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Alzheimer’s Disease Secretase

FIELD OF THE INVENTION

_ The present invention relat_ed to the field of Alzhelmer’ 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

_ Alz_heimer’s_ disease (AD) causes progressive dementia with consequent formation

of amyloid plaques, neureﬁbriilary tangles, gliosis and neuronal loss. The disease occurs in
both genetic and. sporadie forms whose clinical course and pathological features are quite
similar. Three genes have been discovereti 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 (PS1) and presemlm—Z (PS2), which as their names
suggest are both stmcturally and functionally related. Mutations in any of the three enhance
proteolytic processmg of APP via an intracellular pathway that produces amyloid beta
peptide or the AB peptide (or sometimes here as Abeta), a 40-42 amino acid long peptxde

that is the primary component of amyloid plaque in AD. Dysregulatlon of intracellular
| pathways for proteolytic processing may be central to the pathophysiology of AD. Inthe

case of ple.que 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 eell 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 o-secretase site cleaves the midregion of the AB sequence adjacent to the
membrane and releases the soluble, extracellular domain of APP-from the cell surface.

“This o-secretase APP processing, creates soluble APP- o, and it is normal and not thonght

to contribute to AD. _

Bathologieal processing of APP at the B- and ‘y-secretase sites produces a very
different result than processing at the o site. Sequential processing at the B- and y-seeretase
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

peurons) and in the endosomal/lysosomal pathway after reinternalization of cell surface
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APP (in all cells). Despite intense efforts, for 10 years or more, to identify the enzymes -
responsible for processing APP at the B and 7 sites, to produce the AP peptide, those
proteases remained unkt_low_n until this disclosure. Here, for the first time, we report the
identification and characteﬁiétien of the P secretase enzyme. We disclose some known and
some novel human aspartic p'roteases'that can act as -secretase proteases and, for the first
time, we explain the role these proteases have in AD. We'de's'c:ribe regions in the proteases
critical for their umque functlon and for the first time charactenze their substrate. This is
the first description of expressed isolated punﬁed active protem 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.

Any isolated or punﬁed nucleic acid polynucleotlde that codes for a protease
capable of cleavmg the beta (B) secretase cleavage site of APP that contains two or more
sets of spectal nucletc acids, where the special nucleic acids are separated by nucleic acids
that code for about 100 to 300 amino acid posmons, where the ammo acids in those
positioris m:«ty be'any emino acids, where the first set of speciel nucleic acids consists of the
nucleic acids that code for the peptide DTG where the first nucletc acid of the first specml
set of nucleic acnds is, the first special nuclelc acid, and where the second set of nucleic
ac1ds code for either the peptide DSG or DTG, where the last nuclelc acid of the second set

of nuclexc acids is the last speclal nucleic acid, with the prov1so that the nucleic acids

| dlsclosed in SEQ ID NO. 1 and SEQ.ID NO. 5 are not mcluded The nucleic acid

polynucleotlde of claim 1 where the two sets of nucleic aclds are separated by nucleic acids
that code for about 125 to 222 amino acid positions, which may be any amino acids.The
nucleic acid polynucleotide of claim 2 that code for about 150 to 172 amino acid positions,
which may be any amino acids. The nucleic acid polynucleotide of claim that code for
about 172 amino acid positiens, which may be any amino ac1ds The nucleic acid
polynucleotide of claim 4 where the nucleotides are described in SEQ.ID.NO. 3 The
nucleic acid polynucleotide of claim 2 where the two sets of nucleic acids are separated by

nucleic acids that code for about 150 to 196 amino acid po_siti:on's'.' “The nucleic acid

polynucleotide of claim 6 where the two sets of nucleotides are separated by nucleic acids

that code for about 196 a:t:ino acids (positions). The nucleic acid polynucleotide of claim 7
whiere the two sets of nucleic acids are separated by the same}nucleic acid sequences that
separate the same set of special nucleic acids in SEQ. ID. NO. 5. The nucleic acid
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polynucleotide of claim :4'where the two sets of nucleic acxds are separated by nucleic acids
that code for about 150 to 190 amino acid (posmons) The nuclexc acid polynucleotide of
claim 9 where the two sets of nucleotides are separated by nucle:c acids that code for about
190.amino acids (positions). The nucleic acid polynucleotide of claim 10 where the two
sets of nucleotides are separated by the same nucleic acid sequences that separate the same
set of spécial nucleotides in SEQ. ID. NO. 1. Claims 1-11 where 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 nuclic acids of that codon codes for any peptide comprising from 1
to 10,000 amino acid (positions). The nucleic acid polynucleotide of claims 1-12 wheré the
first special nucleic acid is operably linked to nucleic acid polymers that code for any
peptide selected from the group consisting of: any any reporter proteins or proteins which
facilitate purification.The nucleic acid polynucleotide of claims 1-13 where the first special
nucleic acid is operably linked to nucleic acid polymers that code for any peptide selcétcd
from the group consisting of: immunoglobin-heavy chain, maltose binding protein, | _
glutathion S transfection, Green Fluorescent protein, and ﬁ_biqu_itin._ Claims 1-14 where the
last nucleic acid of the second set of special amino acids, that is, the last speclal 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. Claims 1-15 where the last special nucleic acid
is operably linked to any codon linked to nucleic acid polymers that cdde for any peptidc :
selected from the group consisting of: any reporter proteins or proteins which facilitate
purification. The nucleic acid polynucleotide of claims 1-16 where the first special nucleic
acid is operably linked to nucleic acid polymers that code for any peptide selected from the

 group consisting of: immunoglobin-heavy chain, maltose binding protein, glutathion S

transfection, Green Fluorescent protein, and ubiquitin.

Any 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 specml nucleic ac1ds consists of the nucleic

~ acids that code for DTG, where the first nucleic acid of the first specxal 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
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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. The nucleic ac1d polynucleotide of claim 18
, Where the first spec1a1 nuclexc acid is operably linked to nuclelc acids that code for any
number of ffom 64 to 77 amino acids where each codon may code for any amino acid. The
nucleic acid pblynucleotide of claim 19, where the first speciél.nucleic acid is operably
linked to nuclelc aclds that code for 71 amino acids. The nuclelc acid polynucleotide of
claim 20, where the first specnal nucleic acid is operably hnked to 71 amino acids and
where the first of those 71 amino acids is the amino acid T. The nucleic acid
polynucleotide of claim 21, where the polynucleotide compriges a sequence that is at least
95% identical to SEQ.ID. (Example 11). The nucleic acid é@_l_ynuc':leotide of claim 22,
where the complete polynﬁeieotide comprises SEQ. ID. (Ei;é:ﬁple 11). The nucleic acid

| polynucleotide of claim 18 , where the first special nucleic aeid:is operably linked to nucleic

acids that code for any nuinb’er of “from 40 to 54 amino acids 'fvji(here each codon may code
for any amino acid. The nucleic acid polynucleotide of clairh;;Z4, where the first special
nucleic acid is operably linked to nucleic acids that code for 47 amino acids. The nucleic

aci'd' polynucleotide of claim 20, where the ﬁfs't special nucleie acid is operably linked to 47

* codons where the first those 47 ammo acids is the amino acld E. The nucleic acid

polynucleotlde of claim 21, where the polynucleotide compnses a sequence that is at least

95% identical to SEQ. . (Example 10). The nucleic acid p_ol_ynucleoude of claim 22,

where the complete polynueleotid'e comprises SEQ. ID. (Efa_mple 10).

Any isolated or purified nucleic acid polynucleotide that codes for a protease
capeble of clee.ving the beta .(B) secretase cleavage site of APP that contains two or more
sets of special nucleic acidé; iwhere the special nucleic acids 'a.fe'.'s'epareted by nucleic acids
that code for about 100 to 300 amino acid positions, where the amino acids in those
positions may be any amino .ecids, where the first set of specie;l nucleic acids consists of the
nucleic acids that code for the peptide DTG' where the first nﬁclei'c acid of the first special

set of amino acids is, the first speclal nucleic acid, and where the second set of special

‘nucleic acids code for either the peptlde DSG or DTG, where the last nucleic acid of the

second set of special nuclel_c acids, the last special nucleic acgd, is operably linked to
nucleic acids that ¢ode for any number of codons frem 50to 'i-70'c0dons. The nucleic acid
polynucleotide of claim 29 where the last special nucleic acid is operably linked to nucleic
acids comprising from 100 to 170 codons. The nucleic acid Qolyhucleotide of claim 30
where the last special nucleic acid i's dp_erably linked to nucle'_i_e' acids comprising from 142
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to 163 codons. The nucleic acid polynucleotide of claim 31 where the last special nucleic

-~ acid is operably linked .tg;f_&}__lcleic acids comprising about 142 codons. The nucleic acid

polynucleotide of claim 32 where the polynucleotide comprises a sequence that is at least
95% identical to SEQ. ID. (Example 9 or 10). The nucleic acid polynucleotide of claim

' 33, where the complete polynucleotide comprises SEQ. ID. (Example 9 or 10). The

nucleic acid polynucleotide of claim 31 where the last special nucleic acid is operably
linked to nucleic acids comprising about 163 codons. The nucleic acid polynucleotide of
claim 35 where the polynucleotide comprises a sequence that is at least 95% identical to
SEQ. ID. (Example 9 or 10). The nucleic acid polynucleotide of claim 36, where the
complete polynucleotide comprises SEQ. ID. (Example 9 or 10). The nucleic acid
polynucleotide of claim 31 where the last special nucleic acid is operably linked to nucleic
acids comprising about 170 codons. Claims 1-38 where the second set of special nucleid
acids code for the peptide DSG, and optionally the first set of nucleic acid polynucleotide is
operably linked to a peptide purification tag. Claims 1-39 where the nucleic acid
polynucleotide is operably linked to a peptide purification tag which is six histidine.
Claims 1-40 where 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. Claims 1-40 where 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 polynuclebtides have at lease 50 codons

where both said polynucleotides are in the same solution. A vector which contains a

' polyniiclcotide described in claims 1-42. A cell or cell line which contans a polynucleotide

described in claims 1-42.

Any isolated or purified peptide or protein comprising an amino acid polymer that is
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 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 not

included. The amino acid polypeptide of claim 45 where the two sets of amino acids are

5



10

15

20

30

-

WO 00/17369 : PCT/US99/20881

seﬁarated by about 125 to 222 amino acid positions where in each position it may be any

amino acid. The amino acid polypept1de of claim 46 where the two sets of ammo acids are

‘separated by about 150 to. 172 amino acids. The amino acid polypepude of claim 47 where

the two sets of amino ac1ds are separated by about 172 ammo acids. The amino acid

polypeptide of claim 48 where the protease is described in SEQ ID. NO. 4 The amino acid
polypeptide of claim 46 where the two sets of amino acids ar_e_-se_parated by about 150 to
196 amino acids. 'l'he ammo acid polypeptide of claim 50 wllere the two sets of amino
acids are separated by about :1'96 amino acids. The armnoamd polypeptide of claim 51
where the two sets of armno ecids are separated by the same ammo acid sequences that -
separate the same set of speclal amino acids in SEQ. ID. NO. 6 The amino acid
polypeptide of claim 46 where the two sets of amino acids are separated by about 150 to
190, amino acids. The amino acid polypeptxde of claim 53 where the two sets of
nucleotides are separated. by about 190 amino acids. The ammo acid polypeptide of claim
54 where the two sets of nucleotldes are separated by the same ammo acid sequences that
separate the same set of spec1al amino acids in SEQ. ID. NO. 2 Clmms 45-55 where the
first amino acid of the first speclal set of amino acids, that is, the first special amino acid, is
operably linked to any peptlde compnsmg from 1 to 10, 000 armno acids. The amino acid
polypeptide of claims 45-56 where the first special amino acid is operably linked to any

peptide selected from the group consxstmg of: any any reporter protems or proteins which

_ facilitate punficatmn The amino acnd polypeptide of claims 45-57 where the first special

amino acid is operably lmked to any peptide selected from the group consisting of:
immunoglobin-heavy cham, maltose binding protein, glutatluon S transfection, Green
Fluorescent protein, and ubiquitin. Claims 45-58, where 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 acxds Claims 45-59 where the
last special amino acid is operably linked any peptide selected from the .group consisting of
any reporter proteins or protems which facilitate purification. The amino acid polypeptide
of claims 45-60 where the first special amino acid is operably lmked to any peptide selected

~ from the group consxstmg of. lmmunoglobm—heavy chain, maltose binding protein,

glutathion S transfection, Green Fluorescent protein, and nblqmtm
Any isolated or punﬁed peptxde or protein compnsmg an amino acid polypeptxde
that codes for a protease capable of cleavmg the beta secretase cleavage site of APP that

contams two or more sets of special amino amds, where the spectal amino acids are
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separated by about 100'to 300 amino acid positions, where éacli-amino acid in each position

can be any amino ac1d where the first set of special amino aclds consists of the amino acids

DTG, where the first armnc; 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
Iast 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-aminb acid polypeptide of claim 62, where 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. The amino acid polypeptide of claim 63,
where the first special amino acid is operably linked to a peptide of 71 amino acids. The
amino acid polypeptide of claim 64, where 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. The amino acid
polypeptide of claim 65, where the polypeptide comprises a sequence that is at least 95%
identical to SEQ. ID. (Example 11). The amino acid polypeptide of claim 66, where the
complete polypeptide comprises SEQ. ID. (Example 11). The amino acid polypeptide of
claim 62, where the first special amino ac;id is operably linked to any number of from 40 to
54 amino acids (positions) where each amino acid position may be any amino acid. The
amino acid polypeptide of claim 68, where the first special amino acid is operably linked to
amino acids that code for a peptide of 47 amino acids. The amino acid polypeptide of claim
69, where 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. The amino acid polypeptide of claim 70,
where the polypeptide comprises a sequence that is at least 95% identical to SEQ. ID.
(Example 10). The amino acid polypeptide where the polypeptide comprises Example 10).
- Any 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
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acids. The amino acid polypeptide of claim 73 where the last special amino acidis .
operably linked to a peptide §f about 100 to 170 amino acids, The amino acid polypeptide
of claim 74 where the last special amino acid is operably link_éd to to a peptide of about 142
to 163 amino acids. The amino acid polypeptide of claim 75 where the last special amino
acid is operably linked to to ;ipeptide of about about 142 amino acids.  The amino acid
polypeptide of claim 76 where the polypeptide comprises a s{_eq_uence that is at least 95%
identical to SEQ. ID. (Example 9 or 10). The amino acid p§1ypeptide of claim 75 where-
the last special amino acid i:s'_operably linked to a peptide of af_:but 163 amino acids. The
amino acid polypeptide of ciaim 79 where the polypeptide coﬁ:prises a sequence that is at
least 95% identical to SEQ. ID. (Example 9 or 10). The amino acid polypeptide of claim
79, where the complete polypeptide comprises SEQ. ID. '(Ex,_ample 9 or 10). The amino
acid polypeptide of claim 74 where the last special amino acid is operably linked to toa
peptide of about 170 amihp acids. Claim 46-81 where the secoﬁd set of special amino acids
is comprised of the peptide with the amino acid sequence DSG. Claims 45-82 where the
amino acid polypeptide is operably linked to a peptide puriﬁéqtion_ tag. Claims 45-83
where the amino acid polypéptide is operably linked to a pepﬁde purification tag which is
six histidine. Claims 45-84 \i\(he:e 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
b_oth_ first and second _polypeptide have at lease 50 amino acids, which may be any amino
acids. Claims 45-84 wheré_ the first set of special amino acids_: are on one polypeptide and
the second set of special amino acids are on a second polypepﬁda, where both first and
second polypeptides have at'_Ie,_asé 50 amino acids where both said polypeptides are in the
same vessel. A vector which contains a polypeptide described in claims 45-86. A cell or
cell line which contans a polynucleotide described in claims 45-87. The brocess of making
any of the polynucleotides, vectors, or cells of claims 1-44. Th& process of making any of
the polypeptides, vectors or cells of claims 45-88. Any of the polynucleotides,
polypeptides, vectors, cells or cell lines described in claims 1-88 made from the processes
described in claims 89 and 90. _ _

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 spé_.cial 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
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DTG, where the first athino acid of the first special set of aining acids s, the first special
amino acid, D, and where the second set of amino acids is either DSG or DTG, whete 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. .

The amino acid polypeptide of claim 62, 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 amino acid polypeptide of claim 63, where the
first special.amino acid is operably linked to a peptide of 35, 47, 71, or 77 amino acids.

The amino acid polypeptide of claim 63, where the first special amino acid is
operably linked to the same corresponding peptides from SEQ. ID. NO. 3 that are 35, 47,
71, 0r 77 peptidés in length, beginning counting with the amino acids on the first special
sequence, DTG, towards the N-terminal of SEQ. ID. NO. 3.

~ The amino acid polypeptide of claim 65, where the polypeptidé 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). o | |

The amino acid polypeptide of claim 65, where the complete polypepﬁde comprises
thie peptide of 71 amino acids, where the first of the amino acid is T and the second is Q.
The nucleic acid polynucleotide of claim 21, 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 aiﬁino acids, see Example 10, beginning from the DTG site and including the
nucleotides from that code for 71 amino acids). |

- The nucleic acid polynucleotide of claim 22, 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 sequences from both the first
and or.the second special nucleic acids, toward the N-Terminal, through and including 71
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amino acids, see Example 10, beginning from the DTG site and including the nucleotides
from that code for 71 atmno aclds) _ ', 'I _

The nucleic acid polynucleotxde of claim 18 , where the first speclal nucleic acid is
operably linked to nucleic aclds that code for any number of from about 30 to 54 amino
acids where each codon may code for any amino acid,

The nucleic acid polynucleotlde of claim 20, where the ﬁ:st spec1a1 nucleic acid is
operably linked to 47 codqt_l§ where the first those 35 or 47 a_r_pm_o acids is the amino acid E
orG. _ o _ _ _

The nucleic acid pélynucleoﬁde of clairh 21, where tﬁé pblynuéleotide comprises a
sequence that is at least 95% 1dent1cal to the same correspondmg ammo acids in SEQ ID.
NO. 3, thatis, 1dent1ca1 to that pomon of the sequences in SEQ lD NO. 3 including the
sequences from both the ﬁrst and or the second special nuclelc acxds toward the N-
Terminal, through and mcludmg 35 or 47 amino acids, see Example 11 for the 47 example,
beginning from the DTG site and mcludmg the nucleotldes from that code for the previous
35 or 47 amino acids before the DTG sne) 'The nucleic acid polynucleotlde of claim 22,
where the polynucleotide compnses identical to the same correspondmg 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 specnal nucle1c aclds toward the N—
Terminal, through and mcludmg 35 or 47 amino acids, see Example 11 for the 47 example,
beginning from the DTG site and including the nucleotides f:__om that code for the previous
35 or 47 amino acids before the DTG site). _

An isolated nuclexc acid molecule compnsmg a polynucleotxde, said polynucleotldc
encodmg a Hu-Asp polypeptxde and having a nucleotxde sequence at least 95% identical to
a sequence selected from the group cons1st1ng of:

_ (@ a nucleoude sequence encodmg a Hu-Asp polypepude 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 _a;mno acid sequence of SEQ

~ ID No. 2, SEQ ID No. 4, and SEQ ID No. 6, respectively; and

. (b) anucleotide sequence complementary to the nucleotide sequence
of (&) S o
The nucleic acid molecule of claim 92, wherein said Hu-Asp polypeptide is Hu-.
Aspl, and. said polynﬁcle§tide molecule of 1(a) comprises the nu_é:!eo_t_idc sequence of SEQ
ID No. l The nucleic acid moleculé of claim 92, wherein séid Hﬁ-Asp polypeptide is Hu-
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Asp2(a), and said polynucleoude molecule of 1(a) compnse& nucleotide sequence of
SEQID No. 4. The nuclelc acid molecule of claim 92, wherem said Hu-Asp polypeptide is
Hu-Asp2(b), and said polynucleotldc molecule of 1(a) compnses the nucleotide sequence of
SEQID No.5. An isolated nucleic acid molecule comprising polynucleotide which
hybridizes under stringent conditions to a polynucleotide having the nucleotide sequence in
(a) or (b) of claim 92. A vector comprising the nucleic acid molecule of claim 96. The
vector of claim 97, wherein said nucleic acid molecule is operably linked to a promoter for
the expression of a Hu-Asp polypeptide. The vector of claim 98, wherein said Hu-Asp
polypeptide is Hu-Aspl. The vector of claim 98, wherein said Hu-Asp polypeptide is Hu-
Asp2(a). The vector of claim 98, wherein said Hu-Asp polypeptide is Hu-Asp2(b). A host
cell comprising the vector of claim 98. A method of obtaining a Hu-Asp polypeptide
comprising culturing the host cell of claim 102 and isolating said Hu-Asp polypeptide. An
isolated Hu-Aspl 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 amino acid sequence of SEQ ID No. 4. An isolated Hu-Asp2(a) polypeptide
comprising an amino acid sequence at least 95% identical to a sequence comprising the
amino acid sequence of SEQ ID No. 8. An isolated antibody that binds specifically to the
Hu-Asp polypeptide of any of claims. 104-107.
Here we disclose numerous methods to assay the enzyme.
A method to identify a cell that can be used to screen for inhibitors of .
secretase activity comprising:
(a) identifying a cell that expresses a protease capable of cleaving APP at the
secretase site, comprising:
i) - collect the cells or the supernantent from the cells to be identified
ii) 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,
ili)  select the cells which produce the critical peptide.
The method of claim 108 where the cells are collected and the critical peptide is the
APP C-terminal peptide created as a result of the P secretase cleavage. The method of claim
108 where the supernantent is collected and the critical peptide is soluble APP where the
soluble APP has a C-terminal created by B secretase cleavage. The method of claim 108
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where the cells contain any of the nucleic acids or polypeptidcs of claims 1-86 and where
the cells are shown to cleave the B secretase site of any pepude having the following .
peptide structure, P2, P1, Pl’ P2’, where P2 is K or N, where PlisMorL, where P1’ is
D, where P2 is A. The method of claim 111 where P2 is K and Pl is M.. The method of
claim 112 where P2 is N and PlisL. '

Any bacten_a_l cell comprising any nucleic acids or peptides in claims 1-86
and 92-107. A bacterial c¢l_l of claim 114 where the bacteria is'E coli. Any eukaryotic cell
comprising any nucleic aclds or polypeptides in claims 1-86 and 92-107.

Any insect cell comprising any of the nucleic acids or polypeptides in claims

* 1-86 and 92-107. A insect cell of claim 117 where the insect is 'sf9, or High 5. A insect

cell of claim 100 where thc insect cell is High 5. A mammahan cell comprising any of the
nucleic acids or polypeptides m claims 1-86 and 92-107. A néamrnalian cell of claim 120
where the mammalian cel!aia .aelectcd from the group consistiﬁg,of, human, rodent,
lagomorph, and primate. A ‘mammalian cell of claim 121 where the mammalian cell is- -
selected from the group cdnaisting of hﬁman cell. A mammalian cell of claim 122 where
the human cell is selected from the group comprising HBK293 and IMR-32. A
mammalian cell of claim 121 where the cell is a primate cell. A primate cell of claim 124

* where the primate cell is a COS-7 cell. A mammalian cell of clalm 121 where cellis . -

selected from a rodent cells " A rodeat cell of claim 126 selected from, CHO-K1, Neuro-
2A, 3T3 cells. A yeast cell of claim 115. An avian cell of clmm 115.

Any isoform of APP where the last two carboxy tertmnus amino acids of that
isoform are both lysine residues. In written descrip. Define isoform is any APP
polypeptide, including APP variants (including mutations), and APP fragments that exists
in humans such as those désribed in US 5,766,846, col 7, lincs:-45-67, incorporated into this
document by reference. The isoform of APP from claim 114, '.comprising the isoform
known as APP69S modified so that ts last two having two lysine residues s ts last two
carboxy terminus amino ac_i'ds.. The isoform of claim 130 corri_pzisi_ng SEQ.ID. 16. The
isoform variant of claim 130 comprising SEQ. ID. NO. 18, ana'-:ZO; Any eukaryotic cell
line, comprising nucleic ac'ids.'or polypeptides of claim 130-132. Any cell line of claim 133
that is a mammaliam cell lina (HEK293, Neuro2a, best - plus dﬂlers. A method for

identifying inhibitors of an enzyme that cleaves the beta secretase cleavabe site of APP

comprising:
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ay - cultm'ing? cells in a culture medium under coi 6ns in which the enzyme
causes processing of AI__?P,.:.Ig_rxd-release of ‘amyloid beta-pepgigg:;gnto the medium and causes
the accumulation of. C'I-“ll;ggfragments of APP in cell 'lysatcé: .

by - - 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.

' The method of claim 135 wherein the cultured cells are a human, rodent or insect
cell line. The method of claim 136 wheréin the human or rodent cell line exhibits
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. A method as in claim
137 wherein the human or rodent cell line treated with the antisense oligomers directed -
against the enzyme that exhibits 8 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 heérein. ' '

- The present invention provides isolated nucleic acid molecules comprising 2
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
splice variants of hum aspartyl protease 2 (Hu-Asp2), designated herein as Hu-Asp2(a) and
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Hu-Asp2(b). As used herein, all references to “Hu-Asp” should be understood to refer to all of -
Hu-Asp1, Hu-Asp2(a), and _HuéAspZ(b). In addition, as used herein, all references to “Hu-
Asp2” should be understoo_d fo refer to both Hu-Asp2(a) and-Hu-AspZ(b). Hu-Asplis -
expressed most abundantly in pancreas and prostate tissues, wh_ile Hu-Asp2(a) and Hu-
Asp2(b) are expressed most abuhdantly in pancreas and braiﬁ tissues. The invention also
provides isolated Hu—Aspi, Hu-Asp2(a), and Hu-Asp2(b) pol)_;peptides, as well as fragments
thereof which exhibit aspartyl protease activity. )

In a preferred e1jnb§§_1iment, the nucleic acid molecules comprise a polynucleotide
having a nucleotide sequeﬂ_ce selected from the group consisting of residues 1-1554 of SEQ
ID NO:1, encoding Hu—Aspl_, residues 1-1503 of SEQ ID NQ:3, encoding Hu-Asp2(a), and
residues 1-1428 of SEQ I__D.NO:S.-enc_:oding- Hu-Asp2(b). -I_lj.another aspect, the invention
provides an isolated nucleic acid molecule comprising a Qp_lynucleotide which hybridizes
under stringent conditions tb,,a polynucleotide encoding Hu—A'_spl, 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 to Hu-Aspl, while international
application WO 98/22597 discloses a polypeptide referred to as “Asp 2,” that bears substantial
homology to Hu—Asp2(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 a Hu-Aspl, Hu-ASpZ(a), or Hu-Asp2(b) polypeptide
comprising culturing the abqye-described host cell and isolating the relevant polypeptide.

In another aspect, .thé_ invention provides isolated Hﬁ-Aspl,_ Hu-Asp2(a), and Hu-
Asp2(b) polypeptides, as'_wgll. as fragments thereof. In a preferred embodiment, the Hu-Aspl,
Hu-Asp2(a), and Hu-Asp2(b) polypeptides have the amino. a';cid sequence given in SEQ ID
NO:2, SEQ ID NO4, or SEQ ID NO:6, respectively. The present invention also describes

“active forms. of Hu-AspZ, mgt_hods for preparing such actwe forms, methods for prepating

soluble forms, methods for measuring Hu-Asp2 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'.rea__g'ents to decrease such mRNA
and consequently the production of the corresponding polypeptide. Isolated antibodies, both
polyclonal and monoclonal, that binds speciﬁcall_y' to any of ihe_I—Iu-Asp_l, Hu-Asp2(a), and
Hu-Asp2(b) polypeptides of .the invention are also pfovided.
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* The invention also provides a method for the identification of an agent that modulates
the activity of any of H Asp—l 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 human or other mammalian cells in which Hu-Asp2 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, nucieotide sequence

Sequence ID No.10—Human APP695, predicted amino acid sequence

Sequence ID 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 ID No.15—Human APP695-KK, nucleotide sequence

Sequence ID No.16~—~Human APP695-KX, predicted amino acid sequence
Sequence ID No.17—Human APP695-Sw-KK, nucleotide sequence

Sequence ID No.18—Human APP695-Sw-KK, predicted amino acid sequence
Sequence ID No.19—Human APP695-VF-KK, nucleotide sequence

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 ID No.22—T7-Human-pro-Asp-2(a)ATM, amino acid sequence
Sequence ID No.23—T7-Caspase-Human-pro-Asp-2(a)ATM, nucleotide sequence
Sequence ID No.24—T7-Caspase-Human-pro-Asp-2(a)ATM, amino acid sequence
Sequence ID 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 8 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 ID 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)5 , nucleotide sequence

Sequence ID No.32—Human Asp-2(a)ATM(His)s, amino acid sequence

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

BRIEF DESCRIPTION OF THE FIGURES
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Figure 1: Figure 1 shows the nucleotide (SEQ ID NO:1) and predicted amino -
acid sequence (SEQ ID NC_):_Z_) of human Aspl. - _

Figre2:  Figure 2 shows the nucleotide (SEQ ID NO:3) and predicted amino
acid sequence (SEQ ID NO:ti) of human Asp2(a).

Figwe3:  Figure 3 shows the nucleotide (SEQ ID NO:5) and predicted amino
acid sequence (SEQ ID ﬁ0'6) of human Asp2(b). The pre_diqted transmembrane domain of

Hu-Asp2(b) is enclosed i m brackets

Figure 4: Pigure 4 shows the nucleotrde (SEQ ID No. 7) and predicted amino
acid sequence (SEQ ID No 8) of murine Assp2(a)

Figure 5: Figure 5 shows the BestFit ahgnment of the predicted amino acid
sequences of Hu-AspZ(a) and murine Asp2(a)

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(a)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 ]D .N.o. 25) and predicted amino
acid sequence (SEQ ID No. 26) of Human-pro-Asp-2(2)ATM (low GC)

Figure 9 : We;tem blot ehoWing reduction t)f C‘I‘F99 production by HEK125.3
cells transfected with antiéense oli'go’frters targeting the Hu—A$p2 Mrma

Figure 10: WeStern blot showing increase in C"I‘F?9'product.ion in mouse.
Neuro-2a cells cotransfected ;with APP-KK with and without _Hu—AspZ only. in those cells
cotransfected with Hu-A§p2' A further increase in CTF99 prdduction is seen in cells
cotransfected with APP-Sw-KK wnth and without Hu-Asp2 only in those cells cotransfected
with Hu-Asp2 .

Figure 11: Frgure 11 shows the predicted amino a_t:id sequence (SEQ ID No. 30)
of Human-Asp2(2)ATM

Figure 12: Frgure 11 shows the predicted amino acrd sequence (SEQ ID No. 30)
of Human-AspZ(a)ATM(Hls)s '
DETAILED DESCRIPTION OF THE INVENTION

A few definitions used in this invention follow, most deﬁmtrons to be used are those
that would be used by one ordmanly skilled in the art. '

When the B amyl:oid: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 -
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secretase cleavage -"sité’i:q "36,340, 41, 42 and 43 amino acic
sequences 1-6, SEQ. ID. NO. 1-6 of US 5,750,349, issued 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 muté,tions), 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 and see below. ' ' ' o

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 proiein” 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 spet:iﬁé '

fsbtypés 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
3?1:525—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 BAP or BAP fragments.

That is, APP fragments will include amino acid sequences of APP in addition to those

which form intact 3AP or a fragment of BAP.

~ 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:

' Alénine, Ala, A; Arginine, Arg, R; Asparagine, Asn, N; Aspartic acid, Asp, D;
Cystein, Cys, C; Glutamine, Gin, Q; [u;E-Glutamic Acid, Glu,' E; Glycine, Gly, G;
Histidine, His, H; Isoleucine, Ile, I; Leucine, Leu, L; Lysine, Lys, K; Methionine, Met,
M; Phenylalanine, Phe, F; Proline, Pro, P; Serine, Ser, S; Threonine, Thr, T; Tryptophan,
Trp, W; Tyrosine, Tyr, Y; Valine, Val, V; Aspartic acid or Asparagine, Asx, B; Glutamic
acid or Glutamine, GIx, Z; Any amino acid, Xaa, X..
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The present invention describes a method to scan gene _dqtabases-for the simple
active site motif characteristic of aspartyl proteases. Eukaryaotic aspartyl proteases such as
pepsin and renin possess a two-domain structure which folds' :t'ofhring two aspartyl residues
into proximity within the acnve site. These are embedded in the short tripeptide motif
DTG, or more rarely, DSG, Most aspartyl proteases occur as proenzyme whose N-terminus
must be cleaved for actrv_atro_n. The DTG or DSG active sirte.rr_rotrf appears at about residue
65-70 in the proenzyme fprorenin, pepsinogen), but at ebout'residue 25-30 in the active
enzyme after cleavage of the N-terminal prodomain. The Imnted length of the active site
motif makes it difficult to search collections of short, expressed sequence tags (EST) for
novel aspartyl proteases. EST sequences typrcally average 250 nucleotides or less, and so
would encode 80-90 amino actd residues or less. That would be too short a sequence to
span the two active site motrfs The preferred method isto scan databases of hypothetical
or assembled protein codmg sequences. The present mventmn describes a computer
method to identify candrdate aspartyl proteases in prctem sequence databases. The method
was used to identify seven candldate aspartyl protease sequences in the Caenorhabdms
elegans genome. These sequences were then used to _1dentxfy_ by homology search Hu-Aspl
and two alternative splice va_riants of Hu-Asp2, designated herein.' as Hu—AspZ(a) and Hu-
Asp2(b). | o -

In a major aspect of the invention drsclosed here we provrde new information about
APP processmg Pathogenelc processmg of the amyloid precursor protein (APP) via the
AP pathway requires the sequenual action of two proteases referred to as B—secretase and y-
secretase. Cleavage of APP by the i-secretase and 'y—secretqse generates the N-terminus
ahd 'C-termi.nus of the AB peptide, respectively. Because over production of the AB
peptide, particularly the AP .42, has been implicated in the intt’ra_tion of Alzheimer’s disease,
inhibitors of either the B-secretas'e and/or the 7—secretase h_ave_ potential in the treatment of
Alzheimer’s disease. Despite the importance of the B-secretase 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 enzyme_s were required for cleavage
at either the B-secretase or the y-secretase cleavage site. The sites themselves were
known because APP was;._known and the ABj.4, peptide was 1;_ann, see US 5,766,846 and
US 5,837,672, (incorporated by reference, with the exception to reference to “soluble”
peptides). But what enzyrne was involved in producing the '-A-ﬁ.'...;z, peptide was unknown.
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The present invention involves the molecular definiﬁ_on_ 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 asp! and asp 2 have been disclosed, sce EP
0848062 A2 and EP 0855444A2, inventors David Powel et. al., assigned to Smith Kline

Beecham Corp. (incorporated by reference). Herein are disclosed old and new forms of

- 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 f-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—Asb-Z is the B-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 a critical and essential enzyme required °
in the formation of AB;.42, peptide and possible a critical step in the development of AD.

" In another embodiment the present invention also 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 isolated nucleic acid molecules
comprising a polynucleotide encoding a polypeptide selected from the group consisting of -
human aspartyl protease 1 (Hu-Aspl) 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-AspZ” should be understood to refer to both Hu-Asp2(a) and Hu-Asp2(b).
Hu-'Asp’l 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 aspartyl proteases such as
pepsinogen A, pepsinogen B, cathepsin D, chthepsin E, and renin. P.B.Szecs, Scand. J. Clin.
Lab. Invest. 52:(Suppl. 210 5-22 (1992)). These enzymes are charac;criied by the presence of
a duplicated DTG/DSG sequence motif. The Hu-Aspl and HuAsp2 polypeptides disclosed
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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 -se_q_uence given as residues 1-1503
of SEQ ID NO:3 correspouds to the nucleotide sequence eucoding. Hu-Asp2(a), and the -
nucleotide sequence given : as residues 1-1428 of SEQ ID NO?S corresponds to the nucleotide
sequence encoding Hu-Aspz(b) _The isolation and sequencmg of DNA encoding Hu-Aspl, '
Hu-Asp2(a), and Hu-AspZ(b) is described below in Examples- l and 2.

~ As is described in Examples 1 and 2, automated sequencmg 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% accurzite However, as is known in the art ‘nucleotide. sequence obtained
by such automated methods may contain some errors. Nucleotlde sequences determined by
automation are typically. at least about 90%, 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 moxj;e:precisely cletexmined using maxlue.l 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 |Ian§lation such that the predicted

amino acid sequence will differ from that whxch would be predlcted from .the actual
nucleotide sequence of the nuclexc ac1d molecule, stamng at the point of the mutation. The

Hu-Asp DNA of the present invention includes cDNA, chexmcally synthesized DNA, DNA

. isolated by PCR, genomic DNA, and combinations thereof. Genonuc Hu—Asp DNA may be

obtained by screening a genoxmc library with the Hu-Asp2 cDNA described herein, using
methods that are well known in the art, or with ollgonucleot;des chosen from the Hu-Asp2
sequence that will priine thc 'polymerase chain l'eaction (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 amino acid sequences. The present invention thu_s provides isolated nucleic

~ acid molecules having a poly;jucl_eotide sequence encoding any' of the Hu-Asp polypeptides of

the invention, wherein sa.ld polynucleotide sequence encodes_'zi Hu-Asp polypeptide having
the complete amino acid sequence of SEQ ID NO:2, SEQ ID NO:4, SEQ ID NO:6, or
fragments thereof. '
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- ~Also provided hereixzi.'are purified Hu-Asp polypeptides,-both recombinant and non- .
recombinant. Most impgr’t,;?;___rﬁjlxtly, methods to produce Hu-Asp2 polypeptides in active form are
- provided. - These includs prgduction of Hu-Asp2 polypeptidé;- and variants thereof in bacterial
cells, insect cells, and mammalian cells, also in forms that allow secretion of the 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-Asp2 polypeptide
is converted to a proteolytically 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 or ETDEEP. Variants and
derivatives, including fragmerits, of Hu-Asp proteins havix.lg 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-Asp2 in a soluble form. In another
-embodiment of thé 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 nucleotide
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
pteferably 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
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nucleotides, as compared to a native Hu-Asp gene, will be 95% identical to the native protein.
The percentage of sequence .identity, also termed homology, bcmeen 2 native and a variant
Hu-Asp sequence may ails'(__)'_be_ determined, for example, by::':c_:pmpaﬁng the two sequences
using any of the computé;r pfograms commonly employed: fo._r:-ilft_];.is purpose, such as the Gap
program (Wisconsin Sequ_e'xi:c:e Analysis- Packa_ge,. Version 8 for Unix, Genetics Computer -

- Group, University Rescarch.-Park, Madison Wisconsin), which uses the algorithm of Smith
-and Waterman. (Adv. 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, mutaﬁonS=m§y be introduced at particular
locations by procedures well known to the skilled artisah-,_sgé:h-as oligonucleotide-directed
mutagenesis, which is described by Walder et al. (Gene 42133 _(1986)); Bauer et al. (Gene
37:73 (1985)); Craik (Bib_l’echniques, 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 wigb_in the scope of the invention may comprise conservatively

- substituted sequences, meaning that one or more amino acid rggidués_ ofa Hu-Asp polypeptide

are replaced by different rcsidﬁlgs that do not alter the secondary and/or tertiary structure of the

* Hu-Asp polypeptide. Such substitutions may include the repl_gcgmen_t 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 basxc residues Lys and Arg, acidic .
residues Glu-and Asp, amldc residues Gln and Asn, hydquyi residues Ser and Tyr, or
aromatic residues Phe and Tyr Further information regarding- xhaking phenotypically silent
amino acid exchanges may be found in Bowie et al., Science 247:1306-1310 (1990). Other
Hu-Asp variants which rmght retain substantiélly the biological activities of Hu-Asp are those

where amino acid substitutions have been made in areas ou:t_side functional regions of the -

- protein.

In another aspect, the invention provides an isolated m.i<_:leic acid molecule comprising

- a polynucleotide which hybﬁdizes under stringent conditions to a portion of the nucleic acid

molecules described above, e.g., to at least 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 nucleotidcs, of oﬁé of the previously described
nucleic acid molecules. Such portions of nucleic a_cid molecules having the described lengths

refer to, e.g., at least about 15 contiguous nucleotides of the reference nucleic acid molecule.
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By stringent hybridizatit;h-cc;nditions is intehded overnight inc':uBétion at about 42°C for about -
2.5 hours in 6 X SSC/0,19% SDS, followed by washing of the lters in 1.0 X SSC at 65°C,
0.1 SDS. o B

- - 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 ir vitro 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 sequence
using conventional techniques.

Other useful fragments of the Hu-Asp nucleic acid molecules are-antisense or sense
oligonucleotides comprising a single-stranded nucleic acid séquence 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 Hu-Aspl 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 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
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purification by binding to nickel immobilized on a suitable support, epitopes for polyclonal or -

monoclonal antibodies including but not limited to the T7 eﬁitope, the myc epitope, and the
V5a epitope, and fusion of Hu-Asp2 to suitable protein partners including but not limited to
glutathione-S-transferase or maltose binding protien. ~In a preferred embodiment these
additional amino acid sequences are added to the C-terminus Qf _Hu—Asp but may be added to
the N-terminus or at interveﬁing positions within the Hu—AspZ':;ﬁoiypeptide

The present mvennon also relates to vectors compnsmg the polynucleotide molecules
of the invention, as well as. host cell transformed with such vectors - Any of the polynucleotide
molecules of the mvennon may be joined to a vector, wh1ch generally includes a selectable
marker and an -origin of rephcatlon, for propagation in a h°_-§_t- Because the invention also
provides Hu-Asp polypeptides expressed from the polynmleoﬁﬁe molecules described above,
vectors for the expression of Hu—Asp are preferred. The vectoé ;_ir_xclude 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 frdm a mammalian, microbial,

viral, or insect gene. Examples of regulatory sequences inc_:_lﬁc_le transcriptional promoters,

. operators, or enhancers, mRNA rtibosomal binding-sites, and appropriate sequences which

control transcription and trénslaxion Nucleotide sequences. ﬁre operably linked when the
regulatory  sequence funcuonally relates to the' DNA encodmg Hu-Asp Thus, a promoter
nucleotide sequence is operably linked to a Hu-Asp DNA sequencc if the promoter nucleotide
sequence directs the transcription of the Hu-Asp sequence. "

| Selection of suitableé vectors:to be used for the cloning of polynucleotide molecules
encoding Hu-Asp, or for 'the. e_xpression of Hﬁ—Asp polypeptide_s,'_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 h@)st eells:for expression of Hu-
Asp polypeptides include prokaryotes, yeast;-and higher cuk_é_fyotic cells, each of which is

‘discussed below.

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

. proteins which include regions from heterologous proteins. S_u_ch_regnons may be included to

allow, e.g., secretion, improved stability, or facilitated puriﬁc#tion of the polypeptide. For

example, a sequence enco_ding an appropriate signal pep,_tide Tan be incorporated into

expression vectors. A DNA sequence for a signal peptide (§eeretory leader) may be-fused

- in-frame to the Hu-Asp seqhence so that Hu-Asp is translated as'.a fusion protein comprising

the signal peptide. A sigi_lal peptide that is functional in the intended host cell promotes
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extracellular secretion of the Hu-Asp polypeptide. Preféra_bly,. the signal sequence will be -

sp from the cell. Non-limiting

cleaved from the Hu-Asp polypeptide upon secretion of Hu-
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 bihds 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 columns), 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 bacteria of the genera Escherichia, Bacillus, and Salmonella, as well as members
of the genera Pseudomonas, Streptomyces, and Staphylococcus. 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 region. Hu-Asp pqubeptides
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. If 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.
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Expression vectors for use in prokaryotic hosts generally comprises. one or more
phenotypic selectable marker genes. Such genes generally eneqde,, e.g., a protein that confers
antibiotic resistance or that supplies an auxotrophic requirément 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 (Q1agen)_, :

Hu-Asp may also-be expressed in yeast host: cells from genera -including
Saccharomyces, Pichia, and Kluveromyces. Preferred yeast -'ho,st_s 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__pfémoter_ region, sequences for

- polyadenylation, sequences.for transcription termination, and a selectable marker gene.

Vectors replicable in both yeast and E. coli (termed shuttle. vectors) may also be used. In
addition to the above—mennoned features of yeast vectors, a shuttle vector will also.include
sequences for replication a_nd selection in E. coli. Direct seegeuon 'of Hu-Asp polypeptides
expressed in yeast hosts. may be accomplished by the. inclusion of nucleotide sequence
encoding the yeast I-factor leader sequence at the 5’ end of the ‘Hu-Asp-encoding nucleotide
sequence. - : S o S _

. Insect host -cell culture systems may also be used for the expression of Hu—Asp
polypeptides. In a preferred embodiment, the Hu-Asp pol__ype_ptldes of the invention are

expressed  using an imsect cell expression system (see. Examplc 10). Additionally, a

- baculovitus expression system can be used for expression mmsect cells as reviewed by

Luckow and Summers, Blo/I‘echnolagy 6:47 (1988). _

In another preferred embodxment the Hu-Asp polypeptide is expressed in mammalian
host cells. Non-limiting exa;_nples of suitable mammalian cell lines include the COS-7 line of
monkey kidney cells (Gluzman et al,, Cell 23:175 (1981), human embyonic kidney cell line
293, and Chinese hamster ovary (CHO) cells. Preferably, Chmese 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 mmnmelian hosi: cell to be used, and
is within the skill of the ordinary artisan. Examples of suitab}e 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
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from viral genomes. Commc;nly used promoter sequencés and enhancer sequences which

may be used in the present invention include, but are not limited to, those derived from human
‘cytomegalovirus (CMV),— A;ienovims 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 et 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 mayalso 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 to KLH contains the C-terminus of
Hu_Aspl or Hu-Asp2 = comprising QRRPRDPEVVNDESSLVRHRWK . . or
LRQQHDDFADDISLLK, respectively. ' )

" * - The Hu-Asp nucleic acid molecules of the present invention are also valuable for
chromosome identification, as they can hybridize with a specific location on a human
chromosome.  Hu-Aspl has been localized to chromosome 21, while Hu-Asp2 has been
localized to chromosome 11qg23.3-24.1. There is a 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. Once 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 to 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.
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In another embodiment, the ir_ivention relates to a method of assaying Hu-Asp function,

specifically Hu-Asp2 ﬁmct_iq_n_Which involves incubating in solution the Hu-Asp polypeptide

- with a suitable substrate including but not limited to a synthetic- peptide containing the B-

secretase cleavage site of.'A?P, preferably one containing the mutation found in a Swedish

kindred with inherited AD m which KM is changed to NL, such peptide comprising the

sequence SEVNLDAEEFR in an acidic buffering solution, preferably an acidic buffering

solution of pHS.5 (see Example 12) using cleavage of tlic peptide monitored by high
performance liquid chromatography as a measure of Hu-Asp proteolytic activity. Preferred
assays for proteolytic ac_:tiv_i_ty.- utilize internally quenched péptide assay substrates. Such .
suitable substrates include peptides which have attached a pau'ed flurophore 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 d:ue. to physical separation of the
flurophore and quencher. Preferred colorimetric assays of Hu-Asp proteolytic activity utilize
other suitable substrates that iﬂclude the P2 and P1 amino aclds comprising the recognition
site for cleavage linked to o—nitrdphenol through an amide liﬁkage, such that cleavage 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 activitjof a Hu-Asp polypeptide seleétgd from the group consisting of

Hu-Aspl, Hu-Asp2(a), and Hu—AspZ(b)-, the method comprisi:ig _ _ _
(8  determining the activity of said Hu-Asp polypeptide in the presence of a test
agent and in the absenée 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 activ‘;ty 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 _thereéf, : _ '

In another embodiment, the invention relates to a meﬁhqd for the identification of an

agent that decreases the activity of a Hu-Asp polypeptide selected from the group consisting
of Hu-Asp1, Hu-Asp2(a), and Hu-Asp2(b), the method comprising
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(@  determining the activity of said Hu-Asp pbljrpeptiée in the presence of a test

agent and in the absence of a test agent; and '

- (b) comparing the activity of said Hu-Asp polypeptldc 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 (HEK125.3 cells)
for measuring processing of amyloid B peptide (AB) 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 AP peptide
processing is 60 fold higher than is seen in nontransformed HEK?293 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
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 éleavage 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 peptidé for
membrane insertion and secretion and a reporter sequence including but not limited to
green fluorescent protein or alkaline ‘phosphatase, such that -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 1llustrat10n

and are not intended as limiting.
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EXAMPLES

Example 1: Development of a Search Algonthm Useful for the Idenuﬁcauan of
Aspartyl Proteases, and Identlﬁcaaou of C elegans Aspartyl 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 w1thm the active site. These are
embedded in the short tripeptide motif DTG, or more ravely, DSG. The DTG or DSG
active site motif appearS'ét ebout residue 25-30 in the enzytr_i_e; but at about 65-70 in the
proenzyme (prorenin, pépsihogen); This motif appears :agaiﬁ_ ’abqut 150-200 residues
downstream. The proenzyr;ig is activated by cleavage of the I}i#témﬁnel prodomain. This
pattern exemplifies the double domain structure of the modqﬁ_x day aspartyl enzymes which
apparently arose by gene d\iplicatiori ahd divergence. Thus; - ' '

) AR S ) ' WL S 1o |/ N,
where X denotes the beginning of the enzyme, following the N-terminal prodomain, and Y

denotes the center of theimoiecule 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'stfucﬁires of well-known enzymes hke pépsin, cathepsin D, renin,
etc. They have no prosegment, but are carved out of a polyprotem precursor conta.mmg the
gag and pol proteins of the'virus. They can be represented by
NH; D*TG-— -C100

.This "monomer"” only has about 100 aa, so is extremely pars_imqnious as compared to the

-other aspartyl protease "dimers" which have of the order of 330 of so0 aa, not counting the
N-terminal prodomain. 3 }

‘The limited length of the eukaryotic aspartyl protease. actwe site motif makes it -
difficult to search EST collections for novel sequences. EST: sequences typically average
250 nucleotides, and so ih this ease would be unlikely to span'- both aspartyl protease active
site motifs. Instead, we tumed to the C. elegans genome. The C. elegans genome is
estimated to contain around 13 000 genes. Of these, roughly 12 000 have been sequenced
and the corresponding hypot_hencal open reading frame (ORF) has been placed in the
database Wormpep12. ‘We used this database as the basis for a whole genome scan of a
higher eukaryote for novel aépartyl proteases, using an algorithm that we developed
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specifically for this purpose The following AWK script for lﬁcatmg 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:“>“} o /* defines “>* as record separator for FASTA format */

{ _ ,
pos = index($0,”DTG”) f*finds “DTG” in record*/
if (pos>0) { '

rest = substr($0,pos+3) /*get rest of record after first DTG*/
pos2 = index(rest,”DTG”)  /*find second DTG*
if (pos2>0) printf (“%s%s\n”,”>*,$0)}  /*report hits*/

The AWK script shown above was used to search Wormpep 12, which was
downloaded from ftp.sanger.ac.uk/pub/databases/wormpep, for sequence entries containing
at least tWo'DTG or DSG motifs. Using AWK limited eaeh record to 3000 characters or
less. Thus, 35 or so larger records were eliminated manually from

Wormpep12 as in any case these were unlikely to encode aspartyl proteases.

Results and Discussion:

The Wormpep 12 database contains 12,178 entries, although some of these (<10%)
represeﬁht alternatively spliced transcripts from the same éene. 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 C. elegans genome.

' Eukaryotic aspartyl proteases contain a two-domain structure, probably arising from
ancestral gene duplieation. 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 prbtease) or
retrotransposon proteases are homodimers of subunits which are homoiogous to a single
eukafyotic aspartyl protease domain. An AWK script was used to search the Wormpep12
database for proteins in which the D(S/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 aspartyl protease active site pattern
PS00141 was used to search Wbrmpep 12 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,
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- 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) suggestmg that they represent a farmly 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 F21F8.6), however, these
contain only a single DTG mouf Exhausnve BLAST searches with these seven sequences
against Wormpep12 falled to revea.l add1t1onal candidate aspartyl proteases in the C.
elegans genome containing two repeats of the DTG or DSG mottf

BLASTX search w1th each C. elegans sequence agamst SWISS-PROT, GenPep and
TREMBL revealed that R12H7 2 was the closest worm homologue to the known
maminalian aspartyl proteases, and that T18H9 2 was somewhat more dlstantly related,
whlle CEASP1,F21F8.3, F21F8 4 and F21F8 7 formed a subcluster which had the least
sequence homology to the mammahan sequences

Discussion: . .
APP, the presemlms, and p35, the acuvator of cdks, all undergo intracellular

proteolytic processing at sxtes which conform to the substrate Speclﬁcuy of the HIV
protease. Dysregulanon of a cellular aspartyl protease with the same substrate specxﬁclty,
might therefore provxde a umfymg mechanism for causation of the plaque and tangle
pathologles in AD. Therefore, we sought to 1dent1fy novel human aspartyl proteases. A
whole genome scan in C. elegans identified seven open readmg frames that adhere to the
aspartyl protease profile that we had 1dent1ﬁed 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 cand1date aspartyl proteases
(T18H9.2, R12H7.2 and C11D2.2) were found to have homology to mammalian gene

sequences.
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Example 2: Identification of:i‘lovel Human Aspartyl Protea_::se;t‘fsing Database

Minmg by Genome Bridging

Computer-assisted analysis of EST databases, cDNA , and predzcted 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). As.is 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
multiple cDNA libraries that assembled into a single contig. The 5 1 sequences in this .
contig found in public EST collections also have been assembled into a single contig.
(THC213329) by The Instimte 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-
Asp?2) 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.
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BLAST searches, contig assemblies and multiple sequence alignments were -
performed using the bioinfofmatics tools provided \.nith.th'e ﬂfeSeq, LifeSegFL and
LifeSeq Assembled databases from Incyte. Predicted protem motifs were identified using
either the ProSite dlctlonary (Motifs in GCG 9) or the Pfam database
Full-length cDNA clonmg of Hu-Aspl

The open reading frame of C. elegans gene T18HO. 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 contlg, 1863920, was obtained
from Incyte and completely sequenced on both strands. Translation of the open reading:
frame contained within clorie 1863920 revealed the '.presenee_ cf the duplicated aspartyl
protease active site motif (bTG/DSG) but the 5* end was incpnlplete. The remainder of the
Hu-Aspl coding sequence-v{ra's det'ermined by 5° Marathon RACE analysis using a human
placenta Marathon ready cDNA template (Clonetech). A 3’éantisense oligonucleotide
primer specific for the 5’ end of clone 1863920 was paired with the 5'-sense primer specific
for the Marathon ready cDN A synthetic adaptor in the PCR. Specific PCR products were
directly sequenced by cycle sequencing and the re'sulﬁng sequenoe assembled with the
sequence of clone 1863920 to yield the complete codmg sequence of Hu-Asp-1 (SEQID
No. 1).. B
. 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-
20in SEQID No. 2), a proésegment, and a catalytic domain containing two copies of the
aspartyl protease active site motif (DTG/DSG). The spacing.' 5etween the first and second
active site motifs is about 200 residues which should correspcnd 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 cDNAs:

 As is described above in Example 1, genome wide scan of the Caenorhabditis
elegans database WormPep12 for putative aspartyl proteasesand subsequent mining of
human EST databases revealed a human ortholog to the C. 'el_eéans gene T18H9.2 referred
to as Hu-Aspl. The assembled contig for Hu-Aspl was used _t_e query for human paralogs
using the BLAST search tool in human EST databases and a s_ingle significant match
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(2696295CE1) with appro'x1m"ately 60% shared identity was fou’ﬂd in the LifeSeq FL
database. Similar queries of either gb10SPubEST or the farmly 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 polypepﬁde 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 cDNA 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 cl.one 4386993 that results in the insertion 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 oligonucieotide primer specific for the
sharéd 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 2 and SEQ ID No. 4) and Hu-Asp-2(b) (Figure 3, 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 first 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
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interestingly, both sequences contains a predicted transmembrane domain (residues 455-477 .
in SEQ ID No.4 and 430-452 in SEQ ID No. 6) near their C-tenmm which indicates that the

_ protease is anchored in the membrane This feature is not found in any other aspartyl

protease except Hu-Aspl

Example 3. Molecular cloning of mouse Asp2 cDNA and genomic DNA.
Clomng and characterlzatlon of murme Asp2 cDNA—The murine ortholog of Hu _Asp2

was cloned using a comb_manon of cDNA library screening, P«@R, and genomic clonmg.
Approximately SOO,OOOIiﬁt;i_epe’ndent clones from a mouse brain cDNA library were

screened using a 32P-labe1ec_i_ coding sequence probe prepared_j from Hu;AépZ. Replieate

positives were subjected tej DNA-sequence analysis and the longest cDNA contained the

entire 3’ untranslated reglon and 47 amino acids in the codmg reglon PCR amplification
of the same mouse bra.m cDNA hbrary with an anusense ol1gonucleot1de primer specxﬁc for
the 5’~most cDNA sequence determined above and a sense p_n_x_ner specific for the 5’ region
of human Asp2 sequence fe!lowed by DNA sequence analys1s éave an additional 980 bp of
the codmg secju_enee. The ;e;nainder of the 5’ sequence of munne Asp-2 was de'rived.fr'or_n
genomic secjuence (see beleW). |  ..

Isolation and sequence analyszs of the murine Asp-2 gene——A murine EST sequence

encodmg a port1on of the munne Asp2 c¢DNA was ldentlﬁed m the GenBank EST database

- using the BLAST search tool and the Hu-Asp2 coding sequence.asthe query. Clone

: 83160898 displayed 88% shared identity to the human sequence over 352 bp.

011gonuclcotxde primer paxrs specxfic for this reglon of murine Asp2 were then synthesized
and used to amplify regions _Qf the murine gene. Murine genqr_gqc DNA, d_enved from strain
129/SvJ , was amplified in the PCR [eX] cycles) usiﬁg variousi)_:;'imer sets specific for murine
A$p2 and the pfoducts analyzed by agarese gel elecuophofcsie; The primer set Zoo-1 and

Zoo-4 amplified a 750 bp fragment that contained appmxifnag:ely 600.bp of intron sequence

based on comparison to the known cDNA sequence. This pfitncr set was then used to
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screen a murine BAC hbrary by PCR, a single genomic clone was 1solated and this cloned

was confirmed contam the munne Asp2 gene by DNA seqﬁenc;é analysis. Shotgun DNA
sequencmg of this Asp2 genormc clonc and comparison to the cDNA scquenccs of both
Hu_Asp2 and the partial murine cDNA sequences defined the full-length sequence of
murine Asp2 (SEQ ID No. 7). The predicted amino acid sequence of murine Asp2 (SEQ ID
No. 8) showed 96.4% shared identity (GCG BestFit algprithm) 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/NotI and the 1.8 kb cDNA insert
purified by preparative agarose gel electrophoresis. This fragment was radiolabeled to a
specific activity > 1 X 10° dpm/jg by random priming in the presence of [o-*’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 ﬁour at 68 °C and washed as recommended by the
manufacture. Hybridization signals were visualized by autorédiography using BioMax XR
film (Kodak, Rochester, NY) with intensifying screens at -80 °C.

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 fissues and brain regions were displayed on a solid support following separation
under denaturing conditions and Hu-Asp2 tranScripts were visualiiéd Sy high stringency
hybridization to radiolabeled insert from clone 2696295. The 2696295 cDNA probe
visualized a constellation of transcripts that migrated with appa_reni sizes of 3.0kb, 4.4 kb

and 8.0 kb with the latter two transcript being the most abundant.
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Across the tissues surveyed, Hu-Asp2 transcripts were most abundant in pancreas
and brain with lower but detectable levels observed in all other trssues examined except
thymus and PBLs. Given the relative abundance of Hu—AspZ transcnpts 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, tempora.l lobe and putamen] w1th the highest abundance in the

medulla and spinal cord.
Example 5: Northern Blot Detectlon of HuAsp-l and I-IuAsp-Z Transcripts in
Human ~Cell Lines:

A variety of human cell lines were tested for their ablhty to produce Hu-Aspl and
Asp2 mRNA. Human embryomc kidney (HEK-293) cells, Afncan 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/l'O% FCS at 37°Cin 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 Ohgotex Dlrect mRNAkit._Samples
containing 2 pg of poly A* RNA from each cell line were fractlonated under denaturing __.
condmons (glyoxal—treated), transferred to a solid nylon membrane support by capillary
action, and transcripts v1suahzed by hybridization with random-pnmed labeled (**P) coding
sequence probes derived from elther Hu-Aspl or Hu-Asp2. Radxoacuve signals were-
detected by exposure to X-ray film and by image analysls w1th a Phosphorlmager.

The Hu-Aspl cDN A probe visualized a similar constellatlon of transcripts (2.6 kb
and 3.5 kb) that were previously detected is human tissues. T_he relative abundance -
determined by quantification of the radioactive signal was Cos-7 > HEK 292 = HELA >
IMR32. | E S

The Hu-Asp2 cDNA probe also visualized a similar c_onstellation of transcripts
compared to tissue (3.0 kb, 4.4 kb, and 8.0 kb) with the fono'\_»}mg relative abundance; HEK -
293 > Cos 7 > IMR32 > HELA. :

Example 6: Modification of APP to increase AR processmg for in vitro --

screening
Human cell lines that process AB pepude from APP prov1de a means to screen in

cellular assays for mh1b1tors of B- and 'y—secretase Production and reledse of AP peptide
into the culture supematant is monitored by an enzyme-lmked 1mmunosorbent assay (EIA).

Although expression of APP is w1despread and both neural and non-neuronal cell lines
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process and release AP peptide"; levels of endogenous APP pr'océssing are low and difficult
to detect by EIA. AB processmg can be increased by expressxng in transformed cell lines
mutations of APP that enhiince AP processing. We made the serendlpntous 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/m.
Materials And Methods o
Materials: .

Human embryonic kidney cell line 203 (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
(Stratagene) at the Not1 site creating the plasmid pAPP695. '

Mutagenesis protocol: '
The Swedish mutation (K670N, M671L) was introduced into pAPP695 usxng 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’ GACI'GACCACTCGACCAGG'ITC.
(SEQ ID No. 47) was used with the “patch” primer #274 5°

- CGAATTAAATTCCAGCACACT GGCTACTTCTTGTTCT GCATCTCAAAGAAC (SEQ

ID No. 48) and the flanking primer #275 CGAATTAAATTCCAGCACACTGGCTA (SEQ
ID No. 49) to modify the 3’ end of the APP695 cDNA (SEQ ID 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
mnpliﬁéation 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 a QIAquick PCR purification kit (Qiagen).
After digestion with restriction enzymes, products were separated on 0.8% agarose gels and
then excised DNA fragments were purified using a QlAquick gel extraction kit (Qiagen).
To reassemble a modified APP695-Sw cDNA, the 5° Not1-Bgl2 fragment of the
APP695-Sw cDNA and the 3’ Bgl2-BstX1 APP695 cDNA fragment obtained by PCR were

39



10

15

20

30

WO 00/17369 PCT/US99/20881

ligated into pIRES-EGFP plasmid DNA opened at the Notl and BstX1 sites. ‘Ligations - -
were performed for 5 minutes at room temperature using a Rapld DNA Ligation kit . .
(Boehringer Mannheim) and transformed into Library Efﬁciedey 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 (Qiagep}; : T_he construct obtained was
designated pMG125.3 (APPSW—KK, SEQ ID No. 17 [nucleqtide] and SEQ ID No. 18
[amino acid]). -
Mammalian Cell Transfectmn. _ . _
HEK?293 cells for transfection were grown to 80% conﬂuence in Dulbecco’s
modified Eagle s medlum (DMEM) with 10% fetal bovine serum, Cotransfecnons were
performed using hpofectAnnne (Gibco-BRL) with 3 pug pMGl25 3 DNA and 9 ug
pcDNA3.1 DNA per 10 x 10_6 cells. Three days posttransfect;:,on, cells were passaged into

medium containing G418 ata concentration of 400 ig/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-cooled argon laser.

EGFP emission was measured through a 525 nm band-pass filter and fluorescence intensity

was displayed on a 4—-decéde_-_ log scale after gating on viable eells as determined by forward

- and 'right angle light scatter. Single green cells were separated into each well of one 96 well

plate contammg growth medmm without G418. Aftera 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 growmg colonies chosen for
expansion at each passage. The final cell line selected was the fastest growing of the final
six passaged. This clone, des1gnated 125.3, has been mamtamed in G418 at 400 ug/ml with
passage every four days into fresh medium. No loss of AB production of EGFP
fluorescence has been seen over 23 passages.
AP EIA Analysis (Double Anhbody Sandwich ELISA for hA ,B 1 -40/42)

Cell culture supematants ‘harvested 48 hr after transfe_gt_lon were analyzed in a
standard AB EIA as follows. Human Af 1-40 or 1-42 was me_és'ured using monoclonal

 antibody (mAb) 6E10 (Senetek, St. Louis, MO) and biotinylated rabbit antiserum 162 or
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164 (New York State Instifiite for Basic Research, Staten Islafid’N'Y) in a double antibody
sandwich ELISA. The capture antibody 6E10 is specific to an epltope present on the N-

terminal amino acid res'xdues: 1-16 of hAP. The conjugated detec‘tmg antibodies 162 and
164 are specific for hAB 1-40 and 1-42, respectively. Briefly, a Nunc Maxisorp 96 well
immunoplate was coated with 100 pl/well of mAb 6E10 (Sug/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 Phosphale Buffered Saline (0.008M
sodium phosphate, 0.002M potassium phosphate, 0.14M sodium chloride, 0.01 M
potassium chloride, pH 7.4) from Pierce, Rockford, II) containing 0.05% of Tween-20
(DPBST), the plate was blocked for 60 min with 200l of 10% normal sheep serum
(Sigma) in 0.01M DPBS to avoid non-specific binding. Human AR 1-40 or 1-42 standards
100p)/well (Bachem, Torrance, CA) diluted, from a 1mg/ml stock solution in DMSO, in
culture medium was added after washing the plate, as well as 100pl/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; 100pl/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, 100pl/well
neutravidin-horseradish peroxidase (Pierce, Rockford; ) diluted 1:10,000 in DPBST was
applied and incubated for 1 hr at room temperature. After the last washes 100ul/well of o-
phenylned1am1ne dihydrochloride (Slgma Chemicals, St. Louxs, MO) 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
lmcroplate reader for 20 min. using Soft max Pro software. All standards and samples were
run in tnphcates ‘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/ml culture medium. '
Results: |

Addition of two lysine residues to the carboxyl terminus of APP695 greatly
increases AP proceesing in HEK293 cells as shown ‘by transient exptession (Table 1).
Addition of the di-lysine motif to APP695 increases AP processing to that seen with the
APP695 containing the Swedish mutation. Combmmg the d1-lysme motlf w1th the Swedish

mutatlon further mcreases processmg by an additional 2 8 fold.
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Cotransformation.of HEK293 cells with pMG125.3 and pcDNA3.1 allowed dual
selection of transformed cells for G418 resistance and high level expression of EGFP.
After clonal selection by FACS, the cell line obtained, produces a remarkable 20,000 pg AB
peptide per m! of culture medium after growth for 36 hr in 24" ;Weﬂ plates. Production of
AP peptide under various growth condmons is summanzed in Table 2.

TABLE1.  Release of AP pepude into the culture medmm 48 hr after transient
transfection of HEK293 cells with the indicated vectors contammg wildtype or modified
APP. Values tabulated are mean + SD and P-value for pa:rwnse companson using Student’s
t-test assuming unegual vananoes ‘s

APP Construct ' 'AB 1-40 peptide Fold Increase = P-value
_(pg/mD) . -

pIRES-EGFP vector 147 + 28 1.0 3

wt APP695 (142.3)  194+15 - 1.3 S 0081

wt APP695-KK (124.1) 424 +34 . 28 2 3x105.

APP695-Sw (143.3) E 457 +65 3.1 0 2x103

APP695-SWKK (125.3) 1308+98 89 - - 3x104

TABLE2. Release of AP peptide from HEK125.3 cells under various growth

conditions. IR - ' A o

Type of Culture  Volume of Duration of Ab 1-40 Ab 1-42

Plate  Medium - Culture (pg/ml) (pg/ml)

24 well plate 400ul. 36hr 28,036 1439

Example 7: Anusense ohgomer inhibition of Abeta processmg in HEK125.3 cells
The sequences of Hu-Aspl and Hu-Asp2 were provnded to Sequltur Inc (Natick,

MA) for selectlon of targeted sequences and design of 2nd generatlon chimeric antlsense
oligomers using prorietary technology (Sequitur Ver D Pat pendmg #3002). Antisense
oligomers Lot# S644, 8645 S646 and S647 were targeted agamst Aspl. Antisense
oligomers Lot# S648 S649, S650 and S651 were targeted agamst Asp2. Control antisense
oligomers Lot# 8652, S653, 8655 and S674 were targeted agamst an irrelevant gene and
antisense ohgomers Lot #5656, S657, S658, and S659 were targeted against a second
irrelevant gene. o _

For transfection with tﬁe antisense oligomers, HEK12§ 3 =cells were grown to about
50% confluence in 6 well plates in Minimal Essential Medmm (MEM) supplemented with
10% fetal calf serum. A stock solution of oligofectin G (Sequltur Inc., Natick, MA) at 2
mg/ml was diluted to 50 p,g/ml in serum free MEM. Separately, the antisense oligomer

stock solution at 100 pM was diluted to 800 nM in Opu-MEM (GIBCO-BRL, Grand
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Island, NY). The diluted stocks of oligofectin G and antisense Sligomer were then mixed at
a ratio of 1:1 and incuba ed at room temperature. After 15 mm mcubahon, the reagent was

dituted 10 fold into MEM ¢ ntammg 10% fetal calf serum and 2 ml was added to each well

of the 6 well plate after first removing the old medium. After transfection, cells were
grown in the continual presence of the oligofectin G/antisense oligomer. To monitor Ab
peptide release, 400 pl of conditioned medium was removed periodically from the culture
well and replaced with fresh medium beginning 24 br 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 AB peptide processing. Only
antisense oligomers targeted against Aspl & Asp2 reduced Abeta processing by HEK125.3
cells with those targeted against Asp2 having a greater inhibitory effect. Both AB (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 AR 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 AB peptide release from HEK125.3 cells treated with antisense
oligomers. :

Gene Targeted Antisense Oligomer  Abeta (1-40) Abeta (1-42)
Aspl-1 _ S 644 62%* 56%*
Aspl-2 : S 645 41%* 38%*
Aspl-3 S646 ' 52%* 46%*
Aspl-4 S647 6% 25%
Asp2-1 5648 71%* 67%*
Asp2-2 S649 83%* 76%*
Asp2-3 S650 46%* 50%*
Asp2-4 S651 47%* ' 46%*
Conl-1 5652 : 13% 18%
Conl-2 _ S653 35% 30%
Conl-3 8655 9% 18%
Conl-4 S674 29% 18%
Con2-1 S656 12% 18%
Con2-2 S657 16% 19%
Con2-3 -~ 8658 8% ' 35%
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Example 8. - Demonstration of Hu-Asp2 - Secretase Aétivity in Cultured Cells

Several mutations in APP associated with carly. onset Alzheimer's disease have been
shown to alter AB pepﬁde i)rocessing. These flank the N- and C-terminal cleavage sites
that release AD from APP. These cleavage sites are referred to as the B—secrétase and ¥-
secretase cleavage sites, respectively. Cleavage of APP at the B-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 cleavage site
causes a general increase in production of both the 1-40 and 1-42 amino acid forms of AT
peptide. The London VF mutation (V717-F in the APP770 isofbrm) has little effect on
total A0 peptide production, but appears to preferentially increase the percentage of the
longer 1-42 amino acid form of AD 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 AD peptide produced by cultured cells coﬁmsfccted with a
construct directing expression of Hu-Asp2.

Two experiments were performed which demonstrate Hu-Asp2 B-secretase

activity in cultured cells. In the first experiment, treatment of HEK125.3 cells with antisense
oligomers directed against Hu-Asp2 transcripts as described in Example 7 was found to
decrease the amount of the C-terminal fragment of APP created by B-secretase cleav.age
(CTF99) (Figure 9). This shows that Hu-Asp2 acts directly or indirectly to facilitate B-
secretase cleavage. In the secoﬁd experiment, increased expression of Hu-Asp2 in
transfected mouse Neuro2A cells is sho% to increase accumulation of the CTF99 B-
secretase cleavage fragment (Figure 10). This increase is seen most easily when a mutant
APP-KK clone containing a C-terminal di-lysine motif is ;l_xsed 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 f3-

secretase.
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A second set of experiments demonstrate Hu-Asp2 facilitates <-secretase activity in
cotransfection experiments thh human embryonic kidney HBK293 cells. Cotransfection of
Hu-Asp2 with an APP-KK qlene greatly increases production a.nd release of soluble AB1-40
and AB1-42 peptides from HEK293 cells. There isa proportienately greater increase in the
release of AB1-42. A further increase in production of AB1-42 is seen when Hu-Asp2 is
cotransfected with APP-VF (SBQ ID No. 13 [nucleotide] 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 mutz;;ion 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 AB42
site is increased. Thus, Asp2 acts directly or indirectly to faclhtate Y-secretase processing of

'APP at the B42 cleavage site. -

Materials |

Antibodies 6E10 and 4G8 were 'purchased from Senetek (St. Louis, 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. -~ e '
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 APP695 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 APP695 containing a C-terminal KK mouf (SEQ D No 15 and No.
APP-Sw-KK APP695-Sw containing a C-termmal KK motif (SEQ ID No. 17 and
No. 18),
APP-VF-KK  APP695- VF contammg a C-terminal KK motlf (SEQID No. 19 and
No. 20)

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

Transfection of antisense oligomers or plasmid DNA constructs in HEK293 cells,
HEK125.3 cells and Neuro-2A cells,
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Human embryonic kidney HEK293 cells and mouse Neﬁrd-zg cells were transfected with
expression constructs using the Lipofectamine Plus reagent froiﬂ GibcolBRL. 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), 8yl Plus reagent, and 4yl
Lipofectamine in OptiMEM. OptiMEM was added to a total volume of 1 ml, distributed
200 il 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 polypropylene tubes and
stored at —80°C until assayed for the content of AB1-40 and APB1-42 by EIA as described in
the preceding cxﬁmples. Transfection of antisense oligomers into HEK125.3 cells was as

described in Example 7.

Prepairation of cell extracts, Western blot protoéol

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
tpm 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, 1 mM EGTA, 1 mM EDTA, 0.1 mM sodium vanadate and 1% NP-40). The lysed
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 C8, a second precipitating antibody that also
recognizes the C-terminus of APP. For Westém blot of extracts from mouse Neuro-2a cells
cotransfected with Hu-Asp2 and APP-KK, APP-Sw-KK, APP-VF-KK or APP-VF, equal
amounts of cell extracts were electrophoresed 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 antibody 6E10.

Results
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. Transfection of HEK125.3 cells with Asp2-1 or Asp2-2 antisense oligomers reduces.

production of the CTF B-se?fegase product in comparison to gglls similarly transfected with
co_'ntrol oligomers h_aving th; reverse sequence (Asp2-1 revé;:_s;e & Asp2-2 reverse)

In co@sfecﬁon experi@en_;s, cotransfection of Hu-Asp2 into mouse Neuro-2a cells with
the APP-KK construct mcrgésed the formation of CTF99. Thlswas further increased if Hu-
Asp2 was coexpressed with APP-Sw-KK, a mutant form of APP containing the Swedish
KM—NL mutation that _incr_éases _ ﬁ-@mtag processing. |

Cotransfection of Hu-Asp2 with APP has little effect on AB40 production but

‘increases APB42 production above background (Table 4). Addi_tion of the di-lysine motif to

the C-terminus of APP increases AP peptide processing abou§ two fold, although AB40 and

AP42 production remain gui_te low (352 pg/ml and 21 pg/ml, ';_espectively). Cotransfection

~ of Asp2 with APP-KK further increases both AB40 and AP42 production. The stimulation

of AB40 production by Hu-AspZ:is more that 3 fold, while production of AB42 increases by

more than 10 fold. Thus, cotransfection of Hu-AspZ and AP?—KK constructs preferentially

increases AB42 production.-
- The APP V717—F mutation has been shown to increase f-secretase processing at the
AB42 cleavage site. Cotransfection of Hu-Asp2 with the APP-VF or APP-VF-KK

constructs increased AB42 production ( a two fold increase with APP-VF and a four-fold

. increase with APP-VE-KK, Table 4), but had mixed effects on AB40 production (a slight

decrease with APP-VF, and a twb fold increase with APP-VF-KK in comparison to the
pcDNA cotransfection control. Thus, the effect of Asp2 on A[342 production was
propdrtionately greater leadi_ﬁg to an increase in the ratio of Ap42/total Ap. Indeed, the ratio
of AP42/total AP reaches a very high value of 42% in HEK293 cells cotransfected with Hu-

Asp2 and APP-VF-KK.
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Western blot showing 'réduction of CTF99 p.rt;vdu'ction by HEK1253 cells transfected with
antisense oligomers targeting the Hu-Asp2 mRNA. (right) Westéfn 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. B

Table 4. Results of cotransfecting Hu-Asp2 or pcDNA plasmid DNA with various APP
constructs containing the V717—F mutation that modifies y-secretase processing.
Cotransfection with Asp2 consistently increases the ratio of AB42/total AB. Values
tabulated are AP peptide pg/ml.

~ pcDNA . Asp2.
Cotransfection : Cotransfection
AB40 AB42 - AP42/Total - AB40 AB42  AP42/Total
APP T 192418 <4 <2% 188+40 8¢10 - 39%
APP-VF - 118315 15+19 11.5% 8547 24412 22.4%
APP-KK ' 352424 21+6 5.5% 1062+101 226449 ) 17.5%

APP-VF-KK 23043t 88424 27.7% 491435 355436 | 42%

Example 9. Bacterial exprésion of human Asp2L,

Expression of recombi_nant Hu_Asp2L in E. coli.

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 casp;ase 8 leadef sequence (SEQ
ID No. 23 and No. 24). Alternatively, reduction of the GC_ co_nfent of the 5’ sequence by site
directed mutagenesis can be used to increase the.yield of Hu-AspZ (SEQ ID No. 25 and No.
26). In addition, Asp2 can be engineered with a proteolytic cle:a.vagg site (SEQ ID 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 -
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PCR with prifners containing apprepriate linker .se.quences. was used to assemble fusions of
Asp2 coding sequence with N-terminal sequence modiﬁcafiqhs'including aT7 tag (SEQ D
Nos.21and22)ora T7-ce§pase 8 leader (SEQ ID Nos. 23 and 24).. These cohstructs were
cloned inte .the expression j:(ector pet23a(+) [Novagen] in wﬁich aT7 promotef directs
expression of a T7 tag preceding a sequence of multiple cioeiﬁg sites. To clone Hu-Asp2
sequences behind the T7 leader of pet23a+, the following oligenucleoﬁdes were used for
amplification of the selected Hu-Asp2 sequence:
#553-GTGGATCCACCCAGCACGGCATCCGGCTG (SEQ ID No. 35),

#5S4-GAAAGC’ITTCATGACTCATCTGTCTGTGGAATGTTG (SEQ D N 0. 36) whxch
‘placed BamHI and HindIll sites flanking the 5’ and 3’ ends of the insert, respectively. The

Asp2 sequence was amphﬁed from the full length Asp2(b) cDNA cloned into pcDNA3.1
using the Advantage-GC cDNA PCR {[Clontech] following t the manufacturer’s supplied
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 HindIIl, purified by electrophoresis through an
'égarose gel, then ligated using the Rapid DNA Ligation kit [Boerhinger Mannheim]. The
ligation reaction was used to transform the E. coli strain .!M109 (Promega) and colonies
were pxcked for the punﬁcatlon of plasmid (Qiagen,Qiaprep mmxspm) and DNA sequence
analysis . For inducible expressnon using mductlon with 1sopropyl b-D- '
th1ogalactopyranos1de (IPTG), the expression vector was transferred into E. coh stram
BL2] (Statagene). Bacterial cultures were grown in LB brott_; in the presence of amp1c1lhn
at 100 ug/ml, 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 centnfugatxon

To clone Hu-Asp2 sequences behind the T7 tag and caspase leader (SEQ ID 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 pho‘spho;ylated caspase 8 leader |
oligonucleotides #559=GATCGATGACTATCTCTGACTCTCCGCGTGAACAGGACG
(SEQ ID No. 37), #560=GATCCGTCCTGTTCACGCGGA_GAGTCAGAGATAGTCATC
(SEQ ID No. 38) were ahneeled and ligated to the vector DNA_. The .5' overhang for each set
of oligonucleotides was designed such that it allowed li'gatio_ti into the BamHI site but not
subsequent digestion with BamHI. The ligation reaction was'.tr-ansformed into JIM109 as

above for analysis of protein expression after transfer to E. eeli strain BL21.
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In order to reduce the :G'C 'éohtent of the 5 terminus of asp2 a pair of antiparallel oligos
were desngned to change degenerate codon bases in 15 amino acid positions from G/C to
A/T (SEQID Nos. 25 and 26). The new nucleotide sequence at the 5’ end of asp2 did not
change the encoded . amino acid and was chosen to optimize E. Coli expressmn. The
sequence of the sense linker is 5’ | ' '
CGGCATCCGGCTGCCCCTGCGTAGCGGTCTGGGTGGTGCTCCACTGGGTCTGCG
TCTGCCCCGGGAGACCGACGAA G 3’(SEQ ID No. 39) The sequence of the antlsense
linker is : 5’
CTTCGTCGGTCTCCCGGGGCAGACGCAGACCCAGTGGAGCACCACCCAGACCG
CTACGCAGGGGCAGCCGGATGCCG 3’ (SEQ ID No. 40). After ennealing the

' phoephorylated 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-tluogalactopyranos1de (IPTG), bacterial cultures were
grown in LB broth in the presence of ampicillin at 100 ug/ml, and induced i 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.

To create a vector in which the leader sequences 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 ID Nos. 27 and 28), the following procedure was
followed Two phosphorylated oligonucleotides containing the caspase 8 cleavage site
IETD, #571=5'
GATCGATGACI‘ATCTCTGACTCTCCGCTGGACTCTGGTATCGAAACCGACG
(SEQ ID No. 41) and #572=
GATCCGTCGGTTI’CGATACCAGAGTCCAGCGGAGAGTCAGAGATAGTCATC
(SEQ ID No. 42) were annealed and ligated into pET23a+ that had been opened with
BamHI. After transformation into J M109, the purified vector DNA was recovered and
orientetion of the insert was confirmed by DNA seduenee analysis. +, the following
oligonucleotides were used for amplification of the selected Hu-Asp2 sequence:
#573=5'AAGGATCCTTTGTGGAGATGGTGGACAACCTG, (SEQ ID No. 43)
#554=GAAAGCTTTCATGACTCATCTGTCTGTGGAATGTTG (SEQ ID No. 44) which
placed BamHI and HindIH sites flanking the 5’ and 3' ends of the insert, respectively. The
Asp2 sequence was amplified from the full length Asp2 cDNA cloned into pcDNA3.1
using the Advantage-GC cDNA PCR [Clontech] following the manufacturer's supplied
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protocol using annealing & ez_ttension at 68°C in a two-step PCR cycle for 25 cycles. The
insert and vector were cut with BamHl and HindIII, punﬁedhy electrophoresis through an
agarose gel, then ligated usmg the Rapid DNA Ligation kit [B'oerhinger Mannheim]. The
ligation reaction was used to transform the E. coli strain JM109 [Promega] and colonies
were picked for the punficatton of plasmid (Qiagen,Qiaprep rmmspm) and DNA sequence
analysis . For inducible expressmn using mductlon with 1sopropyl b-D-
thiogalactopyranoside (IPTG) the expression vector was transferred into E coli stratn
BL21 (Statagene). Bacterial cultures were grown in LB broth m the presence of ampicillin
at 100 ug/ml, and mduced 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 centnfugatlon _

-To assist punficatlon, a 6-His tag can be introduced mto any of the above constructs
following the T7 leader by opemng the construct at the BamHI s1te and then ligating in the
annealed, phosphorylated ohgonucleottdes contammg the six hxstldme sequence
#565-GATCGCATCATCACCATCACCATG (SEQ ID No. 45),
#566=GATCCATGGTGATGGTGATGATGC (SEQID No. 46) The 5' overhang for each
set of oligonucleotides was desxgned such that it allowed hgatton into the BamH]I site but
not subsequent digestion w1th BamHL '

. Preparation of Bacterlal Pellet: ; _

36.34g of bacterial pellet representing 10.8L of growth was dtspersed into a a total
volume of 200ml usmg a 20mm tissue homogenizer probe at 3000 to 5000 rpm in 2M KC],
0.1M Tris, 0.05M EDTA lmM DTT. The conductivity adjusted to about 193thos with
water. L
After the pellet was dxspersed an addxttonal amount of the KCl solutton was added,

bringing the total volume to 500 ml. This suspension was homogemzed further for about 3
mmutes at 5000 rpm using the same probe. The mixture was then passed through a Rannie

htgh-pressure homogemzer at 10 ,000psi.

In all cases, the pellet 'matenal was carried forward, while the soluble fraction was -
discarded.The resultant solutlon 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 Tpm. After homogenizing for 5 mmutes at 3000 rpm, the
volume was adjusted to 500m1 with the same solution, and spun for 1hr. at 12,500 rpm.

The pellet was then resuspended as before, but this time the fih_al volume was adjusted to
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1.5L with the same solu ior to homoé%ﬁizing for 5 mi iy - After centrifuging at the
same speed for 30 nﬁr_uifés; this procedure was repeated. Tﬁé ?i)éiiet was then resuspended
into about 150ml of cdld 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
250ml with cold water, then spun for 30 -nﬁnuteé. Weight of the resultant pellet was
17.75g.
Summary: Lysis of bacterial pellet in KCl 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. 17.75g of pellet was thawed, and 150ml of 8M guanidine HCl, 5SmM
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 supemnatant was then stored at -20°C,

except for 50ml.

Immobilized Nickel Affinity: Chromatography of Solubilized rHuAsp2L.:
The following solutions were utilized:

A) 6M Guanidine HCl, 0.1M NaP, pH 8.0, 0.01M Tris, SmM BME, 0.5mM Imidazole
A’)  6M Urea, 20mM NaP, pH 6.80, 50mM NaCl .

B’)  6M Urea, 20mM NaP, pH 6.20, 50mM NaCl, 12mM Imidazole

C)  6M 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) in a 5 x 10cm 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 50ml buffer A (collecting into flow through fraction)
3) Washed with 250m} buffer A (wash 1)

4) Washed with 250ml buffer A (wash 2)

5) Washed with 250mi buffer A’
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6) Washed with 250mi buffer B* L _ : ) !
[)] Washed with 250ml buffer A’ '

8) Fluted with 250ml 75mM Imidazole

9 Eluted with 250ml 150mM Ihidazole (150-1) .

10)  Eluted with 250ml 150mM Imidazole (150-2)

11) - Eluted with 250ml 300mM Imidazole (300-1)

12)  Eluted with 250mt 300mM Imidazole (300-2) - -

13)  Eluted with 250ml 300mM Imidazole (300-3)

Chromatography Results: :

The rHuAsp eluted at 75mM Imidazole through 300mM Imidazole. The 75mM fraction, as
well as the first 150mM Inut;lazole (150-1) fraction contained contaminating proteins as
visualized on Coomassie Blue stained gels. Therefore, fractions 150-2 and 300-1 will be
utilized for refolding experitnents since they contained the gfg_eatest amount of protein (see
Coomassie Blue stained gel).

Refolding Experiments of yHuAspZL:

Experiment 1: _ .
Forty ml of 150-2 was splked with IM DTT, 3M Tris, pH 7.4 and DEA to a final

concentration of 6mM, SOm_M, and 0.1% respectively. This was diluted suddenly (while
stirring) with 200m! of (4°C5 cold 20mM NaP, pH 6.8, 150mM NaCl. This dilution gave a
final Urea concentration of M. This solution remained clear, even if allowed to set open to
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 74, -150mM NaCl, 20% gly'oerdl. T_ﬁis method effectivel_y removes

the urea in the solution without precipitation of the protein.

Experiment 2: N . .
Some of the 150-2 eluate was concentrated 2x on an Amicon Centriprep, 10,000 MWCO,

then treated as in Experiment 1. This material also stayed in solution, with no visible

precipitation.
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Experiment 3: . TR
89ml of the 150-2 eluate was spiked with 1M 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 445ml 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 0.1mM. This was stirred

slowly at RT for thr. Cystamine and CuSO,4 were then added to final concentrations of
1mM 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 to 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 1M 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
site to fit the Kozak consensus sequence was paired with a 3’-antisense primer that contains
the natural translation termination codon in the Hu-Asp2 sequence. PCR amplification of
the pcDNA3. l(hygro)/Hu-AspZ 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 ID 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 cjcles using Pwol DNA polymerase (Boehringer-Mannheim) as
outlined by the supplier. The reaction products were digested to completion with BamHI
and NoA and ligated to BamHI and NotI digested baculovirus transfer vector pvVL1393
(Invitrogen). A portion of the ligations_ was used to transform competent E. coli DH5a cells
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followed by antibiotic selection on LB-Amp. Plasmid DNA was prepared by standard -
alkaline lysis and banding m CsCl to yield the baculovirus traj;sfcr vectors pVL1393/Asp2,
pVL1393/Asp2ATM and pYL1393/Asp2ATM(I-Iis)5. -Creaﬁén ‘of recombinant
baculoviruses and infectioh éf sf9 insect cells was performedjﬁsing standard methods.

Expression by transfégtion—-—'[‘ransient and stable exprgésion of Hu-Asp2ATM and
Hu-Asp2ATM(His)s in I-Iigh:§ insect cells was performed using the insect expression vector
pIZ/V5-His. The DNA inser_ts:from the expres‘éion plasmids Véctors pVL1393/Asp2,
pVLl393/Asp2A'IM and pVL1393/Asp2ATM(His)s were exclsed by double digestion with
BamHI and Notl and subcloned into BamH and Nofl digested pIZ/V5-His using standard
methods. The resulting expreSSion plasmids, referred to as ﬁIZ_/Hu-AspZATM and plZ/Hu-
Asp2ATM(His)s, were prepa:éd as described above. SN

For transfection, High 5 insect cells were cultured in ngh Five serum free medium
supplemented with 10 pg/mi ;géntamycin at 27°C  in sealed ﬂ_é_sks. Transfections were
performed using High five cé[ls, High five serum free media sﬁpplemented with 10 pg/ml
gentamycin, and InsectinPlus liposomes (Invitrogen, Carlsbad__, CA) using standard
methods. L : .
For large scale transient transfections 1.2 x 10" high ﬁ_if_gg 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 igrc;pared by mixing 6 ml of

serum free media, 60 ug Asp2ATM/pIZ (+/- His) DNA and 120 p! of Insectin Plus and
incubating at room temperafﬁfe for 15 minutes. The plating média was removed from the
dish of cells and replaced wnth the DNA/liposome mixture for 4 hours at room temperature
with constant rocking at 2 rpm An additional 6 mi of media was added to the dish prior to
incubation for 4 days at 27 °C in a humid incubator. Four days post transfection the media
was harvested, clarified by cqpﬁifugation at 500 x g, assayed for Asp2 expression by
Western blotting. For stable expression, the cells were treatéd'wi.th 50 pg/ml Zeocin and
the surviving pool used to prépared clonal cells by limiting dil}i;i_on followed by analysis of
the expression level as noted above.

Purification of Hu-Asp2ATM and Hu-AspZATM(st)g—-Removal of the
transmembrane segment from Hu-Asp2 resulted in the secretion of the polypeptide into the
culture medium. Following prbtein production by either bacﬁl_@vims infection or
transfection, the conditioned medium was harvested, _clarified_:.b_y centrifugation, and
dialyzed against Tris-HCI (pH 8.0). This material was then purified by sucessive
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chromatography-by anion exchange (Tns-HCl, pH '.8.0).' folloWed by cation exchange
chromatography (Ac,e't_att} Puffcr at pH 4.5) using NaCl gradients. The elution profile was
monitored by (1) Westei';i bIot analysis and ,(2) by activiiy 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-Asp2ATM(His)s protein revealed that the signal
peptide had been cleaved [TQHGIRLPLR]. '

Example 11. Expression of Hu-Asp2 in CHO cells

Heterologous expression of Hu_Asp-2L in CHO-K1 cells—The entire coding sequence of
Hu-Asp2 was cloned into the mammalian expression vector pcDNA3.1(+)Hygro
(Invittogen, Carisbad, CA) which contains the CMV immediate early promotor and bGH
polyadenylation signal to drive over expression. The expression plasmid, '
pcDNAS3.1(+)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 célls (CHO—KI) were obtained from the ATCC. The
ceﬂs were maintained in monolayer 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
pcDNA3.1(+)/Hygro alone (mock) or [.JcDNASl.l(+)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 feplaced with growth medium
containing 500 Units/ml hygromycin B. In the case of pcDNA3.1(+)Hygro/Hu-Asp2
transfected CHO-KIcells; individual hygromycin B-resistant cellé were cloned by limiting
dilution. Following clonal éxpansion of the individual cell lines, éxpression of Hu-Asp2

protein was accessed by Western blot analysis using a polyclonal rabbit antiserum raised
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against recombinant Hu-Asp2 prepared by expression in E. coli. Near confluent dishes of
each cell line were harveste;l by scraping into PBS and the eells recovered by
cenfrifuga_pipn. The eell pellets were. resuepended in cold lysxs buffer (_25 mM Tl_'is__-_H_Cl
(8.0))5 mM EDTA) containing protease inhibitors and the cells lysed by sonication. The
soluble and membrane fracl:ions were separated by centtifuéetibn (105,000 x g, 60 min) and
normalized amounts of protein from each fraction were thetl_ _éeparated by SDS-PAGE.
Following electrotransfer of the separated polypeptides to PYl)F membranes, Hu_Asp-2L
protein was detected using rabbit anti-Hu-AspZ antiserum (ll 1000 dilution) and the
antibody-antigen complexes were visualized using alkaline élloephatase conjugated geat
anti-rabbit antibodies (1/2500). A specific immunoreactive 'Protein with an apparent Mr

value of 65 kDa was detected in pcDNA3.1(-l-)Hygro/Hu-As;;2 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 ha_d the highest expression level
of Hu-z}.spZ protein and this production cell lines was scaled up to provide material for
punﬁcatlon | | :

Purlﬁcauon of recombmant Hu Asp-ZL from CHO-KI/I-Iu-AspZ clone #S—In a

typxcal punﬁcatlon clone #5 cell pellets denved from 20 150 mm dlshes of confluent cells,

were used as the startmg material. The cell pellets were resuspended in 50 ml cold lysis
buffer as descnbed above The cells were lysed by polytron homogemzatmn (2 x20 sec)
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 B-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.
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- The B-octylglucoside extract was :;plied toa Méno Q ghion exchange column that
was previously equilibrated with 25 mM Tris-HCl (pH 8.0)/50 mM B-octylglucoside.
Following sample 'applica'tion', 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-
2L immunoreactivity and B-secretase activity were poolgd and dialyzed against 25 mM
NaOAc (pH 4.5)/50 mM B-octylglucoside. Following dialysis, precipitated material was
removéd by céﬁtrifugatioIn and the éoluble material chrdmatographed on a MonoS cation
exchange column that was previously equilibrated in 25 mM NaOAc (pH 4.5)/ 50 mM B-
octylgiucoside. The column was eluted using a linear gradient of increasing NaCl
concentration (0-1.0 M over 30 minutes) and individpal frécﬁéns assayed by Wéstefn _blot
analysis and for B-secretase activity. Fractions containing both Hu-Asp2 immunoreactivity
.and B;secretaée éctivity were combined and determined to be >90% pﬁré by SDS-
PAGE/Coomassie Blue staining. |
Example 12. Assay of Hu-Asp2 f-secretase activity using peptide substrates

B-secretase assay—P-secretase activity was meésured by quantifying. the hydrolysis of #
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) and enzyme (1-5 pé 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
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'Edman sequencing and MADLI-TOF mass spectrometry. Percent hydrolysis of the peptide
substrate was calculated by gomparing the integrated peak méas for the two product
peptides an_d_ihe.starting material derived from the absorbance at 214 am. The specificity
of thc. protease cleavage maéﬁon was determined by performing the B-secretase assay in the
i)resence of a cocktail of protease inhibitors (8 uM pepstatin A, 10 uM leupeptin, 10 pM
E64, and 5 mM EDTA).

An alternative B-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] (BioSource International) (50 uM) anﬂ 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 perforrhed 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 dcscnptlon and examples. |

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

above teachings and, therefore, are within the scope of the 'mvent_;(_m.

The entire disclosure of all publications cited herein are hereby incorporated by reference.
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Any isolated or purified nucleic acid polynucleotide that codes for a protease

~ capable of cléaving 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.

The nucleic acid polynucleotide of claim 1 where 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.

The nucleic acid polynucleotide of claim 2 that code for about 150 to 172 amino

acid positions, which may be any amino acids.

The nucleic acid polynucleotide of claim that code for about 172 amino acid

positions, which may be any amino acids.

The nucleic acid polynucleotide of claim 4 where the nucleotides are described in

SEQ.ID.NO.3 .

The nucleic acid polynucleotide of claim 2 where the two sets of nucleic acids are

separated by nucleic acids that code for about 150 to 196 amino acid positions.

The nucleic acid polynucleotide of claim 6 where the two sets of nucleotides are

separated by nucleic acids that code for about 196 amino acids (positions).

-
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10.

11.

12.

13.

14.

15.

The nucleic acid polynucleotide of claim 7 where the two sets of nucleic acids are
separated by the same nucleic acid sequences that separate the same set of special

nucleic acids in SEQ. ID. NO. 5.

The nucleic acid polynucleotide of claim 4 where the two sets of nucleic acids are

separated by nucleic acids that code for about 150 to 190, amino acid (positions).

The nucleic acid polynucleotide of claim 9 where the two sets of nucleotides are

separated by nucleic acids that code for about 190 amino acids (positions).

The nucleic acid polynucleotide of claim 10 where t,h§ two sets of nucleotides are
separated by the same nucleic acid sequences that separate the same set of special |

nucleotides in SEQ. ID. NO. 1.

Claims 1-11 where 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 nuclic

acids of that codon codes for any peptide comprising from 1 to 10,000 amino acid

" . (positions).

The nucleic acid polynucleotide of claims 1-12 where the first special nucleic acid is
operably linked to nuclelc acid polymers that code for any peptlde selected from the
group consisting of: any any reporter proteins or protems which facilitate

purification.

The nucleic acid polynucleotide of claims 1-13 where the first special nucleic acid is
operably linked to nucleic acid polymers that code for any peptide selected from the
group consisting of: immunoglobin-heavy chain, maltose binding protein, glutathion

S transfection, Green Fluorescent prdtéin, and ubiquiti__n.

Claims 1-14 where 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.

W .
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16.

17.

18.

19.

21.
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Claims 1-15 where 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.

" The nucleic acid polynucleotide of claims 1-16 where the first special nucleic acid is

* operably linked to nucleic acid polymers that code for any peptide selected from the

group consisting of: immunoglobin-heavy chain, maltose binding protein, glutathion
S transfection, Green Fluorescent protein, and ubiquitin. '

* Any 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 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
aﬂy number of amino acids from zero to 81 amino acids and where each of those

codons may code for any amino acid.

The nucleic acid pqunucleotide of claim 18 , where 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.

“The nucleic acid polynucleotide of claim 19, where the first special nucleic acid is

operably linked to nucleic acids that code for about 71 amino acids peptide.

The nucleic acid polynucleotide of claim 20, where the first special nucleic acid is
operably linked to 71 amino acid peptide and where the first of those 71 amino acids

is the amino acid T.
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22.

23.

25. .

26.

The nucleic acid polynucleotide of claim 21, where the polynucleotide comprises a
sequence that is at least 95% identical to the same coigesponding amino acids in

SEQ. ID. NO. 3, that is, identical to the sequences infSEQ ID. NO. 3 including the

_ sequences from both the first and or the second spec1a1 nucleic acids, toward the N-

Terminal, through and including 71 amino acids, see Example 10, beginning from
the DTG site and mc_:ludm_g the nucleotides from that_gpde for 71 amino acids).

The nucieic acid pqupmleotide of claim 22, where the complete polynucleotide
comprises identical to the same corresponding amino_'éeids in SEQ. ID. NO. 3, that
is, identical to the sequences in SEQ. ID. NO. 3 incluciing the sequences from both
the first and or the second special nucleic acids, toward the N-Terminal, through
and including 71 a:mno acids, see Example 10, begmmng from the DTG site and
including the ,nucleot,tdes from that code for 71 mmnq._acxds).

The nucleic acid poly_nixcleotide of claim 18 , where the first special nueleic acid is

operably linked to hueleic acids that code for any number of from about 30 to 54

amino acids where each codon may code for any a:mno acid.

The nucleic acid polynucleotide of claim 20, where the_f__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 nucleic acid polynucleotide of claim 21, where the ipc_>lynucleotide comprises a
sequence that is at least 95% identical to the same cor;eeponding 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—Termmal 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 agnno acids before the DTG

site). -

AT
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27.

28.

29.

30.

31.

32.

e

The nucleic acid.pélynucleotide of claim 22, Whéietihe;pdynucleotide comprises -
identical to the same corresponding amino acids in SEQ. ID. NO. 3, thatis,
identical to the sequences in SEQ. ID. NO. 3 including the sequences from both the

- firstand 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).

* . Any isolated or purified nucleic acid polynucleotide 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, whiere 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 is, 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 50 to 170 codons.

The nucleic acid polynucleotide of claim 29 where the last special nucleic acid is

operably linked to nucleic acids comprising from 100 to 170 codons.

The nucleic acid polynucleotide of claim 30 where the last special nucleic acid is

operably linked to nucleic acids comprising from 142 to 163 codons.

The nucleic acid polynucleotide of claim 31 where the last special nucleic acid is
operably linked to nucleic acids comprising about 142 codons.

The nucleic acid polynucleotide of claim 32 where the polynucleotide comprises a
sequence that is at least 95% identical to SEQ. ID. # (Example 9 or 10).
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33.

35.

36.

37.

38.

39.

41.

42.

The nucleic acid polynucleotide of claim 33, where the complete polynucleotide
comprises SEQ: ID. # (Example 9 or 10).

The-nucleic acid polynuc]eotlde of claim 31 where the last special nucleic acid is

operably linked to nuclelc acids comprising about 163 codons.

The nucleic acid polynucleotide of claim 35 where the polynucleotide comprises a

sequence that is at lg.ast 95% identical to SEQ. ID. # @xmple 9 or 10). .

. The nucleic acid polynucleotide of claim 36, where the complete polynucleotide

comprises SEQ. ID. # (Example 9 or 10).

The nucleic acid polynucleotide of claim 31 where the last special nucleic acid is

operably linked to n;lcleic acids comprising about 170 codons.

Claims 1-38 wheie the second set of special nucleid acids code for the peptide DSG,

and optionally the first set of nucleic acid polynucleé@ide is operably linked to a
peptide purification tag. '

Claims 1-39 where the nucleic acid polynucleotide is operably linked to a peptide
purification tag whlch is six histidine. '

Claims 1-40 where the first set of special nucleic acids are on one polynucleotide

.and the second sgt of special nucleic acids are on a séi;ond polynucleotide, where

both first and second polynucleotides have at lease 50 codons.

Claims 1-40 where the first set of special nucleic aclds 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 where both said

polynucleotides are in the same solution.

A vector which contains a polynucleotide described in claims 1-42.
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43.

4.

45.

46.

47.

48.

49.

50.

RN ORI -
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A cell or cell 1iné whiich contans a polynucleotide deScribed in claims 1-42.

Any isolated or purified peptide or protein comprising an amino acid polymer that is

. aprotease 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

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 not included.

The amino acid polypeptide of claim 45 where the two sets of amino acids are
separated by about 125 to 222 amino acid positions where in-each position it may be

any amino acid.

The amino acid polypeptide of claim 46 where the two sets of amino acids are

separated by about 150 to 172 amino acids.

The amino acid polypeptide of claim 47 where the two sets of amino acids are

separated by about 172 amino acids.

The amino acid polypeptide of claim 48 where the protease is described in SEQ. ID.
NO.4 ' '

The amino acid polypeptide of claim 46 where the two sets of amino acids are

separated by about 150 to 196 amino acids.

The amino acid polypeptide of claim 50 where the two sets of amino acids are

separated by about 196 amino acids.
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51.

52, -

53.

54.

55.

56.

57.

58.

- The amino acid polypeptide of claim 46 where the two sets of amino acids are

The amino. acid polypeptide of claim 51 where 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 lD NO.6. :

separated by about 150 to 190, amino acids.

The amino acid polypeptlde of claim 53 where the two sets-of nucleotides are

separated by about 190 amino acids.

The amino acid polypeptide of claim 54 where the two sets-of nucleotides are
separated by the same amino acid sequences that sepa:;’:gte-'the same set of special
amino acids in SEQ. ID. NO. 2.

Claims 45-55 where. the first amino acid of the first special set of amino acids, that
is, the first special amino acid, is operably linked to any peptide comprising from 1 . .

to 10,000 amino acnds ,- S
The amino acid polypeptide of claims 45-56 where th_é first special amino acid is
operably linked to any peptide selected from the group consisting of: any any

reporter proteins or proteins which facilitate purification. -

The amino acid polypeptide of claims 45-57 where the first special amino acid is

. operably linked to any peptide selected from the group consisting of:

immunoglobin-heavy chain, maltose binding protein, glutathxon S transfection,

Green Fluorescent protein, and ubiquitin. e

Claims 45-58, where the last amino acid of the second set of special amino acids,

that is, the last spec1a1 amino acid, is operably linked to any peptlde comprising any--

. amino acids from 1 to 10,000 amino acids.

This Sheet Has Been Repl

UG —
[ IIIJI-H_LI -




- WO 00/17369 S PCT/US99/20881

59.
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62.
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63.
30 64.

Claims 45-59 wheré the last special amino acid is operably linked any peptide -

- selected from the - group consisting of any reporter protems or.proteins which -

facilitate punﬁcat:on

- The amino acid polypeptide of claims 45-60 where 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.

* 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 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 amino acid polypeptide of claim 62, 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 amino acid polypeptide of claim 63, where the first special amino acid is
operably linked to a peptide of 35; 47, 71, or 77 amino acids.

The amino acid polypeptide of claim 63, 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.

69 i
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65.

66.

67.

68.

69.

70.

71.

72.

The amino acid polypeptide of claim 65, where the pofypeptide comprises a
sequence that is at least 95% identical to the same correspondmg amino acids in
SEQ. ID. NO. 4, that is, identical to that portion of thc sequences in SEQ.ID. NO. 4,
including all thq sequences from both the first and o;; the second special nucleic
acids, toward the N:'terminal, through and including}:’l.l » 47, 35 amino acids before

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

The amino acid polypeptide of claim 65, where the complete polypeptide comprises
the peptide of 71 amino acids, where the first of the g‘inino acid is T and the second
is Q. S |

The amino acid polypeptide of claim 62, where the first special amino acid is
operably linked to any number of from 40 to 54 amino acids (positions) where each

amino acid position may be any amino acid.

The amino acid polybeptide of claim 68, where the ti§t special amino acid is

operably linked to amino acids‘that code for a peptid{:f of 47 amino acids.

The amino acid polypeptide of claim 69, where the ﬁ$t special amino acid is
operably linked to a 47 amino acid peptide where the firSt_ those 47 amino acids is

the amino acid E.

The-amino acid polypeptide of claim 70, where the polypeptide comprises a
sequence that is at least 95% identical to SEQ. ID. # (Example 10).

The amino acid polypeptide of claim 71, where the cqmpletc polypeptide comprises
SEQ. ID. # (Example 10). '

* -~ Anyisolated 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 Scparated by about 100 to
300 amino acid positions, where each amino acid in each position can be any amino
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73.

74.

5.

76.

77.

78.

79.

80.

81.

acid, where the first set of special amino acids co:iéiﬁts of the amino acids that code

for DTG, where the first amino acid of the first specxal set of amino acids is, the

first special amino acld, 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.

The amino acid polypeptide of claim 73 where the last special amino acid is
operably linked to a peptide of about 100 to 170 amino acids.

The amino acid polypeptide of claim 74 where the last special amino acid is

operably linked to to a peptide of about 142 to 163 amino acids.

The amino acid polypeptide of claim 75 where the last special amino acid is

operably linked to to a peptide of about about 142 amino acids.

The amino acid polypeptide of claim 76 where the polypeptide comprises a
sequence that is at least 95% identical to SEQ. ID. # (Example 9 or 10). ;

- "The amino acid polypeptide of claim 75 where the last special amino acid is

operably linked to a peptide of about 163 amino acids.

The amino acid polypeptide of claim 79 where the polypeptide comprises a
sequence that is at least 95% identical to SEQ. ID. # (Example 9 or 10).

The amino acid polypeptide of claim 79, where the complete polypeptide comprises
SEQ. ID. # (Example 9 or 10). ' '

The amino acid polypeptide of claim 74 where the last special amino acid is
operably linked to to a peptide of about 170 amino acids.

Claim 46-81 where the second set of special amino acids is comprised of the peptide

with the amino acid sequence DSG
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82.

83..

84.

85.

86.

87.

. 88.

89.

90.

91.

Claims 45-82 where the amino acid polypeptide is opgtably linked to a peptide

- purification tag.

Claims 45-83 where the amino acid polypeptide is operably linked to a peptide

purification tag whlch is six histidine.
Claims 45-84 where the first set of special amino aclds are on one polypeptide and
the second set of special amino acids are on a second ijolypeptide where both first

and second polypeptlde have at lease 50 amino acids, whlch may be any amino

acids.

Claims 45-84 where the first set of special amino acids are on one polypeptide and
the second set of speéial amino acids are on a second ﬁolypeptide where both first
and second polypeptldes have at lease 50 amino acxds where both said polypeptides
are in the same vessel '

A vector which contains a polypeptide described in claims 45-86.

A cell or cell line wh_ieh contans a polynucleotide descﬁbed in claims 45-87.

The process of making any of the polynucleotides, vectors, or cells of claims 1-44
The process of makmg any of the polypeptides, vectors or cells of claims 45-88
Any of the polynucle_oftides, polypeptides, vectors, cells or cell lines described in

claims 1-88 made from the processes described in claims 89 and 90.

* An isolated nucleic acid molecule comprising a_':polynucleotide, 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:

1aced
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@ a r;ﬁ%ieoﬁde sequer;:: -encoding é Hu-Asp polypeptide selected from
the group consisting of . Hu-Aspl Hu-Asp2(a), and Hu-AspZ(b),__
Hu-Asp2(a) and Hu—AspZ(b) polypeptides have the completé a:mno acid sequence of SEQ
ID NO:2, SEQ ID NO:4, and SEQ ID No:6, respectively; and

- (b)  anucleotide sequence complementary to the nucleotide sequence

wherein said Hu-Aspl,

of (a).

92.  The nucleic acid molecule of claim 92, wherein said Hu-Asp polypeptide is Hu-
Aspl, and said polynucleotide molecule of 1(a) comprises the nucleotide sequence of SEQ
ID NO:1.

93.  The nucleic acid molecule of claim 92, wherein said Hu-Asp polypeptide is Hu-
Asp2(a), and said polynucleotide molecule of 1(a) comprises the nucleotide sequence of
SEQ ID NO4.

94.  The nucleic acid molecule of claim 92, wherein said Hu-Asp polypeptide is Hu-
Asp2(b), and said polynucleotide molecule of 1(2) comprises the nucleotide sequence of
SEQ ID NO:5.

95.  Anisolated nucleic acid molecule comprising polynucleotide which hybridizes
under stringent conditions to a polynucleotide having the nucleotide sequence in (2) or (b)
of claim 92.

96. A vector comprising the nucleic acid molecule of claim 96.

97.  The vector of claim 97, wherein said nucleic acid molecule is operably linked to a

promoter for the expression of a Hu-Asp polypeptide.
98. The vector of claim 97, wherein said Hu-Asp polypeptide is Hu-Aspl.
99.  The vector of claim 97, wherein said Hu-Asp polypeptide is Hu-Asp2(a).

100. The vector of claim 97, wherein said Hu-Asp polypeptide is Hu-Asp2(b).
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101. A host cell comprising the vector of claim 98.

102. A method of obtalmng a Hu-Asp polypepude compnsmg culturmg the host cell of
claim 102 and isolating said. Hu-Asp polypepnde :

103.  Anisolated Hu-Aspl polypeptide comprising an amino zicid sequence at least 95%

identical to a sequence comprising the amino acid sequence q‘f SEQ ID NO:2.

104.  Anisolated Hu-Asp2(a) polypeptide comprising an a:tﬁqp acid sequence at least
95% identical to a sequende_. comprising the amino acid sequence of SEQ ID NO:4.

105. An isolated Hu-Asp2(a) polypeptide comprising an amino acid sequence at least
95% identical to a sequence comprising the amino acid sequence of SEQ ID NO:8.

“106  Anisolated antibody that binds specifically to the Hu-Asp polypeptide of any of
-claims 104-107. '

sequence comprising the amino acid sequence of SEQ ID NO:8.

107 - Anisolated antibody that binds specifically to the Hu—A_sP polypeptide of any of
claims 104-107. '

108. * A method to identify a cell that can be used to screen for inhiBitors of B
secretase activity comprising: L
a) identifying a cell that expresses a protease capable of cleaving APP at the
secretase site,
comprising:
i) coliect the cells or the supernantent fro_ﬁl the cells to be identified
ii) = 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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109. The method of claim 108 where the cells are collectsd and the critical peptide is the

APP C-terminal peptide created as a result of the B secretase cleavage.

110. The method of claim 108 where the supernantent is collected and the critical peptide

is soluble APP where the soluble APP has a C-terminal created by f secretase cleavage.

"

111.- The method of claim 108 where the cells contain any of the nucleic acids or
polypeptides of claims 1-86 and where the cells are shown to cleave the P secretase site of
any peptide having the following peptide structure, P2, P1, P1°, P2, where P2is K orN,
where P1 is M or L, where P1’ is D, where P2’ is A. '

112. The method of claim 111 where P2 is K and P1 is M.

113  The method of claim 112 where P2 is N and Pl is L.

114 *- Any bacterial cell comprising any nucleic acids or peptides in claims 1-86
and 92-107.

115 A bacterial cell of claim 114 where the bacteria is E coli.

116  Any eukaryotic cell comprising any nucleic acids or polypeptides in claims 1-86 and
| 92-107.

117 * Any insect cell comprising any of the nucleic acids or polypeptides in claims

1-86 and 92-107.
118 A insect cell of claim 117 where the insect is sf9, or High 3.
119 A insect cell of claim 100 where the insect cell is High 5.

120 A mammalian cell comprising any of the nucleic acids or polypeptides in claims 1-

86 and 92-107.
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121 A mammalian cell of claim 120 where the mammalian cell is selected from the

group consisting of, human, rodent, lagomorph, and primate.

122 = A mammalian cell of claxm 121 where the mammahan cell is selected from the-
group consisting of human cell.

123 A mammalian cell of claim 122 where the human cell is selected from the group
comprising HEK293, and IMR-32.

124 A Man cell of claim 121 where the celllis. a pﬂ@c ceﬁ.

125 A primate cell of cla'gm 124 where the primate cell._ isa _COS-7 cell.

126 A mammalian cell of claim 121 where cell is selected from a rodent cells.
127 A rodent cell of claim 126, selected from, CHO-K1, -NCUI;-2A, 3T3 cells.
128 A yeast cell of claim 115.

129  An avian cell of claim 113.

130. * Any isoform of APP where the last two carboxy terminus amino acids of that

isoform are both lysine residues.

131  The isoform of APP from claim 130 comprising the isoform known as APP695
modified so that its last two having two lysine residues as its last two carboxy terminus

amino acids.
132 The isoform of claim 131 comprising SEQ..ID. 16.-

133  The isoform variant of claim 1301comprising SEQ. ID. NO. 18, and 20.

L
This Sheet Has Been R

o Hllll!lIlllIHIIHle
O



10

15

20

30

k4 - S el

" WO 00/17369 - PCT/US99/20881

134  Any eukaryotic cell Iine, comprising nucleic acids or polypeptides of claim 130-

- 133,

135 . Any cell line of claim 134 that is 2 mammaliam cell line (HEK293, Neuro2a, are

preferred plus any others.)

136 A method for identifying inhibitors of an enzyme that cleaves the beta secretase
cleavabe site of APP comprising: .
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;

©) identifying test compounds diminishing the amount of soluble amylmd beta

peptide present in the culture medium and diminution of CTF99 fragments of APP in cell
lysates as Asp2 inhibitors.

137 The method of claim 136 wherein the cultured cells are a human, rodent or insect

cell line.

138  The method of claim 137 wherein the human or rodent cell line exhibits 3 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.

139. A method as in claim 138 wherein the human or rodent cell line treated with the
antisense oligomers directed against the enzyme that exhibits B secretase activity, reduces

release of soluble amyloid beta-peptide into the culture medium and accumulation of

CTF99 i : | |
e NG )
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140. A method for the identification of an agent that decreases the activity of a Hu-Asp
polypeptide selected froni the group consisting of Hu-Asp1, Hu-Asp2(a), and Hu-Asp2(b), the
method comprising | '
- . (@)- - determining the activity of said Hu-Asp polypeptide in the presence of a test
agent and in the absépoe of a test agcnﬁ and _
(o)  comparing the activity of said Hu-Asp polypeptide determined in the
presence of said test agent to the activity of said Hu-Asp polypeptide
deterrﬂined 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..

141. The nucleic acids, peptides, proteins, vectors, cells and cell lines, and assays described

herein.
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AMENDED CLAIMS .
[received by the Intemational Bureau on 2 October 2000 (02.10.00);
ongmal claims 1-141 replaced by fiew claims 1-150 (18 pages)]

5. A -purified polypcpude comprising a mammalian Asp2 polypeptide that cleaves a
mammalian P-amyloid precursor proicin (APP), or a fragment, anulog, or derivative of said

mammalian Asp2 polypeptide that retins the APP cleaving activity.

2. A purified polypeptide according to claim L, selected from the group consisting of:

(a) a polypeptide comprising a puriﬁed human Asp2(a) amino acid sequence set forth in SEQ
ID NO: 4 or a fragment thereof that cleaves APP; ' '

(b) a polypeptide compnsmg a purified buman Aspz(b) amino acid sequence set forth in SEQ
ID NO: 6 or a fragment thereof that cleaves AFPP,

(c) a polypeptide comprising the mudne Asp2 amino acid sequence set forth in SEQ ID NO:
SorafragmmuhcteofdmclmvesAPP o o

(da polypcpudc comprmng a plmﬁed polypepude havmg an amlno acui scqu(.nce thz.t isat
" least 95% identicat to (a), (b), ot (¢). |

3 A purified polypeptide according to claim 1, comprising a purified human Asp2(a)
amino acid scquence set forth in SEQ ID NO: 4 ar a fragment thereof that cleaves APP.

4. A purified polypeptide according to claim 1, said polypeplids comprising a portion
of the human Asp2(a) amino acid sequence set forth in SEQ ID NO: 4, suid portion including amino
acids 22-501 of SEQ ID NO: 4 and lacking amino acids 1-21.

5. A purified polypeptide icccrding to claim 1, said polypeptide compﬁsing a portion
of the human Aspz(a) ammo acid sequence set forth in SEQ ID NO: 4 effective to cleave APP, smd
polypeptide lacking transmembrane domain amino acid residues 455-477 of SEQID NO: 4.

_ 6. - A polypeptide according to claim 5, said polypeptide lacking amino acids 454-501 of
- SEQIDNO:4. - o |

7. A purified polypeptide according to claim 1, comprising 2 purified human Asp2(b)
amino acid sequence set forth in SEQID NO: 6 ora frggmcm thereof that cleaves APP.

8. A purified polypeptide according to claim 1, said polypeptide comprising a portion
of thc human Asp2(b) amino acid sequence set forth in SEQ 1D NO: 6, said pomon including amino
acids 22-476 of SEQ LD NO: 6 and {acking amino acids 1-21.
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-9, A purified polypeptide according to claim 1, said polypeptide comprising a portion
of the human Asp2(b) amino acid sequence set forth in SEQ ID NO: 6 effective to cleave APP, said
polypeptide lacking wansmembrane domain amino acid residues 430-452 of SEQ ID NO: 6.

10 A purificd polypeptide according to claim 1, comprising the murine Asp2 amino acid
sequence set forth in SEQ T NO: 8, or a fragment thereof that cleaves APP,

1. A purified polypeptide according (o claim 1 comprising a fragment of a mammalian
- Asp2 polypeptide, wherein the purified polypepudc lacks the transmembranc domain of said
mammalian Asp2 polypeptide..

12. A fusion protein comprising a polypeptide according to any one of claims 1-10, and
which further includes a heterologous tag amino acid sequence,

13. A polypeptide accordmg to any one of claims 1-12, wherein the polypepnde cleaves
human APP or human APP-Sw at the B-secretasc rccognition sitc.

14. A polypeptide according (0 any one of claims 1-3, 57, or 9-13, whercin the
polypcpudc lacks any mammalian Asp2 pro-peptide sequence.

15. A polypeptide aocording to claim 14, beginning with the N-terminal sequence
ETDEEP,

16. A polypeptide according to any one of claims 1-3, 5-7, 9, or 11-15, selecled from the
group consisting of: '

(@ a polypeptide comprising a portion of the amino acid sequence set forth in SCQ I
NO: 4 effective to cleave APP, wherein the polypeptide lacks amino acids 1-45 of SEQ ID NO: 4;
and

(b) a polypeptide comprising a portion of the amino acid scqueﬁce set forth in SEQ ID
NO: 6 effective to cleave APP, wherein the polypeptide lacks amino acids 1-45 of SEQ ID NO: 6.

~17. A purified polynucleotide comprising a nucleotide sequence that encodes a
polypeptide according to any one of claims 1 to 16.
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I8. A polynuc_lec_tidc according to claim 17, selected from the group consisting of:

(a) a polynucleotide comprising the nuc!_eoiide sequence set forth in SEQ ID NO: 3;

(b) a polynucleotide comprising the nucleotide sequence set forth-in SEQ ID NO: 5:

(0 a polynucleotide comprising the nucleotide sequence scf forth in SEQ ID NO: 7;

(d) a polynucleotide comprising a nucleutide sequence thal is al least 95% identical to (a),
(b), or (c), and that encodes a -polypeplide that cleaves APP; and )

(e) a fragment of (a), (b), {c), or (d) that enéodes a polypeptide that cleaves APP,

19. A polynucleotide according to claim 17 comprising a nucleotide scquence selected
from the group consisting of SEQ [D NOs: 21, 23, 25, 27, 29, and 31.

20. A purified polynucleotide according to claim 17, selected from the group consisting
of: -

(a) a purified polynucleotide that comprises 2 nucleotide sequence that cncodes amino acids
22-501 of SEQ ID NO: 4 and lacks adjacent nucleotide sequence encodmg amino acids 1-21 of SEQ
ID NO: 4; and : o :

(b) 2 purified polynucleotide that compriscs a nucleotide sequence that encodes amino acids
22-476 of SEQ ID NO: 6 and lacks adjacent nucjcolide sequence encoding amino acids 1-21 of SEQ
1D NO: 6.

2l. A purified polynucleotide according to claim 17, ép_lected from the group consisting
of: |

(a) 2 purified polynucleotide comprising a nucleotide sequence that encodes s portion of the
human Asp2(a) amino acid sequence set forth in SEQ ID NO: 4 effective to cleave APP, and wherein
the. polynucleotide lacks adjacent nucleotide sequence encoding ua;ismmbmne domain amino acid
residues 455477 of SEQIDNO: 4;and -

{b) a purified polynuclcohde comprising a nucleoude sequence that encodes a portion of the
human Asp2(a) amino acid sequence set forth in SEQ ID NO: 6 effective to cleave APP, and wherein
the polynuclectide lacks adjéccnt nucleotide sequence encoding transmembrane domain amino acid
residucs 430-452 of SEQ ID NO: 6. '

22. A purified polynucleotide according to claim 21, said polynucleotide lacking
nucleotide sequence encoding amino acids 454-501 of SEQ 1D NO:; 4.
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23. A puriﬂdd polynucleotide according to chaim 17 comprising & fragment of a

i

mammalian AspZ polynuéleotide, wherein the fragment lacks nucicotide scquence encoding the
transmembrane domain of said mammalian Asp2 polypeptide.

24, A purified polynucleotide according to ¢laim 17, wherein the polynucleotide lacks a

nuclcotide sequence encoding 2 marnmalian Asp2 pro-peptide scquence.
- 25, A vector comprising a polynucleotide acc__ording to any one of claims 17-24.

26. A vector according to claim 25 that is an expression vector wherein the
polynucleotide is operably linked to an expression coatrol sequence. . '

27. A host cell transformed or transfected with polynucieotide according to any one of
claims 17-24. ' ' ' B

28, A host cell transformed or wansfected with a vector according Lo claim 25 or 26.
29.  Ahostcell according to claim 28 that is a mammalian cell.
30. A host cell according to claim 28 or 29 that expresses the polypeptide on its surface.

31. A host cell according to claim 28 or 29 that secretes the polypeptide encoded by the
. polynucleotide, wherein the secreted polypeptide lacks a transmembrane domain,

32..  Ahost cell according to any one of claims 27-31, wherein the host cell ix trangfected
with a nucleic acid comprising a nucleotide sequence that encodes an amyloit! precurvor protein
(AFP) or fragment thercol that inciudes a protease recognition site recognized by the polypeptide.

33. A host cell according to claim 32, wherein the host cell is transfected with a nucleic
acid comprising a nuclentide sequence that encodes an amyloid precursor protein (APP).

34. - A host cell according to clairo 33, wherein the host cell is transfected with a nucleic
acid comprising 2 nucleotide sequence that encodes an amyloid precursor protein (APP) that includes
two carboxy-terminal lysine residues.
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35. A host ccll_._gccording to any one of claims 32-34, wherein the APP or frugment
thereof includes the APP S\:vedish mutation sequence KM->NL immediately upstream of the fi-

secretase cleavage site.

. A hosl cx.ll nccordmg to any ong of clalms 32-35 that cxpresses the polypeptide and
the APP or APP fragment on |ls sucface. :

37. A method of making a polypeptide that cleaves AP-P._ comprising steps of culturing a
host cell according to any onc of claims 27-36 in a culture medium under conditions in which the cell :
produces the polypeptidc th_qg is encoded by the polynucleolidc.

38. A method accordmg to claim 37, further ‘comprising 4 step of punfymg the
polypeptide from the cell or lhc culume medium, '

39.. A mcthcd for identifying agents thnl mhnl'nt the activity of humun’ Asp2 aspanyl
protense (Hu-Asp2), comprising the steps of:

(a) contactmg amylonl precursor * protein (APP) and a polypeptide according to any onc
of claims 1-16 in the presence and absence of a test agent;

M) dctermmmg the APP processmg activity of the polypeptlde in the presence and

: absence of the tcst agent; and

{c) comparmg glpg APP processing activity of the polypeptide in the presence of the test
agent to the activitj m the absence of the tcst agent to identify an agent that inhibits the APP
processing activity of the polypeptide, wherein reduced activity in the presence of the test
agent identifies an agent that inhihits Hu-Asp2 activity. '

40. A method uccording to claim 39, whercin the polypeptide is a recombinant
polypeptide purified and isolated from a cell transformed or wansfected with a polynucleotide

comprising a nucleotide sequence that encodes the polypeptide.

41. A method according to claim 39,
wherein the polypeptide is expressed in a cell wansformed or transfected with a
polynucleoudc comprising a nuclcottdc sequcncc that encodes the polypeptide,
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wherein the contacting compriscs growing the cell in the presence and absence of the
test agent, and _

wherein the detennining step comprises measuring APP processing activity of the
cell,

42. A method according to claim 41, wherein the determining step compriscs measuring
the production of amyloid beta peptide by the cell in the presence and sbsence of the test ugent.

43. A method according to claim 41 or 42, wherein the cell is 1 human embryonic kidney
cell line 293 (HEK293) cell.

. 44. A method according to any one of claims 40-43 wherein the nucleotide sequence is
selected from the group consisting of:

(@ a pucleotide sequence encoding the Hu-Asp2(a) amino acid sequence set forth in
SEQID NO: 4,

() a nucleotide sequence encoding the Hu-Asp2(b) amino acid sequence sel forth in
SEQIDNO: 6: ' _ g : '

© a nucleotide sequence encoding a fragment of Hu-Asp2(a) (SEQ ID NO: 4) or Hu-
Asp2(b) (SEQ ID NO: 6), wherein said fragment exhibits aspurlyl proteuse activity characteristic of
Hu-Asp2() or Hu-Asp2(b); and :

| (d) a nucleotide sequence of a polynucleotlde that - hybridizes .- under stringent

hybridization conditions to a Hu-Asp2-cncoding polynucleotide selected from the group consisting of
SEQ ID NO: 3 and SEQID NO: 5.

45, A method according to any one of claims 40-43, wherein the Hu-Asp2 comprises the
Hu-Asp2(a) amino acid sequence set forth in SEQ ID NO: 4,

46, A method according to any one of claims 40-43, wherein the Hu-Asp2 comprises the
Hu-Asp2(b) amino acid sequence set forth in SEQ ID NO: 6.

47. A method according 10 any one of claims 4043, wherein the Hu-Asp2 comprises a

fragment of Hu-Asp2(s) (SEQ ID NO: 4) or Hu-Asp2(b) (SEQ ID NO: 6), wherein said fragment
exhibits aspartyl protease activity characteristic of Huo-Asp2(a) or Hu-Asp2(h).
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48. A method according to any one of claims 40-47, wherein the cell comprises a veetor

that comprises the polynucleotide.

49, A method according to any one of claims 39-48, wherein the APP comprises the
Swedish mutation (K-> N, M=> L) adjacent to the P-secretase processing sitc.

50. A method according to any one of claims 39 -49, wherein the APP further compriscs
a carboxy-terminal di-lysine.

S1. A method for identifying agents that modulate the activity of Asp2 aspartyl protease,
compnsing the steps of: . '
()  contacting a purified and isolated polypeptide according to any one of claims 1-16
and amyloid precursor protein (APP) in the presence and absence of a test agent, wherein the
Asp? aspartyl protcasé’ is encoded by a nucleic acid 'molecill'e'that hybridizes under stringent
hybridization conditions to a Hu-Asp2-encoding polynu;léotide selected from the group
 consisting of SEQ ID NO: 4 and SEQID NO: 6; - -
(b) determining the APP processing activity of the polypcptide in the presence and
 absence of the test agent: and ' o : .
(c)  comparing the APP processing activity of the polypeptide in the presence of the test
agent to the activity in the absence of the agent to identify agents that wiodulate the acﬁ'vity of
the polypeptide, wherein a modulator that is.an Asp2 inhibﬁor reduces APP processing and a
modulator that is an Asp2 agbn}st increases such processing.

52. A method according to any one of claims 39-51, further comprising a step of treating
Alzheimer’s Disease with an agent identified as an inhibitor of Hu-Asp2 according 1o steps (a)-(c).

53.  The use of an agent identified as an inhibitor of Hu-Asp2 according to any one of
claims 3941 in the manufacture of a medicament for the treatment of Alzheimer's Disease.
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54, A method for assaying for modulators of fl-stcretase activity, comprising the steps

PCT/US95/20881

of:

(a) ~ contacling a first composition with a second compuosition hoth in the presence and in
the absence of a putative modulator componnd, whercin the first composition comprises a
polypeptide according to any one of claims 1-16; und wherein the second compasition comprises a
substrate polypeplide having an amino acid sequence comprising a p-secretase cleavage site;

(b) measuring cleavage of the substrate polypeptide in the prescace and in the absence of
the putative modulator compound; and .

() | identifying modulators of P-secretase activity from a difference in cleavage in the
presence versus in the absence of the putative modulator compound, whereix_t a modulator thatis a p-

secretase antagonist reduces such cleavage and a modulator that is a  p-secretase agonist increases

such cleavage,

55. A method uccording to claim 54, wherein the polypeptide of the first composition
comprises a polypeptide purified and isolated from a cell transformed or transfected with a
polynuclcolide comprising a nucleotide sequence that encodes the polypeptide.

| 56. A method according (o claim 54, wherein the"polypeptidc of .thc first composition is
cxpressed in a cell transformed or transfected with a polynucleotide’ coﬁ-:prising a nucleotide
sequence that encodes the polypeptide, and wherein the measuring step comprises measuring APP -
processing activity of the cell. ' ' B :

$7. A method according o claim 54, wherein the first composition comprises a purified
human Asp2 polypeptide.

S8. A method according to claim 54, wherein the first coinposi_tion comprises a soluble
fragment of a human Asp2 polypeptidé that retains Asp2 f-secretase activity.

59, A method according to claim 58 wherein the soluble fragment is a fragment lacking
an Asp2 transmembrane domain. ' ' '

60. A method accerding to claim 58, wherein the substrate polypeptide of the second
composition comprises the amino acid scquence SEVNLDAEFR.

—
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61. - A method accordmg to claim 58, wherein lh:, substrate polypeptide of the second

WO 00/17369

composition comprises the ammo acid sequence EVKMDAEE.

62. A method ac’_g:o:ding to claim 58, wherein the second composition comprises a

polypeptide having an amino :?_cid sequence of a human amyloid péq'gurser protein (APP). -

63. A method accordmg to claim 62, whersin the humn amyloid precursor prolein is
yelected from the group consmmg of: APP695, APP751, and APP77O

64. A method according to claim 63. wherein the human amyloid precorsor proteiri
includes at least on mmtation sclected from 8 KM-> NL Swiss mutation and a V> F London

mutation.

65. A method according to claim 62, wherein the polypeptide having an amino acid
sequence of a human APP t‘urther comprises an amino ucid sequence comprising a marker sequence
attached amino-terminal 1o thc ammo acid sequence of the human amyloxd precutsor protein.

66. A method acconlmg to claim 62, wherein the pqupcpude having an amino acid
sequcnee of a human APP further oompnses two lysmc m:dues attached to the carboxyl terminus of -
the amino acid sequence of the human APP.

67. A method according to claim 54, wherein the second composition comprises a
eukaryotic cell that expresses amyloxd precursor protein (APP) or a fragment thereof containing a -
secretase cleavage site, '

68. A method according to claim 67, wherein the APP exprossed by the host cell is an

APP variant that includes two carboxyl-tormioal Iysine residues.

69. A method accondmg 1o any one of claims 54-68, further comprising a step of treating
Alzheimer’s Disease with an agem tdenuﬁed as an inhibitor of Hu- Asp2 according to steps (a)-(c).

70.  The use of an agent jdentified as an inhibi_tor of Hi;»As_pZ zccording 1o any one of
claims 54-68 in the manufucture of a medicament for the treatment of Alzheimer’s Discase.
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TI. A method for identifying agents that inhibit the activity of human Asp2 aspartyl

‘WO 00/17369

protease (Hu-Asp2), comprising the steps ot‘
(a) growing a cell in the presence and absemc of a test agem wherein the cell expresses
a bblypcplldc according (o any one of c.la;ms 1-16 and expresses an amyloid precuesor
~ protein (APP) that comprises a catboxy-tenﬂiﬁal di-lysine (KK);

M) determining the APP pmcmsing activity of the cell in the presence and absence of
the test agent; and '

(c) comparing the APP processing activity in the presence of the test agent to the activity
in the absence of the test agent to identify an égenf that inhibits the activity of Hu-Asp2,
wherein reduced activity in the presence of the test agent identifies an agent thal inhibits Hu-
Asp2 activity.

72. A method according to claim 71, wherein the. APP further comprises the Swedish
mutation (K-> N, M-> L) adjacent to the B-secretase processing site.

73. A method according to claim 71 or 72, wherein the host cell has been ransformed or
tmnsfected with a polynucleotide comprising a nucleotide sequence that encodes a Hu-Asp2, wherein
said nucleotide sequence is sclected from the group counsisting of:

(a) a nucleotide sequence encoding the Hu-Asp2(a) amino acid sequence set forth in
SEQID NO: 4; '

() a nucleotide sequence encoding the Hu-Asp2(b) amino acid sequence set forth in
SEQID NO: 6; _ : -

{c).  anucleotide sequence encoding a fragment of Hu-Asp2(a) (SEQ ID NO: 4) or Hu-
Asp2(b) (SEQ ID NO: 6), wherein said fragment exhibits aspartyl protease activity characteristic of
Hu-Asp2(a) or Hu-Asp2(b); and

(d) a nucleotide sequence of a polynuclcotide that hybridizes under stﬁngcm
bybridizarion conditions to a Hu-Asp2-encoding polynucleotide selected from the group consisting of
SEQ JD NO: 3 and SEQ ID NO: 5.

-74. A method according to any one of claims 71-73, further comprising a step of-tmating
Alzheimer’s Disease with an agent identified as an inhibitor of Hu-Asp2 according to steps (a)-(c).

75. The use of an agent identified as an inhibitor of Hu-Asp2 according to any one of
clnims 71-73 in the manufacture of a medicamont for the treatment of Alzheimer's Disease.
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76. A method of rulucmg cellular producnon of amylmd beta (AB ) from amyloid
precursor protein (APP), comprising step of mmformmg or transfectmg cells with an anti-sense

reagent capable of reducing A5p2 polypepnde productlon by redncmg Asp2 Iranscription or
translation in the cclls, whcrem :educed Asp2 polypepudc pruducuon in the cells comelates with
reduced cellular processmg of APP i mto Aﬂ '

71. A method of reducmg cellular pmducuon of dmylmd beta (AP ) from amyloid
precursor protein (APP), comprising slcps oi' ' .

(a) identifybig marmmalian cells that produce Ap sand

() tmmformmg or lransfectmg the cells thh an ami-sensc reagent capable of reducing

Asp2 poiypephde producnon by reducmg Aspz lmscnpuon or translation in the cells,

wherein reduced Asp2 polypepude pmducuon in the cells correlates with rcduced cellular

processing of APP into AP . o

78. " A methiod according to claim 77, wher‘éin the identifying step comprises diagnosing
Alzheimer’s disease, where Alzhemwr s dlseasc oorrelates wuh the existence of cells that producc
Aﬂ that forms amyloid plaques in the bmn : ; E

79.  A'method according to any one of claims ’_16-78. wherem the cell is a neural cell.

80. A method according to any .onc of claims 76-79, 'wllerein the anti-sense reagent
comprises an oligonucleotide comprising a smgle t:tmnded nucleic ucld sequence capable of binding
to 2 Hu-Asp mRNA.

81, A method accordlng o any onc of clanns 76-80 whcrmn the anti-sense reagent
comprises an oligonucleotide. comprising a smgle strandcd nncleic acul sequence capable of binding
to a Hu-Asp DNA. '

82. A polypeptide comprising the ammo acid sequence ul‘ a mammzlizn amyloid protein
precursor (APP) or fragment thereof’ wntammg an APP cleavage s:te recognizable by a mamralian
B-secretase, and fuether comprising two lysme residues at the cnrhnxyl terminus of the amine acid
sequence of the mammalian APP or APP fmgmmt
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83. A poly'pé ide according to claim 82 compfising the amino acid sequence of u
mammalian amyloid protein precursor (APP), and farther contp_risin_g two lysine residues at the

carboxyl terminus of the amino acid sequence of the mammalian amyleid protein precursor.

84. A polypeptide according to claim 82 or 83, whercin the mammalian APP is 2 human

8s. A polypeptide according to any one of claims 82-84, wherein the human APP
comprises at least one variation selected from the group consisting of a Swedish KM->NL mntation
and a London V717->F mutation.

86. A polynucleotide comprising a nucleotide sequence that encodes a polypeptide
accordmg to any one of claims 82-85.

87, A vector comprising a polynucleotide according to claim 86.

88. A vector according to claim 87 whercin said polynucleotide is operably linked to a
promoter to promote expression of the polypeptide encoded by the polynuc_leotide in a host cell.

89, A host cell transformed or transfected with a polynuclcotide according to claim 86 or
a vector according to claim 87 or 88.

90. A host cell according to claim 89 that is amammalian cell.

o1 An isolated nucleic acid molccule comprising 2 nucleotide sequence at least 95%
identical to a sequence selected from the group consisting of:

(a) a nucleotide sequence encoding a Hu-Asp polypeptide selected from the
group consisting of Hu-Aspl, Hu-Asp2(a), and Hu-Asp2(b), wherein said Hu-Asp1, Hu-Asp2(a) and
Hu-Asp2(b) polypeptides have the complete amino acid sequence of SEQ D NO:2, SEQ ID NO:4,
and SEQ ID No:6, respectively; and .

) a nucleoride sequence complementary to the nucleotide sequence of (a).

92.  The nucleic acid molecule of claim 91, wherein said Hu-Asp polypeptide is
Hu-Aspl. '
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93.  The nucleic acid molecuke of claim 91, whqt_ci.n said Hu-Asb po]ypepiide is
Hu-Asp2(a).

94.  The nucleic acid molecule of claim 91, Whé:t;ixi said Hu-Asp polypeptide is
Hu-Asp2(b). ' '

95.  Ahisolated nuclele acid molecule 'co_m'prising polyfniclcofidu which hybridizes under
stringent conditions to a polynuclectide comprising a nucleotide sequence selected from:
' (a) - a nucleotide sequence cncoding a Hu-'As-p po!ypcptidc selected from the
group consisting of Hu-Aspl, Hu-Asp2(n), and Hu-Asp2(b), wherein said Hu-Aspl, Hu-AspZ(a) and
Hu-Asp2(b) polypeptides have the complete amino acid sequence of SEQ ID NO:2, SEQ 1) NO:4,
and SEQ ID No:6, respectively; and
) anucleotide sequence complémentary 10 lhe nucleotide sequence of (a).

96. A vector comprising the nuclcic acid molecule of any one of claims 91.95,

97.  The vector of claim 96, wherem said nucleic acid tmlecule is operably linked to a
promoter for the expression of a Hu-A.sp polypeptlde

98. ' Ahost cell comprising the vector of claim 96 or 97.

99. A method of obtaining » Hu-Asp polypeptide compnsmg cultring the host cell of
claim 98 and isolating said Hu-Asp polypepndc

100.  An isolated Hu-Aspl-polypeptide comprising an amino acid scquence at least 95%
identical to 2 sequence comprising the amino acid sequence of SEQ ID NO:2.

101.  An isolated Hu-Asp2(a) polypeptide comprising an amino acid sequence at least 95%
identical to 2 sequence comprising the amino acid scquence of SEQ 1D NO:4.

102.  An isolated Hu-Asp2(u} polypeptik comprising an amino acid sequence at least 95%
ideatical to a sequence comprising the amino acid sequence of SEQ ID NO:8.

e
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103.  An isolated antibody that binds speciﬁcalls-rﬂtc; the 'Hu-Asp polypeptide of any of
claims 100-102. ' :

" PCT/US99/20881

104,  Acell accordfng to claim 98 that is a bacterial cell.

105. A bacterial cell of ciaim 104 where the bacteria is E col;. |

106. A cell according to any one of claims 27—36 6r 58 that .is a cukaryotic cell.
107. A cell according to any one of claims 27-36 or 98 that is an insect cell.
108. . An insect cell of claim 107 where the insect is 519, or High §.

109.  Aninsect cell of claim 107 where the insect cell is High 5.

110. A cell according to any one of claims 27-36 or.98 that is-a mammalian cell.

111. A mammalian ¢ell of claim 110 selected from the group consisting of - human, radent,
lagomorph, and primate cells.

112. A mammalian cell of claim 111 that is a human cell.

113. A mammalian cell of claim 112 selected from the group consisting of HEK293 and
IMR-32 cells.

. 114 A mammalian cell of claim 111 that is a primate cell.’
115. A primate celi of clah;l 114 that is a COS.7 c;ll.
116. A mammalian cell of claim 111 that is a rodent cell.
117. A rodent cell of claim 116 selected from, CHO-K1, Neuro-2A, 3T3 cells.

11&. A cell according to any onc of claims 27-36 or 98 that is a yeast cell.

2 i Illji Im
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119. A cell according to any one of claims 27-36 or 98 that js an avian cell.

120.  Any isofarm of Amyloid Precursor Protein (APP) modified such that the last two

carboxy terminus amino acids of that moform are both lysine residues,

121. The isoform of APP from claim 130 comprising the isoform known as APP6YS
modified so that its last two carboxy terminus amino acids are lysines.

' 122.  The isoform of claim 121 comprising SEQ. ID. 16,
123.  The isoform variant of clzim 121 comprising SEQ. D.NO. 18ar20.
124. A nucleic acid encoding a polypeptide :a'cool"ding 10 é\y of claims 120-123.
125.  An eukaryotic cell comprising a nucleic acids orclah'g 124.
126.  An cukaryotic cell coinprising a polypeptide of-clgim 120-123.
127.  An eukaryotic cell according to claim 125 or 126 that is a mammaliam celt,

128. A maxmmhan cell accordmg to claim 127, selected from the group consisting of
HEK293 and Nenro2a.

129. A method according to any of claims 39, 41-50, 54, 56, and 71-73 in which the
determining or mcasuring step comprises measuring the amount of amyloid bela—pcplidé released into

growth medium of the cell and/or the amount of CTF99 fragments of APP in.cell lysates.

130. The method of claim 129 whesein the cell is from a human, rodent or insect cell linc.

—
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131. A method for identifying agents thas modulate the activity of human Aspl aspartyl
proteasc {Hu-Aspl), comprising the steps of:
(a) contacting amyloid precursor protein (APP) and a Hu-Aspl polypeptide in the
presence and absence of a test agent;
(b)  determining the APP processing activity of the polypeptide in the presence and
ibsence of the test agent; and
(c) comparing the APP processing activity of the poiypeptide in the presence of the test
agent 1o the activity in the absence of the test agent to identify an agent that
modulatcs the APP processing activity of the polypeptide, wherein a modujator that
is an Aspl inhibitor reduces such cleavage and a modulator that is 2 Aspl agonist
increases such cleavage.
132. A method according to claim 131 wherein the palypeptide is the polypeptide of claim
100.

133. A mcthod acmrrhng to cla.un 131, wherem the polypeptidc is a recombinant
polypeptide putificd and isolated from a cell transformed or transfected with a polynuclcotldr:
comprising a nucteotide sequence that encodes the polypeptide, '

134. A method according to claim 131 or 132, wherein the polypeptide is expressed in a
cell transformed or transfected with a polypucleotide comprising a nucleotide sequence lhat encodes
the polypepﬂde '
wherein the contacting comprises growing the cell in the presence and absence of the test agent, and
wherein the determining step comprises measuring APP processing activity of the cell.

135. A method according to claim 134, wherein the determining step comprises measuting
the production of amyloid beta peptide by the cell in the presence and absence of the test agent.

136 A method according to claim 134 or 135, wherein the cell is 2 haman embryonic kidney
cell line 293 (HEK293) cell. '
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137. A method according to any one of claimis 133-136 wherein the nuclcotide sequence is

WO 00/17369

selected from the group consisting of

(@ a nucleoticle sequence encoding the Hu-Abpl 4mino acld sequence set forth in SEQ
IDNC: 1; .
(b) a nucleotide sequence encoding & fragment of Hu-Aspl (SEQ ID NO:1), wherein
said fragment exhibits asparty! protcase activity'chi;hclcrislic of Hu-Aspl
(©) a nucleotide sequence of 2 polynucleotide that hybridizes under stringent
hybnd:zanon conditions to a Hu-Aspl-encodmg pqunncleoude having the sequence
. set forth in SEQ IDNO: 1.

138, A method according to any one of cluims 334-137, wherein the cell comprises a
vector that compriscs the polymucieotide. - '

139. A method according to any one of claims 131 '133-? wherein the APP comprises the
Swedish mutation (K-> N, M=>L) adjacent to ihe ﬂ-éécretasc pmoegsi'ng site.

140. A method according to any one of clalms 131- 139 whercin the APP further
comprises a carboxy-terminal dl-lyﬂne

141. A mthod according to any one of claims 131-140, wherein the test agent is an inhibitor

142. A method according to any one of claims 131-140, whercin the test agent is an agonist.

143. A method according to any one of claims 131-142, further comprising 2 step of
treating Alzhcimer’s Disease with an agent identified as an modulator of Hu-Asp1 according to steps

(a)-(c).

144. The use of an agent identified as an inhibitor of Hu-Aspl according to any one of
claims 131-142 in the manufacture of 8 medicament for the treatment of Alzheimer’s Discase.

145. A method of reducing cellular production of amyloid beta (AP ) froms amyloid precursor
protein (APP), comprising step of transforming or transfecting cells with an anti-scnse reagent
capable of reducing Aspl polypeptide production by reducing Asp! transcription or kranslation in the

-
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cells, wherein reduced Aspl polypeplide production in the cells comrelates with reduced cellular

processing of APP into Al .

146. A method of reducing cellular production of amyloid beta (Aﬁ ) from amyloid
precursor protein (APP), eomprising steps of:
() identifying mammalian cells that produce AB ; and
A transforming or transfecting the cells with an anti-sense reagent capable of reducing
Aspl polypeptide production by reducing Aspl transcription or transtation in the
cells, wherein reduced Aspl polypeptide production in the cells correlates with
reduced cellular processing of APP into AP . .

147. A methed according Lo cluim 146, wherein the identifying step comprises diagnosing
Alzheimer’s disease, where Alzheimer's disease correlates with the existence of cells that produce

AB that forms amyloid plaques in the brain.
148. A method according to any one of claims 145-147, wherein the cell is a ncural cell.

149. A method according to any one of claims 145-148, wherein the anti-sense reagent
comprises an oligonucleotide comprising a single stranded nucleic acid sequence capable of binding
to a Hu-Aspl mRNA. -

150. A method for the identification of an agent that decreases the activity of 2 Hu-Asp
polypeptide selected from the group consisting of Hu-Asp1, 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

()] comparing the activity of suid Hu-Asp polypeptide determined in the

presence of said test agent to the activily of said Hu-Asp polypeptide

determined in the absence of said test agent:
whercby 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 Hi-Asp polypeptide..
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