a9y United States
12y Patent Application Publication o) Pub. No.: US 2016/0131651 Al

US 20160131651A1

Shelton et al. 43) Pub. Date: May 12, 2016
(54) GAMMA-SECRETASE SUBSTRATES AND (52) U.S. CL
METHODS OF USE CpPC ... GOIN 33/573 (2013.01); GOIN 2333/948
(2013.01); GOIN 2333/4709 (2013.01); GOIN
(71) Applicant: Memorial Sloan-Kettering Cancer 2800/2821 (2013.01)
Center, New York, NY (US)
(72) Inventors: Christopher Chad Shelton, Alexandria,
VA (US); Yuan Tian, New York, NY (57) ABSTRACT
(US); Yueming Li, New York, NY (US)
. Polypeptide substrates based on modifications or fragments
(21) Appl- No.: 14/701,581 of the various APP isoforms, assay methods based on the use
(22) Filed: May 1, 2015 of these substrates, and screening methods directed toward
identifving inhibitors of y-secretase activity. The assay meth-
Related U.S. Application Data ods and the screening methods are adapted for use in high
o o throughput multi-well plate assay apparatuses. In many
(62)  Davision of application No. 12/776,141, filed on May embodiments the substrate polypeptides are labeled for ease
7, 2010, now Pat. No. 9,023,767 of detection, and/or may bind specific ligands that themselves
(60) Provisional application No. 61/176,333, filed on May are labeled. Generally the labels promote high specificity as
7. 2009. well as high sensitivity of detection. These features render the
assay and screeming methods that employ the labeled sub-
Publication Classification strates especially suited for use 1 high throughput assay
formats. This disclosure further 1dentifies small polypeptides
(51) Int.CL based on a subsequence motif of Ap that are shown herein to

GOIN 33/573 (2006.01)

be potent inhibitors of the activity of y-secretase.



Patent Application Publication @ May 12, 2016 Sheet 1 of 19 US 2016/0131651 Al

1

s .:"l'i_'-l'\. LI [ q
{u \‘ "l.. » ""..F" "‘.,"
'-;k'.." . h..-\.‘l "1 ll 'l\‘_."lq f\\ '-.w.‘

-
I

Pf%embfaae flayer

]
e :'l.l" l.'h ruc i.l '*l.l -'*[:\-F.H:".l L %

l\.-I',ll_.l' IF 1r l_.l r'lq II:::i: \l‘

frnon
" : ."ﬁ'-""-...-"'.ﬁ::.;*-..ﬁ'l b

[ - [ I B B '|- - - [ L L] L] ! L} I. I."I. L] .I. L] [ I L) L} -l'-l-I e L} -I'I LI L} .l L]
vale Ja e e . . e . Ve, e w . e e e PP . - . . . . Lixa
............. NI ] - ) Fl P LR S I . m - anm " . LR I ) [N LI Y . BT LW A m L] . ~a = Fl L] il. ﬂl JI

S, .

P I S [

__r |l|lr|'r_|lll .
r-

rrrrr

F LI ] -' ) "
AT N ?_m:'r: '" 3
P S N
..-.-.Il,. ._l':.r.'\ :' il. Ill-.ll_ . ': .'_'.;.‘
Leoad A T v
PO
AR I FalE S
l"q ,.l._._f;l r-l_.;‘l'l St l-‘!;._l a1
/ Yoo ety

-

- B FE §E EF ® "Iy y JE W| j.1F FF I F§F g.C°0 "1! -l'l' - ln.mwLmrLh e,
= s F ==y qo- Le= s r - a1 At = - -

.l
10 04+ HdyBald

' .i' Yy +'l|-1 "
«‘:ﬁ, A

. - . - . e . L -\. . -
- .. --. & .LA ™. L..BHE.L =a . . s.m a - . - .- d. k==L 1 Jd EJ. - . . . -t sra om. - e .
PR == 'I 'r‘l 'l - - .- . . - . - =" . . . .t . . - - . " - * . - . t.d - - T - ) - - - "l'l.l hemid .t
- r=sh ==& rd -r-l.'||: - -r+.1|’:|--l--i.1lll| 3

.1."1-:. '."'...." .‘f'th'piq‘lr*-h'l .1"-" ‘l..- :..'..“:
.
-

lllll'l'l.-ll'l-il 'lll ERTLELE o
l.'h.l I*.Ii.lp.lqlllil.\. .‘-| i'! ' I.I tll.l LI L I ]
X, p .. | h . 1 "p

NEos r,»w ..*w-. .,-‘..f:*.ﬂ.:f‘-,*
o

rl l'|.
'*1 1 p'\- 1.|.np :1 '\. 1."'! J|
+ 4 r "_ll '0;" I

1]
- 5
AR TP
'. F .
# L .l"ll
L L T .
] 4 [ ] + 1 1
| ] 1]

—
' :-'f::m-.
o

g gl gl gl gy iy g Sy Sy Sy SN, ER_ R NN G o

o ‘l:;'l: . S
1 "l..i"llf"l"l- 'yl
"3'.'?‘»“’ "-rﬁgﬁ

1Ln 'I!I.Il' n.

i I.l l‘-l" .."'Ifllli

[ ]
4Lk
U B I |
B -
vk EA B E e
- ) T A TR R LA .
ek Arpdsmd.ar.tridiwh.
-arsh || 'rl-l.i.llli LAl 'r!l.IJlli
L | T L] T




Patent Application Publication  May 12, 2016 Sheet 2 of 19 US 2016/0131651 Al

!l'ul.l
=+ "
b,

LI ,.1-
‘-1""11"-!'1-

. " -
w3 .|.l|‘|||.||l|'
iq.'\..ll-.h.lq.. 1
. g

Eal 3 R ‘I."'"'r\"-l"l"l"-l' e R L
-Ifll--!fl--rll--r 1--|1- LI la-

a4k ls B e
L IS Illi.l.ll.li.l.ﬂlqlf-
1-"‘1-‘11-;‘ : L
"'.-r".."f'l.-!"..-.,\r,.\'l...r""" ..._1-_1",.‘.11-_,“ o
|-'|-|-|1-11-'||'|--i 1] hrq-ii'--qi--
illi.,-i l.I- R T

L
-lrr.qlr'hq'l'h L] L)
LI I I I I I I IO L N R

u . . u n = m owom

IR .-
i‘1|"‘"!|"‘"|'|"‘"|'|"‘"

LI ] L ..
1.-..'1|||.|l|l R gk gt
& S 4I.'¢-'l1l.‘\-'-|l'_1l‘~"l|ll|
S - . oy
l|1! -tir = r |l =+ 0k o kr 111.-'1.1."- .-

- .
il ""u.‘..'-..n‘ A
+|-+r'-rlv-il+|I‘ 1.‘p ... 1."....1.*,-....:.1.., ey
A A A .
1_‘1--" '---ll--'l '--l-|" Ty l"-l-i-.""l. '-‘Irll-‘l-‘lll-l-' -\.-.-,'_+ " -"""'l'.'
|“lrl"J'l‘l‘i-'-.'-'-l'k.'|.'|.||'rl'|.|'-||.'\-'.|-‘k.'l|.-|‘|'i--|
.

1‘-l.r-\.1l-|'l.1llt . .
+ .
LA l'ﬁh*J' '1._ RS

b . .
RN LS
Aty --rthi'.'q-
..1;\-.'1.-1.1.' [ '"a p p's
- »r

L L
1 L rr TRkl O FAT kR AR -
l-|-.|-|.-|I 4 - LRI T = FyF Rk, 4K

L] L] ' 1 -
. L] hy g0 .
r r . Ty ] LI
e 'l| N ] d g r
1' 1 1 LI B r + LR
+ 1 AL 1 Ak
4 LY qt [ E . . + d L] 3 . i,
Fplran '
- -'..l b -
- i F 1 LI .
: . .1_1l_rl'|~.|,,_._.1__'r |'"-| r 1"-1-1‘l-lr"‘+l1-'-|I'."l"l'l-ll'rl"-l'I"-.-'I't"l'l"‘l'l“"1l"'.
. : 1] --1-!'--l!'--l|+'--l|-d- = Fr'+ 0 F AR+ -lll-r'lll---ll-l'-+!'---l!'--l|l+'--l|-|--
r oAk r ok P o2k, 2w 1 = b +m# a+m =%tF adr a1k |. Tk 1
. ' - -'1*-'.-'-'*.""" . L w TR - 1..-. I
LR LT R L R i . .
! 1 - Tdwpgrcnplans [ I L : . 1. = LAEL ] T -
LI L IEL I B B B O ML L - - - rt. . .
k K . ' IR I A T L D 1 DRI R I I I e L0 W
r k- [ ] il
ol PRI IPLE : ! 1 Cat et L. et FIAN
.‘ L P o n ko . - o BN
s - ; - R . . . H .
L Fdgoy L] ! ! ] ' !
* T ' "'l

2. )
-I-L-I--IJ- P, -“-.-
1,1-.-,.1_1-1,-. s

Fat, LI e ML e -ii"'-i'.l
-I-'_--_"-'I-_-l l}a-_-| o -i‘tll-_-r-l'
L P i R S i S e

.
'-1...'-1-' '-i-_-

lII"-I"'!
.

II‘.‘.I'F.']'I'!.I.

.I-li-*ulilll*ul':l'l':l'lﬂ* '-.‘-1-

LIE JERO

N R IR R

‘I'|'-lii-|" '."IJ l‘l-a-l'-'-ll"lli'p"tl-'-
DR R NPT S e

b, :

1 L. ]

1 :- 1

o : . *

ane v P g (TF

f} H':hi BRANE P _ {)‘ 3 I

R A BOL I R K Wie \
RLIBOEN IS SN g :

e : =

: ' N N 'f"“.‘.":'."f.";‘:‘;'l . !

A ) EREGs TF i

3 7] ; g

F. !

% = : "

.I 3 ‘ II.: |.- b y'a d |.-J EalFE " TR S | ST R | o | :

.

A R

ade ol b

-

g

A
-
"'!.._

, dpgt, 150 min oY)

ha

2
T‘;E‘;
esanretase act

ST LT TR e

u_
-
o
'F
l
-
A
T ae

-4
:‘4.l.l " 4‘l.i
.
LIE JE M I IK
I.+L1 g
Y e
Fa bt
I‘. '
. hl- -

8.5
Substrate concentration (1M




Patent Application Publication

L

APAG (ECL x 10

10kD

SO YN,
ATA R R

MY

l-.l

=

IH“r.s‘:lllll N,
|:.::."’l,“'l1'r"‘:.: d ¥
'llI| 'lll L]

EAR AN

Ill.'l-"ll'llz

il gkl
!" 'FJ!" "

- m --.- 'I .-.I-'.-Ir-|l_r. ---.tll ...".'.
(L I I N _ .
T R i T P I L S L N P A

we e A ey
e S

FomLT ...['l' AT L ] [ ]
L 1 11 1 1R
. 1'1'1' ' l'fl p b fil.ll I*F"'l- ' ' L] 1 11.! ! L-I‘
. e - ra ' rh-
LR '."\. L 14 11.‘1".\,‘ '|.:'._' St ‘1.‘." "..':*..'.".'-"':'- "".".*.'-.. I.‘I...'..".\_"I.' -",".'J."-' \h

LI N I A I ]
ra bty Bl gt

L]
R A R L A

W T T
N

"

CTFA

| LAl e o

A r e myg
LRI ] IIJ-'l"'i
I..,,_.l-..,.-\._-l_i
ol ek B

s Vo s roa a P 1 ra ' N .

“ipwm TET ENXE FrEs wTEW WEE ‘EEI" Fmr wEcomT - .

LI ] T o= - r - - =
Aowe e T,

L R T I T R T o T T B R T T A T B T T I A N LT L R I I

Fl-ama" "LpE-rgEh ' rkr o § - T - =m -wd - 4

L TLE K] - .. T A r = r - = -+
- P N L I R e . L R I I |
S : . PRI B U et T e S R S TR B IR O
- mr LI N R R R T -
- +%
o
b

N~
e .. . . :

I e L L o e e L R R L . " "|'-
CIE LRI I LT N LTI I R N B I LTI IR R B B B R IE DT BN B B I
[ . .
LRI ]

|".|"|"|‘.|'l"l.I
LI IR I IR LI LR ] LN Y Tdm rd
AP - B R MR BF B F- AR WE R E- EF A LBAR LI L IR N .-

) L] LI I L I R I I S L JC R N IR U U L AER T B I T k.m0 LI

R T T T S T R T e A N R R T W
Wl gmta g capi-prncewmtag s capmpdrnwcaaercd e phan g ibpadad vt ey pma gy
-4 n"a g ¢ 140 rym‘rrs 1mr @4 ryrm kg1 wanr-d g rog k. "
- e - LK B W WS mw o LIRS A w ok cwd ca g ok R A Ly N

Tamrar By g

"""'"':*"." W

L]
Hlii
e

L
-
+
-

R |
r'am

LI

B

A R r bk R B R R mmy atr =Fd +RF whr whAT —hr rhr'+
cemr

- " - L] - -
] - + 1 ] . d 4 L) L -
'1|.-|~ .'.J+|." l'.l-r"‘l ..' L B I I".lll_'\l\.l\_":-'_“l.|'\-I'i I|_|.".|"i'l||.'.l"'.|. '| .,1... ¥ 'l.’*l.". i ‘I. " I_.|'I||r'.l".'1 '1 L'. 111_-\._"..'
' B nd s omd == Ak B o} .

Fa k" atmrRA- T4, eI I I T T
i Bl %P FEPF ] Hh} i..l-l-lll-q-!ﬂ'l-
'I'l.i.:- 1.1- - .':ll-i ] L] - r \I‘ .'l-'!ll‘ - " "
LI ] - " LIk
1‘. Lutg™ qg- Taw . ||.'l'|,:hl '1!"-1'-!?‘;:_
EL BT N R + 0 F 4 bhT =% ="
LR T LI O LRGN B0 ICELE N

L0
SRR N I O R R L I R A
. | 2

. . . T | L
L L e B T N e e
. =% PF B x 0 F adr —F%r k!

£p

A {(APAG ECLxT0%
:i;?%h;;;;;;;;i;;};4;;;;;g;;;Q;;j;;;;;;;;;;;;;;h;;;g;;;i;;;ﬁ;;;};i;h;#*;;};%F;

.
+
—

POTE.

a0 03

L]

May 12,2016 Sheet 3 of 19

R

US 2016/0131651 Al

"

1:‘1.1-;', |‘I‘-ll
e |.iI|"|. it
L LN I A

LI
l"llill.
LN BaC N ]

1 L)

i




Patent Application Publication

FIG 4

e el
2 =

Y-Seoretase activity %%
.- Loyl oo

-
L

i} 2

TR ST X T S 1

peptide concentration, it

s 5% f 5?}51-55{:5{:;-:5?;_;; %
ﬁjﬁ??-@%ﬁ?ﬁ' - 5 oo

Andhodies  Biotin

w42 ¢ 2 4 & 8

. '
.............

May 12,2016 Sheet 4 of 19

AT LYEF

T KLYERARD
- ’ | o
B — AR

..............

.............

.........

||||||||||||||||||||||

--------------

- - S

PSINTE  Micastin  PEN

00 ApT2BPAR ot

US 2016/0131651 Al

......

. S FREDGRTD 15
fosM L WRRAAITRY

el

0083
1083



Patent Application Publication @ May 12,2016 Sheet 5 0of 19 US 2016/0131651 Al

- .
* )
‘ 0
. .

]
‘ .
‘ - . .
* .
L]




Patent Application Publication @ May 12,2016 Sheet 6 of 19 US 2016/0131651 Al

Fig4, Top Tian ol

_ 125
F

b4, LVFFAEIOMaDOMeNHZ

i

- —-—
L N
"..'I-I'q.l.l..l'q.'l.'l-l
dhen .- F L]
s ,c1h s, wla
', 3 LR
11-11‘ L
. 4l'|-'l|l|
lll-ll

. K O T

:':" T! :IT;‘F -1||'Ll'l TR F“-‘J

sl rtad e e nelanlag

L+ ARERR b B L R A

. PR MR N ) At

[ L Sl N L Y d1-n1 rawn

. ] . A FA AT
b - ..' ‘l Fp'- LI -r:"ll '11 11'\-" Fy '-.'l_-l'-|j

’ l.i-“I |'l+' "l.l b i ll-!- '*.. ' lql.
-l-ll.-l-r',lLI-r" LIL DV I BRI ]|

Becretoed ARAG %

L R I WA LY [ T
1"s v’ wnn ah ]
l-l.'l.il‘.-'-I li.i .i_‘l 4 .l‘*l.'ﬂ.|‘l 4
*l"ﬁ" +ll:‘.~ +r.|".. - 1.'J.'I._I,nl.‘. AN FLLT
R R RN [ antlagllay
. \,_- \ ,'-F ""| | ] I.-r‘."“- o
'.1.11 h,l;'l;-l .1.l ". I*"li‘rq 1
-ill _-iil‘i'.'-l-‘l -‘--' .‘i~ .‘i. 4
l,u..ll.-\li-.,ll LR I T
Pt taa kLt 1il'-'|"..|-l'-|j
.l‘h'-l.l -.I.. b . .l wlanh-dan
S R T A
) l"“fll."'i‘a l.l:ll' ut ' l'l.'l|'.l'l 1.-'|
rrrn' v nlwp A cawm b
. '-'\.11-'1. iv-ib LI N | ]
. 1 lIF.|'¢ L] r.'.l i, I'l'l‘.l' N .l‘-l'r ‘I
:I'I‘-‘i'i-'ilii-_t :'."."."'."" dam
. L .:I T ;*’.b l'.,'.."ﬂ"'.'.r' Satd
. - a4 LI ) [ ] LIS B |
LR *-..1.*--."1‘ ‘e v
.,i‘l-l'ili Lt ] LR R I
N IR
*ltl -I.Il "y i-t :‘I.:'- l.l Wt aomj
lltl_- 1 '.'_‘.'11"' I..- ] ":.-' '|_ '-r '..‘l‘li
.'1l,l“|'1] l.'-IF W "|1| L I L
! !. "l‘-i.L+ili. ‘ib I‘i‘l : "l‘li
& U n v n n bk s LI L N
L . L L) L IR
I.- l|.|. ' .l‘i '.-I..-r l._‘I.II I'b' "ll.iir'lth"""i'll
1"‘..[\1. .-..‘lli'\.l' ! J"' "_‘jli‘l." it ‘-«.F’i: .:'.. LIE| ik l..I'Il."l._'l_.|
LR LR ) LRI T RER R R L
t.lI.-l ‘l"rl‘*i l,d|l|--l.l|.l‘I l** [ ] l*-i l.!'-l 'l‘
‘.\,lll".l.l'l.l'.l.lljr .,.l|||4-'..II.._|_||‘1-“.:‘:-r 1.""“."".".“1
a ’ ir -‘_a:- :n:r 1:1-: gi"i:_- Ab i-.l:r'--.: :q- -:-u::
]
" . ;"l:'-.l""lr"ll'\hl".r:l"" L l’iii'l.'- e k |: : "J"I::'! "jl.'\i'ﬂ
- L] » ] ralennle ]
- - FF 4kt 4 L ] LIS | -r L] L}
) Y " N | -
1°"..'l -I"ii‘. ] .I'Ipi'i I.. *'1.! Fp'.‘i PN " '11"|."\.’l F "'..'l -I'Tu
‘l '- =l - R - - o &
LY l LI | '-i‘f - b‘l_‘_l 'l|_ll "+ '“!'-I.ir'l 1-. l+' 11"ll
1 & ' . L] N "%
rl'l.'l.l‘ l'll‘lI". L l‘l.‘J-I.‘-\.I‘il .:\..-Ill~.l'l.'l".|
1--l|'-l|l.'\..1l|.q. "4 wn' wnn'w} F R I A HE
=k, b, 14 [ IR JELLSL I AL A o .ndb_.m k1
1-.1.1. -|'I-||.+‘_n_ti.|ll 1', 111-*l.i~l‘1-.1.‘* _‘|11‘i'-\l.i‘1-|‘
E 1.4;'- 't.l L. -I.ll . 'l‘l'-'.‘i"l-"'liir 1"-l|.l|.'ll".-'l|.l '4~li
" +. ‘. 'l|. 1. ‘:*t,_ -5‘1“,-_& n.l‘bl- hl.-r.' ‘.1“
. .i ] Ny ¥ 1 ] b b b
5 # ‘I"rr-.:'l Cam ."1' ‘*'.L.'-l*'l‘llll-ﬁ :"l. "rliil e
i B 1.,-'1.’ .1.1. :-“t.-w AR AT,
4} > ' -.lf.-.i.r , PR WA g3
™ - . . . I L a l-|.'-i-|-|-'--.|.rl 'Hrlﬂl--4l|
H - l’ - .l -""4r- 1~||-.1|!
tn .

3
Ly
A,

RIAM

dasl 10 60

______________________________ B NN e ey
‘_ = -_‘-,. ------ ::’4. ".' 1,;’-'1,.-’;.1'ln+."u, [ '.I'”'L“ 'l,,l rlr;l "lr. H‘. ?’\'\;P’ "lil'- "o
...:l,.{l.. 4"';:1,.‘ ."l:u’ T l\ \:"\r“"\‘ ' -l‘. "il.\ l"ll‘l-ll"}ill:

| I|

AN AN AN

L . ... .. . L) ", ) L] vl £ 5
. J'.t"lt"l r’;"\.l ,\\ ‘:."I.“i .. 8 X P N A ot e " e e T i LA "'\'I--hl‘-l."' I'. AN R Ry N

1,. b Il,. 'l:.'l L Y l‘.' 4'1';-”4*1-'.-"'1';" R K -:' AN "'-{ T A -.."l e

.' ) L] . : : : P 8 Bt A Tt i T 'rl-J' l-.r N L e T A T
s -l\‘r*‘q "!"-..'1. E :\L"r 'I'\._ ".,1+.. . " -f-itl.'-.i,;‘r.'-l"r.h '11'1"-.? q't b.nl":r-\h'r e, L .1"-.'.-'1'-".-;-1-".-;-1\. "'._-'-‘h "'-i‘r‘\"-i"l‘\-".i'rntl.'-._i,"hrﬂ"r"l.
R ltl “.1_. ll"l:‘ "I. ‘\.J' = -p.--qp'-ill-'-llll.-l.p-rrp'q-'ll--l!--uiir.qlr.-.-.|--|r..q-|a.-q-|.r.ill..'--ll.r..q.-.-qq.- [
PRI r "q.’r.- \ ,’_. " . .

+ ] L | L LA ] Ll AL LTI I ) LI, LW ihﬂ-‘l-ﬁ a X -
N A AN

"rl'-. K ‘h ’!.:hl'\!l'-l 1-|1| I.|-r.!

‘:I‘ll..l..li‘..'l: ."'I.:." L ’ ’ t . " T R ALk Fa LR
" ' ":'F"}H ::::\r'-}:" - . l"*‘n L) 4.:1.'.-11-".'1 - " '1: I':'." IJ"-\\,. ;"| k! 4.::\. 'Iﬁ\.- e "t" v "| I’ o "'1..‘ A :1,_.- ‘!*1.'1 II’J.: l'l.il.;:{lil-:;:l ..
r ; Fa .'.'.l'.-'-..l'*r'.'f.:"- ' . '+'.¢‘.1' P RAR "t';'u"‘t" . ‘n"l"r’ "l*l "'n.rr. n"\" "“‘ﬁ* i " - r"-.' ‘r’.'-.'l'a r.‘m‘t'u'."-.."-'t‘."-.'l‘,.'."-.'f ]
I-‘.I -I‘ L] l"".l lh TE 1'1.!' ] x. .‘. : ; ::-'rl.:l:h‘ i :ﬁ:i‘ |l.“'|. , -:.l." 4 l-1 ""I';': ) ‘l ] '\-I' F.l 3 I. i 4 * 'I- " ] . a7 -|. .'I"';'-. 1 K :*‘l\ r‘:“ :*:"lr;
. - . 4 .r " I ' ’
1"1 "'-. |.':‘i#:" . .."'._ !'\‘ " . L*.-‘ y :\! l": -!r:"- . 1 -P:.*'i ':J-I:"'u . r 'I‘ 1.. ‘ ¢ ":l"‘u-"l-hh “ *llhl" y 1:""~‘ ‘ ! *lh'l-.’;i‘llllri:ll‘itl [ “rt'h .’_'Fu;l:‘"'.li;'i"l '.1r..| :l""l 'i.I. -
‘\ﬂ. _____i_:'.h‘_-‘ "_""“-',";-l, . lII;"‘l-‘_l'.;'-."‘ .\"'1:.5\‘*"'.‘ r.":.li:: E . . . :
. Th - .""ll. !!1‘.|I'|-'1I'| . l-i LU . R, ea . . - . . . .
ﬂ o r" I|.‘|| : I:'ll" *““‘I- '-Il‘i‘l\ ! . "I.: :‘\"‘ -“:l"-* -Il:i "* ] .r-:\:".il ;.1 I‘J;:p':-l-l t:ll [} lr; “l’ﬁ.: h'lf. X '.. [} l.-i. l l |“."|‘l'§.ll“.l.:|: 1 jri :1‘1.. LIS 1‘!....‘!'.- :"t '\:‘l.*'l .;:1:1 b’; |I R
. . s L] 1] [ ] ."1 l , "ll . - . . . - . L] | ] LI | 4 4 " T 14 b L] . v l"- [T
.. . LI o v ™ ' .“: . ‘r' ." ] 4 .1'.“ .- .'::#.;-. A n"'.h. n".*ilu."l-.i-r:'lii-:":l-‘l ‘u. i."l-..a-a.u"l'atl'l‘ill'ml‘u."l.:l‘“.".‘l‘: l.'|.“l|.|l'|.'¢t|"|.l|.|: N .'
. '.,' ) B . L. .‘.,-':. w e e l,'._ '.J'l.'-ll.l'ull.l'u--l Y h J‘-‘\.'--11-";---.'1.‘-'-.";"- e T
. . o ) \‘ - ¥ . ‘ .‘I v l_llill.- ll‘l-‘l - 1'.I..l|l'_, B "I .I-'il I..-l.lr. . I'I- .:II#J. r“...r 3 l..i._ (AL o ﬁ.l:.l_‘-. ““l’r 'l.‘iip'l 3
R W R ‘ . i . .":"1. “-:F‘i.h ":J.i:- ' .i:l ' i.l.:'l 1 ; Ill:'ﬁ- '-J-_:L:'l.-_! P i ! i-il.'ﬁ-_l ilil:\-_'-t:\.:!.-_* 1:| :' Ju:'l Lk ) "_I t'\. .
. r . o . - ..- . 1.-:1. L] !1 ' . o a . T . 1. a1 -
W g B! - ;’-" ¥ 5 | R ’} - '.-f. ALY, , \y,a.w Q&‘:"\ P '.-.x e NI,
[ . R . Bt '1" i I-l|-|'l. ‘\. 't..’ | 1- 1-1-1[!- W
. b & o Ly {.‘\.\ﬂ \H.-* “.-Hl-”-!uu_s_-.
L4 14 it

r iy M Nt tu ¥ .
£ L 1-1-‘ -'-‘l n‘ .1:1-

N4

.‘l.ﬂ*.-;i‘.l. AR % ;"'3

< ".. a . . TR I|-|1-_r i\ LG ] Il ‘ea i [
- . . Bty " I - B '1‘1".‘1‘1.;'.'1‘1.{'."!.l-, .,"l. |t,’|..1. U !i ey W ! .! . ||I.1| . ty 1".' .1‘; . \Ll ' .\ll L ‘1'1" b 1. A
a 1 - . . . . . I!'i"-_'i-i'u:_-ill‘._ e il-'l."‘dll-‘#‘ "\-" ‘\- l'h- ‘\- - E, '-'li__"_lth-
‘l. r L l I‘l‘. "L 'l.-l L I.F .:l..“l Ill.l‘l .. . .-I .!I‘-l.- .tl..I.l' ="k l 'I' ." 1 r' . 'I -l"". 'I""l". 18 1' .I I L 'I.l'r LY 'I‘l‘. Lan.n 9 I -
i 1 agF . . LN LERLE RN YN [ LN R Y LR b2 L] 1

1"'lll'l 'I‘II' ll 'lll'l-"'lll'l'1'|'l"l| 'III-"l!l'l'!I LRI Ll LN lll'l 'I'I\'
L I i LI IO B B ] -1---1--'\.1{-'\.11. e w -

1"' ".'\:' 'l'F:' "!r’ 1 LA L] b "!r. 'Fli"!l LIS L EN L]
.\".‘hr lhq.l-'l-l-pylly '|l|.l"'||'.'|-|.r|ll'-'l 4’."-.'].‘1..1.l |.'I..'|'-|.r|ll'.'|.-|r|"|.'|.:-|‘1..'l'.l|.~'l."1|'|.'|.!.
lqlll\ '-l\.ll' . " '-iq.l'lqh'lql-'-.q '-iq.
1-r l_.; "l,.l '.‘l.i||_ll}1-r:\1-_n; li '.‘I-l \_l,.l' :'\l |l-‘.1”'1l-‘1w"l1- 'l._.l: |1| I-r l_.; "l.,l
'|,‘ l"i. . . 1 - lJ.l_. 11.._‘,‘.-._' l.'i'.. J'i" - . l.'i\l l"i. TRl

-ll.'l.- -|l.'-'d|.l-rl|1 '- '- 1.'1'-.l|.l l-'l 1I'|.'d|i'l-'
tt-.,iq-

Ty 1 . - .
11'". ":;,:‘ '. '1 ‘l Wk "111-";""' Jll-"l "4 "-.' - || LY A l"': " I.': Tl"1“ i:. .l"'-ﬁl.;'i'l"il'. .
O ‘lt L TR 11-', ‘. " >,

;- - . . - . .t R \ l‘I‘. .-i'|'|-.-|. 1":. ':. :'. e 1.4.:;‘,‘:_:‘ “
AENotcht-+) SO @\i’m

' '
i Y LR L l.|.",.-‘:" L
T T e N D T -‘n.‘-

B acraetane act

1 ¥k L]

o il.‘l'l‘ll]l"l

il"l LI B N I

L L LR N LN A R 1 b

-
T 4 L :' LI "l L | 1 L] ‘. 1'\. 1y llr L] l‘ L] ‘l '\ L] L] H.‘_"' .Ll.“l‘ - .'l.‘i.:'. -
1 F 1 L] L 'l 1
‘.'I"--'-i.'l"-l‘il "lill'-i ‘.'I"Jll-'.'l'."d-. J‘.'~'|-"' "Jl lh-" .I" . '-l ‘I“-" "ﬂlll '*I'l"--'-l.‘l"-“i.1
L] ]

l'lll"il'\l'lll'.ii".l'l‘i L BB Y | ll-".il '|l! lll ‘iil'll'l I TS L N LI I |
) l'iil l“i hr llr' LEL BB R O IR L ) 'll .I ‘1'-

LA |
L] L] 1 LA t 4,40 L] L] L]
"'l-l'lp :‘\ Is;.\_"'l 'l.'p" I'q'..l -I""'.ll"q.q' Ji“'p“'t}l:"ﬁll.-}‘i“ﬁili JI"'l il \'l}‘]‘ ‘p\“l.l'atl:ﬁl."‘.u 1
e - I Eyu"a L
1 -.r"'.‘ l a ..il- [ ] .,- 'l..l -|l ! ‘q lri, 1'.1. h g l\‘ J.l \‘I L I | -l T, l:i‘-. - l:‘“ : 1 r l. L] i :i‘- 'l,.'i:i_‘,‘ i:l-_r l,.l.:ll_|.l|

. 1w
it 1|.'|.|'5i..|ri.l'l=ll.'|. Il.'|.|tl'-|r|.'..'l=||."'..‘|ll. X L A li"l.ii-l. I..“.\‘.‘l,l".‘il.
LI B B T T ! I lli---ll.- L L] [ BETLEE B B BN BLEL I I N | qh'l ||l'|"-|l+'-.l|1| LR R T N |

E I;-"t""-"li.'.:'nrt':m 'rt':"l't"t""‘*l.l-.".:':llll .. ‘ : "'n- ' l 1":- "‘ " 'l-" g ':' W "':'I =1 Wy '-|."'l|..""| - f‘\'*'a 'I."-"I*:":"‘It'
N, R

L] \ ‘F L “' ! |' -'|'
LI ] I| -|l -r . 1
"‘- P 1."~'r ' -..'\* "-."u'n:"f'u oy :-. Wy ;"-..1- Oy -.'b .."-. ' 1."'-.- I 1."'1. . ||"1"|.1- :.* "\ ' .’1."'- X -.."‘1."F "y '-’-..'\:'1
[ LA I )

- - . X s e :_‘-.;,;;.-,-.m.}” R
r H Ky B r hy ) R R R R AR EERRE R -:1..-.“..'.'-...-.- |'..-1-|1._'-q.\.'|.f-|.|
. ORI R R R R R W ;1.1|,|
f} ? 1@ 15& 1&60 :‘:*:t'\\'.frl-:l‘\w'-“l":" "'n- -l' "'l"'.” ltl""-l'ml“r'r.i"‘u'l:"iltu"'ﬁ!“a “,.n.'“. ”-. .
O -+ ¢ SEOR S
. . . . '|."' 5‘-! ? ‘F' H-. ﬁ‘qimrxl-u -|\|.Fj.

'lll-i

1:."-.:'13'. ‘i._l'u'l‘*r:"‘l":’n.."-‘l-\"l‘in.'l n'n_; n-_:l. “””""‘-,I‘r“‘-:“"\: "-qn"-.i n'u"";
|-|l [

Peptide concetiration [l P a

"\-\.

LI L R | l'll"'l o lll il'llli'rli'l "l'\-'l 1|'\-'||ll'\l-'ll'|
WL Y N ,1.. ] -‘-‘. -||':. LI -|-|- I'«'.\..l Y YR L

. ":'lx'-'lhq.-'l-l-p| "."llq.'-'l.-l.l.'-'l-l| .y 'll|."|..'|'.-l.|. 'l-.l Ta 4 LT T T PR T PRI Y
' ' Ih's |||ll|. = ] ll.- | Y ] [ L 74§ lh-. -i LI |
1.‘I.-' 1--lll.1ivl.ii L L B | r i.

w-'."il-':-r.-'p Ny "-'-'n-"'-'.a l-_. ) ..- L )
B N U T R AN RPN



Patent Application Publication @ May 12,2016 Sheet 7 01 19 US 2016/0131651 Al

} :13: (YA uy
Tian of 4l,

T I N T L A L N I WL T
I.I-III.IIIF-Il.-l.-llll-lll.IllFil.‘I.lll
LR L N L T T D

l,li'.l.'ll‘.!-\.-l 1ny

- '.1'-"|l-||'l‘ll' o e a e

1-""1 |'."|-'.i‘l"1""'1'.‘- r':'lr""-:"f."r'.-" & 1"."- r':'lr"l'-:

NN A

Ir. y 1I:.ri. L] f r.il

- '.:' L LR | ,,l ‘:‘:.:I " .:l:l
I|-1l-.ll e T I'-: : 1.!"':.: ) ':.:
W T AT NN R e

reie
g W |
&

."“
L
-.-.'.-.-.'.-.-.'.-.-.'.-.-._t.-.-.'.-.-.'.-.-.'.-.-.'.-. :

%
i
ST SRS A .

Lo
=2

5
a{.

T3
2

iy
Ly
k- d- r":‘
L el N ¥
el
I-‘.r -

i ]

-

RN E R E

LR L
‘-!'I:ll‘r.!.‘:. . bl:

(e D
4

' !:'--ui ak Bl " .
I 3 l"ll I'I-ill.l § . 1|.I-1 h
ﬁ R X
i H ol
- RS o
TR AL L -
. LI‘.‘:"-:. ".":"ﬁ',;"::l" t ¥
% Ll:.'..i-l..‘..'*l.\'l.-.'l."lj ) T.-.."i‘ L"I.Ifl."
. AN e i
e Ry w e
S o, ey
. . 8 o :"'I .Ai :r-:‘:__‘:‘::.‘::
1;;'1. k 'llr. '\.ll:.l-l: ]
At . 'I-:_..ﬁ:l'."li:"::l:
" E I"l‘I L]
f—a { - RN
. . Ii +| l_
) ] L ) SR AN
: A .o ::t:m"::::rzu:_l]
[ ; i - e
AN
. : o Skt
¥ >
0

Th e Rl |
Fa"a ol hhidq by
LR R NI N L
[N IR TR R N |

PR FE R |
I R T RN |
ik Ak Raal

T

w-Saoratase sctivity

rexiay

Y
- -r -
p‘q__l-‘. i

o
=

r

S acreiasa. 2act

N

FORTRA MRt LESEASE ¢ -+ -
dGimdb -~ -+ 4



Patent Application Publication @ May 12,2016 Sheet 8 0f 19 US 2016/0131651 Al

Mock TACE

o o e 1'_21.1.3:::-.'*::::-:1:ii;1:='?:=:~."=:1:=:1*:’3.-:11:??.E‘1':5 | ' ' Mﬂ{:k Tﬂé! CE
TAQE :‘;':':f:iftii-:i-b;:i'?’"'“"5’;\“: Vs - | - 7
. -Ijll‘l-JJ‘h'rF’f““rl“-l 'y . ) . . Ve - Y
. . VAT R
ot o :‘
IO 0
A '
SAY ?F‘L -
. . ¥ \

o -’?:Th :W.-.n',f’ ) r%'\-’n‘i;‘f:-l-

L) . LI -
I-'-I-l!-'\-'-llr qlr T
wr oo .

L |r|| r- -.ln Ill:llll:l'ltl‘lll-i.lllll:l_

APP EL 80

! ’ ’ : _.' ’ “."l- "I'i- |I'|| "i'l 1‘1 "rl -.'\-"I.l"l."l- !""i!" HI"IF:"I“ -."ln- I.l"l
F Al LR Y A TRk e b : : QT 1 5 : ] _ .i’ AN s r.r’
‘:4‘!‘!:‘!’!‘1:5,.‘*‘-1:',':..'..::‘!:I"l‘i‘ +=":E‘::. [ ] . . . - ‘ _ . . -_ " .I. L) "“-.i r :
. . _‘. . :a."j‘. "q;l ’ l':‘ .'I'&;::-.-_-:l:’ .. "'{.! ;;‘I,*-_.I-'u A . - . . . Sﬁ??f} 1-_;.-' - . -F- . d :
gt bi ": b o ) 1*..-'.l||.--‘I ' . . . '.'-" ‘.h ". “.
Befubuling o .

r‘\!.l.l.' .

I"l:-"-f-t'l

dAr 4-\.‘
L LN

?:.l .. . l :F -I- -f‘ili 'f s,
Fd iy i di 1ha by 1
N ."- " "».‘ "-n‘ '...‘ “-.'s": "n.‘-’.‘. -'. NG

Lol mediz

g . Al . i e g i LR e
I: '!"‘I"'r.: “hf!‘-."-‘.._'..‘i' . o S . .. :.',;,,ﬁ;, *1‘? '|"| '.,_'.I,-iﬁ}.-“h‘.‘, '\-', *'l.l"'l"'b el iy Al ol Bl
WL AR : i, ._.1l1-is:o \hﬂ.}"\” \\‘t:b "-."'.

i,
e,

Y B!
kY S
._"!

-

‘_l-

_'_1.

:.l-

w ol
'_::

'i-

'_'l.

.

_i—

-

L AR \ 1..||'I

[ ] I ® ] l'-.

Iril'-itl'--- 1|'+ wnd g
- L] - i o .

AVE
B
A
i
e
I
Rl
£
-
. :w-_.l-_i
g
£ 2
L o,
£
»
:lﬂ-ll“h!
XD

' -
+ L] ]
l."- I.l 'al.lJI 40t :l'“"i -rl‘ll - ' :
*‘J i [ A ey . Vi AL AN ¥ 'L LE
|-.||.I'1.1-'|'?|. .I‘.l."‘.|l."-.j . ] - IP" '||Pll~\" Taul
e DN . AN RSN A
;.*."-.4 LA AN AN o
F SO LI IR R | . K O
é - .n.lll 1.1"«.‘F 'y :"'.1 :".."..I' I-it‘.: . 3 . . h
= ' L]
- . :r '-|lli .-'.'1-.! b | 1‘-I'-| l:-l wl - - - - -
. Fa W
. TR E T RN FE RN RN
F!_ . Lh A R T
. ] L "‘.""l‘:"'."*' 1--’1":,'_-1'.1:1~j
. : :" '\;_:1.‘. .'-..:,, . . 1-.11:‘:'. "l“.'i .
B . . i i.l-"'lll_I 'Ii“.l .. ".ql..","'-.l-.,"i . . .
. |‘-|.-rl.;~-| l.l el s 1‘lr'--‘I I" 1‘1. - - -u -.- --.. -..|I.-._ --.-l.-I |‘1-.l_.l - a .-I -
RN ) r, ey ndg's : un. 1-1...".l|"'|. LN et
'I..ll-.....-Lll... . R LRI |.l.l|...l.|-.l.ii. .
1" n'dm LI T R I ) IIIi’l' ' e 'lr LN
Iﬁ'.ﬂ.i'v.;l-il . :‘1‘1.1 ..‘1"":1' - l%lhI I‘:j‘"-:‘l:] 'lll l"l? I""::J LBk . ‘\. . ) .
. M Y a1 . L . . . . .
EEEE LR L) Iyl LR l- "lii " ¥
e bt T PR - \-\ RN RA TN
- b ] . . P b L i - .. .
] 1 ¢ B LI P | '\' -|. '1. . ]
j iy, ot NN : '-1:‘_- 5 .‘“\ . .h £y RN > . o
1 :r.:.li .-'.,11--! ":‘1--. -!-\,11‘-!4 il"'!‘-l LRI | <l l.l. d.l!! - o *..' 3 - - -
"ELEENRR R o by FRESA A . 1jl"|1|1l.lhil\~+ l'l..jl [ L B
[ 3N T N B wwoal wal e n ninl Td gt -
. .i'lf l‘iil Iiil l.q‘l‘l"_ 'l.‘l 1!I -.‘ilt* I|l' l.i-llr '-||I-'. - 1-!1' 1-llr '-|II-' 1-I1l 1-!1' 1
h 1 i r r 1, - -
. Byt i, T gy Tra g kgad
LR rPla b n'ady T T IRETIE BT
[ B Y L | =&k ']
b LI R | doa g ikl
u rq.'ql“.'n.t LAY RN ""lj-li.
. k= -l
L] ] L ILIRTCE | 'K ]
E | + 4 - + -
;;1' 11;1\..1 et LI -i'-:l I',-i l".| 1 |',.|.' l"'lnli‘|I F, .-I
II-.I‘I. '.'-l-‘l .I"i-‘l‘-l-'.l‘ .-1 4 l|.-| 'H.I.r| -
: AN Fo T w f 'y i
"R TR . e 1, . '\.I 4 Ill.- '|||q .
S NLEERE Canraanly ] +lll|-
t:l.f...l_‘i. -l "i. -'!.":‘l'_"'\ﬁl 'ill..' 1.'.‘.* ““ - - -
l|.I'|.?l. _..l'l.?l ‘Il 14- r., - d oo .
[ i - II.- -i‘.lr-:i‘l e i‘l“i 1‘1'4 i‘ﬁ‘r 1-| . . l'l-l ""n'lli'lml-'l.-lmql"‘lr-p-J '.-d'll'. .
) . - Irr‘."i':r".*-l.'l : A LN 41‘ s "t'i' . - : Ty ”‘ L.l':l’ AR "l|."llI !.I'J'I.tl":l’.."-"l .,
' i . B "YLENFERA R *l"‘l.'l“ all 11*.!-11.1.4-‘. . J.-i'l. J .l| * qL'lJ.i t!‘
i = FEA- 0 4 an -|.I [ L B if.l 1_1r-|.
r. i ‘.l."l ‘*.._. . |,|.. .111 ) 1I'I.J'.|.|'I.".' . ﬁﬁ '.i.il. 1%, 'I‘.. r ‘Il \‘, . . . * . .
N i I.-.ln:nl"l.:-.l.‘.l‘.l h'.l'\liu‘l‘q .'I'.‘i‘l:l.l. Ill.l'-.l! . . . ‘H‘"{:. !::}\ I‘:\ .‘i‘:" *:h I. . . i A i .
. . r mchur -k Pk e | 4 1 k1 ko] - o [ . . - . .
: et ot ¥ "'-l.‘l*r' "-l.‘i':l AW ¥ "i.]l " lql-l el 1.1.* lql-l. o) '\‘1‘1" ..11- - = i L L
ft: '-1‘1-"-'- n-"-'-':'-_' LA 1--_': -'1.‘!_- L] v lu { 1 ""'L 'I"l "y " ""L " > " . : ] .
L I N L T B I BRCA 10,49 & "4 1 LAl 'l-I.:r "l_-l-f 'l-I.,' '\-qi '\-|,| L E Y, -
\ll-l."l-i.{‘u h.-."u"'-"-fli'q 1'1'11‘."]"1'\." I;tlil;"'-‘ "-.4“.; -I¢|| ‘l.i"a-"r-ii.l-lnii‘l.'i"ar'.
) TRt 4 4y R B I L T, T B N
; -E.I"r -i.l L |l‘-|-l-||‘-ql-1 'li‘ﬁl-r ll1'r| J'.[‘.i*
DO RN L Wy T,
[ BRI T TR L] 0l 40 'd m il g R TI  IR T
et W RN AW '1:
i+ et . oy R
.-.l |:|l"'|.l‘|-.l lI.F:l Y lI.I'I.l » lI.'I"l b | 1‘.1 [ 'l'l_ 1! |.. i 1 ll.'-.l lz‘!lt‘i-
| '-.‘.I- . o I"!'. 1‘i L] 1 . ll . .'I R ‘l.jhf
D *"-._4.*15.! "“.lul“'l"nl .J'u‘l.‘l“ﬁ |,‘J-?|l..'|.

-I‘i'l!-lll-i -l

:':I:FII.I.:I -.’r 1

WY ':r':':':-: : - : -.':::::':r':':.':-l-c ::: :.1:":':'l : i
LR A AN m‘&mﬁg 13 e ..... 'H.i’..h:h..r"-u. -u- ﬁé‘ﬂ’i g
LA F m .
S ":I.r:a.‘ : .’. L .




Patent Application Publication @ May 12,2016 Sheet 9 of 19 US 2016/0131651 Al

FIG. 7 (cont)

L¥%

llll
1111111111
llllllll

m AR .
111111111
(LA ] .

........
11111
+++++++

P E
lllllll
o !

|||||||
1111111111
|||||||

llllllll
||||||||||||
--------

4
llllll

iiiii
1 .

.
—'I..- - - -"I
1] - F T - .
T -
- Ll L
o . T m .
] ~ m "k T
r P T
-k . N .
- LI "".
- - - '
LT o " .
a
L
L]
-
v
...-i'-

!l
rrrrrrrrr

e | :l._
< L] 5
llllllllll

'l .
llllllll
......

DT F production { E4000 sam i3 )



Patent Application Publication

-

.

ey sl

L

.

LV

o

YR LOI3IR R 20k

Pl

fye EAFIE0 26
= |
i

'

o

K o
e

e

w wl
't

e e ke e

-

k.
'I--'i- *

8

. 'R
. ::.L:.:::::_
R
=
: : +l.ql-l+l"
. il"-fl-l--\l..
LI :I'.‘.If ':‘
. .'l"i|1-:
s, F
e 'I":- ham
R
-
" +|"|.'I ..'1:
T f:_'l:""'l"
W+,
e ‘l -
I b :,.

. e
O+
o
- SADON
[ ] +.-r-.:‘-.i
L] +l”..i -r:

e

oo

R .-.IT.-
ERE R .".i-ﬂ_i
RS
Ny
e R
P e
.I.I.I. li*‘.|‘1.4-
" RECEE
== om L |
= = xS
= o n o« JCEERT
= =« SR
- om ]
I | k.
.... P ]
et I'|.I'l-'."l.r'i
== I.-l-ll..i
(IO ke BT

028 0%

ApIT42

1
oCTF cancentration, y#

.
.

.- W

« SN

" + a

-4 4

. FRNE S |

Jawd .

. P N |

" s 'wn
. vy
. I-I L I |
W Fr ra
. ar v
. I'll'l ‘l‘-.
IFw.9nm
. nd, 1.0
L] | L,14
- |"'L"'._’."
" | II.I'Iq‘tI..:
- " 1
. e r‘.
- Inl'"n.‘i-l a
" |...-| LI 1.
e | waty™ 1.
" IR AN |
T | v=4 a
- |.|"|11“'|.
- . Ay ]
. Il’ .l"l-lz-‘lu I
. LN |
. |...'ll-.1‘|.
- PR
. -ty
= 4 T
. DR
. r-lrl:-"l‘-.
Fou'en
. _-l.h_ ‘i'..l
. I'l.l'. L |
. I.'l - ‘1'..
= RN
" I‘b..'-\.‘-li
" I'\| i'. L] |.
. G
R |k u- X
. IR 1
. Tl
. L +a |
. LK
. L |

L |
. "'l.‘ll-.'i‘.
. |---1|.
|'"h'=n
N LR |
« IR
" .-.h“i.l.
. I-l. LN |
| b ==
. ol
L] I-r 40
. e
L] | s.anm
] L |
lov,ad
. LRI
. [y |
. |'.r".."
. ,‘..IJ:QF.:
. .
Edq
I
L] |'i'|-|'--|.
. 11.1-1
.

L r T N
e
H"J

May 12,2016 Sheet 10 of 19

g e

T

- .

w0l

*I

o Crebams moy

i

AT

[
.

ozl

1558

e
el
ety
B sy

S S — ER——— S ———— R

0.25

33

US 2016/0131651 Al




i)

MLERE S50

i3

™
b
v
.'I‘
|

'?,"t
e

Bust;

US 2016/0131651 Al
IVITL

May 12,2016 Sheet 11 of 19
VE

Patent Application Publication

TR e T Y T

rrrrr
lllllllllllllllll
Ll
llllllllllllllllllll
s T e i e

iiiiiiiii
llllllll
iiiiiiiiiiiiiiiiiiii

.......................
R R L e i L B

.........
o m a m a T T, r H._-.

............
llllllllllllll

P L L N R -

T T T T e T T T T T o T S T Ty T S T T T T T

.........................................
llllllllllllllllllllllllllllll

.......................
llllllllllll
|||||||||||
- - om

T e a m w i mr e T

§ ) ey <o A <> 33

v
............... PP S Y ; )

b A A R s S DL M R ety | AT T T TR S T Ty T T T TR Ty S I T TR o

i T L

e e e T eTa Ty Al Y r e e a'g Al T T s T eTa gt g tal T P T aT ey gt Y s Pl R I I .

....ﬂ.ﬂ rln.ﬂ."n.ﬂ-.,\u P e o R o e Tt o, Tt i A e T Tt L LT T e i D o L 2 -

. =" m o w m e A Ty e e e e - =" e m a mn Ll = e m a  m e AT e T e s e T,
. q.llllll.-.\_f‘.nrlf.. R et late T B e T e i e gL L L b
IH_I = e A N T T T A S N D e e T et e e DA T S E
Pt el e - - PO I AL i
u 2 BRI

lllllllllllllllllllllllllllllllllllllll

) Kol e e |
{GLE3IT EDE Ovd Y parsanayg

&B



Patent Application Publication @ May 12, 2016 Sheet 12 of 19 US 2016/0131651 Al

[ =
[P T R
e =
' .. Lt
|
[ [
LR
. -
e

’,; TP Dy *; , . L, ,g.lr,
* sinple antibody detection assay (Ru-G210)

niibady detection assay (Biotin-4g8 and Ru-G2-10)

o
Y duats

a

A .
W
e -
LR
La'ria
. an
e 4
Lp . oppee
e -l . el \ A
L] W gLy DR Br i,y
1 "t 2 1 1. 1 Ligg!
. :

4
-
| . [ ]

N A A AR A SRR
“H{’{fﬂﬁ‘fﬁ RGeSy RO
AR RN R W O, E‘ T O N G B AN e (e
": i'll'l. Illl'l I“I‘l ] I.l l*-.l'-:. I:l:::l-:‘:.l-::l:l-.ll ‘I:f 1: "‘ : : "‘l:::‘j:.‘\‘: 1 I..‘ I.

Pk . h . » ,_ , ! ‘.‘“'\ .

LRI FRCE R r.+1.,"

......
- JOSENIAN AN AN NN A :‘;ii-;%'

L MR i)

: {-i INRAPER o) i . t : ‘{ 2 ‘Mik'-;‘&i:ﬁii;isﬁ" ;
3 AYCHEN PR G0

hl"l’r‘“pl “.'““hrl‘“”l .:. .'.--.,‘:. {::

J  Europium

N A NN AN ANV AT




US 2016/0131651 Al

May 12,2016 Sheet 13 of 19

Patent Application Publication

FIG. 11
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FIG, 11 (cont)
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FIG. 14
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GAMMA-SECRETASE SUBSTRATES AND
METHODS OF USE

STATEMENT REGARDING FEDERALLY
SPONSORED RESEARCH OR DEVELOPMENT

[0001] The disclosures of the present application were
developed with support from the U.S. Government (NIH
grant AG026660), and the Government has certain rights 1n

any patents granted on such disclosures.

REFERENCE TO A SEQUENCE LISTING

[0002] Table 1, Table of Sequences, 1s placed at the begin-
ning of Section 6, Detailed Description of the Invention. The
Sequence List appears following the Abstract of this disclo-
sure.

1. FIELD OF THE INVENTION

[0003] The present invention provides novel substrates and
methods for measuring gamma-secretase (“y-secretase”)
activity and assays for identifying modulators of gamma-
secretase activity. Specifically, this disclosure describes
newly designed substrates for use in high sensitivity assays
for y-secretase activity. In addition, y-secretase substrates
toward which y-secretase has high activity comprising modi-
fications 1n a domain 1dentified herein as the y-secretase
inhibitory domain are disclosed, as are assays for their use 1in
measuring y-secretase activity. Because of their increased
sensitivity to y-secretase, v-secretase substrates identified
herein can be used 1n assays to 1dentify y-secretase inhibitors.

2. BACKGROUND OF THE INVENTION

[0004] Alzheimer’s disease (AD) 1s the most prevalent
form of dementia. It 1s a neurodegenerative disorder, clini-
cally characterized by progressive loss of memory and gen-
eral cognitive function, and pathologically characterized by
the deposition of extracellular proteinaceous plaques 1n the
cortical and associative brain regions of suflerers. These
plaques mainly comprise fibrillar aggregates of beta-amyloid
peptide (AP). AP 1s formed from amyloid precursor protein
(APP). APP 1s a ubiquitous membrane-spanning (type 1)
glycoprotein, of which three major 1soforms (APP695,
APP751, and APP770; SEQ ID NOS:1-3, respectively) are
known, that undergoes a variety of proteolytic processing,
events (Selkoe, 1998, Trends Cell Biol. 8:447-453). APP 1n
general 1s disposed with 1ts N-terminal portion in the extra-
cellular space or 1n the lumen of an intracellular organelle
such as the Golgi or an endosome, a transmembrane portion,
and 1ts C-terminal portion extends into the cytosol (Thinaka-
ran and Koo, 2008, J. Biol. Chem. 283:29615-19619).

[0005] Generation of AP from APP occurs via separate
intracellular proteolytic events involving the enzymes beta-
secretase and gamma-secretase. Beta-secretase (also called
BACE]1) first cleaves APP within the extracellular domain to
shed the soluble N-terminal APP-sbeta or sAPPp (SEQ ID
NO:5), leaving the beta-CTF (C-terminal fragment; SEQ 1D
NO:8) membrane-bound. The latter 1s then further processed
by gamma-secretase to release Ap and gamma-CTF, or AICD
(APP itracellular domain). Given that gamma-secretase
cleaves beta-CTFE, beta-CTF has widely been used to monitor
gamma-secretase activity in cell based and 1n vitro assays.
The gamma-secretase cleavage site of APP 1s situated within
a transmembrane domain; indeed gamma secretase repre-
sents one ol small number of proteases that act within a

May 12, 2016

membrane milieu. (See FIG. 1 for a schematic diagram of
proteolytic cleavages of APP leading to A and other
polypeptide products.) Variability in the site of gamma-secre-
tase mediated proteolysis results in AP peptides of varying
chain lengths comprising heterogeneous C-termini, e.g. Af
(1-38, “Ap387; SEQ ID NO:15), AP (1-40, “Ap40; SEQ ID
NO:16) and AP (1-42, “Ap42”; SEQ ID NO:17). (See FIG.
9A for the portion of the APP sequence containing the cleav-
age sites of the various secretase activities.) After secretion
into the extracellular medium, the 1nitially-soluble A} forms
soluble oligomeric aggregates, ultimately resulting 1n the
insoluble deposits and dense neuritic plaques which are one
of the pathological hallmarks of AD. Ap42 1s more prone to
aggregation than Ap40 and 1s the major component of amy-
loid plaque (Jarrett, et al., 1993, Biochemistry 32:4693-4697;
Kuo, et al., 1996, J. Biol. Chem. 271:40°77-4081).

[0006] Alternatively, APP can be sequentially cleaved by
alpha-secretase and gamma-secretase to produce soluble
APP-alpha, or sAPPa. (SEQ ID NO:4), P3 and gamma-CTF
(FIG. 1). Alpha-secretase cleavage occurs at a site distinct
from the cleavage site of beta-secretase and precludes the
formation of A3 peptides.

[0007] Various interventions in the plaque-forming process
have been proposed as therapeutic treatments for AD (see,
¢.g., Hardy and Selkoe, 2002, Science 297:353-356). One
such method of treatment that has been proposed 1s that of
blocking or attenuating the production of AP, for example, by
inhibition of beta- or gamma-secretase. Other proposed
methods of treatment include administering a compound(s)
which blocks the aggregation of AP, or administering an
antibody which selectively binds to A3 Activation of a.-secre-
tase 1s also an appealing strategy for the development of AD
therapy, in that increased alpha-secretase cleavage might lend
to lessened A3 generation.

[0008] Gamma-secretase 1s a macromolecular proteolytic
complex composed of at least four proteins: presenilin (PS),

nicastrin (NCT), PEN-2 and APH-1 (De Strooper, 2003, Neu-
ron 38:9-12). Recently, CD147 and TMP21 have been found
to be associated with the gamma-secretase complex (Chen, et
al., 2006, Nature 440:1208-1212; Zhou et al., 2005, Proc.
Natl. Acad. Sci. USA, 102:7499-7504). Among these known
components, PS 1s believed to contain the active site of
gamma-secretase, recognized as an aspartyl protease (Esler et

al., 2000, Nat. Cell. Biol., 2:428:434; 11 et al., 2000, Nature
405:689-694; Wolle et al., 1999, Nature 398:513-517). Con-
siderable effort has been made to understand the process of
gamma-secretase substrate recognition and 1ts catalytic
machinery. A PS-dependent protease can process any single-
pass transmembrane (1 M) protein regardless of 1ts primary
sequence as long as the TM protein extracellular domain 1s
smaller than 300 amino acids. Moreover, the size of the extra-

cellular domain appears to determine the efficiency of sub-
strate cleavage (Struhl and Adachi, 2000, Mol. Cell 6:6235-

636).

[0009] The sequential cleavage of APP by two proteases
(beta- or alpha-secretase followed gamma-secretase) 1s
analogous to a recently defined signaling paradigm, known as
regulated intramembrane proteolysis (RIP) (Brown et al.,
2000, Cell 100:391-398). RIP generally requires two pro-
teolytic steps to mnitiate 1ts signaling cascade, whereby the
second intramembrane cleavage 1s dependent on the first
cleavage. Indeed, Notch, a type I transmembrane protein,
employs RIP and 1s a substrate for gamma-secretase cleavage.
It has been determined that y-secretase cleaves a multitude of
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other substrates that include the Notch receptors (Kopan R,
Goate A: A common enzyme connects Notch signaling and
Alzheimer’s disease. Genes Dev 2000, 14(22):2799-2806),
ErbB-4 (Kopan R, Goate A: A common enzyme connects

notch signaling and Alzheimer’s disease. Genes Dev 2000,
14(22):2799-2806), CD44 (Lammich S, Okochi M, Takeda

M, Kaether C, Capell A, Zimmer A K, Edbauer D, Walter 1,
Steiner H, Haass C: Presenilin-dependent intramembrane
proteolysis of CD44 leads to the liberation of 1ts intracellular

domain and the secretion of an Abeta-like peptide. J Biol
Chem 2002, 277(47):44754-447759), as well as the Notch

ligands Delta-1 and Jagged-2 (Si1x E, Ndiaye D, Laab1Y, Brou
C, Gupta-Ross1 N, Israel A, Logeat F: The Notch ligand
Deltal 1s sequentially cleaved by an ADAM protease and
gamma-secretase. Proc Natl Acad Sc1 USA 2003, 100(13):
7638-7643; Ikeuchi T, S1sodia S S: The Notch ligands, Deltal
and Jagged2, are substrates 1for presenilin-dependent
“ocamma-secretase” cleavage. J Biol Chem 2003, 278(10):
7751-7754; and others). Deregulated Notch signaling has
been associated with the development of various cancers,
including T-cell Acute Lymphoblastic Leukemia (T-ALL)
(Weng A P, Ferrando A A, Lee W, Morris J Pt, Silverman L B,
Sanchez-Inzarry C, Blacklow S C, Look A T, Aster I C:
Activating mutations of NOTCHI1 i human T cell acute
lymphoblastic leukemia. Science 2004, 306(5694):269-271).
As such, mhibitors of gamma-secretase activity might not
only have implications 1n the treatment of AD, but may also
have benefit 1n treatment of all diseases 1n which gamma-
secretase plays a role.

3. SUMMARY OF THE INVENTION

[0010] This disclosure presents polypeptide substrates
based on modifications or fragments of the various APP 1so0-
forms, assay methods based on the use of these substrates, and
screening methods directed toward 1dentifying inhibitors of
v-secretase activity. In several cases, the assay methods and
the screening methods are adapted for use 1 high throughput
multi-well plate assay apparatuses. In many embodiments the
substrate polypeptides are labeled for ease of detection, and/
or may bind specific ligands that themselves are labeled.
Generally the labels promote high specificity as well as high
sensitivity of detection. These features render the assay and
screening methods that employ the labeled substrates espe-
cially suited for use 1n high throughput assay formats. This
disclosure further identifies small polypeptides based on a
subsequence motif of Af3 that are shown herein to be potent
inhibitors of the activity of y-secretase.

[0011] In one aspect this disclosure presents a high sensi-
tivity method of assaying the activity of v-secretase that
includes the steps of:

[0012] a) providing a container holding a composition
suspected of containing y-secretase activity;

[0013] b)adding to the container a polypeptide substrate
for y-secretase comprising at least a portion of an 1s0-
form of an APP polypeptide bound to a detectable label,
wherein cleavage of the labeled substrate by y-secretase
provides a detectably labeled product;

[0014] c¢) contacting the labeled product with

[0015] 1) a first ligand bearing a first tag wherein the
first ligand specifically binds the label, and

[0016] 2) a second ligand bearing a second tag
wherein the second ligand specifically binds the prod-
uct; and
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[0017] d)determining the presence and/or the amount of
the labeled product bound to the first ligand and to the
second ligand.

In certain embodiments of the method the APP polypeptide 1s

APP695 (SEQ ID NO:1), APP751 (SEQ ID NO:2), or
APP770 (SEQ ID NO:3). In additional embodiments of the
assay the portion contains amino acid residues 620-695 of
APP693. In still further embodiments the label comprises
biotin. In additional embodiments the first ligand 1includes an
avidin and the first tag contains a detectable fluorescence
acceptor, and 1n further embodiments the second ligand
includes a first antibody that a) specifically binds a C-termi-
nus of the product and that b) 1s bound to a second antibody
bearing a fluorescence donor that excites the fluorescence
acceptor tag bound to the first ligand.

[0018] An additional aspect the disclosure presents a high
throughput method of assaying the activity of y-secretase that
includes the steps of:

[0019] a) providing a plurality of containers, each con-
tainer containing a composition suspected of containing
v-secretase activity;

[0020] b) adding to each container a polypeptide sub-
strate for y-secretase comprising at least a portion of an
1soform of an APP polypeptide bound to a detectable
label, wherein cleavage of the labeled substrate by
v-secretase provides a detectably labeled product to each
container:;

[0021] c) contacting the labeled product with

[0022] 1) a first ligand bearing a first tag wherein the
first ligand specifically binds the label, and

[0023] 2) a second ligand bearing a second tag
wherein the second ligand specifically binds the prod-
uct; and

[0024] d) determining the presence and/or the amount of
the labeled product bound to the first ligand and to the
second ligand.

[0025] In various embodiments of this method each con-
tainer 1s a well 1n a multi-well assay plate. In various addi-
tional embodiments, a plate contains at least 96 wells, or at

least 384 wells, or at least 1536 wells. In certain embodiments
of the method the APP i1soform 1s APP695 (SEQ 1D NO:1),

APP751 (SEQ ID NO:2), or APP770 (SEQ ID NO:3). In
additional embodiments of the assay the portion contains
amino acid residues 620-695 of APP695. In still further
embodiments the label comprises biotin. In additional
embodiments the first ligand includes an avidin and the first
tag contains a detectable fluorescence acceptor, and in further
embodiments the second ligand includes a first antibody that
specifically binds a C-terminus of the product and a second
antibody bearing a tluorescence donor that excites the fluo-
rescence acceptor tag bound to the first ligand.

[0026] In an additional aspect a method 1s disclosed of
assaying the activity of y-secretase 1n a cell that includes the
steps of:

[0027] a) providing a cell suspected of containing
v-secretase activity;

[0028] b) adding media comprising a polypeptide sub-
strate for y-secretase comprising at least a portion of an
isoform of an APP polypeptide bearing a detectable

label bound thereto, wherein cleavage of the labeled
substrate by y-secretase provides a labeled product;

[0029] c¢) separating the cells after a suitable incubation
period to provide a supernatant; and
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[0030]
uct.

In this method the media may further include a detergent.
Additionally, 1n many embodiments the label comprises
biotin. In still other embodiments assaying for the labeled
product comprises assaying for a detectable complex contain-
ing the product and one or more detectable probes, for

example the complex includes a first specific binding member
that contains a first detectable probe, wherein the first specific
binding member specifically binds the product to form a
binary complex. In specific embodiments the first probe com-
prises ruthenium such that the detection 1s conducted using
clectrochemiluminescence. In additional embodiments of the
assaying further includes
[0031] d) contacting the labeled product with
[0032] 1) a first ligand bearing a first tag wherein the
first ligand specifically binds the label, and

[0033] 2) a second ligand bearing a second tag
wherein the second ligand specifically binds the prod-
uct; and

[0034] ¢) determining the presence and/or the amount of
the labeled product bound to the first ligand and to the
second ligand.

In the latter embodiments, the first ligand may include an
avidin and the first tag contains a detectable fluorescence
acceptor, and 1n addition the second ligand may include a first
antibody that specifically binds a C-terminus of the product,
wherein the first antibody 1s bound to a second antibody
bearing a fluorescence donor that excites the fluorescence
acceptor tag bound to the first ligand.

[0035] In an additional aspect this disclosure presents a
high throughput method of assaying the activity of y-secre-
tase 1n a cell including the steps of:

[0036] a) providing a plurality of containers, each con-
tamner mcluding a cell suspected of containing y-secre-
tase activity;

[0037] b) adding media comprising a polypeptide sub-
strate for y-secretase comprising at least a portion of an

1soform of an APP polypeptide bearing a detectable
label bound thereto, wherein cleavage of the labeled

substrate by y-secretase provides a labeled product;

[0038] c) separating the cells after a suitable incubation
period to provide a supernatant; and

[0039] d)assaying the soluble fraction of the supernatant
for the labeled product.

In various embodiments each container 1s a well 1n a multi-
well assay plate; and 1n particular further embodiments a
plate comprises at least 96 wells, or at least 384 wells, or at
least 1536 wells.

[0040] In an additional aspect this disclosure presents a
method of screening for an 1nhibitor of y-secretase activity
including the steps of:

[0041] a) providing a container comprising a composi-
tion comprising y-secretase activity;

[0042] b) contacting the composition with a mixture
comprising a candidate compound and a polypeptide
substrate for y-secretase comprising at least a portion of
an 1soform of an APP polypeptide and a detectable label
bound thereto, wherein cleavage of the labeled substrate
by v-secretase provides a labeled product that 1s detect-
able; and

[0043] c¢) determining whether the candidate compound
inhibits formation of the labeled product of the y-secre-
tase-catalyzed cleavage of the substrate.

d) assaying the supernatant for the labeled prod-
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In certain embodiments of this screening method the sub-
strate contains at least a portion of an APP isoform polypep-

tide; 1n additional embodiments the APP 1soform 1s APP695
(SEQ ID NO:1), APP731 (SEQ ID NO:2), or APP770 (SEQ
ID NO:3); and 1n a particular embodiment the portion of an
APP 1soform includes amino acid residues 620-695 of APP
695. In many embodiments of the method the label includes
biotin. In other embodiments the assaying for the labeled
product includes assaying for a detectable complex compris-
ing the product and one or more detectable probes. In certain
embodiments the complex contains a first specific binding
member that includes a first detectable probe, wherein the
first specific binding member specifically binds the productto
form a binary complex, and 1n certain embodiments the first
probe includes ruthenium such that the detection 1s conducted
using electrochemiluminescence.

[0044] In additional embodiments of the method the deter-
mining further includes

[0045] d) contacting the labeled product with

[0046] 1) a first ligand bearing a first tag wherein the
first ligand specifically binds the label, and

[0047] 2) a second ligand bearing a second tag
wherein the second ligand specifically binds the prod-
uct; and

[0048] ¢) determining the presence and/or the amount of

the labeled product bound to the first ligand and to the
second ligand.

In certain embodiments of this variation the first ligand
includes an avidin and the first tag contains a detectable
fluorescence acceptor. In further embodiments the second
ligand includes a first antibody that specifically binds a C-ter-
minus of the product bound to a second antibody bearing a
fluorescence donor that excites the fluorescence acceptor tag
bound to the first ligand.

[0049] In an additional aspect the disclosure provides a
high throughput method of screening for an inhibitor of
v-secretase activity including the steps of:

[0050] a) providing a plurality of containers, each con-
tainer containing a composition containing y-secretase
activity;

[0051] b) adding a composition comprising a candidate
compound and a polypeptide substrate for y-secretase
comprising at least a portion of an 1soform of an APP
polypeptide and a detectable label bound thereto,
wherein cleavage of the labeled substrate by y-secretase
provides a labeled product that 1s detectable with high
sensitivity; and

[0052] c¢) determining whether the candidate compound

inhibits formation of the labeled product of the y-secre-
tase-catalyzed cleavage of the substrate.

In various embodiments of this screening method each con-
tainer 1s a well 1n a multi-well assay plate; and 1n particular
embodiments of the screen a plate contains at least 96 wells,
or at least 384 wells or at least 1536 wells.

[0053] Still a further aspect presented 1n this disclosure 1s a
method of screening for an inhibitor of y-secretase activity in
a cell including the steps of:

[0054] a) providing a container that contains a cell com-
prising y-secretase activity;

[0055] b) adding to the container media containing a
candidate compound and a polypeptide substrate for
v-secretase comprising at least a portion of an 1soform of
an APP polypeptide and a detectable label bound
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thereto, wherein cleavage of the labeled substrate by
v-secretase provides a labeled product that 1s detectable
with high sensitivity;
[0056] ) centrifuging the cells after a suitable 1ncuba-
tion period to provide a supernatant; and
[0057] d) assaying the supernatant to determine whether
the candidate compound inhibits formation of the
labeled product.
In certain embodiments of this screening method the media
turther includes a detergent. In various additional embodi-
ments the substrate includes at least a portion of an APP

1soform polypeptide; 1n certain additional embodiments the
APP 1soform 1s APP695 (SEQ ID NO:1), APP751 (SEQ ID
NO:2), or APP770 (SEQ ID NO:3); and 1n particular embodi-
ments the portion of the APP 1soform includes amino acid
residues 620-695 of APP 695. In many embodiments of the
method the label includes biotin. In other embodiments the
assaying for the labeled product includes assaying for a
detectable complex comprising the product and one or more
detectable probes. In certain embodiments the complex con-
tains a first specific binding member that includes a first
detectable probe, wherein the first specific binding member
specifically binds the product to form a binary complex, and
in certain embodiments the first probe includes ruthenium
such that the detection 1s conducted using electrochemilumi-
nescence.

In additional embodiments of the method the determining

turther includes
[0058] ¢) contacting the labeled product with

[0059] 1) a first ligand bearing a first tag wherein the
first ligand specifically binds the label, and
[0060] 2) a second ligand bearing a second tag
wherein the second ligand specifically binds the prod-
uct; and
[0061] 1) determining the presence and/or the amount of
the labeled product bound to the first ligand and to the
second ligand.
In certain embodiments of this variation the first ligand
includes an avidin and the first tag contains a detectable
fluorescence acceptor. In further embodiments the second
ligand 1includes a first antibody that specifically binds a C-ter-
minus of the product bound to a second antibody bearing a
fluorescence donor that excites the tluorescence acceptor tag
bound to the first ligand.
[0062] Instill an additional aspect the disclosure presents a
high throughput method of screening for an inhibitor of
v-secretase activity 1n a cell that includes the steps of:
[0063] a) providing a plurality of containers, each con-
tainer containing a cell containing y-secretase activity;
[0064] b) to each container adding media comprising a
candidate compound and a polypeptide substrate for
v-secretase comprising at least a portion of an 1soform of
an APP polypeptide and a detectable label bound
thereto, wherein cleavage of the labeled substrate by
v-secretase provides a labeled product that 1s detectable
with high sensitivity; and
[0065] c¢)determiming in each container whether the can-
didate compound 1nhibits formation of the labeled prod-
uct of the vy-secretase-catalyzed cleavage of the sub-
strate.
In various embodiments of this screening method each con-
tainer 1s a well 1n a multi-well assay plate; 1n certain embodi-
ments a plate contains at least 96 wells, or at least 384 wells,
or at least 1536 wells.
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[0066] In an additional aspect, this disclosure presents a
polypeptide that includes at least a portion of a modified Ap
sequence, 1n which at least one of the amino acid residues
corresponding to residues 17-21 of AP (SEQ ID NO:19) 1s
modified. This polypeptide 1s constructed to serve as a sub-
strate for y-secretase activity. In many embodiments this
polypeptide 1s an enhanced substrate for y-secretase activity.
In certain embodiments the polypeptide 1s at least 28 amino
acid residues 1n length. In other embodiments at least one of
the amino acid residues corresponding to amino acid residues
17-21 of AP 1s deleted. In stall additional embodiments at least
one of the amino acid residues corresponding to amino acid
residues 17-21 of A3 1s substituted by another residue. In
various embodiments the polypeptide 1s selected from the
group consisting of S1 substrate (SEQ ID NO:9) of Table 2,
S4 substrate (SEQ ID NO:12) of Table 2, S5 substrate (SEQ
ID NO:13) of Table 2, S6 substrate (SEQ ID NO:14) of Table
2, B-CTFA substrate (SEQ ID NO:25), a modified APP695
substrate, the C100F19A substrate (mutated SEQ ID NO:28),
the C100F20A substrate (mutated SEQ ID NO:28), and the
CI100F19AF20A substrate (mutated SEQ ID NO:28). In
many embodiments, any of these substrate polypeptides
includes a detectable label.

[0067] In a further aspect this disclosure presents a poly-
nucleotide that contains a nucleotide sequence encoding a
substrate polypeptide described 1n the preceding paragraph.
Thus, 1 certain embodiments of a polynucleotide the
sequence encodes a polypeptide 1n which the amino acid
residues corresponding to residues 17-21 of AP are deleted; or
in which at least the amino acid residues corresponding to
residues 17-21 of Ap are substituted by another amino acid
residue. In additional embodiments the polynucleotide

sequence encodes a polypeptide selected from the group con-
sisting of the S1 substrate (SEQ ID NO:9) of Table 2, S4

substrate (SEQ ID NO:12) of Table 2, S5 substrate (SEQ 1D
NO:13) of Table 2, S6 substrate (SEQ ID NO:14) of Table 2,
3-CTFA substrate (SEQ ID NO:25), a modified APP695 sub-
strate, the C100F19A substrate (mutated SEQ ID NO:28), the
CI100F20A substrate (mutated SEQ ID NO:28), and the
CI100F19AF20A substrate (mutated SEQ 1D NO:28). In still
additional embodiments the polynucleotide encodes a
labeled polypeptide wherein the label includes an amino acid
sequence that can be modified to include a detectable moiety

[0068] In afurther aspect an expression vector 1s disclosed
that includes the polynucleotide described in the preceding
paragraph operably linked with a promoter that promotes
expression of the polynucleotide. In an embodiment of the
expression vector the polynucleotide encodes a polypeptide
in which amino acid residues corresponding to residues 17-21
of Af} are deleted or substituted. In other embodiments of the
expression vector the polynucleotide encodes a polypeptide
selected from the group consisting of the S1 substrate (SEQ
ID NO:9) of Table 2, S4 substrate (SEQ ID NO:12) of Table
2,585 substrate (SEQ ID NO:13) of Table 2, S6 substrate (SEQ
ID NO:14) of Table 2, p-CTFA substrate (SEQ ID NO:23), a
modified APP695 substrate, the C100F19A substrate (mu-
tated SEQ ID NO:28), the C100F20A substrate (mutated
SEQ ID NO:28), and the C100F19AF20A substrate (mutated
SEQ ID NO:28).

[0069] In an additional aspect a cultured cell 1s disclosed
that contains an expression vector described 1n the preceding
paragraph.
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[0070] In yet a further aspect this disclosure presents a
method of expressing a polypeptide, including:
[0071] a) transfecting a cell with a vector described two
paragraphs above; and

[0072] b) culturing the transfected cell under conditions
suitable to express the polypeptide.

[0073] In still a further aspect this disclosure presents a
method of synthesizing a polypeptide, comprising:
[0074] a)identitying the sequence of a polypeptide com-
prising at least a portion of a modified A3 sequence,
wherein the amino acid residues corresponding to resi-

dues 17-21 of A3 are modified; and
[0075] b) chemically synthesizing a polypeptide having
the 1dentified sequence.
[0076] In an additional aspect a polypeptide 1s disclosed
that includes amino acid residues 17-21 of A3 such that the

polypeptide 1s ten amino acid residues or less in length. This

polypeptide inhibits the activity of vy-secretase. In various
embodiments this polypeptide 1s 7 amino acid residues or less

in length

[0077] Instill another aspect of this disclosure a method of
inhibiting the activity of y-secretase 1s disclosed that includes
contacting a system that contains a composition having
v-secretase activity with a polypeptide that includes amino
acid residues 17-21 of AP, the polypeptide being 10 amino
acid residues 1n length or less; or in other embodiments, the
polypeptide 1s 7 amino acid residues or less in length. In
certain further embodiments of this method the substrate
contains an APP or a fragment thereot or labeled derivative of
any ol them that 1s cleavable by y-secretase. In alternative
embodiments of this method the substrate includes a Notch
polypeptide or a fragment thereof or labeled derivative of any
of them that 1s cleavable by y-secretase.

[0078] Instill an additional aspect this disclosure presents a
method of inhibiting the activity of y-secretase that includes
contacting a system containing a composition having y-secre-
tase activity with a ligand that forms a specific binding pair
with a LVFFAE amino acid sequence of a y-secretase sub-
strate. In an embodiment of this method, the ligand includes
an antibody that binds a LVFFAE amino acid sequence. In a
turther embodiment the substrate contains an APP or a frag-
ment thereof or a labeled derivative of any of them that 1s
cleavable by v-secretase. In an alternative embodiment the
substrate contains a Notch polypeptide or a fragment thereof
or a labeled derivative of any of them that 1s cleavable by
y-secretase.

[0079] In another aspect of the disclosure, a method of
inhibiting the formation of an AP polypeptide in a cell 1s
disclosed, in which the method includes promoting the activ-
ity of TACE (Tumor necrosis factor-c. converting enzyme) or
a.-secretase 1n the cell.

[0080] An additional aspect of this disclosure presents a
polypeptide substrate for y-secretase that includes at least a
portion of an 1soform of an APP polypeptide and a detectable
label bound thereto, in which cleavage of the labeled substrate
by v-secretase provides a labeled product that 1s detectable
with high sensitivity. In certain embodiments of the polypep-
tide the APP 1soform 1s APP695 (SEQ ID NO:1), APP751
(SEQ ID NO:2), or APP770 (SEQ ID NO:3). In particular
embodiments the portion of the APP 1soform contains amino
acid residues 620-695 of APP695. In certain additional
embodiments of the polypeptide the label contains a detect-
able peptide sequence bearing, or reactible to bear, a tag.

May 12, 2016

[0081] In yet a further aspect this disclosure presents a
detectable complex that includes the detectable labeled prod-
uct produced when vy-secretase cleaves the polypeptide
described 1n the preceding paragraph and one or more detect-
able probes. In various embodiments the complex contains at
least a first specific binding member that comprises a first
detectable probe, wherein the first specific binding member
specifically binds the y-secretase cleavage product to form a
binary complex. In certain additional embodiments, a com-
plex containing a first specific binding member bearing its
first detectable probe, further contains a second specific bind-
ing member that includes a second detectable probe. In yet a
further embodiment a complex 1s detectable only when the
complex comprises both the first detectable probe and the
second detectable probe.

[0082] In still a further aspect this disclosure presents a
polypeptide that includes a retro-inverso ApP(17-23)
sequence, such as SEQ ID NO:24. A retro-inverso polypep-
tide 1s composed of D-amino acids assembled 1n the reverse
order from the reference peptide containing naturally-occur-
ring L-amino acids, and possesses similar topographies as the
original L-peptide, yet 1s more resistant to proteolysis.
[0083] In still an additional aspect, a method of inhibiting
v-secretase activity in a cell 1s disclosed, wherein the method
includes contacting the cell with a polypeptide that includes a

retro-inverso AP(17-23) sequence such as SEQ ID NO:24

4. DESCRIPTION OF THE DRAWINGS

[0084] FIG. 1. Theproteolysis of APP by a-, - and y-secre-
tases. Two pathways (3/y and a/v) of APP processing have
been established. APP can be cleaved by etther [3- or a.-secre-
tase, and 1s then followed by y-secretase cleavage. y-Secretase
1s 1ncapable of processing APP without - or a.-secretase
cleavage that removes the large fragments of the extracellular
domain. The designation of substrates and products are
depicted.

[0085] FIG. 2. Invitro y-secretase activity for proteolysis of
aCTF (SEQ ID NO:7) and PCTF (SEQ ID NO:8). (A) Sche-
matic representation of MBP-BCTF and MBP-aCTF syn-
thetic substrates. The N- and C-termini of oCTF and PCTF
are tagged with maltose binding protein (MBP) and FLAG,
respectively. There 1s a thrombin cleavage site between MBP
and the APP polypeptides. The cleavage sites of thrombin, a-
and vy-secretase are indicated by arrows. The recognition
epitope of antibodies that have been used 1n the assay of (D)
are indicated by the “Y’-shaped cartoon symbols. (B) and (C)
Analyses of oCTF and BCTEF. Purified proteins were sepa-
rated by SDS-PAGE and stained by Coomassie Blue (Panel
B). The protein masses were determined by Electrospray
LC-MS (Panel C). The molecular mass of aaCTF and PCTF
were calculated through deconvolution of mass-to-charge
ratio (m/z). (D) In-vitro y-secretase activity for production of
X40 (the productresulting from y-secretase cleavage of PCTF
between the positions corresponding to AB40 and AP41; see
FIG. 1) from aCTF and BCTF substrates. Each substrate at
0.1, 0.5 and 1 uM was incubated with HelLa membrane (4 ng)
in the presence o1 0.25% CHAPSO. After 2.5 hrs incubation,
the reaction was stopped by adding RIPA buifer and the
product X40 was assayed with biotinylated 4G8 and ruthe-
nylated G2-10 antibodies by ECL (mean+SEM; n>3). The
amount of X40 was determined using synthetic A[340 and P3
(see FIG. 1) peptides as standards. Note: 1n all figures, the
assay background was defined 1n the presence of 1 uM or 2
uM L-685,458 for in vitro and cell based assays, respectively.
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v-Secretase activity was calculated by subtracting the assay
background from the signal that was detected 1n the absence

of inhibitor (DMSO only).

[0086] FIG. 3. Effect of the inhibitory domain on 1n vitro
v-secretase activity. (A) Schematic representation of pCTF
(SEQ ID NO:8) and the AP17-23 deleted form of PCTF
(PCTFA; SEQ ID NO:25). The vy-secretase cleavage site 1s
indicated by an arrow between orange and blue shades. The
AP17-23 region 1s marked by dotted square. (B) The kinetic
analyses of y-secretase reactivity with PCTF and PCTFA
substrates. Various concentrations of substrate (BCTF or
BCTFA) were incubated with HelLa membrane 1n the pres-
ence of 0.25% CHAPSO. The product AP40 was assayed
with biotinylated 6E10 and ruthenylated G2-10 antibodies by
ECL. The Km and Vmax were calculated using the Michae-
lis-Menten equation (meantSEM; n>3). Note: There 1s a
10-fold difference between left Y-axis that 1s for the pCTFA
substrate and right Y-axis for the JCTF substrate. (C) In vitro
v-secretase activity from mouse brain using PCTF and
BCTFA substrates. pCTF or BCTFA was incubated with
mouse brain membrane, and Ap40 (SEQ ID NO:16) and
ApR42 (SEQ ID NO:17) were detected by biotinylated 6E10
paired with ruthenylated G2-10 or G2-11 antibodies, respec-
tively (mean+SEM; n>3). Note: There 1s a 10-fold d1 ‘erence
between left Y-axis that 1s for ApP40 and right Y-axis for A342.
(D) The effect of an inhibitory domain on y-secretase activity
for A38 production. pCTF or pCTFA at 0.25, 0.5 and 1 uM
was incubated with HelLa membrane 1n the presence 01 0.25%
CHAPSO. The product APB38 was assayed with biotinylated
6E10 and ruthenylated Ap38 antibodies (purchased from Dir.
Pankaj D. Methta) (data represent the mean of duplicates with
variance <10%). (E) The effect of an 1nhibitory domain on
v-secretase activity for ACID production. HEK293 cell mem-
brane was prepared from cells that have been transtected with
BCTF (SPA4CT) (Lichtenthaler et al., 1999) and BCTFA
(SPA4CTA) constructs for 48 hours. Cell membranes (2
mg/ml) were incubated 1n the absence and presence of 2 uM
[.-685,458 and then analyzed by Western blotting with CT-15
antibody (Chen et al., 2002).

[0087] FIG. 4. Covalent labeling of y-secretase subunits by
an AP17-23 denived photoreactive y-secretase inhibitor. (A)
Inhibition of 1n vitro y-secretase activity for APP and Notch
substrates by Ap17-23 (LVFFAED) peptide (SEQ ID
NO:18). Various concentrations of inhibitor were imncubated
with APP substrate (S4) or Notch peptide substrate contain-
ing the C-terminal biotinylated transmembrane domain of
Notchl and Hel.a cell membrane in the presence of 0.25%
CHAPSO. AP40 was detected by G2-10 antibody. The
cleaved Notch product was detected by Vall'744 antibody that
specifically recognizes the cleaved product between Gly1743
and Vall744. Activities are expressed as percentage relative
to reading that was produced in DMSO control. (B) Lin-
eweaver-Burk plots for inhibition of y-secretase by A317-23
peptide. Various concentrations of S4 substrate were 1ncu-
bated with HeLa membrane 1n fixed concentrations of inhibi-
tor as indicated. The double reciprocal velocity (1/v) and
substrate concentrations (1/S) are plotted to determine the
type of inhibition. (C) Inhibitory potencies oT Ap17-23 and its
analogs. Assays were conducted as described 1n FI1G. 4A. (D)
Photoailinity labeling of v-secretase by biotinylated photore-
active peptide AP17-23(AP17-23BPA,-biotin). Ap17-
23BPA ,,-biotin (300 nM) was photoactivated with HelLa cell
membrane with 0.25% CHAPSO in the absence or presence
of ApP17-23BPA,, (10 uM). The labeled samples were solu-
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bilized with RIPA butfer. Biotinylated proteins were captured
with streptavidin-agarose and probed by immunoblotting
using antibodies against biotin, PS1-CTF, PS1-NTF, Nicas-
trin, PEN-2 and APH-1a. HelLa cell membrane proteins were

directly loaded onto lanes indicated by an arrow in the PEN-2
and APH-1a blots as positive controls. (E) Effect of AR17-21

and AP317-23 onthe photoinsertion of Ap17-23BPA,,-Biotin.
Photoactive peptide AP17-23BPA,,-Biotin was used at 300
nM 1n the absence or the presence of AB17-21 and ApB17-23
peptides (SEQ ID NOS:19 and 18, respectively) at 10 uM
(upper panel) and 25 uM (lower panel), respectively. (F)
Effect of y-secretase inhibitors (LL.-685,458 and compound E)
on the photoinsertion of AB17-23BPA, -Biotin into the sub-
units of y-secretase. Upper panel: PS1-NTF; Lower panel:
PS1-CTF. Photoactive peptide AP17-23BPA, ,-Biotin at 300
nM and AP317-23BPA,, at 10 uM, L-685,438 at 2 uM com-

pound E at 2 uM were used for this study.

[0088] FIG. 5. Retro mverso peptide derivative of the
inhibitory domain inhibits cellular y-secretase activity for the
processing of APP but not Notchl. (a) Structures of the modi-
fied mnhibitory domain peptide (PM-1; SEQ ID NO:23) and
its retro inverso version (RI-PM-1; (SEQ ID NO:24). In PM-1
the C-terminus of Ap17-23 peptide 1s amidated and the side
chains of the Glu(E) and Asp(DD) amino acids are converted
into methyl ester. RI-PM-1 1s a retro-inverso form of PM-1
which reverses the primary sequence of PM-1 and changes
the L-amino acids to D-amino acids. (b) Inhibitory potency
and specificity of the RI-PM-1 peptide. The IC50 of the PM-1
and RI-PM-1 peptide were determined by assessing produc-
tion of APB40using by 6E10 or 4G8 and G2-10 antibodies. The
inset showed that RI-PM-1 (100 uM) can block the photoin-
sertion of AP17-23BPA,,-biotin (300 nM) into PS1. (c)
Effect of RI-PM-1 peptide on secreted AP340 production.
RI-PM-1 at 100, 60 and 30 uM was used to treat N2A APP
stable cells for 48 hrs. The conditioned media were collected
and secreted APB40 was measured with 6E10/G2-10 antibod-
ies (mean+SEM; n=3). The activities of the peptide treat-
ments were normalized to the DMSO treatment. (d) Effect of
RI-PM-1 on intracellular APP CTFs. The same experiments
were performed as (C). The cell lysates were analyzed by
C'T-15 antibody. Upper panel: full length APP. Lower panel:
CTFs. (e) Effect of RI-PM-1 on Notchl processing. The
AE-Notchl (a Notch construct with deletion of the extracel-

lular portion and tagged by Myc) was transfected into
HEK293 cells. After transiection, the cells were treated with
DMSO, L-685,458 (2 uM) and RI-PM-1 (100, 60 and 30 uM)
for 48 hrs. The cell lysates were analyzed by Western blot
with anti-Myc (upper panel) and SM320 antibody (lower
panel) that specifically recognizes the vy-secretase cleaved
NICD, but not substrate.

[0089] FIG. 6. Effect of the ApP17-23 inhibitory domain on
v-secretase activity 1n cells (A) Schematic representation of
the PCTFE, BCTF deletion (PCTFA) and PCTF mutation
(PCTFmut) proteins (SEQ ID NOS:8, 25 and 26, respec-
tively) 1n the cellular studies. The cleavage sites of a- and
v-secretases are indicated by arrows. The light blue trapezoid

indicates signal peptide. All three proteins are identical
except for the APR17-23 sequence (LVFFAED) as indicated;

the LVFFAED heptapeptide 1s deleted 1in the pCTFA and
mutated to the VAGAGGN in the pCTFmut constructs. The

recognition epitope of antibodies that have been used 1n Pan-

¢ls B and C are indicated by the “Y”’-shaped cartoon symbols.
(B) The protein expression levels of JCTF, pCTFA and BC'T-

Fmut in HEK293 cells. HEK293 cells were transiently trans-

.L
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fected with individual constructs 1n the presence and the
absence of 2 uM L-685,438. After 24 hours, cells were lysed
and analyzed by western blot using C'1-15 antibody for the
protein expression levels. Two western blots represent two
independent experiments. (C) Effect of deletion and mutation
of the inhibitory domain on Af3 and production. The condi-
tioned media from the transtection of (B) was collected and
secreted AP40 was measured with 6E10 and G2-10 antibod-
1ies (mean+SEM; n>3). The A production levels of PCTFA
and BCTFmut are normalized to PCTF. (D) Effect of the S3
protein complexed with 4G8 antibody on y-secretase activity
in vitro. Monoclonal 4G8 antibody (4G8 mAb) (100 ng/ul)
was pre-incubated with S3 protein (1 uM) for 30 min. The
biotinylated S3 with and without treatment of 4G8 was incu-
bated with HelLa membrane in the presence of 0.25%
CHAPSO. The X40 product was detected using streptavidin
beads and G2-10 antibody (mean+SEM n >3). The scheme on
the right indicates the 4G8 antibody binding epitope on S3
protein.

[0090] FIG. 7. a-Secretase cleaved CTF (aCTF SEQ ID
NO: 7) negatively modulates y-secretase activity 1n cells (A)-

(E) Effect of TACE expression on APP693, sAPPa., sAPPf,

aCTF and pCTF (SEQ IDNOS:1,4,5,7 and 8, respectively).

After the HA tagged TACE gene has been tran51ently trans-
tected mnto HEK 293 cells that stably express APP (HEK293-
APP) for 72 hours, both cell lysates (A, D and E) and condi-
tioned media (B and C) were analyzed using ECL assay (C
and E) or western blot (A, B and D) using indicated antibod-
1es. Schematic representations of the APP fragments detected
by corresponding antibodies are indicated beside each panel.
(mean+SEM n >3)(** p<0.01). (F) Schematic summary of
the effect of TACE expression on o.-, p- and y-secretase cleav-
ages of APP. Overexpression of TACE enhances the produc-
tion ol sAPPc and aCTF and reduces the production of
sAPP(3. aCTF negatively modulate y-secretase activity that

concurrently leads to an accumulation of BCTF and a reduc-
tion of AP} and X40.

[0091] FIG. 8. a-Secretase cleaved CTF (aCTF) nega-

tively modulates y-secretase activity i vitro. (A) Elffect of
recombinant dCTF on 1n vitro y-secretase activity. aCTF
(0.25, 0.5 and 1 uM) were added to the 1n vitro y-secretase
reaction with 1 uM PCTF substrate 1n the presence o1 0.25%
CHAPSO. Detection of X40 and AP40 were performed as
explained 1n (C) (mean+SEM n >3). As shown on the right,
aCTF 1nhibits vy-secretase activity for the processing of
BCTE. (B) Effect of recombinant S4 on in vitro y-secretase
activity. S4 protein, which lacks the inhibitory domain, was
added at concentrations o1 0.25, 0.5, and 1 uM to the 1n vitro
v-secretase reaction mixture in the presence of 1 uM pCTF as
substrate. The 40-site product was detected by 6E10/G2-10
antibodies (mean+tSEM n >3). As indicated by the scheme on
the right, S4 does not suppress the processing of PCTF by
v-secretase and 1s a better substrate of y-secretase as well. (C)

Effect of Ap17-42 on 1n vitro y-secretase activity. Synthetic
peptide APB17-42 at 1, 3, 10 and 30 nM were co-incubated

with Hela cell membrane and 1 uM of BCTF or BCTFA
substrate 1n the presence of 0.25% CHAPSO. AP40 was
detected by 6E10/G2-10 antibodies (Data represents the aver-
age ol two experiments).

[0092] FIG. 9. Effect of internal AP FAD mutations on

v-secretase activity. (A) Five Alzheimer and Alzheimer-re-
lated disorder mutations are located 1n the A317-23 sequence
of APP. (B) Inhibitory potency of the five peptides that were
synthesized based on FAD mutations. The IC30 values were
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determined as described 1 (A) of FIG. 6. (** p<0.01; n=3).
(C) Effect of the FAD mutations on secreted AP40. After 48

hours transfection, conditioned media from each mutant were

analyzed for Ap peptide production using 6E10 and G2-10
antibodies (** p<0.01; n>3). (D) The effect of Flemish muta-

tion on the level of APP, sAPPa. and sAPPf. After APPwt or

Flemish, were transiently transfected into HEK 293 cells for
48 hours, cell lysates and conditioned media were subjected
to Western blot analysis with CT135 (upper panel), [-tubulin
(middle upper panel), 6E10, WO0-2 (middle lower panels) and
ant1-sAPP[ (lower panel) antibodies. (E) Effect of the inter-
nal A3 FAD mutations on 1n vitro y-secretase activity. Recom-
binant BCTFs dertved from wild type and the FAD mutations
were expressed 1 E. coli and purified using an MBP tag.
Purified CTF W'T and mutations (1 uM) were incubated with
Hel.a membrane in the presence of 0.25% CHAPSO and the
production of AP40 was detected by biotinylated 6E10 and
ruthenylated G2-10 antibodies (6E10/G2-10) (** p<0.01;
meanxSEM; n=3).

[0093] FIG. 10. Development of a homogeneous time-re-
solved fluorescence (HTRF) y-secretase assay using a bioti-
nylated recombinant substrate Sb4. (a) Comparison of the
reactivity of Sb4 and C100Flag 1n a y-secretase assay utilizing
clectrochemiluminescence detection. The C100Flag sub-
strate 1s not biotinylated, and therefore requires an additional
biotinylated antibody 1n the assay. High activity was defined
in the presence of 1% DMSO (v/v), whereas low activity 1s
the remaining y-secretase activity in the presence of 100 nM
Compound E GSI (y-secretase imhibitor; delivered in 1%
DMSQO (v/v)). Each assay point was performed 1n quadrupli-
cate and standard deviation 1s depicted. (b) Schematic repre-
sentation of HITRF v-secretase assay. Cleavage of Sb4 sub-
strate (SEQ ID NO:27) by vy-secretase at the 40-site 1s
detected using G2-10 antibody that binds only cleaved sub-
strate. HI'RF detection method 1s mcorporated to quantily
enzyme activity. Anti-mouse IgG linked europium fluoro-
phore binds to the G2-10 antibody, and Streptavidin-conju-
gated XL665 fluorophore binds at the biotinylated portion of
Sb4. Following cleavage of Sb4, all reaction entities come
into close proximity allowing FRET to occur. Europium 1is
stimulated with light at 337 nm, causing the release of a signal
at 620 nm. 620 nm light stimulates XI1.665 fluorophore to
release light at 665 nm and this 1s quantified on a plate reader.
Data values are calculated as the fraction of 665 nm signal
normalized to background 620 nm.

[0094] FIG. 11. Optimization of HTRF y-secretase assay
for utilization 1n a large scale high throughput screen. (a)
Titration of tolerable levels of DMSO 1n the y-secretase reac-
tion portion of the HTRF assay, ranging from 0% to 20%
DMSO or no y-secretase enzyme (indicated as No GS). Due
to the allotment of 1 ul of high throughput compounds 1n 10%
DMSQO for 1336-well screening, the y-secretase assay needed
to withstand a final DMSO concentration of 2% (v/v). (b)
Optimization of G2-10 antibody concentration for character-
ization of cleaved substrate. (¢) Anti-mouse IgG conjugated
fluorophore was titrated. (d) Inhibitory potency of L.685,458
and Compound E determined by the HTRF v-secretase assay.
Each assay point was performed in triplicate, and s.d. i1s
plotted. (e) Optimization conditions were performed in a
384-well assay format with a final reaction volume of 20 pl.
We finalized assay parameters to 0.3 nM G2-10 and 1 nM
Anti-Mouse IgG Europium cryptate. Finally, the assay was
miniaturized to a 1536-well format 1n a 10 ul reaction volume
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(5 ul vy-secretase reaction mix+5 ul HIRF detection mix).
(a)-(c), (e) For each assay point, n=8 and s.d. 1s plotted.

[0095] FIG. 12. AB40 (SEQ ID NO:16) HTRF assay pilot
screen results. (a) Distribution of high and low control wells
from the control run using one 1336-well plate representing
high control wells and one 1536-well plate representing low
control wells. High control wells contain 1% DMSO (v/v),
whereas low control wells contain 100 nM Compound E GSI
in 1% DMSO (v/v). (b) Frequency distribution of the high and
low control wells vielding a Z' value of 0.74 and a signal to
noise ratio of 4 to 1. (¢) Scatter plot analysis from the A340
HTRF pilot screen. A library of approximately 3,000 com-
pounds was screened on two successive days to evaluate
assay reproducibility and performance. Strong positives 1n
Quadrant I represent potential GSIs. Data points located 1n
Quadrant II or IV are compounds that did not reproduce 1n
both runs of the assay. The majority of compounds located
around the X- and Y-axis intercept represent compounds that
did not exhibit any significant activity against y-secretase. (d)
Dose response curve of pepstatin A. Data points were per-
formed 1n duplicate.

[0096] FIG. 13: Structures of selected active compounds
identified 1n the HTRF based y-secretase pilot screen.

[0097] FIG.14. Recombinant y-Secretase Substrate Allows
for Detection of Protease Activity Directly 1n Cells. (a) Sb4
v-Secretase Substrate. Schematic of the truncated Sb4 sub-
strate (SEQ ID NO:27) from the amyloid precursor protein
that has an engineered MBP tag as well as AviTag for purifi-
cation and biotinylation, respectively. A thrombin cleavage
site between the MBP tag and Avi'Tag allows for the removal
of MBP by thrombin treatment following substrate purifica-
tion. (b) LC-MS analysis identified Sb4 at the expected size
and determined that greater than 90% of purified Sb4 1is
shown to be biotinylated. (c¢) Development of an Exo-Cell
Assay. Utilization of the Sb4 substrate 1n conjunction with a
small amount of CHAPSO detergent allows for real-time
examination of N -secretase activity directly from cells using
ECL or homogenous time-resolved fluorescence (HTRF)
detection methods 1n 96-well format.

[0098] FIG. 15. Development of an Exo-Cell Assay for
(Quantification of y-Secretase Activity in Cells. (a) Titration of
CHAPSO detergent 1n the exo-cell assay. CHAPSO detergent
was titrated to determine the optimal amount required for
stimulating y-secretase activity. The titration was performed
using 1x10°HeLa cells and 1 uM Sb4 substrate. This reaction
was incubated for 2.5 hours at 37° C. Supernatant was then
collected and analyzed using ruthenylated G2-10* antibody.
Activity was quantitated by measuring ECL. For each assay
point n=4, and s.d. 1s plotted. (b) Titration of the number of
HelLa adenocarcinoma cells from which the exo-cell assay
can detect N -secretase activity. The indicated number of
Hela cells were seeded in a 96-well plate and allowed to
attach overnight. The next day media was removed and
replaced with fresh media containing 0.25% CHAPSO deter-
gent, 1 uM Sb4 substrate, and DMSO or 1 uM Compound E
to define background. Values plotted represent the activity
quantified for each cell number assay point with GSI-defined
background subtracted. For each assay point n=4, and s.d. 1s
plotted. (¢) Dose-dependent inhibition of X -secretase activ-
ity by GSI-34. HelL a cells were seeded 10,000 cells per well
of 96-well plate. The cells were treated for 24 hrs with the
indicated concentration of GSI-34 mhibitor. Cells were then
washed once with PBS and then the exo-cell assay was per-

formed using 1 uM Sb4 substrate and 0.25% CHAPSO deter-
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gent. (d) IC., values of distinct GSIs 1 extended exo-cell
assay. 1C., values were obtained for 2 distinct GSI com-
pounds using the extended exo-cell assay. For each data point
n=3, and s.d. 1s plotted.

[0099] FIG. 16. Examination of Real-Time y-Secretase
Activity in A20 Lymphoma and in Primary B-CLL Patient
Samples. (a) Correlation Between real-time inhibition of
X -secretase activity and GSI-mediated inhibition of A20
mouse lymphoma proliferation. Two 96-well plates were

seeded with 50,000 A20 mouse lymphoma cells per well 1n
100 ul RPMI media. To each of these plates an additional 100

ul of media was added containing DMSO or GSI-34 to 1ndi-
cated final concentration. These plates were incubated for 48
hours at 37° C. Following this incubation, one plate was used
in a real-time exo-cell assay to quantitate the real-time 1nhi-
bition of y-secretase 1 A20 cells. Briefly, A20 cells were
pelleted and media removed. Fresh media containing 1 uM
Sb4 substrate and 0.25% CHAPSO detergent were added and
the exo-cell assay was performed. For each assay point n=4,
and s.d. 1s plotted. Additionally, to the other 96-well plate 2
uCi/ml ["H]thymidine was incubated with the cells for 5
hours. Following 5-hour incubation at 37° C., the amount of
tritiated DNA was quantified on a p-counter. For each prolit-
eration assay point n=10, and s.d. 1s plotted. (b) Real-time
v-secretase activity i primary B-CLL patient samples.
B-CLL cells were seeded 1n 96-well plate at a concentration
of 50,000 cells per well. These were allowed to attach over-
night. Subsequently, the media was removed and fresh media
was added back that contained either DMSO or 1 uM Com-
pound E inhibitor. This was incubated for 24 hrs at 37° C.
Cells were then washed once 1n PBS and exo-cell assay was
performed as previously described. For each assay point n=4,
and s.d. 1s plotted.

>. TERMINOLOGY

[0100] As used herein, the term “amyloid precursor pro-
tein” (“APP”) refers to an integral membrane protein that 1s
expressed 1n tissues and concentrated 1n the synapses ol neu-
rons. As used herein, “APP” refers to a mammalian APP, e.g.,
a human APP. As used herein, the term “APP” or “APP
polypeptide” 1s meant to encompass all 1soforms and forms of
APP, both wild-type and synthetic. Exemplary APP 1soforms
include, but are not limited to, APP695 (SEQ ID NO:1), the
695 amino acid splice variant of APP (see GenBank accession
no. Y00264 or SwissProt/UniProt Acc. No. P035067, and
Kang, et al., 19877, Nature 325:733-736), APP 731 (SEQ ID
NO:2), the 751 amino acid splice variant of APP (see Swis-
sProt/UniProt Acc. No. PO5067, or Ponte, et al., 1988, Nature
331:525-327), and APP770 (SEQ ID NO:3), the 770 amino
acid splice variant of APP (see SwissProt/UniProt Acc. No.
P05067 or Kitaguchi, et al., 1988, Nature 331:530-532).
Other 1soforms of APP include APP714, L-APP752,
L-APP733, L-APP696, L-APP677, APP563 and APP365.
Use of the term APP herein 1s meant to include all 1soforms
containing mutations found 1n familial AD and other amyloi-
dosis conditions. For example, these mutations include, but
are not limited to, the Swedish double mutation (Lys670Asn,
Met671 Leu); the London mutation (Val7171le); the Indiana

mutation (Val717Leu); naturally occurring mutations includ-
ing Val717Phe, Val717Gly, Ala713Thr, and Ala713Val; the

Austrian mutation (Thr7141Ile); the Iranian mutation
(Thr714Ala); the French mutation (Val715Met); the German
mutation (Val713A1a); the Florida mutation (Ile716Val); the

Australian mutation (Leu723Pro); the Flemish mutation
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(Ala692Gly); the Dutch mutation (Glu693Gln); the Arctic
mutation (Glu693Gly); the Italian mutation (Glu693Lys); the
Iowa mutation (Asp694Asn); and the amyloidosis-Dutch
type mutation (Glu693Gln). (All numbering herein is relative
to the APP770 form). Use of the term APP herein further
includes proteins containing one or more additions, deletions,
insertions, or substitutions relative to the 1soforms described
above, and APP proteins from humans and other species.
Unless a specific 1soform 1s specified, APP when used herein
generally refers to any and all 1soforms of APP, with or
without mutations, from any species.

[0101] In addition, the term “APP polypeptide” relates 1n a
nonlimiting fashion to any fragment or portion of an APP
1soform, and to modifications thereof. The terms “fragment™
and “portion” are used interchangeably herein. A modifica-
tion of a fragment of an APP polypeptide includes one or
more additions, deletions, insertions, or substitutions relative
to the 1soforms described above.

[0102] As used herein the term “polypeptide” and related
terms designates any and all compositions 1n which a given
amino acid residue 1s linked to a neighboring amino acid
residue via a peptide bond. As used herein the term “peptide”™
1s synonymous with “polypeptide”. In this usage the length of
the polypeptide 1s not limited to a specified minimum number
of amino acid residues. A polypeptide may be composed of
only naturally occurring amino acid residues, or i1t may
include modified, synthetic, or dervatized amino acid resi-
dues as well. As used herein, the term “APP fragment™ refers
to any polypeptide derived from a wild-type or synthetic APP.
The term APP fragment further refers to any portion of an
APP that can be processed or cleaved, by one or more pro-
cessing or cleavage reactions, to Ap.

[0103] As used herein, the term “source of APP” refers to
any 1n vivo, €X vivo or 1n vitro substance containing APP or a
fragment thereof. For example, a “source” can include, but 1s
not limited to, a live organism (including a human patient, or
a laboratory or veterinary animal) or a sample therefrom
(such as a tissue or body fluid, or extract thereot), a cell (such
as a primary cell or cell line, or extract thereot), extracellular
medium or matrix or milieu, or 1solated protein. Sources of
APP are not limited to naturally occurring APP, but can also
comprise the modified APP polypeptides or variants thereof
described herein.

[0104] As used herein, the term “source of gamma-secre-
tase” refers to any 1n vivo, €X vivo or 1n vitro substance
containing gamma-secretase. For example, a “source” can
include, but 1s not limited to, a live organism (including a
human patient, or a laboratory or veterinary animal) or a
sample therefrom (such as a tissue or body fluid, or extract
thereol), a cell (such as a primary cell or cell line, or extract
thereol), extracellular medium or matrix or milieu, or isolated
protein. Sources of gamma-secretase are not limited to natu-
rally occurring gamma-secretase, but can also comprise engi-
neered and/or synthesized gamma-secretase.

[0105] As used herein, the term “source of beta-secretase”
refers to any 1n vivo, €X vivo or 1n vitro substance containing,
gamma-secretase. For example, a “source” can include, but is
not limited to, a live organism (including a human patient, or
a laboratory or veterinary animal) or a sample therefrom
(such as a tissue or body fluid, or extract thereot), a cell (such
as a primary cell or cell line, or extract thereot), extracellular
medium or matrix or milieu, or 1solated protein. Sources of
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beta-secretase are not limited to naturally occurring gamma-
secretase, but can also comprise engineered and/or synthe-
s1zed beta-secretase.

[0106] As used herein, the term “modified APP” refers to
any APP or APP fragment, so long as said APP or APP
fragment comprises a gamma-secretase cleavage site and at
least one amino acid modification, wherein said modification
comprises at least one amino acid substitution, deletion,
insertion, or addition 1n the region of APP 1dentified herein as
the gamma-secretase inhibitory domain. An example of a
modified APP 1s a modified APP695 substrate with residues
613-617 deleted therefrom (termed “modified APP695”
herein). A modified APP of the invention may further com-
prise amino acid modifications outside of the gamma-secre-
tase inhibitory domain, wherein said amino acid modifica-
tions comprise any number of amino acid substitutions,
deletions, msertions, or additions, so long as said modified
APP retains its ability to be cleaved by gamma-secretase. The
invention further encompasses variants of the modified APP
described herein. Variants of the modified APP described
herein may comprise any number of amino acid substitutions,
deletions, insertions, or additions, so long as said variants
retain a gamma-secretase cleavage site and a gamma-secre-
tase inhibitory domain comprising at least one amino acid
modification, wherein said modification comprises at least
one amino acid substitution, deletion, insertion, or addition in
the gamma-secretase mhibitory domain. The comparative
similarity of a modified APP described herein, and a variant
thereol, 1s defined by the “relative sequence identity” of that
modified APP sequence variant thereof. In certain embodi-
ments, a variant of a modified APP as described herein 1s at
least 95% 1dentical to that modified APP (based on amino acid
sequence homology, 1.e., the “relative sequence 1dentity™). In
other embodiments, a variant of a modified APP as described
herein 1s at least 90% 1dentical to that modified APP. In other
embodiments, a variant of a modified APP as described herein
1s at least 85% identical to that modified APP. In other
embodiments, a variant of a modified APP as described herein
1s at least 80%, at least 75%, at least 70%, at least 65%, or at
least 60% percent 1dentical to that modified APP (based on
amino sequence homology). For all such vanants, 1t 1s noted
that the functional ability to serve as a “suitable substrate” for
the gamma-secretase enzyme, such as in the assays described
herein, or also 1in other methods now known 1n the art, or,
optionally, also including methods later known 1n the art, 1s
essential to the inclusion of any such variant within the opera-
tion of the mvention.

[0107] Asused herein, the term “unmodified gamma-secre-
tase substrate” refers to a gamma-secretase substrate or a
fragment or variant thereof that does not have a modification
in the gamma-secretase inhibitory domain. As used herein, an
“unmodified gamma-secretase substrate control” refers to a
gamma-secretase substrate or a fragment or variant thereof
that 1s substantially similar to a modified gamma-secretase
substrate of the invention or variant thereof save for the fact
that 1t does not have a modification 1n the gamma-secretase
inhibitory domain.

[0108] Asused herein, an “unmodified APP control” refers

to an APP or fragment thereof that 1s substantially similar to
a modified APP of the invention or variant thereof save tor the

fact that 1t does not have a modification in the gamma-secre-
tase inhibitory domain.

[0109] As used herein, the term “amyloid-beta (frequently
referred to hereimn as “Af3”)” refers to any one of a set ofrelated
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peptides obtained from the proteolytic cleavage of APP.
Cleavage of APP by beta-secretase generates two APP frag-
ments, referred to herein as “beta-CTFE” (beta-C-terminal
fragment) and “soluble beta-APP” (s-beta-APP). Beta-CTF
1s an approximately 100 amino acid fragment, whose N-ter-
minus 1s the N-terminus of A} and serves as the substrate for
v-secretase to provide an A} peptide. An example of a natu-

rally occurring beta-CTF sequence, 1.e., the beta-CTF of
APP693, 1s provided in SEQ ID NO:8. Derivatives of the

beta-CTF portion of APP provided in SEQ ID NO:8 are well
known 1n the art (see, e.g., Lichtenthaler, et al., 1997, Bio-
chemistry 36:15396-15403; and Selkoe, 1999, Nature 399:
A23-A31). Such derivatives can themselves provide a beta-
CTF domain or can serve as a starting point for creating
additional dertvatives. Subsequent gamma-secretase cleav-
age of beta-CTF generates the C-terminus of Af3. Because
gamma-secretase cleavage of the beta-CTF fragment occurs
over a short stretch of amino acids rather than at a single
peptide bond, AP ranges 1n size from, e.g., 38 to 43 peptides.
However, A} peptides of 40 and 42 amino acids in length
(“APB40” and “Ap42,” (SEQ ID NOS:16 and 17, respectively)
predominate.

[0110] As used herein, the term “gamma-secretase mhibi-
tory domain” refers to the amino acid sequence of APP dis-
covered by the inventors as that which inhibaits the cleavage of
APP by gamma-secretase. The amino acid sequence corre-
sponding to the gamma-secretase ihibitory domain of APP
comprises the amino acid sequence Leu-Val-Phe-Phe-Ala
(SEQ ID NO:4). Because APP 1soforms represent splice vari-
ants, the amino acid location (1.e., the numeric position in the
protein sequence) of the gamma-secretase inhibitory domain
differs from one 1soform to the next. However, the amino acid
residue location of the gamma-secretase inhibitory domain 1s
identical in the beta-C'TF fragments generated by cleavage of
any common APP 1soform by beta-secretase (see FIGS. 1 and
9A), since the CTF 1s invariant among them. Thus, reference
made herein to the gamma-secretase ihibitory domain, in
terms of amino acid numbering and location, will use the
amino acid location of the gamma-secretase inhibitory
domain as 1t exists 1n beta-CTF or derivative thereof, 1.e.,
amino acid positions 17-21. Thus, e.g., reference to a modi-
fied APP comprising a modification to amino acid 17 of the
gamma-secretase inhibitory domain of said modified APP 1s
understood to correspond to a modification to amino acid 17
of a beta-C'TF sequence or a derivative thereof.

[0111] As used herein, the term “Ap” refers to any of the
polypeptides produced by the sequential action of [3-secretase
and y-secretase on an APP. Depending on the exact location of
the proteolysis by y-secretase, a variety of polypeptides 1s
produced. Examples of possible species of A} 1s given by
SEQ ID NOS:15-17.

[0112] As used herein, the term “gamma-secretase™ refers
to an enzyme(s) with the ability to cleave at the gamma-
secretase site of a protein having a gamma-secretase cleavage
site, €.g., APP. As used herein, gamma-secretase includes all
recombinant forms, mutations, and other variants of gamma-
secretase so long as these maintain a functional capability to
catalyze the cleavage of molecules or substrates bearing
gamma-secretase cleavage sites.

[0113] As used herein, the term *“‘beta-secretase’ refers to
an enzyme(s) with the ability to cleave at the beta-secretase
site of a protein having a beta-secretase cleavage site, e.g.,
APP. As used herein, beta-secretase includes all recombinant
forms, mutations, and other variants of beta-secretase so long
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as these maintain a functional capability to catalyze the cleav-
age of molecules or substrates bearing beta-secretase cleav-
age sites. Beta-secretase, as used herein, encompasses an
enzyme that 1s sometimes known 1n the literature as “BACE”
or “BACE1” (see, e.g., Vassar, et al., 1999, Science 286:735-
741).

[0114] As used herein, the term “alpha secretase™ refers to
an enzyme(s) with the ability to cleave at the alpha-secretase
site of a protein having an alpha-secretase cleavage site, e.g.,
APP. As used herein, alpha-secretase imncludes all recombi-
nant forms, mutations, and other variants of alpha-secretase
so long as these maintain a functional capability to catalyze
the cleavage of molecules or substrates bearing alpha-secre-
tase cleavage sites.

[0115] As used herein, the term “gamma-secretase cleav-
age site” refers to the peptide bond 1 any amino acid
sequence that 1s cleaved by gamma-secretase, or to a poly-
nucleotide encoding the cleavable amino acid sequence.

[0116] As used herein, the term “beta-secretase cleavage
site”” refers to the peptide bond 1n any amino acid sequence
that 1s cleaved by beta-secretase, or to a polynucleotide
encoding the cleavable amino acid sequence.

[0117] As used herein, the term “alpha-secretase cleavage
site” refers to the peptide bond 1n any amino acid sequence
that 1s cleaved by alpha-secretase, or to a polynucleotide
encoding the cleavable amino acid sequence.

[0118] As used herein, the term “gamma-secretase sub-
strate” refers to any naturally occurring or synthetic sequence
of amino acids (e.g., polypeptides and proteins) comprising a
gamma-secretase cleavage site. Non-limiting examples of
gamma-secretase substrates include all modified APP as
described herein, APP, neuregulin-1, alpha-protocadherin,
SCNB2, Tie-1, beta-APP like protein 1, beta-APP like protein
2, nectin-3, nectin-4, alcadein alpha, alcadein gamma,
APLP1, APLP2, ApoER2, CD43, CD44, CSF1R, CXCL16,
CX3CL1, DCC, Deltal, E-cadherin, EphrinB1, EphrinB2,
EphB2, ErbB4, GHR, HLA-A2, IGF1R, IFN-alpha-R2,
IL-1R2, IR, IRE1-alpha, Jagged2, L1, LRP, LPR1B, LRP2,
LRP6, N-cadherin, Nectinl -alpha, notch, Notchl, Notch2,
Notch3, Notch4, NRADD, p73-NTR, PKHD1, Pcdh-alpha-
4, Pcdh-gamma-C3, PTP-kappa, PTP-u, PTP-LAR,
SorCS1b, SorL A, Sortilin, Syndecan3, Tyrosinase, TYRP1,
TYRP2, VEGF-R1, VGSC-beta-2, and VLDLR.

[0119] Asusedherein, the term “‘uninhibited gamma-secre-
tase substrate” also termed herein a “gamma-secretase sub-
strate released from inhibition” refers to a gamma-secretase
substrate toward which gamma-secretase has an increased
activity. In certain embodiments, an uninhibited gamma-
secretase substrate comprises a modification in the gamma-
secretase inhibitory domain, wherein said modification to the
gamma-secretase inhibitory domain reduces and/or elimi-
nates the inhibitory effect of the gamma-secretase inhibitory
domain. In certain embodiments, an uninhibited gamma-
secretase substrate comprises a modification to the nicastrin
docking motif. Accordingly, an uninhibited gamma-secretase
substrate will be more susceptible to gamma-secretase cleav-
age, 1.e., gamma-secretase will exhibit a higher degree of
activity toward the uninhibited gamma-secretase substrate,
than a gamma-secretase substrate that has an 1dentical struc-
ture and/or sequence save for a modification in the gamma-
secretase mhibitory domain.

[0120] As used herein, the term “‘conservative amino acid
substitution™ refers to the replacement of one amino acid
residue by another, chemically similar, amino acid residue.
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Non-limiting examples of such conservative substitutions
are: substitution of any hydrophobic residue (alanine, 1soleu-
cine, leucine, valine, or methionine) for another; substitution
of any 1onic residue for another 1onic residue of the same
charge (e.g., arginine for lysine; glutamic acid for aspartic
acid); substitution of any polar residue (serine, threonine,
asparagines, glutamine, cysteine, histidine or tyrosine) for
another; and substitution of any aromatic amino acid (tryp-
tophan, tyrosine, histidine, or phenylalanine) for another.
Conservative amino acid substitutions that are known or rea-
sonably predicted to not adversely alter the desired function-
ality of the novel sequences disclosed herein are disclosed.
Such disclosed conservative amino acid substitutions are con-
sidered to fall within the scope of the sequence listings that
include the novel modified APP sequences disclosed and
claimed herein.

[0121] As used herein, the term “1solated,” as 1t refers to a
modified APP of the invention refers to any modified APP that
has been 1solated from any source, e.g., from a cell that
naturally expresses the modified APP or that has been engi-
neered to express the modified APP.

[0122] The term “contacting’ refers to bringing into asso-
ciation, either directly or indirectly, two or more substances or
compositions. Contacting may occur 1n vivo, €X vivo or 11
vitro. Commonly contacting a first composition with a second
composition brings about a transformation in the first com-
position, the second composition, or both compositions.

[0123] As used herein, the term “consists essentially,” with
respect to a modified APP of the invention, indicates that the
reference sequence can be modified by N-terminal and/or
C-terminal additions or deletions that do not cause a substan-
t1al decrease 1n the ability of the gamma-secretase substrate to
be cleaved compared to the reference sequence.

[0124] As used herein, the term “transfection” refers to any
of the methods known 1n the art for introducing DNA 1nto a
cell including, but not limited to, the methods of calcium
phosphate or calcium chloride mediated transtection, elec-
troporation, and infection with a retroviral vector.

[0125] As used herein, the terms “fusion protein™, “chi-
meric protein”, and related terms and phrases, refer to a
protein or polypeptide engineered to contain at least two
polypeptide regions or domains, each having recognizable
structure, function, or similar attribute, and, optionally, a
linking peptide to operatively link the two polypeptides into
one continuous polypeptide. The at least two polypeptide
regions 1n a fusion protein are derived from different sources,
and therefore a fusion protein comprises two polypeptide
regions not normally joined together 1n nature.

[0126] As used herein, the term “linking sequence (or
linker peptide)” contains one or more amino acid residues
joined 1n peptide bonds. A linking sequence serves to join two
polypeptide regions of differing origins 1n a fusion protein via
a peptide bond between the linking sequence and each of the
polypeptide regions.

[0127] As used herein, the terms tag, probe or label refer
interchangeably to a moiety bound to a target substance that
permits easy detection or assay of the target. A tag, probe or
label may include a particular amino acid sequence defiming a
polypeptide tag, probe or label, or 1t may include a non-
proteinaceous moiety that can be readily detected by a labo-
ratory assay. Examples of a polypeptide tag include maltose
binding protein, Avi-Tag, the FLAG epitope, glutathione
dehydrogenase, horse radish peroxidase, and so forth. Addi-
tionally a tag, probe or label may include an antibody that
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specifically binds to a target substance, or to a second anti-
body. An antibody tag, probe or label may 1tself further bear
detectable moiety as a tag, probe or label, such as a fluores-
cent moiety, including a fluorescent moiety that can serve as
a fluorescence donor or a fluorescence energy acceptor, or a
moiety that responds in a chemiluminescence assay.

[0128] As used herein, the term “gamma-secretase assay”
refers to any assay which can be used to measure the activity
ol gamma-secretase toward a gamma-secretase substrate.
[0129] As used herein, the term ““about” or “approxi-
mately,” when used 1 conjunction with a number, refers to
any number that 1s experimentally or empirically similar to a
referenced number, such that a property that the number
describes 1s not significantly distinguished from a reference
property.

[0130] As used herein, the terms “increase,” “increases,”
and “increased,” 1n the context of the activity of gamma-
secretase refer, in some embodiments, to: (1) an increase of
0.5%, 1%. 1.5%, 2%, 5%, 10%, 20%, 30%, 40%, 50% or
more; or (1) an 1ncrease of 1.5, 2, 3, 4, or 5 fold or more.
[0131] As used herein, the terms “change™ or “changed,” 1n
the context of the activity of gamma-secretase refer, 1n some
embodiments, to: (1) a change of 0.5%, 1%. 1.5%, 2%, 3%,
10%, 20%, 30%, 40%, 50% or more; or (11) achange o' 1.5, 2,
3.4, or 5 fold or more.

[0132] As used herein, the term “gamma-secretase inhibi-
tor” refers to any molecule, compound, and/or substance
capable of reducing and/or eliminating the activity of gamma-
secretase.

[0133] As used herein, the term “compound,” unless other-
wise specilied or clear from the context of the specification,
refers to any agent being tested for its ability to modulate
gamma-secretase activity. In one embodiment, the term
“compound” refers to a small molecule.

[0134] As used herein, the term ““small molecule” and
analogous terms include, but are not limited to, peptides,
peptidomimetics, amino acids, amino acid analogs, poly-
nucleotides, polynucleotide analogs, nucleotides, nucleotide
analogs, other organic and inorganic compounds (1.€., includ-
ing heteroorganic and organometallic compounds) and forms
thereol having a molecular weight of less than about 10,000
Da, or less than about 5,000 Da, or less than about 1,000 Da,
or less than about 500 Da, or less than about 100 Da.

[0135] As used herein, the term “therapeutic agent™ refers
to any molecule, compound, and/or substance that 1s used for
the purpose of treating and/or managing a disease or disorder,
1.€., a gamma-secretase mhibitor. Examples of therapeutic
agents 1nclude, but are not limited to, proteins, compounds,
immunoglobulins (e.g., multi-specific Igs, single chain Igs, Ig
fragments, polyclonal antibodies and their fragments, mono-
clonal antibodies and their fragments), peptides (e.g., peptide
receptors, selectins), binding proteins, biologics, chemospe-
cific agents, chemotoxic agents (e.g., anti-cancer agents),
proliferation-based therapy, radiation, chemotherapy, anti-
angiogenic agents, and small molecule drugs.

[0136] As used herein, the phrase “disease associated with
aberrant A3 level(s)” refers to any condition characterized by
an abnormal amount of at least one species of A} peptide
including, but not limited to, AP43, Ap42, APR40, AP39,
APR38, AB37,AP34, AB11-43, ApB11-42, Ap11-40, ApP11-39,
APR11-38, AP11-37, AP11-34; by an abnormal relative
amount of different species of A} peptides (such as the ratio
of AP42 to AP40); by an abnormal amount, or relative
amount, of AP 1 a particular form (such as monomeric,
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oligomeric, or fibrillar form; in solution or aggregated in a
plaque; 1n a particular conformation, etc.); and/or by an
abnormal amount, or relative amount, of AP} 1n a particular
location (such as intracellular, membrane-associated or extra-
cellular location, or 1n a particular tissue or body fluid). The
abnormal amount of one or more AP peptides, AP forms
and/or AP 1n a particular location can be relative to a condition
that 1s a normal, non-disease state. Diseases and disorders
characterized by altered A} levels are known 1n the art and/or
described herein, and include, for example, AD, Down syn-
drome, Parkinson’s disease, diffuse Lewy body disease, pro-
gressive supranuclear palsy, Hereditary Cerebral Hemor-
rhage with Amyloidosis-Dutch Type (HCHWA-D), cerebral
amyloid angiopathy (CAA), and mild cognitive impairment
(MCI).

[0137] As used herein, the term *“cancer” refers to a neo-
plasm or tumor resulting from abnormal uncontrolled growth
of cells. The term “cancer” encompasses a disease involving
both pre-malignant and malignant cancer cells. In some
embodiments, cancer refers to a localized overgrowth of cells
that has not spread to other parts of a subject, 1.e., a localized,
or at times benign, tumor. In other embodiments, cancer
refers to a malignant tumor, which has invaded and destroyed
neighboring body structures and spread to distant sites. In yet
other embodiments, the cancer i1s associated with a specific
cancer antigen.

[0138] Asused herein, the terms “fragment”, “portion” and
related terms and phrases when used 1n relation to a polypep-
tide having a stated or understood length refer to any amino
acid sequence comprising an amino acid sequence of contigu-
ous amino acid residues that 1s shorter than that of the replete
polypeptide by at least one residue. Thus a fragment or por-
tion of a polypeptide having N residues may range 1n length
from as many as N-1 contiguous residues to as few as two
contiguous residues of the sequence of the polypeptide.

[0139] As used herein, the term “‘effective amount™ 1n the
context of administering a gamma-secretase inhibitor to a
subject refers to the amount of a gamma-secretase inhibitor
which 1s suificient to achieve a prophylactic and/or therapeu-
tic effect.

[0140] As used herein, the term “in combination,” 1n the
context of the administration of a gamma-secretase inhibitor,
refers to the administration of two or more gamma-secretase
inhibitors, or the administration of one or more gamma-secre-
tase mnhibitors and one or more additional agents. The use of
the term “1n combination™ does not restrict the order 1n which
two or more gamma-secretase inhibitors or one or more
gamma-secretase inhibitor and another agent are adminis-
tered to a subject 1n need thereof.

[0141] As used herein, the term “separating” and similar
terms and phrases, when applied to a cell, connote resolving,
various fractions that may occur 1n the cell from one another.
Frequently a cell 1s disrupted to disperse 1ts contents 1nto a
suspending solvent prior to resolving its fractions. Disruption
may be accomplished, for example, by homogenization,
extrusion through a high shear device such as a French press,
sonication, and so on. The resulting cell-free suspension can
then be resolved 1nto fractions as above. In general, as used
herein, “separating’ includes any disruption of the cell.

[0142] As used herein, the term “host cell” includes a par-
ticular subject cell transformed or transiected with an instant
nucleic acid construct and the progeny or potential progeny of
such a cell. Progeny of such a cell may not be identical to the
parent cell transiected with the nucleic acid construct due to
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mutations or environmental influences that may occur 1n suc-
ceeding generations or integration of the nucleic acid con-
struct 1nto the host cell genome.

[0143] As used herein, the term “1solated,” as 1t refers to a
gamma-secretase inhibitor, means the physical state of a
gamma-secretase mhibitor after being separated and/or puri-
fied from precursors and other substances found in a synthetic
process (e.g., from a reaction mixture) or natural source or
combination thereof according to a process or processes
described herein or which are well known to the skilled arti-
san (e.g., chromatography, recrystallization and the like) 1n
suificient purity to be capable of characterization by standard
analytical techniques described herein or well known to the
skilled artisan. In a specific embodiment, the gamma-secre-
tase 1mhibitor 1s at least 60% pure, at least 65% pure, at least
70% pure, at least 75% pure, at least 80% pure, at least 85%
pure, at least 90% pure or at least 99% pure as assessed by
techniques known to one of skill 1n the art.

[0144] As wused herein, the terms “polynucleotide”,
“nucleic acid” and “nucleotides” refer to deoxyribonucle-
otides, deoxyribonucleic acids, ribonucleotides, and ribo-
nucleic acids, and polymeric forms thereof, and includes
either single- or double-stranded forms. In some embodi-
ments, nucleic acid refers to deoxyribonucleic acids (e.g.,
cDNA or DNA). In other embodiments, nucleic acid refers to

ribonucleic acids (e.g., mRNA or RNA).

[0145] Asused herein, the terms “subject” and “patient” are
used interchangeably, and refer to an amimal (e.g., birds,
reptiles, and mammals), such as a mammal including a non-
primate (e.g., a camel, donkey, zebra, cow, pig, horse, goat,
sheep, cat, dog, rat, and mouse) and a primate (e.g., a monkey,
chimpanzee, and a human). In a specific embodiment, the
subject 1s a human.

[0146] As used herein, the terms “therapies™ and “therapy”™
can refer to any method(s), composition(s), and/or agent(s)
that can be used 1n the prevention, treatment and/or manage-
ment of a disease or one or more symptoms thereof.

[0147] As used herein, the terms “treat,” “treatment,” and
“treating” refer, in the context of the administration of a
gamma-secretase inhibitor alone or in combination with
another agent to a subject to treat a gamma-secretase associ-
ated disease, to a therapeutic benelit achieved. In a specific
embodiment, such terms refer to at least one or more of the
following effects resulting from the administration of a
gamma-secretase mhibitor or other agent to a subject: (1) the
reduction or amelioration of the severity of the disease or a
symptom associated therewith; (1) the reduction in the dura-
tion of the disease or a symptom associated therewith; (111) the
regression of the disease or a symptom associated therewith;
(1v) the prevention of the development, onset or recurrence of
a symptom associated with the disease; (v) the reduction 1n
organ damage or failure associated with the disease; (v1) the
reduction 1n hospitalization of a subject having the disease;
(vi1) the reduction 1n hospitalization length of a subject hav-
ing the disease; (vi11) the increase in the survival of a subject
with the disease; (1x) the elimination of the disease or a
symptom associated therewith; (x) the inhibition of the pro-
gression of the disease or a symptom associated therewith;
(x1) the cure of the disease; and/or (x11) the enhancement or
improvement the therapeutic effect of another agent. In some
embodiments, treatment does not refer to a cure for the dis-
case, but the inhibition of the progression or worsening of the
disease.

2?7 L
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[0148] Concentrations, amounts, cell counts, percentages
and other numerical values may be presented hereinin arange
format. It 1s to be understood that such range format 1s used
merely for convenience and brevity and should be interpreted
flexibly to include not only the numerical values explicitly
disclosed as the limaits of the range but also to include all the
individual numerical values or sub-ranges encompassed
within that range as 1f each numerical value and sub-range
were explicitly disclosed.

6. DETAILED DESCRIPTION OF TH.

(L]

INVENTION
10149]
TABLE 1
Table of Sequences
SEQ

) NO.: Sequence Identifying Information

Human APP 695 Uniprot accession number PO5067-4

Human APP 751 Uniprot accession number PO5067-8

Human APP 770 Uniprot accession number PO3067-1

sAPPa

sAPPP

Modified APP695 (corresponds to the modified APP695
substrate bearing deletion 613-617)

aCTF

PCTE

S1 (includes N-terminal Avi-Tag)

S2 (includes N-terminal Avi-Tag)

S3 (includes N-terminal Avi-Tag and C-terminal FLLAG epitope)
S4 (includes N-terminal Avi-Tag and C-terminal FLAG epitope)
S5 (includes N-terminal Avi-Tag and C-terminal FLLAG epitope)

S6 (1includes N-terminal Avi-Tag and C-terminal FLAG epitope)
338

340

342

3(17-23)

3(17-21)

3(17-20)

Modified AP(17-23)

Random peptide

PM-1 (D, E, methyl ester; C-terminal amide)

Retro inverse peptide derivative RI-PM-1; all D-amino acids; D,
E are methyl ester derivatives; N-glycylurethane; C-terminal
amide

25  PCTFA (AP17-23 deleted from of PCTF; N-terminal FLAG):
26 PCTFmut

27  Sb4: Substrate construct with N-terminal Avi-Tag

28  Cl100Flag

o o B o b
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6.1. Methods of Making Modified Gamma-Secretase
Substrates

[0150] The uninhibited gamma-secretase substrates pro-
vided herein can made by standard recombinant DNA tech-
niques or by protein synthetic techniques, e.g., by use of a
peptide synthesizer. For example, a nucleic acid molecule
encoding a gamma-secretase substrate of the invention can be
synthesized by conventional techniques including automated
DNA synthesizers. Alternatively, PCR amplification of gene
fragments can be carried out using anchor primers which give
rise to complementary overhangs between two consecutive
gene fragments which can subsequently be annealed and
reamplified to generate a chimeric gene sequence (see, €.g.,
Current Protocols in Molecular Biology, Ausubel et al., eds.,

John Wiley & Sons, 1992).
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[0151] Recombinant synthesis techniques for encoding and
expressing polypeptides are also well known 1n the art. Such
techniques employ a nucleic acid template for polypeptide
synthesis. Starting with a particular amino acid sequence and
the known degeneracy of the genetic code, a large number of
different encoding nucleic acid sequences can be obtained.
The degeneracy of the genetic code arises because almost all
amino acids are encoded by different combinations of nucle-
otide triplets or “codons.” The translation of a particular
codon 1nto a particular amino acid 1s well known 1n the art
(see, e.g., Lewin GENES I, p. 172, Oxiord University Press,
1994, for a complete table of codons and their translated
amino acid residues, incorporated herein by reference).
Amino acids are abbreviated to a three-letter code, which 1s
used 1n sequence listings provided herein, and further abbre-
viated to an equivalent one-letter code (see Voet and Voet,

Biochemistry, John Wiley & Sons, New York, 1990; page 66
for a table of amino acid names, three-letter codes, and one-

letter codes, incorporated herein by reference).

[0152] The nucleotide sequences encoding gamma-secre-
tase substrates for use in making modified gamma-secretase
substrates of the invention may be obtained from any infor-
mation available to those of skill 1n the art (1.e., from Gen-
bank, the literature, or by routine cloning). The nucleotide
sequence coding for a gamma-secretase substrate can be
modified using approaches known to those of skill 1n the art,
¢.g., site-directed mutagenesis, and inserted into an appropri-
ate expression vector, 1.€., a vector which contains the neces-
sary elements for the transcription and translation of the
inserted protein-coding sequence. In some instances, the
gamma-secretase substrate sequence can be truncated 1n
order to remove a specific domain, such as the targeting
domain. The techniques for modifying or truncating DNA are
well known to those of skill in the art of molecular biology.
Also, the IL-3 and the gamma-secretase substrate sequences
can be ligated 1n such a way as to generate a DNA sequence
that, when translating, creates a polypeptide that 1s a gamma-
secretase 1nhibitor of the mvention. A variety of host-vector
systems may be utilized in the present invention to express the
protein-coding sequence. These include, but are not limited
to, mammalian cell systems infected with virus (e.g., vaccima
virus, adenovirus, etc.); isect cell systems infected with
virus (e.g., baculovirus); microorganisms such as yeast (e.g.
Pichia) containing yeast vectors; or bacteria (such as . coli)
transformed with bacteriophage, DNA, plasmid DNA, or
cosmid DNA. The expression elements of vectors vary in
their strengths and specificities. Depending on the host-vector
system utilized, any one of a number of suitable transcription
and translation elements may be used.

[0153] The expression of a gamma-secretase substrate of
the invention may be controlled by any promoter or enhancer
clement known 1n the art. Promoters which may be used to
control expression ol a gamma-secretase substrate include,
but are not limited to, the SV40 early promoter region (Ber-
noist and Chambon, 1981, Nature 290:304-310), the pro-
moter contained 1n the 3' long terminal repeat of Rous sar-
coma virus ( Yamamoto, et al., 1980, Cell 22:787-797), the
herpes thymidine kinase promoter (Wagner et al., 1981, Proc.
Natl. Acad. Sci. US.A. 78:1441-1445), the regulatory
sequences ol the metallothionein gene (Brinster et al., 1982,
Nature 296:39-42), the tetracycline (Tet) promoter (Gossen et
al., 1995, Proc. Nat. Acad. Sci. US.A. 89:5547-5551);
prokaryotic expression vectors such as the 3-lactamase pro-
moter (Villa-Kamaroil, et al., 1978, Proc. Natl. Acad. Sci.
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US.A. '75:3727-3731), or the tac promoter (DeBoer, et al.,
1983, Proc. Natl. Acad. Sci. U.S.A. 80:21-25; see also “Usetul
proteins from recombinant bacteria,” in Scientific American,
1980, 242:74-94); plant expression vectors comprising the
nopaline synthetase promoter region (Herrera-Estrella et al.,
Nature 303:209-213) or the cauliflower mosaic virus 35S
RNA promoter (Gardner, et al., 1981, Nucl. Acids Res.
9:2871), and the promoter of the photosynthetic enzyme ribu-
lose biphosphate carboxylase (Herrera-Estrella et al., 1984,
Nature 310:115-120); promoter elements from yeast or other
fungi such as the Gal 4 promoter, the ADC (alcohol dehydro-
genase) promoter, PGK (phosphoglycerol kinase) promoter,
alkaline phosphatase promoter, and the following animal
transcriptional control regions, which exhibit tissue specific-
ity and have been utilized 1n transgenic animals: elastase I
gene control region which is active 1 pancreatic acinar cells
(Swilt et al., 1984, Cell 38:639-646; Ormitz et al., 1986, Cold
Spring Harbor Symp. Quant. Biol. 50:399-409; MacDonald,
1987, Hepatology 7:425-515); insulin gene control region
which 1s active in pancreatic beta cells (Hanahan, 1985,
Nature 315:115-122), immunoglobulin gene control region

which 1s active 1n lymphoid cells (Grosschedl et al., 1984,
Cell 38:647-658; Adames et al., 1985, Nature 318:533-538;

Alexander et al., 1987, Mol. Cell. Biol. 7:1436-1444), mouse
mammary tumor virus control region which 1s active 1n tes-
ticular, breast, lymphoid and mast cells (Leder et al., 1986,
Cell 45:485-495), albumin gene control region which 1s
active 1n liver (Pinkert et al., 1987, Genes and Devel. 1:268-
2'76), alpha-fetoprotein gene control region which 1s active 1n
liver (Krumlaut et al., 1985, Mol. Cell. Biol. 5:1639-1648;
Hammer et al., 1987, Science 235:53-58); alpha 1-antitrypsin
gene control region which 1s active 1n the liver (Kelsey et al.,
1987, Genes and Devel. 1:161-171), beta-globin gene control
region which 1s active in myeloid cells (Mogram et al., 1985,
Nature 315:338-340; Kollias et al., 1986, Cell 46:89-94;
myelin basic protein gene control region which 1s active in
oligodendrocyte cells 1n the brain (Readhead et al., 1987, Cell
48:703-712); myosin light chain-2 gene control region which
1s active 1n skeletal muscle (Sani, 1983, Nature 314:283-286);
neuronal-specific enolase (NSE) which 1s active 1n neuronal
cells (Morell1 et al., 1999, Gen. Virol. 80:571-83); brain-
derived neurotrophic factor (BDNF) gene control region
which 1s active 1n neuronal cells (Tabuchi et al., 1998, Bio-
chem. Biophysic. Res. Com. 253:818-823); ghal fibrillary
acidic protein (GFAP) promoter which 1s active 1n astrocytes
(Gomes et al., 1999, Braz. J. Med. Biol. Res. 32(5):619-631;
Morelli et al., 1999, Gen. Virol. 80:571-83) and gonadotropic
releasing hormone gene control region which 1s active in the
hypothalamus (Mason et al., 1986, Science 234:1372-1378).
In a specific embodiment, the expression of a gamma-secre-
tase substrate of the mvention 1s regulated by a constitutive
promoter. In another embodiment, the expression 1s regulated
by an inducible promoter. In another embodiment, the expres-
s10n 1s regulated by a tissue-specific promoter.

[0154] Ina specific embodiment, a vector 1s used that com-
prises a promoter operably linked to a gamma-secretase sub-
strate encoding nucleic acid, one or more origins of replica-
tion and, optionally, one or more selectable markers (e.g., an
antibiotic resistance gene).

[0155] In mammalian host cells, a number of viral-based
expression systems may be utilized. In cases where an aden-
ovirus 1s used as an expression vector, the polypeptide or
fusion protein coding sequence may be ligated to an adenovi-
rus transcription/translation control complex, e.g., the late
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promoter and tripartite leader sequence. This chimeric gene
may then be mserted 1n the adenovirus genome by 1n vitro or
in vivo recombination. Insertion 1n a non-essential region of
the viral genome (e.g., region E1 or E3) will result in a
recombinant virus that is viable and capable of expressing the
antibody molecule in infected hosts (e.g., see Logan & Shenk,
1984, Proc. Natl. Acad. Sci. USA 81:355-359). Specific ini1-
tiation signals may also be required for efficient translation of
inserted fusion protein coding sequences. These signals
include the ATG mitiation codon and adjacent sequences.
Furthermore, the mitiation codon must be 1n phase with the
reading frame of the desired coding sequence to ensure trans-
lation of the entire msert. These exogenous translational con-
trol signals and mitiation codons can be of a variety of origins,
both natural and synthetic. The efficiency of expression may
be enhanced by the inclusion of appropriate transcription

enhancer elements, transcription terminators, etc. (see Bittner
et al., 1987, Methods in Enzymol. 153:51-344).

[0156] Expression vectors containing inserts ol a gene
encoding a gamma-secretase substrate of the invention can be
detected by three general approaches: (a) nucleic acid hybrid-
1zation, (b) presence or absence of “marker” gene functions,
and (¢) expression of inserted sequences. In the first approach,
the presence of a gene encoding a gamma-secretase substrate
In an expression vector can be detected by nucleic acid
hybridization using probes comprising sequences that are
homologous to an 1nserted gene encoding the gamma-secre-
tase substrate. In the second approach, the recombinant vec-
tor/host system can be 1dentified and selected based upon the
presence or absence of certain “marker” gene functions (e.g.,
thymidine kinase activity, resistance to antibiotics, transior-
mation phenotype, occlusion body formation in baculovirus,
etc.) caused by the 1nsertion of a nucleotide sequence encod-
Ing a gamma-secretase substrate in the vector. For example, 1f
the nucleotide sequence encoding the gamma-secretase sub-
strate 1s 1nserted within the marker gene sequence of the
vector, recombinants containing the gene encoding the
gamma-secretase substrate insert can be identified by the
absence of the marker gene function. In the third approach,
recombinant expression vectors can be identified by assaying
the gene product (e.g., gamma-secretase substrate) expressed
by the recombinant. Such assays can be based, for example,
on the physical or functional properties of the gamma-secre-
tase substrate 1n 1n vitro assay systems, €.g., binding to an
antibody.

[0157] In addition, a host cell strain may be chosen which
modulates the expression of the inserted sequences, or modi-
fies and processes the gene product 1n the specific fashion
desired. Expression from certain promoters can be elevated 1in
the presence of certain inducers; thus, expression of the
genetically engineered gamma-secretase substrates may be
controlled. Furthermore, different host cells have character-
1stic and specific mechanisms for the translational and post-
translational processing and modification (e.g., glycosyla-
tion, phosphorylation) of proteins. Appropnate cell lines or
host systems can be chosen to ensure the desired modification
and processing of the foreign protein expressed. For example,
expression 1n a bacterial system will produce an unglycosy-
lated product and expression 1n yeast will produce a glyco-
sylated product. Eukaryotic host cells which possess the cel-
lular machinery for proper processing of the primary
transcript, glycosylation, and phosphorylation of the gene
product may be used. Such mammalian host cells include, but

are not limited to, CHO, VERY, BHK, Hel.a, COS, MDCK,
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293, 3T3, WI38, NSO, and 1n particular, neuronal cell lines
such as, for example, SK-N-AS, SK-N-FI, SK-N-DZ human
neuroblastomas (Sugimoto et al., 1984, J. Natl. Cancer Inst.
73: 51-57), SK-N-SH human neuroblastoma (Biochim. Bio-
phys. Acta, 1982, 704: 450-460), Daoy human cerebellar
medulloblastoma (He et al., 1992, Cancer Res. 52: 1144-
1148) DBTRG-05MG glioblastoma cells (Kruse et al., 1992,
In Vitro Cell. Dev. Biol. 28A: 609-614), IMR-32 human neu-
roblastoma (Cancer Res., 1970, 30: 2110-2118), 1321NI1
human astrocytoma (Proc. Natl Acad. Sci. U.S.A. 1977, 74
4816), MOG-G-CCM human astrocytoma (Br. J Cancer
1984, 49: 269), US7MG human glioblastoma-astrocytoma
(Acta Pathol. Microbiol. Scand. 1968, 74: 465-486), A172
human glioblastoma (Olopade et al., 1992, Cancer Res. 32:
2523-2529), C6 rat glioma cells (Benda et al., 1968, Science
161: 370-371), Neuro-2a mouse neuroblastoma (Proc. Natl.
Acad. Sci. U.S.A. 1970, 65: 129-136), NB41A3 mouse neu-
roblastoma (Proc. Natl. Acad. Sci. U.S.A. 1962, 48: 1184-
1190), SCP sheep choroid plexus (Bolin et al., 1994, J. Virol.
Methods 48: 211-221), G355-5, PG-4 Cat normal astrocyte
(Haapala et al., 1983, J. Virol 53: 827-833), Mpi ferret brain
(Trowbridge et al., 1982, In Vitro 18: 952-960), and normal
cell lines such as, for example, CTX TNAZ rat normal cortex
brain (Radany et al., 1992, Proc. Natl. Acad. Sci. U.S.A. 89:
6467-64'71) such as, for example, CRL7030 and Hs3578Bst.
Furthermore, different vector/host expression systems may
elfect processing reactions to different extents.

[0158] For long-term, high-yield production of gamma-
secretase substrates, stable expression 1s preferred. For
example, cell lines which stably express the gamma-secretase
substrate of the mvention may be engineered. Rather than
using expression vectors which contain viral origins of rep-
lication, host cells can be transtormed with DNA controlled
by appropriate expression control elements (e.g., promoter,
enhancer, sequences, transcription terminators, polyadenyla-
tion sites, etc.), and a selectable marker. Following the intro-
duction of the foreign DNA, engineered cells may be allowed
to grow for 1-2 days in an enriched medium, and then are
switched to a selective medium. The selectable marker 1n the
recombinant plasmid confers resistance to the selection and
allows cells to stably integrate the plasmid into their chromo-
somes and grow to form foci which in turn can be cloned and
expanded 1nto cell lines. This method may advantageously be
used to engineer cell lines which express a gamma-secretase
substrate of the mnvention.

[0159] A number of selection systems may be used, includ-
ing but not limited to the herpes simplex virus thymidine
kinase (Wigler, et al., 1977, Cell 11:223), hypoxanthine-gua-
nine phosphoribosyltransferase (Szybalska & Szybalski,
1962, Proc. Natl. Acad. Sci. U.S.A. 48:2026), and adenine
phosphoribosyltransferase (Lowy, et al., 1980, Cell 22:817)
genes can be employed 1n tk-, hgprt- or aprt-cells, respec-
tively. Also, antimetabolite resistance can be used as the basis

of selection for dhir, which confers resistance to methotrexate
(Wigler, et al., 1980, Proc. Natl. Acad. Sci. U.S.A. 7T7:3567;

O’Hare, et al., 1981, Proc. Natl. Acad. Sci. U.S.A. 78:1527);
opt, which confers resistance to mycophenolic acid (Mulli-
gan & Berg, 1981, Proc. Natl. Acad. Sci. U.S.A. 78:2072);
neo, which confers resistance to the aminoglycoside G-418
(Colberre-Garapin, et al., 1981, J Mol. Biol 1530:1); and

hygro, which confers resistance to hygromycin (Santerre, et
al., 1984, Gene 30:147).

[0160] Once a gamma-secretase substrate of the invention
has been produced by recombinant expression or by chemical
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synthesis, 1t may be purified by any method known in the art
for purification of a protein, for example, by chromatography
(e.g., 10n exchange, affinity, particularly by affinity for the
specific antigen after Protein A, and sizing column chroma-
tography), centrifugation, differential solubility, or by any
other standard techmque for the purification of proteins.

6.2 Modified Gamma-Secretase Substrates

6.2.1 Modified APP

[0161] The modified APPs and modified gamma-secretase
substrate polypeptides disclosed herein represent novel
gamma-secretase substrates on which gamma-secretase has a
higher proteolytic activity than the enzyme exhibits on natu-
rally-occurring APP, and so may be termed “uninhibited” or
“enhanced”. As described herein, including in the Examples
below, a modified APP substrate can be used in assays for
measuring gamma-secretase activity and for identification of
gamma-secretase inhibitors. Any modified APP or varant
thereol can be used in accordance with the methods of the
invention, as long as said modified APP or variant thereof
comprises: a gamma-secretase cleavage site and at least one
amino acid modification, wherein said modification com-
prises at least one amino acid substitution, deletion, insertion,
or addition 1n the region of APP identified herein as the
gamma-secretase inhibitory domain.

[0162] In various embodiments this disclosure presents a
polypeptide that includes at least a portion of a modified Ap
sequence, 1n which at least one of the amino acid residues
corresponding to residues 17-21 of A} 1s modified. This
polypeptide 1s constructed to serve as a substrate for y-secre-
tase activity. In certain embodiments the polypeptide 1s at
least 28 amino acid residues 1n length. In other embodiments
at least one of the amino acid residues corresponding to amino
acid residues 17-21 of AP 1s deleted. In still additional
embodiments at least one of the amino acid residues corre-
sponding to amino acid residues 17-21 of AP 1s substituted by
another residue.

[0163] In various embodiments, the modified APP com-
prises at least amino acid residues 1 to 42 of A42, wherein
amino acid residues 1-21 of Ap42 are modified.

[0164] In several embodiments, the modified APP com-
prises at least amino acid residues 17 to 42 of AP342, wherein
one or more amino acid residues at position AP17-21 are
modified, and wherein the modified APP i1s at least 35 amino
acid residues 1n length.

[0165] In another embodiment, the modified APP com-
prises a modification to the phenylalanine residue at one or
both of amino acid residues atposition 19 or 20 01 Ap42. Inan
aspect of this embodiment, the phenylalanine residues at both
of positions 19 and 20 of AP42 are modified.

[0166] In various embodiments of a modified polypeptide,
an amino acid residue, for example a residue 1n the sequence
APR17-21, 1s modified by substitution of the naturally occur-
ring amino acid at the given position by a conservative amino
acid substitution.

[0167] In another embodiment, the modified APP com-
prises the amino acid sequence 1dentified 1n SEQ ID NO:6
(substrate S1 of Table 2), SEQ ID NO:7 (substrate S4 of Table
2), SEQ ID NO:8 (substrate S5 of Table 2), SEQ ID NO:9
(substrate S6 of Table 2), SEQ ID NO:10 [3-CTFA ], SEQ ID
NO:11 [modified APP6935 substrate in which residues 613-
617 are deleted (termed “modified APP695” herein) ], SEQ 1D
NO:18 [the C-terminal fragment of APP 1n which residue A
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19 (F) is mutated to A (C100F19A)], SEQ ID NO:19
(C100F20A), or SEQ ID NO:20 (C100F19AF20A).

[0168] Insomeembodiments of the invention, the modified
APP comprises APP 1sotype APP 695, APP 714, APP 751 or
APP 770 comprising one or modifications, such as a substi-
tution, insertion or deletion of one more amino acids.

[0169] In some embodiments, the modified APP may be
bound to a reporter protein, detectable marker, or atfinmity tag.
Reporter proteins that may be used in the practice of this
aspect of the mnvention may include, e.g., green fluorescent
protein (“GFP”), luciferase, or {3-galactosidase. In some
embodiments, the modified APP may be in the form of a
fusion protein comprising the modified APP and one or more
tags, probes or labels. In some embodiments, the tag 1s sepa-
rated from the modified APP with a protease cleavage site,
¢.g., a thrombin cleavage site. In a specific embodiment, the
tag 1s an Avilag, 1.e., a 15-residue peptide recognized by
biotin ligase. In other embodiments, the tag 1s an aflinity tag
such as maltose-binding protein (MBP) (see, e.g., US Appli-
cation No. 2008/0021056), a (His), tag (which binds metal
chelate aflinity column) and/or a FLAG epitope tag (having
the sequence DYKDDDDK which binds anti-FLAG anti-
body). In some embodiments, the tag 1s present at the N-ter-
minus of the modified APP. In other embodiments, the modi-
fied APP has the tag at the C-terminus.

[0170] In some embodiments, the modified APP 1s consti-
tutively or inducibly expressed 1n a cell. In some embodi-
ments, the modified APP 1s recombinant, synthetic, or geneti-
cally engineered. In certain embodiments, the modified APP
1s 1n substantially purified or substantially 1solated form.

[0171] In certain embodiments, the mvention comprises a
DNA construct comprising DNA encoding the modified APP.
The mvention also contemplates expression vectors compris-
ing such DNA constructs, and cells comprising these expres-
s10n vectors. A variety of expression vectors are known 1n the
art and can be used in the present invention including, but not
limited to, pMClneo (Stratagene), pSG5 (Stratagene), pcD-
NAI and pcDNAIamp, pcDNA3, pcDNA3. 1, pCR3.1 (Invit-
rogen, San Diego, Calif.), EBO-pSV2-neo (ATCC 37593),
pBPV-1(8-2) (ATCC 37110), pdBPV-MMTneo(342-12)
(ATCC 37224), pRSVept (ATCC 37199), pPRSVneo (ATCC
37198), pCl.neo (Promega), pTRE (Clontech, Palo Alto,
Calif.), pV1lneo, pIRESneo (Clontech, Palo Alto, Calif.),
pCEP4 (Invitrogen, San Diego, Calif.), pSCI11, and pSV2-
dhir (ATCC 37146). The choice of vector will depend upon
the cell type 1n which 1t 1s desired to express the modified APP
substrate, as well as on the level of expression desired, and the

like.

[0172] In certain embodiments, the modified APP com-
prises natural variants of APP, and fragments thereot, includ-
ing the Swedish mutation (Lys670Asn, Met671Leu); the
Indiana mutation (Val717Leu); the London mutation
(Val7171le), Vale717Phe, Val717Gly, Ala713Thr, Ala713Val,
the Austrian mutation (Thr714Ile), the Iranian mutation
(Thr714Ala), the French mutation (Val713Met), the German
mutation (Val715A1a), the Florida mutation (Ile716Val), Ile
716Thr, the Australian mutation (Leu723Pro), the Flemish
mutation (Ala692Gly), the Dutch mutation (Glu693Gln), the
Arctic mutation (Glu693Gly), the Italian mutation
(Glu693Lys), the Iowa mutation (Asp694 Asn), and the amy-
loidosis-Dutch type mutation (Glu693Gln). The numbering
of these natural varniants of APP is relative to the APP770
form, but similar mutations may be found 1n other APP forms,
or other APP forms and fragments may be mutated to have the

16
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corresponding mutations (see US Application No. 2007/
0260058, which 1s mcorporated by reference herein in 1ts
entirety).

6.3 Identification of Gamma-Secretase Substrates
Released trom Inhibition

[0173] The modified gamma-secretase  substrates
described 1n Section 6.2 and variants thereof can be used 1n
accordance with the methods below to determine whether
they represent uninhibited or enhanced gamma-secretase
substrates.

[0174] In order to determine the activity of gamma-secre-
tase toward a modified gamma-secretase substrate as
described 1n Section 6.2 or a variant thereof, any method for
measuring gamma-secretase activity described herein or pre-
viously known 1n the art may be used. For non-limiting
examples of previously described methods for assaying the
activity of gamma-secretase toward a gamma-secretase sub-
strate, see US Patent Application Publication Nos. 2006/
0036077, 2008/0021056, 2008/0085894, 2008/00767352; and

U.S. Pat. Nos. 7,378,511 and 7,498,324, all of which are
incorporated by reference herein 1n their entirety.

[0175] These methods are optionally conducted in the pres-
ence of a control. Any suitable control may be used, e.g.,
gamma-secretase substrate with a known ability to be cleaved
by gamma-secretase (1.e., a “positive control™); a gamma-
secretase substrate known to not be cleaved by gamma-secre-
tase (1.e., a “negative control”); or a gamma-secretase sub-
strate similar in sequence to the modified gamma-secretase
substrate or variant thereof, wherein the only difference
between said gamma-secretase substrate similar 1n sequence
to the modified gamma-secretase substrate or variant thereof
and the modified gamma-secretase substrate or variant
thereot 1s that the former does not comprise a modification to
the gamma-secretase inhibitory domain (an “unmodified
gamma-secretase substrate control”).

[0176] In the broadest sense, identilying an uninhibited
gamma-secretase substrate comprises the steps of contacting
a modified gamma-secretase substrate of the ivention or
variant thereof with gamma-secretase and measuring the
cleavage of said modified gamma-secretase substrate of the
invention or variant thereof by said gamma-secretase,
wherein a modified gamma-secretase substrate of the inven-
tion or variant thereof 1s 1dentified as an uninhibited gamma-
secretase substrate 11 the activity of gamma-secretase toward
the modified gamma-secretase substrate of the ivention or
variant thereof 1s increased relative to the activity of gamma-
secretase toward an unmodified gamma-secretase substrate
control or a negative control.

6.3.1 Electrochemiluminescence (ECL) Assay of A3 peptides
[0177] In one embodiment, a method for i1dentifying an
umnhibited gamma-secretase substrate 1s the electrochemi-

luminescence (“ECL”) assay of AP} peptides (see L1, et al.,

2000, Proc. Natl. Acad. Sci. USA 97:6138-6143; and Yin, et
al., 2007, J. Biol. Chem. 282:23639-23644, both of which are
incorporated by reference herein in their entirety). In an ECL
assay an analyte to be detected 1s labeled with a chemilumi-
nescent moiety whose chemiluminescence 1s redox depen-
dent. A commonly used chemiluminescent moiety is a Ru*”
complex which becomes chemiluminescent, and hence
detectable with high sensitivity, upon oxidation to Ru*”.
Alternative electrochemiluminescent (ECL) probes equiva-
lent to Ru** complexes are contemplated for use herein. As
implemented 1n various Examples provided herein, an anti-
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body specific for an intended epitope such as one revealed in
a y-secretase proteolysis product is conjugated to a Ru**
complex. The moiety so conjugated may be termed “ruthe-
nylated” herein. As applied herein an ECL assay comprises:
(a) contacting a modified APP of the ivention or variant
thereot with a source of gamma-secretase; (b) incubating said
modified APP of the invention or variant thereof with said
source of gamma-secretase for a time period sufficient for
gamma-secretase activity to take place; (¢) adding an anti-Af3
ruthenylated antibody; and (d) detecting a y-secretase product
by a product-specific ruthenylated antibody using ECL. A
modified APP of the invention or variant thereof 1s 1dentified
as an uninhibited gamma-secretase substrate 1 the activity of
gamma-secretase toward the modified APP of the invention or
variant thereof 1s increased relative to the activity of gamma-
secretase toward an unmodified APP control or a negative
control. ECL techniques are known 1n the art and described
n, e.g., Yang, et al., 1994, Bio/lechnology 12:193-194; and
Khorkova, et al., 1998, J. Neurosci. Methods 82:159-166,
both of which are incorporated by reference herein 1n their
entirety.

[0178] In a specific embodiment, the source of gamma-
secretase 1s a cell or cell membrane, e.g., a HelLa cell or
constituent membrane, and the imncubation of step (b) takes
place 1n the presence of a detergent, e.g., CHAPSO, at a
concentration optimized for the assay.

[0179] In another specific embodiment, the anti-Af} anti-
body 1s one that binds the C-terminus of the modified APP of
the ivention or variant thereod that 1s exposed after gamma-
secretase mediated cleavage at the AP40 gamma-secretase
cleavage, e.g., the G2-10 antibody described in Li, et al.,
2000, Proc. Natl. Acad. Sci. USA 97:6138-6143. In another
specific embodiment, the anti-A{} antibody 1s one that binds
the C-terminus of the modified APP of the invention or variant
thereol that 1s exposed after gamma-secretase mediated
cleavage at the AP42 gamma-secretase cleavage, e.g., the
G2-11 antibody described 1 Yin, et al., 2007, J. Biol. Chem.
282:23639-23644. In a more specific embodiment, the assay
comprises an anti-Af3 antibody that binds the C-terminus of
the modified APP of the imvention or variant thereof that 1s
exposed after gamma-secretase mediated cleavage at the
AR40 gamma-secretase cleavage, e.g., the G2-10 antibody,
and an anti-Af3 antibody that binds the C-terminus of the
modified APP of the invention or variant thereof that 1s
exposed after gamma-secretase mediated cleavage at the
AP42 gamma-secretase cleavage, e.g.,the G2-11 antibody. In
some embodiments, the anti-Af3 antibody 1s ruthenylated.

[0180] In another specific embodiment, the assay includes
a source ol beta-secretase.

[0181] In another specific embodiment, the modified APP
of the invention or variant thereof comprises a modification to
at least one amino acid in the gamma-secretase inhibitory
domain. In an aspect of this embodiment, said modification
comprises a deletion of at least one amino acid 1n the gamma-
secretase 1nhibitory domain. In a specific aspect of this
embodiment, the entire gamma-secretase mnhibitory domain
1s deleted. In another aspect of this embodiment, said modi-
fication comprises a substitution of at least one amino acid 1n
the gamma-secretase domain. In a specific aspect of this
embodiment, one or both of amino acid residues 19 and 20 of
the gamma-secretase inhibitory domain comprise an amino
acid that 1s not phenylalanine. In another specific aspect of
this embodiment, each amino acid in the gamma-secretase
inhibitory domain 1s substituted, such that amino acid residue
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17 1s not leucine, amino acid residue 18 1s not valine, amino
acid residue 19 1s not phenylalanine, amino acid residue 20 1s
not phenylalanine, and amino acid residue 21 1s not alanine.

[0182] In another specific embodiment, the modified APP
of the mvention or variant thereof comprises the amino acid
sequence of any one of SEQID NO: 6,7,8,9,10, 11, 18, 19,
and 20 (specitying S1, S4, 85, S6, PCTFA, C100F19A (phe-
nylalanine at 19 mutated to alanine), C100F20A, and
CI100F19AF20A).

[0183] In another specific embodiment, the modified APP
of the invention or variant thereof demonstrates a kcat/Km

greater than that of an unmodified APP.

6.3.2 AB Homogeneous Time Resolved Fluorescence
(HTRF) Assay

[0184] Inanother embodiment, a method for identifying an
unminhibited gamma-secretase substrate 1s a Homogeneous
Time Resolved Fluorescence (HTRF) assay for proteolytic
cleavage by gamma-secretase at a site corresponding to posi-
tions 38, or 40, or 42 of AP (1.e., at APB38, AP40, or Ap42).
HTRF combines a) homogeneous phase (e.g. liquid solution)
fluorescence detection with b) time resolution and c¢) assess-
ment of the distance separating an excitation donor and a
fluorescence emitter to eliminate background fluorescence
and provide both high sensitivity and high specificity of
detection. A long-lived fluorophore, commonly a complex of
a rare earth metal 10n, such as a cryptate complex of the 10n,
permits detection to be delayed by time resolution until back-
ground tluorescence will already have decayed. Fluorescence
resonance energy transier between specific donor and accep-
tor Turther enhance specificity by restricting ultimate detec-
tion of fluorescence to instances of, for example, complex
formation between them. As implemented in this disclosure,
an HTRF assay comprises: (a) contacting a modified APP of
the mmvention or variant thereof with a source of gamma-
secretase, wherein said modified APP of the invention or
variant thereof includes a detectable tag or label; (b) incubat-
ing said modified APP of the invention or variant thereof with
said source of gamma-secretase for a time period suificient
for gamma-secretase activity to take place; (¢) adding an
HTRF detection mixture that includes (1) a first antibody that
recognizes a gamma-secretase-cleaved peptide resulting
from cleavage at the ApP38, APB40, or AP42 gamma-secretase
cleavage site but does not recognize uncleaved gamma-secre-
tase substrates and (11) a rare earth metal-labeled second anti-
body that binds the first antibody, and (111) a fluorophore-
conjugated reagent that binds to the detectable tag or label; (d)
incubating said HI'RF detection mixture with said modified
APP of the mvention or variant thereof and said source of
gamma-secretase; and (e) measuring the cleavage of said
modified APP of the invention or variant thereotf by gamma-
secretase using, generally, Fluorescence Resonance Energy
Transter (“FRET”), or more particularly, Homogeneous
Time Resolved Fluorescence (HTRF), by exciting the rare
carth metal and detecting fluorescence from the fluorophore
of the conjugated reagent. By means of an HIRF assay, a
modified APP or varniant thereof i1s identified as an gamma-
secretase substrate released from inhibition if the activity of
gamma-secretase toward the modified APP of the invention or
variant thereot to provide an Ap38, Ap40, or AP42 C-termi-
nal polypeptide 1s increased relative to the activity of gamma-
secretase toward an unmodified APP control or a negative
control.
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[0185] In a specific embodiment, the source of gamma-
secretase 1s a cell or cell membrane, e.g., a Hela cell or
constituent membrane, and the incubation of step (b) takes
place 1n the presence of a detergent, e.g., CHAPSO, at a
concentration optimized for the assay.

[0186] In a specific embodiment, the antibody that recog-
nizes gamma-secretase-cleaved peptides resulting from
cleavage at the Ap40 gamma-secretase cleavage site but does
recognize uncleaved gamma-secretase substrates 1s the
(G2-10 antibody.

[0187] In another specific embodiment, the assay includes
a source of beta-secretase.

[0188] In another specific embodiment, the modified APP
of the invention or variant thereof comprises a modification to
at least one amino acid in the gamma-secretase inhibitory
domain. In an aspect of this embodiment, said modification
comprises a deletion of at least one amino acid in the gamma-
secretase inhibitory domain. In a specific aspect of this
embodiment, the entire gamma-secretase mnhibitory domain
1s deleted. In another aspect of this embodiment, said modi-
fication comprises a substitution of at least one amino acid 1in
the gamma-secretase domain. In a specific aspect of this
embodiment, one or both of amino acid residues 19 and 20 of
the gamma-secretase mhibitory domain comprise an amino
acid that 1s not phenylalanine. In another specific aspect of
this embodiment, each amino acid in the gamma-secretase
inhibitory domain 1s substituted, such that amino acid residue
17 1s not leucine, amino acid residue 18 1s not valine, amino
acid residue 19 1s not phenylalanine, amino acid residue 20 1s
not phenylalanine, and amino acid residue 21 1s not alanine.
[0189] In another specific embodiment, the modified APP
of the mvention or variant thereof comprises the amino acid
sequence of any one of SEQ ID NO: 6,7,8,9, 10,11, 18, 19,
and 20 (specitying S1, S84, 85, S6, pCTFA, C100F19A (phe-
nylalanine at 19 mutated to alanine), C100F20A, and
CI00F19AF20A).

[0190] In another specific embodiment, the modified APP
of the mvention or variant thereol demonstrates a kcat/Km
greater than that of an unmodified APP.

6.3.3 Cell Based Assays

[0191] Inanother embodiment, a method for identifying an
uninhibited gamma-secretase substrate 1s a cell-based assay,
wherein said assay comprises: (a) transiecting cells, in the
presence ol a source of gamma-secretase and a source of
beta-secretase, with a plasmid containing the nucleotide
sequence ol a modified APP of the invention or variant
thereot; (b) incubating said cells for a time period suilicient
for beta-secretase and gamma-secretase activity to occur; and
(¢) detecting A} secreted by the cells, wherein a modified
APP of the mvention or varniant thereof 1s identified as an
uninhibited gamma-secretase substrate 1t the level of A
secreted by the cells 1s increased relative to level of Af3
secreted by the cells when transfected with an unmodified
APP control or wild-type APP.

[0192] In a specific embodiment, the cells provide the
source ol gamma-secretase and the source of beta-secretase.
In another specific embodiment, the cells are HEK293 cells.
[0193] In one aspect of this embodiment, anti-Ap antibod-
ies that are specific for a C-terminal epitope of ApP38, Ap40,
or APB42, are added to the cell conditioned media (containing
secreted AP) and the level of AP secreted by the cells 1s
measured by ECL. In a specific embodiment, the anti-Af
antibody 1s one that binds the C-terminus of the modified APP
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of the mvention or variant thereof that i1s exposed after
gamma-secretase mediated cleavage at the Ap40 gamma-
secretase cleavage, e.g., G2-10 antibody. In another specific
embodiment, the anti-Ap antibody 1s one that binds the C-ter-
minus of the modified APP of the invention or variant thereof
that 1s exposed after gamma-secretase mediated cleavage at
the ApP42 gamma-secretase cleavage, e.g., G2-11 antibody. In
a more specific embodiment, the assay comprises an anti-Af3
antibody that binds the C-terminus of the modified APP ofthe
invention or variant thereotf that 1s exposed after gamma-
secretase mediated cleavage at the AP40 gamma-secretase
cleavage, e.g., G2-10, and an ant1-A[3 antibody that binds the
C-terminus of the modified APP of the mvention or varant
thereof that 1s exposed after gamma-secretase mediated
cleavage at the AP42 gamma-secretase cleavage, e.g., G2-11.

[0194] In another aspect of this embodiment, the level Af3
secreted by the cells 1s measured by Western Blot, using
antibodies anti-Ap antibodies. In a specific embodiment, the
ant1-Ap antibody i1s one that binds the C-terminus of the
modified APP of the mvention or variant thereof that 1s
exposed after gamma-secretase mediated cleavage at the
APB40 gamma-secretase cleavage, e.g., G2-10 antibody. In
another specific embodiment, the anti-A [} antibody 1s one that
binds the C-terminus of the modified APP of the invention or
variant thereof that 1s exposed alter gamma-secretase medi-
ated cleavage at the Ap42 gamma-secretase cleavage, e.g.,
(G2-11 antibody. In a more specific embodiment, the assay
comprises an anti-Ap antibody that binds the C-terminus of
the modified APP of the mvention or variant thereof that 1s
exposed after gamma-secretase mediated cleavage at the
APR40 gamma-secretase cleavage, e.g., G2-10, and an ant1-A
antibody that binds the C-terminus of the modified APP of the
invention or variant thereof that 1s exposed after gamma-
secretase mediated cleavage at the AP42 gamma-secretase
cleavage, e.g., G2-11.

[0195] In another aspect of this embodiment, the level of
A secreted by the cells 1s measured by mass spectrometry/
surface enhanced laser desorption/ionization time-of-flight

analysis (SELDI-TOF).

[0196] In a specific embodiment, the modified APP of the
invention or variant thereof comprises a modification to at
least one amino acid in the gamma-secretase inhibitory
domain. In an aspect of this embodiment, said modification
comprises a deletion of at least one amino acid in the gamma-
secretase 1nhibitory domain. In a specific aspect of this
embodiment, the entire gamma-secretase mhibitory domain
1s deleted. In another aspect of this embodiment, said modi-
fication comprises a substitution of at least one amino acid 1n
the gamma-secretase domain. In a specific aspect of this
embodiment, one or both of amino acid residues 19 and 20 of
the gamma-secretase mhibitory domain comprise an amino
acid that 1s not phenylalanine. In another specific aspect of
this embodiment, at least one amino acid in the gamma-
secretase 1nhibitory domain i1s substituted, including an
embodiment 1n which each amino acid 1n the gamma-secre-
tase inhibitory domain 1s substituted, whereby amino acid
residue 17 1s not leucine, amino acid residue 18 1s not valine,
amino acid residue 19 1s not phenylalanine, amino acid resi-
due 20 1s not phenylalamine, and amino acid residue 21 1s not
alanine.

[0197] In another specific embodiment, the modified APP
of the mvention or variant thereof comprises the amino acid
sequence of any one of SEQID NO: 6,7,8,9,10, 11, 18, 19,
and 20 (specitying S1, S4, 85, S6, PCTFA, C100F19A (phe-
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nylalanine at 19 mutated to alanine), C100F20A, and
CI100F19AF20A). In a specific embodiment, the modified
APP of the invention 1s APP695 comprising a modification in
the gamma-secretase inhibitory domain.

6.4 Screens for Gamma-Secretase Inhibitors

6.4.1 ECL Assay Using AP Peptides For Identifying
Gamma-Secretase Inhibitors

[0198] In one embodiment, a method for the identification
or validation of a gamma-secretase inhibitor comprises the
ECL assay of A} peptides, wherein said method comprises:
(a) contacting a candidate compound which 1s a potential
gamma-secretase mhibitor with a modified APP of the mnven-
tion or variant thereof and a source of gamma-secretase; (b)
incubating said potential gamma-secretase inhibitor, said
modified APP of the invention or variant thereof and said
source ol gamma-secretase for a time period suificient for
gamma-secretase activity to take place; (¢) adding an anti-Af3
ruthenylated antibody; and (d) detecting a y-secretase product
by a product-specific ruthenylated antibody using ECL.
Using this assay, a candidate compound 1s 1dentified or vali-
dated as a gamma-secretase inhibitor 1f the activity of
gamma-secretase toward the modified APP of the invention or
variant thereof 1s decreased relative to the activity of gamma-
secretase toward the modified APP in the absence of the
gamma-secretase ihibitor.

[0199] In a specific embodiment, the source of gamma-
secretase activity 1s a cell membrane, e.g., a Hela cell mem-
brane, and the mcubation of step (b) takes place 1n the pres-
ence of a detergent, e.g., CHAPSO (0.25%).

[0200] In another specific embodiment, the anti-A[} anti-
body 1s one that binds the C-terminus of the modified APP of
the ivention or variant thereod that 1s exposed after gamma-
secretase mediated cleavage at the AP40 gamma-secretase
cleavage, e.g., the G2-10 antibody described in Li, et al.,
2000, Proc. Natl. Acad. Sci. USA 97:6138-6143. In another
specific embodiment, the anti-A{} antibody 1s one that binds
the C-terminus of the modified APP of the invention or variant
thereol that 1s exposed after gamma-secretase mediated
cleavage at the AP42 gamma-secretase cleavage, e.g., the
G2-11 antibody described 1 Yin, et al., 2007, J. Biol. Chem.
282:23639-23644. In a more specific embodiment, the assay
comprises an anti-Af3 antibody that binds the C-terminus of
the modified APP of the invention or variant thereot that 1s
exposed after gamma-secretase mediated cleavage at the
AR40 gamma-secretase cleavage, e.g., the G2-10 antibody,
and an anti-Af3 antibody that binds the C-terminus of the
modified APP of the invention or variant thereof that 1s
exposed after gamma-secretase mediated cleavage at the
AP42 gamma-secretase cleavage, e.g.,the G2-11 antibody. In
some embodiments, the anti-Af3 antibody 1s ruthenylated.
[0201] In another specific embodiment, the assay includes
a source ol beta-secretase.

[0202] In another specific embodiment, the modified APP
of the invention or variant thereof comprises a modification to
at least one amino acid i1n the gamma-secretase inhibitory
domain. In an aspect of this embodiment, said modification
comprises a deletion of at least one amino acid in the gamma-
secretase inhibitory domain. In a specific aspect of this
embodiment, the entire gamma-secretase mnhibitory domain
1s deleted. In another aspect of this embodiment, said modi-
fication comprises a substitution of at least one amino acid 1n
the gamma-secretase domain. In a specific aspect of this
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embodiment, one or both of amino acid residues 19 and 20 of
the gamma-secretase inhibitory domain comprise an amino
acid that 1s not phenylalanine. In another specific aspect of
this embodiment, each amino acid in the gamma-secretase
inhibitory domain 1s substituted, such that amino acid residue
17 1s not leucine, amino acid residue 18 1s not valine, amino
acid residue 19 1s not phenylalanine, amino acid residue 20 1s
not phenylalanine, and amino acid residue 21 1s not alanine.
[0203] In another specific embodiment, the modified APP
of the invention or variant thereof comprises the amino acid
sequence of any one of SEQID NO: 6,7,8,9,10, 11, 18,19,
and 20 (specitying S1, S4, S5, S6, BCTFA, C100F19A (phe-
nylalanine at 19 mutated to alanine), C100F20A, and
CI00F19AF20A).

[0204] In another specific embodiment, the modified APP
ol the invention or variant thereof demonstrates a kcat/Km
greater than that of an unmodified APP.

6.4.2 A HIRF Assay for Identitying Gamma-Secretase
Inhibitors

[0205] In another embodiment, a method for the 1dentifica-
tion or validation of a gamma-secretase inhibitor assay for
proteolytic cleavage by gamma-secretase at a site corre-
sponding to positions 38, or 40, or 42 of AP} (1.e., at APB38,
APR40, or AP42) uses HTRF. This method includes steps of:
(a) contacting a candidate compound that 1s a potential
gamma-secretase mhibitor with a modified APP of the mven-
tion or variant therecof and a source of gamma-secretase;
wherein said modified APP of the invention or variant thereof
includes a detectable tag or label; (b) mncubating said modi-
fied APP of the invention or variant thereof with said source of
gamma-secretase for a time period suflicient for gamma-
secretase activity to take place; (¢) adding an HTRF detection
mixture that includes (1) a first antibody that recognizes a
gamma-secretase-cleaved peptide resulting from cleavage at
the AP38, APB40, or Ap42 gamma-secretase cleavage site but
does not recognize uncleaved gamma-secretase substrates
and (11) a rare earth metal-labeled second antibody that binds
the first antibody, and (111) a fluorophore-conjugated reagent
that binds to the detectable tag or label; (d) incubating said
HTREF detection mixture with said modified APP of the inven-
tion or variant thereof and said source of gamma-secretase;
and (e) measuring the cleavage of said modified APP of the
invention or variant thereotf by gamma-secretase using, gen-
erally, Fluorescence Resonance Energy Transfer (“FRET”),
or more particularly, Homogeneous Time Resolved Fluores-
cence (HTRF), by exciting the rare earth metal and detecting
fluorescence from the fluorophore of the conjugated reagent.
A candidate compound 1s identified or validated as a gamma-
secretase mnhibitor 1f the activity of gamma-secretase toward
the modified APP of the invention or variant thereof 1s
decreased relative to the activity of gamma-secretase toward
the modified APP 1n the absence of the gamma-secretase
inhibitor.

[0206] In a specific embodiment, the source of gamma-
secretase 1s a cell or cell membrane, e.g., a Hel.a cell or
constituent membrane, and the incubation of step (b) takes
place 1n the presence of a detergent, e.g., CHAPSO, at a
concentration optimized for the assay.

[0207] In a specific embodiment, the antibody that recog-
nizes gamma-secretase-cleaved peptides resulting from
cleavage at the Ap40 gamma-secretase cleavage site but does
recognize uncleaved gamma-secretase substrates 1s the

(G2-10 antibody.
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[0208] In another specific embodiment, the assay includes
a source ol beta-secretase.

[0209] In another specific embodiment, the modified APP
of the invention or variant thereof comprises a modification to
at least one amino acid 1n the gamma-secretase inhibitory
domain. In an aspect of this embodiment, said modification
comprises a deletion of at least one amino acid in the gamma-
secretase inhibitory domain. In a specific aspect of this
embodiment, the entire gamma-secretase inhibitory domain
1s deleted. In another aspect of this embodiment, said modi-
fication comprises a substitution of at least one amino acid 1n
the gamma-secretase domain. In a specific aspect of this
embodiment, one or both of amino acid residues 19 and 20 of
the gamma-secretase inhibitory domain comprise an amino
acid that 1s not phenylalanine. In another specific aspect of
this embodiment, each amino acid in the gamma-secretase
inhibitory domain 1s substituted, such that amino acid residue
17 1s not leucine, amino acid residue 18 1s not valine, amino
acid residue 19 1s not phenylalanine, amino acid residue 20 1s
not phenylalanine, and amino acid residue 21 1s not alanine.
[0210] In another specific embodiment, the modified APP
ol the invention or variant thereof comprises the amino acid
sequence ol any one of SEQ ID NO:6,7,8,9,10,11, 18, 19,
and 20 (specitying S1, S4, S5, S6, PCTFA, C100F19A (phe-
nylalanine at 19 mutated to alanine), C100F20A, and
CI00F19AF20A).

[0211] In another specific embodiment, the modified APP
of the mvention or variant thereol demonstrates a kcat/km
greater than that of an unmodified APP

6.4.3 Cell-Based Assays for Identifying Gamma-Secretase
Inhibitors

[0212] In another embodiment, a method for the 1dentifica-
tion or validation of a gamma-secretase inhibitor comprises a
cell-based assay, wherein said assay comprises: (a) transiect-
ing cells, 1 the presence of a source of gamma-secretase and
a source ol beta-secretase, with a plasmid containing the
nucleotide sequence of a modified APP of the invention or
variant thereof; (b) adding a potential gamma-secretase
inhibitor; (¢) incubating said cells and said potential gamma-
secretase inhibitor for a time period sulficient for beta-secre-
tase and gamma-secretase activity to occur; and (d) detecting,
Ap secreted by the cells, wherein a gamma-secretase inhibi-
tor 1s 1dentified or validated 1f the activity of gamma-secretase
toward the modified APP of the invention or variant thereof 1s
decreased relative to the activity of gamma-secretase toward
the modified APP 1n the absence of the gamma-secretase
inhibitor.

[0213] In a specific embodiment, the cells provide the
source of gamma-secretase and the source of beta-secretase.
In another specific embodiment, the cells are HEK293 cells.
[0214] In one aspect of this embodiment, anti-Af3 antibod-
ies that are specific for a C-terminal epitope of AP38, AB40,
or AP42, are added to the cell conditioned media (containing
secreted Af}) and the level of AP secreted by the cells 1s
measured by ECL. In a specific embodiment, the anti-Afp
antibody 1s one that binds the C-terminus of the modified APP
of the mvention or varnant thereol that i1s exposed after
gamma-secretase mediated cleavage at the Ap40 gamma-
secretase cleavage, e.g., G2-10 antibody. In another specific
embodiment, the anti-Ap antibody 1s one that binds the C-ter-
minus of the modified APP of the invention or variant thereof
that 1s exposed after gamma-secretase mediated cleavage at
the ApP42 gamma-secretase cleavage, e.g., G2-11 antibody. In
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a more specific embodiment, the assay comprises an anti-Af3
antibody that binds the C-terminus of the modified APP of the
invention or variant thereof that 1s exposed after gamma-
secretase mediated cleavage at the AP40 gamma-secretase
cleavage, e.g., G2-10, and an ant1-A{} antibody that binds the
C-terminus of the modified APP of the mvention or variant
thereof that 1s exposed after gamma-secretase mediated
cleavage at the AP42 gamma-secretase cleavage, e.g., G2-11.
[0215] In another aspect of this embodiment, the level of
A secreted by the cells 1s measured by Western Blot, using
ant1-Ap antibodies. In a specific embodiment, the anti-Af3
antibody 1s one that binds the C-terminus of the modified APP
of the mvention or variant thereof that i1s exposed after
gamma-secretase mediated cleavage at the Ap40 gamma-
secretase cleavage, e.g., G2-10 antibody. In another specific
embodiment, the anti-Ap antibody 1s one that binds the C-ter-
minus of the modified APP of the invention or variant thereof
that 1s exposed after gamma-secretase mediated cleavage at
the ApP42 gamma-secretase cleavage, e.g., G2-11 antibody. In
a more specific embodiment, the assay comprises an anti-Af3
antibody that binds the C-terminus of the modified APP ofthe
invention or variant thereotf that 1s exposed after gamma-
secretase mediated cleavage at the AP40 gamma-secretase
cleavage, e.g., G2-10, and an ant1-Af3 antibody that binds the
C-terminus of the modified APP of the mnvention or variant
thereof that 1s exposed after gamma-secretase mediated
cleavage at the AP42 gamma-secretase cleavage, e.g., G2-11.
[0216] In another aspect of this embodiment, the level Af3
secreted by the cells 1s measured by mass spectrometry/sur-
face enhanced laser desorption/ionization time-of-tlight
analysis (SELDI-TOF).

[0217] In a specific embodiment, the modified APP of the
invention or variant thereol comprises a modification to at
least one amino acid in the gamma-secretase inhibitory
domain. In an aspect of this embodiment, said modification
comprises a deletion of at least one amino acid in the gamma-
secretase inhibitory domain. In a specific aspect of this
embodiment, the entire gamma-secretase mnhibitory domain
1s deleted. In another aspect of this embodiment, said modi-
fication comprises a substitution of at least one amino acid 1n
the gamma-secretase domain. In a specific aspect of this
embodiment, one or both of amino acid residues 19 and 20 of
the gamma-secretase ihibitory domain comprise an amino
acid that 1s not phenylalanine. In another specific aspect of
this embodiment, each amino acid in the gamma-secretase
inhibitory domain 1s substituted, such that amino acid residue
17 1s not leucine, amino acid residue 18 1s not valine, amino
acid residue 19 1s not phenylalanine, amino acid residue 20 1s
not phenylalanine, and amino acid residue 21 is not alanine.
In another specific embodiment, the modified APP of the
invention or variant thereof comprises the amino acid
sequence of any one of SEQID NO: 6,7,8,9,10, 11, 18, 19,
and 20 (specitying S1, S4, 85, S6, PCTFA, C100F19A (phe-
nylalanine at 19 mutated to alanine), C100F20A, and
CI100F19AF20A). In a specific embodiment, the modified
APP of the invention 1s APP6935 comprising a modification in
the gamma-secretase inhibitory domain.

[0218] In a specific embodiment, the modified APP of the
invention 1s APP695 comprising a modification in the
gamma-secretase ihibitory domain.

6.5 Combinatorial Chemical Libraries

[0219] Assays for y-secretase activity, using labeled or
detectable APP-based substrates, are i1dentified herein. As
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described above, and disclosed in several Examples below,
these assays are adaptable for application 1n high throughput
screens of candidate chemical compounds 1 a quest for
inhibitors of y-secretase activity. In many embodiments such
assays are implemented 1n multiwell plates, including
96-well, 384-well, and 1536-well plates. Candidate com-
pounds are provided for these screens from extended chemi-
cal libraries. Preparation of chemical libraries are widely
known 1n the field. Combinatorial approaches to itroducing,
framework components as well as peripheral substituents
have been developed, including techniques for tagging each
synthesis so that mtermediates and products are i1dentified
throughout the course of the synthesis. Other libraries are
prepared from a broad range naturally occurring substances,
and still others from assemblages of pharmaceutical agents
already known to possess therapeutic eflects or therapeutic
potential for a broad range of medical indications. Nonlimit-
ing examples of preparation and uses of chemical libraries,
including combinatorial chemical libraries, include U.S. Pat.
No. 7,083,812, entitled *“Chemical library preparation
method from natural product”; U.S. Pat. No. 6,936,477,
entitled “Complex combinatorial chemical libraries encoded
with tags”; U. S. Patent Application Publication
20090005256, entitled “Analysis of Encoded Chemical
Libraries”; U.S. Pat. No. 6,800,444, entitled “Complex
chemical libraries”; International publication WQO/2006/
102542, entitled “Diverse Chemical Libraries Bound To
Small Particles With Paramagnetic Properties™; U.S. Pat. No.
6,625,546, directed to the direct 1dentification of a chemical
compound structure following solid phase synthesis of a
chemical compound library; U.S. Pat. No. 6,625,346,
directed to methods for using structural 1dentification tech-
nology to increase the productivity of solid phase synthesis
strategies; and “Designed chemical libraries for hit/lead opti-
mization”, Cooper T and Andrews-Cramer, K, Innovations in

Pharmaceutical Technology, pp. 46-53 (www.iptonline.com/
articles/public/IPTFIVE46NP.pdi).

6.6 Peptide Mimetics

7. EXAMPLES

[0220] The following examples should be seen as 1llustra-
tive, and should not be viewed as limiting the scope of the
present invention. Reasonable variations, such as those that
occur to a reasonable artisan, can be made herein without
departing from the scope of the present invention.

7.1 Experimental Procedures

7.1.1 Synthesis of Peptides

[0221] All peptides 1n this study were synthesized using
standard Fmoc solid phase chemistry on a peptide synthesizer
(Protein Technologies, Inc.). The same method was used to
incorporate p-Benzoyl-L-phenylalanine (BPA; Bachem, Tor-
rance, Calif.), a photoreactive amino acid, mto peptide for
ailinity labeling. Peptides were cleaved from the resin and
deprotected with cocktail reagents (trifluroacetic acid:thio-
amisole:EDT:anisole, 90:3:3:2 where EDT signifies
cthanedithiol). All peptides were purified by high-pressure
liquid chromatography (HPLC) on a reverse-phase C18 col-
umn (ZORBAX 300 SB-C18 9.4 mmx25 cm, Agilent Tech-
nologies). The 1dentity of the peptides was verified by LC-
MS/MS (Agilent Technologies).
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7.1.2 Membrane Preparation and Photoatifinity
Labeling

[0222] Membrane preparation and photoatilinity labeling
were performed essentially as described (L1 et al., 2000,
PNAS, 97: 6138-6143) except 300 nM of photoactive peptide
was used. The labeled proteins were eluted with 2xSDS
sample buifer and analyzed with Western blotting using anti-
bodies against the components of y-secretase complex. Pro-
tein concentration was determined with the D - protein assay

kit (Bio-Rad)

7.1.3 Expression of Biotinylated Recombinant
Proteins

[0223] AwviTag, a specific 15 residue peptide sequence
(GLNDIFEAQKIEWHE, the underlined K becomes labeled
with biotin; Avidity, LLC; U.S. Pat. Nos. 35,723,584, 3,874,
239 & 5,932,433) that can be biotinylated with biotin ligase,
was cloned 1nto a pIAD16 vector (McCatlerty et al., 1997,
Biochemistry, 36: 10498-10305) (kindly provided by Profes-
sor Christopher Walsh, Harvard Medical School) to generate
a pIAD16Av1 plasmid. The APP fragments with the FLAG
epitope tag (DYKDDDDK) were inserted into the
pIAD16 Avi vector to provide a sequence for a chimeric mal-
tose binding protein-thrombin target sequence-AviTag-APP
fragment construct. For expression of biotinylated protein,
pIAD16Avi-APP and pACYC164, which encodes biotin
ligase were co-transformed 1n BL21 (DE3) E. coli cells.
When bactenial growth reached an OD600 01 0.4-0.8, 1sopro-
pyl 1-thio-p-D-galactopyranoside (IPTG, 100 uM) was
added to 1induce target protein expression in the presence of
50 uM of biotin. Cells were pelleted and lysed by French
press. The soluble fraction was subjected to amylose affinity
chromatography through a maltose binding protein (MBP)
tag. The purified protein was treated with thrombin at 16° C.
overnight to cleave between MBP and AviTag. The biotiny-
lation of target proteins was verified by LC-MS analysis.

7.1.4 In Vitro y-Secretase Assay

[0224] The recombinant proteins were incubated with

v-secretase (40 ng/ml) 1 the presence or absence of 1 uM
v-secretase mhibitor L-685,4358 (CAS [292632-98-5], shown

below). The reaction mixture contains 0.25% 3[(3-cholami-
dopropyl)  dimethylammonio]-2-hydroxypropanesulionic
acid (CHAPSOQO), 0.1 ng//ul BSA, protease inhibitor, 50 mM
PIPES, pH 7.0, 5 mM MgCl,, 5 mM Ca(Cl, and 150 mM KCI.
Thereaction was incubated for 2.5 hrat37° C. and stopped by

adding RIPA butfer (150 mM NaCl, 1.0% NP-40, 0.5%
sodium

Ph

NH,

[.-685,458

deoxycholate, 0.1% SDS, 50 mM Tris HCI, pH 8.0). The
products were detected with various antibody combinations
as previously described (Lai et al., 2003, J. Biol. Chem., 2778:
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22475-22481; Laet al., 2000, Proc. Natl. Acad. Sci. USA, 97:
6138-6143; Yin et al., 2007, J. Biol. Chem., 282:23639-
23644) using electrochemiluminescence (ECL). The amount
of product was determined using synthetic peptide or recom-
binant standards. The Km and Vmax were determined from
the Michaelis-Menten equation Michaelis-Menten Kinetics
(v=Vm[S]/(Km +[S]; v: imitial rate; Vm: maximum velocity;
Km: the Michaelis-Menten constant, S: substrate). P-values
were calculated from Student t-test.

7.1.5 Cell-based A3 Production Assay and Western
Blot

[0225] HEK 293 cells (Clontech, Mountain View, Calif.)
were cultured in Dulbecco’s modified Eagle’s medium
(DMEM), supplemented with 10% fetal bovine serum and
penicillin. HEK 293 cells stably transfected with APP were
maintained in DMEM medium with 10% fetal bovine serum
plus 1 ug/ul puromycin. When they reached 70% confluence
of 6-well plates, the cells were transiently transfected with 20
ng of pmaxGFP (encoding green fluorescent protein; Amaxa,
available from Lonza Cologne AG, Cologne, Germany ) and 2
ug target plasmids as indicated 1n mdividual experiments.
After transfection, fresh media with or without y-secretase
inhibitor were added to the cells. After 48 hours total incuba-
tion, conditioned cell media were collected and diluted 1n
RIPA buffer. Secreted A} peptides were detected by ECL
assay using biotinylated 6E10 monoclonal antibody (Co-
vance, Princeton, N.J.; directed against AB1-16) or biotiny-
lated 4G8 monoclonal antibody (Covance; directed against
AP17-24) and ruthenylated G2-10 antibody (directed against
the C-terminal epitope of AP40 that includes amino acid
residues 31-40 of the human Ap peptide; G2-10 does not bind
to AP 1-38, AP 1-39, AP 1-42, AP 1-43 or APB1-44, nor to
uncleaved substrate). Antibodies may be conjugated to ruthe-
nium for use 1 ECL by reacting ruthenium (II)-tris(bipy-
ridyl)-N-hydroxysuccimmide ester, dissolved in DMSO,
with the antibody, for example at a molar ratio of about 7.5:1.
After a suitable reaction time, such as 60 min., the reaction 1s
terminated by adding L-lysine, and excess reagents drawn oif
by passing the mixture over a gel permeation column such as
Sephadex G-25 (U. S. Patent Application Publication
20080317764). Conditioned media and cell lysates were ana-
lyzed by Western blotting using Karen antibody (cAPP; a

polyclonal antiserum raised to the secreted amino terminus of
APP; Steinhilb, Turner and Gaut, 2002, J. Neurochem. 80:

1019-1028), 6E10 and CT15 (Stephens and Austen, 1996 J.
Neurosci. Res. 45: 211-225) antibodies (see FIG. 2A for

diagrams of selected antibody recognition sites of APP frag-
ments).

7.1.6 Analyses of Ap Peptides 1n Conditioned Media
by SELDI-TOF

[0226] HEK293 cells transfected with the APP construct
were cultured for 48 hours in DMEM supplemented with
10% fetal bovine serum. Conditioned media were collected
and 50 ul of the media were incubated overmight with preac-
tivated SELDI protein chip PS20 coated with 6E10 antibody.
The procedures of the amino-coupling of monoclonal anti-
body to SELDI protein chips and immunocapture were all
performed as described by the manual of the ProteinChip
B-amyloid Multipeptide Kit (Ciphergen Biosystems, Fre-
mont, Calif.). Samples were analyzed on a PSB-II Protein-
Chip Array Reader (Ciphergen Biosystems) according to an
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automated data collection protocol. All spectra were cali-
brated externally using All-In-1 Peptide Standard II (Cipher-
gen) and normalized to the average intensity height of peak.

7.17 Immunoprecipitation and PCTF ECL Assay

[0227] The mock (empty vector) or TACE ftransiected
HEK293-APP cells (one well of E-well plate each) were
collected and lysed with 200 ul of RIPA builer with a mixture
ol protease inhibitors. After rotating at 4° C. for an hour, cell
lysates were centrifuged at 13K rpm for 5 minute and the
supernatants were subjected to immunoprecipitation with

WO-2 or 4G8 antibodies and blotted with varying antibodies.
The mock or TACE transtected HEK293-APP cell lysate

were also incubated with biotinylated 6E10, CT-135 and ruthe-
nylated anti-rabbit secondary antibodies for 3 hrs, magnet
streptavidin beads were then added and incubated for 30 mun.

The assay mixtures were analyzed by an ECL technology.

7.2. Example 1. a-Secretase Cleaved C-terminal
Fragment (0.C'TF) 1s a Poor Substrate of y-Secretase
In Vitro

[0228] Cleavage of APP by a- or [3-secretase appears to be
required for vy-secretase-mediated processing. PCTF
(p-secretase cleaved APP C-terminal fragment; SEQ ID
NO:8) has been widely utilized to detect y-secretase activity

in cell-based and 1n vitro assays (L1 et al., 2000, Proc. Natl.
Acad. Sci. USA, 97:6138-6143; Lichtenthaler et al., 1999,

FEBS Letters 453: 288-292; Shearman et al., 2000, Biochen-
istry, 39:8698-8704). Shah etal., 2005, found that [3-secretase
cleavage of APP exposes the N-terminus of PCTF which 1s
then recognized by nicastrin and brought to the active site for
proteolysis (Shah et al., 2005, Cell, 122:435-4477). However,
whether olCTF, the a-secretase cleaved APP C-terminal frag-
ment, shares the same mechanism as PCTF 1s not known. To
compare their reactivity with v-secretase, recombinant Actf
(SEQ ID NO:7) and PCTF were overexpressed as maltose
binding protein (MBP) fusion proteins with a thrombin cleav-
age site (FIG. 2A). Affimty-purified fusion proteins were
treated with thrombin and analyzed by SDS-PAGE (F1G. 2B).
The molecular mass of aCTF-FLAG and pCTF-FLAG was
confirmed by LC-MS (FIG. 2C). The measured molecular
masses of aCTF-FLAG and pCTF-FLAG were 10,621 and

12,557, respectively, and matched the calculated mass 10,617
and 12,554.

[0229] Each substrate at three concentrations was 1ncu-
bated with HelLa membrane 1n the presence and absence of 1
uM L-685,458, a potent y-secretase inhibitor (Shearman et
al., 2000, Biochemistry, 39:8698-8704). The signal difference
between [.-685,458 treated and untreated samples 1s attrib-
uted to vy-secretase activity. The product resulting from
v-secretase cleavage of PCTF between the positions corre-
sponding to AP40 and AB41 (X40; see FIG. 1) to provide a
vCTF was detected by a pair of antibodies: biotinylated 4GS
and ruthenylated G2-10. Surprisingly, the two substrates,
aCTF-FLAG and pCTF-FLAG, exhibit striking differences
in their ability to be processed by y-secretase. The rate of
v-secretase hydrolysis of pCTF-FLAG 1s 12-fold greater than
for hydrolysis of aCTF-FLAG (FIG. 2D). Insight into the
reaction mechanism of y-secretase for processing of aCTF
and PCTF 1s needed to understand how these two APP pro-
cessing pathways are executed and regulated.
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7.3. Example 2

An Inhibitory Domain (AB17-23) within the APP
Substrate Regulates y-Secretase Activity In Vitro

[0230] A deletion strategy was applied to map motifs that
regulate aC'TF processing by y-secretase. Because deletion of
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deletion experiments, it was found that S4 (SEQ ID NO:12),
a substrate lacking seven amino acids (LVFFAED, Ap17-23;
SEQ ID NO:18), 1s effectively processed by y-secretase with
a rate similar to that of the S1 substrate (Table 2). These
findings demonstrate that in synthetic peptide substrates of
v-secretase, the portion of AP} peptides that includes A317-23
strongly inhibits the activity of y-secretase on the substrates.

TABLE 2

Seguencesgs of wvarious C-terminal substratesg for y-secretase activity

Sub- Y-

strate/ secretase

SEQ ID activity

NO : Sequence %

S1/9 AviTag-KGAIIGLMVGGVVIATVIVITLVMLKKK 100 = 4.2

S2/10 AviTag-LVFFAEDVGSNKGAIIGLMVGGVVIATVIVITLVMLKKK None

S3/11 AviTag-LVFFAEDVGSNKGAIIGLMVGGVVIATVIVITLVMLKKK None
OYTSIHHGVVEVDAAVTPEERHLSKMOONGY ENPTY KEFFEQMON - FLAG

s4/12 AviTag-VGSNKGAIIGLMVGGVVIATVIVITLVMLKKK 125 £ 6.2
OYTSIHHGVVEVDAAVTPEERHLSKMOONGY ENPTYKFFEQMON - FLAG

S5/13 AviTag-YEVHHQKVGSNKGAI IGLMVGGVVIATVIVITLVMLKKK 85 = 2.9
OYTSITHHGVVEVDAAVTPEERHLSKMOONGY ENPTYKFFEQMQON - FLAG

S6/14 AviTag-VAGAGGNVGSNKGAIIGLMVGGVVIATVIVITLVMLKKK 108 = 5.2

QYTSIHHGVVEVDAAVTPEERHLSKMOONGY ENPTY KFFEQMON - FLAG

AviTag represgents the bilotinylation sequence GLNDIFEAQKIEWHE. FLAG represents the
epltope tag DYKDDDDK y-secretase activity 1s monitored by 1n vitro y-secretase

actlvity assay

the N-terminus destroys the 4G8 antibody binding epitope
upon which these assay depend, an AviTag was introduced
into the N-terminus of APP CTFs. Avilag, a specific 15
residue peptide, serves as a substrate for biotin ligase that
specifically catalyzes an attachment of biotin to the lysine
residue within the AviTag. By biotinylating these recombi-
nant proteins, y-secretase activity could be directly monitored
using only streptavidin beads and the G2-10 antibody. To
facilitate protein 1solation, an MBP/thrombin site was
inserted ahead of the AviTag on these target proteins. First,
this strategy was tested by directly fusing the transmembrane
domain of APP (beginning at position Af328; see Thinakaran
and Koo) behind the MBP/thrombin-AviTag. A target protein
was co-expressed with biotin ligase 1n the presence of biotin
and after purification, the fusion protein was treated with
thrombin to liberate biotinylated transmembrane domain.

[0231] The biotinylated APP transmembrane domain,
which 1s hereafter referred to as S1 (SEQ ID NO:9), was
confirmed by LC-MS analysis. The 51 peptide was incubated
with HelLa membrane and the A340-site specific cleavage
was detected using the G2-10 antibody. y-Secretase effec-
tively cleaved the S1 substrate (Table 2).

[0232] In order to investigate this question further, two
additional substrates were constructed, S2 and S3 (Table 2),
which both contain the AP17-27 sequence immediately
N-terminal to the beginning of the transmembrane domain;
S3 1s prepared also to include the C-terminal tail of APP. Very
little AP40-site specific y-secretase product was detected
using either the S2 or the S3 substrates (Table 2), suggesting,
that a motif which negatively regulates y-secretase activity
may reside in the sequence of Af317-27. Through a series of

[0233] The critical question to address was whether the
high reactivity of the S4 substrate was caused by shortening
of the N-terminal portion of this y-secretase substrate, or
caused by a sequence specific effect. Therefore, two con-
structs, S5 and S6 (SEQ ID NOS:13 AND 14, respectively),
were designed (Table 2). The APB17-23 sequence of S3 was
replaced by A10-16 (YEVHHQK) in S5 (effectively delet-
ing APB17-23) or a random sequence (VAGAGGN) i S6
(substituting non-Ap residues in place of AB17-23). It was
found that both S5 and S6 are remarkably active (Table 2).
Their rates of y-secretase-catalyzed proteolysis for S5 and S6
were 0.85- and 1.1-fold of those of S1, respectively. This
observation strongly suggests that 1t 1s specifically the amino
acid sequence of AP317-23 that directly regulates y-secretase
activity, rather than an effect being mediated by shortening of
the N-terminal portion of the substrate.

[0234] Another observation is that replacement of the Ap1-
16 sequence with the 15-mer AviTag in S3 polypeptide SEQ
ID NO:11) led to the generation of an inactive substrate. This
finding indicates that the AB1-16 sequence may play a spe-
cific role in modulating the inhibitory effect of A317-23 since
BCTF 1s a substrate of v-secretase. To examine the relation-
ship of AP1-16 and APp17-23, four APB1-16 derived peptides
were synthesized, including AP1-16, AB1-7, Ap1-12 and
AP8-16, and their effect on y-secretase activity for processing,
ol the S3 substrate was tested. Combinations of three concen-
trations (0.1, 1 and 10 uM) of Ap1-16, AP1-7, Ap1-12 or
AP8-16 and three S3 concentrations (0.5, 1 and 2 uM) were
used to test two peptide motifs in trans (acting from a different
molecule) for y-secretase activity. There i1s no difference
among all of these combinations, 1.e. little A340-site specific
v-secretase product was detected. These studies suggest that
the AP1-16 sequence only works 1n cis (1.e., acting when
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incorporated within the same molecule) in coordinating with
AR17-23 for regulation of y-secretase activity, but not when
present 1n a mixture as a separate molecule.

[0235] Inorderto examinetherole of AR17-23 inthe pCTF
substrate, a substrate (PCTFA; SEQ ID NO:25) was gener-
ated, 1n which this mhibitory domain is deleted (FIG. 3A).
The vy-secretase cleaved products (AP40 and AP40A) from
BCTF and pCTFA were detected by a pair of antibodies: 6E10
and G2-10. As a control, 1t was shown using synthetic stan-
dard peptides that A340 and Ap40A displayed the same reac-
tivity to the antibodies. Kinetic analyses were conducted in
order to compare the reactivity of PCTF and PCTFA with
v-secretase. Using ECL detection, the apparent Km 1s 0.47+0.
09 uM for PCTF and 0.26+£0.09 uM for PCTFA Vmax values
are 16x1 and 215+24 min~" ug™" for PCTF and BCTFA,
respectively (FIG. 3B). The Vmax/Km or kcat/Km value for
BCTFA, which indicates the catalytic efficiency of the
enzyme, 15 42-fold greater than for the PCTF substrate. In
other words, BCTFA 1s a 42-1old better substrate than fCTF
for y-secretase proteolysis. These studies conclusively dem-
onstrate that removal of this inhibitory domain significantly
enhances substrate reactivity with y-secretase.

[0236] It was next determined whether v-secretase from
other sources has the same preference for the PCTFA sub-
strate. Cell membrane from mouse brain was 1solated and 1ts
v-secretase activity was assayed for the Ap40- and Ap42-site
cleavages. Product formation was monitored by G2-10 and
(G2-11 antibodies, respectively. In mouse brain membrane,
the reaction rate of y-secretase for the hydrolysis of PCTFA 1s
25-and 11-times faster for the 40-site and 42-site production
compared to PCTF substrate, respectively (FI1G. 3C). In addi-
tion, the y-secretase activity was assayved for A38 production
and e-cleavage (FIGS. 3D and 3E). The Ap38-site cleavage
was detected with a combination of biotinylated 6E10 and
ruthenylated anti-A338 antibodies. The rate of v-secretase
activity for A38 production from PCTFA increased as much
as 10-told over that for pCTF (FIG. 3D). However, the dele-
tion of this domain has no eflect on the e-cleavage
(AICD=APP intracellular domain) (FIG. 3E). These studies
indicate that the removal of the mnhibitory Ap317-23 domain
has distinctive effects on AP species (AP38, ApP40 and A342)
and AICD.

7.4. Example 3

Peptides Derived from the Inhibitory Domain
Directly Bind to Presenilin-1 (PS1) and Nicastrin

[0237] In order to elucidate the role of the inhibitory
domain 1n regulation of y-secretase activity, the LVFFAED
peptide (AP17-23; SEQ ID NO:18) was synthesized and its
activity as an inhibitor of y-secretase tested. This peptide
exhibits inhibitory activity against y-secretase activity on
both APP (FIG. 4A) with an IC30 of 1.5 uM on APP cleavage.
Furthermore, double reciprocal (Lineweaver-Burke) analy-
ses showed the plots of the Ap17-23 peptide intersect to the
left of the X-axis (FIG. 4B), which indicates non-competitive
inhibition, whereas the corresponding plots for L-685,458
intersect on the Y-axis (not shown), which 1s indicative of
competitive inhibition and 1s consistent with a previous report
(Y et al., 2007, J. Biol. Chem., 282:23639-23644). This
result indicates that the AP317-23 heptapeptide does not inter-
act with the active site of y-secretase. To define the core
sequences of this peptide necessary for y-secretase inhibition,
a series ol peptides with truncations or additions at the N- and
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C-termimi were synthesized (FIG. 4C). First, deletion of two
charged residues from the C-terminus augmented the inhibi-
tory potency (lines 1 and 2). However, removal of an addi-
tional Ala residue resulted 1n approximately 6-1old reduction
in inhibitory potency (line 3). Second, addition of a residue at
the N-terminus or C-terminus reduced 1ts inhibitory potency
as well (lines 4 and 5). Taken together, the close potencies
exhibited by LVFFA (SEQ ID NO:19)and LVFFAED suggest
that AB17-21 1s the major determinant for inhibitory activity
and that the two additional residues AP22-23 provide Iittle
contribution to 1ts activity.

[0238] The potency of the LVFFAED peptide on y-secre-
tase cleavage of Notch substrate was also determined. The
cleaved Notch product was detected by Vall744 antibody that
specifically recognizes the product cleaved between Gly1743
and Vall744. The 1IC30 value of this peptide 1s 10 uM for
Notch substrate processing (FIG. 4A). Despite the finding
that the potency of this peptide 1s 6-fold less potent in the
proteolytic cleavage of Notch by v-secretase than that of
APP-derived substrates, this study suggests that this inhibi-
tory peptide 1s capable of inhibiting y-secretase activity
directed to both APP and other substrates. A peptide with
amino acid sequence VKSEPVEPPL that 1s equivalent to the
N-terminal residues of Notch extracellular truncation
(NEXT) resulting from S2 cleavage by TACE (Tumor necro-
s1s factor-a. converting enzyme) or other metalloproteases
(Selkoe and Kopan, 2003, Ann. Rev. Neurosci., 26:565-597)
was synthesized and its activity was tested. This S2-site
derived Notch peptide did not 1nhibit y-secretase for APP or
Notch processing (data not shown).

[0239] o elucidate the interaction site between the y-secre-
tase complex and the inhibitory peptide, a photoatifinity label-
ing approach was employed by incorporating p-benzoylphe-
nylalanine (BPA), a photoreactive unnatural amino acid, into
the inhibitory peptides. Since the core region contains two
phenylalanines (Phe) that structurally resemble BPA, these
two residues were primarily targeted, and 1n order to facilitate
peptide synthesis, purification and solubility, AP322-23 was
included 1n these photoreactive probes. Replacement of phe-
nylalanine at position 19 of AP17-23 with BPA (AP17-
23BPA'") resulted in reduced inhibitory activity by 3-fold
(FI1G. 4C, line 6). However, substituting BPA 1nto the Phe at
position 20 (AB17-23BPA*") led to a 19-fold increase in
potency with an IC30 of 81 nM (line 6. In order to monitor and
retrieve labeled proteins, a biotin tag was conjugated to A317-
23BPA*". Moreover, attaching the biotin moiety at the C-ter-
minus (AB17-23BPA~"-biotin), as opposed to the N-termi-
nus, was shown to have no effect on the peptide inhibition
potency (IC50 of 83 nM, line 7). Therefore, this peptide
(AB17-23BPA*"-biotin) allowed for the probing of the inter-

action between the inhibitory peptides and y-secretase.

[0240] HeLa membrane was incubated with AP17-
23BPA*"-biotin in the presence 0f 0.25% CHAPSO, and then
irradiated at 350 nm. After the photolyzed membranes were
solubilized, biotinylated proteins were captured, eluted and
analyzed by western blotting with antibodies against biotin,
PS1, nicastrin, PEN-2 and APH-1. Anti-biotin blotting
reveals two major bands with molecular weights around 20
kDa and one minor band at approximately 32 kDa, which are
absent 1n the presence of added unphotolyzed nonbiotiny-
lated peptide to compete for the antibody (FIG. 4D). Subse-
quent analyses showed that these bands co-migrated with
PS1-CTF and PS1-NTF (FIG. 4D). In addition, AB17-
23BPA*"-biotin labels nicastrin (FIG. 4D), but not PEN-2 or
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APH1a (both PEN-2 and APH1a were detected from directly-
loaded cell membrane proteins as indicated by an arrow 1n the
right lane of blot). (The remote possibility that covalent
attachment of this compound masked the epitopes of both
antibodies cannot be eliminated.) All of these photochemical
labelings were blocked with an excess of non-biotinylated
AB17-23BPA*" (FIG. 4D), suggesting that addition of a
biotin moiety did not alter the specificity of this probe.
[0241] Next, the inhibitory capacity of Ap17-21 and Ap17-
23 in blocking the cross-linking of AB17-23BPA>"-biotin was
determined. Both peptides at 25 uM were found to 1nhibit
photoinsertion of this probe (FIG. 4E, lower panel), whereas
AP17-21 and AP17-23 at 10 uM suppressed the photolabel-
ing by approximately 77% and 53%, respectively. These stud-
1es suggest that the incorporation of BPA and biotin into the
LVFFAED peptides enhanced its potency, but did not alter 1ts
specificity. Furthermore, the LVFFA peptide appears to be
more effective than the LVFFAED peptide 1n blocking pho-
toinsertion, which 1s consistent with the inhibitory potency of
both peptides. Therefore, these data suggest that A17-21 1s
the core region of the inhibitory domain and 1ts peptide bind-
ing pocket 1n the y-secretase complex 1s composed of at least
PS1-CTF, PS1-NTF and nicastrin. Lastly, the relationship
between the inhibitory domain binding site and other y-secre-
tase inhibitor interacting sites (FIG. 4F) was examined. Both
[.-685,458 and compound E completely blocked the photo-
crosslinking of PS1-CTF and PS1-NTF by Ap17-23BPA>"-
biotin. These observations turther validate that this peptide
incorporating the inhibitory domain identifies 1n these
Examples specifically interacts with y-secretase and the bind-
ing sites for L.-685,458 or compound E either partially over-
lap or allosterically change the inhibitory domain binding
pocket.

7.5 Example 4

A Retro-Inverso Peptide of the Inhibitory Domain
Selectively Suppresses Cellular y-Secretase Activity
for APP Processing,

[0242] After confirming in vitro activity of inhibitory
domain-derived peptides, we tested whether they were
capable of inhibiting cellular y-secretase activity. After trans-
fection or compound treatment, conditioned cell media were
collected and diluted 1n RIPA buiffer. Secreted A3 peptides
were detected by ECL assay using biotinylated 6E10 and
ruthenylated G2-10 antibodies. Initial tests using the LVF-
FAED peptide up to 100 uM failed to inhibit cellular y-secre-
tase activity (data not shown).

[0243] We therefore synthesized modified peptides that
increase cell permeability and/or resistance to proteolytic
degradation and tested their activity. Both side chains of Glu
(E) and Asp (D) 1n PM-1 were converted to methyl esters and
the C-terminus was amidated (SEQ ID NO:23; FIG. 5a).
PM-1 1nhibited y-secretase activity with an IC50 of 2 uM 1n
vitro (FIG. 5b). It 1s worth noting that PM-1 was as active as
the parent peptide, suggesting that the charges 1n these resi-
dues (Asp-Glu) have marginal contribution to 1ts inhibitory
potency, which 1s consistent with results presented above.
However, PM-1 was unable to suppress cellular y-secretase
activity up to 100 uM (data not shown).

[0244] RI-PM-1 1s a retro-inverso (RI) form of PM-1 (SEQ

ID NO:24). RI peptides are comprised of D-amino acids
assembled 1n the reverse order from the parent L-peptide and
possess similar topographies as the original L-peptide, yet are
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more resistant to proteolysis. RI-PM-1 exhibits reduced in
vitro inhibitory potency with an IC50 of 18 uM compared to
PM-1 (FIG. 5b). Importantly, 1t completely 1inhibits photoin-
sertion ol AP17-23BPA20-biotin mto PS1-NTF (FIG. 5b
inset), suggesting that this RI transformation does not alter
the specificity of this peptide. Furthermore, 1t reduces
secreted Af3 species 1in a dose dependent manner (FIG. 5¢) 1n
our cellular model and concomitantly caused an accumula-
tion of APP-CTFs (FIG. 5¢). Taken together, these results
indicate that RI-PM-1 1nhibits cellular y-secretase activity for
APP processing through interaction with an inhibitory EI site.
[0245] Another critical question 1s whether targeting this EI
site can lead to the development of specific inhibitors for APP
processing that do not affect cleavage of other substrates. We
therefore examined the effect of RI-PM-1 on Notch1 process-
ing. HEK 293 cells were transiected with the AE-Notch1 con-
struct 1n which the majority of the Notchl extracellular
domain 1s removed and thereby i1s already “primed” for
v-secretase cleavage 25. The expression of AE-Notchl pro-
tein was confirmed with anti-Myc antibody (FIG. 5e, upper
panel). The AE-Notchl expressing cells were treated with
RI-PM-1 and the cleaved NICD product was detected using
SM320, a specific antibody that recognizes the N-terminus of
the cleaved product but not the uncleaved substrate. RI-PM-1
used at a concentration up to 100 uM does not reduce the
production of NICD (FIG. Se, lower panel), whereas 1t inhib-
its the production of AP by 70% (see FIG. 3¢) at this concen-
tration. Moreover, NICD was not detected 1n [L-685,4358
treated samples (FI1G. 5e, lane 1, lower panel) demonstrating
the specificity of the cleavage assay for monitoring y-secre-
tase Notchl processing. Clearly, RI-PM-1 exhibits selectivity
against y-secretase for APP over Notchl processing. There-
fore, the FEI site could offer a new drug target site for the
development of selective y-secretase mnhibitors for APP.

7.6. Example 5

Mutation of the Inhibitory Domain within fCTF
Leads to a Significant Increase in Secreted Afj from

Cells

[0246] Adfter establishing that the AP17-21 inhibitory

domain regulates y-secretase activity in vitro, 1t was deter-
mined whether a similar effect could be observed 1n cells. In
order to assess the effect of the inhibitory domain on cellular

v-secretase activity, a simplified system developed by Licht-
enthaler et al. (Lichtenthaler et al., 1999, FEBS Letters, 453:

288-292) 1n which an SPA4CT construct consisting of an
N-terminal signal peptide (SP) was applied. In this procedure,
A4CT (equivalent to PCTF) 1s used 1n this Example to moni-
tor y-secretase activity on various substrates. After the signal
peptide 1s removed by signal peptidase during membrane
isertion, the product pCTF (A4CT) becomes a substrate of
v-secretase (Lichtenthaler et al., 1999, FEBS Letters, 433:
288-292). Therefore, this system eliminates the need for
3-secretase cleavage, a rate-limited step for APP processing
and A3 production, thereby allowing one to accurately mea-
sure cellular y-secretase activity.

[0247] Two mutation constructs that are analogous to the

S4 and S6 substrates 1n Table 2 were made. In these sub-
strates, the AP17-23 sequence 1s either deleted (BCTFA) or

replaced by the sequence VAGGGAN (PCTFmut; SEQ ID
NO:26), as diagrammed 1n FIG. 6A, which shows that the
peptides 1n question were also prepared with signal peptide

(SP). After transiently expressing SPPCTE, SPPCTFA, or
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SPPCTFmut in HEK293T cells for 24 hours, the expression
ol substrate 1n cell lysates was analyzed by western blotting,
and the secretion of A} mto conditioned media was deter-
mined by ECL. It was shown that the same amount of protein
from cell lysates was separated by SDS-PAGE upon western
blotting using the CT-15 antibody which recognizes the
C-terminal fragment (C'TF) of APP (FIG. 6B). The equal band
intensities for these peptides indicates that the same amount
ol substrate was present in these cells. The amount of secreted
AP40 from the SPPCTFA or SPPCTFmut-transiected cells 1s
10 or 4.5-fold higher than from the SPPCTF-cells imncorpo-
rating the wild type fragment (FI1G. 6C). These results further
validate that the AP17-23 mhibitory domain plays a critical
role 1n the regulation of y-secretase.

[0248] The ability of the inhibitory domain to reduce the
negative regulation ol APP processing and therefore increase
substrate reactivity 1n vitro was tested. The S3 substrate
(Table 2) was pre-incubated with the monoclonal antibody
4G8 which binds directly to the LVFFAE epitope and should
therefore “mask’ the inhibitory domain (diagrammed 1n FIG.
6D). The assay background was defined in the presence of
[.-685,458 (FIG. 6D). After subtracting the [-685,458
defined background, a 26-1fold increase 1n y-secretase activity
with the 4G8 antibody-bound substrate was found (FI1G. 6D).
Therefore, the data show that either masking or mutating the
inhibitory domain interferes with its inhibitory role and
results 1n an 1ncrease 1n y-secretase cleaved products. In con-
trast, a previous study showed that the binding of anti-FLAG
antibody to the nFLAG-C99 (equivalent to BCTF) blocked
v-secretase cleavage of thus substrate (Shah et al., 2005, Cell,
122:435-4477). These studies suggest that this inhibitory
domain and the N-terminal fragment of fCTF play disparate
roles 1n regulating v-secretase activity for APP processing.

7.7. Example 6

a.-Secretase Cleaved C-terminal Product (aCTF)
Inhibits y-Secretase Activity

[0249] The present findings have shown that aCTF 1s a
poor substrate of v-secretase and that the AB17-21 peptide 1s
an inhibitor of protease activity, suggesting that ooCTF could
suppress y-secretase activity through o-secretase cleavage
resulting in the exposure of the inhibitory domain. An attempt
to express aCTF 1n cells to test 1ts activity was undertaken.
However, despite extensive attempts with various transiec-
tion conditions, no oCTF protein was detected when the
aCTF gene was fused with the APP signal sequence 1n the
same manner as the expression of pCTF above. Therefore, an
alternative means to address this 1ssue was explored. Both
ADAMI10 and TACE (Tumor necrosis factor-a converting,
enzyme; GenBank Acc. No. NM 003183) TACE have been
found to exhibit a-secretase activity (Buxbaum et al., 1998, .
Biol. Chem., 273:27765-2776"7; Kojro and Fahrenholz, 2005,
Subcell. Biochem., 38:105-127). Since the gene encoding the
tull length of human ADAMIO0 1s sometimes subject to
recombination, TACFE was chosen for these studies. Nonethe-
less, the expression of TACE or ADAMI0 should be able to
promote .C'TF production and address the 1ssue. TACE was
expressed fused with a C-terminal HA tag in the HEK293-
APP cells and 1ts effect on APP695 processing was examined.

TACE protem expression was first confirmed by western blot
analysis using an anti-HA antibody (FIG. 7A, upper panel).

The expression of TACE had only a moderate effect (15%
reduction) on the level of APP (FIG. 7A, middle panel; note
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the diagram of this experiment). Equal protein loading was
confirmed by anti-f3 tubulin western blotting (FIG. 7A, lower
panel).

[0250] The secreted APP species that include sAPPaq,
sAPPf3 and A} 1n conditioned media were analyzed next.
sAPPa and sAPPP (SEQ ID NOS:4 and 3respectively)
which refer to the liberated N-terminal fragments of APP
resulting from the proteolytic cleavages by a.-secretase and
3-secretase, are specifically recognized by the 6E10 and anti-
sAPP[( antibodies, respectively (diagrammed in FIG. 7B).
Elevated sAPPa. levels were found upon action by TACE,
indicating that the transiently expressed TACE mediates
a.-secretase-like processing ol APP processing (FIG. 7B).
Furthermore, reduced sAPPp suggested that there was less
substrate available for p-secretase (FIG. 7B), which 1s a con-
sequence of TACE mediated depletion of the APP substrate.
This finding 1s consistent with previous reports of competi-

tion between o.-secretase and [3-secretase for the APP sub-
strate (Nitsch et al., 1992, Science, 258:304-307; Postina et

al., 2004, J Clin Invest, 113:1456-1464; Skovronsky et al.,
2000, J. Biol. Chem, 2'75: 2568-2575).

[0251] The level of secreted AP40 with 6E10 and G2-10

antibodies was determined next. The amount of Ap40 that 1s
derived by (- and vy-secretase cleavages was significantly
reduced, by 82%, following TACE overexpression (FIG. 7C),
which 1s consistent with previous results seen in ADAMI10-
mouse studies (Postina et al., 2004, J. Clin. Invest., 113:1456-
1464). However, when the total amount of y-secretase-
cleaved products known as X40 including A3 and P3 (FI1G. 1)
was examined, up-regulation of TACE activity also resulted
in a 53% reduction of X40 (FI1G. 7C). This finding, showing
that higher a-secretase activity leads to a reduction of total
v-secretase activity, suggests that aCTF acts as an endog-
enous mhibitor of y-secretase.

[0252] As a further test of this hypothesis, the effect of
TACE expression on cellular aCTF and BCTF fragments was
examined. First, cell lysates were immunoprecipitated (IPI)
with the 4G8 antibody and western blotted (WB) with the
CT15 antibody (FIG. 7D, upper panel). Clearly, the expres-
sion of TACE augmented the production of aCTF, which 1s
consistent with the increase in secreted sAPPca. In contrast to
sAPP(, PCTF was increased. In order to reduce the interfer-
ences of alC'TF for BCTF quantification, fCTF was immuno-
precipitated with WO-2 antibody and probed with W0-2 and
FCA-18 antibodies. FCA-18 specifically recognizes the
B3-secretase cleaved N-terminus of fCTF and WO0-2 binds to
the AP1-16 fragment. Both blots (FIG. 7D, middle and low
panels) showed that the expression of TACE led to increased
BCTF species (2-fold by FCA-18 and 4-fold by W0-2), rather
than a reduction. A reduction in BCTF would be predicted
from the substrate competition model. Furthermore, BCTF
was directly detected from cell lysates with 6E10 and CT-15
antibodies using ECL technology and 1t was demonstrated
that the level of -CTF 1 the TACE-expression cells 1s
approximately 2.5 fold higher than that in the control cells
(F1G. 7E). Taken together, these observations indicate that
increased a.-secretase activity caused an accumulation of
BCTF 1n cells despite a reduction 1n sAPP[3, and support our

hypothesis that aCTF negatively regulates y-secretase activ-
ity for AP and P3 production (FIG. 7F).

[0253] In order to further test the hypothesis that aCTF
indeed mhibits y-secretase, a cell-free system was applied to
address these 1ssues. The 1n vitro y-secretase activity for the
production of X40 was examined 1n the presence of both the
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BCTF and aCTF substrates (FIG. 8A). The effect of aCTF on
v-secretase activity in the cell-free system 1s analogous to the
results from the cellular studies. o CTF at0.25,0.5 and 1.0uM
significantly suppresses y-secretase activity for A3 produc-
tion by 66, 71 and 82% whereas 1t inhibits X40 production by
24,32, and 60% respectively (FIG. 8A). In order to verify that
the inhibitory domain within aCTF contributes to this mnhi-
bition, the y-secretase activity was determined in the presence
of both the JCTF and the S4 substrate in which the inhibitory
domain was deleted (see Table 2). As expected, both BCTF
and S4 are processed (FIG. 8B) and the S4 substrate did not
display inhibitory activity. Since P3 peptides (Ap17-40 and
AR17-42) also contain the same inhibitory domain, this raises
the question of whether this inhibition comes from either
aC'TF or P3 peptides. In order to distinguish between these
possibilities, y-secretase activity was assayed using the pCTF
or PCTFA substrate 1n the presence of up to 30 nM P3-42
peptide (the highest concentration was chosen based on FIG.
3B showing the product concentration 1s less than 30 nM 1n
the assay system) (FIG. 8C). P3-42 (Ap17-42)at 1,3, 10 and
30nM did not nhibity-secretase activity for A340 preduetlen
in either substrate (FIG. 8C). This eliminated the pOSSlblllty
that the blockage of y-secretase 1n this assay system 1s due to
product feedback 1nhibition.

[0254] Taken together, these cellular and biochemical stud-
1ies support the hypothesis that aCTF functions as an endog-
enous v-secretase mhibitor for AP production, and therefore
a.-secretase plays an important role 1n regulating y-secretase
activity 1 addition to competing for substrates with 3-secre-
tase.

7.8 Example 7

The Flemish APP FAD Mutation Mitigates the

Inhibitory Role of the Af317-21 Domain in the
Regulation of y-Secretase Activity and Increases
Production of Af3

[0255] There are five APP mutations within the A3 region
that cause early onset of AD or related disorders (Selkoe,
2001, Physiol. Rev. 81:741-766). These include Flemish
(A617G 1n APP695 or A21G 1 AP), Arctic (E22G), Dutch
(E22Q), Italian (E22K) and Iowa (D23N) (FIG. 9A). Since
the Flemish mutation 1s located within the LVFFA core
region and the other four are proximal to it, residing on one of
the next two amino acids (LVFFAED), 1t was determined how
these mutations atffect the function of the negative regulatory
domain.

[0256] In order to directly compare their effect, five hep-
tapeptides spanning the AP17-23 region that contain indi-
vidual mutations were synthesized and their inhibitory
potency toward y-secretase was determined. Although each
mutation led to an increase 1n IC50 (decreased inhibitory
potency versus the W sequence), only the heptapeptide con-
taining the Flemish mutation showed a statistically signifi-
cant decrease 1n inhibitory potency relative to that of the WT
peptide (p value <0.01; FIG. 9B). This finding further sug-
gests that the LVFFA sequence 1s the primary region respon-
sible for the inhibitory effect and the C-terminal ED sequence
has little contribution. Reduction of the inhibitory potency of
this domain should lead to increased A3 production. Indeed,
previous studies have found that Flemish mutation consider-

ably increased Af3 production, whereas other mutations have
little effect on AP production (De Jonghe et al., 1998, Neu-
robiol. Dis. 5:281-286; Haass etal., 1994, 269:17741-17748,;
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Nilsberth et al., 2001, Nat. Neurosci., 4:887-893). These find-
ings are consistent with the peptide inhibition studies dis-
closed herein. However, previous studies suggested that the
Flemish mutation increased AP production by aflecting
a.-secretase and [3-secretase cleavage (Haass et al., 1994, J.
Biol. Chem., 269:17741- 17748)

[0257] Therefore the effect of the Flemish mutation on
APP processing was analyzed. The APP695 WT and APP
Flemish were transfected into HEK293 cells and secreted
APP species were examined. First, the Flemish mutation was
confirmed to result 1n a 4.2-fold (p value <0.01) increase 1n
production of secreted AP40 relative to WT (FIG. 9C) when
equal amounts of APP protein were expressed 1n these cells
(F1G. 9D upper panel). Second, the Flemish mutation was
shown to have little effect on secreted sAPPa detected by
6E10 and WO-2 antibodies and sAPP[3 measured with the
ant1-sAPP[ antibody (FIG. 9D lower three panels), suggest-
ing that this mutation does not modily o-secretase and
3-secretase activities. Clearly, the increased A3 production in
the Flemish-expressing cells results from either increased
v-secretase cleavage or decreased degradation.

[0258] To determine the effect of APP FAD mutations
shown 1n FIG. 9A on y-secretase activity, we overproduced
recombinant BCTFs ([3-secretase cleaved APP C-terminal
fragments) and utilized them as substrates to detect y-secre-
tase activity 1n 1n vitro assays. The reaction rate of y-secretase
against these substrates was determined (FIG. 9E). We found
that cleavage of the Flemish mutation substrate was 3-fold
faster than W'T, whereas the other mutations only slightly
increased the y-secretase reaction rate (from 1.2- to 1.4-fold).
These studies 1indicate that the Flemish mutation provides a
less inhibited substrate for y-secretase and suggest that the
clevated secretion of AP i Flemish FAD cells 1s mainly
attributed to increased y-secretase cleavage.

[0259] In order to consider the possibility that a specific
region within APP, containing the Flemish mutation, may
negatively regulate y-secretase activity by binding to an allos-
teric site, we synthesized a series of peptides based on por-
tions of PCTF that are upstream of the y-secretase cleavage
site and determined their inhibitory activity against y-secre-
tase. We found that Ap17-20(LVFF; SEQ ID NO:20), ApB17-
21(LVFFA; SEQ ID NO:19) and AP17-23(LVFFAED; SEQ
ID NO:18) were capable of inhibiting vy-secretase activity
with IC50 values of 0.94, 0.28 and 1.50 uM, respectively,
whereas AP1-7, ApP1-12, and APB1-16 fragments exerted no
inhibition on y-secretase activity.

[0260] Taken together, these studies show that a mutation
within the core region of the mnhibitory domain manifests
significant effects on 1ts interaction with y-secretase. In other
words, the disease state associated with the Flemish mutation
1s associated with the decreased potency of the internal 1nhibi-
tory domain of the substrate.

7.9 Example 8

Evaluation of Novel y-Secretase Substrate Using
Electrochemi-Luminescence Detection

[0261] Previously published y-secretase assays have used a
truncated APP protein, C100Flag, which requires biotiny-
lated 4G8 antibody directed to the substrate, in addition to
(G2-10 antibody that binds cleaved substrate, but does not
bind to uncleaved substrate (L1 Y M, Lai M T, Xu M, et al.
Presenilin 1 1s linked with gamma-secretase activity in the
detergent solubilized state. Proc Natl Acad Sc1 USA. May 23,
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2000; 97(11):6138-6143; Ida N, Hartmann T, Pantel I, et al.
Analysis of heterogeneous A4 peptides in human cerebrospi-

nal fluid and blood by a newly developed sensitive Western
blot assay. J Biol Chem. Sep. 13, 1996; 271(37):22908-

22914). G2-10 specifically recognizes the AP40 processed
site of the cleaved substrate (Ida et al., 1996).

[0262] In order to eliminate the need for a biotinylated
antibody for detection of vy-secretase activity, an Avilag
(GLNDIFEAQKIEWHE) label was incorporated directly
into the substrate. AviTag, a conserved peptide sequence, 1s
recognized by biotin ligase that specifically catalyzes an
attachment of biotin to a lysine residue within the peptide
during target protein expression in £. coli (Schatz P J. Use of
peptide libraries to map the substrate specificity of a peptide-
moditying enzyme: a 13 residue consensus peptide specifies
biotinylation 1n Escherichia coli. Biotechnology (NY ). Octo-
ber 1993; 11(10):1138-1143). We constructed a double-
tagged (Avilag and maltose binding protein, (MBP; Gen-
Bank Acc. No. AACS83813)) recombinant protein that
tacilitated protein purification and cleaved product detection.
This chimeric protein also contains a thrombin cleavage site
(Leu-Val-Pro-Arg-Gly-Ser) between MBP and Avilag (see
the schematic diagram in FIG. 14a). A DNA fragment encod-
ing amino acid residues 620-695 of the APP695 substrate,
which includes the y-secretase cleavage sites, was prepared. A
maltose-binding protein tag sequence at the N-terminus was
cloned 1nto the prokaryotic expression vector pIAD16-Avi
vector. The recombinant protein, Sb4 (SEQ 1D NO:27), was
overproduced in £. coli (strain BL21(DE3)) co-infected with
the pACYC184 plasmid containing an IPTG inducible BirA
gene to express biotin ligase. Expression of Sb4 protein, as
well as biotin ligase, was induced using 0.1 mM IPTG for 5
hrs at 20° C. in the presence of S0 uM biotin (Fisher Scientific,
BP232-1) to allow biotinylation of Sh4. E. coli cells were
pelleted at 8,000 g for 30 min., mechanically homogenized by
French Press (Spectronic Instruments), and supernatants col-
lected following a 30 min. spin at 17,000 g. Sb4 was subse-
quently affinity purified by applying the supernatant to an
amylose resin using Amersham Biosciences AKTAprime
chromatographic system. Fractions containing the product

were collected and thrombin-cleaved to remove the MBP-tag
and provide the desired Sb4, biotinylated AviTag-APP695

(620-695). The 1dentity and biotinylation of Sb4 has been
confirmed by LC-MS analysis and we determined that

approximately 90% of Sb4 protein 1s biotinylated (data
shown 1n FIG. 14b). Substrate Sb4 or C100Flag (SEQ 1D

NO:28) at 1 uM were incubated with vy-secretase 1n the
absence or presence of 1 uM of the potent y-secretase mhibi-
tor Compound E (Seitfert D, Bradley J D, Rominger C M, et
al. Presenilin-1 and -2 are molecular targets for gamma-secre-
tase ihibitors. J Biol Chem. Nov. 3, 2000; 275(44):34086-
34091; Beher D, Wrigley J D, Nadin A, et al. Pharmacologi-
cal knock-down of the presenilin 1 heterodimer by a novel
gamma-secretase inhibitor: implications for presenilin biol-
ogy. J Biol Chem. Nov. 30, 2001; 276(48):45394-45402) (see
FIG. 1a). The y-secretase cleaved A3 product dertved from
C100Flag substrate was detected by a pair of antibodies (bi-
otinylated 4G8 and ruthenylated G2-10%) while Sb4 cleaved
product was detected by ruthenylated G2-10* alone (FIG.
10a) and quantified using electrochemiluminescence (ECL)
technology. The ratio of signal to background for Sbh4 and
C100Flag were 93 and 7 to 1, respectively (FIG. 10q).
Clearly, this newly engineered substrate exhibits significantly
increased assay sensitivity for measuring in vitro y-secretase
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activity while making use of only one antibody for product
detection. However, the ECL y-secretase assay 1s heteroge-
neous 1n nature and 1s not amenable to further minmaturiza-
tion, therefore, it 1s not suitable for screening large libraries.
In order to apply the y-secretase assay in multi-well plate
formats, we mcorporated an HTRF detection method.

7.10 Example 9

Development of an HTRF Based Assay for
v-Secretase Activity in 384-Well Format

[0263] We set out to transier the assay conditions obtained
with the ECL method to an HTRF detection based format
(F1G. 105). The HTRF detection mixture consisted of mouse
(G2-10 antibody for recognition of the C-terminal epitope of
the cleaved product, a Europium-labeled anti-mouse anti-
body (commonly, an antibody 1s conjugated with a cryptate
ligand that forms a three dimensional coordination cage
structure surrounding a lanthanide such as Eu”*), along with
Streptavidin conjugated to a trimeric form of the fluorescent
protein allophycocyanin referred to as X1.665. Cleavage of
Sb4 substrate allows G2-10 mouse antibody to bind to the
AP40-processed site on the cleaved substrate. The Steptavi-
din-XL6635 conjugate binds directly with the biotin moiety on
the N-terminal end of the Sb4 derived product. The anti-
mouse Europium antibody targets to the G2-10 antibody,
bringing all of these entities mnto close proximity. The
Europium and X1.665 reagents are a compatible pair of
donor-acceptor fluorophores, and excitation of Europium at
337 nm results 1n fluorescence energy resonance transier
(FRET) to XL665 which fluoresces at 665 nm (FI1G. 1056).

[0264] Human v-secretase was prepared from Hela cell

membranes as described previously (Li et al., 2000). Brietly,
HeLa cell pellet was resuspended 1n 1xMES butfer (50 mM

MES, pH 6.0, 150 mM KCl, 5 mM CaCl2, 5 mM MgCl2) and
treated with ‘complete’ protease inhibitor (Boehringer Man-
nheim). The resuspended pellet was mechanically homog-
enized by passing the cells through the French Press (Spec-
tronic Instruments), and subsequently spun down at 800 g to
remove cell debris and nuclel. Next, the supernatants were
spun at 100,000 g 1n order to pellet the membranes. The
pelleted membranes were resuspended 1 1xMES butler to
approximately 12 mg/ml. This entire procedure was per-
formed at 4° C. HelLa membranes were solubilized using 1%
CHAPSO detergent 1n 1xMES butfer with protease 1nhibi-
tors. After incubating for 1 hrat4° C., the membrane was spun
down at 100,000 g and the supernatants were collected and
stored at —70° C. The collected fraction 1s defined as solubi-
lized y-secretase.

[0265] HTRF conditions were initially optimized in a 384-
well format using a final volume of 20 pl. The high control for
this assay was defined as the observed y-secretase activity in
the presence of 1% DMSO (v/v) and the low control as the
activity observed when including 100 nM final concentration
of Compound E (v/v). First, we determined a tolerable
DMSO concentration that would not interfere with v-secre-
tase activity. Even with 3% DMSO (v/v) present in the assay
mixture, there was virtually no effect on the y-secretase activ-
ity (FIG. 11a), which was critical as delivery of library
screening compounds required a final concentration of 2%
DMSO (v/v) 1n the y-secretase reaction. Next, we titrated the
HTRF mixture components 1n an effort to minimize reagent
costs for use 1n high throughput screening. A high signal was
witnessed at 1 nM G2-10, however, we chose a final concen-
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tration of 0.3 nM that exhibited the desired 4:1 signal to noise
ratio (FIG. 115). Additionally, we varied Europium conju-
gated anti-mouse antibody and determined that 1 nM of this
reagent in the HTRF mixture was suificient for our assay
conditions even though the signal continued to increase with
higher concentrations of the anti-mouse antibody (FIG. 11¢).
Finally, using this optimized assay (2% DMSO (v/v), 0.3 nM
G2-10 and 1 nM Europium-conjugated anti-mouse anti-
body), we examined the IC50 values of the two GSIs (y-secre-
tase inhibitors) L-685,458 and Compound E and determined
that they were 1.4 and 1.1 nM, respectively in our HIRF

assay, which 1s consistent with data using the ECL assay
(FI1G. 114d).

7.11 Example 10

v-Secretase Assay Mimaturization to a 1536-Well
Format and Pilot Screening

[0266] We have further mimiaturized the HTRF assay from
the established 384-well format to a 1536-well platform
enabling more efficient screening of large chemical libraries.
We showed that miniaturization did not lead to any apparent
discrepancies when comparing biochemical activity from the
384- and 1536-well formats (FIG. 11e), since both formats
exhibit similar signal to background ratios. Based on these
optimization experiments, we set our final assay conditions at
0.3 nM G2-10, 1 nM anti-mouse antibody, 15 nM Streptavi-
din-X1.665, and proceeded with the assay at 10 ul final vol-
ume (5 ul y-secretase mix+5 ul HTRF mix) in the 1536-well
format for screening.

7.12 Example 11

High Throughput Screening Assay for Modulators of
v-Secretase Activity

[0267] Following the optimization of assay conditions 1n a
1536-well format, we proceeded to validate this newly min-
1aturized v-secretase assay in a pilot high throughput screen
against a library of approximately 3,000 compounds. First, a
control run consisting of two 1536-well plates was per-
formed; one as a high control plate representing y-secretase
activity in 1% DMSO (v/v) and the other as a low control plate
representing residual activity of fully inhibited y-secretase
using the y-secretase mhibitor Compound E at 100 nM 1n 1%
DMSO (v/v). FIGS. 12a and 125 depict the control run results
and reveal excellent separation between high and low control
wells using HIRF resulting 1n a Z' factor of 0.74 and a signal
to noise ratio of 4 to 1. The calculated coellicient of variation
(CV) values for the high and low controls were 4.96% and
6.78%, respectively (FIG. 12b6). These data demonstrate that
the multi-well plate high throughput assay 1s very stable even
when fully automated, and that the assay possesses minimal
well-to-well variability. Theretfore a validation pilot screen of
3,000 library compounds was undertaken.

[0268] The pilot screen was carried out at a single dose of
10 uM for each library compound 1n 1% DMSO (v/v) using
the comparable conditions that would be utilized for a full-
scale high throughput screening campaign of uncharacterized
candidate compounds (e.g. same robotic platform, readers,
reagents, etc.). The pilot assay was performed in duplicate on
two separate days to account for any day-to-day variability.
This allowed us to obtain field data on assay performance,
assay sensitivity for identifying inhibitors, an estimate of the
initial hit rate, an overall assessment of compound interfer-
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ence, and most importantly, an evaluation of assay reproduc-
ibility by comparing the two individual data sets from each
screening. The nitial hit rate of the pilot screen was 1.1% and
was consistent with previously screened 1n vitro assay targets
at the Memorial Sloan-Kettering Cancer Center High
Throughput Screeming Core Facility. This similar hit rate was
likely because these two validation libraries contain several
pan-active compounds that have the potential to act as pro-
miscuous active agents in the assay (Antczak C, Shum D,
Escobar S, et al. High-throughput identification of inhibitors
of human mitochondrial peptide deformylase. J Biomol
Screen. June 2007; 12(4):521-535; Antczak C, Shum D, Radu
C, Seshan V E, Djaballah H. Development and validation of a
high-density fluorescence polarization-based assay for the
trypanosoma RNA triphosphatase ThCetl. Comb Chem High
Throughput Screen. March 2009; 12(3):258-268).

[0269] The chemical library used for the pilot screen com-
bines approximately 3,000 chemicals obtained commercially
from Prestwick Chemical (67400 Illkirch, France) and
MicroSource Discovery Sytems, Inc. (Gaylordsville, Conn.).
Biotin was included 1n both the Prestwick and MicroSource
libraries. The MicroSource library contains 2,000 biologi-
cally active and structurally diverse compounds from known
drugs, experimental bioactives, and pure natural products.
The library includes a reference collection of 160 synthetic
and natural toxic substances (1inhibitors of DNA/RNA syn-
thesis, protein synthesis, cellular respiration, and membrane
integrity), a collection of 80 compounds representing classi-
cal and experimental, pesticides, herbicides, and endocrine
disruptors, as well as a unique collection of 720 natural prod-
ucts and thewr dermvatives. Additionally, the collection
includes simple and complex oxygen-containing hetero-
cycles, alkaloids, sequiterpenes, diterpenes, pentercyclic trit-
erpenes, sterols, and many other diverse representatives. The
Prestwick Chemical library 1s a unique collection of 880 high
purity chemical compounds (all off-patent) and caretully
selected for: structural diversity, and a broad spectrum cov-
ering several therapeutic areas (from neuropsychiatry to car-
diology, immunology, anti-inflammatory, analgesia and
more), known safety, and bioavailability in humans. Over
85% of 1ts compounds are marketed drugs.

[0270] The 7' factor was used to assess assay performance.
The 7' factor constitutes a dimensionless parameter that
ranges from 1 (infinite separation) to <0. It 1s defined as:
1-7'=(30_,+30__)/In.,—u._| whereo_,_, 0o._, 0., and n__ are
the standard deviations (o) and averages (1) of the high (c+)
and low (c-) controls (Zhang J H, Chung T D, Oldenburg K R.
A Simple Statistical Parameter for Use 1n Evaluation and
Validation of High Throughput Screening Assays. J Biomol
Screen. 1999; 4(2):67-73). The Z' values per plate were con-
sistent with those obtained during the original control run
with 7' values 010.75 or 0.76 from the four 1536-well dupli-
cate assay plates. The scatter plot of the screen performed on
two subsequent days demonstrates excellent reproducibility
between the two days (FIG. 12¢, Quadrants I and 11I) with the
majority of inactive compounds centered on the zero axis and
an estimated assay noise of 25%.

[0271] FIG. 13 summarizes a few of the active compounds
obtained from this pilot screen. Among them, biotin was
twice 1dentified as an active hit in the pilot screen because 1t
was present 1n both the Prestwick chemicals and
MicroSource libraries (FIG. 13). The substrate used in our
assay 1s biotinylated and the detection step employs Strepta-
vidin-conjugated fluorophore, therefore, excess biotin dis-
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rupts the Streptavidin-X1.665 interaction with substrate (FI1G.
106). Cisplatin, a platinum-based chemotherapeutic drug
used to treat various cancers, results in DNA crosslinking and
leads to induction of cell death through apoptosis. It was
identified as an active compound 1n the pilot screen likely due
to 1ts ability to quench the Europium fluorescence signal, and
1s an example of a promiscuous active agent 1n this y-secretase
assay (F1G. 13). Pepstatin A, a biologically relevant and well-
characterized inhibitor of aspartic acid proteases (L1Y M, Lai
M T, Xu M, etal. Presenilin 1 1s linked with gamma-secretase
activity in the detergent solubilized state. Proc Natl Acad Sci
USA. May 23, 2000; 97(11):6138-6143; Marciniszyn 1, Ir.,
Hartsuck J A, Tang J. Mode of inhibition of acid proteases by
pepstatin. J Biol Chem. Nov. 25, 1976; 251(22):7088-7094),
was 1dentified as an active compound by this high throughput
assay during the pilot screen (FIG. 13). We subjected pepsta-
tin A to a dose response study 1n order to establish 1ts potency
against y-secretase i our assay and determined that it inhibits

the enzyme with a calculated IC30 of 6.43 uM (FIG. 124d).

7.13. Example 12

The Ap42 HIRF Assay

[0272] The ApB42 HTRF v-secretase assay 1s a biochemical
assay that provides a means of examining in vitro y-secretase
activity. y-Secretase cleaves APP 1n two unique positions to
create the 3-amyloid species Ap40 and AP42. These protein
fragments constitute the characteristic fJ-amyloid plaques
witnessed in Alzheimer’s disease and have been implicated in
the pathogenesis of this neurodegenerative disease. Further-
more, the AP42 species 1s more hydrophobic and putatively
more toxic: AP42, being more hydrophobic, more readily
forms p-amyloid plaques that are characteristic in the patho-
genesis of Alzheimer’s disease. Therefore, development of
v-secretase inhibitors that specifically target inhibition of
AP42 over AP40, or other y-secretase substrates 1s an attrac-
tive therapeutic approach. These inhibitors have been shown
to 1inhibit 3-amyloid plaque formation 1n animal models, yet
tew developed inhibitors have the ability to specifically target
AP42 inhibition.

[0273] Measuring production of AB42 provides a means of
quantifying v-secretase activity. This 1s a biochemical assay
for y-secretase activity that utilizes a biotinylated, recombi-
nant protein fragment of APP and 1s suited for high through-
put drug screening. The majority of previous y-secretase bio-
chemical assays are heterogencous 1n nature, requiring
manual separation of components. This characteristic has
prevented many previous assays from being transierred to a
high throughput-screening format. Here, a homogeneous,
HTRF biochemical assay 1s presented, which has success-
tully been moved and mimaturized to a 384-well high
throughput platform. This A342 assay can be separated into
two portions: 1) y-secretase activity step, and 2) an HITRF
detection step.

[0274] Using the CT6-143F y-secretase substrate, a novel
HTRF assay 1s presented, which 1s capable of 384-well
screening with a final reaction volume of 20 ul. Solubilized
v-secretase 1s 1ncubated with substrate and library com-
pounds (10 ul volume) for 2.5 hours, followed by addition of
an HTRF detection mixture (10 ul) that 1s then incubated with
the y-secretase solution for approximately 12 hrs at room
temperature. This HTRF mixture included G2-11 antibody
that recognizes only y-secretase-cleaved product (atthe A342
cleavage site) and not substrate, 1n addition to the Europium-
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labeled anti-mouse antibody and Steptavidin-X1.665 fluoro-
phores. Prior to addition of the HITRF mixture, G2-11 anti-
body 1s pre-incubated with the Europrum-labeled anti-mouse
antibody to allow binding of the two entities. C'1-6 cleavage
by v-secretase allows G2-11 binding to the product and the
Europium-labeled antibody interacts directly with G2-11.
The joining of Steptavidin-XL665 to the biotinylated sub-
strate brings the XL-665 and Europium fluorophores into
close proximity and FRET takes place upon excitation at 337
nim

[0275] This assay may be advantageously used for screen-
ing large libraries of chemical compounds for their potential

to inhibit y-secretase. More specifically, when chemical
libraries are screened with both AP40 and Ap42 HTRF
assays, 1t provides a novel means of screening for y-secretase
inhibitors that preferentially inhibit Af342 formation. This
approach may lead to the discovery and development of novel
classes of 1nhibitors that possess great therapeutic value 1n

Alzheimer’s disease.

[0276] Among the advantages of this Ap42 HTRF v-secre-

tase assay 1s the construction of the biotinylated, recombinant
CT6-145F substrate, which has provided a highly active sub-
strate allowing for increased sensitivity and detection of

v-secretase activity. This recombinant protein 1s based on the
sequence of APP, but has a truncation that removes an auto-
inhibitory domain. This provides markedly increased activity.
Furthermore, an AviTag site has been cloned into the vector
encoding this substrate. Consequently, overproduction of the

CT6-1435F substrate in the presence of biotin ligase and biotin
results 1n direct biotinylation of our substrate. This novel
approach further increases the sensitivity of the assay. Other
attempts at development of a high throughput v-secretase
assay that screens for Ap42 have been unsuccesstul. This 1s

the first successtul development of a biochemical assay that
screens for y-secretase cleavage at the Ap42-site and 1s suited
for high throughput screeming. Other assays have utilized

biotinylated antibodies detecting portions of APP and this has
prevented the necessary adaptation of assays to a homoge-
neous platform. As such, another advantage of this assay 1s
the screening capability at 384-format. This assay allows for
extremely efficient and cost-effective screening of large

libraries of chemical compounds. Another advantage of this
assay 1s related to the other AP40 HTRF high throughput
assay described supra. When both assays are used to screen
chemical libraries, the between the recorded “hits” can be
compared, enabling the determination of which compounds
inhibit AP42 cleavage but do not affect AP40 cleavage. An
AP42-specific y-secretase 1hibitor 1s a highly sought-after

entity 1n Alzheimer’s disease research.

[0277] Moreover, the design of the CT6-145F substrate 1s
novel. An auto-inhibitory domain that was previously
unknown has been removed from APP, and the substrate 1s
biotinylated during production. Additionally, a mutation has
been engineered into the recombinant substrate that increases
v-secretase preference for cleavage at the ApP42 site. This
provides for a marked increase 1n A342-site cleaved substrate
and results 1n a concomitant increase 1n assay signal. These
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design features have allowed for the creation of a sensitive
HTRF vy-secretase assay capable of mimaturization to 384-

well format and cost-eflective screening. Additionally, this
approach has provided a novel miniaturization of a biochemi-
cal AP42-specific y-secretase assay to the 384-well platiorm.

7.14. Example 13

Development of an Exo-Cell y-Secretase Assay
Using a Biotinylated Recombinant APP Substrate

10278]

directly biotinylate a y-secretase peptide substrate to be uti-
lized 1n an 1n vitro assay (Yin Y I, Bassit B, Zhu L, Yang X,
Wang C, LiY M: {gamma }-Secretase Substrate Concentra-
tion Modulates the Abetad2/Abetad0 Ratio: IMPLICA-
TIONS FOR ALZHEIMER DISEASE. J Biol Chem 2007,

282(32):23639-23644). Here, we have designed a truncated,
recombinant APP protein that 1s directly biotinylated during

We recently demonstrated that it 1s possible to

overproduction in . coli. This substrate 1s highly active and
offers an advantage to develop an easy and sensitive y-secre-
tase assay, since 1t eliminates the need for an exogenous
biotinylated binding agent such as a biotinylated antibody.
This allows for the elimination of stable transfection of
v-secretase substrate into the cell line of iterest or 1solation
of membrane from large numbers of cells that can then be
examined using an 1n vitro y-secretase assay.

[0279] Preparation of Biotinylated y-Secretase Substrate
Sh4.
[0280] A DNA fragment encompassing the 76 amino acid

residues at positions 620-695 of the 695-aa 1soform of APP as
well as a maltose binding protein tag was cloned into the
plAD16 prokaryotic vector (McCatlerty D G, Lessard I A,
Walsh C T: Mutational analysis of potential zinc-binding
residues 1n the active site of the enterococcal D-Ala-D-Ala
dipeptidase VanX. Biochemistry 1997,36(34):10498-10505).
Additionally, there was an AviTag also incorporated into this
vector. AviTag, a specific 15-residue peptide, 1s recognized by
biotin ligase that specifically catalyzes an attachment of
biotin to the lysine residue within the AviTag (See FIG. 14a).
The chimeric protein was then co-expressed in Eschericia
coli with the pACYC184 biotin ligase plasmid. IPTG at 0.1
mM was used to induce expression of biotinylated recombi-
nant substrate Sb4 as well as biotin ligase at 20° C. for 5 hrs
in the presence of 50 uM biotin. Biotin ligase directly bioti-
nylates the Avitag during protein expression. Sbh4 was ulti-
mately affinity purified using an amylose resin column, eluted
with excess maltose and thrombin-cleaved to remove mal-
tose-binding protein from the purified substrate. After the

recombinant protein was 1solated, the sample was analyzed
by LC-MS (FIG. 145). The analysis showed that there were
two species with molecular masses of 12,053 and 12,279,
which correlated to nonbiotinylated and biotinylated forms of

substrate (calculated molecular masses were 12,050 and

12,2776, respectively). LC-MS also shows that approximately
90% of purified Sb4 was biotinylated.
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[0281] Exo-Cell Assay for y-Secretase Using Sb4.

[0282] The Sb4 substrate, toward which y-secretase 1is
highly active was applied to develop an assay capable of
quantifying v-secretase activity directly in cultured cells that
climinates the need for stable transfection of substrate into
cells or the 1solation of y-secretase—bearing membranes
from the cell line of interest. An exo-cell assay was designed
that would allow for the evaluation of y-secretase 1n real-time
under diverse treatment conditions.

[0283] Previously, Lietal. (2000) had determined that in an

in vitro vy-secretase assay, CHAPSO was superior to other

detergents for promoting activity. Therefore, HelLa cells were
first incubated with Sb4 substrate, as well as CHAPSO deter-
gent as depicted i FIG. 14¢. Cells were seeded at their

indicated concentration 1 96-well plates and allowed to
attach overnight. The next day, media was removed and cells
were washed once with PBS. Fresh media was then added
containing 0.25% CHAPSO detergent, Sb4 substrate to a
final concentration of 1 uM, and 1% DMSO or y-secretase
inhibitor. This was incubated for 2.5 hours at 37° C. Media

was removed and cell debris was pelleted from this media for

S min. at 3,500 rpm. Supernatant was then added to rutheny-
lated G2-10* antibody that recognizes cleaved product, but
not uncleaved substrate. This was incubated for an additional
2 hours at room temperature. Finally, magnetic streptavidin
beads were added to a final concentration of 80 ug/ml and
incubated for 30 min. at room temperature. Assay buifer was

added to the samples and y-secretase-mediated cleavage of

substrate was monitored using electrochemiluminescence
(ECL) (L1 et al., 2000). (FIG. 14c¢).

[0284] The concentration of CHAPSO required for assay-

ing activity 1n cells was first optimized. It was determined that
reproducible v-secretase activity was detected within a range
from 0.15% CHAPSO to an upper limit as high as 0.3%
detergent. However, the greatest amount of activity was
detected by using 0.25% CHAPSO (FIG. 154a), which 1s
consistent with findings in a previously reported 1n vitro assay
(L1 et al., 2000). The activity at each of these concentrations
could be attributed to v-secretase in the Hela cells as treat-
ment with GSI abrogated cleavage of Sb4 (data only shown
for 0.25% CHAPSOQO, FIG. 15a). Next, the sensitivity of the
assay was evaluated by determiming the lower limit of Hel a
cell numbers needed to detect y-secretase activity. Reproduc-
ible protease activity was found from as few as 2,500 Hel a
adenocarcinoma cells with a signal to noise ratio greater than
5:1 (FIG. 15b6). Activity was cell-number dependent, increas-
ing from 1000 HeLa cells to 10,000 cells with the greatest
activity found using 10,000 HelLa cells, which produced a
signal to noise ratio of approximately 125:1. The signal
reaches 1ts maximal amount at 10,000 Hel.a cells and levels
off at 20,000 Hel.a cells, probably due under the present
conditions to the limiting substrate concentration in the assay.

7.15. Example 14

Evaluation of y-Secretase Inhibitors 1n the Exo-Cell
Assay

[0285] Inhibition by various y-secretase inhibitors was

evaluated 1n the exo-cell assay and the IC., values compared

to those from comparable in vitro and whole cell-based
assays (Table 3).



US 2016/0131651 Al

May 12, 2016

TABLE 3

Potency of y-Secretase Inhibitors in Various Activity Assays.

y-Secretase

Inhibitor Structure

Compound

E \ O

GSI-34

The potency of two structurally different GSIs was assayed 1n
four unique y-secretase activity assays. IC., values were
determined from the dose response curves using a non-linear
regression analysis 1n the Prism software. An 1n vitro assay
was based on the one previously reported by L1 et al. (2000),
except we utilized Sb4 substrate that eliminated the need for
biotinylated antibody. The cell-based activity assay used
N2 A mouse neuroblastoma cells stably over-expressing APP
and a biotinylated 4GS antibody that binds the C-terminus of
the amyloid beta peptide. The exo-cell assay incubated HelLa
cells simultaneously with GSI, Sb4 substrate as well as 0.25%
CHAPSO detergent prior to detecting substrate cleavage.
Finally, the extended exo-cell assay first incubated Hel a cells
with GSI for 24 hrs. Subsequently, the cells were washed 1x
in PBS and then incubated with Sb4 substrate and CHAPSO
detergent. The assay was then carried out exactly as described
tor the original exo-cell method. All assays incorporate ruthe-
nylated G2-10* antibody to detect 40-site cleavage of APP or
recombinant Sb4 substrate and quantitated activity by mea-
suring ECL. The latter assays were performed as previously
described (L1 et al., 2000). In the 1n vitro assay, recombinant
Sb4 substrate was incubated for 2.5 hours at 37° C. mmpH 7.0
PIPES butfer in the presence of 0.25% CHAPSO detergent
and solubilized y-secretase at a final concentration of 40
ng/ul. The detection of cleaved substrate was determined
using ruthenylated G2-10* antibody. Since the Sb4 substrate
1s biotinylated additional 6E10 biotinylated antibody used 1n
carlier assays 1s not required. In the cell-based assay, N2A
mouse neuroblastoma cells that stably overexpress amyloid
precursor protein were incubated with y-secretase inhibitors
in a final concentration of 1% DMSO for 24 hrs. Following
incubation, the supernatant was removed from the cells and
assayed for APB40, the cleaved APP product, using rutheny-
lated G2-10* antibody as well as biotinylated 4G8 antibody.
[0286] A variety of inhibitors was assayed, including the
benzodiazepine Compound E and a sulfonamide-based
inhibitor referred to as GSI-34 (see structures 1n Table 3). It

Extended
In Vitro Cell-based Exo-Cell Exo-Cell
(nM) (nM) (nM) (nM)
F 1.2 4.6 3.8 2.8
/
XN

1.0 32.4 5.9 39.0
O
NH G Cl
O \
N 217 \ ‘

was found that these compounds inhibit y-secretase in the
nanomolar range in our 1n vitro assay, and that their I1C.,
values are slightly elevated in the exo-cell assay (Table 3). In
a complementary assay, homogeneous time-resolved fluores-
cence (HTRF) technology detected cleaved substrate in the
exo-cell assay. The calculated 1C., values for Compound E
and GSI-34 were 3.8 nM and 5.9 nM, respectively, using
ECL, whereas they were 5.4 nM and 5.4 nM, respectively,
using HTRF.

7.16 Example 15

Detection of Real-Time v-Secretase Inhibition Using
an Extended Exo-Cell Assay

[0287] The exo-cell assay was adapted to monitor real-time
v-secretase activity and inhibition over extended times of
pretreatment regimens. After HelLa cells were incubated with

varying concentrations of GSI-34 or Compound E for 24 hrs,
media was removed and the cells were washed to remove
excess unbound inhibitor. Fresh media contaiming only
CHAPSO detergent and Sb4 substrate were placed back onto
the cells and the exo-cell assay was then conducted as previ-
ously described. Hela cells that were treated in this manner
with GSI-34 show a dose-dependent inhibition of y-secretase
activity (FIG. 15¢). This modified, extended treatment exo-
cell assay 1s capable of quantifying remaining y-secretase
activity following drug treatment on virtually any cell type.
The IC, values for Compound E and GSI-34 were calculated
using the extended exo-cell assay (Table 3 and FIG. 15d).
Comparing the potency of these unique GSIs 1 currently
established 1n vitro and cell-based assays reveals that the
extended exo-cell assay more closely mimics that witnessed
in a cell-based y-secretase assay that uses N2A mouse neu-
roblastoma cells stably expressing the APP substrate (Table 3
and F1G. 15d). The IC., values for Compound E and GSI-34
in the extended exo-cell assay were 2.83 nM and 38.7 nM

respectively (FIG. 15d) as compared to 4.6 nM and 32.4 nM,,
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respectively, 1n the cell-based assay (Table 3)—both GSIs
exhibited decreased potency in the cell-based and extended
exo-cell assays as compared to their respective 1n vitro values.
Regardless, the trend of decreasing potencies of GSIs 1n the
extended exo-cell assay 1s similar to that witnessed 1n the
stable N2A-APP cell-based system and this 1s likely due to
the GSIs being mcubated for 24 hours 1n the presence of a
cellular environment that can affect compound hali-life
amongst other factors. These data show that our exo-cell
assay can be used to evaluate the real-time status of y-secre-
tase activity 1n cell lines 1n a simple and sensitive manner.
This validation of a real-time exo-cell screening assay for
identifying v-secretase inhibitors means that the present
screen may be applied to identily potential therapeutics for
use 1n treating Alzheimer’s disease as well as various neo-
plasms like T-cell acute lymphoblastic leukemia where
v-secretase-mediated Notch signaling 1s tumorigenic.

7.17. Example 16

Correlation of Exo-Cell y-Secretase Activity Assay
with Cell Growth

[0288] Clearly, the extended exo-cell assay can be applied
to quickly and efficiently quantitate the y-secretase activity
from any cultured cells in real-time. As such, we set out to
utilize this novel assay to ascertain whether there exists a
correlation between inhibition of y-secretase and inhibition of
cellular proliferation 1n a y-secretase-dependent lymphoma
line. Notch receptors require y-secretase processing to release
an 1ntracellular fragment that translocates 1nto the nucleus to
transmuit its signal. Multiple lymphoma lines have been shown
to be dependent upon y-secretase activity (Kogoshi H, Sato T,
Koyama T, Nara N, Tohda S: Gamma-secretase inhibitors
suppress the growth of leukemia and lymphoma cells. Oncol
Rep 2007, 18(1):77-80; He F, Wang L., Hu X B, Yin D D,
Zhang P, 11 G H, Wang Y C, Huang SY, Liang Y M, Han H:
Notch and BCR signaling synergistically promote the prolii-
cration of Raj1 Blymphoma cells. Leuk Res 2008).

[0289] Foralymphoma cell proliferation assay, A20 mouse
lymphoma cells were seeded 1n a 96-well plate at a concen-
tration of 5x10 cells/ml in 100 pul RPMI media containing
2% fetal bovine serum. An additional 100 ul of media con-
tatning DMSO or y-secretase inhibitor was added and 1ncu-
bated for 48 hours at 37° C. After this incubation, the cells
were incubated for 5 hours with 2 nCi/ml ["H]thymidine at
3’7° C. Proliferative response was then evaluated by harvest-
ing the tritiated DNA from cells using a Skatron cell harvester
and proliferation assessed as a function of [H]thymidine
incorporation measured on a 3-counter.

[0290] We found that the A20 mouse lymphoma line is
sensitive to y-secretase mhibition by GSI compounds (FIG.
16a) following 48 hours of pretreatment. Furthermore, we
established that there 1s a detectable correlation between this
inhibition of cellular proliferation in A20 cells and inhibition
ol y-secretase. Treatment of the A20 cell line with the three
structurally unique, small molecule GSIs 1.-685,458, Com-
pound E, and GSI-34 were all able to inhibit cellular prolit-
eration (FI1G. 16a for GSI-34; L-685,458 and Compound E

il

data not shown) likely eliminating the possibility of an ofl-
target, non-y-secretase related effect. Interestingly, the data in
FIG. 16a suggests that a small amount of remaining vy-secre-
tase activity 1s suificient to maintain cellular proliferation in
this particular model system. For instance, 300 nM GSI-34 1s
able to 1nhibit approximately 80% of y-secretase activity, yet
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this concentration only reduces cellular proliferation by 30%
in the A20 mouse lymphoma model system. This data may
help to explain the common finding that therapeutic levels of
GSIs required to mhibit proliferation of Notch-dependent
neoplastic cell lines are often far greater than in vitro IC50
values. The results 1n this Example show that extended exo-
cell screening assays to identify inhibitors of y-secretase may
provide potential therapeutic agents of use 1n treating y-secre-
tase-dependent tumors.

7.18. Example 17

Quantification of Real-Time y-Secretase Activity in
Primary Tumor Samples

[0291] It was not known whether this exo-cell method
could be used to measure activity in primary samples from
patients. Peripheral primary B-cell chronic lymphocytic leu-
kemia cells (B-CLL) are arrested 1n the Go phase of the cell
cycle (Reed J C: Molecular biology of chronic lymphocytic
leukemia. Semin Oncol 1998, 25(1):11-18). This condition
makes 1t very difficult to assay y-secretase activity in these
primary cell samples. Additionally, 1t has been shown that
Notch2 plays a role 1n the overexpression of CD23 in B-CLL

and this may be related to the development of this neoplasm
(Hubmann R, Schwarzmeier J D, Shehata M, Hilgarth M,

Duechler M, Dettke M, Berger R: Notch2 1s involved 1n the
overexpression of CD23 in B-cell chronic lymphocytic leu-
kemia. Blood 2002, 99(10):3°742-3747). Theretore, the study
ol y-secretase and Notch with regard to B-CLL biology has
recently become an urgent 1ssue.

[0292] Stable transiection of substrate into a non-prolifer-
ating cell line 1s not a practical option and 1solating enough
B-CLL cells from a patient to prepare membrane fractions for
use 1n 1n vitro assays 1s not feasible. However, the exo-cell
assay now allows for the determination of protease activity
quite easily. Primary B-CLL patient samples were obtained
from patients diagnosed with B-cell chronic lymphocytic
leukemia who were untreated. Written informed consent was
obtained from each patient 1n accordance with the guidelines
of the Institutional Review Board of Memorial Sloan Ketter-
ing Cancer Center and the Declaration of Helsinki. Peripheral
blood mononuclear cells (PBMCs) were 1solated using stan-
dard Ficoll-Hypaque density gradient and subsequently
stored 1n liquid nitrogen. Prior to use 1n assay, samples were
thawed and resuspended in RPMI media and allowed to
attach overnight at 37° C. The extended exo-cell assay was
then performed as described above.

[0293] We quantitated activity from three separate B-CLL
patient samples and defined background activity for the assay
in the presence of 1 uM Compound E (FIG. 165) from 50,000
total B-CLL cells. Using the exo-cell assay we have been able
to characterize y-secretase activity in B-CLL patient samples
for the first time. This previously would have been nearly
impossible, but this assay makes 1t simple to detect protease
activity 1n troublesome B-CLL patient samples 1n a few
hours. The present results, taken together with those pre-
sented 1n the immediately preceding Examples, clearly dem-
onstrate that the detection of real-time activity 1s a significant
development due to the central role of y-secretase 1n numer-
ous biological signaling pathways as well as 1n various dis-
case states. In addition, these results clearly demonstrate that
extended exo-cell screening assays permit the discovery of
inhibitors of y-secretase, which in turn may provide potential
therapeutic agents of use 1n treating y-secretase-dependent
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a widerange of cell lines and tissues, including tissue samples
obtained from patients suffering from a variety of cancers.

tumors. Furthermore the results in these Examples indicate
that real-time y-secretase assays can be readily carried across
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Gln

Pro

Ala
425

Thr

Leu

Glu

Met

505

Ser

Glu

Ser

Pro

Agn

585

ATg

Ala

Gly

Ala
665

Gly

Glu

Leu

Pro
410
Glu

Met

His

Leu

490

Ile

Leu

Phe

Val

2la

570

Tle

Hisg

Glu

Gly

Lys

650

2la

Agnhn

Val

ATrg

395

ATrg

Gln

Val

Leu

Agnh

475

Leu

Ser

Thr

Ser

Pro

555

Ala

ASDP

ASp

Val
635

Val

Glu

35

-continued

Leu

Val

Glu

380

Leu

Pro

ASD

ATYg

460

Val

Gln

Glu

Glu

Leu

540

Ala

ASD

Thr

Ser

Val

620

Val

Gln

Thr

Agnh

Pro

Glu

365

Thr

Ala

Arg

Asp

Pro

445

Val

Pro

Pro

Thr

525

Asp

Asn

Arg

Glu

Gly

605

Gly

Tle

Pro

Pro
685

Lys

350

Ser

His

Leu

His

ATg

430

Tle

Ala

Glu

ATg

510

ASP

Thr

Gly

Glu

590

Ser

Ala

Thr

Glu
670

Thr

2la

Leu

Met

Glu

Val

415

Gln

Val

Gln

495

Ile

Thr

Leu

Glu

Leu

575

Tle

Glu

Agn

Thr

Ser

655

Glu

ASpP

Glu

2la

Agn

400

Phe

His

Ala

Glu

2la

480

Agn

Ser

Thr

Gln

Agn

560

Thr

Ser

Val

Val
640

ITle

Arg
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Met

Ala

Gln

Asn

Thr

65

Gln

Trp

Ile

Val

Glu

145

ASpP

Ser

Trp

Val

225

Glu

Glu

Ala

Glu

Ser
305

Pro

His

Glu
285

Leu

Leu

Tle

Gly

50

Tle

Pro
Pro
130

Thr

Sexr

ASpP

Trp

210

Val

Ala

2la

Thr

Val

290

ATrg

Gly

Met

ASpP

ala

370

Arg

Pro

Glu

Ala

35

Glu

Thr

Tyr

115

ASP

His

Thr

Phe

Agn

195

Gly

Glu

ASP

Glu

Thr

275

Trp

Gly

Ala

Ala

355

Hig

Met

Gly

Val

20

Met

Trp

Gly

Agn

ATg

100

ATy

Leu

Agnh

ATg

180

Val

Gly

Val

ASP

Glu

260

Thr

Ser

Val
240
Val

Phe

Ser

Leu

Pro

Phe

AsSp

Ile

Vval

85

Gly

His

Leu

165

Gly

Asp

2la

2la

AsSp

245

Pro

Thr

Glu

Phe

Gly

325

AsSp

Gln

Gln

Ala

Thr

Ser

Leu

70

Vval

ATg

Leu

Trp

150

His

Val

Ser

ASpP

Glu

230

Glu

Thr

Gln

ASpP

310

Gly

Gly

Vval
290

Leu

Asp

Gly

AsSp

55

Gln

Glu

Val

Phe

135

His

Asp

Glu

Ala

Thr

215

Glu

Asp

Glu

Thr

Ala

295

Val

Asn

Ser

Ala
375

Met

Leu

Gly

Arg

40

Pro

Ala

Gln

Gly

120

Leu

Thr

Phe

ASP

200

ASDP

Glu

ASpP

Glu

Thr

280

Glu

Thr

ATy

Ala

Leu
360

Arg

Leu
Agn
25

Leu

Ser

Agn

Cys

105

Glu

His

Val

Gly

Val

185

Ala

Glu

Glu

Ala

265

Glu

Thr

Glu

Agn

Tle

345

Glu

Glu

Glu

Leu

10

2la

AgSh

Gly

Gln

Gln

90

Phe

Gln

2la

Met

170

Glu

2la

Val

ASp

250

Thr

Ser

Gly

Gly

Agn

330

Pro

Thr

Arg

Trp

A2la

Gly

Met

Thr

Glu

75

Pro

Thr

Val

Glu

Lys

155

Leu

Glu

ASp

Ala

235

Gly

Glu

Val

Pro

Lys

315

Phe

Thr

Pro

Leu

Glu
395

30

-continued

Ala Trp Thr

Leu

His

Lys

60

Val

Val

Hig

Ser

AYg

140

Glu

Leu

Pro

ASP

Gly

220

Glu

ASDP

AYg

Glu

Cvs

300

ASP

Thr

Gly

Glu

380

Glu

Leu
Met
45

Thr

Thr

Pro

Asp

125

Met

Thr

Pro

Leu

Asp

205

Ser

Val

Glu

Thr

Glu

285

Arg

Ala

Thr

Ala

Asp

365

Ala

Ala

2la
20

AgSh

Pro

Tle

His

110

Ala

ASP

Ala

120

Ser

Glu

Glu

Val

Thr

270

Val

Ala

Pro

Glu

Ala

350

Glu

Glu

2la

15

Glu

Val

Tle

Glu

Gln

o5

Phe

Leu

Val

Ser

Gly

175

Glu

ASP

ASpP

Glu

Glu

255

Ser

Val

Met

Phe

Glu

335

Ser

Agn

Hig

Arg

Arg

Pro

Gln

ASp

Leu

80

Agn

Val

Leu

Glu
160
ITle

Glu

Val

Glu
240

Glu

Tle

ITle

Phe
320

Thr

Glu

ATrg

Gln
400
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Ala

Gln

Gln

ATy

Pro

4165

Ala

Arg

Thr

Leu

Glu

545

Met

Ser

Glu

Ser

Pro

625

Asn

ATg

Ala

Gly

Lvs

705

Ala

Gly

Glu

Leu

ATy

450

Pro

Glu

Met

His

Tvyr

530

Leu

Ile

Leu

Phe

Val

610

2la

Tle

Hig

Glu

Gly

690

2la

Agn

Val

435

ATrg

Gln

Val

Leu

515

Agn

Leu

Ser

Thr

Ser

595

Pro

Ala

ASP
ASP
675

Val

Val

Glu

Leu

Val

420

Glu

Leu

Pro

ASDP

500

ATg

Val

Gln

Glu

Glu

580

Leu

Ala

ASDP

Thr

Ser

660

Val

Val

Gln

Thr

ASh
740

Pro

405

Glu

Thr

Ala

Arg

Asp

485

Pro

Val

Pro

Pro

565

Thr

AsSp

Asn

Arg

Glu

645

Gly

Gly

Tle

Pro
725

Pro

«<210> SEQ ID NO 3

<211> LENGTH:

«212> TYPE:

<213> ORGANISM: Homo sapiens

PRT

<400> SEQUENCE:

770

3

Ser

His

Leu

His

470

ATg

Tle

Ala

Glu

550

ATg

ASpP

Thr

Gly

630

Glu

Ser

Ala

Thr

710

Glu

Thr

Ala

Leu

Met

Glu

455

Val

Gln

Val
535

Gln

Ile

Thr

Leu

Glu

615

Leu

Tle

Glu

Asn

Thr

695

Ser

Glu

ASP

Glu

2la

440

Agn

Phe

His

Ala

Glu

520

2la

Agn

Ser

Thr

Gln

600

Agn

Thr

Ser

Val

Lys

680

Val

Tle

ATrg

Gln
425

ASn

Thr

Ala

505

Glu

Val

585

Pro

Glu

Thr

Glu

Hig

665

Gly

Tle

His

His

Phe
745

Lys

410

Glu

Val

Ile

Met

Leu

490

Gln

Met

Glu

Ser

Gly

570

Glu

Trp

Val

Arg

Val

650

Hisg

2la

Val

His

Leu
730

Phe

Ala

A2la

Glu

Thr

Leu

4775

Tle

Agn

Ile

ASp

555

Agnh

Leu

His

Glu

Pro

635

Gln

Tle

ITle

Gly

715

Ser

Glu

37

-continued

Val Ile Gln His

Ala

Ala

Ala

460

Hisg

ATYg

Gln

Gln

540

ASD

ASDP

Leu

Ser

Pro

620

Gly

Met

Tle

Thr
700

Val

Gln

AsSn
Met

445

Leu

Phe

Ser

Ser

525

Asp

val

Ala

Pro

Phe

605

Val

Ser

Asp

Leu

Gly

685

Leu

Val

Met

Met

Glu
430

Leu

Gln

Glu

Gln

510

Leu

Glu

Leu

Leu

Val

590

Gly

ASP

Gly

Ala

Val

670

Leu

Val

Glu

Gln

Gln
750

415

Arg

Agn

ala

Val

His

495

Val

Ser

Val

2la

Met

575

AgSh

2la

2la

Leu

Glu

655

Phe

Met

Met

Val

Gln
735

AgSh

Phe

Gln

ASpP

Val

Arg

480

Val

Met

Leu

ASpP

Agn

560

Pro

Gly

ASDP

Thr

640

Phe

Phe

Val

Leu

ASp

720

Agn

Met Leu Pro Gly Leu Ala Leu Leu Leu Leu Ala Ala Trp Thr Ala Arg

1

5

10

15
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Ala

Gln

ASh

Thr

65

Gln

Trp

Ile

Val

Glu

145

ASpP

Ser

Trp

Val

225

Glu

Glu

Ala

Glu

Ser
205

Thr

Ala

Glu
385

Leu

Ile

Gly

50

Ile

Pro
Pro
130

Thr

Ser

ASpP

Trp

210

Val

2la

Ala

Thr

Val

290

Arg

Gly

Met

Gln

Ser

370

Agn

His

Glu

2la

35

Glu

Thr

Tyr

115

ASP

His

Thr

Phe

Agn

195

Gly

Glu

ASP

Glu

Thr

275

Trp

Gly

Ala
Glu
355

Thr

Glu

Val

20

Met

Trp

Gly

Agn

ATrg

100

ATg

Leu

Agn

ATy

180

Val

Gly

Val

ASP

Glu

260

Thr

Ser

Val

340

Pro

Pro

Hig

Glu

Pro

Phe

AsSp

Tle

Val

85

Gly

His

Leu

165

Gly

AsSp

Ala

2la

AsSp

245

Pro

Thr

Glu

Phe

Gly
325

Leu

AsSp

Ala

405

Thr

Ser

Leu

70

Val

ATrg

Leu

Trp

150

His

Val

Ser

ASP

Glu

230

Glu

Thr

Gln

ASP

310

Gly

Gly

Ala

Ala

Hig

390

Met

Asp

Gly

Asp

55

Gln

Glu

Val

Phe

135

Hig

Asp

Glu

Ala

Thr

215

Glu

AsSp

Glu

Thr

Ala

295

Val

ASn

Ser

Arg

Val

375

Phe

Ser

Gly
ATrg
40

Pro

2la

Gln

Gly

120

Leu

Thr

Phe

ASP

200

ASP

Glu

ASP

Glu

Thr

280

Glu

Thr

ATrg

Ala

ASDP

360

ASP

Gln

Gln

Agn
25

Leu

Ser

Agn

Cys

105

Glu

Hisg

Val

Gly

Val

185

Ala

Glu

Glu

Ala

265

Glu

Thr

Glu

ASn

Met
345

Pro

Val

2la

Agn

Gly

Gln

Gln

50

Phe

Gln

2la

Met

170

Glu

ala

Val

ASp

250

Thr

Ser

Gly

Gly

Agn

330

Ser

Val

ala

Met
410

Gly

Met

Thr

Glu

75

Pro

Thr

Val

Glu

Lys

155

Leu

Glu

ASDP

Ala

235

Gly

Glu

Val

Pro

Liys

315

Phe

Gln

Leu

Lys
395

Arg

33

-continued

Leu

Hig

Lys

60

Val

Val

Hig

Ser

ATYg

140

Glu

Leu

Pro

ASpP

Gly

220

Glu

ASpP

ATrg

Glu

Cvys

300

ASpP

Ser

Leu

Glu

380

Glu

Glu

Leu
Met
45

Thr

Thr

Pro

Asp

125

Met

Thr

Pro

Leu

Asp

205

Ser

val

Glu

Thr

Glu

285

Arg

Ala

Thr

Leu

Pro

365

Thr

Arg

Trp

Ala
30

Agn

Pro

Ile

His

110

Ala

ASP

Ala

120

Ser

Glu

Glu

Val

Thr

270

Val

Ala

Pro

Glu

Leu

350

Thr

Pro

Leu

Glu

Glu

Val

Tle

Glu

Gln

55

Phe

Leu

Val

Ser

Gly

175

Glu

ASpP

ASP

Glu

Glu

255

Ser

Val

Met

Phe

Glu
335

Thr

Gly

Glu

Glu
415

Pro

Gln

ASp

Leu

80

Agn

Val

Leu

Glu
160
Ile

Glu

Val

Glu
240
Glu

ITle

Ile

Phe
320

Thr

Ala

ASp

Ala

400

Ala
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Glu

Gln

Glu

Leu

465

Gln

Glu

Gln

Leu

545

Glu

Leu

Leu

Val

Gly

625

ASp

Gly

Ala

Val

Leu

705

Val

Glu

Gln

Gln

<210>
<211>
<«212>
<213>

<400>

Arg

His

Arg

450

Agn

2la

Val

His

Val

530

Ser

Val

2la

Met

Agn

610

2la

2la

Leu

Glu

Phe

690

Met

Met

Val

Gln

Agn
770

Gln

Phe

435

Gln

ASP

Val

ATrg

Val

515

Met

Leu

ASP

Agn

Pro

595

Gly

ASP

Arg

Thr

Phe

675

Phe

Val

Leu

ASP

ASsn
755

Ala

420

Gln

Gln

ATy

Pro

Ala

500

ATrg

Thr

Leu

Glu

Met

580

Ser

Glu

Ser

Pro

Agn

660

ATJg

Ala

Gly

Ala
740

Gly

PRT

SEQUENCE :

Glu

Leu

Pro
485
Glu

Met

His

Leu

565

Ile

Leu

Phe

Val

2la

645

Tle

Hig

Glu

Gly

Lys

725

Ala

SEQ ID NO 4
LENGTH :
TYPE :
ORGANISM: Homo saplens

612

4

Asn

Val

ATy

470

ATrg

Gln

Vval

Leu

Asn

550

Leu

Ser

Thr

Ser

Pro

630

Ala

ASP

ASpP

Val
710

Val

Glu

Leu

Val

Glu

455

Leu

Pro

Asp

Arg

535

Val

Gln

Glu

Glu

Leu

615

Ala

Asp

Thr

Ser

Val

695

Val

Gln

Thr

Agnh

Pro

Glu

440

Thr

Ala

ATrg

ASP

Pro

520

Val

Pro

Pro

Thr

600

ASP

Agn

Arg

Glu

Gly

680

Gly

Tle

Pro

Pro
760

Lys

425

Ser

His

Leu

His

ATg

505

Tle

Ala

Glu

ATrg

585

ASDP

Thr

Gly

Glu

665

Ser

Ala

Thr

Glu
745

Thr

2la

Leu

Met

Glu

Val

490

Gln

Val

Gln

570

Ile

Thr

Leu

Glu

Leu

650

Tle

Glu

Agn

Thr

Sexr

730

Glu

ASp

Glu

Ala

Agnh

475

Phe

His

Ala

Glu

Ala

555

Asnh

Ser

Thr

Gln

Agnh

635

Thr

Ser

Val

Val
715

Ile

ATrg

39

-continued

Lys

Gln

AYg

460

ASn

Thr

Ala

ATYg

540

Glu

Val

Pro

620

Glu

Thr

Glu

His

Gly

700

Tle

His

Hig

Phe

Lys

Glu

445

Val

Ile

Met

Leu

Gln

525

Met

Glu

Ser

Gly

Glu

605

Trp

Val

Arg

Val

Hig

685

Ala

Val

His

Leu

Phe
765

Ala

430

Ala

Glu

Thr

Leu

Lys

510

Tle

Agn

Ile

ASP

Agn

590

Leu

His

Glu

Pro

Lys

670

Gln

Tle

Tle

Gly

Ser
750

Glu

Val

2la

2la

ala

Lys

495

His

Arg

Gln

Gln

ASpP

575

ASP

Leu

Ser

Pro

Gly
655

Met

Tle

Thr

Val
735

Gln

Ile

Agn

Met

Leu

480

Phe

Ser

Ser

ASpP

560

Val

2la

Pro

Phe

Val

640

Ser

ASp

Leu

Gly

Leu

720

Val

Met

Met
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Met

Ala

Gln

Asn

Thr

65

Gln

Trp

Ile

Val

Glu

145

ASpP

Ser

Trp

Val

225

Glu

Glu

Ala

Val

Glu

305

Glu

Glu

Gln

Arg
385

Leu

Leu

Tle

Gly

50

Tle

Pro
Pro
130

Thr

Sexr

ASpP

Trp

210

Val

Ala

2la

Thr

Pro

290

Thr

ATy

Trp

Glu
370

Val

Pro

Glu

Ala

35

Glu

Thr

Tyr

115

ASP

His

Thr

Phe

Agn

195

Gly

Glu

ASP

Glu

Thr

275

Thr

Pro

Leu

Glu

Ala

355

Ala

Glu

Gly

Val

20

Met

Trp

Gly

Agn

ATg

100

ATy

Leu

Agnh

ATg

180

Val

Gly

Val

ASP

Glu

260

Thr

Thr

Gly

Glu

Glu

340

Val

Ala

Ala

Leu

Pro

Phe

AsSp

Ile

Vval

85

Gly

His

Leu

165

Gly

Asp

2la

2la

AsSp

245

Pro

Thr

Ala

AsSp

Ala

325

2la

Tle

Asn

Met

Ala

Thr

Ser

Leu

70

Vval

ATg

Leu

Trp

150

His

Val

Ser

ASpP

Glu

230

Glu

Thr

Ala

Glu
310

Glu

Gln

Glu

Leu
3290

Leu

Asp

Gly

AsSp

55

Gln

Glu

Val

Phe

135

His

Asp

Glu

Ala

Thr

215

Glu

Asp

Glu

Thr

Ser

295

ASn

Hig

Arg

Hisg

Arg
375

Asn

Leu

Gly

Arg

40

Pro

Ala

Gln

Gly

120

Leu

Thr

Phe

ASP

200

ASDP

Glu

ASpP

Glu

Thr

280

Thr

Glu

ATy

Gln

Phe

360

Gln

ASDP

Leu
Agn
25

Leu

Ser

Agn

Cys

105

Glu

His

Val

Gly

Val

185

Ala

Glu

Glu

Ala

265

Glu

Pro

His

Glu

Ala
345

Gln

Gln

Leu

10

2la

AgSh

Gly

Gln

Gln

90

Phe

Gln

2la

Met

170

Glu

2la

Val

ASp

250

Thr

Ser

ASp

2la

Arg
330

Glu

Leu

A2la

Gly

Met

Thr

Glu

75

Pro

Thr

Val

Glu

Lys

155

Leu

Glu

ASp

Ala

235

Gly

Glu

Val

Ala

His

315

Met

Asnh

Val

Arg
395

40

-continued

Ala Trp Thr

Leu

His

Lys

60

Val

Val

Hig

Ser

AYg

140

Glu

Leu

Pro

ASP

Gly

220

Glu

ASDP

AYg

Glu

Val

300

Phe

Ser

Leu

Val

Glu

380

Leu

Leu
Met
45

Thr

Thr

Pro

Asp

125

Met

Thr

Pro

Leu

Asp

205

Ser

Val

Glu

Thr

Glu

285

Asp

Gln

Gln

Pro

Glu

365

Thr

Ala

2la
20

AgSh

Pro

Tle

His

110

Ala

ASP

Ala

120

Ser

Glu

Glu

Val

Thr

270

Val

Val

Lys

350

Ser

Hig

Leu

2la

15

Glu

Val

Tle

Glu

Gln

o5

Phe

Leu

Val

Ser

Gly

175

Glu

ASP

ASpP

Glu

Glu

255

Ser

Val

2la

Met

335

2la

Leu

Met

Glu

Arg

Pro

Gln

ASp

Leu

80

Agn

Val

Leu

Glu
160
ITle

Glu

Val

Glu
240

Glu

Tle

Leu

Lys

320

ATrg

ASp

Glu

Ala

Agn
400
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Agn

Thr

Ala

ATrg

4165

Glu

Val

Pro

545

Glu

Thr

Glu

Hig

<210>
<211>
«212>
<213>

<400>

Ile

Met

Leu

Gln

450

Met

Glu

Ser

Gly

Glu

530

Trp

Val

Arg

Val

His
610

Thr

Leu

Lys

435

Ile

Agn

Ile

ASP

Agn

515

Leu

His

Glu

Pro

Lys

595

Gln

Ala

Lys

420

His

ATy

Gln

Gln

ASDP

500

ASP

Leu

Ser

Pro

Gly

580

Met

PRT

SEQUENCE :

Met Leu Pro Gly

1

Ala

Gln

AsSn

Thr

65

Gln

Trp

ITle

Val

Leu

Tle

Gly
50

Tle

Pro

Pro
130

Glu

Ala
35

Glu

Thr

Tyr
115

ASP

Val

20

Met

Trp

Gly

Agn

ATg
100

ATJg

Leu

405

Phe

Ser

Ser

Asp

485

Vval

2la

Pro

Phe

Val

565

Ser

AsSp

SEQ ID NO 5
LENGTH :
TYPE :
ORGANISM: Homo saplens

596

5

Leu
5

Pro

Phe

Asp

Ile

Vval
85

Gly

Gln

Glu

Gln

Leu

470

Glu

Leu

Leu

Val

Gly

550

ASpP

Gly

Ala

Ala

Thr

Ser

Leu
70
Vval

ATrg

Leu

Ala

Val

His

Val

455

Ser

Val

bAla

Met

Asn

535

bAla

Ala

Leu

Glu

Leu

Asp

Gly

Asp

55

Gln

Glu

Val

Phe
135

Val

Arg

Val

440

Met

Leu

ASP

Agn

Pro

520

Gly

ASDP

ATy

Thr

Phe
600

Leu

Gly

ATrg

40

Pro

Ala

Gln

Gly

120

Leu

Pro

Ala

425

Thr

Leu

Glu

Met

505

Ser

Glu

Ser

Pro

AgSh
585

Leu
Agn
25

Leu

Ser

Agn

Cys

105

Glu

His

Pro
4710
Glu

Met

Hisg

Leu

490

Tle

Leu

Phe

Val

2la

570

Tle

His

Leu
10

2la

Agn

Gly

Gln

Gln
90

Phe

Gln

ATYg

Gln

Val

Leu

Agnh

4775

Leu

Ser

Thr

sSer

Pro

555

Ala

ASpP

Ala

Gly

Met

Thr

Glu

75

Pro

Thr

Val

Glu

41

-continued

Pro Arg His Val

Lys

ASDP

ATy

460

Val

Gln

Glu

Glu

Leu

540

Ala

ASDP

Thr

Ser

Ala

Leu

Hig

Lys

60

Val

Val

Hig

Ser

ATYg
140

Asp
Pro
445

Val

Pro

Pro

Thr

525

Asp

AsSn

Arg

Glu

Gly
605

Trp

Leu

Met

45

Thr

Thr

Pro

Asp

125

Met

ATrg

430

Lys

Ile

Ala

Glu

ATrg

510

ASP

Thr

Gly

Glu
590

Thr

Ala
20

Agn

Pro

Tle

His

110

Ala

ASP

415

Gln

Val

Gln

495

Tle

Thr

Leu

Glu

Leu

575

Tle

Glu

2la
15

Glu

Val

Ile

Glu

Gln

55

Phe

Leu

Val

Phe

His

2la

Glu

Ala

480

Agn

Ser

Thr

Gln

Agn

560

Thr

Ser

Val

ATrg

Pro

Gln

ASpP

Leu
80

Agn

Val

Leu
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Glu

145

ASpP

Ser

Trp

Val

225

Glu

Glu

Ala

Val

Glu

305

Glu

Glu

Gln

ATrg

385

Asn

Thr

Ala

ATg
465

Glu

Val

Thr

Ser

ASpP

Trp

210

Val

2la

Ala

Thr

Pro

290

Thr

Arg

Trp

Glu

370

Val

Tle

Met

Leu

Gln

450

Met

Glu

Ser

Gly

Glu
520

His

Thr

Phe

Agn

195

Gly

Glu

ASP

Glu

Thr

275

Thr

Pro

Leu

Glu

Ala

355

Ala

Glu

Thr

Leu

Lys

435

Tle

Agn

Tle

ASP

Agn

515

Leu

Leu

Agn

ATy

180

Val

Gly

Val

ASP

Glu

260

Thr

Thr

Gly

Glu

Glu

340

Val

Ala

Ala

Ala

Lys

420

His

ATrg

Gln

Gln

ASP

500

ASP

Leu

His

Leu

165

Gly

AsSp

Ala

2la

Asp

245

Pro

Thr

Ala

AsSp

2la

325

Ala

Tle

AsSn

Met

Leu

405

Phe

Ser

Ser

Asp

485

Val

Ala

Pro

Trp

150

His

Val

Ser

ASpP

Glu

230

Glu

Thr

Ala

Glu

310

Glu

Gln

Glu

Leu

390

Gln

Glu

Gln

Leu

470

Glu

Leu

Leu

Vval

Hisg

Asp

Glu

Ala

Thr

215

Glu

Asp

Glu

Thr

Ser

295

Agnh

Hisg

Arg

Hisg

Arg

375

Agnh

Ala

Val

His

Val

455

Ser

Val

Ala

Met

Asn
535

Thr

Phe

ASP

200

ASP

Glu

ASP

Glu

Thr

280

Thr

Glu

ATrg

Gln

Phe

360

Gln

ASpP

Val

ATy

Val

440

Met

Leu

ASDP

Agn

Pro

520

Gly

Val

Gly

Val

185

Ala

Glu

Glu

Ala

265

Glu

Pro

His

Glu

Ala

345

Gln

Gln

Pro

Ala
425

Thr

Leu

Glu

Met
5065

Ser

Glu

2la

Met

170

Glu

2la

Val

ASpP

250

Thr

Ser

ASpP

Ala

Arg

330

Glu

Leu

Pro
410
Glu

Met

His

Leu
490

Tle

Leu

Phe

Liys
155

Leu

Glu

ASp

Ala

235

Gly

Glu

Val

Ala

His

315

Met

Agnh

Val

Arg

395

ATrg

Gln

Val

Leu

Agnh

4775

Leu

Ser

Thr

Ser

42

-continued

Glu

Leu

Pro

ASpP

Gly

220

Glu

ASDP

ATYg

Glu

Val

300

Phe

Ser

Leu

Val

Glu

380

Leu

Pro

ASDP

AYg
460

Val

Gln

Glu

Glu

Leu
540

Thr

Pro

Leu

Asp

205

Ser

val

Glu

Thr

Glu

285

Asp

Gln

Gln

Pro

Glu

365

Thr

Ala

Arg

Asp

Pro

445

Vval

Pro

Pro

Thr
525

Asp

Ala

120

Ser

Glu

Glu

Val

Thr

270

Val

Val

Lys

350

Ser

His

Leu

His

ATg

430

Tle

Ala

Glu

ATrg
510

ASP

Ser

Gly

175

Glu

ASpP

ASP

Glu

Glu

255

Ser

Val

Ala

Met

335

ala

Leu

Met

Glu

Val

415

Gln

Val

Gln

495

Tle

Thr

Leu

Glu
160
Ile

Glu

Val

Glu

240

Glu

Ile

Arg

Leu

Lys

320

ASpP

Glu

b2la

Agh

400

Phe

His

Ala

Glu

Ala

480

Agn

Ser

Thr

Gln
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Pro

545

Glu

Thr

Glu

Trp

Val

Arg

Val

His

Glu

Pro

Lys
595

Ser Phe Gly Ala Asp Ser

550

Pro Val Asp Ala Arg Pro

565

Val

2la
570

Gly Ser Gly Leu Thr Asn Ile

580

Met

<210> SEQ ID NO o

<«211> LENGTH:

<212> TYPE:
<213> ORGANISM:

PRT

<400> SEQUENCE:

Met Leu Pro Gly

1

Ala

Gln

Agn

Thr

65

Gln

Trp

Ile

Val

Glu

145

ASp

Ser

Trp

Val

225

Glu

Glu

Ala

Val

Leu

Ile

Gly

50

Ile

Pro
Pro
130

Thr

Ser

ASpP

Trp
210

Val

2la

2la

Thr

Pro
290

Glu

Ala

35

Glu

Thr

Tyr

115

ASP

His

Thr

Phe

Agn

195

Gly

Glu

ASP

Glu

Thr

275

Thr

Val

20

Met

Trp

Gly

Agn

ATrg

100

ATg

Leu

Agn

ATrg

180

Val

Gly

Val

ASDP

Glu

260

Thr

Thr

690

Homo sapiens

6

Leu

Pro

Phe

Asp

Tle

Val

85

Gly

His

Leu

165

Gly

AsSp

Ala

Ala

Asp

245

Pro

Thr

2la

Ala

Thr

Ser

Leu

70

Val

ATrg

Leu

Trp

150

His

Vval

Ser

ASP

Glu
230

Glu

Thr

Ala

Leu

AsSp

Gly

Asp

55

Gln

Glu

Val

Phe

135

Hig

Asp

Glu

Ala

Thr
215

Glu

Asp

Glu

Thr

Ser
295

Leu

Gly

ATrg

40

Pro

Ala

Gln
Gly
120

Leu

Thr

Phe
ASP
200

ASP

Glu

ASDP

Glu

Thr

280

Thr

585

Leu
ASn
25

Leu

Ser

Agn

Cys

105

Glu

His

Val

Gly

Val

185

Ala

Glu

Glu

Ala

265

Glu

Pro

Leu

10

2la

Agn

Gly

Gln

Gln

50

Phe

Gln

2la

Met

170

Glu

ala

Val

ASp

250

Thr

Ser

ASp

Pro
555

A2la

Ala

Gly

Met

Thr

Glu

75

Pro

Thr

Val

Glu

Lys

155

Leu

Glu

ASDP

Ala

235

Gly

Glu

Val

Ala

43

-continued

A2la Asn Thr Glu

Asp Arg Gly Leu

575

Thr Glu Glu Ile

Ala

Leu

His

Lys

60

Val

Val

Hig

Ser

ATrg

140

Glu

Leu

Pro

ASpP

Gly

220

Glu

ASD

ATYg

Glu

Val
200

Trp

Leu

Met

45

Thr

Thr

Pro

Asp

125

Met

Thr

Pro

Leu

Asp

205

Ser

Val

Glu

Thr

Glu

285

Asp

590

Thr
Ala
20

Agn

Pro

Ile

His

110

Ala

ASP

Ala
120

Ser

Glu

Glu

Val

Thr

270

Val

Ala

15

Glu

Val

Tle

Glu

Gln

55

Phe

Leu

Val

Ser

Gly

175

Glu

ASpP

ASP

Glu

Glu
255

Ser

Val

Agn
560
Thr

Ser

Arg

Pro

Gln

ASp

Leu

80

Agn

Val

Leu

Glu
160

Ile

Glu

Val

Glu

240

Glu

Tle

ATrg

Leu
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Glu
305
Glu

Glu

Gln

Arg

385

AsSn

Thr

Ala

ATrg

465

Glu

Val

Pro

545

Glu

Thr

Glu

Hig

Leu

625

Val

Glu

Gln

Gln

Thr

Arg

Trp

Glu

370

Val

Ile

Met

Leu

Gln

450

Met

Glu

Ser

Gly

Glu

530

Trp

Val

Arg

Val

His

610

Met

Met

Val

Gln

Agn
690

Pro

Leu

Glu

Ala

355

Ala

Glu

Thr

Leu

Lys

435

Ile

AgSh

Tle

ASP

Agn

515

Leu

His

Glu

Pro

Lys

595

Gln

Val

Leu

ASP

Agn
675

Gly

Glu

Glu

340

Val

Ala

Ala

Ala

Lys

420

His

ATg

Gln

Gln

ASP

500

ASDP

Leu

Ser

Pro

Gly

580

Met

Ala
660

Gly

Asp

Ala

325

Ala

Tle

Asn

Met

Leu

405

Phe

Ser

Ser

AsSp

485

Val

2la

Pro

Phe

Vval

565

Ser

AsSp

Glu

Gly

Lys
645

2la

Glu

310

Glu

Gln

Glu

Leu

390

Gln

Glu

Gln

Leu

470

Glu

Leu

Leu

Val

Gly

550

ASpP

Gly

Ala

ASpP

Val
630

Val

Glu

Asn

His

Arg

Hisg

Arg

375

Asn

Ala

Val

Hig

Val

455

Ser

Val

Ala

Met

Asn

535

Ala

Ala

Leu

Glu

Val

615

Val

Gln

Thr

Asn

Glu

ATrg

Gln

Phe

360

Gln

ASDP

Val

ATrg

Val

440

Met

Leu

ASP

Agn

Pro

520

Gly

ASpP

ATrg

Thr

Phe

600

Gly

Ile

Pro

Pro
680

His

Glu

Ala

345

Gln

Gln

Arg

Pro

Ala

425

ATrg

Thr

Leu

Glu

Met

505

Ser

Glu

Ser

Pro

Agn
585

Ser

Ala

Thr

Glu

665

Thr

2la

Arg

330

Glu

Leu

Arg

Pro

410

Glu

Met

His

Leu

490

Ile

Leu

Phe

Val

2la

570

Ile

His

Agn

Thr

Ser
650

Glu

His
215

Met

AgSn

Val

Arg

395

ATYg

Gln

Val

Leu

AgSn

475

Leu

Ser

Thr

Ser

Pro

555

Ala

Val
635

Tle

ATrg

44

-continued

Phe

Ser

Leu

Val

Glu

380

Leu

Pro

ASpP

AY(

460

Val

Gln

Glu

Glu

Leu

540

Ala

ASpP

Thr

Ser

Gly

620

ITle

Hig

Hig

Phe

Gln

Gln

Pro

Glu

365

Thr

Ala

Arg

Asp

Pro

445

Val

Pro

Pro

Thr

525

Asp

Agh

Arg

Glu

Gly

605

Ala

Val

His

Leu

Phe
685

Lys

Val

Lys

350

Ser

His

Leu

His

ATy

430

Ile

Ala

Glu

ATg

510

ASP

Thr

Gly

Glu

590

Tle

Ile

Gly

Ser

670

Glu

2la

Met

335

Ala

Leu

Met

Glu

Val

415

Gln

Val

Gln

495

Ile

Thr

Leu

Glu

Leu

575

Ile

Glu

Tle

Thr

Val
655

Gln

Lys

320

ATrg

ASp

Glu

2la

Agn

400

Phe

Hig

Ala

Glu

Ala

480

Agn

Ser

Thr

Gln

Agh

560

Thr

Ser

Val

Gly

Leu
640
Val

Met

Met
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<210> SEQ ID NO 7

<211> LENGTH:

<212> TYPERE:
<213> ORGANISM:

PRT

<400> SEQUENCE:

Leu Val Phe Phe

1

Gly

Leu

Val

Met

65

Met

Leu

Val

Glu

50

Gln

Gln

Met

Met

35

Val

Gln

Agn

Val
20
Leu

ASP

ASn

83

Homo sapiens

7

2la

Ala

Gly

<210> SEQ ID NO 8

<211> LENGTH:

«212> TYPE:
<213> ORGANISM:

PRT

<400> SEQUENCE:

Asp Ala Glu Phe

1

Leu

Gly

Leu

Val

65

Met

Met

Val

Leu

Val

50

Glu

Gln

Gln

Phe

Met

35

Met

Val

Gln

Agn

Phe

20

Val

Leu

ASP

Agn

59

Homo sapiens

2la

Gly
85

«<210> SEQ ID NO 9

<211> LENGTH:

«212> TYPE:

<213> ORGANISM: Homo sapiens

PRT

<400> SEQUENCE:

43

5

Glu

Gly

Lys

Ala

Tvyr
70

His

Glu

Gly

Lys

Ala

70

Tvyr

AsSp

Val

Val
55

Glu

Asp

AsSp

Val

Lys

55

Val

Glu

Val

Val

Gln

40

Thr

Agn

Ser

Val

Val

40

Gln

Thr

Agn

Gly Leu Asn Asp Ile Phe Glu Ala

1

5

Gly Ala Ile Ile Gly Leu Met Val

20

Tle Val Ile Thr Leu Val Met Leu

35

<210> SEQ ID NO 10

<211> LENGTH:

<212> TYPERE:

<213> ORGANISM: Homo sapiens

PRT

54

40

Gly

Ile

25

Pro

Pro

Gly
Gly
25

Ile

Pro

Pro

Gln

Gly
25

Lys

Ser

10

ala

Thr

Glu

Thr

Tyr

10

Ser

2la

Thr

Glu

Thr
90

Agn

Thr

Ser

Glu

Tvr
75

Glu

Agnh

Thr

Ser

Glu
75

45

-continued

Lys Gly

Val Ile

Ile His
45

Arg His
60

Lys Phe

Val His

Lys Gly

Val Ile
45

Ile His
60

Arg His

Lys Phe

Ala

Val

30

His

Leu

Phe

His

Ala

30

Val

His

Leu

Phe

Tle

15

Ile

Gly

Ser

Glu

Gln

15

Tle

Ile

Gly

Ser

Glu
o5

Tle

Thr

Val

Gln
80

Tle

Thr

Val

Lys

80

Gln

Lys Ile Glu Trp His Glu Lys

10

15

Gly Val Val Ile Ala Thr Val

Lys

Lys

30
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<400> SEQUENCE:

Gly Leu Asn AsSp

1

Val Phe Phe 2ZAla

20

Leu Met Val Gly

35

Val Met Leu Lys

50

10

46

-continued

Ile Phe Glu Ala Gln Lys Ile Glu Trp His Glu

5

10

15

Glu Asp Val Gly Ser Asn Lys Gly Ala Ile Ile

25

30

Gly Val Val Ile Ala Thr Val Ile Val Ile Thr

Lys

<210> SEQ ID NO 11

<211> LENGTH:

«212> TYPE:
<213> ORGANISM:

PRT

<400> SEQUENCE:

Gly Leu Asn AsSp

1

Val Phe Phe Zla

20

Leu Met Val Gly

35

Val Met Leu

50

Glu Val Asp

65

Gln Gln Asn

Gln Asn Asp

Lys

Ala

Gly

Tyr
100

106

Homo sapiens

11

Ile
5
Glu

Gly

2la

Tyr
85

<210> SEQ ID NO 12

<211> LENGTH:

<212> TYPE:

<213>

PRT

ORGANISM:

<400> SEQUENCE:

Gly Leu Asn AsSp

1

Gly

Tle

Pro
65

Pro

ASP

Ser

Ala

Thr
50

Glu

Thr

ASpP

Agn

Thr
35

Ser

Glu

Tyr

Lys

Lys
20
Val

Tle

ATy

59

Homo sapiens

12

Tle

5

Gly

ITle

His

His

Phe
a5

<210> SEQ ID NO 13

<211> LENGTH:

<212> TYPERE:

<213> ORGANISM: Homo sapiens

PRT

106

Lvs

40

Phe Glu Ala Gln Lys

10

Asp Val Gly Ser Asn

25

Val Val Ile Ala

40

Lys Gln Tyr

55

Val Thr Pro

70

Glu Asn Pro

Asp ASp AsSp

Phe

Ala

Val

His

Leu
70

Phe

Glu

Tle

Tle

Gly

55

Ser

Glu

Ala

Tle

Thr

40

Val

Gln

Thr

Glu

Thr

ASDP
105

Gln
Gly
25

Leu

Val

Met

Met

Thr

Sexr

Glu

Tyr
S50

Lys
10
Leu

Val

Glu

Gln

Gln
Q0

45

Ile Glu Trp His Glu

15

Lys Gly Ala Ile Ile

30

Val Ile Val Ile

45

Ile His His Gly

60

Arg His Leu Ser

75

Lvs Phe Phe Glu

Tle

Met

Met

Val

Gln
75

Agnh

Glu

Val

Leu
ASpP

60

Agnh

ASpP

Trp

Gly

Lys

45

Ala

Gly

His

Gly
30

Ala

Thr

Val

Gln
o5

Glu
15

Val

Val

Glu

ASP
o5

Leu

Gly

Leu

Leu

Gly

Leu

Val

Met

80

Met

Val

Val

Gln

Thr

ASn
80

ASDP
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<400> SEQUENCE:

Gly Leu Asn AsSp

1

Glu

Leu

Val

Glu

65

Gln

Gln

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

<400>

Val

Met

Met

50

Val

Gln

Agn

His

Val

35

Leu

ASP

Agn

ASP

His
20

Gly

Ala

Gly

Tyr

100

PRT

SEQUENCE :

Gly Leu Asn AsSp

1

Ala

Leu

Val

Glu

65

Gln

Gln

Gly

Met

Met

50

Val

Gln

Agn

Ala

Val

35

Leu

ASP

Agn

ASP

Gly

20

Gly

Lys

Ala

Gly

Tyr
100

13

Tle

Gln

Gly

Ala

Tyr
85

SEQ ID NO 14
LENGTH :
TYPE :
ORGANISM: Homo saplens

106

14

Ile
5
Gly

Gly

Ala

Tvr
85

«<210> SEQ ID NO 15

<211> LENGTH:

«212> TYPE:

<213> ORGANISM: Homo sapiens

PRT

<400> SEQUENCE:

38

15

Phe

Val

Val
70
Glu

ASpP

Phe

AsSn

Val

Val
70

Glu

ASpP

Glu

Val

Val

Gln

55

Thr

Asn

AsSp

Glu

Val

Val

Gln

55

Thr

ASn

Asp

2la

Gly

Ile
40

Pro

Pro

ASP

Ala

Gly

Tle

40

Pro

Pro

ASP

Gln

Ser

25

Ala

Thr

Glu

Thr

ASP
105

Gln

Ser

25

Ala

Thr

Glu

Thr

ASP
105

Lys
10

Agn

Thr

Ser

Glu

Tyr
S0

Lys
10

Agn

Thr

Ser

Glu

Tyr
S0

ITle

Val

ITle

ATg
75

ITle

Val

Ile

Arg
75

47

-continued

Glu

Gly

ITle

Hig

60

Hisg

Phe

Glu

Gly

Tle

Hig

60

His

Phe

Trp

Ala

Val

45

His

Leu

Phe

Trp

Ala

Vval

45

His

Leu

Phe

His

Ile

30

Ile

Gly

Ser

Glu

His

Ile

30

Tle

Gly

Ser

Glu

Glu

15

Ile

Thr

Val

Gln
o5

Glu

15

Ile

Thr

Val

Gln
o5

Gly

Leu

Val

Met

80

Met

Val

Gly

Leu

Val

Met

80

Met

Asp Ala Glu Phe Arg His Asp Ser Gly Tyr Glu Val His His Gln Lys

1

5

10

15

Leu Val Phe Phe Ala Glu Asp Val Gly Ser Asn Lys Gly Ala Ile Ile

20

Gly Leu Met Val Gly Gly

35

<210> SEQ ID NO 1leo

<211> LENGTH:

<212> TYPERE:

<213> ORGANISM: Homo sapiens

PRT

40

25

30
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<400> SEQUENCE:

lo

48

-continued

Asp Ala Glu Phe Arg His Agp Ser Gly Tyr Glu Val His His Gln Lys

1

5

15

Leu Val Phe Phe Ala Glu Asp Val Gly Ser Asn Lys Gly Ala Ile Ile

20

Gly Leu Met Val
35

<«210> SEQ ID NO

<211> LENGTH: 42

«212> TYPE: PRT
<213> ORGANISM:

<400> SEQUENCE:

Asp Ala Glu Phe
1

Leu Val Phe Phe
20

Gly Leu Met Val
35

<210> SEQ ID NO
<211> LENGTH: 7
«212> TYPE: PRT
<213> ORGANISM:

<400> SEQUENCE:

Leu Val Phe Phe
1

<210> SEQ ID NO
<211> LENGTH: 5
<«212> TYPE: PRT
<213> ORGANISM:

<400> SEQUENCE:

Leu Val Phe Phe
1

<210> SEQ ID NO
<211> LENGTH: 4
<«212> TYPE: PRT
<213> ORGANISM:

<400> SEQUENCE:

Leu Val Phe Phe
1

<210> SEQ ID NO
<211> LENGTH: 8
<«212> TYPE: PRT
<213> ORGANISM:

<400> SEQUENCE:
Leu Val Phe Phe

1

<210> SEQ ID NO
<211> LENGTH: 8
«212> TYPE: PRT

Gly Gly Val Val
40

17

Homo sapiens

17

30

Arg His Asp Ser Gly Tyr Glu Val His His Gln Lys

5

15

Ala Glu Asp Val Gly Ser Asn Lys Gly Ala Ile Ile

Gly Gly Val Val Ile Ala

40

18

Homo sapiens

18
Ala Glu Asp
5

19

Homo sapiens
19

Ala

20

Homo sapiens

20

21

Homo sapiens

21

Ala Glu Asp Val
5

22

30
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49

-continued

<213> ORGANISM: Homo sapilens

<400> SEQUENCE:

22

Lys Leu Val Phe Phe Ala Glu Asp

1

<210>
<211>
<212 >
<213>
<220>
<223>
<223 >
<223 >

<400>

PRT

SEQUENCE :

5

SEQ ID NO 23
LENGTH: 7
TYPE :
ORGANISM: Homo saplens
FEATURE:
OTHER INFORMATION:
OTHER INFORMATION:
OTHER INFORMATION:

23

Glu{e)-methyl ester
Asp(7)-methyl ester
C-terminal amide

Leu Val Phe Phe Ala Glu Asp

1 5

<210> SEQ ID NO 24

<211> LENGTH: 7

<212> TYPRE: PRT

<213> ORGANISM: Homo sapiens

<220> FEATURE:

223> QOTHER INFORMATION: All D- amino acids
<223> OTHER INFORMATION: N-terminal glycylurethane
<223> OTHER INFORMATION: Asp(l)-methyl ester
<223> OTHER INFORMATION: Glu(2)-methyl ester
<223> OTHER INFORMATION: C-terminal amide

<400> SEQUENCE:

24

Asp Glu Ala Phe Phe Val

1

5

<210> SEQ ID NO 25

<211> LENGTH:

<212> TYPERE:
<213> ORGANISM:

PRT

<400> SEQUENCE:

Gly Ser His Met

1
Hig

Val

Leu

ASP

65

AsSn

ASp

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

<400>

His

Gly

Lys

50

ala

Gly

Gln

Gly
35

Ala

Lys

20

Val

Lys

Val

Glu

ASDP
100

PRT

SEQUENCE :

99

104

Leu

Homo sapiens

25

AsSp

5

Val

Vval

Gln

Thr

Asn
85

Asp

SEQ ID NO 26
LENGTH :
TYPE :
ORGANISM: Homo saplens

26

Ala

Gly

Tle

Pro
70

Pro

ASpP

Glu

Ser

bAla

Thr

55

Glu

Thr

Asp

Phe

Agn

Thr
40

Ser

Glu

ATrg

Lys

25

Val

Tle

ATg

His

10

Gly

Tle

His

Hisg

Phe
90

ASpP

Ala

Val

His

Leu
75

Phe

Ser

Ile

Tle

Gly

60

Ser

Glu

Gly

Ile

Thr

45

Val

Gln

Gly
30
Leu

Val

Met

Met

Glu
15

Leu

Val

Glu

Gln

Gln
o5

Val

Met

Met

Val

Gln
80

Agn
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ASpP

Val

Gly

Leu

Val

65

Met

Met

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

<400>

2la

2la

Leu

Val

50

Glu

Gln

Gln

Glu

Gly

Met

35

Met

Val

Gln

Agn

Phe

Ala

20

Val

Leu

ASDP

Agn

PRT

SEQUENCE :

Gly Leu Asn AsSp

1

Gly

Tle

Pro
6b

Pro

Sexr

2la

Thr

50

Glu

Thr

AgSh

Thr
35

Ser

Glu

Lys
20
Val

Ile

ATrg

o1

Arg

Gly

Gly

Ala

Gly
85

SEQ ID NO 27
LENGTH:
TYPE :

ORGANISM: Homo sapiens

277

Ile

5

Gly

Tle

Hig

His

Phe
85

«<210> SEQ ID NO 28

<211> LENGTH:

«212> TYPERE:

<213>

PRT

ORGANISM :

<400> SEQUENCE:

Met Asp Ala Glu

1

Lys

Tle

Thr

Val

65

Lys

Gln

Leu

Gly

Leu

50

Val

Met

Met

Val

Leu

35

Val

Glu

Gln

Gln

Phe

20

Met

Met

Val

Gln

Agn
100

108

Homo sapiens

28

Phe
5

Phe

Val

Leu

Asp

AsSn

85

Asp

His

Gly

Gly

Lvs

Ala
70

Phe

Ala

Val

Hig

Leu

70

Phe

ATrg

Ala

Gly

Ala
70

Gly

Tvyr

Asp

Asn

Val

Lys

55

Val

Glu

Glu

Tle

Tle

Gly

55

Ser

Glu

Hisg

Glu

Gly

Lys

55

bAla

Lys

Ser

Val

Val

40

Gln

Thr

Agn

2la

Tle

Thr
40

Val

Gln

ASP

ASDP

Val

40

Val

Glu

ASP

Gly
Gly
25

Ile

Pro

Pro

Gln

Gly

25

Leu

Val

Met

Met

Ser

Val

25

Val

Gln

Thr

Agn

Tyr

10

Ser

2la

Thr

Glu

Thr
Q0

Lys
10

Leu

Val

Glu

Gln

Gln
90

Gly
10

Gly

Tle

Pro

Pro
S0

ASP ASPp

105

Glu

Asnh

Thr

Ser

Glu
75

Ile

Met

Met

Val

Gln

75

Agn

Ser

Ala

Thr

Glu

75

Thr

ASDP

50

-continued

Val Hig His Gln

Lys

Val

ITle

60

AYg

Glu

Val

Leu

ASP

60

AsSn

Glu

AsSn

Thr

Ser

60

Glu

Gly

Ile

45

Hig

His

Phe

Trp

Gly

Lys

45

Ala

Gly

Val

Val
45
Ile

Arg

Lys

Ala

30

Val

Hig

Leu

Phe

His

Gly
30

Ala

His

Gly

30

Tle

Hig

His

Phe

15

Tle

Ile

Gly

Ser

Glu
o5

Glu
15

Val

Val

Glu

His

15

2la

Val

Hig

Leu

Phe
o5

Tle

Thr

Val

Lys

80

Gln

Val

Val

Gln

Thr

Agn
80

Gln

Tle

Tle

Gly

Ser

80

Glu
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1. A method of assaying the activity of y-secretase coms-
prising the steps of:

a) providing a container comprising a composition sus-

pected of containing y-secretase activity;

b) adding to the container a polypeptide substrate for
v-secretase comprising at least a portion of an 1soform of
an APP polypeptide bound to a detectable label, wherein
cleavage of the labeled substrate by y-secretase provides
a detectably labeled product;

¢) contacting the labeled product with
1) afirst ligand bearing a first tag wherein the first ligand

specifically binds the label, and
2) a second ligand bearing a second tag wherein the
second ligand specifically binds the product; and

d) determining the presence and/or the amount of the
labeled product bound to the first ligand and to the sec-
ond ligand.

2. The method described 1n claim 1 wherein the APP 1so-
form 1s APP695 (SEQ ID NO:1), APP751 (SEQ ID NO:2), or
APP770 (SEQ ID NO:3).

3. The method described 1n claim 1 wherein the portion
comprises amino acid residues 620-695 of APP695 (SEQ ID
NO:1).

May 12, 2016

4. The method described 1n claim 1 wherein the label
comprises biotin.

5. The method described 1n claim 1 wherein the first ligand
comprises an avidin and the first tag comprises a detectable
fluorescence acceptor.

6. The method described in claim 5 wherein the second
ligand comprises a first antibody that specifically binds a
C-terminus of the product, the first antibody being bound to a
second antibody bearing a fluorescence donor that excites the
fluorescence acceptor tag bound to the first ligand.

7. The method described in claim 1 wherein the method 1s
a high throughput assay method conducted 1n a plurality of
containers.

8. The method described 1n claim 7 wherein each container
1s a well 1n a multi-well assay plate, thereby providing a high
throughput method of assaying.

9. The method described in claim 8 wherein the plate
contains at least 96 wells, or at least 384 wells, orat least 1536
wells.

10-39. (canceled)
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