprises the nucleotide
sequence of SEQ ID NO: 1; and a nucleic acid molecule, wherein said Hu-Asp
polypeptide is Hu-Asp2(a), and said polynucleotide molecule comprises the nucleotide
sequence of SEQ ID NO: 3; and a nucleic acid molecule that encodes a Hu-Asp
polypeptide that is Hu-Asp2(b), and said polynucleotide molecule comprises the nucleotide
sequence of SEQ ID No. 5. The invention provides for an isolated nucleic acid molecule
comprising polynucleotide which hybridizes under siringent conditions to a polynucleotide
having the nucleotide sequence described above. The invention also provides fora veetor
comprising the nucleic acid molecule described herein. Optionally, the vector contains a
nucleic acid molecule operably linked to a promoter for the expression of a Hu-Asp
polypeptide such as Hu-Aspl, Hu-Asp2(a) or Hu-Asp2(b). The invention provides for a
host cell comyprising the vector described above. The invention also provides for a method
of obtaining a Hu-Asp polypeptide comprising culturing the host cell deseribed above and
isolating said Hu-Asp polypeptide. The invention provides for an isolated Hu-Asp!
polypeptide comprising an amino acid sequence at least 95% identical to a sequence
comprising the amino acid sequence of SEQ ID No. 2, an isolated Hu-Asp2(a) polypeptide
comprising an amino acid sequence at least 95% identical to a sequence comprising the
antino acid sequence of SEQ ID No. 4, and an isolated Hu-AspZ(a) polypeptide comprising
an amino acid sequence at least 95% identical to a sequence comprising the amino acid
sequence of SEQ ID No. 8. The invention also provides for an isolated antibody that binds
specifically to the Hu-Asp polypeptide described herein.

Here we disclose numerous methods to assay the enzyme.

The invention provides for a method to identify a cell that can be used to screen for

inhibitors of B secretase activity comprising;

(a)  identifying a cell that expresses a protease capable of cleaving APP at the f3
secretase site, comprising:

i) collect the cells or the supernantent from the cells to be identified

it} measure the production of a critical peptide, where the critical peptide is selected
from the group consisting of either the APP C-terminal peptide or soluble APP,

iii)  select the cells which produce the critical peptide.
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In one embodiment, the cells are collected and the critical peptide is the APP C-
terminal peptide created as a result of the B secretase cleavage. In another embodiment, the
supernantent is collected and the critical peptide is soluble APP where the soluble APP has
a C-terminal created by f secretase cleavage. In one variation, the cells contain any of the
nucleic acids or polypeptides described above and where the cells are shown to cleave the
B secretase site of any peptide having the following peptide structure, P2, P1, P1°, P2°,
where P2 is K or N, where P1 is M or L, where P1” is D, where P2’ is A. In another
variation P2 is K and Pl isMor P2 isNand P1 is L.

The invention provides for a bacterial cell comprising any nucleic acids or peptides
described above. For example, bacterial cell that 1s £ coli. The invention also provides

for an eukaryotic cell comprising any nucleic acids or polypeptides described above.

The invention provides for an insect cell comprising any of the nucleic acids or
polypeptides described above. These insect cells contemplated include sf9, and High 5. .
The invention also provides for a2 mammalian cell comprising any of the nucleic acids or
polypeptides described herein. An exemplary mammalian cell may be selected from the
group consisting of, human, rodent, lagomorph, and primate. An exemplary human cell
may be selected from the group comprising HEK293, and IMR-32. An exemplary primate
cell may be a COS-7 cell. A rodent cell may be selected from, CHO-K1, Neuro-2A, and
3T3 cells. The invention also provides for a yeast cell or an avian cell comprising any of

the nucleic acids or polypeptides described above.

The invention provides for an isoform of APP where the last two carboxy terminus
amino acids of that isoform are both lysine residues. An isoform is any APP polypeptide,
including APP variants (including mutations), and APP fragments that exists in humans
such as those desribed in US 5,766,846, col 7, lines 45-67, incorporated into this document
by reference. One embodiment is an isoform of APP comprising the isoform known as
APP695 modified so that its last two having two lysine residues as its last two carboxy
terminus amino acids. For example, an APP isoform comprising SEQ ID NO:16, or the
APP isoform variant comprising SEQ. ID. NO. 18, or 20. The invention also provides for
an eukaryotic cell line, comprising nucleic acids encoding modified APP isoforms or
polypeptides comprising modified APP isoforms. The cell line may be a mammaliam cell
line (HEK293, Neuro2a). The invention also provides for a method for identifying

inhibitors of an enzyme that cleaves the beta secretase cleavage site of APP comprising:
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a) culturing cells in a culture medium under conditions in which the enzyme
causes processing of APP and release of amyloid beta-peptide into the medium and causes

the accumulation of CTF99 fragments of APP in cell lysates,

b) exposing the cultured cells to a test compound; and specifically determining
whether the test compound inhibits the function of the enzyme by measuring the amount of
amyloid beta-peptide released into the medium and or the amount of CTF99 fragments of
APP in cell lysates;

c) identifying test compounds diminishing the amount of soluble amyloid beta
peptide present in the culture medium and diminution of CTF99 fragments of APP in cell

lysates as Asp2 inhibitors.

In an exemplary embodiments, the cultured cells are a human, rodent or insect cell
line. It is also contemplated that the human or rodent cell line exhibits B secretase activity
in which processing of APP occurs with release of amyloid beta-peptide into the culture
medium and accumulation of CTF99 in cell lysates, Among the contemplated test
compounds are antisense oligomers directed against the enzyme that exhibits P secretase
activity, reduces release of soluble amyloid beta-peptide into the culture medium and
accumulation of CTF99 in cell lysates. A method for the identification of an agent that
decreases the activity of a Hu-Asp polypeptide selected from the group consisting of Hu-
Aspl, Hu-Asp2(a}, and Hu-Asp2(b), the method comprising:

a) determining the activity of said Hu-Asp polypeptide in the presence of a test

agent and in the absence of a test agent; and

b) comparing the activity of said Hu-Asp polypeptide determined in the
presence of said test agent to the activity of said Hu-Asp polypeptide

determined in the absence of said test agent;

whereby a lower level of activity in the presence of said test agent than in the
absence of said test agent indicates that said test agent has decreased the activity of said
Hu-Asp polypeptide.. The nucleic acids, peptides, proteins, vectors, cells and cell lines, and

assays described herein.

The present invention provides isolated nucleic acid molecules comprising a
polynucleotide that codes for a polypeptide selected from the group consisting of human

aspartyl proteases. In particular, human aspartyl protease 1 (Hu-Aspl) and two alternative

-13 -



splice variants of human aspartyl protease 2 (Hu-Asp2), designated herein as Hu-Asp2(a)
and Hu-Asp2(b). As used herein, all references to “Hu-Asp” should be understood to refer
to all of Hu-Aspl, Hu-Asp2(a), and Hu-Asp2(b). In addition, as used herein, all references
to “Hu-Asp2” should be understood to refer to both Hu-Asp2(a) and Hu-Asp2(b). Hu-Aspl
is expressed most abundantly in pancreas and prostate tissues, while Hu-Asp2(a) and Hu-
Asp2(b) are expressed most abundantly in pancreas and brain tissues. The invention also
provides isolated Hu-Aspl, Hu-Asp2(a), and Hu-Asp2(b) polypeptides, as well as
fragments thereof which exhibit aspartyl protease activity.

In a preferred embodiment, the nucleic acid molecules comprise a polynucleotide
having a nucleotide sequence selected from the group consisting of residues 1-1554 of SEQ
ID NO:1, encoding Hu-Aspl, residues 1-1503 of SEQ ID NO:3, encoding Hu-Asp2(a), and
residues 1-1428 of SEQ ID NO:5, encoding Hu-Asp2(b). In another aspect, the invention
provides an isolated nucleic acid molecule comprising a polynucleotide which hybridizes
under stringent conditions to a polynucleotide encoding Hu-Aspl, Hu-Asp2(a), Hu-Asp-
2(b), or fragments thereof. European patent application EP 0 848 062 discloses a
polypeptide referred to as “Asp 1,” that bears substantial homology 1o Hu-Aspl, while
international application WO 98/22597 discloses a polypeptide referred to as “Asp 2,” that
bears substaniial homology to Hu-AspZ(a).

The present invention also provides vectors comprising the isolated nucleic acid
molecules of the invention, host cells into which such vectors have been introduced, and
recombinant methods of obtaining 2 Hu-Aspl, Hu-Asp2(a), or Hu-Asp2(b) polypeptide

comprising culturing the above-described host cell and isolating the relevant polypeptide.

In another aspect, the invention provides isolated Hu-Aspl, Hu-Asp2(a), and Hu-
Asp2(b) polypeptides, as well as fragments thereof. In a preferred embodiment, the Hu-
Aspl, Hu-Asp2(a), and Hu-Asp2(b) polypeptides have the amino acid sequence given in
SEQ ID NO:2, SEQ ID NO:4, or SEQ ID NO:6, respectively. The present invention also
describes active forms of Hu-Asp2, methods for preparing such active forms, methods for
preparing soluble forms, methods for measuring Hu-Asp?2 activity, and substrates for Hu-
Asp2 cleavage. The invention also describes antisense oligomers targeting the Hu-Aspl,
Hu-Asp2(a) and Hu-Asp2(b) mRNA transcripts and the use of such antisense reagents to
decrease such mRNA and consequently the production of the corresponding polypeptide.
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Isolated antibodies, both polyclonal and monoclonal, that binds specifically to any of the

Hu-Aspl, Hu-Asp2(a), and Hu-Asp2(b) polypeptides of the invention are also provided.
The invention also provides a method for the identification of an agent that
modulates the activity of any of Hu-Asp-1, Hu-Asp2(a), and Hu-Asp2(b). The inventions
describes methods to test such agents in cell-free assays to which Hu-Asp2 polypeptide is
added, as well as methods to test such agents in huran or other mammalian cells in which

Hu-Asp?2 is present.

BRIEF DESCRIPTION OF THE SEQUENCE LISTINGS

Sequence ID No. 1_Human Asp-1, nucleotide sequence

Sequence ID No. 2_Human Asp-1, predicted amino acid sequence
Sequence ID No. 3 _Human Asp-2(a}, nucleotide sequence

Sequence ID No. 4 _Human Asp-2(a), predicted amino acid sequence
Sequence ID No. 5_Human Asp-2(b), nucleotide sequence

Sequence ID No. 6_Human Asp-2(b), predicted amino acid sequence
Sequence ID No. 7_Murine Asp-2(a), nucleotide sequence

Sequence ID No. 8 Murine Asp-2(a), predicted amino acid sequence
Sequence ID No. 9 Human APP695, nucleotide sequence

Sequence ID No.10_Human APP695, predicted amino acid sequence
Sequence 1D No.11_Human APP695-Sw, nucleotide sequence

Sequence ID No.12_Human APP695-Sw. predicted amino acid sequence
Sequence ID No.13_Human APP695-VF, nucleotide sequence

Sequence ID No.14_Human APP695-VF, predicted amino acid sequence
Sequence 1D No.15_Human APP695-KK, nucleotide sequence

Sequence ID No.16_Human APP695-KK, predicted amino acid sequence
Sequence 1D No.17_Human APP695-8w-KK, nucleotide sequence
Sequence ID No.18_Human APP695-Sw-KK, predicted amino acid sequence

Sequence 1D No.19_Human APP695-VF-KK, nucleotide sequence
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Sequence ID No.20_Human APP695-VF-KK, predicted amino acid sequence
Sequence ID No.21_T7-Human-pro-Asp-2(a)ATM, nucleotide sequence
Sequence 1D No.22_T7-Human-pro-Asp-2(a) ATM, amino acid sequence
Sequence ID No.23_T7-Caspase-Human-pro-Asp-2(a} ATM, nuclectide sequence
Sequence 1D No.24 T7-Caspase-Human-pro-Asp-2(a) ATM, amino acid sequence
Sequence 1D No.25_Human-pro-Asp-2(a) ATM (low GC), nucleotide sequence
Sequence ID No.26 Human-pro-Asp-2(a) ATM, (low GC), amino acid sequence

Sequence ID No.27_T7-Caspase-Caspase B cleavage-Human-pro-Asp-2(a) ATM,
nucleotide sequence

Sequence ID No.28_T7-Caspase-Caspase 8 cleavage-Human-pro-Asp-2(a} ATM, amino
acid sequence

Sequence 1D No.29 Human Asp-2(a) ATM, nucleotide sequence
Sequence ID No.30_Human Asp-2(a) ATM, amino acid sequence
Sequence ID No.31 Human Asp-2(a) ATM(His)s , nucleotide sequence
Sequence 1D No.32_Human Asp-2(a) ATM(His)e, amino acid sequence

Sequence ID No.s 33-46 are described below in the Detailed Description of the Invention.

BRIEF DESCRIPTION OF THE FIGURES
Figure 1: Figure I shows the nucleotide (SEQ ID NQ:1) and predicted amino
acid sequence (SEQ ID NO:2) of human Aspl.

Figure 2: Figure 2 shows the nucleotide { SEQ ID NO: 5) and predicted amino
acid sequence { SEQ ID NO: 6) of human Asp2(b).

Figure 3: Figure 3 shows the nucleotide { SEQ ID NO: 3) and predicted amino
acid sequence ( SEQ ID NO: 4) of human Asp2(a). .

Figure 4: Figure 4 shows the nucleotide (SEQ ID No. 7) and predicted amino
acid sequence (SEQ ID No. 8) of murine Asp2(a)

Figure 5: Figure 5 shows the BestFit alignment of the predicted amino acid
sequences of Hu-Asp2(a) (SEQ ID NO: 4) and murine Asp2(a) (SEQ 1D NO: 8}
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Figure 6. Figure 6 shows the nucleotide (SEQ ID No. 21) and predicted amino
acid sequence (SEQ ID No. 22) of T7-Human-pro-Asp-2(2)ATM

Figure7: Figure 7 shows the nucleotide (SEQ ID No. 23) and predicted amino
acid sequence (SEQ ID No. 24) of T7-caspase-Human-pro-Asp-2(a)ATM

Figure 8: Figure 8 shows the nucleotide (SEQ ID No. 25) and predicted amino
acid sequence (SEQ ID Ne. 26) of Human-pro-Asp-2(a)ATM (low GC)

Figure 9; Western blot showing reduction of CTF99 production by HEK 1253
cells transfected with antisense oligomers targeting the Hu-Asp2 Mma

Figure 10:  Western blot showing increase in CTF99 production in mouse
Neuro-2a cells cotransfected with APP-KK with and without Hu-Asp2 only in those cells
cotransfected with Hu-Asp2. A further inctease in CTF99 production is seen in cells
cotransfected with APP-Sw-KK with and without Hu-Asp2 only in those cells
cotransfected with Hu-Asp2

Figure 11:  Figure 11 shows the predicted amino acid sequence (8EQ ID Ne. 30)
of Human-Asp2(ajATM

Figure 12: Figure 12 shows the predicted amino acid sequence (SEQ ID No.
30) of Human-Asp2{a)ATM(His)s

DETAILED DESCRIPTION OF THE INVENTION
A few definitions used in this invention follow, most definitions to be used are those

that would be used by one ordinarily skilled in the art.

When the [} amyloid peptide any peptide resulting from beta secretase cleavage of
APP. This includes, peptides of 39, 40, 41, 42 and 43 amino acids, extending from the p-
secretase cleavage site to 39, 40, 41, 42 and 43 amino acids. f§ amyloid peptide also means
sequences 1-6, SEQ. ID. NO. 1-6 of US 5,750,349, 1ssued 12 May 1998 (incorporated into
this document by reference). A B-secretase cleavage fragment disclosed here is called

CTF-99, which extends from B-secretase cleavage site to the carboxy terminus of APP.

When an isoform of APP is discussed then what is meant is any APP polypeptide,
including APP variants (including mutations), and APP fragments that exists in humans
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such as those desribed in US 5,766,846, col 7, lines 45-67, incorporated into this document

by reference and see below.

The term “B-amyloid precursor protein” (APP) as used herein is defined as a
polypeptide that is encoded by a gene of the same name localized in humans on the long
arm of chromosome 21 and that includes “BAP — here “B-amyloid protein” see above,
within its carboxyl third. APP is a glycosylated, single-membrane spanning protein
expressed in a wide variety of cells in many mammaliam tissues. Examples of specific
isotypes of APP which are currently known to exist in humans are the 695-amino acid
polypeptide described by Kang et. al. (1987) Nature 325:733-736 which is designated as
the “normal”™ APP; the 751-amino acid polypeptide described by Ponte et al. (1988) Nature
331:525-527 (1988) and Tanzi et al. (1988) Nature 331:528-530; and the 770-amino acid
polypeptide described by Kitaguchi et. al. (1988) Nature 331:530-532. Examples of specific
variants of APP include point mutation which can differ in both position and phenotype
(for review of known variant mutation see Hardy (1992) Nature Genet. 1:233-234). All
references cited here incorporated by reference, The term “APP fragments” as used herein
refers to fragments of APP other than those which consist solely of PAP or PAP fragments.
That is, APP fragments will include amino acid sequences of APP in addition {o those

which form intact 3AP or a fragment of PAP.

When the term “any amino acid” is used, the amino acids referred to are to be
selected from the following, three letter and single letter abbreviations - which may also be

used, are provided as follows:

Alanine, Ala, A; Arginine, Arg, R; Asparagine, Asn, N; Aspartic acid, Asp, D;
Cystein, Cys, C; Glutamine, Gln, Q; Iw;E-Glutamic Acid, Glu, £; Glycine, Gly, G;
Histidine, His, H; Isoleucine, lle, I, Leucine, Leu, L; Lysine, Lys, K; Methionine, Met,
M; Phenylalanine, Phe, F; Proline, Pro, P; Serine, Ser, §; Threonine, Thr, T;
Tryptophan, Trp, W; Tyrosine, Tyr, Y: Valine, Val, V; Aspartic acid or Asparagine, Asx,

B; Glufamic acid or Glutamine, Glx, Z; Any amino acid, Xaa, X.

The present invention describes a method to scan gene databases for the simple
active site motif characteristic of aspartyl proteases. Eukaryotic aspartyl proteases such as
pepsin and renin possess a two-domain structure which folds to bring two aspartyl residues
into proximity within the active site. These are embedded in the short tripeptide motif

DTG, or more rarely, DSG, Most asparty! proteases occur as proenzyme whose N-terminus
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must be cleaved for activation. The DTG or DSG active site motif appears at about residue
65-70 in the proenzyme (prorenin, pepsinogen), but at about residue 25-30 in the active
enzyme after cleavage of the N-terminal prodomain. The limited length of the active site
motif makes it difficult to search collections of short, expressed sequence tags (EST) for
novel aspartyl proteases. EST sequences typically average 250 nucleotides or less, and so
would encode 80-90 amino acid residues or less. That would be too short a sequence to
span the two active site motifs. The preferred method is to scan databases of hypothetical
or assembled protein coding sequences. The present invention describes a computer
method to identify candidate aspartyl proteases in protein sequence databases. The method
was used to identify seven candidate aspartyl protease sequences in the Caenorhabditis
elegans genome. These sequences were then used to identify by homology search Hu-Aspl
and two alternative splice variants of Hu-Asp2, designated herein as Hu-Asp2(a) and Hu-
Asp2(b).

In a major aspect of the invention disclosed here we provide new information about
APP processing. Pathogeneic processing of the amyloid precursor protein {APP) via the
AP pathway requires the sequential action of two proteases referred to as B-secretase and vy-
secretase,  Cleavage of APP by the P-secretase and y-secretase generates the N-terminus
and C-terminus of the AP peptide, respectively. Because over production of the AB
peptide, particularly the ABy.42, has been implicated in the initiation of Alzheimer’s disease,
inhibitors of either the B-secretase and/or the y -secretase have potential in the treatment of
Alzheimer’s disease. Despite the importance of the f-sccretase and y-secretase in the
pathogenic processing of APP, molecular definition of these enzymes has not been
accomplished to date. That is, it was not known what enzymes were required for ¢leavage
at either the B-secretase or the y-secretase cleavage site. The sites themselves were
known because APP was known and the A4y, peptide was known, see US 5,766,846 and
US 5,837,672, (incorporated by reference, with the exception to reference to “soluble”

peptides). But what enzyme was involved in producing the APi.42, peptide was unknown.

The present invention involves the molecular definition of several novel human
aspartyl proteases and one of these, referred to as Hu-Asp-2(a) and Hu-Asp2(b), has been
characterized in detail. Previous forms of aspl and asp 2 have been disclosed, see EP
0848062 A2 and EP 0855444A2, inventors David Powel ¢t. al., assigned to Smith Kline

Beecham Carp. {(incorporated by reference). Herein are disclosed old and new forms of
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Hu-Asp 2. For the first time they are expressed in active form, their substrates are
disclosed, and their specificity is disclosed, Prior to this disclosure cell or cell extracts
were required to cleave the B-secretase site, now purified protein can be used in assays, also
described here, Based on the results of (1) antisense knock out experiments, (2) transient
transfection knock in experiments, and (3) biochemical experiments using purified
recombinant Hu-Asp-2, we demonstrate that Hu-Asp-2 is the p-secretase involved in the
processing of APP, Although the nucleotide and predicted amino acid sequence of Hu-
Asp-2(a) has been reported, see above, see EP 0848062 A2 and EP 0855444A2, no
functional characterization of the enzyme was disclosed. Here the authors characterize the
Hu-Asp-2 enzyme and are able to explain why it is 2 critical and essential enzyme required

in the formation of AP,.42, peptide and possible a critical step in the development of AD.

In another embodiment the present invention alse describes a novel splice variant of

Hu-Asp2, referred to as Hu-Asp-2(b), that has never before been disclosed.

In another embodiment, the invention provides isclated nucleic acid molecules
comprising a polynucleotide encoding a polypeptide selected from the group consisting of
human aspartyl protease 1 (Hu-Asp1) and two alternative splice variants of human aspartyl
protease 2 (Hu-Asp2), designated herein as Hu-Asp2(a) and Hu-Asp2(b). As used herein,
all references to “Hu-Asp2” should be understood to refer to both Hu-Asp2(a) and Hu-
Asp2(b). Hu-Aspl is expressed most abundantly in pancreas and prostate tissues, while Hu-
Asp2(a) and Hu-Asp2(b) are expressed most abundantly in pancreas and brain tissues. The
invention also provides isolated Hu-Aspl, Hu-Asp2(a), and Hu-Asp2(b) polypeptides, as
well as fragments thereof which exhibit aspartyl protease activity.

The predicted amino acid sequences of Hu-Aspl, Hu-Asp2(a} and Hu-Asp2(b)
share significant homology with previously identified mammalian asparty! proteases such
as pepsinogen A, pepsinogen B, cathepsin D, cathepsin E, and renin. P.B.Szecs, Scand. J.
Clin. Lab. Invest. 32:(Suppl. 210 5-22 (1992}). These enzymes are characterized by the
presence of a duplicated DTG/DSG sequence motif. The Hu-Aspl and HuAsp?2
polypeptides disclosed herein also exhibit extremely high homology with the ProSite

consensus motif for aspartyl proteases extracted from the SwissProt database.

The nucleotide sequence given as residues 1-1554 of SEQ ID NO:1 corresponds to
the nucleotide sequence encoding Hu-Aspl, the nucleotide sequence given as residues 1-

1503 of SEQ ID NO:3 corresponds to the nucleotide sequence encoding Hu-Asp2(a), and
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the nucleotide sequence given as residues 1-1428 of SEQ ID NO:5 corresponds to the
nucleotide sequence encoding Hu-Asp2(b). The isolation and sequencing of DNA

encoding Hu-Aspl, Hu-Asp2(a), and Hu-Asp2(b) is described below in Examples 1 and 2.

As is described in Examples 1 and 2, automated sequencing methods were used to
obtain the nucleotide sequence of Hu-Aspl, Hu-Asp2(a), and Hu-Asp-2(b). The Hu-Asp
nucleotide sequences of the present invention were obtained for both DNA strands, and are
believed to be 100% accurate. However, as is known in the art, nucleotide sequence
obtained by such automated methods may contain some errors. Nucleotide sequences
determined by automation are typically at least about $0%, more typically at least about
95% to at least about 99.9% identical to the actual nucleotide sequence of a given nucleic
acid molecule. The actual sequence may be more precisely determined using manual
sequencing methods, which are well known in the art. An error in sequence which results
in an insertion or deletion of one or more nucleotides may result in a frame shift in
translation such that the predicted amine acid sequence will differ from that which would
be predicted from the actual nucleotide sequence of the nucleic acid molecule, starting at
the point of the mutation. The Hu-Asp DNA of the present invention includes cDNA,
chemically synthesized DNA, DNA isolated by PCR, genomic DNA, and combinations
thereof. Genomic Hu-Asp DNA may be obtained by screening a genomic library with the
Hu-Asp2 cDNA described herein, using methods that are well known in the art, or with
oligonucleotides chosen from the Hu-Asp2 sequence that will prime the polymerase chain
reaction (PCR). RNA transcribed from Hu-Asp DNA is also encompassed by the present

invention.

Due to the degeneracy of the genetic code, two DNA sequences may differ and yet
encode identical amine acid sequences. The present invention thus provides isolated
nucleic acid molecules having a polynucleotide sequence encoding any of the Hu-Asp
polypeptides of the invention, wherein said polynucleotide sequence encodes a Hu-Asp
polypeptide having the complete amino acid sequence of SEQ ID NO:2, SEQ ID NO:4,
SEQ ID NQ:6, or fragments thereof.

Also provided herein are purified Hu-Asp polypeptides, both recombinant and non-
recombinant. Most importantly, methods to produce Hu-Asp2 polypeptides in active form
are provided. These include production of Hu-Asp2 polypeptides and variants thereof in

bacterial cells, insect cells, and mammalian cells, also in forms that allow secretion of the
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Hu-Asp2 polypeptide from bacterial, insect or mammalian cells into the culture medium,
also methods to produce variants of Hu-Asp2 polypeptide incorporating amino acid tags
that facilitate subsequent purification. In a preferred embodiment of the invention the Hu-
Asp? polypeptide is converted to a proteclytically active form either in transformed cells or
after purification and cleavage by a second protease in a cell-free system, such active forms
of the Hu-Asp2 polypeptide beginning with the N-terminal sequence TQHGIR (SEQ ID
NO: 56) or ETDEEP (SEQ ID NO:57). Variants and derivatives, including fragments, of
Hu-Asp profeins having the native amino acid sequences given in SEQ ID Nos: 2, 4, and 6
that retain any of the biological activities of Hu-Asp are also within the scope of the present
invention. Of course, one of ordinary skill in the art will readily be able to determine
whether a variant, derivative, or fragment of a Hu-Asp protein displays Hu-Asp activity by
subjecting the variant, derivative, or fragment to a standard asparty! protease assay.
Fragments of Hu-Asp within the scope of this invention include those that contain the
active site domain containing the amino acid sequence DTG, fragments that contain the
active site domain amino acid sequence DSG, fragments containing both the DTG and DSG
active site sequences, fragments in which the spacing of the DTG and DSG active site
sequences has been lengthened, fragments in which the spacing has been shortened. Also
within the scope of the invention are fragments of Hu-Asp in which the transmembrane
domain has been removed to allow production of Hu-Asp?2 in a soluble form. In another
embodiment of the invention, the two halves of Hu-Asp2, each containing a single active
site DTG or DSG sequence can be produced independently as recombinant polypeptides,

then combined in solution where they reconstitute an active protease.

Hu-Asp variants may be obtained by mutation of native Hu-Asp-encoding
nu¢leotide sequences, for example. A Hu-Asp variant, as referred to herein, is a
polypeptide substantially homologous to a native Hu-Asp polypeptide but which has an
amino acid sequence different from that of native Hu-Asp because of one or more
deletions, insertions, or substitutions in the amino acid sequence. The variant amino acid or
nucleotide sequence is preferably at least about 80% identical, more preferably at least
about 90% identical, and most preferably at least about 95% identical, to a native Hu-Asp
sequence. Thus, a variant nucleotide sequence which contains, for example, 5 point
mutations for every one hundred nucleotides, as compared to a native Hu-Asp gene, will be

95% identical to the native protein. The percentage of sequence identity, also termed
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homology, between a native and a variant Hu-Asp sequence may also be determined, for
example, by comparing the two sequences using any of the computer programs commonly
employed for this purpose, such as the Gap program (Wisconsin Sequence Analysis
Package, Version 8 for Unix, Genetics Computer Group, University Research Park,
Madison Wisconsin), which uses the algorithm of Smith and Waterman (Addv. Appl. Math.
2: 482-489 (1981)).

Alterations of the native amino acid sequence may be accomplished by any of a
number of known techniques. For example, mutations may be introduced at particular
jocations by procedures well known to the skilled artisan, such as oligonucleotide-directed
mutagenesis, which is described by Walder ef al. (Gene 42:133 (1986)); Bauer ¢f al. (Gene
37:73 (1985)); Craik (BioTechniques, January 1985, pp. 12-19); Smith et al. (Genetic
Engineering: Principles and Methods, Plenum Press (1981)); and U.S, Patent Nos.
4,518,584 and 4,737,462.

Hu-Asp variants within the scope of the invention may comprise conservatively
substituted sequences, meaning that one or more amino acid residues of a Hu-Asp
polypeptide are replaced by different residues that do not alter the secondary and/or tertiary
structure of the Hu-Asp polypeptide. Such substitutions may include the replacement of an
amino acid by a residue having similar physicochemical properties, such as substituting one
aliphatic residue (lle, Val, Leu or Ala) for another, or substitution between basic residues
Lys and Arg, acidic residues Glu and Asp, amide residues Gln and Asn, hydroxyl residues
Ser and Tyr, or aromatic residues Phe and Tyr. Further information regarding making
phenotypically silent amino acid exchanges may be found in Bowie ef al.,, Science
247:1306-1310 (1990). Other Hu-Asp variants which might retain substantially the
biological activities of Hu-Asp are those where amino acid substitutions have been made in

areas outside functional regions of the protein.

In another aspect, the invention provides an isolated nucleic acid molecule
comprising a polynucleotide which hybridizes under stringent conditions to a portion of the
nucleic acid molecules described above, e.g., to at feast about 15 nucleotides, preferably to
at least about 20 nucleotides, more preferably to at least about 30 nucleotides, and still
more preferably to at least about from 30 to at least about 100 nucleotides, of one of the
previously described nucleic acid molecules. Such portions of nucleic acid molecules

having the described lengths refer to, e.g., at least about 15 contiguous nucleotides of the
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reference nucleic acid molecule. By stringent hybridization conditions is intended overnight
incubation at about 42°C for about 2.5 hours in 6 X 8SC/0.1% SDS, followed by washing
of the filters in 1.0 X SSC at 65°C, 0.1% SDS.

Fragments of the Hu-Asp-encoding nucleic acid molecules described herein, as well
as polynucleotides capable of hybridizing to such nucleic acid molecules may be used as a
probe or as primers in a polymerase chain reaction (PCR). Such probes may be used, e.g.,
to detect the presence of Hu-Asp nucleic acids in in vitre assays, as well as in Southern and
northern blots. Cell types expressing Hu-Asp may also be identified by the use of such
probes. Such procedures are well known, and the skilled artisan will be able to choose a
probe of a length suitable to the particular application. For PCR, 5° and 3” primers
corresponding to the termini of a desired Hu-Asp nucleic acid molecule are employed to

isolate and amplify that scquence using conventional technigues.

Other useful fragments of the Hu-Asp nucleic acid molecules are antisense or sense
oligonucleotides comprising a single-stranded nueleic acid sequence capable of binding to a
target Hu-Asp mRNA (using a sense strand), or Hu-Asp DNA (using an antisense strand)
sequence. In a preferred embodiment of the invention these Hu-Asp antisense

oligonucleotides reduce Hu-Asp mRNA and consequent production of Hu-Asp
polypeptides.

In another aspect, the invention includes Hu-Asp polypeptides with or without
associated native pattern glycosylation. Both Ho-Asp! and Hu-Asp2 have canonical
acceptor sites for Asn-linked sugars, with Hu-Asp1 having two of such sites, and Hu-Asp2
having four. Hu-Asp expressed in yeast or mammalian expression systems (discussed
below) may be similar to or significantly different from a native Hu-Asp polypeptide in
molecular weight and glycosylation pattern. Expression of Hu-Asp in bacterial expression

systems will provide non-glycosylated Hu-Asp.

The polypeptides of the present invention are preferably provided in an isolated
form, and preferably are substantially purified. Hu-Asp polypeptides may be recovered and
purified from tissues, cultured cells, or recombinant cell cultures by well-known methods,
including ammonium sulfate or ethanol precipitation, anion or cation exchange
chromatography, phosphocellulose chromatography, hydrophobic interaction
chromatography, affinity chromatography, hydroxylapatite chromatography, lectin
chromatography, and high performance liquid chromatography (HPLC). In a preferred
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embodiment, an amino acid tag is added to the Hu-Asp polypeptide using genetic
engineering techniques that are well known to practioners of the art which include addition
of six histidine amino acid residues to allow purification by binding to nickel immobilized
on a suitable support, epitopes for polyclonal or monoclonal antibodies including but not
limited to the T7 epitope, the myc¢ epitope, and the V5a epitope, and fusion of Hu-Asp2 to
suitable protein partners including but not limited to ghutathione-S-transferase or maltose
binding protien. In a preferred embodiment these additional amino acid sequences are
added to the C-terminus of Hu-Asp but may be added to the N-terminus or at intervening

positions within the Hu-Asp2 polypeptide.

The present invention also relates to vectors comprising the polynucleotide
molecules of the invention, as well as host cell transformed with such vectors. Any of the
polynucleotide molecules of the invention may be joined to a vector, which generally
includes a selectable marker and an origin of replication, for propagation in a host.
Because the invention also provides Hu-Asp polypeptides expressed from the
polynucleotide molecules deseribed above, vectors for the expression of Hu-Asp are
preferred. The vectors include DNA encoding any of the Hu-Asp polypeptides described
above or below, operably linked to suitable transcriptional or translational regulatory
sequences, such as those derived from a mammalian, microbial, viral, or insect gene.
Examples of regulatory sequences include transcriptional promoters, operators, or
enthancers, mRNA ribosomal binding sites, and appropriate sequences which control
transcription and translation. Nucleotide sequences are operably linked when the
regulatory sequence functionally relates to the DNA encoding Hu-Asp. Thus, a promoter
nucleotide sequence is operably linked to a Hu-Asp DNA sequence if the promaoter

nucleotide sequence directs the transeription of the Hu-Asp sequence.

Selection of suitable vectors to be used for the cloning of polynucleotide molecules
encoding Hu-Asp, or for the expression of Hu-Asp polypeptides, will of course depend
upon the host cell in which the vector will be transformed, and, where applicable, the host
cell from which the Hu-Asp polypeptide is to be expressed. Suitable host cells for
expression of Hu-Asp polypeptides include prokaryotes, yeast, and higher eukaryotic cells,

each of which is discussed below.

The Hu-Asp polypeptides to be expressed in such host cells may also be fusion

proteins which include regions from heterologous proteins, Such regions may be included
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to allow, e.g., secretion, improved stability, or facilitated purification of the polypeptide.
For example, a sequence encoding an appropriate signal peptide can be incorporated into
expression vectors. A DNA sequence for a signal peptide (secretory leader) may be fused
in-frame to the Hu-Asp sequence so that Hu-Asp is translated as a fusion protein
comprising the signal peptide. A signal peptide that is functional in the intended host cell
promotes extracellular secretion of the Hu-Asp polypeptide. Preferably, the signal
sequence will be cleaved from the Hu-Asp polypeptide upon secretion of Hu-Asp from the
cell. Non-limiting examples of signal sequences that can be used in practicing the

invention include the yeast I-factor and the honeybee melatin leader in sf9 insect cells.

In a preferred embodiment, the Hu-Asp polypeptide will be a fusion protein which
includes a heterologous region used to facilitate purification of the polypeptide. Many of
the available peptides used for such a function allow selective binding of the fusion protein
to a binding partner. For example, the Hu-Asp polypeptide may be modified to comprise a
peptide to form a fusion protein which specifically binds to a binding partner, or peptide
tag. Non-limiting examples of such peptide tags include the 6-His tag, thioredoxin tag,
hemaglutinin tag, GST tag, and OmpA signal sequence tag. As will be understood by one
of skill in the art, the binding partner which recognizes and binds to the peptide may be any
molecule or compound including metal ions (e.g., metal affinity columas), antibodies, or
fragments thereof, and any protein or peptide which binds the peptide, such as the FLAG
tag.

Suitable host cells for expression of Hu-Asp polypeptides includes prokaryotes,
yeast, and higher eukaryotic cells. Suitable prokaryotic hosts to be used for the expression
of Hu-Asp include bacterta of the genera Escherichia, Bacillus, and Salmonella, as well as
members of the genera Pseudomonas, Streptomyces, and Staphvlococcus. For expression
in, e.g., E. coli, a Hu-Asp polypeptide may include an N-terminal methionine residue to
facilitate expression of the recombinant polypeptide in a prokaryotic host. The N-terminal
Met may optionally then be cleaved from the expressed Hu-Asp polypeptide. Other N-
terminal amino acid residues can be added to the Hu-Asp polypeptide to facilitate
expression in Escherichia coli including but not limited to the T7 leader sequence, the T7-
caspase 8 leader sequence, as well as others leaders including tags for purification such as
the 6-His tag (Example 9). Hu-Asp polypeptides expressed in E. coli may be shortened by

removal of the cytoplasmic tail, the transmembrane domain, or the membrane proximal
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region. Hu-Asp polypeptides expressed in E. coli may be obtained in either a soluble form
or as an insoluble form which may or may not be present as an inclusion body. The
insoluble polypeptide may be rendered soluble by guanidine HCI, urea or other protein
denaturants, then refolded into a soluble form before or after purification by dilution or
dialysis into a suitable aqueous buffer. I the inactive proform of the Hu-Asp was produced
using recombinant methods, it may be rendered active by cleaving off the prosegment with

a second suitable protease such as human immunodeficiency virus protease.

Expression vectors for use in prokaryotic hosts generally comprises one or more
phenotypic selectable marker genes. Such genes generally encode, e.g., a protein that
confers antibiotic resistance or that supplies an auxotrophic requirement. A wide variety of
such vectors are readily available from commercial sources. Examples include pSPORT
vectors, pGEM vectors (Promega), pPROEX vectors (LTI, Bethesda, MD), Bluescript
vectors (Stratagene), pET vectors (Novagen) and pQE vectors (Qiagen).

Hu-Asp may also be expressed in yeast host cells from genera including
Saccharomyees, Pichia, and Kluveromyces. Preferred yeast hosts are S. cerevisiae and P.
pastoris. Yeast vectors will often contain an origin of replication sequence from a 2T
yeast plasmid, an autonomously replicating sequence (ARS), a promoter region, sequences
for polyadenylation, sequences for transcription termination, and a selectable marker gene.
Vectors replicable in both yeast and £. coii (termed shuttle vectors) may also be used. In
addition to the above-mentioned features of yeast vectors, a shultle vector will also include
sequences for replication and selection in £. coli. Direct secretion of Hu-Asp polypeptides
expressed in yeast hosts may be accomphished by the inclusion of nucleotide sequence
encoding the yeast I-factor leader sequence at the 5° end of the Hu-Asp-encoding

nucleotide sequence.

Insect host cell culture systems may also be used for the expression of Hu-Asp
polypeptides. In a preferred embodiment, the Hu-Asp polypeptides of the invention are
expressed using an insect cell expression system {see Example 10). Additionally, a
baculovirus expression system can be used for expression in insect cells as reviewed by
Luckow and Summers, Bio/Technology 6:47 (1988).

In another preferred embodiment, the Hu-Asp polypeptide is expressed in
mammalian host cetls, Non-limiting examples of suitable mammalian cell lines include the
COS8-7 line of monkey kidney cells (Gluzman e7 of., Cell 23:175 (1981)), human embyonic
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kidney cell line 293, and Chinese hamster ovary (CHO) cells. Preferably, Chinese hamster
ovary (CHO) cells are used for expression of Hu-Asp proteins (Example 11).

The choice of a suitable expression vector for expression of the Hu-Asp
polypeptides of the invention will of course depend upon the specific mammatian host cell
to be used, and is within the skill of the ordinary artisan. Examples of suitable expression
vectors include pcDNA3 (Invitrogen) and pSVL (Pharmacia Biotech). A preferred vector
for expression of Hu-Asp polypeptides is pcDNA3.1-Hygro (Invitrogen). Expression
vectors for use in mammalian host cells may include transcriptional and translational
control sequences derived from viral genomes. Commonly used promoter sequences and
enhancer sequences which may be used in the present invention include, but are not limited
to, those derived from human cytomegalovirus (CMV), Adenovirus 2, Polyoma virus, and
Simian virus 40 (SV40). Methods for the construction of mammalian expression vectors
are disclosed, for example, in Okayama and Berg (Mol Cell. Biol. 3:280 (1983)); Cosman
et al. (Mol Immunol. 23:935 (1986)); Cosman er al. (Nature 312:768 (1984)); EP-A-
0367566, and WO 91/18982,

The polypeptides of the present invention may also be used to raise polyclonal and
monoclonal antibodies, which are useful in diagnostic assays for detecting Hu-Asp
polypeptide expression. Such antibodies may be prepared by conventional techniques.
See, for example, Antibodies; A Laboratory Manual, Harlow and Land (eds.), Cold Spring
Harbor Laboratory Press, Cold Spring Harbor, N.Y ., (1988); Monoclonal Antibodies,
Hybridomas: A New Dimension in Biological Analyses, Kennet et al. (eds.), Plenum Press,
New York (1980). Synthetic peptides comprising portions of Hu-Asp containing 5 to 20
amino acids may also be used for the production of polyclonal or monoclonal antibodies
after linkage to a suitable carrier protein including but not limited to keyhole limpet
hemacyanin (KLH), chicken ovalbumin, or bovine serum albumin using various cross-
linking reagents including carbodimides, glutaraldehyde, or if the peptide contains a
cysteine, N-methylmaleimide. A preferred peptide for immunization when conjugated tc
KLH contains the C-terminus of Hu_Aspl or Hu-Asp2 comprising
QRRPRDPEVVNDESSLVRHRWK (SEQ ID NO: 50) or LRQQHDDFADDISLLK (SEQ
ID NO: 51), respectively.

The Hu-Asp nucleic acid molecules of the present invention are also valuable for

chromosome identification, as they can hybridize with a specific locatton on a human
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chromosome. Hu-Aspl has been localized to chromosome 21, while Hu-Asp2 has been
localized to chromosome 11923.3-24.1. There is g current need for identifying particular
sites on the chromosome, as few chromosome marking reagents based on actual sequence
data (repeat polymorphisms) are presently available for marking chromosomal location.
Onge a sequence has been mapped to a precise chromosomal location, the physical position
of the sequence on the chromosome can be correlated with genetic map data. The
relationship between genes and diseases that have been mapped to the same chromosomal
region can then be identified through linkage analysis, wherein the coinheritance of
physically adjacent genes is determined. Whether a gene appearing 1o be related to a
particular disease is in fact the cause of the disease can then be determined by comparing

the nucleic acid sequence between affected and unaffected individuals.

In another embodiment, the invention relates to a method of assaying Hu-Asp
function, specifically Hu-Asp2 function which involves incubating in solution the Hu-Asp
polypeptide with a suitable substrate including but not limited to a synthetic peptide
containing the fi-secretase cleavage site of APP, preferably one containing the mutation
found in a Swedish kindred with inherited AD in which KM is changed to NL, such peptide
comprising the sequence SEVNLDAEFR (SEQ ID NO: 54) in an acidic buffering solution,
preferably an acidic buffering solution of pHS5.5 (see Example 12) using cleavage of the
peptide monitored by high performance liquid chromatography as a measure of Hu-Asp
proteolytic activity. Preferred assays for proteolytic activity wtilize internally quenched
peptide assay substrates. Such suitable substrates include peptides which have attached a
paired fluorophore and quencher including but not limited to coumarin and dinitrophenol,
respectively, such that cleavage of the peptide by the Hu-Asp results in increased
fluorescence due to physical separation of the fluorophore and quencher. Preferred
colorimetric assays of Hu-Asp proteolytic activity utilize other suitable substrates that
include the P2 and P1 amino acids comprising the recognition site for cleavage linked to o-
nitrophenol through an amide linkage, such that eleavage by the Hu-Asp results in an

increase in optical density after altering the assay buffer to alkaline pH.

In another embodiment, the invention relates to a method for the identification of an
agent that increases the activity of a Hu-Asp polypeptide selected from the group consisting
of Hu-Aspl, Hu-Asp2(a), and Hu-Asp2(b), the method comprising
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{(a) determining the activity of said Hu-Asp polypeptide in the presence of a test
agent and in the absence of a test agent; and

(b}  comparing the activity of said Hu-Asp polypeptide determined in the
presence of said test agent to the activity of said Hu-Asp polypeptide

determined in the absence of said test agent;
whereby a higher level of activity in the presence of said test agent than in the

absence of said test agent indicates that said test agent has increased the activity of said Hu-
Asp polypeptide. Such tests can be performed with Hu-Asp polypeptide in a cell free

system and with cultured cells that express Hu-Asp as well as variants or isoforms thereof,

In another embodiment, the invention relates to a method for the identification of an
agent that decreases the activity of a Hu-Asp polypeptide selected from the group
consisting of Hu-Aspl, Hu-Asp2(a), and Hu-Asp2(b), the method comprising

{(a) determining the activity of said Hu-Asp polypeptide in the presence of a test

agent and In the absence of a test agent; and

{(b)  comparing the activity of said Hu-Asp polypeptide determined in the
presence of said test agent to the activity of said Hu-Asp polypeptide

determined in the absence of said test agent;

whereby a lower level of activity in the presence of said test agent than in the
absence of said test agent indicates that said test agent has decreased the activity of said
Hu-Asp polypeptide. Such tests can be performed with Hu-Asp polypeptide in a cell free

system and with cultured cells that express Hu-Asp as well as variants or isoforms thereof,

In another embodiment, the invention relates to a novel cell line (HEK1235.3 cells)
for measuring processing of amyloid B peptide {AP) from the amyloid protein precursor
{APP}. The cells are stable transformants of human embryonic kidney 293 cells (HEK293)
with a bicistronic vector derived from pIRES-EGFP (Clontech) containing a modified
human APP cDNA, an internal ribosome entry site and an enhanced green fluorescent
protein (EGFP) ¢cDNA in the second cistron. The APP ¢cDNA was modified by adding two
lysine codons to the carboxyl terminus of the APP coding sequence. This increases
processing of AP peptide from human APP by 2-4 fold. This level of A peptide
processing is 60 fold higher than is seen in nontransformed HEK293 cells. HEK125.3 cells
will be useful for assays of compounds that inhibit AP peptide processing. This invention

also includes addition of two lysine residues to the C-terminus of other APP isoforms
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including the 751 and 770 amino acid isoforms, to isoforms of APP having mutations found
in human AD including the Swedish KM—NL and V717—F mutations, to C-terminal
fragments of APP, such as those beginning with the B-secretase cleavage site, to C-terminal
fragments of APP containing the B-secretase cleavage site which have been operably linked
to an N-terminal signal peptide for membrane insertion and secretion, and to C-terminal
fragments of APP which have been operably linked to an N-terminal signal peptide for
membrane insertion and secretion and a reporter sequence including but not limited to
green fluorescent protein or alkaline phosphatase, such that B-secretase cleavage releases

the reporter protein from the surface of cells expressing the polypeptide.

Having generally described the invention, the same will be more readily understood
by reference to the following examples, which are provided by way of illustration and are

not intended as limiting.

EXAMPLES

Example 1:  Development of u# Search Algorithm Useful for the Identification of
Aspartyl Proteases, and Identification of C. elegans Aspariyl Protease
Genes in Wormpep 12:

Materials and Methods:
Classical aspartyl proteases such as pepsin and renin possess a two-domain structure

which folds to bring two aspartyl residues into proximity within the active site. These are
embedded in the short tripeptide motif DTG, or more rarely, DSG. The DTG or DSG
active site motif appears at about residue 25-30 in the enzyme, but at about 65-70 in the
proenzyme (prorenin, pepsinogen). This motif appears again about 150-200 residues
downstream. The proenzyme is activated by cleavage of the N-terminal prodomain. This
pattern exemplifies the double domain structure of the modern day aspartyl enzymes which

apparently arose by gene duplication and divergence. Thus;

NH; 0y G, L2 ¢ ¢ WURII— - [ LA ¢ N—— C

where X denotes the beginning of the enzyme, following the N-terminal prodomain,

and Y denotes the center of the molecule where the gene repeat begins again,

In the case of the retroviral enzymes such as the HIV protease, they represent only a

half of the two-domain structures of well-known enzymes like pepsin, cathepsin D, renin,



etc. They have no prosegment, but are carved out of a polyprotein precursor containing the

gag and pol proteins of the virus. They can be represented by:

i1 ¢ C— Lo v ¢ -C100

This “monomer” only has about 100 aa, so is extremely parsimonious as compared
to the other aspartyl protease “dimers™ which have of the order of 330 or so aa, not

counting the N-terminal prodomain.

The limited length of the eukaryotic aspartyl protease active site motif makes it
difficult to search EST collections for novel sequences. EST sequences typically average
250 nucleotides, and so in this case would be unlikely to span both aspartyl protease active
site motifs. Instead, we turned to the C. elegans genome. The . elegans genome is
estimated to contain around 13,000 genes. Of these, roughly 12,000 have been sequenced
and the corresponding hypothetical open reading frame (ORF) has been placed in the
database Wormpepl2. We used this databasc as the basis for a whole genome scanof a
higher eukaryote for novel aspartyl proteases, using an algorithm that we developed
specifically for this purpose. The following AWK script for locating proteins containing
two DTG or DSG motifs was used for the search, which was repeated four times to recover

all pairwise combinations of the aspartyl motif.

BEGIN {RS=>* /* defines “>* as record separator for FASTA format */
{

pos = index(30,”DTG™) *finds “DXI'G” in record*/

if (pos>0) {
rest = substr($0,pos+3) *get rest of record after furst DTG*/

pos2 = index(rest,”DTG™)  /*find second DTG*/

if (pos2>0) printf (“%s%sin”,”>“ $0)} Pereport hits*/

The AWK script shown above was used to search Wormpep12, which was
downloaded from ftp.sanger.ac.uk/pub/databases/wormpep, for sequence entries containing
at Jeast two DTG or DSG motifs. Using AWK limited each record to 3000 characters or
less. Thus, 35 or so larger records were eliminated manually from Wormpepl2 as in any

case these were unlikely to encode aspartyl proteases.
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Results and Discussion:
The Wormpep 12 database contains 12,178 entries, although some of these (<10%)

represent alternatively spliced transcripts from the same gene. Estimates of the number of
genes encoded in the C. elegans genome is on the order of 13,000 genes, so Wormpep12

may be estimated to cover greater than 90% of the (. elegans genome.

Eukaryotic aspartyl proteases contain a two-domain structure, probably arising from
ancestral gene duplication. Each domain contains the active site motif D(S/T)G located
from 20-25 amino acid residues into each domain. The retroviral (e.g., HIV protease) or
retrotransposon proteases are homodimers of subunits which are homologous o a single
eukaryotic aspartyl protease domain. An AWK script was used to search the Wormpep12
database for proteins in which the D(8/T)G motif occurred at least twice. This identified
>60 proteins with two DTG or DSG motifs. Visual inspection was used to select proteins
in which the position of the aspartyl domains was suggestive of a two-domain structure

meeting the criteria described above.

In addition, the PROSITE eukaryotic and viral asparty! protease active site pattern
PS00141 was used to search Wormpep12 for candidate aspartyl proteases. {(Bairoch A.,
Bucher P., Hofmann K., The PROSITE database: its status in 1997, Nucleic Acids Res.
24:217-221(1997)). This generated an overlapping set of Wormpep12 sequences. Of
these, seven sequences contained two DTG or DSG motifs and the PROSITE aspartyl
protease active site pattern. Of these seven, three were found in the same cosmid clone
(F21F8.3, F21F8 4, and F21F8.7) suggesting that they represent a family of proteins that
arose by ancestral gene duplication. Two other ORFs with extensive homology to F21F8.3,
F21F8.4 and F21F8.7 are present in the same gene cluster (F21F8.2 and F21¥8.6),
however, these contain only a single DTG motif, Exhaustive BLAST searches with these
seven sequences against Wormpep12 failed to reveal additional candidate asparty!

proteases in the C. elegans genome containing two repeats of the DTG or DSG motif.

BILASTX search with each C. elegans sequence against SWISS-PROT, GenPep and
TREMBL revealed that R12H7.2 was the closest worm homologue to the known

mammalian aspartyl proteases, and that T18H9.2 was somewhat more distantly related,
while CEASP1, F21F8.3, F21F8.4, and F21F8.7 formed a subcluster which had the least

sequence homology to the mammalian sequences.
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Discussion:
APP, the presenilins, and p35, the activator of cdk$5, all undergo intracellular

proteolytic processing at sites which conform to the substrate specificity of the HIV
protease. Dysregulation of a cellular aspartyl protease with the same substrate specificity,
might therefore provide a unifying mechanism for causation of the plaque and tangle
pathologies in AD. Therefore, we sought to identify novel human aspartyl proteases. A
whole genome scan in C. elegans identified seven open reading frames that adhere to the
aspartyl protease profile that we had identified. These seven aspartyl proteases probably
comprise the complete complement of such proteases in a simple, multicellular eukaryote.
These include four closely related aspartyl proteases unique to C. elegans which probably
arose by duplication of an ancestral gene. The other three candidate aspartyl proteases
(T18H9.2, R12H7.2 and C11D2.2) were found to have homology to mammalian gene

sequences.

Example 2: Identification of Novel Human Aspartyl Proteases Using Database
Mining by Genome Bridging

Materials and Methods:
Computer-assisted analysis of EST databases, cDNA , and predicted polypeptide

Sequences:
Exhaustive homology searches of EST databases with the CEASP1, F21F8.3,

F21F8.4, and F21F8.7 sequences failed to reveal any novel mammalian homologues.
TBLASTN searches with R12H7.2 showed homology to cathepsin D, cathepsin E,
pepsinogen A, pepsinogen C and renin, particularly around the DTG motif within the active
site, but also failed to identify any additional novel mammalian aspartyl proteases. This
indicates that the C. elegans genome probably contains only a single lysosomal aspartyl
protease which in mammals is represented by a gene family that arose through duplication

and consequent modification of an ancestral gene.

TBLASTN searches with T18H9.2, the remaining C. elegans sequence, identified
several ESTs which assembled into a contig encoding a novel human aspartyl protease (Hu-
ASP1). Asis described above in Example 1, BLASTX search with the Hu-ASP1 contig
against SWISS-PROT revealed that the active site motifs in the sequence aligned with the
active sites of other aspartyl proteases. Exhaustive, repetitive rounds of BLASTN searches
against LifeSeq, LifeSeqFL, and the public EST collections identified 102 EST from
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multiple cDNA libraries that assembled into a single contig. The 51 sequences in this
contig found in public EST collections also have been assembled into a single contig
(THC213329) by The Institute for Genome Research (TIGR). The TIGR annotation
indicates that they failed to find any hits in the database for the contig. Note that the TIGR
contig is the reverse complement of the LifeSeq contig that we assembled. BLASTN
search of Hu-ASP1 against the rat and mouse EST sequences in ZooSeq revealed one
homologous EST in each database (Incyte clone 700311523 and IMAGE clone 313341,
GenBank accession number W10530, respectively).

TBLASTN searches with the assembled DNA sequence for Hu-ASP1 against both
LifeSeqFL and the public EST databases identified a second, related human sequence (Hu-
Asp2) represented by a single EST (2696295). Translation of this partial cDNA sequence
reveals a single DTG motif which has homology to the active site motif of a bovine aspartyl

protease, NM1.

BILAST searches, contig assemblies and multiple sequence alignments were
performed using the bioinformatics tools provided with the LifeSeq, LifeSeqFL, and
LifeSeq Assembled databases from Incyte. Predicted protein motifs were identified using
either the ProSite dictionary (Motifs in GCG 9} or the Pfam database,

Full-length ¢cDNA cloning of Hu-Aspl
The open reading frame of C. elegans gene T18H9.2CE was used to query Incyte

LifeSeq and LifeSeq-FL databases and a single electronic assembly referred to as
1863920CE1 was detected. The 5° most cDNA clone in this contig, 1863920, was obtained
from Incyte and completely sequenced on both strands. Translation of the open reading
frame contained within clone 1863920 revealed the presence of the duplicated aspartyl
protease active site motif (DTG/DSG) but the 5’ end was incomplete. The remainder of the
Hu-Aspl coding sequence was determined by 5° Marathon RACE analysis using a human
placenta Marathon ready ¢cDNA template (Clonetech). A 3’-antisense oligonucleotide
primer specific for the 5’ end of clone 1863920 was paired with the 5°-sense primer
specific for the Marathon ready ¢cDNA synthetic adaptor in the PCR. Specific PCR
products were directly sequenced by cycle sequencing and the resulting sequence
assembled with the sequence of clone 1863920 to yield the complete coding sequence of
Hu-Asp-1 (SEQ ID No. 1).
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Several interesting features are present in the primary amino acid sequence of Hu-
Aspl (Figure 1, SEQ ID No. 2). The sequence contains a signal peptide (residues 1-20 in
SEQ ID No. 2), a pro-segment, and a catalytic domain containing two copies of the aspartyl
protease active site motif (DTG/DSG). The spacing between the first and second active site
motifs is about 200 residues which should correspond to the expected size of a single,
eukaryotic aspartyl protease domain. More interestingly, the sequence contains a predicted
transmembrane domain (residues 469-492 in SEQ ID No.2) near its C-terminus which
suggests that the protease is anchored in the membrane. This feature is not found in any

other aspartyl protease.

Cloning of a full-length Hu-Asp-2 ¢DNAs:
As is described above in Example 1, genome wide scan of the Caenorhabditis

elegans database WormPep12 for putative asparty! proteases and subsequent mining of
human EST databases revealed a human ortholog to the C. elegans gene T18H9.2 referred
to as Hu-Aspl. The assembled contig for Hu-Aspl was used to query for human paralogs
using the BLAST search tool in human EST databases and a single significant match
(2696295CE1}) with approximately 60% shared identity was found in the LifeSeq FL
database. Similar queries of ¢ither gb105PubEST or the family of human databases
available from TIGR did not identify similar EST clones. ¢cDNA clone 2696295, identified
by single pass sequence analysis from a human uterus cDNA library, was obtained from
Incyte and completely sequence on both strands. This clone contained an incomplete 1266
bp open-reading frame that encoded a 422 amino acid polypeptide but lacked an initiator
ATG on the 5° end. Inspection of the predicted sequence revealed the presence of the
duplicated aspartyl protease active site motif DTG/DSG, separated by 194 amino acid
residues. Subsequent queries of later releases of the LifeSeq EST database identified an
additional ESTs, sequenced from a human astrocyte cDDNA library (4386993), that
appeared to contain additional 5° sequence relative to clone 2696295, Clone 4386993 was
obtained from Incyte and completely sequenced on both strands. Comparative analysis of
clone 4386993 and clone 2696295 confirmed that clone 4386993 extended the open-
reading frame by 31 amino acid residues including two in-frame translation initiation
codons. Despite the presence of the two in-frame ATGs, no in-frame stop codon was
observed upstream of the ATG indicating that the 4386993 may not be full-length.
Furthermore, alignment of the sequences of clones 2696295 and 4386993 revealed a 75

base pair insertion in clone 2696295 relative to clone 4386993 that results in the insertion
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of 25 additional amino acid residues in 2696295. The remainder of the Hu-Asp2 coding
sequence was determined by 5’ Marathon RACE analysis using a human hippocampus
Marathon ready cDNA template (Clonetech). A 3’-antisense oligonucleotide primer
specific for the shared 5’ -region of clones 2696295 and 4386993 was paired with the 5°-
sense primer specific for the Marathon ready ¢cDNA synthetic adaptor in the PCR. Specific
PCR products were directly sequenced by cycle sequencing and the resulting sequence
assembled with the sequence of clones 2696295 and 4386993 to yield the complete coding
sequence of Hu-Asp2(a) (SEQ ID No. 3) and Hu-Asp2(b) (SEQ ID No. 5), respectively.

Several interesting features are present in the primary amino acid sequence of Hu-
Asp2(a) (Figure 3 and SEQ ID No. 4) and Hu-Asp-2(b) (Figure 2 and SEQ ID No. 6). Both
sequences contain a signal peptide (residues 1-21 in SEQ ID No. 4 and SEQ ID No. 6), a
pro-segment, and a catalytic domain containing two copies of the aspartyl protease active
site motif (DTG/DSG). The spacing between the f{irst and second active site motifs is
variable due to the 25 amino acid residue deletion in Hu-Asp-2(b) and consists of 168-
versus-194 amino acid residues, for Hu-Asp2(b) and Hu-Asp-2(a), respectively. More
interestingly, both sequences contains a predicted transmembrane domain (residues 455-
477 in SEQ ID No.4 and 430-452 in SEQ 1D No. 6) near their C-termini which indicates
that the protease is anchored in the membrane. This feature is not found in any other

aspartyl protease except Hu-Asp!.

Example 3. Molecular cloning of mouse Asp2 ¢DNA and genomic DNA,

Cloning and characterization of murine Asp2 ¢cDNA. The murine ortholog of
Hu_Asp2 was cloned using a combination of ¢cDNA library screening, PCR, and genomic
cloning. Approximately 500,000 independent clones from a mouse brain cDNA library
were screened using a *“P-labeled coding sequence probe prepared from Hu_Asp2.
Replicate positives were subjected to DNA sequence analysis and the longest cDNA
contained the entire 3° untranslated region and 47 amino acids in the coding region. PCR
amplification of the same mouse brain cDNA library with an antisense oligonucleotide
primer specific for the 5'-most cDNA sequence determined above and a sense primer

specific for the 5° region of human Asp2 sequence followed by DNA sequence analysis
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gave an additional 980 bp of the coding sequence. The remainder of the 5° sequence of

murine Asp-2 was derived from genomic sequence (sce below).

Isolation and sequence analysis of the murine Asp-2 gene A murine EST sequence
encoding a portion of the murine Asp2 ¢DNA was identified in the GenBank EST database
using the BLAST search tool and the Hu-Asp2 coding sequence as the query. Clone
£3160898 displayed 88% shared identity to the human sequence over 352 bp.
Oligonucleotide primer pairs specific for this region of murine Asp2 were then synthesized
and used to amplify regions of the murine gene. Murine genomic DNA, derived from
strain 129/8v], was amplified in the PCR (25 cycles) using various primer sets specific for
murine AspZ and the products analyzed by agarose gel electrophoresis. The primer set
Zoo-1 and Zoo-4 amplified a 750 bp fragment that contained approximately 600 bp of
intron sequence based on comparison to the known cDNA sequence. This primer set was
then used to screen a murine BAC library by PCR, a single genomic clone was isolated and
this cloned was confirmed contain the murine Asp2 gene by DNA seguence analysis.
Shotgun DNA sequencing of this Asp2 genomic clone and comparison to the cDNA
sequences of both Hu_Asp2 and the partial murine ¢cDNA sequences defined the full-length
sequence of murine Asp2 (SEQ 1D No. 7). The predicted amino acid sequence of murine
Asp2 (SEQ ID No. 8) showed 96.4% shared identity (GCG BestFit algorithm) with 18/501

amino acid residue substitutions compared to the human sequence (Figure 4).

Example 4: Tissue Distribution of Expression of Hu-Asp2 Transcripts:

Materials and Methods:
The tissue distribution of expression of Hu-Asp-2 was determined using multiple

tissue Northern blots obtained from Clonetech (Palo Alto, CA). Incyte clone 2696295 in
the vector pINCY was digested to completion with EcoRI/Netl and the 1.8 kb ¢DNA insert
purified by preparative agarose gel electrophoresis. This fragment was radiolabeled to a
spectfic activity > 1 X 10° dpm/pg by random priming in the presence of [a-P-dATP]
(>3000 Ci/mmol, Amersham, Arlington Heights, IL) and Klenow fragment of DNA
polymerase I. Nylon filters containing denatured, size fractionated poly A" RNAs isolated
from different human tissues were hybridized with 2 x 10° dpm/ml probe in ExpressHyb
buffer (Clonetech, Palo Alto, CA) for 1 hour at 68 °C and washed as recommended by the
manufacture. Hybridization signals were visualized by autoradiography using BioMax XR

film (Kodak, Rochester, NY) with intensifying screens at -80 °C.
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Results and Discussion:
Limited information on the tissue distribution of expression of Hu-Asp-2 transcripts

was obtained from database analysis due to the relatively small number of ESTs detected
using the methods described above (< 5). In an effort to gain further information on the
expression of the Hu-Asp2 gene, Northern analysis was employed to determine both the
size(s) and abundance of Hu-Asp2 transcripts. PolyA" RNAs isolated from a series of
peripheral tissues and brain regions were displayed on a solid support following separation
under denaturing conditions and Hu-Asp2 transcripts were visualized by high stringency
hybridization to radiolabeled insert from clone 2696295, The 2696295 cDNA probe
visualized a constellation of transcripts that migrated with apparent sizes of 3.0kb, 4.4 kb

and 8.0 kb with the latter two transcript being the most abundant.

Across the tissues surveyed, Hu-Asp? transcripts were most abundant in pancreas
and brain with lower but detectable levels observed in all other tissues examined except
thymus and PBLs. Given the relative abundance of Hu-Asp2 transcripts in brain, the
regional expression in brain regions was also established. A similar constellation of
transcript sizes were detected in all brain regions examined [cerebellum, cerebral cortex,
occipital pole, frontal lobe, temporal lobe and putamen] with the highest abundance in the

medulla and spinal cord.

Example 5: Northern Blot Detection of HuAsp-1 and HuAsp-2 Transcripts in Human

Cell Lines:
A variety of human cell lines were tested for their ability to produce Hu-Aspl and

Asp2 mRNA. Human embryonic kidney (HEK-293) cells, African green monkey (Cos-7)
cells, Chinese hamster ovary (CHO) cells, HELA cells, and the neuroblastoma cell line
IMR-32 were all obtained from the ATCC. Cells were cultured in DME containing 10%
FCS except CHO cells which were maintained in a-MEM/10% FCS at 37 °C in 5% CO;
until they were near confluence. Washed monolayers of cells (3 X 107) were lysed on the
dishes and poly A" RNA extracted using the Qiagen Oligotex Direct mRNA kit. Samples
containing 2 pg of poly A" RNA from each cell line were fractionated under denaturing
conditions (glyoxal-treated), transferred to a solid nylon membrane support by capillary
action, and transcripts visualized by hybridization with random-primed labeled (*P) coding
sequence probes derived from either Hu-Aspl or Hu-Asp2. Radioactive signals were
detected by exposure to X-ray film and by image analysis with a Phosphorimager.
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The Hu-Aspl ¢DNA probe visualized a similar constellation of transcripts (2.6 kb
and 3.5 kb) that were previously detected is human tissues. The relative abundance
determined by quantification of the radioactive signal was Cos-7 > HEK 292 = HELA >
IMR32.

The Hu-Asp2 ¢DNA probe also visualized a similar constellation of transcripts
compared to tissue (3.0 kb, 4.4 kb, and 8.0 kb) with the following relative abundance;
HEK 293 > Cos 7> IMR32 > HELA.

Example 6: Modification of APP to increase Af processing for in vitro screening

Human cell lines that process A peptide from APP provide a means to screen in
cellular assays for inhibitors of B- and y-secretase. Production and release of AP peptide
nto the culture supernatant is monitored by an enzyme-linked immunosorbent assay (EIA).
Although expression of APP is widespread and both neural and non-neuronal cell lines
process and release AP peptide, levels of endogenous APP processing are low and difficult
to detect by EIA. AP processing can be increased by expressing in transformed cell Hnes
mutations of APP that enhance AP processing. We made the serendipitous observation that
addition of two lysine residues to the carboxyl terminus of APP695 increases AP
processing still further. This allowed us to create a transformed cell line that releases AP

peptide into the culture medium at the remarkable level of 20,000 pg/ml.

Materials And Methods

Muaterials:
Human embryonic kiduey cell line 293 (HEK293 cells) were obtained internally.

The vector pIRES-EGFP was purchased from Clontech. Oligonucleotides for mutation
using the polymerase chain reaction (PCR) were purchased from Genosys. A plasmid
containing human APP695 (SEQ ID No. 9 [nucleotide] and SEQ ID No. 10 [amino acid]}
was obtained from Northwestern University Medical School. This was subcloned into pSK

(Stratagenc) at the Nofl site creating the plasmid pAPP695.

Mutagenesis protocol:
The Swedish mutation (K670N, M671L) was introduced into pAPP695 using the

Stratagene Quick Change Mutagenesis Kit to create the plasmid pAPP695SNL (SEQ ID No.
11 [nucleotide] and SEQ ID No. 12 {amino acid]). To introduce a di-lysine motif at the C-
terminus of APP695, the forward primer #276 5° GACTGACCACTCGACCAGGTTC

-40 -



{(SEQ ID No. 47) was used with the “patch” primer #274 5°
CCGAATTAAATTCCAGCACACTGGCTACTTCTTGTTCTGCATCTCAAAGAAC
(SEQ ID No. 48) and the flanking primer #275 CGAATTAAATTCCAGCACACTGGCTA
(SEQ ID No. 49) to modify the 3° end of the APP695 cDNA (SEQ 1D No. 15 [nucleotide]
and SEQ ID No. 16 [amino acid]). This also added a BstX1 restriction site that will be
compatible with the BstX1 site in the multiple cloning site of pIRES-EGFP. PCR
amplification was performed with a Clontech HF Advantage cDNA PCR kit using the
polymerase mix and buffers supplied by the manufacturer, For “patch” PCR, the patch
primer was used at 1/20th the molar concentration of the flanking primers. PCR
amplification products were purified using 2 QlAquick PCR purification kit (Qiagen).
After digestion with restriction enzymes, products were separated on 0.8% agarose gels and
then exciscd DNA fragments were purified using a QIAquick gel extraction kit (Qiagen).
To reassemble a modified APP695-Sw cDNA, the 5° Notl1-Bgi2 fragment of the
APP6O5-8w ¢DNA and the 3’ Bgl2-BstX1 APP695 ¢cDNA fragment obtained by PCR were
ligated into pIRES-EGFP plasmid DNA opened at the Notl and BstX1 sites. Ligations
were performed for 5 minutes at room temperature using a Rapid DNA Ligation kit
(Boehringer Mannheim) and transformed into Library Efficiency DH5a Competent Cells
(GibcoBRL Life Technologies). Bacterial colonies were screened for inserts by PCR
amplification using primers #276 and #275. Plasmid DNA was purified for mammalian
cell transfection using a QIAprep Spin Miniprep kit (Qiagen). The construct obtained was
designated pMG125.3 (APPSW-KK, SEQ ID No. 17 [nucleotide] and SEQ ID No. 18

[amino acid]).
Mammalian Cell Transfection:

HEK 293 cells for transfection were grown to 80% confluence in Dulbecco’s
modified Fagle’s medium (DMEM) with 10% fetal bovine serum. Cotransfections were
performed using LipofectAmine (Gibco-BRL) with 3 pg pMG125.3 DNA and 9 pg
pcDINA3.1 DNA per 10 x 10° cells. Three days postiransfection, cells were passaged into
medium containing G418 at a concentration of 400 pg/ml. After three days growth in

selective medium, cells were sorted by their fluorescence.
Clonal Selection of 125.3 cells by FACS:

Cell samples were analyzed on an EPICS Elite ESP flow cytometer (Coulter,
Hialeah, FL) equipped with a 488 nm excitation line supplied by an air-cocled argon laser.
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EGFP emission was measured through a 525 nm band-pass filter and fluorescence intensity
was displayed on a 4-decade log scale after gating on viable cells as determined by forward
and right angle light scatter. Single green cells were separated into each well of one 96 well
plate containing growth medium without G418. After a four day recovery period, G418
was added to the medium to a final concentration of 400 ug/ml. After selection, 32% of the
wells contained expanding clones. Wells with clones were expanded from the 96 well plate
to a 24 well plate and then a 6 well plate with the fastest growing colonies chosen for
expansion at each passage. The final cell line selected was the fastest growing of the final
six passaged. This clone, designated 125.3, has been maintained in G418 at 400 ug/ml with
passage every four days into fresh medium. No loss of AR production of EGFP

fluorescence has been seen over 23 passages.
AB EIA Analysis (Double Antibody Sandwich ELISA for hAp 1-40/42):

Cell culture supernatants harvested 48 hr after transfection were analyzed in a
standard AP EIA as follows, Human AP 1-40 or 1-42 was measured using monoclonal
antibody (mAb) 6E10 (Senetek, St. Louis, MO} and biotinylated rabbit antiserum 162 or
164 (New York State Institute for Basic Research, Staten Island, NY) in a double antibody
sandwich ELISA. The capture antibody 6E10 is specific to an epitope present on the N-
terminal amino acid residues 1-16 of hAf. The conjugated detecting antibodies 162 and
164 are specific for hAP 1-40 and 1-42, respectively. Briefly, a Nunc Maxisorp 96 well
immuncplate was coated with 100 pl/well of mAb 6E10 (Spug/ml) diluted in 0.1M
carbonate-bicarbonate buffer, pH 9.6 and incubated at 4°C overnight. After washing the
plate 3x with 0.01M DPBS (Modified Dulbecco’s Phosphate Buffered Saline (0.008M
sodium phosphate, 0.002M potassiom phosphate, 0.14M sodium chloride, 0.01 M
potassium chloride, pH 7.4) from Pierce, Rockford, Il) containing 0.05% of Tween-20
(DPBST), the plate was blocked for 60 min with 200ul of 10% normal sheep serum
(Sigma) in 0.01M DPBS to avoid non-specific binding. Human AP 1-40 or 1-42 standards
100ul/well (Bachem, Torrance, CA) diluted, from a Img/mli stock solution in DMSO, in
culture medium was added after washing the plate, as well as 100ul/well of sample,
e.g.conditioned medium of transfected cells. The plate was incubated for 2 hours at room
temperature and 4°C overnight. The next day, after washing the plate, 100ul/well
biotinylated rabbit antiserum 162 1:400 or 164 1:50 diluted in DPBST + 0.5% BSA was

added and incubated at room temperature for 1hr 15 min. Following washes, 100 pl/well
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neutravidin-horseradish peroxidase (Pierce, Rockford, I1) diluted 1:10,000 in DPBST was
applied and incubated for 1 hr at room temperature. After the last washes 100 pl/well of o-
phenylnediamine dihydrochloride (Sigma Chemicals, 8t. Louis, MQ) in 50mM citric
acid/100mM sodium phosphate buffer (Sigma Chemicals, St. Louis, MO), pH 5.0, was
added as substrate and the color development was monitored at 450nm in a kinetic
microplate reader for 20 min. using Soft max Pro software. All standards and samples were
run in triplicates. The samples with absorbance values falling within the standard curve
were extrapolated from the standard curves using Soft max Pro software and expressed in

pg/mi culture medium.

Resuits:
Addition of two lysine residues to the carboxyt terminus of APP695 greatly

increases A processing in HEK293 cells as shown by transient expression (Table 1}.
Addition of the di-lysine motif to APP695 increases A} processing to that seen with the
APP695 containing the Swedish mutation. Combining the di-lysine motif with the Swedish

mutation further increases processing by an additional 2.8 fold.

Cotransformation of HEK293 celis with pMG125.3 and pcDNA3.1 allowed dual
selection of transformed celis for G418 resistance and high level expression of EGFP.
After clonal selection by FACS, the cell line obtained, produces a remarkable 20,000 pg AP
peptide per ml of culture medium after growth for 36 br in 24 well plates. Production of

AP peptide under various growth conditions is summarized in Table 2.

TABLE 1.  Release of A} peptide into the culture medium 48 hr after transient
transfection of HEK293 cells with the indicated vectors containing wildtype or modified
APP. Values tabulated are mean + SD and P-value for pairwise comparison using Student’s
t-fest assuming unequal variances.

APP Construct AR 1-40 peptide Fold Increase  P-value
(pg/ml)

pIRES-EGFP vector 147 + 28 1.0

wt APP695 (142.3) 194+ 15 1.3 0.051

wt APP695-KK (124.1) 424 + 34 2.8 3x10-5

APP695-Sw (143.3) 457 + 65 3.1 2x10-3

APP695-SwKK (125.3} 1308 +98 8.9 3x 10-4
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TABLE 2,  Release of AB peptide from HEK125.3 cells under various growth
conditions.

Type of Culture  Volume of Duration of AR 1-40 AP 1-42
Plate Medium Culture (pg/ml) {pg/ml)
24 well plate 400 ul 36 hr 28,036 1,439

Example 7: Anfisense oligomer inhibition of Abeta processing in HEK125.3 cells
The sequences of Hu-Aspl and Hu-Asp2 were provided to Sequitur, Inc (Natick,

MA) for selection of targeted sequences and design of 2nd generation chimeric antisense
oligomers using prorietary technology {Sequitur Ver. D Pat pending #3002). Antisense
oligomers Lot# S644, 8643, S646 and 8647 were targeted against Aspl. Antisense
oligomers Lot# 8648, $649, 650 and $651 were targeted against Asp2. Control antisense
oligomers Lot# 8652, S653, 5655, and 8674 were targeted against an irrelevant gene and
antisense oligomers Lot #5656, 8657, S658, and S659 were targeted against a second

irrelevani gene.

For transfection with the antisense oligomers, HEK125.3 cells were grown to about
50% confluence in 6 well plates in Minimal Essential Medium (MEM) supplemented with
10% fetal calf serum. A stock solution of oligofectin G (Sequitur Inc., Natick, MA) at 2
mg/m] was diluted to 50 pg/ml in serum free MEM. Separately, the antisense oligomer
stock solution at 100 pM was diluted to 800 nM in Opti-MEM {(GIBCO-BRL, Grand
Island, NY). The diluted stocks of oligofectin G and antisense oligomer were then mixed at
a ratio of 1:1 and incubated at room temperature. After 15 min incubation, the reagent was
diluted 10 fold into MEM containing 10% fetal caltf serum and 2 ml was added to each well
of the 6 well plate afier first removing the old medium, After transfection, cells were
grown in the continual presence of the oligofectin G/antisense oligomer. To monitor A
peptide release, 400 pl of conditioned medium was removed periodically from the culture
well and replaced with fresh medium beginning 24 hr after transfection. Data reported are

from culture supernatants harvested 48 hr after transfection.

Results:
The 16 different antisense oligomers obtained from Sequitur Inc were transfected

separately into HEK125.3 cells to determine their affect on A peptide processing. Only
antisense oligomers targeted against Aspl & Asp2 reduced Abeta processing by HEK125.3
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cells with those targeted against Asp2 having a greater inhibitory effect. Both Af (1-40)
and AP (1-42) were inhibited by the same degree. In Table 3, percent inhibition is
calculated with respect to untransfected cells. Antisense oligomer reagents giving greater
than 50% inhibition are marked with an asterisk. Of the reagents tested, 3 of 4 antisense
oligomers targeted against ASP1 gave an average 52% inhibition of Af 1-40 processing
and 47% inhibition of AB 1-42 processing. For ASP2, 4 of 4 antisense oligomers gave
greater than 50% inhibition with an average inhibition of 62% for AP 1-40 processing and
60% for AP 1-42 processing.

Table 3. Inhibition of AP peptide release from HEK 125.3 cells treated with antisense
oligomers.

Gene Targeted Antisense Oligomer  Abeta (1-40) Abeta (1-42)
Aspl-1 § 644 62%* 56%*
Aspl-2 S 645 41%* _ 38%*
Aspl-3 S646 52%* 46%*
Aspl-4 8647 6% 25%
Asp2-1 S648 71%* 67%*
Asp2-2 5649 83%* 76%*
Asp2-3 S650 46%* 50%*
Aspl-4 5651 47%* 46%*
Conl-1 8652 13% 18%
Conl-2 S653 35% 30%
Conl-3 $655 9% 18%
Conl-4 S674 29% 18%
Con2-1 S$656 12% 18%
Con2-2 S657 16% 19%
Con2-3 S658 8% 35%
Con2-4 85659 3% 18%

Example 8. Demonstration of Hu-Asp2 - Secretase Activity in Cultured Cells
Several mutations in APP associated with carly onset Alzheimer’s disease have

been shown to alter A peptide processing. These flank the N- and C-terminal cleavage
sites that release AP from APP. These cleavage sites are referred to as the P-secretase and
y-secretase cleavage sites, respectively. Cleavage of APP at the P-secretase site creates a
C-terminal fragment of APP containing 99 amino acids of 11,145 daltons molecular

weight. The Swedish KM—NL mutation immediately upstream of the f-secretase
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cleavage site causes a general increase in production of both the 1-40 and 1-42 amino acid
forms of A peptide. The London VF mutation (V717-—F in the APP770 isoform) has
little effect on total AP peptide production, but appears to preferentially increase the
percentage of the longer 1-42 amino acid form of AR peptide by affecting the choice of y-
secretase cleavage site used during APP processing. Thus, we sought to determine if these
mutations altered the amount and type of A peptide produced by cultured cells

cotransfected with a construct directing expression of Hu-Asp2,

Two experiments were performed which demonstrate Hu-Asp2 f-secretase activity
in cultured cells. In the first experiment, treatment of HEK125.3 cells with antisense
oligomers directed against Hu-Asp? transcripts as described in Example 7 was found to
decrease the amount of the C-terminal fragment of APP created by B-secretase cleavage
(CTF99) (Figure 9). This shows that Hu-Asp2 acts directly or indirectly to facilitate B-
secretase cleavage. In the second experiment, increased expression of Hu-Asp2 in
transfected mouse Neuro2A cells is shown to increase accumulation of the CTF99 p-
secretase cleavage fragment (Figure 10). This increase is seen most casily when a mutant
APP-KK clone containing a C-terminal di-lysine motif is used for transfection. A further
increase is seen when Hu-Asp2 is cotransfected with APP-Sw-KK containing the Swedish
mutation KM — NL. The Swedish mutation is known to increase cleavage of APP by the

B-secretase.

A second set of experiments demonstrate Hu-Asp2 facilitates y-secretase activity in
cotransfection experiments with human embryonic kidney HEK293 cells. Cotransfection
of Hu-Asp2 with an APP-KK clone greatly increases production and release of soluble
APB1-40 and AP1-42 peptides from HEK293 cells. There is a proportionately greater
increase in the release of AB1-42. A further increase in production of AP1-42 is seen when
Hu-Asp2 is cotransfected with APP-VF (SEQ 1D No. 13 [nuclectide] and SEQ ID No. 14
[amino acid]) or APP-VF-KK SEQ ID No. 19 [nucleotide] and SEQ ID No. 20 [amino
acid]) clones containing the London mutation V717 = F. The V717 — F mutation is
known to alter cleavage specificity of the APP y-secretase such that the preference for
cleavage at the AP42 site is increased. Thus, Asp2 acts divectly or indirectly to facilitate -

secretase processing of APP at the P42 cleavage site.

Materials
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Antibodies 6E10 and 4G8 were purchased from Senetek (St. Lounis, MO). Antibody
369 was obtained from the laboratory of Paul Greengard at the Rockefeller University.
Antibody C8 was obtained from the laboratory of Dennis Selkoe at the Harvard Medical
School and Brigham and Women’s Hospital.

APP Constructs used
The APP constructs used for transfection experiments comprised the following

APP wild-type APP695 (SEQ ID No. 9 and No. 10)

APP-Sw APP6935 containing the Swedish KM-NL mutation (SEQ ID No, 11
and No. 12),

APP-VF APP695 containing the London V—F mutation (SEQ ID No. 13 and
No. 14)

APP-KK APP69S containing a C-terminal KK motif (SEQ ID No. 15 and No.
16},

APP-Sw-KK APP695-5w containing a C-terminal KK motif (SEQ ID No. 17 and
No. 18),

APP-VF-KK APP695-VF containing a C-terminal KK motif (SEQ 1D No. 19 and
No, 20).

These were inserted into the vector pIRES-EGFP (Clontech, Palo Alto CA) between
the Mot1 and BstX1 sites using appropriate linker sequences infroduced by PCR.

Transfection of antisense oligomers or plasmid DNA constructs in HEK293 cells,

HEK125.3 cells and Neuro-2A cells,

Human embryonic kidney HEK293 cells and mouse Neuro-2a cells were transfected
with expression constructs using the Lipofectamine Plus reagent from Gibco/BRL, Cells
were seeded in 24 well tissue culture plates to a density of 70-80% confluence. Four wells
per plate were transfected with 2 pg DNA (3:1, APP:cotransfectant), 8ul Plus reagent, and
4yl Lipofectamine in OptiMEM. OptiMEM was added to a total volume of 1 ml,
distributed 200 pl per well and incubated 3 hours. Care was taken to hold constant the
ratios of the two plasmids used for cotransfection as well as the total amount of DNA used
in the transfection. The transfection media was replaced with DMEM, 10%FBS,
NaPyruvate, with antibiotic/antimycotic and the cells were incubated under normal

conditions (37°, 5% CO,) for 48 hours. The conditioned media were removed to
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polypropylene tubes and stored at —80°C until assayed for the content of AB1-40 and Af1-
42 by FIA as described in the preceding examples. Transfection of antisense oligomers into
HEK125.3 cells was as described in Example 7,

Preparation of cell extracts, Western blet protocol
Cells were harvested after being transfected with plasmid DNA for about 60 hours.

First, cells were transferred to 15-ml conical tube from the plate and centrifuged at 1,500
rpm for 5 min to remove the medium. The cell pellets were washed with PBS for one time.
We then lysed the cells with lysis buffer (10 mM HEPES, pH 7.9, 150 mM NaCl, 10%
glycerol, | mM EGTA, 1 mM EDTA, 0.1 mM sodium vanadate and 1% NP-40). The Iysed
cell mixtures were centrifuged at 5000 rpm and the supernatant was stored at -20°C as the
cell extracts. Equal amounts of extracts from HEK125.3 cells transfected with the Asp2
antisense oligomers and controls were precipitated with antibody 369 that recognizes the C-
terminus of APP and then CTF99 was detected in the immunoprecipitate with antibody
6E10. The experiment was repeated using U8, a second precipitating antibody that also
recognizes the C-terminus of APP. For Western blot of extracts from mouse Neuro-Za cells
cotransfected with Hu-AspZ and APP-KK, APP-Sw-KK, APP-VF-KK or APP-VF, ¢qual
amounts of cell extracts were elecirophoresed through 4-10% or 10-20% Tricine gradient
gels (NOVEX, San Diego, CA). Full length APP and the CTF99 B-secretase product were
detected with antibedy 6E10.

Results

Transfection of HEK125.3 cells with Asp2-1 or Asp2-2 antisense oligomers reduces
production of the CTF B-secretase product in comparison to cells similarly transfected with

control oligomers having the reverse sequence (Asp2-1 reverse & Asp2-2 reverse)

In cotransfection experiments, cotransfection of Hu-Asp2 into mouse Neuro-2a cells
with the APP-KK construct increased the formation of CTF99. This was further increased
if Hu-Asp2 was coexpressed with APP-Sw-KK, a mutant form of APP containing the

Swedish KM—NL mutation that increases f-secretase processing.

Cotransfection of Hu-Asp2 with APP has little effect on AB40 production but
increases APB42 production above background (Table 4), Addition of the di-lysine motif to
the C-terminus of APP increases AP peptide processing about two fold, although AB40 and
AB42 production remain quite low (352 pg/ml and 21 pg/m, respectively). Cotransfection
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of Asp2 with APP-KK further increases both AP40 and AB42 production. The stimulation
of AB40 production by Hu-Asp2 is more that 3 fold, while production of AB42 increases by
more than 10 fold. Thus, cotransfection of Hu-Asp2 and APP-KK constructs preferentially

increases APB42 production.

The APP V717—F mutation has been shown to increase y-secretase processing at
the AP42 cleavage site, Cotransfection of Hu-Asp2 with the APP-VF or APP-VF-KK
constructs increased AP42 production ( a two fold increase with APP-VF and a four-fold
increase with APP-VF-KK, Table 4), but had mixed effects on Ap40 production {a slight
decrease with APP-VF, and a two fold increase with APP-VF-KK in comparison to the
pcDNA cotransfection contrel. Thus, the effect of Asp2 on AB42 preduction was
proportionately greater leading to an increase in the ratio of AP42/total AP. Indeed, the
ratio of AB42/total AP reaches a very high value of 42% in HEK293 cells cotransfected
with Hu-Asp2 and APP-VF-KK.

Western blot showing reduction of CTF99 production by HEK125.3 cells
transfected with antisense oligomers targeting the Hu-Asp2 mRNA. (right) Western blot
showing increase in CTF99 production in mouse Neuro-2a cells cotransfected with Hu-
Asp2 and APP-KK. A further increase in CTF99 production is seen in cells cotransfected
with Hu-Asp2 and APP-Sw-KK.

Table 4. Results of cotransfecting Hu-Asp2 or pcDNA plasmid DNA with various APP
construcis containing the V717—F mutation that modifies y-secretase processing.

Cotransfection with Asp2 consistently increases the ratio of Ap42/total AB. Values
tabulated are AP peptide pg/ml.

pcDNA Asp2
Cotransfection Cotransfection
AB40 AP4z APA2/Toal  AP4Y Ap4z AR42/Total
APP 192418 <4 <2% 188+40 8+10 3.9%
APP-VF 118+15  15+19 11.5% 85+7 24412 22.4%
APB.KK 352424 2146 55% 10624101 226448 17.5%
APP-VE-KK 2301317 §8+24 217% 491435 355436 42%

Example 9. Bacterial expression of human Asp2L

Expression of recombinant Ha_Asp2L in E. coli.
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Hu-Asp2L can be expressed in E, coli after addition of N-terminal sequences such
as a'T7 tag (SEQ ID No. 21 and No. 22) or a T7 tag followed by a caspase 8 leader
sequence (SEQ ID No. 23 and No. 24). Alternatively, reduction of the GC content of the 5°
sequence by site directed mutagenesis can be used to increase the vield of Hu-Asp2 (SEQ
ID No. 25 and No. 26). In addition, Asp2 can be engineered with a proteolytic ¢cleavage
site (SEQ 1D No. 27 and No. 28). To produce a soluble protein after expression and
refolding, deletion of the transmembrane domain and cytoplasmic tail, or deletion of the

membrane proximal region, transmembrane domain, and cytoplasmic tail is preferred.
Methods

PCR with primers containing appropriate linker sequences was used to assemble
fusions of Asp2 coding sequence with N-terminal sequence modifications including a T7
tag (SEQ 1D Nos. 21 and 22) or a T7-caspase 8 leader (SEQ ID Nos. 23 and 24). These
constructs were cloned into the expression vector pet23a(+) [Novagen] in which a T7
promoter directs expression of a T7 tag preceding a sequence of multiple cloning sites. To
clone Hu-Asp2 sequences behind the T7 leader of pet23a+, the following oligonucleotides
were used for amplification of the selected Hu-Asp2 sequence:
#553=GTGGATCCACCCAGCACGGCATCCGGCTG (SEQ 1D No. 35),
#3554=GAAAGCTTTCATGACTCATCTGTCTGTGGAATGTTG (SEQ ID No. 36) which
placed BamHI and Hind!1I sites flanking the 5° and 3" ends of the insert, respectively. The
Asp2 sequence was amplified from the full length Asp2(b) cDNA cloned into pcDNA3.1
using the Advantage-GC ¢DNA PCR [Clontech] following the manufacturer’s supplied
protocol using annealing & extension at 68°C in a two-step PCR cyele for 25 cycles. The
insert and vector were cut with BamH!I and Hind1l1, purified by electrophoresis through an
agarose gel, then ligated using the Rapid DNA Ligation kit [Boerhinger Mannheim]. The
ligation reaction was used to transform the E. coli strain JM109 (Promega) and colonies
were picked for the purification of plasmid (Qiagen,Qiaprep minispin) and DNA sequence
analysis . For inducible expression using induction with isopropyl b-D-
thiogalactopyranoside (IPTG), the expression vector was transferred into E. coli strain
BL2! (Statagene). Bacterial cultures were grown in LB broth in the presence of ampicillin
at 100 ug/m}, and induced in log phase growth at an OD600 of 0.6-1.0 with 1 mM IPTG for
4 hour at 37°C. The cell pellet was harvested by centrifugation.
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To clone Hu-Asp2 sequences behind the T7 tag and caspase leader (SEQ [D Nos.
23 and 24), the construct created above containing the T7-Hu-Asp2 sequence (SEQ ID Nos.
21 and 22) was opened at the BamH]1 site, and then the phosphorylated caspase 8 leader
oligonucleotides #339=GATCGATGACTATCTCTGACTCTCCGCGTGAACAGGACG
(SEQ ID No. 37), #560=GATCCGTCCTGTTCACGCGGAGAGTCAGAGATAGTCATC
(SEQ ID No. 38) were annealed and ligated to the vector DNA. The 53° overhang for each
set of oligonucleotides was designed such that it allowed ligation into the BamHI site but
not subsequent digestion with BamHI, The ligation reaction was transformed into JM 109 as

above for analysis of protein expression after transfer to E. coli strain BL21,

In order to reduce the GC content of the 5° terminus of asp2, a pair of antiparallel
oligos were designed to change degenerate codon bases in 15 amino acid positions from
G/C to A/T (SEQ ID Nos. 25 and 26). The new nucleotide sequence at the $° end of asp2
did not change the encoded amino acid and was chosen to optimize E. Coli expression. The
sequence of the sense linker is 5’
CGGCATCCGGCTGCCCCTGCGTAGCGGTCTGGGTGGTGCTCCACTGGGTCTGCG
TCTGCCCCGGGAGACCGACGAA G 3° (SEQ ID No. 39). The sequence of the
antisense linker is : §°
CTTCGTCGGTCTCCCGGGGCAGACGCAGACCCAGTGGAGCACCACCCAGACCG
CTACGCAGGGGCAGCCGGATGCCG 3 (SEQ ID No. 40).  After annealing the
phosphorylated linkers together in 0.1 M NaCl-10 mM Tris, pH 7.4 they were ligated into
unique Cla I and Sma I sites in Hu-Asp2 in the vector pTAC. For inducible expression
using induction with isopropyl b-D-thiogalactopyranoside (IPTG), bacterial cultures were
grown in LB broth in the presence of ampicillin at 100 ug/ml, and induced in log phase
growth at an OD600 of 0.6-1.0 with 1 mM IPTG for 4 hours at 37°C. The cell pellet was

harvested by centrifugation.

To create a vector in which the leader sequernces can be removed by limited
proteolysis with caspase 8 such that this liberates a Hu-Asp2 polypeptide beginning with
the N-terminal sequence GSFV (SEQ 1D Nos. 27 and 28), the following procedure was
followed. Two phosphorylated oligonucleotides containing the caspase 8 cleavage site
IETD, #571=5
GATCGATGACTATCTCTGACTCTCCGCTGGACTCTGGTATCGAAACCGACG
(SEQ ID No. 41) and #572=
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GATCCGTCGGTTICGATACCAGAGTCCAGCGGAGAGTCAGAGATAGTCATC
(SEQ 1D No. 42) were annealed and ligated into pET23a+ that had been opened with
BamHI. After transformation into IM109, the purified vector DNA was recovered and
orientation of the insert was confirmed by DNA sequence analysis. +, the following
oligonucleotides were used for amplification of the selected Hu-Asp2 sequence:

#573=5 AAGGATCCTTTGTGGAGATGGTGGACAACCTG, (SEQ [D No. 43)
#554=GAAAGCTTTCATGACTCATCTGTCTGTGGAATGTTG (SEQ 1D No. 44) which
placed BamHI and Hindlll sites flanking the 5 and 3° ends of the insert, respectively. The
Asp2 sequence was amplified from the full length Asp2 ¢<DNA cloned into pcDNA3Z.1
using the Advantage-GC ¢cDNA PCR [Clontech] following the manufacturer’s supphed
protocol using annealing & extension at 68°C in a two-step PCR cycle for 25 cycles. The
insert and vector were cut with BamHI and HindllI, purified by electrophoresis through an
agarose gel, then ligated using the Rapid DNA Ligation kit [Boerhinger Mannhetm]. The
ligation reaction was used {o transform the E. coli strain IM109 [Promega] and colonies
were picked for the purification of plasmid (Qiagen,Qiaprep minispin) and DNA sequence
analysis . For inducible expression using induction with isopropyl b-D-
thiogalactopyranoside (IPTG), the expression vector was transferred inte E. coli strain
BL21 (Statagene). Bacterial cultures were grown in LB broth in the presence of ampicillin
at 100 ug/ml, and induced in log phase growth at an OD600 of 0.6-1.0 with | mM IPTG for
4 hours at 37°C. The cell pellet was harvested by centrifugation.

To assist purification, a 6-His tag can be introduced into any of the above constructs
following the T7 leader by opening the construct at the BamHI site and then ligating in the
amnealed, phosphorylated oligonucleotides containing the six histidine sequence
#565=GATCGCATCATCACCATCACCATG (SEQ ID No. 45),
#566=GATCCATGGTGATGGTGATGATGC (SEQ ID No. 46). The §* overhang for each
set of oligonucleotides was designed such that it allowed ligation into the BamHI site but

not subsequent digestion with BamHL
Preparation of Bacterial Pellet:

36.34g of bacterial pellet representing 10.8L of growth was dispetsed into a total
volume of 200m! using a 20mm tissue homogenizer probe at 3000 to 5000 rpm in 2M KCl,
0.1M Tris, 0.05M EDTA, ImM DTT. The conductivity adjusted to about 193mMbhos with

water,
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After the pellet was dispersed, an additional amount of the KCl solution was added,
bringing the total volume to 500 ml. This suspension was homogenized further for about 3
minutes at 5000 rpm using the same probe. The mixture was then passed through a Rannie

high-pressure homogenizer at 10,000psi.

In all cases, the pellet material was carried forward, while the soluble fraction was
discarded.The resultant solution was centrifuged in a GSA rotor for 1hr. at 12,500 rpm. The
pellet was resuspended in the same solution (without the DTT) using the same tissue
homogenizer probe at 2,000 rpm. After homogenizing for S minutes at 3000 rpm, the
volume was adjusted to 500ml with the same solution, and spun for 1hr. at 12,500 rpm.
The pellet was then resuspended as before, but this time the final volume was adjusted to
1.5L with the same solution prior to homogenizing for 5 minutes. After centrifuging at the
same speed for 30 minutes, this procedure was repeated. The pellet was then resuspended
into about 150ml of cold water, pooling the pellets from the six centrifuge tubes used in the
GSA rotor. The pellet has homogenized for 5 minutes at 3,000 rpm, volume adjusted to
250m] with cold water, then spun for 30 minutes. Weight of the resultant pellet was
17.75g.

Summary: Lysis of bacterial pellet in KCI solution, followed by centrifugation in a
GSA rotor was used to initially prepare the pellet. The same solution was then used an
additional three times for resuspension/homogenization. A final water

wash/homogenization was then performed to remove excess KCl and EDTA.

Solublization of rHuAsp2L:
A ratio of 9-10ml/gram of pellet was utilized for solubilizing the rHuAsp2L from

the pellet previously described. 17.75¢ of pellet was thawed, and 150ml of 8M guanidine
HCI, 5mM BME, 0.1% DEA, was added. 3M Tris was used to titrate the pH to 8.6. The
pellet was initially resuspended into the guanidine solution using a 20mm tissue
homogenizer probe at 1000 rpm. The mixture was then stirred at 4°C for 1 hour prior to
centrifugation at 12,500rpm for 1 hour in GSA rotor. The resultant supernatant was then
centrifuged for 30min at 40,000 x g in an SS-34 rotor. The final supernatant was then
stored at —20°C, except for 50ml.

Immobilized Nickel Affinity Chromatography of Solubilized rHuAsp2L.:
The following solutions were utilized:
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A) oM Guanidine HCI, 0.1M NaP, pH 8.0, 0.01M Tris, 5mM BME, 0.5mM

Imidazole

AT 6M Urea, 20mM NaP, pH 6.80, 50mM NaCl
By 6M Urea, 20mM NaP, pH 6.20, 50mM NaCl, 12mM Imidazole
C)  O6M Urea, 20mM NaP, pH 6.80, 50mM NaCl, 300mM Imidazole

Note: Buffers A’ and C* were mixed at the appropriate ratios to give intermediate

concentrations of Imidazole.

The 50ml of solubilized material was combined with 50ml of buffer A prior to

adding to 100-125ml Qiagen Ni-NTA SuperFlow (pre-equilibrated with buffer A)ina 5 x

10¢m Bio-Rad econo column. This was shaken gently overnight at 4°C in the cold room.

Chromatography Steps:
1) Drained the resultant flow through.
2) Washed with 50mi buffer A (collecting into flow through fraction)
3) Washed with 250ml buffer A (wash 1)
4) Washed with 250ml buffer A (wash 2)
3) Washed with 250ml buffer A’
6) Washed with 250ml buffer B’
7 Washed with 250ml buffer A’
g) Eluted with 250m] 75mM Imidazole
9 Eluted with 250m] 150mM Imidazole (150-1)
10) Eluted with 250m1 150mM Imidazole (150-2)
11 Eluted with 250ml 300mM Imidazole (300-1)
12} Ehuted with 250ml 300mM Imidazole (300-2)
13) Eluted with 250ml 300mM Imidazole (300-3)
Chromatography Resulis:

The rHuAsp eluted at 75mM Imidazole through 300mM Imidazole. The 75mM

fraction, as well as the first 150mM Imidazole (150-1) fraction contained contaminating

proteins as visualized on Coomassic Blue stained gels. Therefore, fractions 150-2 and 300-

1 will be wilized for refolding experiments since they contained the greatest amount of

protein (see Coomassie Blue stained gel).

Refolding Experiments of rHuAsp2L.:
Experiment I
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Forty ml of 150-2 was spiked with IM DTT, 3M Tris, pH 7.4 and DEA to a final
concentration of 6mM, 50mM, and 0.1% respectively. This was diluted suddenly (while
stirring} with 200ml of (4°C) cold 20mM NaP, pH 6.8, 150mM NaCl. This dilution gave a
final Urea concentration of IM. This solution remained clear, even if allowed to set open
1o the air at RT or at 4°C |

After setting open to the air for 4-5 hours at 4°C, this solution was then dialyzed
overnight against 20mM NaP, pH 7.4, 150mM NaCl, 20% glycerol. This method
effectively removes the urea in the solution without precipitation of the protein,

Experiment 2:

Some of the 150-2 eluate was concentrated 2x on an Amicon Centriprep, 10,000
MWCQ, then treated as in Experiment 1. This material also stayed in solution, with no
visible precipitation.

Experiment 3:

89ml of the 150-2 eluate was spiked with IM DTT, 3M Tris, pH 74 and DEA to a
final concentration of 6mM, 50mM, and 0.1% respectively. This was diluted suddenly
(while stirring) with 445m] of (4°C) cold 20mM NaP, pH 6.8, 150mM NaCl. This solution
appeared clear, with no apparent precipitation. The solution was removed to RT and stirred
for 10 minutes prior to adding MEA to a final concentration of .1mM. This was stirred
slowly at RT for lhr. Cystamine and CuSOgs were then added to final concentrations of
ImM and 10uM respectively. The solution was stirred slowly at RT for 10 minutes prior to

being moved to the 4°C cold room and shaken slowly overnight, open fo the air,

The following day, the solution (still clear, with no apparent precipitation) was
centrifuged at 100,000 x g for 1 hour. Supernatants from multiple runs were pooled, and
the bulk of the stabilized protein was dialyzed against 20mM NaP, pH 7.4, 150mM NaCl,
20% glycerol. After dialysis, the material was stored at -20°C.

Some (about 10ml) of the protein solution (still in IM Urea) was saved back for

biochemical analyses, and frozen at -20°C for storage.
Example 10. Expression of Hu-Asp2 and Derivatives in Insect Cells

Expression by baculovirus infection_The coding sequence of Hu-Asp2 and several
derivatives were engineered for expression in insect cells using the PCR. For the full-

length sequence, a 5’-sense oligonucleotide primer that modified the translation initiation
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site to fit the Kozak consensus sequence was paired with a 3’-antisense primer that contains
the natural franslation termination codon in the Hu-Asp2 sequence. PCR amplification of
the pcDNA3.1(hygro)/Hu-Asp2 template (see Example 12). Two derivatives of Hu-Asp2
that delete the C-terminal transmembrane domain (SEQ ID No. 29 and No. 30) or delete the
transmembrane domain and introduce a hexa-histidine tag at the C-terminus (SEQ [D No.
31 and No. 32) were also engineered using the PCR. The same 5’-sense oligonucleotide
primer described above was paired with either a 3’-antisense primer that (1) introduced a
translation termination codon after codon 453 (SEQ ID No. 3) or (2) incorporated a hexa-
histidine tag followed by a translation termination codon in the PCR using
pcDNA3.1(hygro)/Hu_Asp-2L as the template. In all cases, the PCR reactions were
performed amplified for 15 cycles using Pwol DNA polymerase (Boehringer-Mannheim)
as outlined by the supplier. The reaction products were digested to completion with
BamHI and Notl and ligated to BamHI and No#l digested baculovirus transfer vector
pVL1393 (Invitrogen). A portion of the ligations was used to transform competent £. coli
DH5a cells followed by antibiotic selection on LB-Amp. Plasmid DNA was prepared by
standard alkaline lysis and banding in CsCl to yield the baculovirus transfer vectors
pVL1393/Asp2, pVL1393/Asp2ATM and pVL1393/Asp2ATM(His)s. Creation of
recombinant baculoviruses and infection of sf9 insect cells was performed using standard

methods.

Expression by transfection_Transient and stable expression of Hu-Asp2ATM and
Hu-Asp2 ATM(His)s in High § insect cells was performed using the insect expression
vector pIZ/V5-His. The DNA inserts from the expression plasmids vectors pVL1393/Asp2,
pVL1393/Asp2ATM and pVL1393/Asp2ATM(His)s were excised by double digestion with
BamHI and Nofl and subcloned into BamHI and NotI digested pIZ/V5-His using standard
methods. The resulting expression plasmids, referred to as pIZ/Hu-Asp2A4TM and plZ/Hu-
Asp2 ATM(His)s, were prepared as described above.

For transfection, High 5 insect cells were cultured in High Five serum free medium
supplemented with 10 pg/ml gentamycin at 27°C in sealed flasks. Transfections were
performed using High five cells, High five serum free media supplemented with 10 pg/ml
gentamycin, and InsectinPlus liposomes (Invitrogen, Carlsbad, CA) using standard

methods.

-56 -



For large scale transient transfections 1.2 x 107 high five cells were plated in a 150
mm tissue culture dish and allowed to attach at room temperature for 15-30 minutes.
During the attachment time the DNA/ liposome mixture was prepared by mixing 6 ml of
serum free media, 60 g Asp2ATM/plZ (+/- His) DNA and 120 pl of Insectin Plus and
incubating at room temperature for 15 minutes. The plating media was removed from the
dish of cells and replaced with the DNA/liposome mixture for 4 hours at room temperature
with constant rocking at 2 rpm. An additional 6 ml of media was added to the dish prior 1o
incubation for 4 days at 27 °C in a humid incubator. Four days post transfection the media
was harvested, clarified by centrifugation at 500 x g, assayed for Asp2 expression by
Western blotting. For stable expression, the cells were treated with 50 pg/ml Zeocin and
the surviving pool used to prepared clonal cells by limiting ditution followed by analysis of

the expression level as noted above.

Purification of Hu-Asp2ATM and Hu-Asp2ATM(His)s- Removal of the
transmembrane segment from Hu-Asp2 resulted in the secretion of the polypeptide into the
culture medium. Following protein production by either baculovirus infection or
transfection, the conditioned medium was harvested, clarified by centrifugation, and
dialyzed against Tris-HCI (pH 8.0}. This material was then purified by sucessive
chromatography by anion exchange (Tris-HCl, pH 8.0} followed by cation exchange
chromatography (Acetate buffer at pH 4.5) using NaCl gradients. The elution profile was
monitored by {1) Western blot analysis and (2) by activity assay using the peptide substrate
described in Example 12. For the Hu-Asp2ATM(His)s, the conditioned medium was
dialyzed against Tris buffer (pH 8.0} and purified by sequential chromatography on IMAC

resin followed by anion exchange chromatography.

Sequence analysis of the purified Hu-Asp2 ATM(His)s protein revealed that the
signal peptide had been cleaved [TQHGIRLPLR (SEQ ID NO: 52)].
Example 11, Expression of Hu-Asp2 in CHO cells

Heterolagous expression of Hu_Asp-21 in CHO-K | cells -The entire coding
sequence of Hu-Asp2 was cloned into the mammalian expression vecter
peDNA3. 1{(+)Hygro {Invitrogen, Carlsbad, CA) which contains the CMV immediate carly

promotor and bGH polyadenylation signal to drive over expression. The expression
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plasmid, pcDNA3.1(+}Hygro/Hu-Asp2, was prepared by alkaline lysis and banding in CsCl

and completely sequenced on both strands to verify the integrity of the coding sequence.

Wild-type Chinese hamster ovary cells {CHQ-K1) were obtained from the ATCC,
The cells were maintained in monelayer cultures in «-MEM containing 10% FCS at 37°C
in 5% CO,. Two 100 mm dishes of CHO-K1 cells (60% confluent) were transfected with
peDNA3. 1{(+YHygro alone {mock) or pcDNA3, 1{(+)Hygro/Hu-Asp2 using the cationic
liposome DOTAP as recommended by the supplier. The cells were treated with the
plasmid DNA/liposome mixtures for 15 hr and then the medium replaced with growth
medium containing 500 Units/ml hygromycin B. In the case of pcDNA3.1{(+)Hygro/Hu-
Asp?2 transfected CHO-K 1cells, individual hygromycin B-resistant cells were cloned by
limiting dilution. Following clonal expansion of the individual cell lines, expression of Hu-
Asp?2 protein was accessed by Western blot analysis using a polyclonal rabbit antiserum
raised against recombinant Hu-Asp2 prepared by expression in E. coli. Near confluent
dishes of each cell line were harvested by scraping into PBS and the cells recovered by
centrifugation. The cell pellets were resuspended in cold lysis buffer (25 mM Tris-HCl
(8.0)/5 mM EDTA) containing protease inhibitors and the cells lysed by sonication. The
soluble and membrane fractions were separated by centrifugation (105,000 x g, 60 min) and
normalized amounts of protein from each fraction were then separated by SDS-PAGE.
Following electrotransfer of the separated polypeptides to PVDF membranes, Hu_Asp-2L
protein was detected using rabbit anti-Hu-Asp? antiserum (1/1000 dilution) and the
antibody-antigen complexes were visualized using alkaline phosphatase conjugated goat
anti-rabbit antibodies (1/2500). A specific immunoreactive protein with an apparent Mr
value of 65 kDa was detected in pcDNA3.1(+)Hygro/Hu-Asp2 transfected cells and not
mock-transfected cells. Also, the Hu-Asp2 polypeptide was only detected in the membrane
fraction, consistent with the presence of a signal peptide and single transmembrane domain
in the predicted sequence. Based on this analysis, clone #5 had the highest expression level
of Hu-Asp2 protein and this production cell lines was scaled up to provide material for

purification.

Purification of recombinant Hu_Asp-2L from CHO-K1/Hu-Asp2 clone #3_Ina
typical purification, clone #5 cell pellets derived from 20 150 mm dishes of confluent cells,
were used as the starting material. The cell pellets were resuspended in 50 ml cold lysis

buffer as described above. The cells were lysed by polytron homogenization (2 x 20 sec)
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and the lysate centrifuged at 338,000 x g for 20 minutes. The membrane pellet was then
resuspended in 20 ml of cold lysis buffer containing 50 mM f-octylglucoside followed by
rocking at 4°C for 1hr. The detergent extract was clarified by centrifugation at 338,000 x g

for 20 minutes and the supernatant taken for further analysis.

The p-octylglucoside extract was applied to a Mono Q anion exchange column that
was previously equilibrated with 25 mM Tris-HCl (pH 8.0)/50 mM B-octylglucoside.
Following sample application, the column was eluted with a linear gradient of increasing
NaCl concentration (0-1.0 M over 30 minutes) and individual fractions assayed by Western
blot analysis and for B-secretase activity (see below). Fractions containing both Hu_Asp-
21, immunoreactivity and B-secretase activity were pooled and dialyzed against 25 mM
NaOAc (pH 4.5)/50 mM f-octylglucoside. Following dialysis, precipitated material was
removed by centrifugation and the soluble material chromatographed on 2 MonoS cation
exchange column that was previously equilibrated in 25 mM NaQAc (pH 4.5)/ 50 mM B-
octylglucoside. The column was eluted using a linear gradient of increasing NaCl
concentration (0-1.0 M over 30 minutes) and individual fractions assayed by Western blot
analysis and for B-secretase activity. Fractions containing both Hu-Asp2 immunoreactivity
and P-secretase activity were combined and determined to be >90% pure by SDS-

PAGE/Coomassie Blue staining.
Example 12. Assay of Hu-Asp2 p-secretase activity using peptide substrates

B-secretase assay -P-secretase activity was measured by quantifying the hydrolysis
of a synthetic peptide containing the APP Swedish mutation by RP-HPLC with UV

detection.

Each reaction contained 50 mM Na-MES (pH 5.5), 1% B-octylglucoside, peptide
substrate (SEVNLDAEFR, 70 uM; SEQ ID NO: 54) and enzyme (1-5 pg protein).
Reactions were incubated at 37 °C for various times and the reaction products were
resolved by RP-HPLC using a linear gradient from 0-70 B over 30 minutes (A=0.1% TFA
in water, B=).1%TFA/10%water/90%AcCN). The elution profile was monitored by
absorbance at 214 nm. In preliminary experiments, the two product peaks which eluted
before the intact peptide substrate, were confirmed to have the sequence DAEFR and
SEVNL using both Edman sequencing and MADLI-TOF mass spectrometry. Percent
hydrolysis of the peptide substrate was calculated by comparing the integrated peak areas
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for the two product peptides and the starting material derived from the absorbance at 214
nm. The specificity of the protease cleavage reaction was determined by performing the p-
secretase assay in the presence of a cocktail of protease inhibitors (8 uM pepstatin A, 10
pM leupeptin, 10 uM E64, and 5 mM EDTA).

An alternative f-secretase assay utilizes internally quenched fluorescent substrates
to monitor enzyme activity using fluorescence spectroscopy in a single sample or multiwell
format. Each reaction contained 50 mM Na-MES (pH 5.5), peptide substrate MCA-
EVKMDAEF[K-DNP} (SEQ ID NO: 58) (BioSource International) (50 pM) and purified
Hu-Asp-2 enzyme, These components were equilibrated to 37 °C for various times and the
reaction initiated by addition of substrate. Excitation was performed at 330 nm and the
reaction kinetics were monitored by measuring the fluorescence emission at 390 nm. To
detect compounds that modulate Hu-Asp-2 activity, the test compounds were added during
the preincubation phase of the reaction and the kinetics of the reaction monitored as
described above. Activators are scored as compounds that increase the rate of appearance

of fluorescence while inhibitors decrease the rate of appearance of fluorescence.

It will be clear that the invention may be practiced otherwise than as particularly

described in the foregoing description and examples.

Numerous modifications and variations of the present invention are possible in light

of the above teachings and, therefore, are within the scope of the invention.

The entire disclosure of all publications cited herein are hereby incorporated by

reference,
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Pro
400

Ser

Phe
415

Tyr

Ser Pro

Fro Phe

Leu Ser

Cys Gly

480

Arg
495

Cys

Ser Leu

gcctgcecac
cceceetgggg
gggcagcttt
ggagatgacc
taactttgeca
gtccagcaca
ggaaggggag
tgccaacatt
aggcatcety
ctttgactct

60

120
180
240
300
360
420
480
540
600


IP-TEMP
Pencil

IP-TEMP
Pencil

IP-TEMP
Pencil


ctggtaaage
ceccecteaaco
gaccactoego
gaggtcates
tacaactatg
gitgtttgaag
ggtitetgge
ttoccagtea
atccttooge
tacaagitig
ggctictacg
catgtgcacg
gaagactgtg
gtcatggetg
cgctgectce
aagtgaggag
otttggteac
ccacgeacea
ggactgtacc
cttggtcace
. ttgtocacea
grtactggeat
agaceaaget
tgetttagag
attaazaaaa

€Z210= 4
<211» 501

- «21Z> PRT

<213> Homo

<H00> 4

Met Ala Gln

1

Leu Fro Ala

Giy Leu Gly
35

Glu Glu Pro

50

Asp Asn Leun

&5

Val Gly Ser

agacocacgh
agtoetgaagt
tgtacacagg
ttgtgeggyt
acaagagoat
ctgoagtcas
Laggagagoa
tocteacteota
agcaatacct
cratcteaca
ttgtotitga
atgagttoay
gctacaacat
aeatotgege
gotgeotgeyg
geccatgggoe
aagtaggaga
aatgcotetg
Lgtaggaaac
tcaaatttaa
ttcetttasna
cacacgcagy
tgtttccety
acagggacty
FEEEEE LT

sapiens

4lz Leu Pro

5

toooaacceio
gotggoctet
cagtobolgy
ggagatcaat
tgtgoacagh
atccatcaay
getggbgtge
cotaatggyt
geggeeagty
gteatocacy
togggooega
gacggcaygey
teccacagaca
cototteaty
cecageagean
agaagataga
cacagatgge
cotigatggs
agaaaayaga

teogggaaat
titcetecaace
ttacottgge
ctggocaaay
tataaacaay
aanaanasag

ttetecctge

gtoggaggga
tatacacooa

_ggacaggate

ggCaccacca
gaagectoct
tggcaagcag
gaggttaceca
gaagatgtgyg
ggcactgtta
aaacgaattyg
gtggaaggce
gatgagtcaa
ctgecactet
gatgactttig
gattecocotg
acotgtggos
Jaaguazasyg
agaaagaago
tetgotgett
cagagtatte
gtgtgtocot
teagtaggay
cotascattyg

Trp Leu Leu Leu Trp

10

His Gly Thr Gln His Gly Ile Arg

20

25

Gly Ala Pro Leu Gly Leu Arg Leu

40

Glu Glu Pro Gly Arg hrg Gly Ser

55

Arg Gly Lys Ser Gly Gln Gly Tyr

7%

Pro Pro Glnn Thr Leu Asn Ile Lau

#5

Tyx

Tyr

Lsu
145

Asn

Gin

Val

130

Val

Fhe
Arg
115

BFro

Seyr

Ala
100
Gin

Ty

Ile

Val

Leu

Thx

Pro

Gly

Ser

Gln

His
156

Ala

Ser

&Gly

135

Gly

Ala

Thr
1258

80
Pro His Pro
185
Tyr Arg Asp
Trp Glu Gly
Asn Val Thr

155

-64.

agetttgigy
gocatgatcat
teeggeggyga
tgaaaatgga
accttogtitt
ccacggagaa
goaccacece
accagtoctt
ccacgtcoca
tgggagetgt
getttgetgt
ctittgtcac
coctcatgac
gecteatggt
ctgatgacat
gacoacacet
agagcacchc
getggeazgy
actectgetgy
gaaacticag
ttotttoott
gtggtaccet
aggatgcaca
grgraaagat

Met Gly Ala

Leu Pro Leu
30

Pro Arg Glu

45

Phe Val Glu

60

tgotggotic
tggaggtatc
gtggtattat
CcLgolaggay
gJoocdagasa
gttccoctygat
ttggaacatt
cogeatoace
agacgactigt
tatcatggayg
cagegoetbtge
cttggacatg
catagcectat
gtgtcagtgy
ctcectgety
cogtggttea
aggaccctee
tgggttccag
cgggaatact
ceectgaacct
agtttcagaa
ggcagagaag
grttgectatt
tgoctcttga

Giy Val

Thr Asp

Met Val

Tyr Val Glu Mst Thr

g0

Vel Asp Thr Gly Ber

a5

Phe Leu His Arg Tyr
110

Leu Arg Lys Gly Val

125

Glu Leu Gly Thr Asp

140

Val Arg Ala Asn Ile

140

64

120

Tao

840

%00

560

1020
1080
1140
1200
1260
1320
138Q
1440
15040
1560
1620
1680C
1740
1800
1860
1920
1880
20406
2070
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IP-TEMP
Pencil

IP-TEMP
Pencil

IP-TEMP
Pencil


Y Ala
Glu
- Ber
| Asn
Ser
22%
| Bsp
Glu
Asp
Asp
Ala

305

Gly

Pro
Ile
385
Gly
Val

Gly

eln

¢ Iie C

465

Ala
Gly
Lau

Lau
216

Ser
2580
Yal
Phe
Trp
Asn
val
370
Sar

Phe

Ser

Ile

Ile

Glu

185

Phe

Val

Ser

Tyvr T

Lys
275
Gly
Liys
Trp
Azn
Gln
355

Glu

Gln

Phe
435

Asp

ala

Thr

Len

1890

Pro

Sar

Len

Leu

Thy

Ser

Lewn

ile

240

Ber

AsD

der

Val

Cys

420

Val

Glu

Leu

Glu

165

Gly

Fhe

Leu

Ala

Tyr
245

Gla ¥

Asp
Thr
Ile
Gly
325
Fhe
Phe
Val
Ber
Val
49058
His
Thr

Ber

Fhe

Sexr

Leu

Phe

Gln

Ser

230

Thr

Cys

Asn

Glu

Fro

Aryg

&la

Thy

399

Phe

Val

Leu

Thy

Mat
470

Asp

Als

Asp

Leu

215

Val

Gly

Ile

Lys

Leu

295

Alz

Gln

Val

Tle

Thy

375

Gly

Asp

His

Asp

Len

455

ieu

Lys

Tyx

Ser

200

Cys

Ile

Glu

280

Arg

Ala

Leu

Iie

Thr

360

Thy

Arg

&sp

HMat

440

Mat

Pro

Phe
Ela
18%

Leu

Gly

Val

285

Tyr

Lau

Ser

Val

Ser

345

Ile

Gln

Val

Ala

Glu

425

Thr

Leu

Phe
170
Val

Ala

Trp
250
Arg

Asn

Ser
Cys
330
Leu
Leu
As§
Met
Arg

410

Phe

Cys

Ile

Ile

Yal

Tyr

Lys

315

Trp

Tye

Fro

Asp

Gly

385

Lys

Arg

Cys

Ala

Leu
475

65

Asn

Ala

Gln

Phe

220

Thr

Glu

Asp

Lys

2040

Giu

Glin

Ly

Gln

Cys

380

Ala

Arg

Thr

Gly

Gly

Aryg

Thr

205

Pro

Fro

Ile

Lys

285

Yal

Mel

Gln

385

Tyr

Val

Tle

Ala

Tyr

- 445

Tyr
460

Mot

¥al

val

Ser

Pro

120

His

Leu

\:ly

Ile

Asn

2710

Ser

Phe

Phe

Gly

Gly

350

Tyr

Lya

Tle

Gly

Ala
430

Asn
175
Asp

Yal

Asn

Giu

Pro

Thr °

335

Glu
Leu
Phe
Met
Phe
?lS

val

Asn Il=

Met

Cys

Blia

Gln

Trp

Asp

Pro

Gl

Ile

240

Arg

Gln

Val

Ala

Asp

320

Val

Arg

Ala

Giu

400

Als

Glu

Pro

Ala

Trp
480


IP-TEMP
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IP-TEMP
Pencil

IP-TEMP
Pencil


Arg Cys Lewn Arg Cys Leu Arg Gln Glin His Asp Asp Phe Ala Asp Asp

485

Ils Ser Leu Leu Lys

210> 5

<211» 1877
T 212> DHA
<213%» Homo

<400> B

atggeocaayg
ggcacccage
ctgoggetge
gtggagatgy
gtgggoagcee
gtgggtgctg
taccgggace
ctgggeaccyg
gctgccatcea
gggciggect
gaagtgctgg
acaggcagte
cgggtggaga
agecattgtgg
gtcaaatgea
gagcagetgyg
ctctacctaa
tacctgogge
tcacagteat
tttgatcggg
titcaggacgyg
aacattccac
tgegecotet
ctycgocage
tgggoagaag
ggagacacag
ctetgaottyg
gaaacagaaa
tttaagteogy
ttazattete
gaaggttace
coostgotgge
gacigtataa

<210> 8

<Z1i>» 476
<2i2» puy
£213> Howo

<400> &

500

sapliens

ccotgcoetg
acggeateey
cecogggagac
tggacaacct
cooogoagadc
CCCCCCACaa
tceggaaggyg
acctggtaag
ctgaatecaga
atgectgagat
cctctgtogg
tectggtatac
tcaatggaca
acagtggcac
toaaggcago
tgtgotggea
tgggtgaggt
cagtggaaga
ccacgggoac
ccocgaaaacy
cageggtgga
agacagatga
teatgetgee
agoatgatga
atagagattc
atggcaccetyg
atggagaagy
agagaagaas
gaaattcotge
cascocaaay
ttggegtgtyg
czaagtoayt
acaagootaa

&

Lens

4t
e

a

getectgotg
gehtgoecooiyg
cgacgaagay
Jaggggeaad
gctcaacate
cticctgoat
tgtgtatgtyg
catoooceat
caagttette
tgeocaggett
agggagcatg
acccatoogy
ggatctaaaa
caccaacctt
ctoctocacy
agoaggeacoe
taccaaccag
tgtggocacy
tgttatggga
aattggettt
aggecotttt
gtoaacoote
actetgecte
ctttgotgat
cootggacea
tygocagage
sasagygotyy
gaageactot
tgottgaaac
tattettbett
tocotgtagt
agaagagoat
cattggigoa

490

tggatygggeg
CgUagegaes
chocgaggage
teggggoagyg
ctggtggata
cgotactace
cootacacce
ggeoccaany
atcaacggoet
tgtggtgety
atcatiggag
cgggagiggt
atggactgoa
cgttigoesa
gagaagttce
acccotigua
tectteoogoa
toocaagacyg
getgtratea
gotgtesgeg
gtecacottygg
atqaccatay
atggtgtgte
gacatcteea
cacctoogty
acctoaggac
caaggtgggt
gotggeggga
tteagooety

tettagtit
accctggeayg
geacagtity
aagatigeck

Met Ala Gln Ala Leu Pro Trp Leu Leu Leu Trp

1

Leu Pro Ala Mis Gly Thr Gln His Gly

Gly Leu Gly Gly Ala Pro Leu Gly Leu

5

20

35

40

ERY

Ile Arg
25

Brg Leu

-66-

cgggagtyget
tgaggggcye
ceggoeoggay
getactacat
gaggcageay
agaggoaget
agggoaagty
teactgtygey
ceaactygga
gottooooot
gtatogacoa
attatgaggt
aggagtacan
agaaagtgtt
ctgatggttt
acatttteooe

caccatoot

actgttacaa
‘tggagggott

cttgooatgt
acatggaaga
cetatgtceat
agtggegety
tgotgaaghtyg
gtteacttty
cotoeocace
tecagggact
atactottyg
aacohttgte
cagaagtact
agaagagacc
ctatitgett
chttgaaaaaa

435

goelgoeaas
coeactggyy
ggguagetit
gygagatygace
taactttgea
gtecagoaca
ggaaggyygay
tgocaascatt
aggecatoctg
caaceagtot
ctegobgtac
gateatigtyg
ctatgacaayg
tgaagehgosa
ctggctagga
agtoatotea
COgCAgCaR
gtttgeeate
ctacgtigte
gracgatgay
ctgtggetac
ggotgocato
cotoecgetge
aggaggocca
gtcacaagta
caccaaatgce
gtacctgtag
teacctoaaa
caccattect
ggcatcacac
aagetigitt
tagagacaqgg
aazaaaa

Met Gly ARla Gly Val

15

Leu Pro Leu Zrg Ser
30

Pro Arg Glu Thr Asp

45

&40
124
18aq
240
300
360
420
480
540
800
&89
72d
780G
84C
900
560
1620
1338
1140
1200
12690
1320
1380
1440
1500
1560
1620
1680
1740
1800
1880
1220
1977
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Pencil
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Asp
65
Val
Ser
Tyr
Tyr
Leu
145
Ala
Glu
Ala
Ser
Trp
225
Arg
Asn
Pro
Ser
Cys
305
Leu

Leu

Asp

Glu

50

Asn

Gly

Asn

Gln

Val

130

Val

Ala

Gly

Gly

Met

210

Tyr

Val

Tyr

Lys

Thr

290

Trp

Tyr

Pro

Asp

Pro

Leun

Ser

Phe

Arg

115

Pro

Ser

Ile

Ile

Phea

185

Ile

Thr

Glu

Asp

Lys
275

Glu

Gln

Leu

Gln

Cys
355

Glu

Arg

Pro

Ala

100

Gln

Tyr

Ile

Thr

Leu

180

Pro

Ile

Fro

Ile

Lys

260

Val

Lys

Ala

Met

Gln

340

Tyr

Glu

Gly

Pro

85

Val

Leu

Thr

Pro

Glu

165

Gly

Leu

Gly

Ile

Asn

245

Ser

Phe

Phe

Gly

Gly

325

Tyr

Lys

Pro

Lys

70

Gln

Gly

Ser

Gln

His

150

Ser

Leu

Asn

Gly

Arg

230

Gly

Ile

Glu

Pro

Thr

310

Glu

Leu

Phe

Gly

55

Ser

Thr

Ala

Ser

Gly

135

Gly

Asp

Ala

Gln

Ile

215

Arg

Gln

Val

Ala

Asp

295

Thr

Val

Arg

Ala

Arg

Gly

Leu

Ala

Thr

120

FPro

Lys

Tyr

Ser

200

Asp

Glu

Asp

Asp

Ala

280

Gly

Ero

Thr

Pro

Ile
360

Arg

Gln

Asn

Prc

105

Tyr

Trp

Asn

Phe

Ala

185

Glu

His

Trp

Leu

Ser

265

Val

Phe

Trp

Asn

Val

345

Ser

Gly

Gly

Iie

90

His

Arg

Glu

Val

Phe

170

Glu

Val

Ser

Tyr

Lys

250

Gly

Lys

Trp

Asn

Gln

330

Glu

Gln

Ser
Tyr

75
Leu
Pro
Asp
Gly
Thr
155
Ile
Ile
Leu
Leu
Tyr
235
Met
Thr
Ser
Leu
Ile
315
Ser

Asp

Ser

-67-

Phe

60

Tyr
Val
Phe
Leu
Glu
140
Val
Asn
Ala
Ala
Tyr
220
Glu
Asp
Thr
Ile
Gly
300
Phe
Phe

Val

Ser

Val

Val

Asp

Leu

Arg

125

Leu

Arg

Gly

Arg

Ser

205

Thr

Val

Cys

Asn

Lys

285

Glu

Pro

Arg

Ala

Thr
365

Glu

Glu

Thr

His

110

Lys

Gly

Ala

Ser

Leu
1%0

val

Gly

Ile

Lys

Leu

270

Ala

Gln

Val

Ile

Thr
350

Met

Met

Gly

95

Arg

Gly

Thr

Asn

Asn

175

Cys

Gly

Ser

Ile

Glu

255

Arg

Ala

Leu

Ile

Thr

335

Ser

Gly Thr

Val

Thr

80

Ser

Tyr

Val

Asp

Ile

160

Trp

Gly

Gly

Leu

Val

240

Tyr

Leu

Ser

Val

Ser

320

Ile

Gln

Val

»L{-j"

[ RS
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Met Gly

370

Arg
285

Lys
Phe Aryg
Cys

Ile ARla

Ala

Arg

Thr

Gly

Tyr

Val Ile

Ile Gly

Mat

Phe

Glu
3715

Gly

Ala Val

386G

Ala Ala

1G5
Tyr Asn
420

1

Melb

435

Leu
450

Cys

His
465

Asp

<210>
«Zii>
<zZliz»
<213

7
2043
DA

<400> 7

Tatggcooooay
ggaacceate
ctgaggetge
gtggagatggy
gtaggeagoo
gtgggygoty
tatcgagace
ctgggecaccy
gotgecates
gggotggcect
ctyggtgaage
coccteaaae
gaccactogo
gaagtgatca
tacaactacy
gtatttgaag
ggottttgge
tteccagtca
atcocttoote
tacaaghtoyg
ggtitetaty
catgtgeacy
gaagactgty
gtoatggcgg
cgotgectge
aagtaagyag
ctttggloeac
caccaaccty
gggctigeac
cottaggeas
ctgeecsgea
tggegtoata
zatcteatte

Met

Asp

Val

Phe

Val

Ala

Gln

A=zp

Glu Gly

Fro Gln

Ala Ile

440

Trp
455

Arg

Bsp Tle

470

Mus musculus

cgoigecactg
toggoeatecg
coogggagac
tggacaacet
ccoccacagac
CCCCACATOr
tocgaaaggy
acctggtgag
ctgaategga
atgoetgagat
agacccacat
agacegagyo
catacacgygy
ttgtacgtgt
acaagagecart
ctgoegtcaa

taggggagea

ttteoactita
agcaatacet
ctgtctcacs
teghottoga
atgagttcag
gutacaacat
coatchgoge
gttgooetgey
gotegtgggc
atgagttgyga
coaatgette
ctgtaggaca
caczaactty
tootittagayg
ctocaggoltac
cctgetggeo

gotecctgeta
goetgoeactt
tgacgaggaa
gagggganaq
gctcaacahs
Ltheoctgeat
tgtgtatgty
catcoctcat
cgagttottc
tgocaggoos
tcagaacate
actggeetoy
cagictctgy
gyaaatcaat
tgtggacagt
gtonatcaag
gotggtgige
ccteatyyyt
acggeeggny
gtoatccacy
togagoecgsa
gacggoggos
togtoagaca
cotetteaty
coaccageac
agatgatgga
gotatggaty
tggogtogaca
caggagagqgg
agttggaaat
totocoaacct
coggcatghy
aaagtcages

Phe Tyr Val

Ser Ala

Cya
3958

Pro Phe Val

Thr
425

Glu

Lau

Leu Arg

Leu Leu

475

tgggtgggct
cgeagoggee
teggaggage
tooggooagy
ctggtggaca
cgeotactace
coctacaceo
ggcaccaacyg
atcaatgygit
gasgactett
titteceectge
gtgggaggga
tacacacecca
ggtoaagatc
JgYaccaces
goageataot
tggcaageay
gaagtcacca
gaggacgtgyg
gocactgtia
aagogasttg
gtggaaggtc
gatgagtcaa
ttgecactot
gatgacttiyg
gacgeceechy
gtacctgtgy
gaacagagaa
aaggaagoag
ttrgotgett
aaagtattet
tcectgtggt
gaagaaggtyg

68-

Val
380

Phe

His ¥al His

Thr Lew Asp

Ser Thr Leu

430
Fhe Met
445

Leu

Cys Leu

460

Arg

Lys

cgggaatget
tggeagggee
ctgguoggag
getactatgt
cgggcagtay
agaggcaget
agggeaagtyg
toactgtgeog
ccaactggyga
tggagooott
agetetgtgy
geatygateat
tooggegygga
toasgatgga
accttogett
cgacggagasa
goacgaccoo
atcagtoctt
cracgocca
tgggageegt
getitgotgt
cgttigttac
cacttatgac
gocectoatggt
ctgatgacat
gaccacatcet
coagaycace
atcaggeaaqg
cgttebtggtyg
gaagettecayg
ttatgtectt
acectggeag
aagtttgceca

Asp

Arg Ala

Asp Glu

400

Metl
415

Glu

Met Thr

Pro Leu

Gln

gcctgeoeay
acccetagyge
aggeagctit
ggagatgacc
taactttgea
gtoeageaca
ggaygygygygaa
tgccaacatt
gggecatcota
ctttgacteo
cgetggette
tggtggtate
gtggtattat
chgeaaggag
goccaagaaa
gttcceggat
ttguaacatt
cogeatcaco
agacgactgt
catcatygas
cagegetige
ggeagacatyg
catagcctat
atgtoagtgg
ctocctgetc
gggtggthtce
tecaggacoot
ctggattaca
goaggaatat
coctgacoot
ceagaagiac
agaasgggce
gttgctttag

&0
124
160
240
300
360
4240
430
540
500
660
720
TBG
340
A4
8960
1320
1080
114C
1206
12690
1320
1380
1440
15040
1560
1620
1680
1740
1800
1860
1920
1980
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tgatagygac tgeagactca agoetacact ggtacaaaga ctgeogtoetig agataazcaa 2040
- gaa 2043

<210> 8

<Z2il> 501

<212> PRT

<213» Mus musculus

<400> B
Met Ala Pro Ala Leu His Trp Leu Leu Leu Trp Val Gly Ser Gly Met
1 5 10 1

Lew Pro Ala Gln Gly Thr His Leu Gly Ile Arg Leu Pro Leu Arg Ser
20 25 30

Gly Leu Ala Gly Fro Pro Len Gly Leu Arg Leu Pro Arg Glu Thr Asp
35 40 45

Glu Giu Ser Glu Glu Pro Gly Aryg Arg Gly Ser Phe Val Glu Met Val
Asp Asn Leu Arg Gly Lys 8er Gly Gin Gly Tyr Tyr ¥al Glu Met Thr
65 70 75 8a

¥al Gly Ser Pro Pro Gln Thr Leu Asn Ile Leu Val Asp Thr Gly Ser
85 CHH 95

Ser Asn Phe Ala Val Gly Ala Ala Pro His Pro Phe Leu His Arg Tyr
100 105 i10

Tyr Gln Arg Gin Leu Ser Ser Thry Tyr Arg Asp Leu Aryg Lys Gly Val

118 120 125

Tyr Val Proc Tyr Thr Gln Gly Lys Try Glu Gly Glu Leu Gly Thr Asp
130 135 140

Len Val Ser Tle Pro His GLly Pro Asn Val Thr Val Arg Ala Asn Ile
145 150 155 160

Ala Bla Ile Thr Glu Ser Asp Lys Phe Phe Ile Asn Gly Ser Asn Trp
165 17¢ 175

Giu Gly Ile Leu Gly Len Ala Tyr Ala 8lu Ile Ala Arg Pro BAsyp Asp
180 185 180

Ser Leu Glu Pro Phe Phe Asp Ser Leu Val Lys Gln Thy His Ile Pro
195 200 205

Asn Ile Phe Ser Leu Gln Lew Cys Gly ARla Gly Phe Pro Leu Asn Gln
210 215 220

Thxr Glu Ala Leu Bla Ser Val Gly Gly Ser Met Ile Ile Gly Gly Ile
225 230 235 240

Azp His Ser Leu Tyr Thr Gly Ser Leu Trp Tyr Thr Pro Ile Arg Arg
245 250 255

Glu Trp Tyr Tyr Glu Val Ile Iie Val Arg Val Glu Ile Asn Gly Gln
260 2865 270

Lsp Leu Lys Met Asp Cys Lys Glu Tyr Asn Tyr Asp Lys Ber Ile Val

-69-
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275

Ser
290

= Asp Gly

Ala
305

Val Lvs
Trp
Asn

& Thy Gln

355

Aan

Yal
370

Fro

-Val
385

Ser

Phe Tyr

Val Ser Alaz

Gly ?he

Gln Thr

450

Asp

Tle
465

Cys Ala

Arg Cys Leu

Ile Ser Leu

<210> o

<Z11l> 2088
<212> DNA
<213> Hono

<440> 9

atgetgeeeg
cocactgatyg
ctgaacatge
acetgeatig
cagatcacoa
ggocgeaage
gagttigtas
. atggatgttt
zagagtacca

ggggtagagt

Gin 8

Thr Thy

Sexr Ile

Lys

280

Lew
285

Arg

Ala Ala S

310

Gily
325

Ile
34D

Phe

Ser Phe

Gliua

Pro

Arg

Val Ala

Thr

Gin Leu

Val Tle S

Ile Thr

360

Thr
375

Ser G

Gly Thr

390

Val Val

405

Cys His

42C

Val Thr
Glu

Ser

Leu Fhe

FPhe

Val

Bla

Thz

Met

Asp Arg

Hisz Asp

TLen

Val

Ala

Glu

Lys

Ser Thr

315

. C¥s
330

Tzp

Leu

Leu

in Asp

385

Arg
410

Lys

Phe Arg

425

Met G
440

Asp

Leu Met

455

Leu

470

Arg Cys

485

Leu
500

Lys

saplens

gtttggeact
gtaatgetgg
acatgaatgt
ataccaagga
atgtggtagza
agtgeaagac
gtgatgooct
gogaaactca
acttgoatga
ttgtgtgttg

Lau

Arg

gcetectgety
cetgetgget
ccagaatggy
aggcatootyg
agocaaccas
ceatoouoac
tctogttoct
tottcactgy
ctacggeaty
cecactggeb

Thr

Leu

lu Asp Cys

Ile Ala

Len
475

Cys

His
490

Asp

geoogootgga
gaacocccaga
aagtgggatt
cagtattgeco
ceagrgacea
tttgtgattc
gacaagtgca
cagacegteyg
ttgctgeect
gaagaaagty

-70-

285

Lys Val Phe

300

Glu Lys Phe

Gln Ala

Gly

Leu Met Giy

350
Gln Gin
365

Tyr

Cys
380

TYr Lys

Ala Val Iie

Arg Ile Gly

Thr Ala BRla

4320
Gly Tyr
445

Asn

Tyr Val

460

Met

Met Val Cys

Phe Ala

cggoetoggye
ttgoccatgtt

cagatccato
aagaaglcta
tecagaactyg
cotacogetyg
aattctiaca
coaaagagac
goeggaatiga
acaatgtgga

Glu Ala

Pro Asp

320

Thr
335

Thr

Glu Val

Leu 2&rg

Phe Ala

Met Gla

400

Fhe
415

Ala

¥al Glu

gro

Ala Ala

Gln Trp

480

Asp
495

Asp

gotggaggta
ctgtggcaga
agyggaccaaa
coctgaacty
gtgcaagogy
cttagttgut
coaggagady
atgcagtgay
caagttooyga
Ltetgetgat

60

120
180
240
300
360
420
480
540
800
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goggeggady
agtgaagaca
gaagecygaty
coctacgaadg
gagtotgtyy
gacaagtate
gagagyettg
geagaacgte
caggagaaag
acacacatgg
tacatcacey
aagtatgtoo
cgoatggtoyg
gtgatttatyg
gaggagatte
gtcttggeca
tetttgacoyg
gacgatocteo
gasgttgage
totgggttga
cgacatgact
ggttezaaca
atcgteataa
gtggagygtty
ggetacgaas

<Zi0> 10

<211> 685
<Z212>» BET
<213» Homo

<400> 10
Met
1

Ala Leu

Gln

Asn Gly

50

Thr
65

Lys

Gin Ile

Cys

Pro

Pro
130
Glu Thr
145

Glu
Ala
35

Lys

Lys
Ty
118

Asp

His

atgactegga
sagbagtaga
atgacgagga
aagecacaga
aagaggtygt
togagacace
aggocaagosa
aagoaaagasa
tggaatcttt
cecagagtgga
ctotgeagge
goegeagaaca
atocccaagaa
agegeatgaa
aggatgaagt
acatgattag
aaacgasaac
agcegtggea
cbgttgatge
caaatatosa
caguatatga
aaggtgceaat
cettggtgat
acgeogetgt
atccaaccta

sapiens

Leu Pro Gly Leuw Ala

5

Val
z0

Met,

Tle L
Val v
85
Gly A
z Cys L
Lys

Cys L

Leu
1

Pro Thr

Phe Cys

Asp Ser

Hig Tryo

tgtctyggtag
agtagcagay
cgatgaggat
gagaaccaco
togagtticoct
tggggatyagy
cocgagayaga
cttgcetaaa
goaacaggas
agoaatgeto
tgttocteet
gaaggacaga
ageogotoag
teagtototo
tgatgagety
tygaaccaagg
cacegtguay
ttettttggyg
cogeeatget
gacygaygayg
agttcateat
cattggacio
gotgasgaag
cacoocagag
caagttottt

Leu Leu

Asp Gly

Gly Arg

40

Asp Pro

55

ey Gln

70

al Glu Ala

rg Lys Gln

su Val Gly

120
Fne Leu
135

Vi

His Thr

50

Lau

ggcgygagcay
Jaggaagaag
ggtgatgagy
ageattgoca
acaacagcay
aatgaacatyg
atgtoccagy

ctgataaga
gcagooaany
aatgacoygoe
aggoctogto
cagracacoQ
atocggtceeo
teeotgotet
cttcagaaag
atcagttacg
otectteoooy
gotgactotyg
guogacegay
atotatgaag
caaazaattgy
atggtyggeg
asacagtaca
gagogocase
gageagatyge

Leuw Ala

10

Leu

Ser

Cys

Asn

cys

105

Glu

His

Val

Ala

Asn

Gly

Gln

Gln

a0

Lys

Fhe

Gin

Ala

Gly

Met

Thr

Glu

15

BPro

Thr

Jal

Zlu

Lys
155

-71-

acacagacta
tggctgaggt
tagaggaaga
ceagcaceac
ceagtancee
coecattiocs
teatgagaga
aggeagttat
agagacages
geogootgge
acgtgttoaa
tazageattt
aggttatgac
acaacghgoo
ageazaacta
gaaacgatge
tgaastggaga
tgogageoas
gactgacoag
tgaagatgya
tgttetttge
gtgttgteat
catcoecattca
tgtceccaagat
agaactag

Ala Trp

Ala
30

Leu Leu

His Met Asn

45
Lys Thr
&0

Cys

Val T Pro

Yal Thr Ils

His
110

His Pro

Ser Asp Ala

125

Met Asp

Giu Thr Cys

Thx

e

tgcagatgey
ggasgaagaa
ggctgaggaa
caccaccaca
tgatgoecott
gaaagooaas
atgggazgag
ceageatite
gotggtggag
cotggagaan
tatgetaaag
cgageatgty
acacctoogt
tgcagtgycc
tteagatogsac
tobtestgoca
gticagccty
cacagaaaac
togaccagygt
tgcagaattc
agaagatygtyg
agegacagty
tcatggtgtyg
Joagcagaac

Als
15

Arg

Glu Pro

Val Gln

Ils

Glu Leu

80C

Gin
a5

Asn

Fhe

Val

Leu Leu

Vel Cys

S=2r Glu
166

860

720

780

8B40

900

550

1020
1080
1149
1200
1260
1320
1380
14490
1500
1560
1620
1680
1740
1800
1860
1520
1980
2040
2088
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Lys

Asp

Tre

Val

225

glu

Glu

Ala

Val

Glu

345

Glu

Glu

- Lys

- Gin

Arg

385

Tyx

Asn

Thr

ry
P A65

Ser

Lys

-t:ie

Trp
210

Val

Ala

Pro

230

Thr

Arg

Trp

Lys

Gia

310

Val

Iie

Metl

Leu

Gin
450

Thy
Phe
Asn

195

Gly

Preo

Leun

Glu

Blz

353

Ala

Glu

Thr

Leu

Lys

435

Ile

Asn

Amn
Arg
180
Val
Gly
Val
Asp
Glu
260
Thr
Tar
Gly
Glu
Glu
340
Val
Ala
Ala
Alz
iys
420

Ary

Gin

Ley

165

Asp

El=m

Ala

Esp

245

Pro

Thr

Ala

Asp

Ala

325

Ala

Ile

Asn

Mat

Leu

4355

Lys

Phe

Ser

Sexr

Hisg

Val

Ser

Asp

Gluo

230

Glu

Alz

1

L%

31iC

Lys

Glu

Gln

Gla

Len

330

Gin

Ty

sin

Gln

leuw
470

Rap

Glu

Als

Thr

215

Gilu

Asp

Glu

Thr

Ser

295

Asn

His

Arg

His

Arg

375

Asn

Alz

Yal

His

Val

455

Ser

Tyr

Phe V

Asp

2G40

Asp

z1la

AspD

Glu

Thr

280

Glu

Arg

Gln

Phe

380

Gin

Asp

Val

Aryg

Leu

Ala

Tvr

Glun

Glu

Ala
265

Glu
Ala
345

Gl

Gln

Ala
425

3OAryg

Thr

Lau

Met
170
Cys
Giu
Ala
Yal
Rsp
2540

Thr

Ser

Ala

Arg

330

Lys

Glu

Leu

Axg

Pro

4146

Glua

Met

His

Tyr

Leu

Cys

Glu

Asp

Ala

235

Gly

Glu

¥Yal

Alz

His

315

Met,

Asn

Lys

Val

Arg I

385

Arg

Gln

Yal

Leu

&an
475

“F2e

Leu

Pro

Asp

Gly

220

Giua

Asp

Arg

Glu

Val

364

Pha

Gaxn

Leu

Val

Gla

38O

Fro

Lys

Asp

Arg

450

Val

Pro

Ten

Asp

205

Ser

Val

Gla

Thr

Glu

285

Asp

Gin

Pro

Glu

3635

Thr

Ala

Arg

Azp

FPro

445

Yal

Fro

Cys
Ala
130

Ser

Glu

Yal
Thr
214

Val

Lys

Val

Lys
350

‘Ser

His

Leu

His

Arg

430

L.ys

Ile

Ala

Gly

175

Glu

Asp

Asn

Glu

Glu

255

Ser

Val

Tvr

Ala

HMet

335

Ala

Leu

Tyr

Yal

Ile

Glu

Val

Lys

Glua

z4u

Ils

Ayg

Leu

Lys

326

Arg

Aszp

Glu

Ala

Asn

400

His

Ala

Glu

ARla
480
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Glu Glua

Ser

Tyr

Tyr Gly

Ile

Asp

Asn

Gln Asp

485
Asp Val
500

Azp Ala

515

Yal
530

Pro
545

Trp

Giu Val

Thr Arg

Glu Val

His His

610
Gly Ala
625

Val

His His

His Len

Phe Phe

840

<210> 13

<Z11» 2088
<212> DNA
<213>» Homo

<400» 131

atgctgeceyg
ceeactygatg
ctgaacatgao
acctgoattg
cagatozcca
ggeogeaage
gagtttgtaa
atggatgttt
aagagtacca
ggagtagagt
geggaggagy
agtyaagaca

Giu Leu

His

Glu

Fro

Lys

595

Ile

Ile

Gly

Jer

675

Glu

Lev Pro

Ser Phe

Glu

Leu

Leu

Yal

Gly

Val Asp

Ala Asn

Giu

Mat Ile

Leu Leu

480

Ser

505

Met Pro
Asn
535

Ala Asp

550

Val
565

Pro

Gly SBer

580

Mel Asp

e

Lys

Ile Gly

Asp

Gly

Ala

Y¥al

Leu

Ala Arg

: Thr

Bar

Glua

Ser

Pro

Asn

Len Thr

Phs Ser

Val Pro

5585
Ala Ala
570G

Ile Lys

585

Glu Phe

600
Fhe Phe
g18

Met Val

630

Thr Leu

645

YVal
660

Yal

Lys HMet

Gln Met

sapiens

gtttggcact
graatgotyg
acatgaatgt
ataccaagga
atgtggtaga
agLgecaagae
gtgatgcecet
gegaaactca
acttgcatga
ttgtgtgityg
atgactogga
aagtagtaga

Val

Glu val

Glin

Gln

Met Leu

Asp

Arg

Ala

Lys

Ala

His Asp

Glu Asp

Val
635

Gly

Lys
650

Lys

Ala Val

665

Gln Asn

880G

Asn
5495

gctooctgetg
cotgetgget
ceagaatggy
aggcatcetyg
agecaaccaa
cratecccoceac
totegtiect
tctteactyg
ctacggcatg
ceccactgget
tgtetggtag
agtagcagay

Gly

Tyr Gla

geogectgga
gaaccocooaga
aagigygatt
cagtatigeo
coagtgacca
tttgtgatic
gacaagtgea
cacacogteg
ttgetgecect
gaagaaagtg
ggiggagcag
gaggaagaag

-73-

Gin Lys Glua

Proe Arg

510
Gla %hr
525

Lys

Leu
540

Asp Asp

Ala Asn Thr

Asp Arg Gly

Thr Glu Glu

580
Ser Gly
605

Tyr

Yal
624

zly Ser

Val Ile Ala

Gln Thr

Thr Glu
&70

Pro

Fro
685

Zan Thr

cggeteggyce

tgceatgit
cagatceato
zagaagtota
tcoeagaacty
cctacegetyg
aattcttaca
ccaangagac
gcggaattga
acaatghgga
acacagacta
tggctgaggt

a1ln
495

Asn

Ile Ser

Thy Thr

Leu Gln

Glu Asn

560
L.eu Thr
573

Iie Ser

Glu Val

Bsn Lys

Yal
644G
Ser Ile
G6B5

Giu Arg

Tyr Lys

gctggaggta
ctgtggcaga
agggacecaaa
coctgaacty
gtgcaageqgy
ctiagtiggt
ccaggagagy
atgeagtgay
caagttcega
ttotgetgat
tgcagatygyy
ggaagaagasa

60

120
180
240
300
340
420
480
540
600
660
120
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gaagecgatyg
coetacgaag
gagtetgtyy
gacaagtalto
Jgagaggctiy
gcagaacgic
caggagaaayg
acacacargg
tacatcacey
aagtatgtec
cgcatggtygy
atgatttatyg
gaggagattc
gtettggeea
totttgacoy
gacgatotoeo
JRAGUTGAYS
tctgggttya
agacatgact
ggttcaazca
catogtcatea
gtggeggtig
gygctacgasa

<210>
211>
<2Ll2>
<213

12
688
PRT
Homo

<430> 12

Mat Leu Pro
1

Ala

Leu Glu

Gln Tie Ala

35

Asn Lys

Thr
65

Glu

Gl Ile Thr

Tre Cys Lys

Ile Pro Tyr

115
Yal Pro
130

Asp

Glu
145

Thy His

Lys Sexr Thr

atgacygagga
aageoacaga
zagaggtggt
begagacacs
aggoecaagea
aagoasagaa
tggeatcttt
coagagtyga
ctotgeagge
gogoagaaca
atcscaagas
agogeatgaa
aggatgaagt
acatgatiag
asacgasaas
agocgigyoa
chtgitgatye
caaatatcaa
caggatatga
zaggtgeaat
cottggtgat
acgeoegetgt
atcoaaccta

sapiens
Gly

Leu

Yal
20

Pno
Met Phe
Trp Asp

Gly ILle

Ala

Thr

Cys

Ser

Leu

[y

cgatgaggat
gagaaccaco
tcgagttect
tggggatgag
cegagagaga
cttgectaaa
ggaacaggas
agecatgeto
tgttectoct
gaaggacaga
agoogetcag
teaghotcectce
tgatgagoty
tgaaccaagy
caccgtgyayg
ttottttggy
cogocctget
gacggaggag
agticatcat
catitggacts
gotgaagaag
cacocoagay
caagttcttt

Leu Leu

Asp Gly

Gly Arg

40

Fro

Tyr

70

Val
85

Asrn

Arg
106

Gly
Arg Cys
Lys Cys

Leu His

Val

Arg

Len

Lys

Trp

Glu Ala

Lys

Val Giy

120

Phe
135

Leu

His Thr

150

Asn Leu

His

Asp Tyz

Leu

Asn

Leu

Asn

ggtgatgagy
agoattgcca
acaacageag
aatgaacatyg
atgtcecocagy
gctgataaga
geagocaany
aatgaccgee
cggectagte
cageacacec
atcoggteoee
tccotgotot
cttcagaaay
atcagttacy
ctoctteceg
getgactoty
geogacogayg
atctotganyg
caaaaattqgg
atggtaggey
aaacagtaca
gageogogacs
gagecagatgce

Leuw Ala

IRV

Ala
25

AsN

Ser Gly Thr

Pl

Glu
75

Cys Gin

Gln

oG
Cye 1 Thr
105

~

Glu Phe Val

His Gin Glu

Val Ala Lys

155

#Bily Met Leu

4

tagaggaags
CAaCTaccac
ccagtacooo
coccatttooa
tcatgagaga
aggeagttat
agsgacagea
gooegeooygge
acgtygttcaa
taaageattt
aggttatgac
acaacgtgeo
agcoaaaacta
gasacygatgce
tgaatggaga
tgocagooaa
gactgagscac
Lgaatctgyga
tgtictttge
gtgtigteat
catacattea
tgtocaagat
agaactag

Ala Trp

Leu Leu

His ¥

Lys
&0

Val Tyx

¥zl Thr

i
2]
Lo

His

3

L

Ser Asp

125

Arg
140

Mat
Giu Thr

Leu Pro

Thx

Ala

30

Asn

Cvs

Pro

Tia

Ala

Asp

Cys

Cys

s

ggctgaggaa
caccaccaca
Tgatgocytt
gadagocana
atgggaagayg
ceageattte
getggtggag
ccltggagaac
tatgctaaag
cgageatgty
acacctcoegt
tgcagtggce
tteagatgac
toteatgoca
gttcageety
cacagaasas
togacoaggt
tgecagaatte
agaagatgty
agegacagtg
tcatggtgty
goagoagaac

Ala Arg
15

Glu Pro

Yal Gln

Ile Asp

Glu Lau
80

Gln Asn
45

Phe Val

i0

Leu Leu

¥al Cys

Ser Glu

180

Gly ILle

780

7340

2900

960

1026
1080
1140
1200
1260
1320
1280
1440
1300
15606
1620
1680
1740
1800
1860
1220
1580
2040
2088
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rAsp
Ser

) Ire
Val

223

Glu

Ala
Val
Glu
305
Ln
Glu
Liys

Gln

Arg
385

Ala

Lys
Asp
Trp
210

Val

Ala

; Ala

Thr
Pro
230
Thr
Aryg
Trp
Lya
Glu

306

Val

Met
Ley
Gln
450

Met

Glu

Phe

Asn

185

Gluy

Asp

Glu

Thr

275

Thr

Pro

Leu

Gln

Ala

355

Bla

Ziu

Thr

Leu

Lys

435

Ile

Asn

Ile

Ar

180
Val
Gly

Val

Asp

Glu f

260

Thr

Thr

Glu
Glu
340

Val

Ala

Lys

420

His

Arg

Gln

Gln

Asp

Ala

Ala

Asp

245

Thr

Ela

Asp

ARla

325

Ala

Ile

Asn

Met

Leu

405

Lys

Phe

Asp
485

Val

Eex

Asp

Glu

230

Glu

Tyr

Thr

Gila

310

Lys

Glu

Gln

Glu

Leu

3840

Gln

Ty

Glu

Leu
470

Glu

Thr

215

Asp

Glu

Thr

Ser

2385

Asn

Arg

His

Arg

375

Asn

Ala

Val

His

Yal

455

Ser

Val

Phe
Asp
200
Asp
Glu
Asp
Glu
Thr
280

Thr

Glu

Phe
360

Gln

Arg
Yal
440
Met

Leu

Asp

Yal
185
Ala

Tyr

Glu

Ala
265

Gla

Pro

Hisg

Gilu

Ala

345

Gln

&Zin

Arg

Fro

Bla

425

Arg

Leu

Glu

170

Cys

Glu

Ala

Val

Asp

2530

Thr

Sar

Arg
330
Lys
Glu
Leu

Arg

Pro
410

His

Tyr

Leu
480

Cys

GFlu

Asp

Ala

235

Gly

Glu

Yal

Ala

Asn

Lys

val

Arg

395

Arg

Gln

Val

Lau

Asn

475

Leu

75-

Pro

Asp

Gly

220

Asp

Arg

Glu

Val

300

Phe

Ser

Leu

Val

Glu

380

Lew

Pro

Lys

Asp

Arg

460

Val

Gin

Asp

205

Ser

Val

Giua

Thr

Glu

285

Asp

Gln

Gln

Pro

Glu

265

Thr

Als

Arg

Asp

Pug

445

Val

Fro

Lys

Ala

190

Glu

Glu

Val

Thr

276

Yal

Lys

350

Ser

His

Leu

His

=g

430

Lle

Ala

3lu

175

Glu

- Asp

Asp

Glu

Glu

255

Sex

Val

Ala

Mat

335

Ala

Lau

Met

Glu

Val

415

Gln

Lys

Tyr

Glu

Val

Lys

zlu

240

Glu

Tie

Aryg

Leu

Lys

320

Ar

Asp

Giu

Ala

Asn

400

Phe
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Tyr Ser

Asn
518

Tyr

Val Glu

530

Leu

Pro
545

Trp His

Glu Glu

Thr Arg Pro

gin VYal Asn

585
His Gln
610

His

Gly
625

Ala Iie

Ila ¥Yal Ile

His His Gly

His Leu Ser

875
Fhe Phe
690

Gla

<210 13
<211» 2088
<212> DHA
<213> Homo

<400> 13

atgctgcocg
cocactgatg
ctgaacatge
acctygcattg
cagatcacca
ggocygcaayge
gagttigtaa
atggatgttt
sagagtaces
ggggtagagt
gcggagygagy
agtgaagaca
gaagccgatg
cectacgaag

Asp

Asp Val

300
Asp Ala

Pro

Ser

Lau

Leu

Val

Phe Gly

Asn
5

Mat Pro S

520

Asn
535

Gly

Ala Asp §

550

Val
565

Fro

Gly Ser

580

Lewn Asp

Leu

Lys

Ile Gly

Asp

Gly

Ala

Val

Leu

Ala Brg P

Ley Thr

5
Glu Phe
600

Al

Pha
&15

Phe

Mat Val &

830

Thr Leu

a45
Val val
£60

Lys Met

Gln Met

sapiens

gtttggcact
gtaatgetygy
acatgaatgt
ataccaagyga
atgtgataga
agtgeaagac
gtgatgoeoot
gocgzaactca
acttgeatga
ttgtatgtty
atgactegga
aagtagtaga
atgacgagya
aagooacaga

Val

Glu

Gin

Leun I

Asp
&

Asn
880

Asn
595

gctectgety
cctgotgget
ceagaatggyg
aggeateoty
agocasccaa
ccateacoac
tctoghtoot
totteactgy
ctacggeaty
cocoactgget
tgtetggtgy
agtagcagag
cgatgaggat
gagaacocacc

MeT

Glu

Asn

Ala

Ala

Gly Tyr

Ile Ser

05
Thx

er Leu

Phe Ser

Val Pro

555

Ala
576

o Ala

Ile Lys

85
His

rg Asp

Glu Asp

Val
B35

iy G

Lys
650

Y Lys

Ala Val

65

Glu

googootgga
gaaccccaga
aagtgggatt
cagtattgeo
cecagtgaqea
thtgtgatic
gacaagtgca
cacacegtcg
ttgoetgeeet
gaagaaaglg
ggcggageay
gaggaagaay
gatgatgagy
agcattgcea

76

Fro Arg

210
Glu Thr
525

Lys

Leu
540

Agp Asp

Ala Asn Thr

Asp Arg Gly

Thr Glu Glu

580

Ser Gly

£05

Tvr

Val
G20

Giy Ber

Yal Ala

Gln Tyr Thr

Thr Slu

670

Fro

Pro Thr

685

Asn

cggeteggyge
ttgecatgtt
cagatocate
aagaagtceta
toecagaacty
cetaccgetyg
aattcttaca
ccaaagagac
goggaatiga
acaatgtgga
acacagacta
tggctgaggt
tagagyaaga
coaccaceac

Leu

Glu

Len

575

Ils

Asn

Thr

Ser

655

Glu

Gln
Asn
560

Thr

Lys
Val
540

Ile

Arg

gctggaggta
ctgtggcoaga
agggaccaaa
ccotgaactyg
ghgcaagegyg
cttagttggt
ceaggagagg
atgecagtgag
caaghbtocgs
ttotgetgat
tgeagatggg
ggaagaagaa
ggctgagdgaa
cacoacCaca

80

120
18%
240
ang
350
4Zz0
480
540
600
660
T20
780
840
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La b o L a

gagtctygtgy
gacaasgtate
gagaggeltyg
goagaacgto
caggagaaag
acacacatgy
tacatcacceg
aagtatgtce
cgeatggtyg
gtgatttatg
gaggagatic
gtectitggoca
totttgacey

Lgacgatotoo

gangbtgage
totgggttga

-egacatgact

i

H

iThr

¢

Val

guttcagaca
atcttcatca
gtggaggttyg
ggetatgaaa

210>
<Z2il>
212>
L2213

14
6395
PRT
Homo

<400> 14

Met Leu Pro
i

Ala

Len Glu

Gln Ile Ala

35
Asn Gly
50

Lys

Lys Glu

65

Gln Thr

Trp Lvs

Ile Tyr

115

Pro
130

Asp

Thr

Ser Thr

His 1

aagaggtggt
tcgagacace
agyocaages
aageaaagaa
tggaatotit
ccagagtgya
ctoetgeagge
YOYCaAgRRCE
ateococaagas
agogeatgaa
aggatygaagt
acatgattag
ABECYARARAAC
agoogtyguesa
ctgbtgatgo
caaatatcas
caggatatga
saggtgoaat
cetiggtgat
acgeogetgt
atogaaccta

saplens

SLy Leu

3

Val
20

Pro
Met Phs
Asp

Gly Ile

Alas

Thr

Cys

Ser

Len

R

togagtioct
tggggatgagy
cogagagadga
chbgeotaas
guaacaggas
agecatgete
tgtieotoct
gaaggacaga
agcogeteoag
tcagtoteto
tgatgageoty
Lgaaccasgy
cacegtggay
ttettttgygy
aocgooctget
gacygayggag
agttcatcat
cattggacto
getgaagaayg
gaceecagag
caagttettt

Leu

Asp Gly

Gly Aryg

49

70

Val
85

Asn

Arg
160

Gly
Arg Lys
Lys Cys

His

Val

Arg

Leu

Lys

Trp

Glu Ala

Lys Gln

Leu Leu

Azn Ala

Leau

Ser

Cya

Asn

Lys

e ot T

acaacagoay
zatgaacatg
atgtoccagyg
gotgataaga
goagooaany
aatgacogoo
cggectogte
Cagoacacos
ateccggtoce
teoctgetot
cltcagaaay
atcagttacg
ctocttooey
gotgactoty
geagactygay
atctectgaay
caaasattgy
atggtgggey
gaacagtaca
gagegecacs
gageagabge

Ala
10

Gly
25

Asn HMet

Gly Thr

Glu
75

Gin
8¢

Pro

Lys Thr

105

Val Gly

129

Phe
138

Leu

His Thr

150

Leu
les

Asn

His

Asp Tyr

Glu

Yal

Gly

Val

Gin Giu

Lys
155

Met
176

Leu

77

N
coagtacoce
copatttcoa
teatgagaga
agutagtiat
agagacaygcs
guogectgge
acgigticaa
taaagcattt
aggttatgac
acaacgtgco
agcaagacta
gaascgatge
Lgaatggaga
fgrcagecas
gacihgaceac
tgaagatgga
tgttctitge
tgttgtecat
catecattea
tgtecaagat
agaactag

Aila Trp

Leu Leu

His Met

45

Lys Thr

&0
Val

Val

Hisz

Thr

Ala
30

Ile

His

A

tgatgcogtt
gaaagooass
atgggaagag
coageatihic
goetygtggay
cctogagaan
tatgetasag
cgageatgtyg
acacctoogt
tgocagtggan
ttcagatgac
tetcatgoea
ghttoagooty
CHCEGRAAAC
togaccagygt
tgeagaatte
agaagatgty
agogacagtyg
tecatggtgtyg
geageagaac

Ala
15

Ar

Glu Pro

¥al Glo

Ile Asp

Glu Leun

80

Gln
95

Asn

Phe

116

Ser Asp

125

Arg Met

140

Gla Thr

Leu Pro

Ala

ASpE

Cys

Cys

Leu Leu

Val Cys

Glu
140

Ser

Gly Il=s

1735

500
860
1520
1080
1140
1260
12606
1320
1380
1440
1550
1560
1620
1680
1740
1800
pR:1E
1320
1380
2040
2088
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‘Asp
Ser
Trp

L Val
225
Giu
Glu

Ala
Val
{}’lu
205

§ Glu

S Gla

Lys
Gin
Arg
385
Tyr

Asn
Thr

Ala
Arg

465

zlu

Tyr !

Lys

Asp

Trp

210

Val

Ala

Ala

Thr

Pro

280

Thr

Arg

Tro

Lys

Glu

370

Val

Ile

Met

Len

Gln

450

Met

&sn
188
Gly

Glu

Asp

Thr
275
Thr
Bro

Leu

Glu

Lys
435

Ile

Asn

r Arg

180

Val

Gly

Val

Asp

Glu

260

Thr

Thr

Gly

Glu

Glu

349

Val

Ala

Ala

Ala

Lys

420

His

hrg

Gln

Gln

Asp

Gly

Asp

Ala

Asp

245

Pro

Thr

Ala

Asp

Ala

325

Ala

Tie

Asn

Met

Lau

405

Lys

Bhe

Ser

Her

Asp

485

Val

Val

Ber

Glu

230

Glu

Tyr

Thye

Ala

Glu
310

Gln

@lu

Leun.

380

Gln

Glu

Gin

Lew

470

Glu

Len

Thr

215

Glu

Asp

Glu

Thr

Ser

295

Asn

His

Arg

His

Arg

375

Asn

ala

Val

His

Val

455

Ser

Val

Ala

u
=y
o

Asp
200
Asp
Glu
Asp
Glu
Thr
286
Thr

Glu

Arg

Phe
360
Gin
Asp
Val
Arg
Val
440
Met
Leu

AsSp

Asn

Val

185

Ala

Tyr

Glu

Glu

Ala

265

Glu

Pro

His

Glua

Ala

345

Glin

Aryg

Pro

Ala

425

Arg

Thr

Leu

Glu

Met

Cys

Glu

Val
Asp
250

Thr

Asp
Ala
Axrg
330
Lys

Glu

Leu

Pro
410
Glu
Mat
His
Tyxr
Leu

4306

ile

Cys

Glu

Asp

Ala

735

Gly

Giag

Yal

Ala

His

315

Met

ABD

Lys

Val

g Arg

385

Arg

Gin

Val

Leu

Asn

473

Lau

Ser

278

Pro
Asp
Gly
220
Glua
Asp
Arg
Glu
Val
3CC

Phe

Ser

YVal

Glu

380

Leu

Pro

Lys

Asp

Arg

460

Gla

Glu

Leu

Asp

205

Sar

Val

Glu

Thr

zlu

285

Asp

Gln

3in

Pro

Glu

365

Thr

Ala

Arg

Asp

Pro

445

vVal

Fro

Lys

Bro

180

Ser

Glu

Val

Thr
270

Ser

His

Leu

His

Arg

430

Liys

Ile

Ala

Glu

Arg

Asp
Asp
Elu
Glu
255
Ser
Y¥al
Tyr
Ala
Met
335
Ala
Leu
Mat
Glu
Val
415
Gln
Lys
Tyr
Val
Gin

435

Ile

Yal

Lys

Glu

Z4C

Glu

Iile

Arg

Loy s
3206

Arg

Glu

ALa

Asn

400

Phe

Ala

Ala
480

Asn

Ser
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arriny

500

565
Tyr Gly Asn Asp Ala Leu Met PFro Ser Lewu Thr
515 520
Val Glu Leu Leu PFro Val Asn Gly Glu Phe Ser
530 535
Pro Trp His Ser Phe Giy Ala Asp Ser Val Pro
545 550 555
. Glu Val Glu Pro Val Asp &la Arg Pro Ala Ala
565 570
Thxr Arg Pro Gly Ser Gly Leu Thr Asn Ile Lys
h80 585
Glu Val Lys Met Asp Ala Glu Phe Arg His BAsp
5385 600
His His Gln Lys Leun Val Phe Phe Alz Glu Asp
610 615
Gly Ala Ile Ile Gly Leu Met Val Gly Gly Val
825 630 835
Ile Phe Tle Thr Leu Val Met Len Lys Lys Lys
645 £50
His His Gly Val ¥al Glu Vsl Asp 3la Ala val
660 665
His Leu Ser Lys Met Glr Glan Asn Gly Tyr Slu
675 680
‘Phe Phe Glu Gin Met Gln Asn
6890 695
<210> 15
<211> 2084
<Z12> DHA
«Z13> Homo sapisns
<400> 15
atgetgeceg gtitggeact gotoctgetyg googectgga
cecactgaty gtaatgctgy cotgetgget gaaccccaga
ctgazcatge acatgaatgt ccagaatggg aagtgggatt
acctgeatty ataccaagga aggeatcctg cagtatigoec
cagatcacca atgtggtaga agecaaccaa ccagtgaccea
gyoogeaage agitgesagac ccatoeooeac ttigtgattco
gagtttgtaa gtgatgeect tctegttooet gacaagbgen
atggatgttt gegaaactea toettcactygy cacaccgteg
aagagtacca acttgcatga ctacggeatyg trgetgeoet
ggggtagagt ttgtgigttg cocactgact gaagasagly
goegyaggagy atgactegga tgtetgglgg ggeggagoay
agtgaagaca aagtagtaga agtagoagad gaggaagasg
gaagoegaty atgacgagga cgatgaggat ggatgatgagg
cectacgaag aagcoccacaga gagazccace agoatigeca
gagtotgtyy aagaggtyggt togagttoot acsacageag
gacaagtate tcogagscace tggggatgag aatgaacaty

=70

510

Giu Thr

525

Lys

Leu
549

Asp

Ala Asn Thr

Asp Arg

Thr Glu Glu

590
Ser Gly
605

Tyr

Vai Ser

620

Gly

Val Ile Ala

Gln r Thr

Thr Glu

8§70

Pro

?ro Thr

885

Asn

gggeiegyyge
tigecatgtt

cagatoecatce
aagaagtota
tcoagaactyg
cctacogety
aatitcttaca
coazagagac
goggaattga
acaatgtygga
acacagacta
tggetgaggt
tagagyaaga
CCACCACCAT
coegtaceae
cacatttcca

Asp I

Thr Thr

Gln

Asn
560
Leu Thr
575

Ils Ber

Glu Val

Azn Lys

Thr Val

640

Ser
655

Glu Arg

Tyr Lys

gotggaggta
ctgtyggeaga
aggygaccaas
ceootgaacty
gtgcaagogy
cttagtbgat
ccaggagaqgy
atgcagtigay
oaagttocga
titotgetgsat
tgoagatggg
ggaagaagaa
ggctgaggas
caccaccacs
tgatgecgtt
gaaagcocaaa

60
120
180
244
340
el
420
480
540
&00
560
FZ0
180
B840
900
560


IP-TEMP
Pencil

IP-TEMP
Pencil

IP-TEMP
Pencil

IP-TEMP
Pencil


T

' gagaggcttg
gcagaacgtc
caggagaaag
acacacatgg
tacatcaccg
aagtatgtce
cgcatggtgg
gtgatttatg
gaggagattc
gtcttggeca
tctttgaccg
_ gacgatctce
! gaagttgage
tctgggttga
cgacatgact
ggttcaaaca
atcgtcatca
gtggaggttg
ggctacgaaa

<210> 16
<211> 697
<212> PRT
<213> Homo

<400> 16

Met Leu Pro
1

Glu

_ Ala Leu

Gln Ile Ala

35
Asn Gly
50

Lys

Thr
65

Lys Glu

Gln Ile Thr

Trp Cys Lys

Ile Pro Tyr

115
Val Pro
130

Asp

Glu
145

Thr His

Lys Ser Thr

Asp Lys Phe

aggccaagca
aagcaaagaa
tggaatcttt
ccagagtgga
ctctgeagge
gcgcagaaca
atcccaagaa
agcgceatgaa
aggatgaagt
acatgattag
aaacgaaaac
agcecgtggea
ctgttgatgce
caaatatcaa
caggatatga
aaggtgcaat
ccttggtgat
acgcegetgt
atccaaccta

sapiens
Gly Leu
5

Val
20

Pro

Met Phe

Trp Asp

Gly Ile

Ala
Thr
Cys
Se;

Leu

a7

ccgagagaga
ctigectaaa
ggaacaggaa
agccatgete
tgttcctecet
gaaggacaga
agccgetcag
tcagtetetce
tgatgagctg
tgaaccaagg
caccgtggag
ttettttggg
ccgcecctget
gacggaggag
agttcatcat
cattggactc
gctcgaagaad
caccccagag
caagttcttt

Leu Leu

Asp Gly

Gly Arg

40
Asp Pro
55

Gln Tyr

70

Val
85

Asn

Arg
100

Gly
Arg Cys
Lys Cys

Leu His

val

Glu Ala

Gln

Leu

Asn

Leu

Ser

Cys

Asn

atgtcceagg
gctgataaga
gcagccaacg
aatgaccgcc
cggectegte
cagcacacce
atccocggtecee
tcectgcetet
cttcagaaag
atcagttacg
ctecettceeeg
gctgactety
gccgacegag
atctctgaag
caaaaattgg
atggtgggeg
aaacagtaca
gagcgccace
gagcagatgc

Len Ala

10
Ala Gly
25

Asn Met

Gly Thr

Gln Glu

75

Gln
S0

Pro

Thr

Arg

Leu

Lys

Trp

Lys

val

Phe
135

His

150

Leu
165

Asn

Arg
180

Gly

His

Val

Asp

Glu

Gly
120
Leu
Thr

Tyr

Phe

Cys
105

Lys

Glu Phe Val

His Gln Glu

Val Ala Lys

155

Met
170

Gly Leu

Val
185

Cys Cys

-80-

=

tcatgagaga
aggcagttat
agagacagca
gcecgectgge
acgtgttcaa
taaagcattt
aggttatgac
acaacgtgcce
agcaaaacta
gaaacgatgc
tgaatggaga
tgccagecaa
gactgaccac
tgaagatgga
tgttetttge
gtgttgtcat
catccattca
tgtccaagat
agaacaagaa

Ala Trp Thr

Ala
30

Leu Leu

Met
45

His Asn

Lys Thr

60

Cys

Val Tyr Pro

Val Thr Ile

His Pro His

atgggaagag
ccagcattte
gctggtggay
cctggagaac
tatgctaaag
cgagcecatgtg
acacctecegt
tgcagtggeo
ttcagatgac
tctecatgecea
gttcagectg
cacagaaaac
tcgaccaggt
tgcagaattc
agaagatgtg
agcgacagtyg
tcatggtgtg
gcagcagaac
gtag

Ala
15

Arg

Glu Pro

Val Gln

Ile Asp

Glu Leu

80

Gln
95

Asn

Phe Val

11¢

Ser Asp

125
Arg Met
140

Glu Thr

Pro

Leu

Pro Leu

Ala

Asp

Cys

Cys

Leu Leu

Val Cys

Glu
160

Ser

Gly Ile
175

Alz Glu Glu

1380

1020
1080
1140
1200
1260
1320
1380
1440
1500
1560
1620
1680
1740
1800
1860
15920
1980
2040
2094
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Zlu

Ala

Val

Giu

Glu

Gla

Lys

Gln

Arg
385

> Tyr

’ Asn
Thr
&la
Aryg
465

Glu

Tyr

Ala

Thr

Pro

280

Thr

Aryg

Trp

Lys

Glu

370

Val

Il T

Met

Ley

Gln

450

Mat

Glu

Ser

Amn
185

Asp

Glu

Thr

275

Thr

Leu

Glu

Ala

355

Ala

Glu

Leu

Liya

435

Iie

Asn

Tle

Asp
Glu
269
Thr
Thr
Gly
Giu
Glu
340
Val

Ala

Ala

Lys
420
Hiws
Arg
Gln

Glin

Asp
500

Asp 5

Ala

Asp
245
Pro
Thr
Ala
&sp
Ala
325
Als
Ile
Asn
Met
Lau
405
Lys
Phe
Ser
Ser
Asp

485

Yal

Gl

230

Giu

Ty

Thr

Ala

Gia

310

Glu

Gin

Glu

Leu

390

Gln

Gln
Ley
470

Gluo

Leu

Ala
Thr
215

Glu

Ser

285

Asn

His

Areg

His

Ary

375

AED

Ala

VYal

Hle

Val

455

Sar

Yal

Bla

Asp
200
zlu
Asp
Glu
Thr

280

Thzr

Pikaied
Gln
Phe
360
Gin

Asp

Yal

Vel
440
Hat
Ley

Anp

Asn

Tyr

zlu

Glu

Ela

265

Glu

Pro

His

Glu

Ala

345

Gln

Gln

Arg

Pro

Bla

425

Br

Thr

Teu

Glu

Mat
505

Gl !

Ala

Val

Lap

Z%0

Thr

Ser

Rsp

Ala

Aryg

330

Lys

Glu

Leu

Arqg

Pro

410

Met

His

Tyy

Leu

480

Tle

Alam
235

Gly

Yal
Ala
Hisa
315

Met

Asn

Arg
385
Arg
Gln
Val
Len
Asn
475

Leu

Ser

-81-

-

Gly
220
Glu
Asp

Ary

Glu

Asp

205

Yal

Giu

Thr

Glu

285

Va

300

Fhe

Ser

Leu

Val

Glu

380

Leu

Fro

Lys

Asp

Y

40

Yal

Gln

Glu

Asp
Gln
Gln
Pro
Glu
365
Thr

Ala

Aryg

Lys

Pro

Sar

Gia

Val

Thr

276

Yal

Lvs

Lys

Val

Lys

350

Sexr

His

Leu

His

Arg

430

ys

ile

Ala

Gilu

Arg
510

Asp
Aap
Gla
Glu
Z25%
Ser
Yal
Tyr
Als
Mat
335
Als
Leu
Met
Glu
Val
415
Gin
Lys
Tyr
Val
Gln

485

Tle

Yal

Lys

Glu

2490

Giu

Ile

Arg

ey

Lya

o

320

Arg

Esp

Gia

Ala

Asn

400

Phe

His

Ala

Gilu

Ala

480

Asn

Ser

U
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Glu
The
-Glu

i His

ITvy Gly

Asn Asp

515

Val #1lu

530

Pro His

Tre

, 545

Val

hrg Pro

val Lys

585
Hig
610
Gly Ile
625

Ala

Tle Val Tle

His His Gly

Ser
675

Ly

Pha
£80

Phe

<210>
<Z21li>
<212>
<213>

17
2094
DNA
Homo

<4G0> 17

atgctgoecy
cccactgaty
ctgazcatge
acctgeattyg
cagatcacca
ggocgocaage
gagtttgtaa
atggatgtit
aagagtacca
gggatagagt
goggagyagy
agtgzagacs
Jaagocgatyg
cootacgaag
gagtctgigyg

-gacaagtatc

gagaggcttg
geagaacgtc

Leu Leun I

Glu

Gln L

#4

Seyr Phe G

Leu

Val

ly

Met
Aan
535

Ala Asp

350

Val
565

Pro

Gly Ser

580
Met Asp
Lew

Ile Gly

Asp

Gly

Alwa

Vel

Leu

Ala Arg

Leu Thr

Ser

Pro

Asn

Leu Thr

Phe Ser

Val Pro

555

Ala
570

Ala

Ile Lys

589

Glu Phe

600

Phe
615

Phe

Mat Val

630

Thr Leu

B45

val
&80

¥al

ya Mat

Gin Met

sapleéns

gtitggeact
gtaatgoctgy
acatgaatgt
ataccaagga
atgtggtaga
agtgcaagac
gtgatgooot
gcgaaacica
actigeatga
ttgtgtgttg
aztgactcegga
zagtagtaga
atgacgagga
aagcoacaga
aagaggtggt
tcgagacaco
aggocaagea
aagraaagas

Val

Glu

Gln

Mat Leu

Yal Asp

Gly

Lys

Ala

His Asp

Asp

Gly val

635

Lys L
650

Ala Val

665

Gin Asn

580

Asn 1
685

gotectgoty
cotgotggot
ceagaastggy
aggcatogtg
agCoaacoaa
ccatococac
Ttctegttoot
tettcactgy
ctacggeaty
ccroactgget
tgtctggtyg
agtagcagag
cgatgaggat
gagaaccaooe
tcgagttect
tggggatgag
ccgagagaga
ctigcctaaa

Gly

Tyr Glu

Lys

goognetgygs
gaacoacaga
gagtyggatt
cagtatigeo
ceagigaccea
tttgtgatic
gacaagtygca
cacacocgiog
tigetgeoct
gaggaazqgiyg
ggcydageag
gaggaagaag
gogtgatgagg
agcattgeca
acaacagcag
aatgaacatyg
atgteceeagy
gctgataags

-82-

Thr
525

Asp

Asn Thr

Asp Arg Gly

Thr Glu Glu

580
Ser Gly
6058

Tyr

Val
620

Gly Ser

Val

Gln Tyr

Thy Zla

670

¥Yro

Azm Pro Thr

&85

cggotoggao
togooatgtt

cagatooate
azgaagtoeta
tocagaacty
cctacegeig
aattottaca
coazagagac
goggaatiga
acaatgtgya
acacagactsa
tggoctgaggt
tagaggaaga
Ceaceacoas
ccagtasces
ceoeattteoca
tecatgagaga
aggceagthiat

Thr Thr

Gln

Glua Asn

560
Leu Thr
575

Ile Ser

Glu val

Asn Lys

Thr val

640
Ser Ile
655

Glu Arg

Tyr Lys

gotggaggia
ctgtggeagsa
ARgUgacoasa
ceotgaacty
gtgeaagogy
cttagtiggt
coeaggagayy
atgeagigay
caagticcga
ttebgotgat
Lgoagat gy
goRagaaygaa
ggctgagyas
CROCACTACH
tgatgoogtt
gaaagooaas
atggyaagay
ccageattte

&0
120
186
2440
300
350
420
480G
540
600
660
720
780
840
960
5360
1020
1080


IP-TEMP
Pencil

IP-TEMP
Pencil

IP-TEMP
Pencil

IP-TEMP
Pencil


Ccaggagaaag
Tacacacatyy
tacatcacey
aagtatgtoe
cgeatggtayg
gtgatttatg
gaggagattco
gheotiggoca
totttgaceyg
¢ gaggatotoo
» gaagttgago
ctoetgggttaga
cgacatgact
ggttcaaaca
ategtoatea
gtggaggtty
guctacgaas

<z21l0>» 18

<211» 487
- <212> PRT

<213> Homo

<400> 18
Mat Lou
1

Ala Leu

Gln Ile Ala

35
Asn Gly
50

Lys

Thr
€5

Lys

Gln Ile Thr

Cys Lys

Bro Tvr

1158
Yal Pro
138

Glu
145

Thy His

Pro

Giu

Glu

Asp

tggaatctit
ccagagtgdga
ctetgeagge
goegeagaaca
atoccaaygaa
agogeatgaa
aggztgaagt
acatgattag
azacgaaaac
agoogtggea
ctgtigatge
caaatatcaa
caggatatga
aaggtgcast
cottggtgat
acygcegetgt
atccasccta

sapiens

Gly

Val

20

Met Fhe

Trp Asp

Ile

Alm

Thr

Cys

Ser

Leu

&
ggaacaggaa
agecatgete
btgttcetect
gaaggacaga
agecegetceag
tcagtoteto
tgatgagerLy
tgaaccaagy
caccgiggay
ttotiitgoy
cocgecetgot
gacggaggag
agitecaleat
catiggacte
gctgaagaay
cacoeeagayg
caagttobit

Leu Leu

Asp Gly

Gly Arg

40

Asp Pro

35

Gln

70

Asn Val

85

Arg
100

Gly
Arg Cys
Lys Cys

Leu His

Yal

Arg

Leuw

Glu

Lys Gln

Leu
Aszn
Leu
Sar
Cys
BAsn

Cys

geagecaacy
aatgaccgaoco
cggeecteghe
cageagagcoo
atcecgogtoce
tecctgotet
oticagaaayg
atcagtiacg
cteottoseg
gotggctoty
googacogag
atctctgaag
caaaaattgy
atggtgggoy
aazcaglaca
Jagogacasa

gageagatgo

Leu Ala

10
Ala Gly
25

Asn Met

Gly Thx

Gln Glu

75

Gln
50

Pro

Lys Thr

105

Val Gly

12¢

Phe
138

Lau

His Thr

Glu

His

vzl

Phe Val

Gin Slu

Als Lys

155

agagacagea
goeogactgge
acgtgttcaa
taaagoattt
aggttatgac
acaasgtygoe
ageaaaacta
gaaacgatge
tgaatygygaga
tgocagoraa
gactgasgac
tgaatotgga
tgtitetttge
gtgttgteast
catcoattoa
tgtocaagat
agaacaagas

Ala Trp

Ala
20

Lev Leu

Met

45

His Ban

Lys Thr

60

Cya

Val Tyr Pro

Val Thr Ile

His
110

His Pro

Ser Asp Ala

125

Arg
140

Met

zlu Thr

Asp

Cys

Lys

Ser

Lys

Asp

Thr

Asn

Asn

Axrg
180

Val

Leu
185

Gly

Asp

Val

Ser Ala

Tyr

Fha

Asp

Gly

Val
185

Ala

Met
176

Cys

Glu

Leu

Cys

Glu

-83-

Leu

Pro

Azp

Pro

Leu

Asp

Cys

Bla

getggtggag
cectggagaac
rtatgoctaaag
cgageatgty
acacctocegt
tgcagtyggoec
ttesgatgac
teteatgoca
gtteagootg
cacagaasac
togaccagat
tgcagaatto
agaagatatyg
agogacagtyg
toatggtaty
Goagoagaac
gtag

Glu Preo

Val Gin

Ile Asp

Glu Leu

gG

Gln
a5

FPhe

Lsu Leun

Val Cys

Glu
160

Gly Tle
175

Glu Giun

18C

Sexr

Asp Val

1140
1200
1260
1320
1380
1440
1500
1560
1620
legsa
174¢
1800
1860
1520
13890
2040
2084


IP-TEMP
Pencil

IP-TEMP
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Trp

Val

225

Glu

Glu

Ala

Val

Glu

305

Glu

Glu

Ly8

Gln

Arg

385

Tyr

Asn

Thr

Ala

Arg

465

Glu

Tyr

Tyr

Trp

210

Val

Ala

Ala

Thr

Pro

290

Thr

Arg

Trp

Lys

Glu

370

Val

Ile

Met

Leu

Gln

450

Met

Glu

Ser

Gly

185

Gly
Glu
Asp
Glu
Thr
275
Thr
Pro
Leu
Glu
Ala
355
Ala
Glu
Thr
Leu
Lys
435
Ile
Asn
Ile

Asp

Asn
515

Gly

Val

Asp

Glu

260

Thr

Thr

Gly

Glu

Glu

340

Val

Ala

Ala

Ala

Lys

420

His

Arg

Gln

Gln

Asp

500

Asp

Ala
Ala
Asp
245
Fro
Thr
Ala
Asp
Ala
325
Ala
Ile
Asn
Met
Leu
405
Lys
Phe
Ser
Ser
Asp
485

Val

Ala

Asp

Glu

230

Glu

Tyr

Thr

Ala

Gia

310

Lys

Glu

Gln

Glu

Leu

390

Gln

Tyr

Glu

Gln

Leu

470

Glu

Leu

Ley

Thr

215

Glu

Asp

Glu

Thr

Ser

295

Asn

His

Arg

His

Arg

375

Asn

Ala

Val

His

Val

455

Ser

Val

Ala

Met

200

Asp
Glu
Asp
Glu
Thr
280
Thr
Glu
Arg
Gln
Phe
360
Gln
Asp
Val
Arg
Val
440
Met
Leu
Asp

Asn

Pro
520

Tyr
Glu
Glu
Ala
265
Glu
Pro
His
Glu
Ala
345
Gln
Gln
Arg
Pro
Ala
425
Arg
Thr
Len
Glu
Met

505

Ser

Ala

Val

Asp

250

Thr

Ser

Asp

Ala

Arg

330

Lys

Glu

Leu

Arg

Pro

410

Glu

Met

His

Tyr

Leu

490

Ile

Leu

Asp Gly
220

Ala Glu
235

Gly Asp

Glu Arg

Val Glu

Ala Val
300

His Phe
315

Met Ser

Asn Leu

Lys Val

Val Glu

380

Arg Leu
395

Arg Pro

Gln Lys

Val Asp

Leu Arg

460
Asn Val
475
Leu Gln

Ser Glu

Thr Glu

-84-

205

Ser
Val
Glu
Thr
Glu
285
Asp
Gin
Gln
Pro
Glu
365
Thr
Ala
Arg
Asp
Pro
445
Val
Pro
Lys

Pro

Thr
525

Glu

Glu

Val

Thr

270

Val

Lys

Lys

Val

Lys

350

Jer

His

Leu

His

Arg

430

Lys

Ile

Ala

Glu

Arg

510

Lys

Asp Lys
Glu Glu
240

Glu Glu
255

Ser Ile
Val Arg
Tyr Leu

Ala Lys
320

Met Arg
335

Ala Asp
Leu Glu
Met Ala

Glu Asn
400

Val Phe
415

Gln His
Lys Ala
Tyr Giu
Val Ala

480

Gln Asn
495

Ile Ser

Thr Thr
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Val Glu

530
Pro Hiz
545

Try

Glu Val

Thr Arg Pro

| Glu Val

g5
His
L

His

Gly Ala
625

ITle Val Tle

His His Gly

His Ser

875

Leu

Phe Phe

690

Gla

<210> 19

<EL1» 2094
<212> DNA
£2132> Homo

C®E00>» 18

atgetygoceg
ceccactgatyg
ctgaacatge
acctgcattg
cagatcacca
ggccgoaage
gagittgtaa
atggatgttt
aagagtacca
ggggtagagt
goggaggagy
agtgaagaca
gaagccgaty
coctacgaag
gagtctgtgg
gacaagtate
gagaggettg
gcagaacgto
caggagaaay
acacacatgg

Leu Leu

Glu

Asn

Fro

Fhe

[
11
-H

Val

Gly

Asn Gly
535

Ala Asp

S50

val
565

Pro
Gly
580

Leu

Lys Leu

Ile Gly

Thr Leu

645

Yal
660

Val

Lys Met

Gln Met

sapiens

gtittggeact
gtaatgetagy
acatgaatgt
ataccaagyga
atgtyggtaga
agbgoaagac
gtgatgeoct
gogasactca
astigecatga
trighgtgtiyg
atgactogga
aagtagtaga
atgacgagga
aagocacaga
aagaggtygt
toegagacacs
aggccasgea
aagoaszagaa
tggaatettt
ceagagtgga

Asp

Gly

Alas

Val

Leu

630

Val

Glu

Gln

Gln

Ala Arg

Leu Thr

Glu

Pro

Asn

Phe Ser

Yal Pro

555

Ala
570

Ala

Ile Lvs

585

Gla Pne

600

Fhe
615

Phe

Melt Val

Met Leu

val &sp

Gln Asn

6580

Asn
695

Lys

geiectgety
cetgetgget
ccagaatggqg
aggcatcotg
agccaaccasa
cecatceccac
tetegticot
tcticactgg
ctacggeatyg
cecactgget
tytctggtgy
agtagcagay
cgatgaggat
gagaaccano
tcgagtteot
tgggyatgay
ccgagagagsa
cttgectaaa

ggaacaggas
ageccatgeto

Arg

Ala

Gly

Lys

His Asp

Glu Asp

Val
635

Gly

Lys
650

Lysa

Ala Val

Tyr Giu

gocgeebgga
gaacoocaga
aagtgggatt
cagihattgee
coagtygacea
tttgtgatic
gacaaghtgca
cacacogtog
tigotgeoct
gaagaaagtyg
ggegyageay
gaggaagaag
ggtgatgagg
ageatigeca
asaacagoaqg
aatgaacaty
atgtrocccagy
gotgataaga
goagecaacy
aatgaccgoeo

-85-

Leu
540

Asp Asp

Ala Asn Thr

Asp Arg Gly

Thr Glu Glu

590
Ser Gly
605

Tyr

Val Gly
520

Ser

Val Ile Ala

Gln Tyr Thr

Thr Pro Glu

&70

Pro
£85

Asn Thy

cggeteggge
ttgccatgtt
cagatccato
aagaagtcta
tccagaactyg
ccracogelyg
aattecttaca
ceaaagagac
geggaatiga
acaatgtgga
acacagacta
tggetgaggt
tagaggaaga
coaccaceac
ccacgtacooe
cocatttecs
tcatgagaga
aggeagttar
agagacagea
geoegectgge

Leu

Glu

Lau

575

Ile

Glu

Asn

Thr

Ser
655

Asn

580

Thr

Ser

Val

Lys

Val

£44Q

Ile

Rryg

Lys

getggaggta
ctgtggcaga
agggaccaaa
cactgaactg
gtgcaagegyg
cttagttggt
ceagyagady
atgeagigag
caagticega
ttetgetgat
tgcagatggg
ggaagaagaa
ggctgaggaa
caccaccaca
tgatgeocegtt
gaaageccaaa
atgggaagag
ceageattic
golggtggag
coctggagasac

&0
129
180
240
300
360
420
480
540
&G0
866
120
780
840
400
260
1020
15890
1140
1200

Swer
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ctotgoagyce

i
3

i

acghgticaa
taaageattt
aggttatgac
acazcgtgoo

tatgoeraaag
cgagceatgty
acacctoogt
tgeagtggeo

tazatcacoyg tgttecteoct oggoctegte
aagtatgtoe gogeagaaca gasggacaga cageacacco
cgeatggtgy atceacaagaa agocgetcag atoeggtaco
gtgatttatyg agogeatgaa tcagtotcete fecotgotot
gaggagatic aggatgaagt fgatgagctg cttcagaaag
gtetiggeca acatgaitag tgaaccaagg atcagttacy
tettigaceyg aaacgaaaas caccgtggag chectteooog
gacgateioe ageooglbggea ttottbitggy getgactoty
gaagttgage ctgttgatgoe cogoocobget geogacogag
tctgggttyga casatatcas gacggaggay atchbotgaag
cgacatgact caggatatga agitcoatcat caaasatitgy
gygtteaaaca aagglgeaat catiggactce atggtgggeg
atetteatea cottggrgat getgaagaag aaacagtaca
gtaggaggtty acgeegebgt cacccoagay gagoegccads
ggctacgaaa atccaaccta casgttettt gageagatge
<Z18>» 20
<2L1l» 6937
«212» PRT
<213» Home sapiens
<400> 20
Met Leu Pro Gly Leuw Ala Leu Leu Leu Leu Ala
1 5 10
Ala Leu Glu Val Pro Thr &Asp Gly Asn Alsz Gly
20 25
Gin Ile Ala Met Phe Cys Gly Arg Leu Asn Met
35 40
Asn Gly Lys Trp Asp Sar Asp Pro Sesr Gly Ther
50 35
Thr Lys &Glu Gly Ile Leu Gln Tyr Cys Gln Glu
55 70 75
©Gln Ile Thr Asn Val Val Glu Ala Asn Gln Fro
85 a6
Trp Cvs Lys Arg Gly &zg-Lys Gln Cys Lys Thr
10D ' 105
Ile Pro Tyr Arg Cys Leu Val Gly Glu Phe Val
115 120
Val Pro 2sp Lys Cys Lys FPhe Leu His 3in Glu
130 135
Gilu Thr Eis Leu His Trp His Thy ¥al Ala Lys
145 150 155
Lvs Ser Thr Asn Leu His Asp Tyr Gly Met Leu
165 176
Asp Lys Phe Arg Gly ¥al Glu Phe Val Cys Cys
180 185
Zer Asp Asn Val Asp Ser Ala Asp Ala Glu Glu
135 200

-Rb-

agcaaaacta

gagacgatge
tgaatggaga
tgeeageooaa
gactgaccac

tgzagatyga

Lgttetttyge

gtgttgteat

catccattca
tgtocaagat
agaacaagaa

Ala
Lau
His
Lys

60
Val

Val

Ser
Arg
140
Glu
Leg

Fro

Asp

Trp

Leu

Met

45

Thr

Tyr

Thr

Fro

Asp

125

Met

Thr

Pro

Leu

Asp
205

Thr

Cys

Pro
Ile
His
116
Ala
e
Cys
Cys
Ala

1846

Ser

Ala
15
Glu

Yal

Leu

Yal

Ser

Gly

175

Giu

Asp

ttoagatgac
toteatgeca
gttoageatyg
caragasaac
tegaceagys
tgecagaattc
agaagatgty
agcegacageg
toatgotgey
goageagaac
gtag

Arg

Pro

Gln

Asp

Leu
g0

" Asn

Val

Leu

Cys

Glu

160

ile

Gliu

Vali

1260
1320
13890
1440
1500
1560
1629
1680
1740
1800
1860
1920
1589
2048
2054
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Trp Trp Gly Gly Ala Asp Thr Asp Tyr Ala Asp Gly Ser Glu Asp Lys
210 215 220

Val Val Glu Val Ala Glu Glu Glu Glu val Ala Glu Val 8lu Blu Glu
225 230 235 240

Glu Ala Asp Asp Asp Glu Asp Asp 6lu Asp Gly Asp Glu ¥al Slu Glu
245 250 255

Glu Ala Glu Gluw Pro Tyr Glu Glu Ala Thr Glu Arg Thr Thr Ser Ile
260 Z85 2730

&lez Thr Thry Thry Thr Thr Thr Thr Glu Ser Val Glu Glu Val Val Arg
275 280 285

 Val Pro Thr Thr Ala Ala Ser Thr Fro Asp Ala Val Asp Lys Tyr Leu
290 285 300

Glu Thr Pro Gly Asp Glu Asn Glu His Ala His Phe Gin Lys Ala Lys

308 310 215 3z

Giu Arg Leu Glu Ala Lys His Arg Glu Arg Met Ser Gln Val Met Arg
325 330 335

Glu Trp Glu Glu Ala Glu Arg Gln Ala Lys Asn Leu Pro Lys Ala Asp
340 345 380

Lys Lys Ala Val Ile Gln His Phe Gin Glu Lys Val Glu Ser Leu Glu
355 360 3585

Gln Glu Ala Ala Asn Glu Arg Gln Gln Leuw Val Glu Thr His Met Ala
T 375 386

Gl
ot
o

Brg Val Ala Met Leu Asn BRsp Brg Arg Arg Leu Ala Leu Glu Asn
. 345 386 385 400

.Tyr Ile Thr Ala Leu 8ln Ala Val Pro Pro Arg Pro Arg His Val Phe
405 410 415

Asn Met Leu Lys Lys Tyr Val Arg Ala Glu Gln Lys Asp Arg Gln His
. 4290 425 430

Thr Leu Lys His Phe Glu His Val Arg Met Val Asp Pro Lys Lys Ala
435 440 445

Ala Gln Ile Arg Ser Gln Val Met Thr His Leu Arg Val Ile Tyr Glu
450 455 460

Arqg Met Asn Gln Ser Leu Ser Leu Leu Tyr Asn Val Pro Ala Val Ala
465 479 475 480

CGlu Glu Ile Glu Asp Glu Val Asp Glu Leu Leu Gln Lys Glu 6Iin Asn
485 430 485

Tyr Sy Asp Asp Val Leu Ala Asn Met Ile Ser Glu Fro Arg Ile Ser
560 5G5 510

" Tyr Gly Asn Asp Ala Leu Met Pro Ser Leu Thr 6lu Thr Lys Thr Thr
515 520 525

¥al Blu Leu Leu Pro Val Asn Gly Glu Phe Ser Leu Asp Asp Leu Gln

-R7-
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IP-TEMP
Pencil

IP-TEMP
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' Phe

530

Pro
545

Trp
Glu Val
Thr Arg

Glu Val

His
610

His

5ly Ala

625

Ile Phe

1is His

His Leu

Phe
690

<210> 21

<211> 1341
<212> DNA
<213> Homo

<400> 21

atggctagca
ctgeceectge
gacgaagagce
aggggcaagt
ctcaacatcc
ttcctgeatce
gtgtatgtgc
atcceccecatyg
gagttcttca

-geeaggecty

cccaacctet
ctggectcetg
agtctctggt
gagatcaatg
gtggacagtg
tcecatcaagg
ctggtgtget
ctaatgggtg

i cggecagtgg

tcatccacgg
cgggcecgaa
acggcagcygy

His

Glu

Pro

Lys

585

Gln

Ile

Ile

Gly

Ser

675

Glu

Ser Phe

Gly

535

Ala Asp

550

Val
565

Pro

Gly
580

Ser

Met Asp

Leu

Lys

Ile Gly

Asp
Gly
Ala
Val

Leu

Ala Arg

Leu Thr

Glu Phe

600

Phe
615

Phe

Met Val

630

Thr Leu

645

Val
660

Val

Lys Met

Gln Met

sapiens

tgactggtgg
gcagcggcct
ccgaggagec
cggggcaggyg
tggtggatac
gctactacca
cctacaccca
gcccceaacgt
tcaacggcete
acgactccct
tetecctgea
tcggagggag
atacacccat
gacaggatct
gcaccaccaa
cagcctcete
ggcaagcagyg
aggttaccaa
aagatgtggc
gcactgttat
aacgaattgg
tggaaggece

Val

Glu

Gln

Gln

Met Leu

Val Asp

Gln Asn

68C

Asn
695

acagcaaatyg

ggggggcgec
cggccggadyg
ctactacgtg
aggcagcagt
gaggcagcetg
gggcaagtgg
cactgtgcgt
caactgggaa
ggagccttte
cctttgtggt
catgatcatt
ccggegggag
gaaaatggac
ccttegtttg
cacggagaag
caccaccect
ccagtcctte
cacgltcccaa
gggagctgtt
ctttgctgtce
ttttgtcacc

Ser

Pro

Asn

585

Arg

Ala

Gly

Lys

Ala
665

Val Pro

555

Ala
570

Ala
Ile Lys
His Asp
Glu Asp

vVal
635

Gly

Lys
650

Lys

Ala Val

Tyr Glu

Lys Lys

ggtecgeggat
ccectgggge
ggcagetttg
gagatgaccyg
aactttgcag
tccagcacat
gaaggggagc
gccaacattg
ggcatcctgg
tttgactcte
gctggettee
ggaggtatcyg
tggtattatg
tgcaaggagt
cccaagaaag
ttccctgatg
tggaacattt
cgcatcacca
gacgactgtt
atcatggagg
agcgcttgec
ttggacatgg

-88-

540

Ala Asn Thr

Asp Arg Gly

Thr Glu Glu

590
Ser Gly
605

Tyr

Val
620

Gly Ser

Val Tle Ala

Gln Tyr Thr

Thr Glu

670

Pro

Pro Thr

685

Asn

ccacccagea
tgcggetgee
tggagatggt
tgggcagece
tgggtgctge
accgggacct
tgggcaccga
ctgccatecac
ggctggccta
tggtaaagea
ccetecaacca
accactcgcet
aggtcatcat
acaactatga
tgtttgaagce
gtttctgget
tccecagteat
tcctteecgea
acaagtttgc
gcttctacgt
atgtgcacga
aagactgtgg

Glu Asn

560
Leu Thr
575

Ile Ser

Glu Val

Asn Lys

Thr Val

640
Ser Ile
655

Glu Arg

Tyr Lys

cyggcateeqgy
ccogggagacc
ggacaacctg
ccogeagacy
cgcccacccce
ccggaagggt
cctggtaage
tgaatcagac
tgctgagatt
gacccacgtt
gtctgaagtg
gtacacaggc
tgtgcgggtg
caagagcatt
tgcagtcaaa
aggagagcag
ctcactctac
gcaatacctg
catctcacag
tgtctttgat
tgagttcagy
ctacaacatt

60
120
180
240
300
360
420
480
540
6C0
660
720
780
840
900
960
1020
1080
1140
1200
1260
1320
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ceacagacay atgagtcatg a

<210>
<21l>
212>
<Z213>

<450~

22
446
FRT
Homo =mapiens

22

HMet Alz 3er

i
His
Gly
Arg
Gly

65

Leu

Als

LySs
2ro
14%
Lys
;Tyr
Ser
Cysa
Gly

225

'Ser

Giy

Leu

Arg

50

Gln

Asn T

Trp
130
Asn
Phe

Ala

Leu

~

cly
210
Gly
Leu

Yal

Tyr

Ile

+

ATg
35
Gly

Gly

Hisg

¥al

Pha

Glu

Val

195

Ala

Serx

Trp

Arg

Asn
275

Mel
Aryg

20
Leuy
Ser
Ty
Leu
Pro
108
AsSp
Gly
Thr
Ile
Ile
180
Lys
Gly
Met
Ty
Val

260

Tyr

Thr

5

Leu

Fro

Fhe

Tyr

Val

8%

Phe

Teu

Glu

¥al

Asn

165

Ala

Gln

Phie

Ile

Thr

245

Glu

Asp

ly

Pro

Arg

Val

Val

70

Asp

Len

Arg

Leu

Arg

1590

Gly

Arg

Thr

Fro

Iie

230

Pro

Ile

Lys=s

Gly
Leu
Glu
Glu

55
Glu

Thy

#ig

Ser
Pro
His
Leu
215
Gly
Ile

Asn

Ser

Gln

Arg

Thr

40

Met

Met

Gly

Arg

Gly

120

Thr

Asn

Asn

Asp

Arg

uly

ile
2840

Gin

in
M
(5 I8 B¢

Asp

Val

Thx

Ser

Tyr

108

Val

Azp

Ile

Trp

Asp

185

Pro

1 Gin

Ile

Arg

Gin
265

Het

10

Gly

Glu

Asp

Val

Senr

g0

o

Tyr

Leu

Ala

Elu

170

Ser

Asn

Ser

Asp

Glu

250

Asp

Asp

Gly

Lean

Giu

Asn

Gly
5

Asn

Glin

Val

¥al

Ala

185

Gly

Leu

Leu

Glu

His

235

Trp

Leu

Ser

&G,

Arg

Gly

0

Len

60

Ser

Fhe

Bry

¥ro

Sur

140

Ile

Ile

Glu

Phe

¥al

220

Ser

Tyr

Lys

Gly

Gly

Gly

Glu

4%

Arqg

Fro

Ala

Tyr
125
Ile
Thr

ey

Pro

Baxr ]

205

Leau

Tyxr

Het

Thr
285

Ser

Al=a

30

Glu

Gly

Pro

Val

Fro

Glu

Gly

Fhe
150

i-{’
@
ft

Ala

Ty

Thr

Fro

Fro

Lys

Gln

Gly

35

Ser

Gin

His

Sar

Len

175

Fhe

His

Ser

Thi

Val

258

Cys

Asn

Gin

Ley

Ser

Thr

80

Ala

Ser

Gly

3ly

Asp

166

Ala

Asp

Lew

val

Gly

240

Ile

Lys

Leu
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. Arg Leu

290

Ala
305

Ser

Leu Val

Ile Ser

Thr Ile

Ser Gln

370

Thr
385

Val
Arg Ala
Asp Glu

Met Glu

Pro

Ser

Cys

Leu

Leu

355

Asp

Met

Arg

FPhe

Asp
435

Lys

Thr

Trp

Tyr

340

Pro

Asp

Gly

Lys

Arg

420

Cys

Lys

Glu

Gln

325

Leu

Gln

Cys

Ala

Arg

405

Thr

Gly

Val

Lys

310

Ala

Met

Gln

Tyr

Val

390

Ile

Ala

Tyr

Fhe

295

Phe

Gly

Gly

Tyr

Lys

375

Ile

Gly

Ala

Asn

Glu

Pro

Thr

Glu

Leu

360

Phe

Met

Fhe

Val

Ile
440

Ala

Asp

Thr

Val

345

Arg

Ala

Glu

Ala

Glu

425

Pro

Ala

Gly

Pro

330

Thr

Pro

Ile

Gly

Val

410

Gly

Gln

Val

Phe

315

Asn

Val

Ser

Phe

395

Ser

Proc

Thr

Lys Ser

300

Trp Leu

Asn Ile

Gln Ser

Glu Asp

365

Gln
380

Ser

Tyr Val

Ala Cys
Phe Val

Glu
445

Asp

Ile

Gly

Phe

Fhe

350

Val

Ser

Val

Hisg

Thr

430

Ser
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<212>
<213>
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1380
DNA
Homo

<40C> 23

atggctagea
ccgegtgaac
gggggcgcece
ggcecggaggy
~ tactacgtgg
' ggcagcagta
aggcagctgt
ggcaagtggg
actgtgcgtg
aactgggaag
gagcctttet
ctttgtggtyg
atgatcattyg
cggcgggagt
aaaatggact
cttcgtttge
acggagaagt
accacccctt
cagtecctteco
acgtcccaag
ggagctgtta
tttgctgtca
tttgtcacct

sapiens

tgactggtgyg
aggacggate
ccctgggget
gcagctttgt
agatgaccgt
actttgecagt
ccagcacata
aaggggagcet
ccaacatige
gecatcctggg
ttgactctcet
ctggcttece
gaggtatcga
ggtattatga
gcaaggagta
ccaagaaagt
tccetgatgg
ggaacatttt
gcatcaccat
acgactgtta
tecatggaggg
gcgettgeca
tggacatgga

acagcaaatg
cacccageac
gcggetgeee
ggagatggtg
gggcagccce
gggtgctgece
ccgggaccte
gggcaccgac
tgccatcact
gctggectat
ggtaaagcayg
cctcaaccag
ccactcgetg
ggtcatcatt
caactatgac
gtttgaagct
tttctggeta
ccecagtcatc
cctteegeag
caagtttgec
cttctacgtt
tgtgcacgat
agactgtggc

ggtcgeggat
ggcatccgge
cgdgagaccyg
gacaacctga
ccgcagacgce
ccceacecet
cggaagggtg
ctggtaagca
gaatcagaca
gctgagatty
accecacgttce
tctgaagtge
tacacaggca
gtgcgggtgg
aagagcattg
gcagtcaaat
ggagagcage
tcactctacc
caatacctge
atctcacagt
gtectttgate
gagttcagga
tacaacattc

90~

cgatgactat
tgcceetgeg
acgaagagcece
ggggcaagte
tcaacatcct
tcctgeateg
tgtatgtgeco
tcecececatgg
agttecttcat
ccaggcctga
ccaacctctt
tggcectctgt
gtctctggta
agatcaatgg
tggacagtgg
ccatcaagge
tggtgtgctg
taatgggtga
ggccagtgga
catccacggg
gggcccgaaa
cggcagcggt
cacagacaga

Lys Ala

Glu Gln

320
Pro Val
335

Arg Ile

Ala Thr

Thr Gly

Phe Asp

400
Val His
415

Leu Asp

ctctgactet
cageggecty
cgaggagece
ggggcaggge
ggtggataca
ctactaccag
ctacacccag
cccecaacgtco
caacggcetce
cgactccetyg
ctecectgeac
cggagggagce
tacacccatc
acaggatctyg
caccaccaac
agcctectee
gcaagcaggce
ggttaccaac
agatgtggec
cactgttatyg
acgaattggce
ggaaggccct
tgagtcatga

60
120
180
2490
3C0
360
420
480
540
600
660
720
780
840
900
9¢0
1020
1080
1140
1200
12690
1320
1380
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<210>» 24
<Z11> 45%
212> PRT
<213>» Homo saplens

<400> 24
Met Ala Ser

1

ile
Aryg
Leu
Ser

65

C Ty

Leu

Asp
Gly
145
Thr
ile
ile
Lys
Gly
225
Met

Tyr

_Val

Ser

Leu

Bro

50

Fhe

Tyr

¥al

Fhe

Asn

Ala

Gln

210

Pha

Thr

Asp

Pro

35

Arg

Val

Yal

Asp

Leua

115

Arg

Arg
Gly
Arg
195

Thyr

Pro

11e

ro

ile
275

Met

Ser

Leu

Glu

Glu

Glu

Thr

100

His

Lys

: Giy

Ala
Ser
180

Pro

Leu
Gly
Ile

2460

Asn

Thr

n

Arg

Thr

Met.

Mat

85
5ly
Arg
Gly
Thz
Asn
165
Asn
Asp
Val
Asn
GLy
245

Arg

Gly

Gly

Arg

Ser

Asp

Val

70

Thy

Ser

Tyr

Val

Asp

150

Ils

Asp

Pro

Gin

230

Arg

Gin

Gly
Glu
Gly
Glu

55
Asp
Val

Ser

Tyxr
135

Leu

Ala

Asp
Glu

Asp

Gln
Gin
Leu

40

Glu

Bsn

Gln

126

Val

Yal

Ala

Gly

Leu

290

Leuw

Glu

His

Trp

Leu
280

Gin

Bro ¢

Leu

Ser

Phe

165

Arg

Pro

Sexr

Ile

Ile

185

Glu

Fhe

Fal

Ser

Tyr

265

Lys

Met
10

Arg

Bro

20

Als

Gln

Tyr

Tle

Thr

170

Lew

Jer

ey

Leu

250

Tyr

Met

Ser

Ala

Glu

Gly

75
Pro
Yal
Leu
Thr
Pro
i85
Glu
Gly

Fhe

L=u

Asp

91-

Arg

Thy

Pro

Pro

60

Lys

Gln

140

His

Ser

Lau

Fhe

His
22t

& Ser

Thr

Yal

Cys

Ly

45
Gly
Ser

Thr

Ala

Gly

Asp

Ala

Asp

203

Len

Val

Gly

Ile

Liya
285

Ser
His
30

Gly

Arg

Ala

110

Thr

Lys

Bro

Lys

Tyr

180G

Cys

Gly

Ser

Ile

270

Glua

ey

Aryg

Gln

Asn

35

Pro

Tyr

Tep

Asn

Ehe

175

Bla

Leu

Gly

Gly

Leyu

255

Val

Tyr

Iie

His

Arg

Glu

Yal

160

Phe

Glu

Val

Als

Ser

240

Trep

Arg

Asn
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~Iyr Rsp Lys Ser Ile Val Asp Ser Gly Thr Thr &sn Leu Arg Leu Pro
280 295 300

Lys Lys Val Phe Glu Ala Ala Val Lys Ser Ile Lys Rla Ala Ser Ser
305 310 315 320

Thr Glu Lys Fhe Pro Asp Gly Fhe Trp Leu Gly Glu Gln Leu Val Cys
325 336 335

Trp Gln Ala Gly Thr Thr Pro Trp Asn Ile Phe Pro Val Ile Ser Leu
! 340 345 350

Tyr Leu Met Gly Glu Val Thr Asn Gln Ser Phe Arg Ile Thr Ile Leu
355 360 365

Fro Gln Gln Tyr Leu Arg Pro Val Glu Asp Val Ala Thr Ser Gln Asp
‘ 370 375 380

Asp Cys Tyr Lys Phe Ala Jle Ser Gln Ser Ber Thr Gly Thr Val Met
385 380 385 400

- Gly Ala Val Ile Met Glu Gly Phe Tyr Val val Phe Rsp Arg Ala Arg
405 410 ) 415

Lys Ary Ile Gly Phe Rla Val Ser Ala Cys Hieg Val His Asp Glu FPhe
420 425 430

Arg Thr Ala Ala Val Glu Gly Pro Fhe Val Thr Leu Asp Met Glu Asp
435 440 445

Cys Gly Tyr Asn Ile Pro Gln Thr Asp Glu Ser
450 4585

210> 25

<211> 1302

<21%> DNA

<213> Homo saplens

"<4C00> 25

tatgactcage atggtattog totgecacty cgtagoggte tggutggtge tcooactgggt 60
ctgegtelge cocgugagac cgacgaadgay ooocgaggage coggoeoggay gggeoagettt 120
gtugagatygy tggacaacet gaggggcaay toggggcagg getactacgt ggagatgacce 1O
gtgggcagee cocogeagac goteaacate ctggtggata caggcageay btaacttitgea 240
gtgggtgetg ceccccacee cttectgeoat cgetactace agaggeaget gtocageaca 3060
taccogagace tocggaaggy tgtgtatglg cocctacacce agggecaagtg ggaaggggag 360
ctgggcaccy acctggtaag catoccccat ggccocaacg teactgbgeg tgecaacatt 420
getgecatca ctgaatcaga caagttette atcaacgget ceoaactggga aggeatoctg 480
gagotggect atgotgagat tgecaggect gacgactcec tggageocotit ctitgactet 540
ctggtazage agacccacgt teoccaaccte theteocctge acctitgtyy tgcoctggetic 600
ccecetozace agbteotgasgt goetggcotet gteagaguga geatgateat tggaggtate 660
gaccactoge tgtacacagg cagtototgg tatacaceoes tecggeggga ghggtattat 720
gaggtcatoa ttgtgeogggt ggagateaat ggacaggato tgaaaatggs chbgesaggayg 780
tacaactatyg acaagagcat tgtggacagt ggcaccacca aceticgitt goccaageas 840
gtgtttgaag ctgcagteaa atccateaayg geagocctect coacggagas ghttceectgat 800
ggtttotgyge taggagagea goiggtgtge tggeaageag geaccaccoe thtggaacatt 9€0
ttcorcagtea tctcacteta cotaatgggbt gaggttacca accagtoctit cogeatcace 1020
atccttocys agoaatacct goggocagig gaagatgtygg ccoacgteoceca agacgactgt 1080
tacaagttiyg ccatctcaca gteatecacy ggeactgita tggaagetgt tabteatggag 1140
ggettetacg ttgtotttga togggoooga saacgaattg gotitgotgt cagogettge 1200
cecatgtgracy atgagtitcay gacggoageg gtggaaggee cttttgtcac cttggacatg 1260
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. gaagactgty getacaacat tccacégaca gatgagteat

<210>
<211
<Z212>
<213

26
433
FRT
Homo sapiens

<400> 2t

Mat

Glu

Gly

Pro

£ 65

Yzl
ey
Thr
Pro
Glu
145
Gly
Phe
Leu
Ala
225
zlu

Asp

Thy

Thr

Pro

Fro

Lys

50

Gln

Gly

Ser

Gln

His

130

Ser

Leu

Phe

His

Ser

210

Thr

Val

Cys

Azn

Gin

Leu

GLly

Ser

Thr

Ala

Ser

Gly

ils

Gly

AsD

Ala

Azp

Leu

195

Yal

Gly

Iie

Lys

Len
275

His

Gly

20

Arg

Gly

Leu

Ala

Thr

100

Lys

Fro

Lys

Tyx

Ser

180

Cys

Gly

Sexn

Ile

Glu
260

Arg

Gly Ile
a

Leu Arg
Brg Gly
Gln Gly
Asr Tle

70

Pro His
85
Tyr Arg
Trp. Glu
Asn Val
Phe Phe
Ala Glu
165
Len Val
Gly Ala
Gly Ser
Leuw Trp

230

Val Arg
245

Tyr Asn

Lzu Fro

Arg

Leu

Sex

Tyr

55

Leu

Breos

Asp

Gly

Thr

135

Ile

Tie

Lys

Met
215
Tyr
Val

Tyr

Lys

Leu

Fro

Phe

40

Tyr

Yal

Fhe

Lz

Glu

1290

val

Asn

Ala

Eln

Phe
200

Glu

Asp

Liys
280

Pro
Arg
25

Val

Asp

Leu

Arg

1065

Leu

Arg

Gly

Arg

Thy

i85

Bro

Iie

Len
16
Glu

Glua

Hig
a0

Lys

Als

Ser

Fro

17¢

His

Leu

Gly

lle

Asn

250

Ser

Phe

Maet
Met
Gly

75

Arg

ASD

Asn

155

Val

han

Arg
235
Gly

Ile

Glu

-03.

ga

Asp

Val

Thr

ad

Ser

Tyr

Val

Asp

Ile

146G

Trp

Asp

Pro

Gln

Ile

220

Arg

Gln

Val

Ala

Gly

Glu

Asp

45

Val

Ser

Tyr

Ty

Ley

125

ARla

Glu

Ser

Asn

Ser

203

Asp

Giu

Asp

ala
285

Leu
Glu
an

Asn

Asn
EZln
Val
116

Yal

Ala

Ley
Leu
180

@la

Tro

Leu

Ser
270

Leu

Ser

Fhe

Arg

g5

Pro

Ser

Iis

Glu
175
Phe

Val

¥Yr

i

Lys
255

Gly
Glu
Arg
Pro
Ala

a0
Gin

Tyr

Ile

Ty
160
Fro
Sexn
Leu
Lew
Tyr
240
Met

Thr

Bexr

1302
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)Ser

" Ile

“¥al

Lys
220

Gly Glu

305

Phe Pro

Fhe Arg

Bla

Thr
370

Val
385

Phe
His Val
Thr

Leu

Ser

<Z10» 27

<211> 1278
<212» DHA
<213> Homo

<400> 27

atggctagea
cogoetggact
gocasghogy
aacatecotgyg
ctgeoatoget
tatgtgoeoot
coocatggec
thottcatesz
aggoctgacyg
aacctottet
geototgtog
ctotggtata
atcaatggac
gacagtggea
atoaaggeay
gigtgetgge
atgggtgagg
ccagtggaag
tcecacgggea
goeocgaaaac
guageggigy
cagacagaty

ala
Gln

Val

Thr
355
Gly
Asp

Hisz

Asp

Ala Ser

Leu Val

Ser

Cys

Thr
295

Ty

310

Ile Ser

325

Thr
340

Ile
Ber Gln
Thr Val

Arg ala

Leuw

Asp

Met

Arg

Tyr Leu

Pro Gln

Asp €
380

Gly
375

Ala

Lys Ary

390

Glu
405

Met
420

Glu

sapiens

tgactggtygg
ctggtatega
ggcagageta
tggatacagy
actaccagag
acacccaggyg
crascgtcac
aoggohocas
actocctgga
coctgoacot
gagggageat
cacccatooyg
aggatctgaa
ceacoesacct
cotootocac
aagoaggoac
taccascea
atgtggooan
ctgttatggy
gaattggett
aaggeoctit
agtoatga

Phe

Asp

Thr

Gly

Lys

Ala

Met

YVal

Tie

Ala

TV

2 Pro

Thr
3185

Gly

Gly Glu

330

Tyr Leu

Lvs Phe

Ile Met

Phie
385

Als
£10

Asn Ile

425

acagcaaaty
aaccgacyga
ctacgtggay
cageagtaac
geagoetgtee
caagtgggaa
tgtgogtgeo
chgygaagge
goctttettt
ttgtaggtget
gatcattgga
gegggagtgyg
aatggactge
tegtttgooc
ggagaagtto
cacccettygy
gtoctteooge
ghaccaagas
agetgttatce
tgetgteage
tgtcaccttyg

ggtegoggat
tcectttgtgy
atgacogtgg
ttitgeagtgg
agoacatacce
ggggagetgy
aacattgotg
atcoctyggage
gactetctyg
ggoettoceco
ggtatogacc
tattatgagg
aaggagtaca
aagaaagtgt
cctgatggtt
aacattttce
atcaccatoc
gactgttaca
atggagggot
gettgecatyg
gacatggasg

s T

Bsp
380

Gly Phe

Thr Pro Trp

Val Thr Asn

Arg Pro Val

350
Ala Ile
365

Ser

Glua
380

Gly

Ala 1l Ser

Gly Pro

Gin Thr

430

Pro

cgatgactat
agatggtgga
gragooesce
gtgetgoooe
gggacetoog
gcaccgacal
ccatcactga
tggootatge
taaagrcagac
teaaccagte
actagotgta
teatcattgt
actatgacaa
ttgaagetge
totggotagyg
cagreatate
ttoegoagoa
agtitgcoat
tctacgttgt
tgcacgatga
actgtggcta

Trp Leu

Ile
320

Asn

Gln
335

Ser

Gluy Asp

Gin Ser

Tyr Val

hla Cys

400

Phe
415

Val

Asp Glu

atetgactet
caaccigagy
gcagacgotc
ccaceeotte
gaagggtgty
gataageate
atcagacaag
tgagattgeo
peacgttece
tgaagtgoety
cacaggoagt
gegggtggay
gagceatitgrg
agicaaatcs
agagragetg
actotaccta
atacctgogy
ctcacagica
cttigatagy
glttcaggacy
caacatteeca

&0
120
18D
240
300
260
420
480
540
£00
660
720
TRE
840
=Y
960
1020
1080
1140
1200
1260
1278
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28
425
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28

Met Ala Ser

1

Ils
Val
Yal
Asp

85

Leu

Leu

Brg

Gly

145

Arg

" The

Pro

iTle

Fro
225

- Ile

Lys

Giu

Glu

50

Thr

His

Lysa

Gly

Ala

130

Ser

Pro

His

Leu

Asn

Sar

Phe

Bhe

i
[}
el

HMat
35
Met

GlLy

Arg

Thr
118
Azn

Asn

Asp

Asn

i8%&

Arg

Gly

Ile

Glu

275

Pro

Met
Ser

20
Val

Thx

Ser

Val
100
Asp

Tle

Esie]
18C
Gln
Lie
Arg
Gln
Val
260

Ala

Asp

Thr

9]

Fro

Bsp

Yal

Ser

Tyr

85

Tyr

Leu

Ala

Ser
165

Ser

Asp

Glu

Asp
245
Asp

Ala

Gly

Gly

Leu

Asn

Gly

Asn

70

f2in

Val

Val

Alm

Gly

156G

Len

Glu

His

Trp

230

Leu

Ser

Yal

Phe T

Gly

Asp

Leu

Ser

Fhe

Arg

Pro

Ser

Ile

135

Tis

Glu

Fhe

Sexr
213

Tyr

Lys

Gln

Ser

Arg

40

Ala

Gln

Tyr

Ils

120

Thr

Leu

Pro

Ser

Leu

200

Leu

Tyr

Met

Thr

Ser

280

Leu

Gln

Gly

25

Gly

Pro

Val

Leu

Thr
105

Gly

Phe

Leu
185

Glu
Asp
Thr
265

Ile

Gly

Mat
10
Il

Lys

Gly
Ser

90
Gln
Hig
Ser
Leun
Phe

173

Ser

Val
Cys
250
Asn

Lys

(1l

Gly

5lu

Thr
Ala
75

Sar

Asp

Ala

155

ABD

Leu

Yal

Gily

Ile I

235

Lys

Leu

Ala

Gin

-95.

Thr
Gly
Leu

a0

Ala

Lys

2ro

Lys

140

Tyr

Ser

Cys

Gly

Ser

220

Glu

Arg

Ala

Leu

Asp

5in

45

Asn

Pro

Tyr

T

Asn

125

Phe

Ala

Leu

Gly

Gly

2045

Val

Tyr

Leu

Zer

Z85

Val

Ser
Gly

a0
Gly

Ile

His

Glu

Yal

Ala

120

Tre

Arg

Asn

Pro

270

Ser

Cys

Met

i5

Ser

Tvr

Len

Pro

Asp

a5

Thy

ile

Ile

Lys

185

Gly

Mat

Tyr

Val

Ty

255

Lys

Thi

Trp

Phe

Val

Phe

80

Leyu

Glu

Val

Azn

la

160

Zln

Phes

Ile

Thy

Glu

240

Asp

Lys

Glu

Gln
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Ala
305

Met

Gin

Tyr 1

Yal

290

I

Gly

Giv

Tyr

Ile

Thr

Leu

Phe
355

Met

Thxr
Val
Arg
3490

Ala

Glu

Pro

Thr

328

Pro

Ile

Trp
310

Ser

Azp

Ser 3

360

Yal

Plis Val

315

Fro

Phe Ile

Yal
345

Thr Gly

Val

370

Ile

385

Gly

Ala Als

Asn

by g
o

<z10»
<Z11>
«Z2l2>
<213>

29
1362
DHA
Home

<400» 29

atggoocaag
‘ggcacooage
ctgecggetge
gtggagatyg
gtgggcagec
gtgygtgetyg
tacogggace
ctgggcaocyg
gotgocatca
gggctggeot
chyggtaaage
cooctcasce
gaceactege
~gaggtceatca
-Lacaactatg
cgtgtitgsag
Sggtttotggo
tieccaghoa
atcettocge
tacaagttty
ggettotacy
catgtygoacyg
gaagactgty

<210> 20
<211> 453
<212> BRT
<213> Homo

Phe

Val

Ile

Gly

Ala Val

Yer

Tyr
375

Ala Cys

390

Glu Gly

4058
Pro Gln
420

saplens

coctgoeoty
acggcatocog
cooygggagac
tggacaacct
cecoogeagac
CCOCCCana
tecggaaggg
acctggtaag
ctygaatcaga
atgetgagat
agacocacgt
agtctgaagt
tgtacacagg
ttgtgegggt
agaagagoat
ctgcaghtcas
taggagagea
Lctecacteota
agecaatacct
cecateteaca
ttgtoctttyga
atgagttecag
gohagcaacat

sapiens

Pro

Thr

Phe Val

asp Glu

Hig

Phe Asp

Val His

385

hr Leu

410

Asp

Ber

425

gotoctgetyg
getgoeoeoty
cgacgaagag
gagyggcaay
gctoaacato
ctteoctgcat
togtatatatyg
catccooneoat
caagttettco
tgcoaggoet
toocaaccte
gotggeotot
cagtotectgy
ggagatcaat
tgtggacagt
atocatoeaay
goetggtgtge
cotaatgggt
geggecagty
gtoatcecacy
togggoocga
gacggeagey
tecacagaca

tggatgggey
[sls lot-Tefole folals)
coocgaggage
Lcgggygcagg
ctggtggata
cgetactace
coctacacon
ggoaccaacg
atcaacgget
gacgactoceco
ttctegooctge
gteggagyga
tatacaccca
ggacaggaha
ggeaccacos
geagootcet
tggcaagcag
gaggtitacca
gaagatgtyyg
ggcactytta
aaacgaattyg
gtggaaggee
gatgagtcat

96

300

Ile Ser Leu

Thr Ile Leu

Ser Gin Asp

350
Thr val
365
Arg Ala
380

Arg

Phe

Met Asp

cgggagtgcet

tygggggegs

cogyecggay

gctactacgt

caggeagcag

agaggeagoet

agggcaaygty

toactgtgoeg

coaactggga

tggageetit

acotttgigg
gcatgatcat

Loeggegygga

tgaaaatgga

acettogtit

coacggagaa

goaccaccoco

accagtoctt

ccacgiceca
tgygagotgt

gotttgetgt
sttttgteac
ga

Lea
322G

Tyr

Pro
335

Asp Cys

Gily Ala
Lys Arg

Thx
400

Arg

Cys
415

Gly

gogtgoccac
ccocotgagy
gggecagattt
ggagatgaoo
tasctttygea
gtacageaca
ggaagygggay
tgocaacatt
aggeatactg
ctttgactet
tgeotggotic
tggaggtatc
gtggtattat
cLgoaaggag
geocaagasa
gtteococtgat
tiggaacatt
gogoateaqc
agacgactygt
tatcatggaqg
cagogettge
cttggacatg

60
120
180
240
300
360
420
480
540
£00
560
120
780
840
500
360
1020
1080
1140
1200
1268
13240
1362
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© <400 340

Met Ala Gln

1

Lau

‘Gly‘

Asp

65
¥al
Ser
Tyr

Ty
Leu
145
Ala
Glu
| Ser
Asn
Ser

225

Esp

hla
305

Pro

Glu
50

Asn

Gly

Asn

Gin-

Val
130
Val
Ala
Gly
Leu
Lew
210
Glu
His
Trp
Leun
Ser
230

Val

Ala

Tasuy

Ser E

Phe
Arg
115

Pro

Ser

Ile
Glu
185
Fhe
Yal
Q@r
Tyr
Lys
275

Gly

Lys

Aia

Hisg

Gly

Gin

Arg

Ile

Thr

Lau

180

Fro

Ser

Leu

Ley

Tyr
260

Ser

Ala

Giug

Gly

Leu

Thr

Pro

Glu

163

Gly

'l
o2
[6}

Ala

Tyr

245

Aszp

Thy

Ile

Pro

Thr

Lys

-
E

Gln
Gly
Ser

Gin

Leu
Fhe
Gln
Ser
230
Thr
Val
éys
Asn

LyE
310

T

Gin

Laun

Gly

55

Bexr

Thyr

Ala

Gly
135

Gly

Asp

‘Ala

Asp

Leu

215

Val

aly

Ila

Lys

Leu

295

Ala

Leu

His

Gly

Leun

Ala

Thxr

120

Lys

Pro

Liys

Tyr

Ser

200

Gly

Ser

Glu
280

Arg

Ala

Leu
Gly
25

Leu

Arg

AEn

Fro

i05

Tyr

Trp

Asn

Fhe

Ala

183

Leu

Gly

Gy

Leu

val

265

Tyxr

Leu

Ser

Leu
14

Ile

Aryg

Gly 3

Gly

Ile

18]

Hig

Arg

Glu

Val

Phe
10

Val I

Ala

Ser

Trp

250

Arg

Asn

Pro

Ser

Trp

Arg

Leu

Tyr

75
Leu
Pro
Asp
Gly
Thr
155

Ile

ile

Mat
238

Tyr
vzl
Tyr

wyYs

Thr
315

97-

Mt

Leu

Bro

Phe

80

Tyr

Val

Phe

e

Glu

140

Val

Asn

Ala

Gln

Fhe

220

Ile

Thr

Glu

Asp

Lys

300

Glu

Gly
Fro
Arg

45
Yal
Val
Asp
Leuw
Arg
125
Leu
Arg
Gly
Arg
Thr
205
2ro

Il=

Pro

Lys
285

Val

Ala
Leu
30

Glu

Thr
His
110
Lys
Gly
ALE
Ser
Pro
120
His
Lenz
Gly
Ile
Ast
270
Ser

The

Phe

Gly

Arg

Thr

Mat

Met

Gly

85

Arg

Gly

Thr

Asn

Asn

175

hsp

Val

Asn

Gly

Arg
255

PFro

Val

Ser

ASP

Val

Thr

80

Ser

Tyr

Val

Asp

Iie

160

Tre

Asp

Pro

Gln

Ils

240

Arg

Gln

Val

Ala

Asp
320
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Gly

Pro

Thr

Pro

Ile

385

Gly

¥al

Gly

Ph=

Trp

Asn

Val

270

Fhe

Ser

Pro

Thr

Asn

Gin

355

Glu

Gln

Tyr

Alag

Fhe

435

Asp

Leu

ile

340

Sexr

&sp

Ber

Val

Cys

420

Val

Glu

Gly Glu

325

Phe

Fhe

Val

Ser

Vai

405

Hia

Thr

Ser

Pro

Arg

Ala

Thr

395

Phe

Tty

Len

Gln
Yal
Ile
Thr
375
aly
Asp
His

Asp

Leu

Thr

360

Bar

Thr

Arg

RAsp

Met
440

Val Cys

330
Ssr Leu
345

Ile Leu Pro

Gin Asp Asp

Val Met Gly

395
Ala Brg
410

Liya

Glu
425

Phe Arg

Gl Cys

450

<210>
<Zll>
<Z212>
<Z13»

31
1384
DNA
Homeo

<400> 31

atggoccaay
ggracccags
ctgoggotge

' gtggagatgy

grtgggcagoo
gtgggtgotyg
taccgggace
chtgggeacey
getgecatea
gggctgycct
octggtaaage

i ceccteaacco

© gaccactogo
" gaggtcatcoa

tacaactatyg
gtgtttgaag
ggtttetgge
ttcocecagtea
atccthocge
tacaagtitg

cggottoctacy

catgtgeacy
gaagactygty

<210> 32

<211 459

sapiens

ccobtgoocty
acggeatecy
cocgggagac
tggacaacct
coccgeagac
cococeacne
tocoggaaggy
acetggtaay
ctgaatocaga
atgcthgagat
agaccoacagt
agtctgaagt
tgtacacagg
ttgtgcgggt
acaagageat
ctgeagtcas
taggagagces
tetecactota
agcaatacct
coatcteaca
ttgtetttga
atgagttcag
gctacaacat

gcteootgetyg
gotgeeccty
cgacgaagaqg
gaggggoasg
goetesacate
ctteoctgeat
tgtgtatotyg
catecoooeat
caagtietto
tgccaggoct
teccaacota
gotggeoctoel
caglctetgy
ggagatcaat
tgtggacagt
atccatcaag
getggtgtyge
cotaatgggt
goggecagtyg
gtcatcecacy
tegggeecga
gacggeagcey
Tocacagaca

tygatgggcyg
cgragegaen
seocgaggage
teggggcagy
ctggtggata
cgctactace
ccctacacee
JgCCoCcoaacyg
atcaacgget
gacgacteoe
ttotocotge
gtoggaggye
tatacaccea
ggacaggatc
ggraccaoca
geageetoct
tageaagesay
gaggttaceca
gaagatigigy
ggcactgtta
aaacgaattyg
gtggaaggcece
gatgagtoac

98-

Gln Ala Gly

Leu Met Gly

350
@ln Gln
385

Tyr

Cys
380

Lys

Ala Val Ils

Ils

Gly

Ala 2la

430
Tyr Asn
445

cgggagtget
tggagggege
cegygoggay
getactacgt
cagyeagcag
agaggcaget
agggcaagtg
tecactgtgoy
craactgyggs
tggagoettt
acetittgtgy
geatgatcat
tecoggeggga
tgaaaatygya
agcttegttt
coacggagaa
goaccacors
accaghoctt
ceacgltcoea
tgggagetge
gotttgetgt
ctttigtcac
agcagcagea

Thr
335

Thr

Glu Val

Leu Arg

Phe Ala

Met Glu

400

Fhe
415

Ala

Yal Glu

Frao

gootgoogad
coeeoctgagy
gggcagotit
ggagatgace
taacttigea
gtecageaca
ggaaggggag
tgocaacatt
aggeatccty
ctttgactet
tgotggette
tggaggtaic
gtggtattat
ctyrcaagyay
goCCASgRas
gtiecactgat
tiggaacatt
cegeatoace
agacgactgt
tatcatggay
cagogettge
ctiggacaty
geageaghga

&0
120
180
240
3G0
360
420
480
540
600
560
720
780
B840
5093
260
1020
1080
1140
12640
1280
1320
1380
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<212> PRY
<213> Homo sapiens

<400» 32
Met Ala Gln Ala Leu

i
4

Leu
sly
Glu
Bzp

&5

Val

Ser

Len
145
Alz

Gliu

* Asn
Ser
;225

 Asp

Glu

Asp 1

Asp

Pro

Leu

Gla

50

Asn

Gly

Asn

Gln

Val

136

Als

Gly

Leu

Leu

210

Glu

His

Trp

Ser

299

Ala

3]

(o) et
LA

Pro

Arg
115

Pro

Ile

Ils

Glu

185

Phe

Val

Ser

Lys

275

Gly

Arg

Pro

Ala

100

Gin

Tyr

Ile

Thr

Len

180

Pro

Ser

Leu

Leu

Tyr

280

Mat

Thr

5

Gly
Ala
Glu
Gly
Pro

a5
Val
Leu
Thr
Fro
Glu
165
Gly
Fhe
Leu
Ala
Tyr
245
Asp

Thr

Pro

Thr

Pro

Pro

Lys

70

Gln

Gly

Gin
His
156
Ser

Leu

Fhe

irp

Gin B

Leu

Gly
55

Thr

Rla

Ala

Asp

Gln Le

Sexr
230

Thr

1 Val

Cys

Asn

Lys

Leu
2495

Leuw

¥y
i
n

Gly

43

Arg

Gly

Leu

Ala

Thr

120

Pro

Liys

Tyr

Ser

200

Cys

Gly

Ser

Glu
280

Arg

L

Gly

Leu

Arg

Gln

Aszn

Pro

105

TVr

Pha P

Ala
185
Leu
Gly
Gly
Leu
Val
265

Tyr

Leu

Ley
10
Ile

Arg

GLy

Tle

90
His
Arg

Gl

Val

Ala

Ser

Trp

25¢.

Arg

Asn

Pro

Ser

Tyr

Met

Lewy

Fro

Phe

50

Tyr

15

Leu

?I‘O

Asp

Tie
Lys
Gly
Met
235
Tyxy
Val

Tyr

Lys

9.

Yal

Fhe

Glu
1490
Val
Asn
Ala
Gln
Phe
220

Ils

Thy

Asp

Lys
300

Giy

Fro

Arg

45

Yal

Val

Asp

Leun

Arg

128

Len

Arg

Gly

Aryg 7

Thr
2G5

Pro
Zie
Pro
Ile
Lys

285

Val

Ala

Lau

30

Gla

Glu

Gilu

Thr

His

110

Lys

Gly

Ala

Ser

o]

His

Leun

Phe

Gly

15
Arg
Thr
Met
Mat
Gly

35

Arg

Thr

Aan,

Azn

i75

Asp

Val

Asn

Arg
255
Gly

Ile

Giu

Ser

Bap

Val

Thr

BG

Ser

Tyr

Val

AsD

Ile

160

Trp

Asp

Pro

Gln

Ile

240

Arg

Gln

Yzl

Ala
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Ala Val Lys Ser Ile Lys Ala Ala Ser Ser Thr Glu Lys Phe Prp Asp

305 310 318 320

Gly Phe Trp Leu Gly Glu Gln Leu Val Cys Trp Gln Ala Gly Thr Thr
325 330 335

Pro Trp Asn Ile Phe Pro Val Ile Ser Len Tyr Leu Met Gly Glu Val
34D 345 350

Thr Asn Gln Ser Phe Arg Ile Thr Ile Leu Pro Glo Gln Tyr Leu Arg
358 360 365

Pro Val Gla Asp Val Ala Thr Ser Gln Asp Asp Cys Tvr Lys FPhe Ala
370 375 380

Ile Ser Gln Ser Ser Thr Gly Thr Val Met Gly RBla Val Ile Mel Glu
385 380 383 400

Gly FPhe Tyr Val Val Phe ARsp Arg Ala Arg Lys Arg Ile Gly Fhe Ala
4058 4310 415

Val Ser Ala Cys His Val Hisz Asp Glu Phe Arg Thr Ala Ala Val Glu
420 425 430

Zly Pro Phe Val Thr Leu Asp Mét Glu Asp Cys Gly Tyr Asn Ile Pro
435 440 445

Gin Thr Asp Glu Ser His His His His His His
450 455

<210> 33

<211> 25

<212> PRT

<213> Homo sapiens

<400> 33
; Ser Glu Gln Gln Arg Arg Pro Arg Asp Pro Glu Val Val Asn Asp Glu
b3 5 16 15
Ber Ser Leu Val Arg His Arg Trp Lys
20 25
«210> 34
<Z11l» 1%
<Z212» PRT
<213> Homo sapiens
400> 34
Zer Glu Gln Leu Arg Gln Gln His Asp Asp Phe Ala Asp Asp Ile Ser
1 5 i0 15

Leun Len Lys

<210> 35

. <211> 29

<212» DNA

<213» Homo sapiens

-100-
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<400> 35
gtggatcecac coageaqgye atooggoty ) _ 29

<210> 386

<2ii> 36

<212> DNA

<213> Homo sapilens

<400> 36
gaaagchbttc atgacteats tgtetgtgga atgttg 36

L <210> 37

<211> 29

<212> DNA

<213> Homo saplens

<400> 37
gatcgatgac tatctctgace tetecgogty aacaggacy 38

<210> 38

<211> 3%

<212> DNA

<Z213>» Honmo sapisns

- <400> 38
gatecegtect gttcacgogyg agagtcocagag atagteate 38

<210» 32

“2ii> 7

~. ™ DH&

<214 Ariificial Segquence

<2205
223> Description of Artificial Sequence: Hu-Asp?

<400> 39
cggeatecogyg ctgocccoctge gtageggtet gggtggtget ceactgggite tgegtotgce 60
Cogggagace gacgaag T

 <210> 49

<211» 77

<212> DHA

«213» Artificial Bequence

<220
<223> Description of Artificial Sequence: Bu-Aspd

<400> 40
ottogtoggt ctcooggage agacgoagac ccagiggage accacocaga ccgotacgea 60U
ggggeagoey gatgoog 17

L2310 41

231> 51

“<Z212» DNA

<Z213» Artificial Begquence

<2720

223> Description of Artificial Seqﬁence: Caspase 8§
{leavage Bite

-101-
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<400> 41
gatcgatgac tatcetctgac tcteogetgg actotggtat cgasscoygas g 51

<Z210»> 42

<211> 51

212> DNA

<213> Artificlal Ssguence

<Z20>

<223> Description of Artificial Ssguence: Caspase 8
Cleavage Site

<400> 42
gatcecgtogg tticgatace agagtoeeosage gogagaglteag agatagteat o 51

<210> 43
<2ii> 32
<212> DHNA .
<213> Homoe sapiens

S <400> 43

E

aaggatoctt tgtggagatyg gtggacaace tg 33

<210> 44

<211> 36

<212> DNA

<213> Homo saplens

[ <400» 44

gamagcttto atgacteatc tgtetgtgga atgttg _ 36

210> 4%
<211> 24
<Z1Z» DNA

<213> Artificial Sequence

220>
<223> Description of Artificisl Sequence: 6-His tag

<400> 45

" gatcdeatea tcaccatcac catg 24

<210> 486
<21li> 24
212> DNA

- <213» Artificial Sequence

R

<220>
<223> Description of Artificial Sequence: 6-His tag

<400> 46
gatccatggt gatggtgatg atge 24

<210> 47

<211> 22

212> DNA

<213> Artificial Sequence

220>

<223» Description of Artificial Sequence: Introduce KK
motif

102~
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400> 47
actgaccac togaccaggt to

210> 48

211> 51

12> DHNA

213> Artificial SBeguesnce

20>

23> Description of &rtificial Seguence:

motif

<400> 48

cgaattaaat tccagceacac tggotactto titgttetgea tetcaaagaa ¢

<210> 48

<21l1l> 26

«<212> DNA

213> Artificial Seguence

<2207

<223> Description of Artificial Segquence:

motlf

<400> &%
cgaattaaal tocageacac tggeta

-103-

Introduce KX

Introduce KK

22

51

26
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What is claimed is:

I. A polypeptide comprising the amino acid sequence of a mammalian amyloid protein
precursor (APP) or fragment thereof containing an APP cleavage site recognizable by a
mammalian 3-secretase, and further comprising two lysine residues at the carboxyl
terminus of the amino acid sequence of the mammalian APP or APP fragment.

2. A polypeptide according to claim | comprising the amino acid sequence of a
mammalian amyloid protein precursor (APP), and further comprising two lysine
residues at the carboxyl terminus of the amino acid sequence of the mammalian
amyloid protein precursor.

3. A polypeptide according to claim 1, wherein the mammalian APP is a human APP.

4. A polypeptide according to claim 3 wherein the human APP comprises the amino acid
sequence of SEQ 1D NO: 16, 18 or 20.

5. A polypeptide according to claim |, wherein the human APP comprises at least one
variation selected from the group consisting of a Swedish KM—NL mutation and a

London V717— F mutation.

6. A polynucleotide comprising a nucleotide sequence that encodes a polypeptide
according to claim 1.

7. A vector comprising a polynucleotide according to claim 6.
8. A vector according to claim 7 wherein said polynucleotide is operably linked to a
promoter to promote expression of the polypeptide encoded by the polynucleotide in a

host cell.

9. A host cell transformed or transfected with a polynucleotide according to claim 6 or a
vector according to claim 7.

10. A host cell according to claim 9 that is a mammalian cell.

11. A mammalian Amyloid Precursor Protein (APP) modified such that the last two
carboxy terminus amino acids of said APP are both lysine residues.

12. The APP according to claim 11 comprising the amino acid sequence of APP695
modified so that its last two carboxy terminus amino acids are lysines.

13. The APP of claim 12 comprising SEQ ID NO: 16.
14. The APP of claim 12 comprising SEQ ID NO: 18 or 20.

15. A nucleic acid encoding a polypeptide according to claim 11.

104 -



19.

20.

21.

. A host cell transformed or transfected with a nucleic acid of claim 15,
. A host cell comprising a polypeptide of claim 11.

. A host cell according to claim 16 that is a mammalian cell.

A mammalian host cell according to claim 18, selected from the group consisting of
HEK293 and NeuroZ2a.

A vector comprising a nucleic acid according to claim 15.
A vector according to claim 20 wherein said nucleic acid is operably linked to a

promoter to promote expression of the polypeptide encoded by the nucleic acid in a
host cell.
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