US 20100303805A1
ao) United States

12) Patent Application Publication (o) Pub. No.: US 2010/0303805 A1
Moola et al. 43) Pub. Date: Dec. 2, 2010

(54) IDENTIFICATION OF SMALL MOLECULES Related U.S. Application Data

RECOGNIZED BY ANTIBODIES IN
60) Provisional application No. 61/183,260, filed on Jun.
SUBJECTS WITH NEURODEGENERATIVE ( ’
2, 2009, provisional application No. 61/318,655, filed

DISEASES on Mar. 29, 2010.
(75) Inventors: Muralidhar Reddy Moola, Jupiter, L A
FL (US); Dwight German, Dallas, Publication Classification
TX (US); Steven Connell, (51) Int.ClL
McKinney, TX (US); Rosemary A6IK 39/395 (2006.01)
Wilson, Jupiter, FL (US); Johnnie CO7K 16/44 (2006.01)
Wilson, Jupiter, FL. (US); Thomas CO7C 23720 (2006.01)
Kodadek, Jupiter, FL (US) CO7D 317/58 (2006.01)
AG6IP 25728 (2006.01)
Correspondence Address: GOIN 33/53 (2006.01)
FULBRIGHT & JAWORSKI L.L.P. C40B 30/04 (2006.01)
600 CONGRESS AVE., SUITE 2400 (52) US.CL o 424/130.1; 530/389.8; 564/153;
AUSTIN, TX 78701 (US) 549/441; 436/501; 435/7.1; 435/7.92; 506/9
(73) Assignee: THE BOARD OF REGENTS OF (57) ABSTRACT
THE UNIVERSITY OF TEXAS
SYSTEM, Austin, TX (US) The present invention provides for the identification of indi-
viduals having neurodegenerative diseases (ND). Peptoids
(21) Appl. No.: 12/791,389 recognized by Parkinson’s Disease- and Alzheimer’s Dis-
ease-specific antibodies are identified, allowing one to diag-
(22) Filed: Jun. 1, 2010 nose or predict ND in subjects.

i




Patent Application Publication

A £
L s
F—y i
Ry *
) X
%
\.-.-.-.‘.-.-.-.“.-.-.-.‘.-.\?‘
kY g
5, #
%,
—_—
N
.n).
- ¢
3 :

Dec.2,2010 Sheet1 of 18

US 2010/0303805 A1

FIG. 1A



Patent Application Publication  Dec. 2,2010 Sheet 2 of 18 US 2010/0303805 A1

FIG. 1A (cont.)
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FIG. 1A (cont.)
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FIG. 1B (cont.)



Patent Application Publication  Dec. 2,2010 Sheet 6 of 18 US 2010/0303805 A1

FIG. 1B (cont.)
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IDENTIFICATION OF SMALL MOLECULES
RECOGNIZED BY ANTIBODIES IN
SUBJECTS WITH NEURODEGENERATIVE
DISEASES

[0001] This application claims priority to U.S. Provisional
Application Ser. Nos. 61/183,260, filed Jun. 2, 2009 and
61/318,655 filed Mar. 29, 2010, the entire contents of which
are hereby incorporated by reference.

[0002] This invention was made with government support
under grant no. NO1-HV28185 from the National Heart,
Lung and Blood Institute, and grant no. DP10D00066301
from the National Institutes of Health. The government has
certain rights in the invention.

BACKGROUND OF THE INVENTION

[0003] 1. Field of the Invention

[0004] The present invention relates generally to the fields
of molecular biology, immunology and neurobiology. More
particularly, it concerns the identification of peptoids that are
recognized by neurodegenerative disease (ND)-specific anti-
bodies. These peptoids can be used to identify subjects suf-
fering from or at risk of NDs.

[0005] II Description of Related Art

[0006] Alzheimer’s Disease (AD) is a progressive and fatal
brain disease that affects as many as 5.3 million Americans.
AD destroys brain cells, causing problems with memory,
thinking and behavior. These symptoms get worse over time,
and ultimately the disease is fatal. Today, it is the sixth-
leading cause of death in the United States and is the most
common form of dementia, accounting for 50-70% of all
dementia cases. Sadly, while treatments for symptoms exist,
there is no cure.

[0007] Diagnosing Alzheimer’s Disease is an empirical
process that involves several types of evaluations and may
take many days to weeks to complete. Evaluations include
taking a detailed medical history and physical examination.
In addition, standard laboratory tests including blood, urine
and CSF tests are mainly designed to help eliminate other
possible conditions. Neuropsychological testing, using a
variety of tools to assess memory, problem-solving, attention,
vision-motor coordination and abstract thinking, are also per-
formed. Tests for depression should also be included. Finally,
brain-imaging scans are recommended to rule out brain

R! 0

tumors or blood clots in the brain as the reason for symptoms.
In sum, there is currently no single test that accurately diag-
noses Alzheimer’s Disease, with a definitive diagnosis of
Alzheimer’s possible only by examining brain tissue after
death.

[0008] Parkinson’s Disease (PD) is another degenerative
disease of the brain (central nervous system) that often
impairs motor skills, speech, and other functions. It affects
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movement (motor symptoms), but other typical symptoms
include disorders of mood, behavior, thinking, and sensation
(non-motor symptoms). Patient’s individual symptoms may
be quite dissimilar and progression of the disease is also
distinctly individual. The symptoms of PD result from the
loss (idiopathic or genetic, toxic or traumatic) of pigmented
dopamine-secreting (dopaminergic) cells in the pars com-
pacta region of the substantia nigra (literally “black sub-
stance”). These neurons project to the striatum and their loss
leads to alterations in the activity of the neural circuits within
the basal ganglia that regulate movement, in essence an inhi-
bition of the direct pathway and excitation of the indirect
pathway.

[0009] Diagnosis of PD presents similar if somewhat dis-
tinct challenges. When performing a neurologic examination
to evaluate a patient with any movement disorder, the doctor
should take a medical history and perform a physical exami-
nation. In addition, a neurologic exam is conducted to make a
thorough evaluation of the nervous system, including observ-
ing aspects of the patient’s movement, coordination and bal-
ance. Laboratory testing of the blood of patients with the
symptoms typical of Parkinson’s only rarely uncovers any
abnormality. Electroencephalograms (EEG’s) record some
aspects of brain electrical activity, but they are not effective in
spotting PD. The MRI and CAT scans of the brain produce
remarkable and exquisite anatomic pictures, but the brains of
people with PD disease appear normal even under this scru-
tiny because the changes associated with PD are microscopic
and are not revealed by these scans. With no definitive diag-
nostic tests to provide specific answers, physicians must base
their diagnosis of PD on judgment.

[0010] Thus, there remains a need for diagnostic proce-
dures for both of these diseases and other neurological dis-
eases that are (i) accurate and objective, (ii) simple and repro-
ducible, and (iii) useful in both early and late stage case.

SUMMARY OF THE INVENTION

[0011] In accordance with the present invention, there is
provided compositions comprising peptoid(s) that bind anti-
bodies indicative of a neurodegenerative disease and methods
of detecting antibodies in an antibody-containing sample
comprising contacting an antibody-containing sample with a
support having affixed thereto a peptoid. Peptoids of the
invention have the formulas:

1A

U U
i N\)k N\)%\ Z}\
\(N/Y Iil A Il\T N
! R} O RS 0

wherein R' and R* are independently selected from the group
consising of hydrogen; alkyl; allyl; methyl; ethyl; n-propyl;
isopropyl; n-butyl; isobutyl; n-butylamine; sec-butyl; tert-
butyl; pentyl; hexyl; isopentyl, aryl; heteroaryl; furanyl;
indolyl; thiophenyl; thiazolyl; imidazolyl; isoxazoyl,
oxazoyl; piperonyl; pyrazoyl; pyrrolyl; pyrazinyl; pyridyl;
pyrimidyl; pyrimidinyl; purinyl; cinnolinyl; benzofuranyl,
benzothienyl; benzotriazolyl; benzoxazolyl; quinoline; isox-
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azolyl; isoquinoline cycloalkyl; alkenyl; cycloalkenyl; phe-
nyl; pyridyl; methoxyethyl; (R)-methylbenzyl; C,_; alkyl
unsubstituted or substituted with NH,, OH, or SH; C,_¢ alky-
nyl unsubstituted or substituted with NH,, OH, or SH; lysyl;
carboxyl—including one or more chemical group described
in Table 1 and 2 below. R*, R? and R® are independently
selected from the group consisting of C, ¢ alkylaryl; C, 4
alkylheteroaryl; C, _ alkyl substituted with a group selected
from OH, SH, ahalogen, OR'®, COOR"®, NR** (wherein R**
is selected from the group consistingof Hor C, ;alkylorC,
alkynl) or R'® (wherein R*¢ is selected from the group con-
sisting of H or C,_4 alkynl); OC, ¢ alkyl; C,  alkenyl; C, 4
alkynyl; C, ¢ alkenyl; and C, 4 alkynyl—including one or
more chemical group described in Table 1 and 2 below.
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and 2 below. R” and R® are independently selected from the
group consisting of C,, ¢ alkylaryl; C, ¢ alkylheteroaryl; C,
alkyl substituted with a group selected from OH, SH, a halo-
gen, OR'>, COOR'® NR*'’ (wherein R'? is selected from the
group consisting of H or C,_ alkyl or C,_ alkynl) or R*¢
(wherein R*® is selected from the group consisting of H or
C,_ alkynl); OC, 4 alkyl; C, 4 alkenyl; C, ¢ alkynyl; C,
alkenyl; and C, ¢ alkynyl—including one or more chemical
group described in Table 1 and 2 below.

Or

[0013]

R"2 0

R 0

RIO 0 | |
: e e
Z
RS 0 R! 0

Or
[0012]

1B

Lo
H N\)I\ Z)\
\(Ir/\’%n/ Il\l N
RG 0 RS (6}

wherein R is selected from the group consising of hydrogen;
alkyl; allyl; methyl; ethyl; n-propyl; isopropyl; n-butyl;
isobutyl; n-butylamine; sec-butyl; tert-butyl; pentyl; hexyl,
isopentyl; aryl; heteroaryl; furanyl; indolyl; thiophenyl; thia-
zolyl; imidazolyl; isoxazoyl; oxazoyl; piperonyl; pyrazoyl,
pyrrolyl; pyrazinyl; pyridyl; pyrimidyl; pyrimidinyl; purinyl;
cinnolinyl; benzofuranyl; benzothienyl; benzotriazolyl; ben-
zoxazolyl; quinoline; isoxazolyl; isoquinoline cycloalkyl,
alkenyl; cycloalkenyl; phenyl; pyridyl; methoxyethyl; (R)-
methylbenzyl; C,  alkyl unsubstituted or substituted with
NH,, OH, or SH; C,_4 alkynyl unsubstituted or substituted
with NH,, OH, or SH; lysyl; carboxyl; and hydroxyl group—
including one or more chemical group described in Table 1

RIS

o]

RY7 0

|V U Fo ! -
Py e

R21

Wherein R, R, and R'? are independently selected from the
group consising of hydrogen; alkyl; allyl; methyl; ethyl;
n-propyl; isopropyl; n-butyl; isobutyl; n-butylamine; sec-bu-
tyl; tert-butyl; pentyl; hexyl; isopentyl; aryl; heteroaryl; fura-
nyl; indolyl; thiophenyl; thiazolyl; imidazolyl; isoxazoyl,
oxazoyl; piperonyl; pyrazoyl; pyrrolyl; pyrazinyl; pyridyl;
pyrimidyl; pyrimidinyl; purinyl; cinnolinyl; benzofuranyl,
benzothienyl; benzotriazolyl; benzoxazolyl; quinoline; isox-
azolyl; isoquinoline cycloalkyl; alkenyl; cycloalkenyl; phe-
nyl; pyridyl; methoxyethyl; (R)-methylbenzyl; C, o alkyl
unsubstituted or substituted with NH,, OH, or SH; C,_ alky-
nyl unsubstituted or substituted with NH,, OH, or SH; lysyl;
carboxyl; and hydroxyl group—including one or more
chemical group described in Table 1 and 2 below. R*°, R*?and
R** are independently selected from the group consisting of
Co.s alkylaryl; C, 4 alkylheteroaryl; C, 4 alkyl substituted
with a group selected from OH, SH, a halogen, OR"’,
COOR'?, NR** (wherein R** is selected from the group con-
sisting of H or C,_ alkyl or C,_, alkynl) or R*® (wherein R
is selected from the group consisting of H or C,_¢ alkynl);
0C,_salkyl; C, ¢ alkenyl; C, s alkynyl; C,  alkenyl;and C,
alkynyl—including one or more chemical group described in
Table 1 and 2 below.

Or
[0014]

0 R® 0
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Wherein, in one embodiment, R'”-R?° and R? of formula 1D
are independently selected from the group consising of
hydrogen; alkyl; allyl; methyl; ethyl; n-propyl; isopropyl;
n-butyl; isobutyl; n-butylamine; sec-butyl; tert-butyl; pentyl;
hexyl; isopentyl; aryl; heteroaryl; furanyl: indolyl; thiophe-
nyl; thiazolyl; imidazolyl; isoxazoyl; oxazoyl; piperonyl;
pyrazoyl; pyrrolyl; pyrazinyl; pyridyl; pyrimidyl; pyrimidi-
nyl; purinyl; cinnolinyl; benzofuranyl; benzothienyl; benzo-
triazolyl; benzoxazolyl; quinoline; isoxazolyl; isoquinoline;
cycloalkyl; alkenyl; cycloalkenyl; phenyl; pyridyl; methoxy-
ethyl; (R)-methylbenzyl; C, 4 alkyl unsubstituted or substi-
tuted with NH,, OH, or SH; C,_ alkynyl unsubstituted or
substituted with NH,, OH, or SH; lysyl; carboxyl; and
hydroxyl group—including one or more chemical group
described in Table 1 and 2 below. R*!, R** and R** are inde-
pendently selected from the group consisting of C,_¢ alky-
laryl; C, ¢ alkylheteroaryl; C, alkyl substituted with a group
selected from OH, SH, a halogen, OR'>, COOR" NR'
(wherein R' is selected from the group consisting of H or
C, salkylor C, ¢alkynl) or R*® (wherein R'%is selected from
the group consisting of H or C, ¢ alkynl); OC, ; alkyl; C, 4
alkenyl; C, calkynyl; C,_salkenyl; and C,_¢alkynyl—includ-
ing one or more chemical group described in Table 1 and 2
below.

[0015] In another embodiment, R'7-R*°, R**, and R** of
formula 1D are independently selected from the group con-
sising of hydrogen; alkyl; allyl; methyl; ethyl; n-propyl; iso-
propyl; n-butyl; isobutyl; n-butylamine; sec-butyl: tert-butyl;
pentyl; hexyl; isopentyl; aryl; heteroaryl; furanyl; indolyl;
thiophenyl; thiazolyl; imidazolyl; isoxazoyl; oxazoyl; pip-
eronyl; pyrazoyl; pyrrolyl; pyrazinyl; pyridyl; pyrimidyl,
pyrimidinyl; purinyl; cinnolinyl; benzofuranyl; benzothie-
nyl; benzotriazolyl; benzoxazolyl; quinoline; isoxazolyl; iso-
quinoline cycloalkyl; alkenyl; cycloalkenyl; phenyl; pyridyl,
methoxyethyl; (R)-methylbenzyl; C, ; alkyl unsubstituted or
substituted with NH,, OH, or SH; C,_; alkynyl unsubstituted
or substituted with NH,, OH, or SH; lysyl; carboxyl; and
hydroxyl group—including one or more chemical group
described in Table 1 and 2 below. R*! and R*? are indepen-
dently selected from the group consisting of C,_ alkylaryl,
Co.s alkylhetercaryl; C,  alkyl substituted with a group
selected from OH, SH, a halogen, OR'>, COOR", NR"
(wherein R*® is selected from the group consisting of H or
C, salkylor C, ,alkynl) orR'® (wherein R"%is selected from
the group consisting of H or C, ¢ alkynl); OC, ¢ alkyl; C, ¢
alkenyl; C, ¢ alkynyl; C,_g alkenyl; and C,_ alkynyl—includ-
ing one or more chemical group described in Table 1 and 2
below.

[0016] Instillafurther embodiment, R'7, R'?, R*°, and R*?
of formula 1D are independently selected from the group
consising of hydrogen; alkyl; allyl; methyl; ethyl; n-propyl;
isopropyl; n-butyl; isobutyl; n-butylamine; sec-butyl; tert-
butyl; pentyl; hexyl; isopentyl; aryl; heteroaryl; furanyl;
indolyl; thiophenyl; thiazolyl; imidazolyl; isoxazoyl,
oxazoyl; piperonyl; pyrazoyl; pyrrolyl; pyrazinyl; pyridyl,
pyrimidyl; pyrimidinyl; purinyl; cinnolinyl; benzofuranyl;
benzothienyl; benzotriazolyl; benzoxazolyl; quinoline; isox-
azolyl; isoquinoline cycloalkyl; alkenyl; cycloalkenyl; phe-
nyl; pyridyl; methoxyethyl; (R)-methylbenzyl; C,  alkyl
unsubstituted or substituted with NH,, OH, or SH; C,  alky-
nyl unsubstituted or substituted with NH,, OH, or SH; lysyl,
carboxyl; and hydroxyl group—including one or more
chemical group described in Table 1 and 2 below. R*® R* and
R** are independently selected from the group consisting of
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Co.s alkylaryl; C, 4 alkylheteroaryl; C, 4 alkyl substituted
with a group selected from OH, SH, a halogen, OR"’,
COOR", NR** (wherein R" is selected from the group con-
sisting of H or C,_¢ alkyl or C,_, alkynl) or R*® (wherein R'°
is selected from the group consisting of H or C,_4 alkynl);
OC,_salkyl; C, ¢ alkenyl; C, ¢ alkynyl; C, ¢ alkenyl;and C, ¢
alkynyl—including one or more chemical group described in
Table 1 and 2 below.

[0017] In formula 1A—R2,R3, R4, and RS may addition-
ally be selected from those groups shown in Tables 1 and 2 for
the equivalent letter designations that are provided for the
particular peptoid monomer location in the oligomers
ADP1-3 and PDP1-3. For example, in formula 1A, the R
variables selected from R2, R3 and RS may independently be
selected from those side chains or monomers shown in Tables
1 and/or 2 for the specific peptoid ADP-1 as A, B or C; and so
on for ADP2 (D, E, or F) and ADP3 (G, H, or I).

[0018] In formula 1B—R7 and R8 may additionally be
selected from those groups shown in Tables 1 and 2 for the
equivalent letter designations that are provided for the par-
ticular peptoid monomer location in the oligomer ADP1-3.
For example, in formula 1B, the R variables selected from R7
and R8 may independently be selected from those side chains
or monomers shown in Tables 1 and/or 2 for the specific
peptoid ADP-1 as C; and so on for ADP2 (E, or F) and ADP3
.

[0019] Informula IC—R10,R11,R12, and R14 may addi-
tionally be selected from those groups shown in Tables 1 and
2 for the equivalent letter designations that are provided for
the particular peptoid monomer location in the oligomer
ADP1-3. Forexample, in formula 1C, the R variables selected
from R7 and R8 may independently be selected from those
side chains or monomers shown in Tables 1 and/or 2 for the
specific peptoid ADP-1 as A, B or C; and so on for ADP2 (D,
E, or F) and ADP3 (G, H, or I).

[0020] In formula 1D, R21,R22,R23, and R24, may addi-
tionally be selected from those groups shown in Tables 1 and
2 for the equivalent letter designations that are provided for
the particular peptoid monomer location in the oligomer
ADP1-3. For example, in formula 1D, the R variables
selected from R7 and R8 may independently be selected from
those side chains or monomers shown in Tables 1 and/or 2 for
the specific peptoid ADP-1 as A, B or C; and so on for ADP2
(D, E, or F) and ADP3 (G, H, or I).

[0021] In the formulas described herein 7 is a coupling
group that can include one or more amino acids or functional
groups; L is an optional linker moiety, M is a substrate or
support or label; and m, n, o, and/or p is 0-6.

[0022] Methods also can include (b) detecting antibodies
bound to said peptoid.

[0023] Incertain aspects, a peptoid as described herein can
comprise a terminal functional group, at either the carboxy or
amino terminus; the functional group will be capable of being
coupled to a support, a linker moiety, a lablel, or other moi-
eties. In certain aspect a terminal cysteine residue is coupled
to the peptoid and can provide a sulthydryl group for further
coupling the peptoid to a substrate. In other aspects, the
carboxy terminus can comprise an NH,, OH, or other chemi-
cal group that can be further reacted with a substrate (directly
or indirectly) or a linker or other moiety.

[0024] A wide variety of linkers can be used. The linker
component in its simplest form is a bond between the peptoid
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and a second moiety, such as a substrate or other molecular
entity. More generally, the linker will provide a mono- or
multi-molecular skeleton covalenty or non-covalently linking
one or more peptoid to one or more substrates or molecular
moieties. Thus, linking of a peptoid described herein to a
desired substrate or moiety can be achieved by covalent or
non-covalent means, usually involving interaction with one
or more functional groups located on the peptoid and/or sub-
strate or second molecular entity. Examples of chemically
reactive functional groups which may be employed for this
purpose include amino, hydroxyl, sulthydroxyl, carboxyl and
carbonyl groups, as well as carbohydrate groups, vicinal
diols, thioethers, 2-aminoalcohols, 2-aminothiols, guanidi-
nyl, imidazolyl and phenolic groups.

OH

NH,
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[0025] The methods may further comprise obtaining a
sample from a subject. The method may also further comprise
making a diagnosis of Alzheimer’s Disease for a subject from
which said sample was obtained if antibody binding to said
peptoid is greater than that observed for control non-diseased
patients. In still a further aspect, the methods can further
comprising prescribing a particular drug or therapy for a
subject.

[0026] In certain embodiments, a peptoid may be selected
from the group consisting of AD1 (APD1), AD2 (APD2) and
AD3 (APD3), wherein 7 is as described above. The sample
may be contacted with more than one peptoid of formulas
1A-1D, for example, such as three structurally distinct pep-
toids (e.g., AD1, AD2 and AD3).

ADP1
NI,
c
B
0] 0] (6]
(@] (8]
4

NH,

ADP2
NI,
| E
(@] (@]
(6] (6]
F
NH,

ADP3

NH, NH,
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[0027] Incertainaspects, the support may be abead, aplate,
a dipstick, a filter, a membrane a pin, or a well. The sample
may be blood, serum, saliva or CSF. The detecting step may
comprise RIA, FIA, ELISA, Western blot, flow cytometry,
FRET, or surface plasmon resonance.

[0028] In certain aspects, a peptoid of the invention can
comprise one of the following formulas:

[0029] (1) (X)qu(methylbenzyl)(methylbenzyl)(n-buty-

lamine)(n-butylamine)

[0030] (i) (X),_4(allyl)(allyl)(n-butylamine)(X), or
[0031]  (iif) (X)(piperonyl)(X), »(n-butylamine)(X), ,(gly-
cine);

wherein X can be hydrogen; alkyl; allyl; methyl; ethyl; n-pro-
pyl; isopropyl; n-butyl; isobutyl; n-butylamine; sec-butyl;
tert-butyl; pentyl; hexyl; isopentyl; or hydroxyl group.
[0032] Embodimentsinclude peptoidsof2,3,4,5,6,7,8 or
more monomer units. In certain aspects a peptoid can com-
prise a peptoid sequence from position 1, 2, 3, 4, 5, 6 to
position 8 or from position 8, 7, 6, 3, 4, 3, 2 to position 1, or
any 2,3, 4, 5, 6, 7 monomer peptoid there between.

[0033] The monomers can comprise various combinations
of R groups, for example hydrogen; alkyl; allyl; methyl;
ethyl; n-propyl; isopropyl; n-butyl; isobutyl; n-butylamine;
sec-butyl; tert-butyl; pentyl; hexyl; isopentyl; aryl; het-
eroaryl; furanyl; indolyl; thiophenyl; thiazolyl; imidazolyl,
1soxazoyl; oxazoyl; piperonyl; pyrazoyl; pyrrolyl; pyrazinyl,
pyridyl; pyrimidyl; pyrimidinyl; purinyl; cinnolinyl; benzo-
furanyl; benzothienyl; benzotriazolyl; benzoxazolyl; quino-
line; isoxazolyl; isoquinoline cycloalkyl; alkenyl; cycloalk-
enyl; phenyl; pyridyl; methoxyethyl; (R)-methylbenzyl,
C,-C; alkyl unsubstituted or substituted with NH,, OH, or
SH; C,-Cq alkynyl unsubstituted or substituted with NH,,
OH, or SH; lysyl; carboxyl; or hydroxyl group—including
one or more chemical group described in Table 1 and 2 below.
In a preferred embodiment, the monomeric amines or amino
acids are selected from glycine, cysteine, allylamine, ethano-
lamine, isobutylamine, diaminobutane, methylbenzylamine,
piperonylamine, 4(2-aminoethyl)benzenesulfonamide, fur-
furylamine, benzylamine, 3-methoxypropylamine (MPOA),
2-methoxyethylamine and cyclohexylamine amine. Such
monomers may be used in any combination to form oligomers
of 3-12 mer length.

[0034] In certain aspects certain monomer units of the
ADP1, ADP2, and/or ADP3 formula can be selected groups
and at specific positions as provided in Tables 1-3. The most
preferred embodiments are those specific compounds shown
as ADP1, ADP2, ADP3 and further include those active com-
pounds identified in the sarcosine scan which identified spe-
cific monomers designated at positions A-I on the structures
shown above for ADP1-3. Tables 1 and 2 below provide these
letter designations in the left hand column for specific posi-
tions on ADP1-3 which can additionally have the side chains
shown in Table 1 (using the amines with said side chains) or
the replacement amines shown in Table 2 and at such specific
preferred positions. Residues A through [ in structures APDI,
APD?2, and APD3 can also be substituted with groups inde-
pendently selected from the group consising of hydrogen;
alkyl; allyl; methyl; ethyl; n-propyl; isopropyl; n-butyl,
isobutyl; n-butylamine; sec-butyl; tert-butyl; pentyl; hexyl,
isopentyl; aryl; heteroaryl; furanyl; indolyl; thiophenyl; thia-
zolyl; imidazolyl; isoxazoyl; oxazoyl; piperonyl; pyrazoyl,
pyrrolyl; pyrazinyl; pyridyl; pyrimidyl; pyrimidinyl; purinyl;
cinnolinyl; benzofuranyl; benzothienyl; benzotriazolyl; ben-
zoxazolyl; quinoline; isoxazolyl; isoquinoline cycloalkyl,
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alkenyl; cycloalkenyl; phenyl; pyridyl; methoxyethyl; (R)-
methylbenzyl; C,  alkyl unsubstituted or substituted with
NH,, OH, or SH; C,_, alkynyl unsubstituted or substituted
with NH,, OH, or SH; lysyl; carboxyl—including one or
more chemical group described in Table 1 and 2 below. R* R?
and R? are independently selected from the group consisting
of C, ¢ alkylaryl; C,_g alkylheteroaryl; C, 4 alkyl substituted
with a group selected from OH, SH, a halogen, OR'’,
COOR™, NR** (wherein R"* is selected from the group con-
sisting of H or C, ¢ alkyl or C,_ alkynl) or R'¢ (wherein R
is selected from the group consisting of H or C,_¢ alkynl);
OC,_salkyl; C, ¢ alkenyl; C, s alkynyl; C, ¢ alkenyl;and C, ¢
alkynyl.

TABLE 1

Side chain modifications for peptoids

Replacement Amine Side Chain,
Amine Position ~ NH,R (Ref. No.)
D,E n-Bu' (Heine, Tetrahedron 59 (2003) 9919-9930)
D,E s-Bu
I —Cy
A B G —CH,CH,—CH(Ph),
A B G —CH,Ph
C,ILH —CH,CH,0H
C,ILH —OH
- \O\

OPh
- \Q

OH
o 7</\©\

OH
C,ILH
OH OH

C,FH

NHBoc

Ot-Bu

NH»

=1
= = Il 3
=3
O O E
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TABLE 1-continued

Side chain modifications for pepteids

Replacement Amine Side Chain,
Amine Position ~ NH,R (Ref. No.)

A B, G H
N,

/

A,B,G H

N>

N
ABG [ g %

N
A,B,G
S
C,F,H —i-Bu
I —CH,Cy
C,FH
0
A,B,G — CH20CIPh
A,B,G — CH,pOCH,Ph
A,B,G — CHCH,Ph
CEH — CH,CH,CH,NHBoc
A,B,G o
}iN <
H
&

N
C,FH —CH,CH,0Me
C,FH — CH,CH,CH,OH
C,FH — CH(CH,)CH,0H
C,FH —CH,CHOHCH,0H
A,B,G — CH,CH(OH)Ph
ABG

(Kirshenbaum etal JACS Nov. 17, 2008)

TABLE 1-continued
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Side chain modifications for peptoids

Replacement
Amine Position

Amine Side Chain,
NH,R (Ref. No.)

A,B, G

+Q +C

NO,

QO

OCH;

-

OH

T

NO,

OCH;

NO,
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TABLE 1-continued TABLE 1-continued
Side chain modifications for pepteids Side chain modifications for peptoids
Replacement Amine Side Chain, Replacement Amine Side Chain,
Amine Position ~ NH,R (Ref. No.) Amine Position ~ NH,R (Ref. No.)
ABG F
A,B,G |
OY N N
PN
e N
0]
A,B,G F
F F
C FH HN
)\ NH,
N
H
A,B,D,E G
A,B,G F
F F
A B G CFEFH
F F ,B,6,C L, (ﬁ
N
[| ~NH
0]
A,B,G
AN
| C,FH —aPr
N
A C,FH
(Disney et. al. Acs Chem. Biol. Mar. 11, 2009) N;
A,B,G,C,FG
A,B,G
N
NH NN\
N
-
g NH,
CFH — CH,CH,CH,OMe
(Blackwell et al. Organic Letters
ABG o 2003 vol 7 (8) 1521-24)
/ A, B,CD, 0
E,F,GH [l
S
~
[| ~NH;
6]
C,F,G 0 C FH
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TABLE 1-continued
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TABLE 1-continued

Side chain modifications for pepteids

Side chain modifications for peptoids

Replacement Amine Side Chain,
Amine Position ~ NH,R (Ref. No.)

Replacement
Amine Position

Amine Side Chain,
NH,R (Ref. No.)

A,B G

> Dy

OCH,

A,B,G

AB G

> Dy

F355

ABG F
F
F F

F

ABG T

A,B,G

A B,G

A,B,G

A,B,G

3-5-

NO,

NO,

NO,

3443

NO,

CH,

93

g

(Burkoth et al. JACS 2003, 125, 8841-8845)



US 2010/0303805 A1

TABLE 1-continued
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TABLE 1-continued

Side chain modifications for pepteids

Amine Side Chain,
NH,R (Ref. No.)

Replacement
Amine Position

A, B G r§=N
% Y,
A B G N
g'
>
N
A B G F
™
N
A B G G
\N
A B G av
N
A B G —
\ /
A, B, G
N
7
x NO,
A, B, G
X/@
H
A,B,C,FGH | N
N

OCH;

1

Side chain modifications for peptoids

Amine Side Chain,
NH,R (Ref. No.)

Replacement
Amine Position

CF,G (0]
I
~
|

(0]

NI,

B

(Appella et al. TACS, 2006, 128(6), 1095-2004)

C,FH,I O\
\ OtBu
\;ﬁit7/P£:OBu
n=34
CLH %\/OPBH
ABG

&

G,A.B

CFEHI
CcooH

%

B %/[\b
CEH ‘%_/\(
CEHI

OH

:&z@\é‘o
=

o

]
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TABLE 1-continued
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TABLE 2-continued

Side chain modifications for peptoids

Replacement
Amine Position

Amine Side Chain,
NH,R (Ref. No.)

A,B G
(p-NO,)Ph
NA _CH,
A,B, CEGH XVO/ SO,NH,
G ForH }{\/\/NHz
A,B,G
ﬁ
O
C,EH — CH,CH,OH
TABLE 2

A listing of amines that can be used in synthesizing peptoids

described herein.

A,B,G

A,B,G

A,B,G

A,B,G

NH,

NH,

OCH;,

NH,

A listing of amines that can be used in synthesizing peptoids

described herein.

A,B,G

A,B,G

A,B,G

AB,G

A B, G

A B, G

NI,

CH,

vs

N

[

2

CH,

o

NIL
: :NHZ
i “CF,

CIF,

CH;

OCH;,

i CH;
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TABLE 2-continued

A listing of amines that can be used in synthesizing peptoids

described herein.

A,B,G

A,B,G

A,B,G

AB,G

A,B,G

A B, G

A,B,G,C,F H

A,B,G

NH,
i :CH3
CH;
NH,
1,007 i ~OCH,
NH,
i _OCH;
H,C

NI,
H3cE ECH3
NH,
H3C$CH3
CH;
NH,

;007 j/ ~OCH;

OCH;
H
I/N
Y,
NH,
NH,
CH;

0 CH;

11
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TABLE 2-continued

A listing of amines that can be used in synthesizing peptoids

described herein.

A,B,G

AB,G

NH,

NH,

NH»

NH;

N NH,

NH,
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TABLE 2-continued
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TABLE 2-continued

Dec. 2, 2010

A listing of amines that can be used in synthesizing peptoids

described herein.

A listing of amines that can be used in synthesizing peptoids

described herein.

A,B,G

A,B,G

A,B,G

A,B,G

AB,G

A,B,G

A,B,G

A,B,G

AB,G

g ;
{as}
(@]
g

[

3
Z,
S o

z
&

T8

NH,
©\/)\IH
NH,
NH,
\
N

NH,

¢

NH,

NI,

s

A,B,D,E,G

A,B,D,E,G

A,B,G

A,B,G

AB,G

NIL

NH»

v’

N

2

SN

NH

U

Z e
&

NH,

z

=]
Z 4
=
& 15

NH,

1S

©

NH,

.

NH,
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TABLE 2-continued TABLE 2-continued

A listing of amines that can be used in synthesizing peptoids
described herein. A listing of amines that can be used in synthesizing peptoids

described herein.

A,B,G NH,

A,B,G H
I\\/\
NH,
CF,
Cl
A,B,G
7 /\NHZ
| | A,B,G
\ \/NH7 NHZ
A,B,G 0
s | - \/\NH2
x cl
A,B,G Cl
7 | NH,
A,B,G
Fgco/ A NH,
A,B,G NH,
CF;
A,B,G
1
cl cl
CH;
A,B,G NH,
A,B,G N CH;
OCH;
A,B,G NH,
Cl
cl cl A,B,D,E, G NH,
A,B,G
NH»
FC
AB,G NH,

A,B,G
NI,

NH,
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TABLE 2-continued

A listing of amines that can be used in synthesizing peptoids
described herein.

A,B,G NH,

OCH;

O

AB,G
NH,
CF3
A B,G,CFG N,
/
x
N
AB,G NH,
OCH;
AB,G
NH,
A,B,G NH,
A,B,G NH,
500 /QA/
OCH;
A, B, G NI,

:
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TABLE 2-continued

A listing of amines that can be used in synthesizing peptoids

described herein.

A,B,G

A,B,G

A,B,G

NH,

OCH;

H:CO NH,

OCH;

NH,
{ .0 CH,
~ 3

H;CO
NH,

H;CO

0CH;

NL, O

OCH; +HCI

NIL

NH;

0
EE/LOH -HCI
NH,
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TABLE 2-continued
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TABLE 2-continued

A listing of amines that can be used in synthesizing peptoids
described herein.

A listing of amines that can be used in synthesizing peptoids

described herein.

AB.G HO
LN, H

OCH;

[¢]

A,B,G
LN, o
{ OCH; ~HCl
o)

AB,G NI,
O)\CN HCI

AB,G

AB,G

AB,G

AB,G

A B,G 0]
HZN/\(D: >
(¢]

A,B,G

A,B,G

C,FH

C,FH

C,FH

C,FH

C,FH

C,F H

C,FH

C,FH

C,FH

C,FH

C,FH

NH,

NI,

CH;00CH,CH,NH,

Hi;C
\(\ NI,

CH,

NH»

Zl.
e

YO
NN N
N
NH;

HsC CH;NH,

H)N
2 \/\NHZ

CH,(CH,),CH,NH,
H,N NI,

NHLCH,CH,CH,NHCH,
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TABLE 2-continued
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TABLE 2-continued

A listing of amines that can be used in synthesizing peptoids

described herein.

A listing of amines that can be used in synthesizing peptoids

described herein.

C,FH

C,FEH

C,FH

C,FH

C,FH

C,FH

C,FH

C,FH

C,FH

C,F H

C,FH

NH, CH;

N
H;C e,

CH;
-~ N\/\
H;C NH,

CH;

HzC /\/\
N NH,
CH;

NH,
LN
NH,

LN

CH;

HiC N
N \/\NH2

NN NN

NH,

N

D,E

C,FH

C,FH

HZN/\/

N N

/

NH,

:

CF,CH,NH,

>7Z
F

o

HiC

CH,(CH,),CH,NH,

&
oW
:Lo
E
v
&

o
&

9

BN
)
.
&

o
o)
c

&

e
@]
o)\
Z
&

LN

O)\
Z,
&

H;CO

o)\
Z
&

Any amino acid

LN

w2
o”

HN

o
HZN/\/ N
H2N/\/\ O/
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TABLE 2-continued

A listing of amines that can be used in synthesizing peptoids

described herein.

C,FEH

C,FH

C,FH

C,FH

C,FH

>

A,B,G

A,B,G

A,B,G

A,B,G

A,B,G

A,B,G,D,E

- /\/\N3
/\/N
HN \W/
)

%w/\i/\w/zl

LN

32

A K

(0]
- /\/\N
HzN/\©\
Br
N
OCH;
OCH;
LN | X
/ N
N
®
Z
N 0OCH;
BN /\/\
N

17

Dec. 2, 2010

TABLE 2-continued

A listing of amines that can be used in synthesizing peptoids

described herein.

A,B,G

AB,G

A,B,G

C,FH

AB,G

A,B,G

AB,G

Cl
Cl
N
F
N
C)
s
HZN/\/
?H
S
N /%%
HO
OH
HZN/\/
NH
HW%
/\/O/ OH
N
HZNI‘
HzN\z.

A
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TABLE 2-continued TABLE 2-continued
A listing of amines that can be used in synthesizing peptoids A listing of amines that can be used .in synthesizing peptoids
described herein. described herein.
C,FH CH.
ABG /\/\ 3
» B, Cl N \|I/
CH;
N
ABG Cl
A,B,G
N N
| H)N
N A
Cl
A,B,G
LN | AN 1 (0]
N /\)k
Z HN OH
TABLE 3
Alzheimer’s disease compounds
Position 1 Position 2 Position 3 Position 4 Position 5 Position 6 Position 7 Position 8
1 Isobutyl Ethanol  N-butylamine Isoburyl Methylbenzyl ~ Methylbenzyl ~ N-butyl amine  N-butyl amine
2 Allyl Ethanol Piperonyl Allyl Allyl Allyl N-butyl amine  N-butyl amine
3 N-butyl amine Piperonyl Isobutyl N-butyl amine  N-butyl amine Methylbenzyl ~ N-butyl amine  Glycine
4 Methyl Ethanol  N-butylamine Isoburyl Methylbenzyl ~ Methylbenzyl ~ N-butyl amine  N-butyl amine
5 Methyl Ethanol  Piperonyl Allyl Allyl Allyl N-butyl amine  N-butyl amine
6 Methyl Piperonyl Isobutyl N-butyl amine  N-butyl amine Methylbenzyl ~ N-butyl amine Glycine
7 Isobutyl Methyl N-butyl amine  Isoburyl Methylbenzyl ~ Methylbenzyl ~ N-butyl amine  N-butyl amine
8 Allyl Methyl Piperonyl Allyl Allyl Allyl N-butyl amine  N-butyl amine
9 Isobutyl Ethanol Methyl Isoburyl Methylbenzyl ~ Methylbenzyl — N-butyl amine N-butyl amine
10 Allyl Ethanol Methyl Allyl Allyl Allyl N-butyl amine  N-butyl amine
11 N-butyl amine Piperonyl Methyl N-butyl amine  N-butyl amine Methylbenzyl ~ N-butyl amine  Glycine
12 Isobutyl Ethanol ~ N-butylamine Methyl Methylbenzyl ~ Methylbenzyl ~ N-butyl amine  N-butyl amine
13 Allyl Ethanol Piperonyl Methyl Allyl Allyl N-butyl amine  N-butyl amine
14 N-butyl amine Piperonyl Isobuty! Methyl N-butyl amine  Methylbenzyl — N-butyl amine Glycine
15 Allyl Fthanol  Piperonyl Allyl Methyl Allyl N-butyl amine  N-butyl amine
16 N-butyl amine Piperonyl Isobutyl N-butyl amine ~ Methy! Methylbenzyl ~ N-butyl amine  Glycine
17 Allyl Ethanol Piperonyl Allyl Allyl Methyl N-butyl amine  N-butyl amine
18 N-butyl amine Piperonyl Isobutyl N-butyl amine  N-butyl amine Methyl N-butyl amine  Glycine
19 Isobutyl FEthanol  N-butylamine Isoburyl Methylbenzyl ~ Methylbenzyl — Methyl N-butyl amine
20 Allyl Ethanol  Piperonyl Allyl Allyl Allyl Methyl N-butyl amine
21 N-butyl amine Piperonyl Isobutyl N-butyl amine  N-butyl amine Methylbenzyl — Methyl Glycine
22 Allyl Ethanol Piperonyl Allyl Allyl Allyl N-butyl amine  Methyl
TABLE 4
Parkinson’s disease compounds.
Position 1 Position 2 Position 3 Position 4 Position 5 Position 6 Position 7 Position 8
1 N-butyl amine N-butyl amine Allyl N-butyl amine Methylbenzyl Methylbenzyl — N-butyl amine Isobutyl
2 Allyl N-butyl amine  Ethanol Isoburyl Ethancl Allyl N-butyl amine  N-butyl amine
3 Piperonyl Allyl Ethanol  Allyl N-butyl amine ~ Allyl N-butyl amine ~ Allyl
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[0035] In another embodiment, there is provided peptoids
that bind antibodies indicative of Parkinson’s disease and
methods of detecting antibodies in an antibody-containing
sample comprising (a) contacting an antibody-containing
sample with a support having affixed thereto a peptoid having
the formula:

1|{26 0 1|{28 0
H N\)k N\)‘\
\(N N N
n | |

RS0 R 0 R

27

[0036] In one embodiment, R*” is an alkylaryl group. In
certain aspects, R*” is methylbenzyl group. R>*, R*®, R*®.R**
of formula 2A are independently selected from the group
consising of hydrogen; alkyl; allyl; methyl; ethyl; n-propyl;
isopropyl; n-butyl; isobutyl; n-butylamine; sec-butyl; tert-
butyl; pentyl; hexyl; isopentyl; aryl; heteroaryl; furanyl;
indolyl; thiophenyl; thiazolyl; imidazolyl; isoxazoyl,
oxazoyl; piperonyl; pyrazoyl; pyrrolyl; pyrazinyl; pyridyl;
pyrimidyl; pyrimidinyl; purinyl; cinnolinyl; benzofuranyl;
benzothienyl; benzotriazolyl; benzoxazolyl; quinoline; isox-
azolyl; isoquinoline cycloalkyl; alkenyl; cycloalkenyl; phe-
nyl; pyridyl; methoxyethyl; (R)-methylbenzyl; C, , alky-
laryl; C,_¢ alkylheteroaryl; C, . alkyl substituted with a group
selected from OH, SH, a halogen, OR'>, COOR", NR**
(wherein R*® is selected from the group consisting of H or
C, salkylor C, 4alkynl) orR"® (wherein R'°is selected from
the group consisting of H or C, ¢ alkynl); OC, , alkyl; C, ¢
alkenyl; C, ¢ alkynyl; C, ¢ alkenyl; and C,_ alkynyl—includ-
ing one or more chemical group described in Table 1 and 2. In
certain aspects, R?°, R*, R*! and/or R is/are an alkylamine,
for example N-butylamine. In still a further aspect, R*® is an
alkenyl, such as an allyl group.

R® 0

[0037] Inanotherembodiment, a peptoid may have formula
2B, wherein, R** is an alkylamine, for example N-buty-
lamine. In still another embodiment R*® is an alkenyl, such as
an allyl group. In certain embodiments, R*” an alkoxy group
such ethanol. In certain aspects, R**, R* and R**-R* of
formula 2B are independently selected from the group con-
sising of hydrogen; alkyl: allyl; methyl; ethyl; n-propyl; iso-
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propyl; n-butyl; isobutyl; n-butylamine; sec-butyl; tert-butyl;
pentyl; hexyl; isopentyl; aryl; heteroaryl; furanyl; indolyl;
thiophenyl; thiazolyl; imidazolyl; isoxazoyl; oxazoyl; pip-
eronyl; pyrazoyl; pyrrolyl; pyrazinyl; pyridyl; pyrimidyl;
pyrimidinyl; purinyl; cinnolinyl; benzofuranyl; benzothie-
nyl: benzotriazolyl; benzoxazolyl; quinoline; isoxazolyl; iso-

24

R0 o Il{sz 0

| NQLr -

N )/

4
P|T i
0 R 0
o

quinoline cycloalkyl; alkenyl; cycloalkenyl; phenyl; pyridyl;
methoxyethyl; (R)-methylbenzyl; C, 4 alkylaryl; C_4 alkyl-
heteroaryl; C,  alkyl substituted with a group selected from
OH, SH, a halogen, OR'>, COOR"*, NR'*® (wherein R'* is
selected from the group consisting of Hor C,_¢alkyl or C,
alkynl) or R'® (wherein R*¢ is selected from the group con-
sisting of H or C,_¢ alkynl); OC, ¢ alkyl; C, ¢ alkenyl; C,
alkynyl; C, ¢ alkenyl; and C,_¢ alkynyl—including one or
more chemical group described in Table 1 and 2.

[0038] Inthe formulas described herein Z is coupling group
that can include one or more amino acids or functional
groups; L is an optional linker moiety, M is a substrate or
support or label; and m, n, o, and/or p is 0-6.

[0039] In certain aspects the methods can also include (b)
detecting antibodies bound to said peptoid.

[0040] The method may further comprise obtaining said
sample from a subject. The method may also further comprise
making a diagnosis of Parkinson’s Disease for a subject from
which said sample was obtained if antibody binding to said
peptoid is greater than that observed for control non-diseased
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patients. In still a further aspect, the methods can include
prescribing a drug or therapy to a subject.

[0041] In certain embodiments, a peptoid may be selected
from the group consisting of PD1, PD2 and PD3. The sample
may be contacted with one or more peptoids of formulas
2A-2B, such as three structurally distinct peptoids (e.g., PD1,
PD2 and PD3).
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[0042] Incertainaspects, thesupport may be abead, aplate,
a dipstick, a filter, a membrane a pin, or a well. The sample
may be blood, serum, saliva or CSF. Detecting may comprise
RIA, FIA, ELISA, Western blot, flow cytometry, FRET, or
surface plasmon resonance.

[0043] In yet another embodiment, there is provided a
method of treating a subject suspected of having a neurode-
generative disease (ND) comprising (a) contacting an anti-
body-containing sample from said subject with one or more
supports having affixed thereto a peptoid comprising a dipep-
toid unit having the formula (1A), formula (1B), formula
(1C), formula (1D), formula (2A) and/or formula (2B), (b)
detecting antibodies bound to said peptoids; and (c) making a
treatment decision based on the result of step (b). The method
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may further comprise obtaining said sample from a subject.
The method may also further comprise making a diagnosis of
Parkinson’s Disease for a subject from which said sample was
obtained if antibody binding to the PD peptoid is greater than
that observed for control non-diseased patients, or making a
diagnosis of Alzheimers’s Disease for a subject from which
said sample was obtained if antibody binding to the AD
peptoid is greater than that observed for control non-diseased
patients. The method may also further comprise making a
treatment decision for said subject. The sample may be con-
tacted with more than one peptoid of formulas 1A-1D and/or
2A-2B. The sample may be contacted with three structurally
distinct peptoids that react with antibodies for each of PD and
AD. The support may be a bead, a plate, a dipstick, a filter, a
membrane a pin, or a well. The sample may be blood, serum,
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saliva or CSF. Detecting may comprise RIA, FIA, ELISA,
Western blot, flow cytometry, FRET, or surface plasmon reso-
nance.

[0044] In further embodiments, neurodegenerative dis-
eases include, but are not limited to Alzheimer’s disease;
Parkinson’s disease; multiple sclerosis (MS); amyotrophic
lateral sclerosis (ALS or Lou Gehrig’s disease); dementia;
motor neuron disease; prion disease; Huntington’s disease;
Tauopathies; Chromosome 17 dementias; hereditary neuro-
pathies; and diseases involving cerebellar degeneration.

[0045] A further embodiment is directed to an antibody
composition isolated from a biological fluid that is indicative
of a neurodegenerative disease. In certain embodiments the
anibody are isolated by contacting a sample having such
antibodies with a peptoid composition that specifically binds
antibodies indicative or associated with a neurdenerative dis-
ease. The antibodies can be removed, isolated, or purified
from other non-antibody and non-ND specific components.
The antibodies can then be washed and/or disassociated from
the peptoid capture agent(s).

[0046] In certain embodiments, a peptoid array is hybrid-
ized with a biological sample that has been supplemented
with a bacterial lysate, e.g., an E. coli lysate. The biological
sample includes a control sample and a sample having a
marker for a central nervous system disorder. For example,
microarray slides are covered with a hybridization chamber
and equilibrated with 1xTBST (50 mM Tris, pH 8.0, 150 mM
NaCl, 0.1% Tween20) for about 15 minutes. The slides are
then blocked with a bacterial lysate at a concentration at least,
at most, or about 0.5, 1, 1.5, 2 mg/ml of lysate. The lysate is
removed and the slides are incubated with about a milliliter of
biological sample (having a an approximate protein concen-
tration of 5, 10, 15, 20 or 25 pg/ml including all ranges and
values there between) in bacterial lysate with gentle shaking.
Microarrays are then washed with 1xTBST and hybridized
with labeled Anti-IgG antibodies (e.g., at 1:400 dilution). The
slides are then washed with an appropriate buffer. The slides
are dried using a centrifuge (e.g., 5 min spin at 1500 rpm) and
scanned on a microarray scanner, for example, using a 635-
nm laser at 100% power and a 600 or 650 photomultiplier
tube gain. The present invention thus also relates to a method
of reducing background antisera noise in a diagnostic assay
comprising treating the control plasma sample and the dis-
eased sample with an F. coli lysate and contacting said
samples with a peptoid or ligand array. It is believed that this
process can be used to support treatment of any array used to
detect and distinguish antibodies in sera in the context of
comparing a control sample to a diseased sample.

[0047] It is contemplated that any method or composition
described herein can be implemented with respect to any
other method or composition described herein.

[0048] The use of the word “a” or “an” when used in con-
Junction with the term “comprising” in the claims and/or the
specification may mean “one,” but it is also consistent with
the meaning of “one or more,” “atleast one,” and “one or more
than one.”

[0049] Itiscontemplated that any embodiment discussed in
this specification can be implemented with respect to any
method or composition of the invention, and vice versa. Fur-
thermore, compositions and kits of the invention can be used
to achieve methods of the invention.

[0050] Throughout this application, the term “about” is
used to indicate that a value includes the inherent variation of
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error for the device, the method being employed to determine
the value, or the variation that exists among the study sub-
jects.

BRIEF DESCRIPTION OF THE DRAWINGS

[0051] The following drawings form part of the present
specification and are included to further demonstrate certain
aspects of the present invention. The invention may be better
understood by reference to one or more of these drawings in
combination with the detailed description of specific embodi-
ments presented herein.

[0052] FIGS.1A-B—Structures of Peptoids Found to Cap-
ture Disease Specific Antibodies. (FIG. 1A) Peptoids AD1-
AD3 identify Alzheimer’s Disease antibodies. (FIG. 1B) Pep-
toids PD1-PD3 identify Parkinson’s Disease antibodies. Z
represents a functional group that can be further coupled to a
substrate, linker, or second molecular entity.

[0053] FIGS. 2A-C—Antibody Profiles That Distinguish
Alzheimer’s Disease and Parkison’s Disease Subjects from
Controls. (FIG. 2A) Serum antibody-binding profiles for pep-
toids AD1-AD3. (FIG. 2B) Serum antibody-binding profiles
for peptoids PD1-PD3. (FIG. 2C) Serum antibody binding
profiles for ADPD1-ADPD3.

[0054] FIG. 3 Depletion of AD (Autopsy-confirmed) serum
sample. The serum samples were depleted of antibodies that
bind to the ADP1 by passage over a column displaying an
excess of immobilize ADP1. The depleted serum was then
assessed for binding to ADP1-3. The graph indicates that
peptoids ADP1 and ADP3 bind to the same antibodies,
whereas peptoid ADP2 binds different antibodies.

[0055] FIG. 4 Validation of ADP1 peptoid as a selective
marker for Alzheimer’s disease on Microarrays.

[0056] FIG. 5 Validation of ADP2 peptoid as a selective
marker for Alzheimer’s disease on Microarrays.

[0057] FIG. 6 Validation of ADP3 peptoid as a selective
marker for Alzheimer’s disease on Microarrays.

[0058] FIG. 7 Validation of an intermediate subject AD12
after 5 years.
[0059] FIG. 8 The Luminex® Titration of Alzheimer’s Dis-

ease Vs Normal Control. (FIG. 8A) Autopsy confirmed AD
sample vs normal control. (FIG. 8B) ADS vs NC9. (FIG. 8C)
ADB vs NC11. (FIG. 8D) Autopsy confirmed AD sample vs
normal control pool.

[0060] FIG.9 The Luminex® titration of different Normal
Control samples. (FIG. 9A) Two different normal controls vs
normal control pool. (FIG. 9B) AD8 vs NC11. (FIG. 9C)
Autopsy confirmed AD sample vs normal control pool.
[0061] FIG. 10 Validation of ADP1 peptoid as a selective
marker for Alzheimer’s disease on Luminex® beads.

[0062] FIG. 11 Validation of ADP2 peptoid as a selective
marker for Alzheimer’s disease on Luminex® beads.

[0063] FIG. 12 Validation of ADP3 peptoid as a selective
marker for Alzheimer’s disease on Luminex® beads.

[0064] FIG. 13 The Luminex® ftitration of Intermediate
samples.

[0065] FIG. 14 The Sarcosine Scan results of ADP1-3.
[0066] FIG. 15 A comparison of a peptoid array incubated

with or without a bacterial lysate blocking agent.
DESCRIPTION OF ILLUSTRATIVE
EMBODIMENTS
1. Neurodegenerative Diseases

[0067] Neurodegenerative Diseases (NDs) include a wide
variety of debilitating afflictions of the central and peripheral
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nervous systems. Most, however, affect the CNS. Such dis-
eases include Alzheimer’s Disease, Pick’s Disease, senile
dementia, Parkinson’s Disease, multiple sclerosis, multiple
system atrophy, dementia with Lewy bodies, Huntingon’s
Disease, Progressive Supranuclear Palsy, Creutzfeldt-Jakob
Disease, amyotrophic lateral sclerosis, dementia, motor neu-
ron disease, prion disease, Huntington’s disease, Tauopa-
thies, Chromosome 17 dementias, hereditary neuropathies,
and diseases involving cerebellar degeneration.

[0068] Because there usually is no single definitive test for
these disease, and because of the overlapping symptoms that
many of these disease exhibit, doctors waste weeks and mil-
lions of dollars running tests for “rule out” purposes that
ultimately provide little or no diagnostic benefit. As such a
simple and accurate test is greatly needed.

[0069] The inventors have identified a number of small
molecule “peptoids” that are specific ligands for antibodies
produced uniquely in subjects having either Parkinson’s Dis-
ease or Alzheimer’s Disease. Peptoids, or N-substituted
oligo-glycines, are a specific subclass of Peptidomimetic.
They are closely related to their natural Peptide counterparts,
but differ chemically in that their side chains are appended to
Nitrogen atoms along the molecule’s backbone, rather than to
the a-carbons (as they are in amino acids). Because of the
exquisite selectivity these peptoids exhibit for disease-spe-
cific antibodies, it is now possible to provide a definitive
diagnosis foratleast some PD and AD subjects using a simple
immuno-based assay that is both inexpensive and simple to
use. These and other aspects of the invention are set forth in
detail below.

[0070] A. Parkinson’s Disease

[0071] Parkinson’s Disease (PD) is one of a group of con-
ditions classified as movement disorders. It is both chronic
and progressive. Parkinson’s disease occurs when cells of the
substantia nigra begin to malfunction and eventually die. This
results in the loss of dopamine production, a chemical mes-
senger that transports signals to the parts of the brain that
control movement initiation and coordination. The primary
symptoms are tremors, rigidity or stiffness of the limbs and
trunk, bradykinesia or slowness of movement, and postural
instability or impaired balance and coordination. Secondary
symptoms included speech changes, loss of facial expression,
difficulty swallowing, drooling, pain, dementia or confusion,
sleep disturbances, depression, fear or anxiety, memory dif-
ficulties, urinary problems, fatigue and aching, and loss of
energy. However, symptoms vary, and the disease progres-
sion may be rapid or not.

[0072] Upwards of one million Americans suffer from PD.
While approximately 15% of patients are diagnosed before
the age of 40, incidence increases with age. The cause is
unknown, and although there is presently no cure, there are
many treatment options such as medication and surgery to
manage the symptoms. The degree of success of each treat-
ment varies among individuals, as does the length of time the
treatment option remains effective.

[0073] Levodopa is a dopamine precursor, which was con-
sidered a breakthrough in the treatment of PD. Unfortunately,
patients experienced debilitating side effects, including
severe nausea and vomiting, and with increased dosing and
prolonged use, patients experienced other side effects includ-
ing dyskinesias. Sinemet ([.evodopa+Carbidopa) represented
a significant improvement in that the addition of carbidopa
prevents levodopa from being metabolized in the gut, liver
and other tissues, allowing more of it to get to the brain. Thus,
a smaller dose of levodopa is needed, and the severe nausea
and vomiting was greatly reduced.

Dec. 2, 2010

[0074] Stalevo (carbidopa+levodopa+entacapone) is com-
bination tablet for patients who experience signs and symp-
toms of end-of-dose “wearing-off.” The tablet combines car-
bidopa/levodopa with entacapone. While carbidopa reduces
the side effects of levodopa, entacapone extends the time
levodopa is active in the brain (up to 10% longer).

[0075] Symmetrel (amantadine hydrochloride) activates
both the release of dopamine from storage sites, and possibly
blocks the re-uptake of dopamine into nerve terminals. It also
has a glutamate receptor blocking activity. Its dopaminergic
actions result in its usefulness in reducing dyskinesia induced
by levodopa and is thus called an indirect-acting dopamine
agonist, and is widely used as an early monotherapy, and with
the more powerful Sinemet added when needed.

[0076] Anticholinergics (trihexyphenidyl, benztropine
mesylate, procyclidine, etc.) do not act directly on the dopam-
inergic system. Instead they act to decrease the activity of
another neurotransmitter, acetylcholine. There is a complex
interaction between levels of acetylcholine in the brain and
levels of dopamine. Many clinicians find that if an agonist or
levodopa does not relieve tremor, then the addition of an
anticholinergic drug is often effective. Adverse effects
include blurred vision, dry mouth and urinary retention.
These drugs may be contraindicated in older patients since
they can cause confusion and hallucination.

[0077] Other drugs include Selegiline or deprenyl (El-
depryl), which have has been shown to delay the need for
Sinemet when prescribed in the earliest stage of PD. Dopam-
ine agonists are drugs that activate dopamine receptors
directly, and can be taken alone or in combination with
Sinemet. Such agonists include bromocriptine (Parlodel),
pergolide (Permax), pramipexole (Mirapex) and ropinirole
(Requip). COMT inhibitors such as tolcapone (Tasmar) and
entacapone (Comtan) prolong the duration of symptom relief
by blocking the action of an enzyme which breaks down
levodopa.

[0078] Surgery is an option for some patients after medica-
tions are no longer satisfactory. A patient should discuss
surgery thoroughly with his or her neurologist before making
any decision. Two older lesioning procedures are pallidotomy
and thalamotomy. Pallidotomy can alleviate rigidity and
bradykinesia symptoms, and thalamotomy helps to control
tremors. Doctors rarely perform either procedure because
both permanently destroy parts of the brain and have serious
side effects. The damage could make it impossible to perform
surgeries that may become available in the future, such as
brain tissue transplants.

[0079] Deep brain stimulation (DBS) is safer and more
effective, and thus has replaced these methods. It is a pre-
ferred surgical option because it has the same, if not better,
results than pallidotomy and thalamotomy. DBS also leaves
open the possibility of other therapies, should they become
available in the future. As with any surgical procedure, there
are risks and side effects. The main benefit of DBS surgery is
to reduce motor fluctuations, i.e., the ups and downs caused
by a decreasing effectiveness of Sinemet. The electrode is
usually placed on one side of the brain. The DBS electrode
implanted in the left side of the brain will control the symp-
toms on the right side of the body and vice versa. In some
cases, patients will need to have stimulators on both sides of
the brain.

[0080] B. Alzheimer’s Disease

[0081] Dementia is a brain disorder that seriously affects a
person’s ability to carry out daily activities. Alzheimer’s dis-
ease (AD)is the most common form of dementia among older
people. Scientists believe that up to 4 million Americans
suffer from AD. The disease usually begins after age 60, and
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risk goes up with age. While younger people also may get AD,
it is much less common. About 3 percent of men and women
ages 65 to 74 have AD, and nearly half of those age 85 and
older may have the disease. While the subject of intensive
research, the precise causes of AD are still unknown, and
there is no cure.

[0082] AD attacks parts of the brain that control thought,
memory and language. It was named after Dr. Alois Alzhe-
imer, a German doctor. In 1906, Dr. Alzheimer noticed
changes in the brain tissue of a woman who had died of an
unusual mental illness. He found abnormal clumps (now
called amyloid plaques) and tangled bundles of fibers (now
called neurofibrillary tangles). Today, these plaques and
tangles in the brain are considered hallmarks of AD.

[0083] Scientists also have found other brain changes in
people with AD. There is a loss of nerve cells in areas of the
brain that are vital to memory and other mental abilities.
There also are lower levels of chemicals in the brain that carry
complex messages back and forth between nerve cells. Thus,
AD may disrupt normal thinking and memory by inhibiting,
both physically and chemically, the transfer of message
between nerve cells.

[0084] AD is progressive, characterized by memory loss,
language deterioration, impaired visuospatial skills, poor
judgment, indifferent attitude, but preserved motor function.
As mentioned, AD usually begins after age 65, but its onset
may occur as early as age 40, appearing first as memory
decline and, over several years, destroying cognition, person-
ality, and ability to function. Confusion and restlessness may
also occur. The type, severity, sequence, and progression of
mental changes vary widely. The early symptoms of AD,
which include forgetfulness and loss of concentration, can be
missed easily because they resemble natural signs of aging.
Similar symptoms can also result from fatigue, grief, depres-
sion, illness, vision or hearing loss, the use of alcohol or
certain medications, or simply the burden of too many details
to remember at once.

[0085] There is no cure for AD and no way to slow the
progression of the disease. For some people in the early or
middle stages of the disease, medication such as tactine may
alleviate some cognitive symptoms. Aricept (donepezil) and
Fxelon (rivastigmine) are reversible acetylcholinesterase
inhibitors that are indicated for the treatment of mild to mod-
erate dementia of the Alzheimer’s type. Also, some medica-
tions may help control behavioral symptoms such as sleep-
lessness, agitation, wandering, anxiety, and depression.
These treatments are aimed at making the patient more com-
fortable.

[0086] The course of the disease varies from person to
person. Some people have the disease only for the last 5 years
of life, while others may have it for as many as 20 years. The
most common cause of death in AD patients is infection.
[0087] The molecular aspect of AD is complicated and not
et fully defined. As stated above, AD is characterized by the
formation of amyloid plaques and neurofibrillary tangles in
the brain, particularly in the hippocampus which is the center
for memory processing. Several molecules contribute to these
structures: amyloid [ protein (AR), presenilin (PS), choles-
terol, apolipoprotein E (ApoE), and Tau protein. Of these, A
appears to play the central role.

[0088] AP contains approximately 40 amino acid residues.
The 42 and 43 residue forms are much more toxic than the 40
residue form. A is generated from an amyloid precursor
protein (APP) by sequential proteolysis. One of the enzymes
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lacks sequence specificity and thus can generate A of vary-
ing (39-43) lengths. The toxic forms of Ap cause abnormal
events such as apoptosis, free radical formation, aggregation
and inflammation.

[0089] Presenilin encodes the protease responsible for
cleaving APP into AP. There are two forms —PS1 and PS2.
Mutations in PS1, causing production of Af,.,, are the typical
cause of early onset AD.

[0090] Cholesterol-reducing agents have been alleged to
have AD-preventative capabilities, although no definitive evi-
dence has linked elevated cholesterol to increased risk of AD.
However, the discovery that A contains a sphingolipid bind-
ing domain lends further credence to this theory.

[0091] Similarly, ApoE, which is involved in the redistri-
bution of cholesterol, is now believed to contribute to AD
development. Individuals having the €4 allele, which exhibits
the least degree of cholesterol efflux from neurons, are more
likely to develop AD.

[0092] Tauprotein, associated with microtubules in normal
brain, forms paired helical filaments (PHFs) in AD-affected
brains which are the primary constituent of neurofibrillary
tangles. Recent evidence suggests that A proteins may cause
hyperphosphorylation of Tau proteins, leading to disassocia-
tion from microtubules and aggregation into PHFs.

[0093] For AD, drugs have been used to limit the progres-
sion of the disease and to alleviate or improve certain of the
associated symptoms. These drug generally fit into the broad
categories of cholinesterase inhibitors, muscarinic agonists,
anti-oxidants or anti-inflammatories. Galantamine (Remi-
nyl), tacrine (Cognex), selegiline, physostigmine, revistig-
min, donepezil, (Aricept), rivastigmine (Exelon), metri-
fonate, milameline, xanomeline, saeluzole, acetyl-L-
carnitine, idebenone, ENA-713, memric, quetiapine,
neurestrol and neuromidal are just some of the drugs pro-
posed as therapeutic agents for AD.

1I. Diagnostic/Prognostic/Therapeutic
Determinations in Neurodegenerative Diseases

[0094] The present invention, for the first time, provides a
definitive diagnosis for disease like Alzheimer’s Disease and
Parkison’s Disease. This permits doctors the confidence of
knowing that they have correctly identified the underlying
physiologic basis for a patient’s symptoms, thereby opening
up early intervention and disease management.

[0095] Because treatments for AD primarily slow but do
not prevent disease, and some treatments for PD act in the
same fashion, the ability to provide an early diagnosis for
these diseases is critical to delaying the onset of more severe
symptoms. This will also preserve the quality of life and
extend the survival of these patients. In addition, being able to
provide patients with the correct drugs to address their symp-
toms without “trial and error” that sometimes results from
incorrect diagnosis, will significantly reduce the cost of care,
and avoid patient discomfort and possible harm.

[0096] These assays will all rely on the use of an antibody-
containing patient sample. The most commonly utilized bio-
logical sample will be blood or serum due to the prevalence of
antibodies therein. However, other samples such as tear,
saliva, sputum, cerebrospinal fluid, semen or urine may prove
useful as well.

[0097] In assessing the levels of antibodies in the subject,
the observed levels will be compared to a standard. The stan-
dard may rely on known values established for both disease
and normal subjects, and may therefore obviate the need for
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the user to provide anything but a reaction control, i.e., a
control showing that the reagents and conditions necessary
for a positive reaction are present. Alternatively, one may
choose to run an actual control which comprises a similar
sample from an actual person of known healthy or diseased
status. In addition, one may run a series of samples from the
same subject over time looking for a trend of increasing PD or
AD antibody levels as an indication of disease progression.

1II. Antibody-Based Diagnostic Assays

[0098] As discussed above, applications of this assay are to
(a) identify patients whose serum antibody profile puts them
at risk of developing or having ND; (b) identify patients
whose symptoms are such that they may or may not be suf-
fering from ND (i.e., provide a definitive diagnosis of ND);
(c) assess the impact of an ND therapy; and (d) monitor ND
progression.

[0099] The detection methods for the present invention will
be similar to those for antibody-based detection, and thus
include formats like enzyme linked immunosorbent assay
(ELISA), radioimmunoassay (RIA), immunoradiometric
assay, fluoroimmunoassay, chemiluminescent assay, biolu-
minescent assay, FACS, FRET and Western blot to mention a
few. The steps of various useful immunodetection methods
have been described in the scientific literature, such as, e.g.,
Doolittle and Ben-Zeev (1999), Gulbis and Galand (1993),
De Jageretal. (1993), and Nakamura et al. (1987). In general,
the immunobinding methods include obtaining an antibody-
containing sample, contacting the sample with a peptoid in
accordance with the present invention under conditions effec-
tive to allow the formation of peptoid-antibody complexes,
and detecting antibody bound to the peptoid.

[0100] The peptoid will typically be linked to a solid sup-
port, such as in the form of a column matrix, bead, filter,
membrane, stick, plate, or well and the sample will be applied
to the immobilized peptoid. The unwanted components will
be washed from the support, leaving antibodies complexed
with the peptoid, which are then detected using various
means, such as subsequent addition of anti-Fc antibodies that
are linked to a detectable moiety.

[0101] Contacting the chosen biological sample with the
peptoid under effective conditions and for a period of time
sufficient to allow the formation of peptoid-antibody com-
plexes is generally a matter of simply contacting the sample
with the peptiod and incubating the mixture for a period of
time long enough for the antibodies to bind peptoids. After
this time, the sample-peptoid composition, such as a an
ELISA plate, dot blot or Western blot, will generally be
washed to remove any non-specifically bound antibody spe-
cies, allowing only those antibodies specifically bound to the
immobilized antibody-peptoid complexes to be detected.
[0102] In general, the detection of peptoid-antibody com-
plex formation is well known in the art and may be achieved
through the application of numerous approaches. These
methods are generally based upon the detection of a label or
marker, such as any of those radioactive, fluorescent, biologi-
cal and enzymatic tags. Patents concerning the use of such
labels include U.S. Pat. Nos. 3,817,837, 3,850,752, 3,939,
350, 3,996,345, 4,277,437, 4,275,149 and 4,366,241. Of
course, one may find additional advantages through the use of
a secondary binding ligand such as a second antibody and/or
abiotin/avidin ligand binding arrangement, as is known in the
art.
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[0103] Various other formats are contemplated and are well
known to those of skill in the art. Discussed below are three
particular assays envisioned to have ready applicability to the
present invention.

[0104] A.ELISAs

[0105] Immunoassays, in their most simple and direct
sense, are binding assays. Certain immunoassays finding par-
ticular use in the present invention are various types of
enzyme linked immunosorbent assays (ELISAs) and radio-
immunoassays (RIA) known in the art.

[0106] Inoneexemplary ELISA, the peptoids of the inven-
tion are immobilized onto a selected surface, such as a well in
a polystyrene microtiter plate. Then, a test composition sus-
pected of containing the antibody is added to the wells. After
binding and washing to remove non-specifically bound com-
plexes, the bound antibody may be detected. Detection may
be achieved by the addition of another peptoid linked to a
detectable label. This type of assay is analogous to a simple
“sandwich ELISA” except that binding of the labeled agent is
directat the Fab portion of the bound antibody. Detection may
also be achieved by the addition of a labeled antibody that
binds any bound antibody, e.g., that recognizes the Fc portion
of the bound antibody. Optionally, this antibody is not
labeled, and is followed by the addition of a second antibody
that has binding affinity for the first antibody, with the second
antibody being linked to a detectable label.

[0107] Inanotherexemplary ELISA, the samples suspected
of containing the antibodies are immobilized onto a well
surface and then contacted with labeled peptoids of the
present invention. After binding and washing to remove non-
specifically bound immune complexes, the bound labeled
peptoids are detected. Alternatively, the peptoids are not
labeled and can be detected against an artificial antibody
(non-sample) that is selected for specific binding the peptoid
of choice, this second would be linked to a detectable label,
thereby permitting detection.

[0108] Irrespective of the format employed, ELISAs have
certain features in common, such as coating, incubating and
binding, washing to remove non-specifically bound species,
and detecting the bound immune complexes. These are
described below.

[0109] In coating a plate with either peptoid or antibody,
one will generally incubate the wells of the plate with a
solution of the peptoid or antibody, either overnight or for a
specified period of hours. In certain aspects, the plate can be
blocked using a bacterial lysate, such as an E. coli lysate (See
Example 1). The wells of the plate will then be washed to
remove incompletely adsorbed material. Any remaining
available surfaces of the wells are then “coated” with a non-
specific protein that is antigenically neutral with regard to the
test antisera. These include bovine serum albumin (BSA),
casein or solutions of milk powder. The coating allows for
blocking of nonspecific adsorption sites on the immobilizing
surface and thus reduces the background caused by nonspe-
cific binding of antisera onto the surface. Alternatively,
because of the simple and predictable chemistry of the pep-
toids, they can be attached to the support by means of a
specific chemical reaction.

[0110] In ELISAs, it is probably more customary to use a
secondary or tertiary detection means rather than a direct
procedure. Thus, after binding of a peptoid or antibody to the
well, coating with a non-reactive material to reduce back-
ground, and washing to remove unbound material, the immo-
bilizing surface is contacted with the biological sample or
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peptoid to be tested under conditions effective to allow
immune complex formation. Detection of the immune com-
plex then requires a labeled secondary binding peptoid or
antibody, or a secondary binding peptoid or antibody in con-
junction with a labeled tertiary antibody (with specificity
either for the Fc region of the antibody or the peptoid).
[0111] “Under conditions effective to allow immune com-
plex (antigen/antibody) formation” means that the conditions
preferably include diluting the antigens and/or antibodies
with solutions such as BSA, bovine gamma globulin (BGG)
or phosphate buffered saline (PBS)/Tween. These added
agents also tend to assist in the reduction of nonspecific
background.

[0112] The “suitable” conditions also mean that the incu-
bation is at a temperature or for a period of time sufficient to
allow effective binding. Incubation steps are typically from
about 1 to 2 to 4 hours or so, at temperatures preferably on the
order of 25° C. to 27° C., or may be overnight at about 4° C.
or 0.

[0113] Following all incubation steps in an ELISA, the
contacted surface is washed so as to remove non-complexed
material. A preferred washing procedure includes washing
with a solution such as PBS/Tween, or borate buffer. Follow-
ing the formation of specific immune complexes between the
test sample and the originally bound material, and subsequent
washing, the occurrence of even minute amounts of immune
complexes may be determined.

[0114] Detection may utilize an enzyme that will generate
color development upon incubating with an appropriate chro-
mogenic substrate. Thus, for example, one will desire to
contact or incubate the first and second immune complex with
a urease, glucose oxidase, alkaline phosphatase or hydrogen
peroxidase-conjugated antibody or peptoid for a period of
time and under conditions that favor the development of
further immune complex formation (e.g., incubation for 2
hours at room temperature in a PBS-containing solution such
as PBS-Tween).

[0115]  After incubation with the labeled antibody or pep-
toid, and subsequent to washing to remove unbound material,
the amount of label is quantified, e.g., by incubation with a
chromogenic substrate such as urea, or bromocresol purple,
or 2,2'-azino-di-(3-ethyl-benzthiazoline-6-sulfonic  acid
(ABTS), or H,0,, in the case of peroxidase as the enzyme
label.

[0116] Quantification is then achieved by measuring the
degree of color generated, e.g., using a visible spectra spec-
trophotometer.

[0117] B. Forster Resonance Energy Transfer (FRET)
[0118] FRET is a phenomenon in which the excited-state
enrgy in one molecule (called the donor) is transferred to
another molecule by a radiationless coupling. This mecha-
nism was first correctly described by Forster, and differs from
other types of energy transfer, such as electron sharing (Dex-
ter) or trivial transfer (emission of a photon from the donor
and reabsorption by the acceptor). The Dexter mechanism
requires the two molecules to be in physical contact, while
trivial transfer is a very low probability. In contrast, the For-
ster mechanism exhibits a high probability when the two
molecules are within the Forster radius, which is defined for
any given pair of fluorophores.

[0119] The overall FRET efficiency depends on the Forster
radius, and is determined by several factors and is directly
related to the amount of overlap between the absorption spec-
tra of the acceptor molecule and the emission spectra of the
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donor molecule. The amount of FRET also depends on the
alignment of the donor and acceptor molecules, although
most biological systems are not ridgidly aligned. The FRET
efficiency is also affected by the ability of the acceptor mol-
ecule to absorb light, as indicated by its molar extinction
coefficient, and the overall stability of the excited state of the
donor molecule, as indicated by the probability that absorp-
tion will lead to fluorescence (quantum yield) and the lifetime
of the excited state.

[0120] FRET between two different fluorophores can be
assayed by several methods: looking at the change in color of
the fluorescence, measuring the fluorescence lifetime of the
donor, examining the changes upon photobleaching either the
donor or acceptor, or as we show in this new invention: by
measuring the fluorescence polarization of the acceptor.
Regardless of the approach, most of these assays share com-
mon features of the instrumentation.

[0121] The types of the microscope used to measure FRET
can be suitably selected depending on the purpose. If frequent
observations are necessary for monitoring a time course of the
changing, conventional incident-light fluorescent micro-
scope is preferred. If resolution is to be increased as in the
case where detailed intercellular localization is to be moni-
tored, confocal laser microscope is preferred. As a micro-
scope system, an inverted microscope is preferred for most
live cell measurements in view of keeping the physiological
state of cell and preventing contamination. When an upright
microscope is used, a water immersion lens can be used in the
case of using lens of high power.

[0122] The filter set can be suitably selected depending on
the fluorescent wave length of the fluorescent protein. For the
observation of GFP, it is preferred to use a filter with excita-
tion light of about 470-490 nm and fluorescent light of about
500-520 nm. For the observation of YFP, it is preferred to use
a filter with excitation light of about 490-510 nm and fluo-
rescent light of about 520-550 nm. For the observation of
CFP, it is preferred to use a filter with excitation light of about
425 nm and fluorescent light of about 460-500 nm. For the
purposes of the present invention, there are no specific
requirements in terms of microscopes and filters, except that
it would be useful to minimize the use of depolarizing ele-
ments in the light path. Microscope manufacturers all market
strain-free optics for polarized light measurements in trans-
mission and reflection microscopy, and such optics would be
helpful for these polarized fluorescence measurements as
well.

[0123] Moreover, when time course observation is carried
out in living cells by using a fluorescent microscope, the cells
should be photographed in a short period, and therefore a high
sensitive cooled CCD camera is used. By using a cooled CCD
camera, thermal noise can be decreased by cooling CCD, and
weak fluorescent image can be clearly acquired by exposure
of short period. Confocal microscopes can also be used for
live cell imaging, as long as care is taken to minimize the
exposure times.

[0124] C. Luminex Beads

[0125] Luminex’s XMAP® technology relies on existing
technology platforms, including flow cytometry, micro-
spheres, lasers, digital signal processing and traditional
chemistry. Featuring a flexible, open-architecture design,
XxMAP® technology can be configured to perform a wide
variety of bioassays quickly, cost-effectively and accurately.
[0126] Luminex color-codes microspheres into 100 distinct
sets. Each bead set can be coated with a peptoid according to
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the present invention, thereby allowing the capture and detec-
tion of specific antibodies from samples. Within the Luminex
compact analyzer, lasers excite the internal dyes that identify
each microsphere particle, and also any reporter dye captured
during the assay. Many readings are made on each bead set,
further validating the results. In this way, xMAP technology
allows multiplexing of up to 100 unique assays within a single
sample, both rapidly and precisely.

[0127] xMAP technology has been adopted across many
segments of the life sciences, including protein expression
profiling, molecular and immunodiagnostics, HLA testing,
and biodefense/environmental.

[0128] D. Tentagel Beads

[0129] In certain aspects, tentagel beads or resin can be
used in compositions and methods for detecting antibodies
related to a particular ND. One of the most common micro-
sphere formations is tentagel, a styrene-polyethylene glycol
co-polymer. These microspheres are unswollen in nonpolar
solvents such as hexane and swell approximately 20-40% in
volume upon exposure to a more polar or aqueous media.
[0130] Peptoids may be attached to or synthesized on a
solid support such as tentagel beads. Tentagel beadshave a
polystyrene core and attached to the core is a plurality of
polyoxyethylene arms, each arm having a primary amine at
its free end. Peptoids can be synthesized by sequential con-
jugation of each residue added to the peptoid, using peptoid
synthesis chemistry. The split synthesis method yields beads
each of which comprises multiple copies of a single peptoid
sequence.

[0131] Because the polyoxyethylene arms of the tentagel
beads are water soluble, the conformations of the peptoids are
determined primarily by thermodynamics and by their pri-
mary sequence.

[0132] E.Immunodetection Kits

[0133] In still further embodiments, the present invention
concerns detection kits for use with the methods described
above. Peptoids according to the present invention will be
included in the kit. The immunodetection kits will thus com-
prise, in a suitable container, one or more peptoids that bind
antibodies for Alzheimer’s Disease, Parkinson’s Disease, or
both, optionally linked to a detection reagent and/or a support.
[0134] In certain embodiments where the peptoid is pre-
bound to a solid support, the support is provided and includes
a column matrix, bead, stick or well of a microtitre plate. The
immunodetection reagents of the kit may take any one of a
variety of forms, including those detectable labels that are
associated with or linked to the given peptoid or secondary
antibody. Exemplary secondary antibodies are those having
binding affinity for the sample antibodies.

[0135] The container will generally include at least one
vial, test tube, flask, bottle, syringe or other container, into
which the peptoid may be placed, or preferably, suitably
aliquoted. The kits of the present invention will also typically
include a means for containing the peptoid, antibody, and any
other reagent containers in close confinement for commercial
sale. Such containers may include injection or blow-molded
plastic containers into which the desired vials are retained.
[0136] Certain embodiments are directed to kits compris-
ing and methods for employing peptoids described herein. A
kit and/or method for detecting, evidencing, and/or catego-
rizing at least one disease state is disclosed. The steps taken
include obtaining a sample from a subject, e.g., a human, and
conducting a peptoid binding analysis on the sample using
reagents orarray substrate supplied in akit format. As a result,
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at least one antibody indicative of a disease state is isolated
from or identified in a sample. Antibodies binding the pep-
toids described here are related to at least a risk of disease
development or to the existence of a particular disease state.
[0137] Inaddition, various kits are contemplated for use by
the present invention. One such kit provides for determining
the presence of the disease specific antibody, including one or
more antibodies related to Alzheimer’s disease and/or Parkin-
son’s disease. At least one peptoid is incorporated into the kit
that is capable of specifically binding with a disease specific
antibody. In certain aspects reagents for determining binding
between the peptoid and an antibody can also be included.
The peptoids described herein may be immobilized on a solid
support or substrate, and include at least one detection reagent
to determine if an antibody is bound to the peptoid. The
sample utilized for any of the kits may be a fractionated or
unfractionated body fluid or a tissue sample. Non-limiting
examples of such fluids are blood, blood products, urine,
saliva, cerebrospinal fluid, and lymph.

[0138] Further contemplated is a kit for diagnosing, deter-
mining risk-assessment, and identifying therapeutic avenues
related to a neurodegenarative disease state. This kit includes
at least one peptoid capable of specifically binding an anti-
body indicative of a disease state. Reagents for determining
binding between the peptoid and the antibody can also be
included.

[0139] The disease specific antibodies that are analyzed
according to the method of the invention are released into the
circulation and may be present in the blood or in any blood
product, for example plasma, or serum, and dilutions and
preparations thereof, as well as other body fluids, e.g. cere-
brospinal fluid (CSF), saliva, urine, lymph, and the like. Any
suitable direct or indirect assay method may be used to deter-
mine the level of antibodies measured. The assays may be
competitive assays, sandwich assays, and the labels may be
selected from the group of well-known labels such as radio-
immunoassay, fluorescent, or chemiluminescence immu-
noassay or immunoPCR technology.

IV. Antibody Compositions

[0140] Certain embodiments include methods and compo-
sitions for characterizing antibodies and the antigenic deter-
minants recognized by the antibodies characteristic of a par-
ticular ND. For purposes of this specification and the
accompanying claims the terms “epitope” and “antigenic
determinant” are used interchangeably to refer to a site on an
antigen to which B and/or T cells respond or recognize. B-cell
epitopes can be formed both from contiguous amino acids or
noncontiguous amino acids juxtaposed by tertiary folding of
a protein. Epitopes formed from contiguous amino acids are
typically retained on exposure to denaturing solvents whereas
epitopes formed by tertiary folding are typically lost on treat-
ment with denaturing solvents. An epitope typically includes
at least 3, and more usually, at least 5 or 8-10 amino acids in
a unique spatial conformation. Methods of determining spa-
tial conformation of epitopes include, for example, x-ray
crystallography and 2-dimensional nuclear magnetic reso-
nance. See, ¢.g., Epitope Mapping Protocols (1996). Antibod-
ies that recognize the same epitope can be identified in a
simple immunoassay showing the ability of one antibody to
block the binding of another antibody to a target antigen.

[0141] T cells recognize continuous epitopes of about nine
amino acids for CD8 cells or about 13-15 amino acids for
CDA4 cells. T cells that recognize the epitope can be identified
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by in vitro assays that measure antigen-dependent prolifera-
tion, as determined by *H-thymidine incorporation by primed
T cells in response to an epitope (Burke et al., 1994), by
antigen-dependent killing (cytotoxic T lymphocyte assay,
Tigges et al., 1996) or by cytokine secretion.

[0142] As used herein and in the claims, the terms “anti-
body” or “immunoglobulin” are used interchangeably and
refer to any of several classes of structurally related proteins
that function as part of the immune response of an animal or
recipient, which proteins include IgG, IgD, IgE, IgA, IgM and
related proteins.

[0143] Under normal physiological conditions antibodies
are found in plasma and other body fluids and in the mem-
brane of certain cells and are produced by lymphocytes of the
type denoted B cells or their functional equivalent. Antibod-
ies of the IgG class are made up of four polypeptide chains
linked together by disulfide bonds. The four chains of intact
1gG molecules are two identical heavy chains referred to as
H-chains and two identical light chains referred to as
L-chains.

[0144] The antibody can be bound to a solid support sub-
strate or conjugated with a detectable moiety or be both bound
and conjugated as is well known in the art. For a general
discussion of conjugation of fluorescent or enzymatic moi-
eties see Johnstone et al. (1982). The binding of antibodies to
a solid support substrate is also well known in the art (Harlow
et al., 1988; Borrebaeck, 1992).

[0145] Once an antigen or antibody indicative of a ND is
identified, recombinnat techniques can be used to produce
both the antigen and/or variants of the identified antibody,
including monoclonal antibodies. For instance, single chain
antibodies (SCAs) are genetically engineered proteins
designed to expand on the therapeutic and diagnostic appli-
cations possible with monoclonal antibodies. SCAs have the
binding specificity and affinity of monoclonal antibodies and,
in their native form, are about one-fifth to one-sixth of the size
of a monoclonal antibody, typically giving them very short
half-lives. SCAs offer some benefits compared to most mono-
clonal antibodies, including their ability to be directly fused
with a polypeptide that may be used for detection (e.g.,
luciferase or fluorescent proteins). In addition to these ben-
efits, fully-human SCAs can be isolated directly from human
SCA libraries without the need for costly and time consuming
“humanization” procedures.

[0146] Single-chain recombinant antibodies (scFvs) con-
sist of the antibody VI and VH domains linked by a designed
flexible peptide tether (Atwell et al., 1999). Compared to
intact IgGs, scFvs have the advantages of smaller size and
structural simplicity with comparable antigen-binding affini-
ties, and they can be more stable than the analogous 2-chain
Fab fragments (Colcher et al., 1998; Adams and Schier,
1999). The variable regions from the heavy and light chains
(VH and VL) are both approximately 110 amino acids long.
They can be linked by a 15 amino acid linker or longer with a
sequence, for example, which has sufficient flexibility to
allow the two domains to assemble a functional antigen bind-
ing pocket. In specific embodiments, addition of various sig-
nal sequences allows the scFv to be targeted to different
organelles within the cell, or to be secreted. Addition of the
light chain constant region (Ck) allows dimerization via dis-
ulfide bonds, giving increased stability and avidity. Thus, for
a single chain Fv (scFv) SCA, although the two domains of
the Fv fragment are coded for by separate genes, it has been
proven possible to make a synthetic linker that enables them
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to be made as a single protein chain scFv (Bird et al., 1988;
Huston et al., 1988) by recombinant methods. Furthermore,
they are frequently used due to their ease of isolation from
phage display libraries and their ability to recognize con-
served antigens (for review, see Adams and Schier, 1999).
Thus, in some aspects of the invention, an antibody may be an
SCA that is isolated from a phage display library rather that
generated by the more traditional antibody production tech-
niques described above.

[0147] “Substantially pure” in a protein context typically
means that the protein is isolated from other contaminating
proteins, nucleic acids, and other biologicals derived from the
original source organism. Purity, or “isolation” may be
assayed by standard methods, and will ordinarily be at least
about 50% pure, more ordinarily at least about 60% pure,
generally at least about 70% pure, more generally at least
about 80% pure, often at least about 85% pure, more often at
least about 90% pure, preferably at least about 95% pure,
more preferably at least about 98% pure, and in most pre-
ferred embodiments, at least 99% pure.

[0148] Methods of producing or isolating polyclonal anti-
bodies are known to those of skill in the art. Typically, poly-
clonal antibodies are prepared by taking a source containing
antibodies of interest and fractionating the source to enrich
for antibodies with a reactivity of interest, e.g., peptoid bind-
ing. See, e.g., Harlow and Lane (1988) Antibodies: A Labo-
ratory Manual, CSH press, NY.

[0149] Briefly, an example of isolating antibodies that bind
particular peptoids can include, butis not limited to obtaining
asample comprising such antibodies; ammonium sulfate pre-
cipitating the antibodies from the sample; and isolating the
antibodies by immunoaffinity purification using standard
techniques and one or more peptoids as an affinity reagent.
The affinity resin used can be an activated CH-Sepharose
coupled to peptoid(s) having a structure described herein. The
antibody precipitate can be loaded onto the column and
washed with PBS or another approriate buffer or washing
solution. The precipitate can then be eluted and collected. The
concentration of the antibody obtained can be determined
using a total protein colorimetric determination (Bio-Rad).
[0150] It is not intended that the present invention be lim-
ited to the use of this particular protocol for the production
and purification of antibodies, as numerous protocols are
available and known to those in the art (See, e.g.. Sambrook et
al. (eds.), Molecular Cloning, Cold Spring Harbor Laboratory
Press [1989]; Harlow and Lane (eds.), Antibodies: A Labo-
ratory Manual, Cold Spring Harbor Laboratory Press [ 1988];
and Ausubel et al. (eds.), Current Protocols in Molecular
Biology, Ch. 11, John Wiley & Sons, Inc., New York [1994]).
The only criterion for antibody production methods finding
use with the invention is that sufficiently purified antibody
preparations be produced.

V. Chemical Group Definitions

[0151] When used in the context of a chemical group,
“hydrogen” means —H; “hydroxy” means —OH; “ox0”
means —O; “halo” means independently —F, —Cl, —Br or
—I; “amino” means —NH,; “hydroxyamino” means
—NHOH; “nitro” means —NO,; imino means —NH,;
“cyano” means —CN; “azido” means —Nj;; “mercapto”
means —SH; “thio” means —S; “thioether” means —S—;
“sulfonamido” means —NHS(O),; “sulfonyl” means —S(O)
>—; “sulfiny]” means —S(O)—:; and “silyl” means —SiHs;.
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[0152] For the structures provided herein, the following
parenthetical subscripts further define the groups as follows:
“(Cn)” defines the exact number (n) of carbon atoms in the
group. For example, “alkyl .., " designates those alkyl
groups having from 2 to 10 carbon atoms (e.g., 2, 3, 4,5, 6,7,
8,9, or 10, or any range derivable therein (e.g., 3 to 10 carbon
atoms)).

[0153] The term “alkyl” when used without the “substi-
tuted” modifier refers to a non-aromatic monovalent group
with a saturated carbon atom as the point of attachment, a
linear or branched, cyclo, cyclic or acyclic structure, no cat-
bon-carbon double or triple bonds, and no atoms other than
carbon and hydrogen. The groups, —CH, (Me), —CH,CHj,
(Et), —CH,CH,CH; (n-Pr), —CH(CH,), (iso-Pr), —CH
(CH,), (cyclopropyl), —CH,CH,CH,CH; (n-Bu), —CH
(CH;)CH,CH; (sec-butyl), —CH,CH(CH,), (iso-butyl),
—C(CH;); (tert-butyl), —CH,C(CH;); (neo-pentyl),
cyclobutyl, cyclopentyl, cyclohexyl, and cyclohexylmethyl
are non-limiting examples of alkyl groups. The term “substi-
tuted alkyl” refers to a non-aromatic monovalent group with
a saturated carbon atom as the point of attachment, a linear or
branched, cyclo, cyclic or acyclic structure, no carbon-carbon
double or triple bonds, and at least one atom independently
selected from the group consisting of N, O, F, C1, Br, 1, Si, P,
and S. The following groups are non-limiting examples of
substituted alkyl groups: —CH,OH, —CH,Cl, —CH,Br,
—CH,SH, —CF;, —CH,CN, —CH,C(O)H, —CH,C(O)
OH, —CH,C(O)OCH,, —CH,C(O)NH,, —CH,C(O)
NHCH,, —CH,C(O)CH,, —CH,0CH,, —CH,OCH,CF;,
—CH,0C(O)CH,, —CH,NH,, —CH,NHCH;, —CH,N
(CH;),, —CH,CH,Cl, —CH,CH,OH, —CH,CF,,
—CH,CH,0C(O)CH;, —CH,CH,NHCO,C(CH,),, and
—CH,Si(CHy);.

[0154] The term “alkenyl” when used without the “substi-
tuted” modifier refers to a monovalent group with a nonaro-
matic carbon atom as the point of attachment, a linear or
branched, cyclo, cyclic or acyclic structure, at least one non-
aromatic carbon-carbon double bond, no carbon-carbon
triple bonds, and no atoms other than carbon and hydrogen.
Non-limiting examples of alkenyl groups include:
—CH—CH,, (vinyl), —CH—CHCH,, —CH—CHCH,CH,,
—CH,CH—CH, (allyl)), —CH,CH—CHCH,;, and
—CH—CH—CH,. The term “substituted alkenyl” refers to
a monovalent group with a nonaromatic carbon atom as the
point of attachment, at least one nonaromatic carbon-carbon
double bond, no carbon-carbon triple bonds, a linear or
branched, cyclo, cyclic or acyclic structure, and at least one
atom independently selected from the group consisting of N,
O, F, Cl, Br, 1, Si, P, and S. The groups, —CH—CHF,
—CH—CHCI and —CH—CHBt, are non-limiting examples
of substituted alkenyl groups.

[0155] The term “alkynyl” when used without the “substi-
tuted” modifier refers to a monovalent group with a nonaro-
matic carbon atom as the point of attachment, a linear or
branched, cyclo, cyclic or acyclic structure, at least one car-
bon-carbon triple bond, and no atoms other than carbon and
hydrogen. The groups, —C=CH, —C=CH,, —C=CC/H;,
and —CH,C=CCHj, are non-limiting examples of alkynyl
groups. The term “substituted alkynyl” refers to a monovalent
group with a nonaromatic carbon atom as the point of attach-
ment and at least one carbon-carbon triple bond, a linear or
branched, cyclo, cyclic or acyclic structure, and at least one
atom independently selected from the group consisting of N,
O, F, Cl,Br, 1, Si, P, and S. The group, —C=CSi(CH,),, is a
non-limiting example of a substituted alkynyl group.

[0156] The term “aryl” when used without the “substi-
tuted” modifier refers to amonovalent group with an aromatic
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carbon atom as the point of attachment, said carbon atom
forming part of one or more six-membered aromatic ting
structure(s) wherein the ring atoms are all carbon, and
wherein the monovalent group consists of no atoms other than
carbon and hydrogen. Non-limiting examples of aryl groups
include phenyl (Ph), methylphenyl, (dimethyl)phenyl,
—CH,CH,CH, (ethylphenyl), —C,H,CH,CH,CH; (pro-
pylphenyl), —C;H,CH(CH,),, —CgH,CH(CH,),, —CgH;
(CH,)CH,CH, (methylethylphenyl), —C ,H,CH—CH, (vi-
nylphenyl), —C,H,CH—CHCHj,, —C.H,C=CH,
—C4H,C=CCH,, naphthyl, and the monovalent group
derived from biphenyl. The term “substituted aryl” refers to a
monovalent group with an aromatic carbon atom as the point
of attachment, said carbon atom forming part of one or more
six-membered aromatic ring structure(s) wherein the ring
atoms are all carbon, and wherein the monovalent group
further has at least one atom independently selected from the
group consisting of N, O, F, Cl, Br, I, Si, P, and S. Non-
limiting examples of substituted aryl groups include the
groups: —CH.F, —CH,/Cl, —C-HBr, —CH,,
—C¢H,0H, —CH,0CH,, —CH,0CH,CH,, —CH,0C
(O)CH,;, —CH,NH,, —C H,NHCH,, —CH,N(CH,),,
—CH,CH,0H, —CH,CH,0C(0)CH,, —C,H,CH,NH,,
—CgH,CF,, —C{H,.CN, —C/H.CHO, —CH,CHO,
—C,H,C(O)CH;,, —CH,CO)CH, —CH,CO,H,
—C4H,CO,CH,;, —C,H,CONH,, —C,H,CONHCH;, and
—C4H,CON(CH,),.

[0157] The term “heteroaryl” when used without the “sub-
stituted” modifier refers to a monovalent group with an aro-
matic carbon atom or nitrogen atom as the point of attach-
ment, said carbon atom or nitrogen atom forming part of an
aromatic ring structure wherein at least one of the ring atoms
is nitrogen, oxygen or sulfur, and wherein the monovalent
group consists of no atoms other than carbon, hydrogen,
aromatic nitrogen, aromatic oxygen and aromatic sulfur.
Non-limiting examples of aryl groups include acridinyl, fura-
nyl, imidazoimidazolyl, imidazopyrazolyl, imidazopyridi-
nyl, imidazopyrimidinyl, indolyl. indazolinyl, methylpyridyl,
oxazolyl, phenylimidazolyl, pyridyl, pyrrolyl, pyrimidyl,
pyrazinyl, quinolyl, quinazolyl, quinoxalinyl, tetrahydro-
quinolinyl, thienyl, triazinyl, pyrrolopyridinyl, pyrrolopyri-
midinyl, pyrrolopyrazinyl, pyrrolotriazinyl, pyrroloimida-
zolyl, chromenyl (where the point of attachment is one of the
aromatic atoms), and chromanyl (where the point of attach-
ment is one of the aromatic atoms). The term “substituted
heteroaryl” refers to a monovalent group with an aromatic
carbon atom or nitrogen atom as the point of attachment, said
carbon atom or nitrogen atom forming part of an aromatic
ring structure wherein at least one of the ring atoms is nitro-
gen, oxygen or sulfur, and wherein the monovalent group
further has at least one atom independently selected from the
group consisting of non-aromatic nitrogen, non-aromatic
oxygen, non aromatic sulfur F, C1, Br, I, Si, and P.

[0158] The term “acyl” when used without the “substi-
tuted” modifier refers to a monovalent group with a carbon
atom of a carbonyl group as the point of attachment, further
having a linear or branched, cyclo, cyclic or acyclic structure,
further having no additional atoms that are not carbon or
hydrogen, beyond the oxygen atom of the carbonyl group.
The groups, —CHO, —C(O)CH; (acetyl, Ac), —C(O)
CH,CH,, —C(O)CH,CH,CH,;, —C(O)CH(CH,),, —C(O)
CH(CH,),, —C(O)C,H;, —C(O)CH,CH,, —C(O)
CH,CH,CH,, —COC,H,(CH;),, and —C(O)CH,C/H,,
are non-limiting examples of acyl groups. The term “acyl”
therefore encompasses, but is not limited to groups some-
times referred to as “alkyl carbonyl” and “aryl carbonyl”
groups. The term “substituted acyl” refers to a monovalent
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group with a carbon atom of a carbonyl group as the point of
attachment, further having a linear or branched, cyclo, cyclic
or acyclic structure, further having at least one atom, in addi-
tion to the oxygen of the carbonyl group, independently
selected from the group consisting of N, O, F, C1, By, 1. Si, P,
and S. The groups, —C(O)CH,CF;, —CO,H (carboxyl),

—CO,CH; (methylcarboxyl), —CO,CH,CH,,
—CO,CH,CH.CH;, —CO,CH;, —CO,CH(CH,),,
—CO,CH(CH,),, —C(O)NH, (carbamoyl), —C(O)

NHCH,, —C(O)NHCH,CH,, —CONHCH(CH,),, —CON-
HCH(CH,),, —CON(CH,),, —CONHCH,CF;, —CO-py-
ridyl, —CO-imidazoyl, and —C(O)N,, are non-limiting
examples of substituted acyl groups. The term “substituted
acyl” encompasses, but is not limited to, “heteroaryl carbo-
nyl” groups.

[0159] The term “alkoxy” when used without the “substi-
tuted” modifier refers to the group —OR, in which R is an
alkyl, as that term is defined above. Non-limiting examples of
alkoxy groups include: —OCH;, —OCH,CH;,
—OCH,CH,CH,, —OCH(CH,),, —OCH(CH,),, —O-cy-
clopentyl, and —O-cyclohexyl. The term “substituted
alkoxy” refers to the group —OR, in which R is a substituted
alkyl, as that term is defined above. For example,
—OCH,CF; is a substituted alkoxy group.

[0160] Similarly, the terms “alkenyloxy”, “alkynyloxy”,
“aryloxy”, “aralkoxy”, “heteroaryloxy”, ‘“heteroaralkoxy”
and “acyloxy”, when used without the “substituted” modifier,
refers to groups, defined as —OR, in which R is alkenyl,
alkynyl, aryl, aralkyl, heteroaryl, heteroaralkyl and acyl,
respectively, as those terms are defined above. When any of
the terms alkenyloxy, alkynyloxy, aryloxy, aralkyloxy and
acyloxy is modified by “substituted,” it refers to the group
—OR, in which R is substituted alkenyl, alkynyl, aryl,
aralkyl, heteroaryl, heteroaralkyl and acyl, respectively.
[0161] Theterm “alkylamino” when used without the “sub-
stituted” modifier refers to the group —NHR, in which R is an
alkyl, as that term is defined above. Non-limiting examples of
alkylamino groups include: —NHCH,, —NHCH,CHj,
—NHCH,CH,CH;, —NHCH(CH,),, —NHCH(CH,),,
—NHCH,CH,CH,CH;, —NHCH(CH,)CH,CH,,
—NHCH,CH(CH,),, —NHC(CH,);, —NH-cyclopentyl,
and —NH-cyclohexyl. The term “substituted alkylamino”
refers to the group —NHR, in which R is a substituted alky],
as that term is defined above. For example, —NHCH,CF, is
a substituted alkylamino group.

[0162] The term “amido” (acylamino), when used without
the “substituted” modifier, refers to the group —NHR, in
which R is acyl, as that term is defined above. A non-limiting
example of an acylamino group is —NHC(O)CH,. When the
term amido is used with the “substituted” modifier, it refers to
groups, defined as —NHR, in which R is substituted acyl, as
that term is defined above. The groups —NHC(O)OCH, and
—NHC(O)NHCH; are non-limiting examples of substituted
amido groups.

[0163] The term “saturated” when referring to an atom
means that the atom is connected to other atoms only by
means of single bonds.

L LI

VI. Exanmples

[0164] The following examples are included to demon-
strate preferred embodiments of the invention. It should be
appreciated by those of skill in the art that the techniques
disclosed in the examples which follow represent techniques
discovered by the inventor to function well in the practice of
the invention, and thus can be considered to constitute pre-
ferred modes for its practice. However, those of skill in the art
should, in light of the present disclosure, appreciate that many
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changes can be made in the specific embodiments which are
disclosed and still obtain a like or similar result without
departing from the spirit and scope of the invention.

Example 1

[0165] Validation of Peptoids as Selective Markers for
Alzheimer’s Disease and Parkinson’s Disease

[0166] The inventors employed microarrays comprised of
two copies of an array of 4680 octameric peptoids along with
various markers and control spots. Serum (blood) collected
from 6 Alzheimer’s patients and 6 Normal controls were
hybridized with the microarrays. The serum samples were
diluted greatly to provide a final total serum protein concen-
tration of 20 pg/ml and this solution was hybridized to the
peptoid microarray. After incubation and washing, the 1gG
binding pattern was visualized by subsequent incubation with
an Alexa-647-labeled secondary antibody. As a control, the
secondary antibody alone was exposed to the array and any
features that bound significant amounts of the labeled sec-
ondary antibody were ignored in subsequent analysis.
[0167] GenePix analysis of all of the features on the array
revealed several peptoids (FIG. 1A) that reproducibly were
much brighter when exposed to the AD serum than the Not-
mal serum (an intensity of >30,000 vs. <10,000 at this par-
ticular protein concentration) (FIG. 2A). Three of the pep-
toids of interest behaved in this fashion. To test the specificity
of the peptoids, serum collected from Parkinson’s patients
was hybridized with these peptoids. However, only back-
ground levels of IgG antibody were captured by peptoids
from these serum samples, arguing that these peptoids are
specific capture agents for antibodies produced in Alzhe-
imer’s disease (FIG. 2A).

[0168] Having completed this training set, the inventors
then tested the ability of these three peptoids to distinguish
AD by analyzing serum samples collected from patients that
were not included in the training set (FIG. 4-13). Peptoids
were also validated in a microarray asay and a Luminex bead
assay (F1G. 7). All the three peptoids identified in the training
performed perfectly in blinded experiments. These three pep-
toids were sequenced by mass spectrometry, resynthesized
and purified by HPLC.

[0169] In summary, the inventors have demonstrated that
synthetic molecules capable of capturing particular IgGs
from Alzheimer’s disease with specificity can be isolated by
peptoid combinatorial library screening,

TABLE 3

Summary of Microarray Analysis

Score Prediction Clinical Diagnosis
Positive 16 All correct
Negative 16 All correct
Intermediate 4 AD(2) NC(2)

Total samples tested = 36

TABLE 4

Evaluation of assay using Luminex platform

Score Prediction Clinical Diagnosis
Positive 47 All correct
Negative 54 All correct
Intermediate 9 AD(3) NC(2) PD(4)

Total samples tested = 110
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[0170] Additional studies were performed by examining
the binding characteristics of serum that had been depleted
using the APD1 peptoid prior to analysis on peptoid array
comprising ADP1-3 (FIG. 3). The antibody depletion experi-
ments indicate that APD1 and ADP3 bind a similar antibody
population. Whereas ADP2 seems to bind a second popula-
tion of antibodies.

[0171] Library Synthesis and printing protocol: An 8 mer
peptoid library with one constant residue (Cysteine on the
C-terminal) was synthesized using the conventional split-
and-pool method on 500 pm polystyrene macrobeads. The
beads are then placed in a 96 well plate with one bead in each
well. The peptoids are then cleaved from the beads using a
cleavage cocktail of 95% Trifluoroacetic acid, 2.5% water
and 2.5% triisopropylsilane. Fifty (50 pl) of this cocktail was
put into each well and the beads were left in this cocktail for
two hours. The cocktail solution was allowed to evaporate.
After the cocktail have evaporated, 40 ul of a 50% Acetoni-
trile and 50% water was added to each well.

[0172] The liquid contents of four 96 well plates (40 pl per
well) are then transferred to a 384 well plate using a Tecan
Genesis Workstation 200. Thirty-four (34 pl) of each plate is
transferred to a new 384 well plate. The plates containing 6 il
in each well are marked as ‘Residual’ plates and set aside so
that the Acetonitrile/water mixture would evaporate. These
plates are then sealed with adhesive sheet and stored in a =80
degree freezer until needed for sequencing purposes. The
Plates with 34 pl liquid are marked as ‘Master’ and also set
aside for the Acetonitrile/water mixture to evaporate.

[0173] When the liquid had evaporated from the Master
plates, 20 pl of DMSO (Dimethylsulfoxide) is added to each
well using the Tecan Genisis Workstation. Five (5 pl) is then
removed from each well and placed into another 384 well
plate. This plate has 5 pl of DMSO added to each well and
becomes the ‘Copy’ plate. The Master plates are then sealed
with an adhesive sheet and stored in a -80 degree freezer. The
Copy plates are stored in a 4 degree refrigerator and used for
printing microarrays as needed.

[0174] Contents of the Copy plates are then printed onto
maleimide coated glass slides using a NanoPrint with MP946
Micro Spotting Pins. A 10% Ethanol and water mixture was
used to wash the pins before printing and between each spot
cycle. Multiple wash/sonicate/dry cycles were used between
each sample pick-up and print cycle. Complex arrays were
printed with a full head of 48 pins and using a spot spacing of
410 um in a 10 by 10 grid. Sub-arrays were printed with a
single MP946 pin in a Whatman Fast Frame format, 16 arrays
onaslide in a2 by 8 format and a 480 pm spot spacing ina 10
by 10 grid. Slides are allowed to set in 50% humidity for 12
hours before printing. After printing, the humidifier is turned
off and the slides are allowed to set for 12 hours before being
scanned using a GenePix Autoloader 4200AL Scanner. Slides
are scanned with a PMT of 500 to verify spot placement and
morphology.

[0175] Protocol for making Glass Slides: The slides are
marked on one comer using a diamond pencil. Then the slides
are placed in glass slide racks and the racks placed into glass
staining jars.

[0176] Glass beakers (2 L) are placed into ice buckets and
ice packed around them. A solution of 70/30 Concentrated
H,S0, and H,O, (Piranha) is made in this beaker and let cool
to room temperature. The Piranha solution is decanted into
the glass staining jars so that the liquid covered the slides.
This is covered and left set for 12 hours at room temperature.
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They are then removed and rinsed thoroughly with de-ionized
water. The slides are placed in the centrifuge to dry.

[0177] A water-bath is heated to 80° C. The glass slides are
immersed in 3-glycidoxypropyltrimethoxysilane and placed
in water-bath for 5-6 hours while gently shaking. The slides
are allowed to cool and then rinsed two times with DMF. The
slides are again placed in the centrifuge to dry and stored in
Argon until needed for the next step.

[0178] The water-bath temperature is maintained at 80°.
The slides are immersed in a mixture of 2 [, Poly(ethylene
glycol) with 8 mL. H,SO, and placed in the water-bath. The
water-bath is agitated at medium to low speed for 6 hours. The
slides are allowed to cool and rinsed with DI water while
agitating for about one hour. The slides are again placed in the
centrifuge to dry and stored in Argon until needed for the next
step.

[0179] PMPI is measured and dissolved in Anhydrous
DMSO to make a 50 mM solution. The slides are then placed
with the scratch side up and to the top of the PMPI reaction
vessel. PMPI is injected below the slides so that it completely
filled the vessel and some excess in the reservoirs. All air
bubbles are removed from the underside of the slides. The
reaction vessel is agitated overnight under argon on a shaker.
The slides are removed from the reaction vessel and washed
in DMSO for an hour. This step is repeated once. The next
wash is with DMF for one hour. The slides are again placed in
the centrifuge to dry and stored in Argon until needed.
[0180] Hybridization Protocol: Microarray slides are cov-
ered with hybridization chamber and equilibrated with
IxTBST (50 mM Tris, pH 8.0, 150 mM NaCl, 0.1%
Tween20) for 15 minutes. The slides are then blocked with 1
ml of blocking buffer for 1 hour at 4° C. The blocking buffer
is removed and the slides are incubated with 1 ml of serum (20
ug/ml) for 16 hours at 4° C. with gentle shaking. In an alter-
native method, the slides are blocked with 1 ml of £. coli
lysate (1.5 mg/ml) for 1 hour at 4° C. The E. coli lysate is
removed and the slides are incubated with 1 ml of serum (15
ug/ml) in £. coli lysate (1.5 mg/ml) for 18 hours at 4° C. with
gentle shaking. Microarrays are then washed three times with
IXTBST and hybridized with Alexa-647 labeled Ant 1gG
antibody (5 pg/ml) for 2 hours on orbital shaker at 4° C. The
chamber cassettes were removed from microarray slides and
washed with 1XTBST (3x15 min) followed by 0.1xTBST
(1x10). The slides are then dried on centrifuge (5 min at 1500
RPM) and scanned on microarray scanner (Gene Pix Auto-
loader 4200) by using 635-nm laser at 100% power and 600 or
650 photomultiplier tube gain. All the scanned images were
analyzed by the Gene Pix Pro 6.0 software and Genespring
software.

Example 2
Sarcosine Scan of ADP1-3

[0181] A sarcosine scan has the effect of replacing each of
the side chains in turn with a methyl group rather than a
hydrogen, preserving the tertiary amide bond, but removing
the bulk of the side chain. Peptoids ADP1-3 each contain
eight positions that were varied in the original library synthe-
sis (FIG. 14). To determine which of the side chains at these
eight positions might be important for binding the AD-spe-
cific antibodies, twenty four derivatives were synthesized in
which each of the side chains, in turn, was substituted by a
methyl group. Each compound was made by solid phase
“sub-monomer” chemistry where methylamine was
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employed to displace the bromide at the position where sub-
stitution was desired. To test the antibody-binding character-
istics of each methyl side chian-containing derivative, all 24
compounds, as well as the ADP1-3 peptoids were printed
onto a microarray. Serum for autopsy-confirmed AD patients
was hybridized to the se arrays. After washing, fluorescently-
labeled secondary antibody was applied to the array. Follow-
ing further washing, the intensity of fluorescence at each
position was determined using a fluorescence scanner. The
intensities are shown in the FIG. 14. When significant dimu-
nition in fluorescence was observed at a given spot relative to
the parent compound (indicating capture of less antibody),
this was interpreted as indicating that the side chain present at
this position in the parent compound was important for bind-
ing to the AD-specific antibodies.

Example 3
Materials and Methods

[0182] Examples of the material methods used in these
studies include the following.

[0183] Synthesis and purification of peptoids. Peptoids can
synthesized bt using an ABI 433 A peptide synthesizer or a
parallel synthesis robot on Rink amide resin according to the
submonomer method. (See, e.g., Zuckermann, R. N., Kerr, J.
M.,Kent, S. B. H., & Moos, W. H. (1992) J. Am. Chem. Soc.,
114, 10646-10647.) Briefly, the amide on the nascent chain is
bromoacetylated, followed by S,, displacement of bromide
by a primary amine to form the side chain. Following synthe-
sis, peptoids can be cleaved and deprotected in trifluoroacetic
acid (TFA):triisopropylsilane:water (95:2.5:2.5 by wvol.).
Compounds can be purified by RP-HPLC on a C18 column
with a linear acetonitrile/water gradient. Mass spectrometry
can be used to confirm the molecular weight of the purified
product.

[0184] A monomer of the growing peptoid polymer can be
assembled in two steps, using two readily available submo-
nomeric units. Rink amide resin is bromoacetylated, using
diisopropylcarbodiimide-activated bromoacetic acid. Next,
the bromoacetylated resin undergoes S,, displacement of
bromide by a primary amine, which introduces the desired
side chain. Hundreds of potential amine submonomers and
corresponding side chains are commercially or synthetically
available. Synthesis of peptoids by the submonomer protocol
provides facile access to sequences of greater chemical diver-
sity than readily obtained via the monomer approach and are
limited only by sequence order, length and/or N-pendant side
chain structure sufficient to provide desired activity.

[0185] More specifically, Rink Amide resin (4-(2',4'-
Dimethoxyphenyl-(9-fluorenylmethyloxycarbonyl )-ami-
nomethyl)-phe-noxy resin, 0.25 mmol; Novabiochem) can be
initially swelled for 30 min in CH,Cl,. Following the resin
swelling, the 9-fluorenylmethyloxycarbonyl (Fmoc) protect-
ing group is removed by treatment with 20% piperidine solu-
tion in 1-methyl-2-pyrrolidone (NMP). The resin-bound
deprotected amine is then bromoacetylated by reaction with
4.2 ml of 1.2 M bromoacetic acid (50 mmol) in N.N-dimeth-
ylformamide (DMF) and 1.0 m1 (11 mmol) neat N,N'-diiso-
propylcarbodiimide (DIC) for 60 minutes at room tempera-
ture with constant mixing, Next, the resin is rinsed with DMF
(3x10ml), followed by NMP rinses (3x10 ml). 6 mlofa 1 M
solution (6 mmol) of a primary amine “submonomer” in
either NMP or CH,Cl, reacted with the resin-bound bro-
moacetyl moiety, displacing bromide. A protected submono-
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mer is synthesized in order to create the N-(4-aminobutyl)
glycine residue (Nlys). The resin is then rinsed again with
NMP (3x10 ml) followed by DMF (3.times.10 ml). The prod-
uct of these two reactions generates a peptoid “residue”, the
identity of which depended upon the submonomer amine
employed. Peptoids are elongated by this submonomer
method until the desired chain-length is attained.

[0186] Following synthesis, peptoid oligomers can be
cleaved from the resin, simultaneously removing the tert-
butoxycarbonyl (Boc) protecting group from Nlys residues,
by treatment with 2,2, 2-trifluoroacetic acid (TFA)/triisopro-
pylsilane/H,0 (95:2.5:2.5 by volume). Subsequent to cleav-
age, peptoids can be purified to >97% homogeneity by pre-
parative scale reversed-phase HPLC. The precise gradient
employed for HPLC depends on the identity and hydropho-
bicity of the peptoid.

[0187] Such synthesis and characterization are also
described in U.S. Pat. No. 6,887,845, the entirety of which is
incorporated herein by reference. As illustrated therein and as
would be understood by those skilled in the art made aware of
this invention, the present N-substituted glycine residues and
resulting peptoid compounds are limited only by synthetic or
commercial availability of the corresponding amine reagents.
[0188] Printing Microarrays. An 8-mer peptoid library with
one constant residue (cysteine on the C-terminal) was syn-
thesized using the conventional split-and-pool method on 500
wm polystyrene macrobeads. Seven different amines were
used using the conventional split-and-pool method and a
microwave-assisted protocol. The beads were then placed in
a96-well plate with one bead in each well. The peptoids were
then cleaved from the beads using a cleavage cocktail of 95%
TFA, 2.5% water and 2.5% triisopropylsilane. The liquid
contents of four 96-well plates were then transferred to a
384-well Plate using a Tecan Genesis Workstation. When the
liquid had evaporated from the Master plates, DMSO (Dim-
ethylsulfoxide) is added to each well using the Tecan Genisis
Workstation. The plates are stored in a 4 degree refrigerator
and used for printing microarrays as needed. Contents of the
384-well plates are then printed onto maleimide coated glass
slides using a NanoPrint LM 360. Complex arrays were
printed with a full head of 48 pins and using a spot spacing of
410 um in a 10 by 10 grid. After printing, the slides were
allowed to set for 12 hours before being scanned using a
GenePix Autoloader 4200AL Scanner. Slides were scanned
with a PMT of 500 to verify spot placement and morphology.
[0189] Hybridization Protocol. Microarray slides were
covered with hybridization chamber and equilibrated with
IxTBST (50 mM Tris, pH 8.0, 150 mM NaCl, 0.1%
Tween20) for 15 minutes. The slides were then blocked with
1 ml of blocking buffer for 1 hour at 4° C. The blocking buffer
was removed and the slides were incubated with 1 ml of
serum for 16 hours at 4° C. with gentle shaking. Microarrays
were then washed three times with 1xTBST and hybridized
with Alexa-647 labeled Goat anti-mouse antibody for 2 hours
on orbital shaker at 4° C. The chamber cassettes were
removed from microarray slides and washed with 1xTBST.
The slides were then dried on centrifuge and scanned on
microarray scanner by using 635-nm laser at 100% power and
600 photomultiplier tube gain. All the scanned images were
analyzed by the Gene Pix Pro 6.0 software and Genespring
software.

[0190] Designing Peptoid Variants. A sarcosine scan has
the effect of replacing each of the side chains of a peptoid in
turn with a methyl group rather than a hydrogen, preserving
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the tertiary amide bond, but removing the bulk of the side
chain. Peptoids of interest can be varied at one or more posi-
tions within a peptoid to determine which of the side chains
positions that influence peptoid binding. Each peptoid can be
made by solid phase “sub-monomer” chemistry (See above)
where methylamine was employed to displace the bromide at
the position where substitution is desired. To test these pep-
toid variants binding characteristics of each variant peptoid
with the appropriate controls can be printed onto a microarray
or some other screening platform. Samples containing pep-
toid targets are hybridized to these arrays. After washing,
secondary antibody or other detection method is applied to
the array and the intensity of fluorescence at each position

R! 0

determined. When significant dimunition in fluorescence was
observed at a given spot relative to the parent compound
(indicating a lesser binding affinity), is interpreted as indicat-
ing that the side chain present at this position in the parent
compound influenced binding.

[0191] Variant peptoids incorporating one or more amines
or R groups as described herein are then incorporated and
variants identified using similar sythesis and screening pro-
cedures.

[0192] All of the compositions and methods disclosed and
claimed herein can be made and executed without undue
experimentation in light of the present disclosure. While the
compositions and methods of this invention have been
described in terms of preferred embodiments, it will be appar-
ent to those of skill in the art that variations may be applied to
the compositions and methods and in the steps or in the
sequence of steps of the method described herein without
departing from the concept, spirit and scope of the invention.
More specifically, it will be apparent that certain agents which
are both chemically and physiologically related may be sub-
stituted for the agents described herein while the same or
similar results would be achieved. All such similar substitutes
and modifications apparent to those skilled in the art are
deemed to be within the spirit, scope and concept of the
invention as defined by the appended claims.

V. References

[0193] The following references, to the extent that they
provide exemplary procedural or other details supplementary
to those set forth herein, are specifically incorporated herein
by reference.

[0194] U.S. Pat. No. 3,817,837
[0195] U.S. Pat. No. 3,850,752
[0196] U.S. Pat. No. 3,939,350
[0197] U.S. Pat. No. 3,996,345
[0198] U.S. Pat. No. 4,275,149
[0199] U.S. Pat. No. 4,277,437
[0200] U.S. Pat. No. 4,366,241
[0201] De Jager et al., Semin. Nucl. Med., 23(2):165-179,
1993.
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[0202] Doolittle and Ben-Zeev, Methods Mol Biol, 109:
215-237, 1999.

[0203] Gulbis and Galand, Hum. Pathol, 24(12):1271-
1285, 1993.

[0204] Nakamura et al., In: Handbook of Experimental
Immunology (4™ Bd.), Weir et al. (Eds), 1:27, Blackwell
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What is claimed is:
1. A method of detecting antibodies in an antibody-con-
taining sample comprising:
(a) contacting an antibody-containing sample with a sup-
port having affixed thereto a peptoid having:
(i) the formula (1A):

1A

R? 0 Il{“ 0
H Il\l\)l\ N\)})\ Z)\
\(II\I/W”/ 1|\1 ° Il‘l nNL—M
R? 0 R’ 0

wherein, R* and R* are independently selected from the
group consising of from hydrogen; alkyl; allyl; methyl;
ethyl; n-propyl; isopropyl; n-butyl; isobutyl; n-buty-
lamine; sec-butyl; tert-butyl; pentyl; hexyl; isopentyl;
aryl; heteroaryl; furanyl; indolyl; thiophenyl; thiazolyl,
imidazolyl; isoxazoyl; oxazoyl; piperonyl; pyrazoyl;
pyrrolyl; pyrazinyl; pyridyl; pyrimidyl; pyrimidinyl;
purinyl; cinnolinyl; benzofuranyl; benzothienyl; benzo-
triazolyl; benzoxazolyl; quinoline; isoxazolyl, iso-
quinoline cycloalkyl; alkenyl; cycloalkenyl; phenyl;
pyridyl; methoxyethyl; (R)-methylbenzyl; C, . alkyl
unsubstituted or substituted with NH,, OH, or SH; C, ¢
alkynyl unsubstituted or substituted with NH,, OH, or
SH; lvsyl; carboxyl; and hydroxyl group; and

R?, R? and R? are independently selected from the group
consisting of C,_¢ alkylaryl; C,_¢ alkylheteroaryl; C, ¢
alkyl substituted with a group selected from OH, SH, a
halogen, OR'?, COOR'®, NR"* (wherein R"’ is selected
from the group consisting of H or C, 4 alkyl or C,
alkynl) or R*® (wherein R'¢ is selected from the group
consisting of H or C, ¢ alkynl); OC,_; alkyl; C, 4 alk-
enyl; C,_¢ alkynyl; C,_ alkenyl; and C,_¢ alkynyl;
(ii) formula (1B):

1B

U
H N\)k z}\
R6 R® 0

[¢]

wherein, R is selected from the group consising of hydro-
gen; alkyl; allyl; methyl; ethyl; n-propyl; isopropyl;
n-butyl; isobutyl; n-butylamine; sec-butyl; tert-butyl,
pentyl; hexyl; isopentyl; aryl; heteroaryl; furanyl;
indolyl; thiophenyl; thiazolyl; imidazolyl; isoxazoyl,
oxazoyl; piperonyl; pyrazoyl; pyrrolyl; pyrazinyl;
pyridyl; pyrimidyl; pyrimidinyl; purinyl; cinnolinyl;

benzofuranyl; benzothienyl; benzotriazolyl; benzox-
azolyl; quinoline; isoxazolyl; isoquinoline cycloalkyl;
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alkenyl; cycloalkenyl; phenyl; pyridyl; methoxyethyl;
(R)-methylbenzyl; C, ¢ alkyl unsubstituted or substi-
tuted with NH,, OH, or SH; C, _, alkynyl unsubstituted
or substituted with NH,,, OH, or SH; lysyl; carboxyl; and
hydroxyl group; and

R and R® are independently selected from the group con-
sisting of C,_¢ alkylaryl; C, ¢ alkylheteroaryl; C,  alkyl
substituted with a group selected from OH, SH, a halo-
gen, OR'>, COOR'3, NR'® (wherein R'® is selected
from the group consisting of H or C, 4 alkyl or C,
alkynl) or R'® (wherein R'® is selected from the group
consisting of H or C,_¢ alkynl); OC, ¢ alkyl; C, , alk-
enyl; C, ¢ alkynyl; C,_ alkenyl; and C,_, alkynyl,
(ii1) formula (1C):

1
RIO 0 I|{12 0 Il{m 0
H N N N\)t( )/L_M
\( N N z],
Il\] n | o | ?
RS 0 R0 R0

wherein, R®, R!!, and R'? are independently selected from
the group consising of hydrogen; alkyl; allyl; methyl;
ethyl; n-propyl; isopropyl; n-butyl; isobutyl; n-buty-
lamine; sec-butyl; tert-butyl; pentyl; hexyl; isopentyl;
aryl; heteroaryl; furanyl; indolyl; thiophenyl; thiazolyl;
imidazolyl; isoxazoyl: oxazoyl, piperonyl; pyrazoyl;
pyrrolyl; pyrazinyl; pyridyl; pyrimidyl; pyrimidinyl;
purinyl; cinnolinyl; benzofuranyl; benzothienyl; benzo-
triazolyl; benzoxazolyl; quinoline; isoxazolyl; iso-
quinoline cycloalkyl; alkenyl; cycloalkenyl; phenyl;
pyridyl; methoxyethyl; (R)-methylbenzyl; C, 4 alkyl
unsubstituted or substituted with NH,, OH, or SH; C,
alkynyl unsubstituted or substituted with NH,, OH, or
SH; lysyl; carboxyl; and hydroxyl group; and

wherein, R'°, R'* and R'* are independently selected from
the group consisting of C_4 alkylaryl; C, ¢ alkylhet-
eroaryl; C, ; alkyl substituted with a group selected
from OH, SH, a halogen, OR'’, COOR'?, NR®®
(wherein R** is selected from the group consisting of H
of C alkyl or C, 4 alkynl) or R'® (wherein R'® is
selected from the group consisting of Hor C,  alkynl);
OC,_alkyl; C, salkenyl; C, ¢ alkynyl; C, ;alkenyl;and
C,_salkynyl;
(iv) formula (1D):

RY7 0

wherein, R'’-R*" and R** are independently selected from
the group consising of hydrogen; alkyl; allyl; methyl;
ethyl; n-propyl; isopropyl; n-butyl; isobutyl; n-buty-
lamine; sec-butyl; tert-butyl; pentyl; hexyl; isopentyl;
aryl; heteroaryl; furanyl; indolyl; thiophenyl; thiazolyl;
imidazolyl; isoxazoyl: oxazoyl, piperonyl; pyrazoyl;
pyrrolyl; pyrazinyl; pyridyl; pyrimidyl; pyrimidinyl;
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purinyl; cinnolinyl; benzofuranyl; benzothienyl; benzo-
triazolyl; benzoxazolyl; quinoline; isoxazolyl; iso-
quinoline cycloalkyl; alkenyl; cycloalkenyl; phenyl;
pyridyl; methoxyethyl; (R)-methylbenzyl; C, o alkyl
unsubstituted or substituted with NH,, OH, or SH; C, ¢
alkynyl unsubstituted or substituted with NH,, OH, or
SH; lysyl; carboxyl; and hydroxyl group; and

wherein, R*', R** and R** are independently selected from
the group consisting of C,_, alkylaryl, C,_, alkylhet-
eroaryl; C, ¢ alkvl substituted with a group selected
from OH, SH, a halogen, OR"®>, COOR"’ NR"
(wherein R*” is selected from the group consisting of H
or C,¢ alkyl or C, 4 alkynl) or R'® (wherein R'® is

C

selected from the group consisting of H or C,_¢ alkynl);
0OC, qalkyl; C, s alkenyl; C,_calkynyl; C, . alkenyl; and
C, ¢ alkynyl

(v) formula (1D):

wherein, R'7-R*°, R*?, and R** are independently selected

from the group consising of hydrogen; alkyl; allyl;
methyl; ethyl; n-propyl; isopropyl; n-butyl; isobutyl;
n-butylamine; sec-butyl; tert-butyl; pentyl; hexyl; iso-
pentyl; aryl; heteroaryl; furanyl; indolyl; thiophenyl,
thiazolyl; imidazolyl; isoxazoyl; oxazoyl; piperonyl;
pyrazoyl; pyrrolyl; pyrazinyl; pyridyl; pyrimidyl; pyri-
midinyl; purinyl; cinnolinyl; benzofuranyl; benzothie-
nyl; benzotriazolyl, benzoxazolyl; quinoline; isox-
azolyl; isoquinoline cycloalkyl; alkenyl; cycloalkenyl;
phenyl; pyridyl; methoxyethyl; (R)-methylbenzyl; C, 4
alkyl unsubstituted or substituted with NH,, OH, or SH;
C,_ alkynyl unsubstituted or substituted with NH,, OH,
or SH; lysyl; carboxyl; and hydroxyl group; and

wherein, R?! and R?* are independently selected from the

group consisting of C, ¢ alkylaryl; C,_¢ alkylheteroaryl;
C,_s alkyl substituted with a group selected from OH,
SH, a halogen, OR'®, COOR"®, NR'? (wherein R** is
selected from the group consisting of H or C, ¢ alkyl or
C,_s alkynl) or R'® (wherein R'° is selected from the

1D

I|{18 0 Il{zo 0 Il{zz 0 I|{24 0
H N\)k N\)‘\ N\)k N [—M
\(N N/ﬁ‘/ N/ﬁ( N/ﬁ( Z)/
W 4 | | | :
R 0 R2! 0

R® 0

group consisting of H or C,_¢ alkynl); OC, ¢ alkyl; C, ¢
alkenyl; C, ¢ alkynyl; C, ¢ alkenyl; and C, ¢ alkynyl; or
(vi) formula (1D):

wherein, R'7, R'®, R*°, and R* are independently selected

from the group consising of hydrogen; alkyl; allyl;
methyl; ethyl; n-propyl; isopropyl; n-butyl; isobutyl,
n-butylamine; sec-butyl; tert-butyl; pentyl; hexyl; iso-
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pentyl; aryl; heteroaryl; furanyl; indolyl; thiophenyl;
thiazolyl; imidazolyl; isoxazoyl; oxazoyl; piperonyl;
pyrazoyl; pyrrolyl; pyrazinyl; pyridyl; pyrimidyl; pyri-
midinyl; purinyl; cinnolinyl; benzofuranyl; benzothie-
nyl; benzotriazolyl; benzoxazolyl; quinoline; isox-
azolyl; isoquinoline cycloalkyl; alkenyl; cycloalkenyl;
phenyl; pyridyl; methoxyethyl; (R)-methylbenzyl; C, ¢
alkyl unsubstituted or substituted with NH,, OH, or SH;
C,_s alkynyl unsubstituted or substituted with NH,, OH,
or SH; lysyl; carboxyl; and hydroxyl group; and

R'®, R*!, and R** are independently selected from the
group consisting of C,_, alkylaryl; C,_¢ alkylheteroaryl;
C,_s alkyl substituted with a group selected from OH,
SH, a halogen, OR'®, COOR">, NR'® (wherein R** is
selected from the group consisting of H or C, ¢ alkyl or

ZJK/NI(\NJK/N\L(\

\

NH,
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C, ¢ alkynl) or R'® (wherein RS is selected from the
group consisting of H or C, ¢ alkynl); OC, ¢ alkyl; C,_¢
alkenyl; C, ¢alkynyl; C,_salkenyl;and C,_;alkynyl; and

wherein 7 is coupling group; L is an optional linker moiety,
M is a substrate or support; and m, 1, o, and/or p is 0-6;
and

(b) detecting antibodies bound to said peptoid.

2. The method of claim 1, further comprising obtaining
said sample from a subject.

3. The method of claim 1, further comprising making a
diagnosis of Alzheimer’s Disease for a subject from which
said sample was obtained if antibody binding to said peptoid
is greater than that observed for control non-diseased
patients.

4. The method of claim 3, wherein one or more peptoid is
selected from group consisting of

AD1
OH
(@] (@]
JK/N JK/N
YT
(6] (0]
NH,
AD2
| OH
(@] (@]
JK/N )k/N
T\N \[(\NH and
(6] (8]
6]
bt
AD3

NH, O/\
(0]
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wherein Z is a functional group capable of coupling to a

linker, substrate, or a label.

5. The method of claim 1, wherein said sample is contacted
with more than one peptoid of claim 1.

6. The method of claim 5, wherein said sample is contacted
with three structurally distinct peptoids.

7. The methods of claim 6, wherein the peptoids are AD1,
AD2 and AD3.

8. The method of claim 1, wherein said support is a bead, a
plate, a dipstick, a filter, a membrane a pin, or a well.

9. The method of claim 1, wherein said sample is blood,
serum, saliva or CSF.

10. The method of claim 1, wherein detecting comprises
RIA, FIA, ELISA, Western blot, flow cytometry, FRET, or
surface plasmon resonance.

11. A method of detecting antibodies in an antibody-con-
taining sample comprising:

(a) contacting an antibody-containing sample with a sup-

port having affixed thereto a peptoid having:
(1) the formula (2A):

I|{26 0 I|{28 0
\( N N N
| " I [
RS 0O R7 0 R¥

wherein, R*7 is an alkylaryl group or methylbenzyl group;
and

wherein, R**, R*°, R*®-R*? are independently selected
from the group consising of hydrogen; alkyl; allyl;
methyl; ethyl; n-propyl; isopropyl; n-butyl; isobutyl;
n-butylamine; sec-butyl; tert-butyl; pentyl; hexyl; iso-
pentyl; aryl; heteroaryl; furanyl; indolyl; thiophenyl;
thiazolyl; imidazolyl; isoxazoyl; oxazoyl; piperonyl;
pyrazoyl; pyrrolyl; pyrazinyl; pyridyl; pyrimidyl; pyri-
midinyl; purinyl; cinnolinyl; benzofuranyl; benzothie-
nyl; benzotriazolyl; benzoxazolyl; quinoline; isox-
azolyl; isoquinoline cycloalkyl; alkenyl; cycloalkenyl;
phenyl; pyridyl; methoxyethyl; (R)-methylbenzyl; C, ¢
alkylaryl; C,_¢ alkylheteroaryl; C, ¢ alkyl substituted
with a group selected from OH, SH, a halogen, OR*,
COOR™, NR** (wherein R'? is selected from the group
consisting of H or C,_¢ alkyl or C,_¢ alkynl) or R*®
(wherein R is selected from the group consisting of H
or C, ¢ alkynl); OC, 4 alkyl; C,_¢ alkenyl; C,_¢ alkynyl;
C,_; alkenyl; and C,_¢ alkynyl; or
(i1) formula (2B):

R33

1|{34 0 1|{36 0 1|{38 0 |
H N\)J\ N\)k N N
\(N N/ﬁ‘/ N/\( N
| g | | |
0 R 0 RY 0 R® o) /
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wherein, R** is an alkylamine or N-butylamine;
wherein, R*® is an alkenyl, such as an allyl group, and

wherein, R**, R*® and R*®-R* are independently selected
from the group consising of hydrogen; alkyl; allyl;
methyl; ethyl; n-propyl; isopropyl; n-butyl; isobutyl,
n-butylamine; sec-butyl; tert-butyl; pentyl; hexyl; iso-
pentyl; aryl; heteroaryl; furanyl; indolyl; thiophenyl,
thiazolyl; imidazolyl; isoxazoyl; oxazoyl; piperonyl;
pyrazoyl; pyrrolyl; pyrazinyl; pyridyl; pyrimidyl; pyri-
midinyl; purinyl; cinnolinyl; benzofuranyl; benzothie-
nyl; benzotriazolyl, benzoxazolyl; quinoline; isox-
azolyl; isoquinoline cycloalkyl; alkenyl; cycloalkenyl;
phenyl; pyridyl; methoxyethyl; (R)-methylbenzyl; C, ¢
alkylaryl; C_¢ alkylheteroaryl; C,_ alkyl substituted
with a group selected from OH, SH, a halogen, OR™,
COOR™, NR*® (wherein R*? is selected from the group
consisting of H or C, 4 alkyl or C,_, alkynl) or R™
(wherein R'° is selected from the group consisting of H
or C, ¢ alkynl); OC, ¢ alkyl; C,_¢ alkenyl; C,_¢ alkynyl;
C, ¢ alkenyl; and C, , alkynyl; and

R3 0 0 I|{32
! N
1
0 R 0
Q

wherein, 7 is coupling group; L is an optional linker moi-
ety, M is a substrate or support; and m, n, o, and/or p is
0-6; and
(b) detecting antibodies bound to said peptoid.
12. The method of claim 11, wherein, R*5, R*, R*! and/or
R3? are an alkylamine or N-butylamine.

A
O
L—M
)/
m

13. The method of claim 11, wherein, R*® is an alkenyl or
an allyl group.

14. The method of claim 11, wherein, R is an allyl group.

15. The method of claim 11, wherein, R*? an alkoxy group

16. The method of claim 15, wherein the alkoxy group is an
ethoxy group.

17. The method of claim 11, further comprising obtaining
said sample from a subject.

18. The method of claim 11, further comprising making a
diagnosis of Parkinson’s Disease for a subject from which
said sample was obtained if antibody binding to said peptoid
is greater than that observed for control non-diseased
patients.

1B
O
L—M
)/
mn
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19. The method of claim 18, wherein the peptoid is selected
from the group consisting of:

A
e

(0]
)k/N
Z

N)H:/NI(\N

2:

2

| |
ZJK/WK\ \(\

1
\

wherein Z is a functional group capable of coupling to a
linker, substrate, or label.

20. The method of claim 11, wherein said sample is con-
tacted with more than one peptoid of formula 2A or 2B.

21. The method of claim 20, wherein said sample is con-
tacted with three structurally distinct peptoids.

22. The methods of claim 21, wherein the peptoids are
PD1, PD2 and PD3.

23. The method of claim 11, wherein said support is a bead,
a plate, a dipstick, a filter, a membrane a pin, or a well.

LNT

iv

Dec. 2, 2010
PD1
NI,
0 (H
JK/N
N Y\NH
0
NH,
PD2
NI,
0 (H
J N
N \’(\NH
0 0
OH and
PD3

4

24. The method of claim 11, wherein said sample is blood,
serum, saliva or CSF.

25. The method of claim 11, wherein detecting comprises
RIA, FIA, ELISA, Western blot, flow cytometry, FRET, or
surface plasmon resonance.

26. A method of treating a subject suspected of having a
neurodegenerative disease (ND) comprising:

(a) contacting an antibody-containing sample from said

subject with one or more supports having affixed thereto
a peptoid comprising:
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(1) the formula (1A):
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1A

P ©o
g A A AN~
N
I|\1 /\’%n/ | A Il‘f N~y
R! 0 R’ 0 RS 0

wherein, R" and R* are independently selected from the
group consising of from hydrogen; alkyl; allyl; methyl;
ethyl; n-propyl; isopropyl; n-butyl; isobutyl; n-buty-
lamine; sec-butyl; tert-butyl; pentyl; hexyl; isopentyl;
aryl; heteroaryl; furanyl; indolyl; thiophenyl; thiazolyl;
imidarzolyl; isoxazoyl: oxazoyl, piperonyl; pyrazoyl;
pyrrolyl; pyrazinyl; pyridyl; pyrimidyl; pyrimidinyl;
purinyl; cinnolinyl; benzofuranyl; benzothienyl; benzo-
triazolyl; benzoxazolyl; quinoline; isoxazolyl; iso-
quinoline cycloalkyl; alkenyl; cycloalkenyl; phenyl;
pyridyl; methoxyethyl; (R)-methylbenzyl; C, o alkyl
unsubstituted or substituted with NH,, OH, or SH; C,_4
alkynyl unsubstituted or substituted with NH,, OH, or
SH; lysyl; carboxyl; and hydroxyl group; and

R?, R? and R are independently selected from the group
consisting of C, ¢ alkylaryl; C, ¢ alkylheteroaryl; C,

RIO

oy

alkyl substituted with a group selected from OH, SH, a
halogen, OR'®, COOR'®, NR**® (wherein R'* is selected
from the group consisting of H or C, 4 alkyl or C,
alkynl) or R"® (wherein R'® is selected from the group
consisting of H or C,_; alkynl); OC, ; alkyl; C,_; alk-
enyl; C, ¢ alkynyl; C, ¢ alkenyl; and C, ¢ alkynyl;

(i1) formula (1B):

1B

T
H N\)I\ z)\
\(Il\l/\’?n/ Il‘I N
R® 0

R® 0

wherein, R, is selected from the group consising of hydro-
gen; alkyl; allyl; methyl; ethyl; n-propyl; isopropyl;
n-butyl; isobutyl; n-butylamine; sec-butyl; tert-butyl;
pentyl; hexyl; isopentyl; aryl; heteroaryl; furanyl;
indolyl; thiophenyl; thiazolyl; imidazolyl; isoxazoyl,
oxazoyl; piperonyl; pyrazoyl, pyrrolyl; pyrazinyl;

pyridyl; pyrimidyl; pyrimidinyl; purinyl; cinnolinyl;
benzofuranyl; benzothienyl; benzotriazolyl; benzox-
azolyl; quinoline; isoxazolyl; isoquinoline cycloalkyl;
alkenyl; cycloalkenyl; phenyl; pyridyl; methoxyethyl,
(R)-methylbenzyl; C, ¢ alkyl unsubstituted or substi-
tuted with NH,, OH, or SH; C,_¢ alkynyl unsubstituted
or substituted with NH,, OH, or SH; lysyl; carboxyl; and
hydroxyl group; and

R” and R® are independently selected from the group con-
sisting of C,_¢ alkylaryl; C,_¢ alkylheteroaryl; C,  alkyl
substituted with a group selected from OH, SH, a halo-
gen, OR'>, COOR"®, NR"® (wherein R'® is selected
from the group consisting of H or C, 4 alkyl or C,
alkynl) or R*® (wherein R'? is selected from the group
consisting of H or C,_¢ alkynl); OC,_¢ alkyl; C,_ alk-
enyl; C,_¢ alkynyl; C, ; alkenyl; and C, ¢ alkynyl;
(ii1) formula (1C):

1C
Il{ll 0 I|{14 o)
N N L-M
YN Y
m
Rll 0 Rl3 0

wherein, R, R', and R*? are independently selected from
the group consising of hydrogen; alkyl; allyl; methyl,
ethyl; n-propyl; isopropyl; n-butyl; isobutyl; n-buty-
lamine; sec-butyl; tert-butyl; pentyl; hexyl; isopentyl;
aryl; heteroaryl; furanyl; indolyl; thiophenyl; thiazolyl;
imidazolyl; isoxazoyl; oxazoyl; piperonyl; pyrazoyl;
pyrrolyl; pyrazinyl; pyridyl; pyrimidyl; pyrimidinyl,
purinyl; cinnolinyl; benzofuranyl; benzothienyl; benzo-
triazolyl; benzoxazolyl; quinoline; isoxazolyl; iso-
quinoline cycloalkyl; alkenyl; cycloalkenyl; phenyl,
pyridyl; methoxyethyl; (R)-methylbenzyl; C,  alkyl
unsubstituted or substituted with NH,, OH, or SH; C, ¢
alkynyl unsubstituted or substituted with NH,, OH, or
SH; lvsyl; carboxyl; and hydroxyl group; and

wherein, R'°, R'? and R'* are independently selected from
the group consisting of C,_, alkylaryl; C, ¢ alkylhet-
eroaryl; C,_ alkyl substituted with a group selected
from OH, SH, a halogen, OR"®>, COOR' NR"
(wherein R*” is selected from the group consisting of H
or C, ¢ alkyl or C, 4 alkynl) or R' (wherein R'® is
selected from the group consisting of H or C,_¢ alkynl);
OC,_salkyl; C, ¢ alkenyl; C,_alkynyl; C,_; alkenyl; and
C, g alkynyl;
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(iv) formula (1D):

R20

38
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1D

R22

o thutwuwx

wherein, R'7-R>” and R** are independently selected from
the group consising of hydrogen; alkyl; allyl; methyl;
ethyl; n-propyl; isopropyl; n-butyl; isobutyl; n-buty-
lamine; sec-butyl; tert-butyl; pentyl; hexyl; isopentyl;
aryl; heteroaryl; furanyl; indolyl; thiophenyl; thiazolyl;
imidarzolyl; isoxazoyl: oxazoyl, piperonyl; pyrazoyl;
pyrrolyl; pyrazinyl; pyridyl; pyrimidyl; pyrimidinyl;
purinyl; cinnolinyl; benzofuranyl; benzothienyl; benzo-
triazolyl; benzoxazolyl; quinoline; isoxazolyl; iso-
quinoline cycloalkyl; alkenyl; cycloalkenyl; phenyl;
pyridyl; methoxyethyl; (R)-methylbenzyl; C,  alkyl
unsubstituted or substituted with NH,, OH, or SH; C, ¢
alkynyl unsubstituted or substituted with NH,, OH, or
SH; lysyl; carboxyl; and hydroxyl group; and

wherein, R**, R** and R** are independently selected from
the group consisting of C,_, alkylaryl, C,_, alkylhet-
eroaryl; C, ¢ alkyl substituted with a group selected
from OH, SH, a halogen, OR'5, COOR'®, NR"
(wherein R is selected from the group consisting of H
or C, alkyl or C, 4 alkynl) or R*® (wherein R'® is
selected from the group consisting of H or C, ¢ alkynl);
0C,_alkyl; C, salkenyl; C, alkynyl; C, alkenyl;and
Cy.6 alkynyl;
(v) formula (1D):

wherein, R'"-R*°, R**, and R** are independently selected
from the group consising of hydrogen; alkyl; allyl;
methyl; ethyl; n-propyl; isopropyl; n-butyl; isobutyl;

1|{26 0 1|{28 0 1|{30 0 0
H N\)j\ N\)J\ N N L-M
Il\] n Il\] /W I|\] /W Il\I ZT
RZS 0 R27 0 R29 0 1 0

n-butylamine; sec-butyl; tert-butyl; pentyl; hexyl; iso-
pentyl; aryl; heteroaryl; furanyl; indolyl; thiophenyl;
thiazolyl; imidazolyl; isoxazoyl; oxazoyl; plperonyl
pyrazoyl; pyrrolyl; pyrazinyl; pyridyl; pyrimidyl; pyri-
midinyl; purinyl; cinnolinyl; benzofuranyl; benzothie-
nyl; benzotriazolyl; benzoxazolyl; quinoline; isox-
azolyl; isoquinoline cycloalkyl; alkenyl; cycloalkenyl;
phenyl; pyridyl; methoxyethyl; (R)-methylbenzyl; C,
alkyl unsubstituted or substituted with NH,, OH, or SH;
C,_s alkynyl unsubstituted or substituted with NH,, OH,
or SH; lysyl; carboxyl; and hydroxyl group; and
wherein, R*' and R** are independently selected from the
group consisting of C,_¢ alkylaryl; C,_¢ alkylheteroaryl;
C,_s alkyl substituted with a group selected from OH,
SH, a halogen, OR'?, COOR", NR'® (wherein R'® is

R23

selected from the group cons1st1n§ of Hor C, 4 alkyl or
C, ¢ alkynl) or R'® (wherein R'® is selected from the

group consisting of H or C, ¢ alkynl); OC, ¢ alkyl; C, ¢
alkenyl; C, 4 alkynyl; C, ¢ alkenyl; and C,_, alkynyl. or
(vi) formula gl D):

wherein, R'7, R*® R*°, and R* are independently selected
from the group consising of hydrogen; alkyl; allyl;
methyl; ethyl; n-propyl; isopropyl; n-butyl; isobutyl;
n-butylamine; sec-butyl; tert-butyl; pentyl; hexyl; iso-
pentyl; aryl; heteroaryl; furanyl; indolyl; thiophenyl;
thiazolyl; imidazolyl; isoxazoyl; oxazoyl; piperonyl,
pyrazoyl; pyrrolyl; pyrazinyl; pyridyl; pyrimidyl; pyti-
midinyl; purinyl; cinnolinyl; benzofuranyl; benzothie-
nyl; benzotriazolyl; benzoxazolyl; quinoline; isox-
azolyl; isoquinoline cycloalkyl; alkenyl; cycloalkenyl;
phenyl; pyridyl; methoxyethyl; (R)-methylbenzyl; C,
alkyl unsubstituted or substituted with NH,, OH, or SH;
C,_g alkynyl unsubstituted or substituted with NH,, OH,
or SH; lysyl; carboxyl; and hydroxyl group; and

R*'® R*, and R** are independently selected from the
group consisting of C,_¢ alkylaryl; C,_q alkylheteroaryl;
C, ¢ alkyl substituted with a group selected from OH,
SH, a halogen, OR">, COOR", NR'* (wherein R’ is
selected from the group consisting of H or C, ¢ alkyl or
C,. alkynl) or R'® (wherein R'® is selected from the
group consisting of H or C,_¢ alkynl); OC, ¢ alkyl; C, ¢
alkenyl; C, ¢ alkynyl; C, ¢ alkenyl: and C,_; alkynyl;
(vi) the formula (2A):

1A

wherein, R*” is an alkylaryl group or methylbenzyl group;

and

wherein, R**, R*®, R*®-R** are independently selected

from the group consising of hydrogen; alkyl; allyl,
methyl; ethyl; n-propyl; isopropyl; n-butyl; isobutyl;
n-butylamine; sec-butyl; tert-butyl; pentyl; hexyl; iso-
pentyl; aryl; heteroaryl; furanyl; indolyl; thiophenyl;
thiazolyl; imidazolyl; isoxazoyl; oxazoyl; piperonyl;
pyrazoyl; pyrrolyl; pyrazinyl; pyridyl; pyrimidyl; pyri-
midinyl; purinyl; cinnolinyl; benzofuranyl; benzothie-
nyl; benzotriazolyl; benzoxazolyl; quinoline; isox-
azolyl; isoquinoline cycloalkyl; alkenyl; cycloalkenyl,
phenyl; pyridyl; methoxyethyl; (R)-methylbenzyl; C, 4
alkylaryl; C,_¢ alkylheteroaryl; C,  alkyl substituted
with a group selected from OH, SH, a halogen, OR*,
COOR™, NR*® (wherein R*? is selected from the group
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consisting of H or C,_, alkyl or C,_¢ alkynl) or R*®
(wherein R*® is selected from the group consisting of H
or C, ¢ alkynl); OC, 4 alkyl; C,_¢ alkenyl; C,_¢ alkynyl;
C,_¢ alkenyl; and C, , alkynyl; or

(vii) formula (2B):

R 0

R34 o) R38 o)
YT YT 0
R33 0 R35 0 R37 0 R39 0 A

wherein, R>* is an alkylamine or N-butylamine;
wherein, R is an alkenyl, such as an allyl group, and
wherein, R**, R*® and R**-R* are independently selected
from the group consising of hydrogen; alkyl; allyl;
methyl; ethyl; n-propyl; isopropyl; n-butyl; isobutyl;
n-butylamine; sec-butyl; tert-butyl; pentyl; hexyl; iso-
pentyl; aryl; heteroaryl; furanyl; indolyl; thiophenyl;
thiazolyl; imidazolyl; isoxazoyl; oxazoyl; piperonyl;
pyrazoyl; pyrrolyl; pyrazinyl; pyridyl; pyrimidyl; pyri-
midinyl; purinyl; cinnolinyl; benzofuranyl; benzothie-
nyl; benzotriazolyl; benzoxazolyl; quinoline; isox-
azolyl; isoquinoline cycloalkyl; alkenyl; cycloalkenyl;
phenyl; pyridyl; methoxyethyl; (R)-methylbenzyl; C, ¢
alkylaryl; C, ¢ alkylheteroaryl; C, ¢ alkyl substituted
with a group selected from OH, SH, a halogen, OR*,
COOR", NR** (wherein R*? is selected from the group
consisting of H or C,_¢ alkyl or C,_4 alkynl) or R*®
(wherein R*€ is selected from the group consisting of H
or C, ¢ alkynl); OC, 4 alkyl; C, 4 alkenyl; C,_¢ alkynyl;
C, ¢ alkenyl; and C, ¢ alkynyl; and

wherein 7. is coupling group; L is an optional linker moiety,
M is a substrate or support; and m, 1, o, and/or p is 0-6;
and

(b) detecting antibodies bound to said peptoids; and

(c) making a treatment decision based on the result of step

(®).

27. The method of claim 26, further comprising obtaining
said sample from a subject.

28. The method of claim 26, further comprising making a
diagnosis of Parkinson’s Disease for a subject from which
said sample was obtained if antibody binding to the PD pep-
toid is greater than that observed for control non-diseased
patients.

29. The method of claim 26, further comprising making a
diagnosis of Alzheimers’s Disease for a subject from which
said sample was obtained if antibody binding to the AD
peptoid is greater than that observed for control non-diseased
patients.

30. The method of claim 26, wherein said sample is con-
tacted with more than one peptoid of formula (1 A-D) and/or
(2A-B).

31. The method of claim 30, wherein said sample is con-
tacted with three structurally distinct peptoids that reactive
with antibodies for each of PD and AD.

32. The method of claim 26, wherein said support is a bead,
aplate, a dipstick, a filter, a membrane a pin, or a well.

33. The method of claim 26, wherein said sample is blood,
serum, saliva or CSF.
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34. The method of claim 26, wherein detecting comprises
RIA, FIA, ELISA, Western blot, flow cytometry, FRET, or
surface plasmon resonance.

35. The method of claim 26, further comprising making a
treatment decision for said subject.

B
R40

I
O
L-M
T
in

36. A kit for detecting antibodies that are indicative of a
neurodegenerative disease, the kit comprising one or more
peptoids comprising:

(i) the formula (1A):

1A

v vy
81 N\)I\ N\)L) 4
R! 0 RP 0 R® 0O

wherein, R and R* are independently selected from the group
consising of from hydrogen; alkyl; allyl; methyl; ethyl; n-pro-
pyl: isopropyl; n-butyl; isobutyl; n-butylamine; sec-butyl;
tert-butyl; pentyl; hexyl; isopentyl; aryl; heteroaryl; furanyl;
indolyl; thiophenyl; thiazolyl; imidazolyl; isoxazoyl;
oxazoyl; piperonyl; pyrazoyl; pyrrolyl; pyrazinyl; pyridyl;
pyrimidyl; pyrimidinyl; purinyl; cinnolinyl; benzofuranyl;
benzothienyl; benzotriazolyl; benzoxazolyl; quinoline; isox-
azolyl; isoquinoline cycloalkyl; alkenyl; cycloalkenyl; phe-
nyl; pyridyl; methoxyethyl; (R)-methylbenzyl; C, ¢ alkyl
unsubstituted or substituted with NH,, OH, or SH; C,_ alky-
nyl unsubstituted or substituted with NH,, OH, or SH; lysyl;
carboxyl; and hydroxyl group; and

R? R’ and R® are independently selected from the group
consisting of C,_¢ alkylaryl, C,_¢ alkylheteroaryl; C, ¢ alkyl
substituted with a group selected from OH, SH, a halogen,
ORY, COOR'®, NR'® (wherein R* is selected from the
group consisting of H or C, ¢ alkyl or C,_ alkynl) or R*¢
(wherein R'° is selected from the group consisting of H or
C,.¢ alkynl); OC, ; alkyl; C, ¢ alkenyl; C, ¢ alkynyl; C, .
alkenyl; and C, ¢ alkynyl;

(i1) formula (1B):

P
H N\)k z)\
R 0 RS 0

wherein, R, is selected from the group consising of hydrogen;
alkyl; allyl; methyl; ethyl; n-propyl; isopropyl; n-butyl;
isobutyl; n-butylamine; sec-butyl; tert-butyl; pentyl; hexyl;
isopentyl; aryl; heteroaryl; furanyl; indolyl; thiophenyl; thia-

1B
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zolyl; imidazolyl; isoxazoyl; oxazoyl; piperonyl; pyrazoyl,
pyrrolyl; pyrazinyl; pyridyl; pyrimidyl; pyrimidinyl; purinyl;
cinnolinyl; benzofuranyl; benzothienyl; benzotriazolyl; ben-
zoxazolyl; quinoline; isoxazolyl; isoquinoline cycloalkyl,
alkenyl; cycloalkenyl; phenyl; pyridyl; methoxyethyl; (R)-
methylbenzyl; C,_, alkyl unsubstituted or substituted with
NH,, OH, or SH; C,_¢ alkynyl unsubstituted or substituted
with NH,, OH, or SH; lysyl; carboxyl; and hydroxyl group;
and

R” and R® are independently selected from the group consist-
ing of C,_¢ alkylaryl; C,_¢ alkylheteroaryl; C, . alkyl substi-
tuted with a group selected from OH, SH, a halogen, OR*,
COOR'?, NR'? (wherein R"” is selected from the group con-
sisting of Hor C,_ alkyl or C,_, alkynl) or R'® (wherein R
is selected from the group consisting of H or C,_¢ alkynl);
OC, calkyl; C, ¢ alkenyl; C,_;alkynyl; C,_;alkenyl;and C, ¢
alkynyl;

(111) formula (1C):

Il{l() 0 Il{lz 0 |
H N N N
LD A A ¢
R® 0 RB 0

R! 0

wherein, R, R"'!, and R"'? are independently selected from the
group consising of hydrogen; alkyl; allyl; methyl; ethyl;
n-propyl; isopropyl; n-butyl; isobutyl; n-butylamine; sec-bu-
tyl; tert-butyl; pentyl; hexyl; isopentyl; aryl; heteroaryl; fura-
nyl; indolyl; thiophenyl; thiazolyl; imidazolyl; isoxazoyl;
oxazoyl; piperonyl; pyrazoyl; pyrrolyl; pyrazinyl; pyridyl,
pyrimidyl; pyrimidinyl; purinyl; cinnolinyl; benzofuranyl;
benzothienyl; benzotriazolyl; benzoxazolyl; quinoline; isox-
azolyl; isoquinoline cycloalkyl; alkenyl; cycloalkenyl; phe-
nyl; pyridyl; methoxyethyl; (R)-methylbenzyl, C, ¢ alkyl
unsubstituted or substituted with NH,, OH, or SH; C, . alky-
nyl unsubstituted or substituted with NH,, OH, or SH; lysyl;
carboxyl; and hydroxyl group; and

wherein, R'°, R'? and R'* are independently selected from
the group consisting of C, ¢ alkylaryl; C,_¢ alkylheteroaryl;
C,_¢ alkyl substituted with a group selected from OH, SH, a
halogen, OR'®, COOR'?, NR** (wherein R'* is selected from
the group consisting of H or C,_, alkyl or C,_ alkynl) or R*°
(wherein R'® is selected from the group consisting of H or
C, ¢ alkynl); OC,_; alkyl; C,_4 alkenyl; C, ¢ alkynyl; C, ¢
alkenyl; and C, ¢ alkynyl,

(iv) formula (1D):

18 R20
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wherein, R'7-R*° and R*? are independently selected from the
group consising of hydrogen; alkyl; allyl; methyl; ethyl;
n-propyl; isopropyl; n-butyl; isobutyl; n-butylamine; sec-bu-
tyl; tert-butyl; pentyl; hexyl; isopentyl; aryl; heteroaryl; fura-
nyl; indolyl; thiophenyl; thiazolyl; imidazolyl; isoxazoyl;
oxazoyl; piperonyl; pyrazoyl; pyrrolyl; pyrazinyl; pyridyl;
pyrimidyl; pyrimidinyl; purinyl; cinnolinyl; benzofuranyl;
benzothienyl; benzotriazolyl; benzoxazolyl; quinoline; isox-
azolyl; isoquinoline cycloalkyl; alkenyl; cycloalkenyl; phe-
nyl; pyridyl; methoxyethyl; (R)-methylbenzyl; C, ; alkyl
unsubstituted or substituted with NH,, OH, or SH; C,_; alky-
nyl unsubstituted or substituted with NH,, OH, or SH; lysyl;
carboxyl; and hydroxyl group; and

wherein, R*', R** and R** are independently selected from
the group consisting of C,_¢ alkylaryl; C,_¢ alkylheteroaryl;
C, ¢ alkyl substituted with a group selected from OH, SH, a
halogen, OR'?, COOR*?, NR™> (wherein R'? is selected from
the group consisting of H or C,_, alkyl or C, ¢ alkynl) or R*°
(wherein R'® is selected from the group consisting of H or
C,.s alkynl); OC, ¢ alkyl; C,_4 alkenyl; C,_ ¢ alkynyl; C, ¢
alkenyl; and C, ¢ alkynyl,

RM

1C
O
L-M
)/
"

(v) formula (1D):

wherein, R'7-R*°, R*?, and R** are independently selected
from the group consising of hydrogen; alkyl; allyl; methyl;
ethyl; n-propyl; isopropyl; n-butyl; isobutyl; n-butylamine;
sec-butyl; tert-butyl; pentyl; hexyl; isopentyl; aryl; het-
eroaryl; furanyl; indolyl; thiophenyl; thiazolyl; imidazolyl;
isoxazoyl; oxazoyl; piperonyl; pyrazoyl; pyrrolyl; pyrazinyl;
pyridyl; pyrimidyl; pyrimidinyl; purinyl; cinnolinyl; benzo-
furanyl; benzothienyl; benzotriazolyl; benzoxazolyl; quino-
line; isoxazolyl; isoquinoline cycloalkyl; alkenyl; cycloalk-
enyl; phenyl; pyridyl; methoxyethyl; (R)-methylbenzyl; C,
alkyl unsubstituted or substituted with NH,, OH, or SH; C,
alkynyl unsubstituted or substituted with NH,, OH, or SH;
lysyl; carboxyl; and hydroxyl group; and

wherein, R?' and R** are independently selected from the
group consisting of C,,_¢ alkylaryl; C, ¢ alkylheteroaryl; C,
alkyl substituted with a group selected from OH, SH, a halo-
gen, OR'®, COOR'®, NR'* (wherein R** is selected from the
group consisting of H or C, ¢ alkyl or C,_ alkynl) or R*¢
(wherein R'® is selected from the group consisting of H or
C,_ alkynl); OC, ¢ alkyl; C,_¢ alkenyl; C,_ ¢ alkynyl; C, ¢
alkenyl; and C, ¢ alkynyl; or

1D
2 RH 0

IS PN ﬁ(@% “OWULW

R17 0 R19 0 RZI

R23
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(vi) formyla (1D):

wherein, R, R'?, R*, and R** are independently selected
from the group consising of hydrogen; alkyl; allyl; methyl,
ethyl; n-propyl; isopropyl; n-butyl; isobutyl; n-butylamine;
sec-butyl; tert-butyl; pentyl; hexyl; isopentyl; aryl; het-
eroaryl; furanyl; indolyl; thiophenyl; thiazolyl; imidazolyl,
isoxazoyl; oxazoyl; piperonyl; pyrazoyl; pyrrolyl; pyrazinyl;
pyridyl; pyrimidyl; pyrimidinyl; purinyl; cinnolinyl; benzo-
furanyl; benzothienyl; benzotriazolyl; benzoxazolyl; quino-
line; isoxazolyl; isoquinoline cycloalkyl; alkenyl; cycloalk-
enyl; phenyl; pyridyl; methoxyethyl; (R)-methylbenzyl; C,
alkyl unsubstituted or substituted with NH,, OH, or SH; C,_
alkynyl unsubstituted or substituted with NH,, OH, or SH;
lysyl; carboxyl; and hydroxyl group; and

R'®, R*', and R** are independently selected from the group
consisting of C,_ alkylaryl; C,_, alkylheteroaryl; C, . alkyl
substituted with a group selected from OH, SH, a halogen,
OR'3, COOR'?, NR'® (wherein R*® is selected from the
group consisting of H or C, ¢ alkyl or C,_, alkynl) or R*¢
(wherein R*® is selected from the group consisting of H or
C,_ alkynl); OC,_; alkyl; C,_4 alkenyl; C, ¢ alkynyl; C,_¢
alkenyl; and C, ¢ alkynyl,

(vii) the formula (2A):

28
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wherein, R** is an alkylamine or N-butylamine;
wherein, R* is an alkenyl, such as an allyl group, and
wherein, R*?>, R*S and R**-R* are independently selected
from the group consising of hydrogen; alkyl; allyl; methyl;
ethyl; n-propyl: isopropyl; n-butyl; isobutyl; n-butylamine;
sec-butyl; tert-butyl; pentyl; hexyl; isopentyl; aryl; het-
eroaryl; furanyl; indolyl; thiophenyl; thiazolyl; imidazolyl,
isoxazoyl; oxazoyl; piperonyl; pyrazoyl; pyrrolyl; pyrazinyl;
pyridyl; pyrimidyl; pyrimidinyl; purinyl; cinnolinyl; benzo-
furanyl; benzothienyl; benzotriazolyl; benzoxazolyl; quino-
line; isoxazolyl; isoquinoline cycloalkyl; alkenyl; cycloalk-
enyl; phenyl; pyridyl; methoxyethyl; (R)-methylbenzyl; C, ¢
alkylaryl; C,_¢ alkylheteroaryl; C, ¢ alkyl substituted with a
group selected from OH, SH, a halogen, OR'>, COOR"’,
NR' (wherein R"* is selected from the group consisting of H
or C, 4 alkyl or C,_, alkynl) or R*® (wherein RS is selected
from the group consisting of H or C, ¢ alkynl); OC, ¢ alkyl;
C, s alkenyl; C, ¢ alkynyl; C,_¢ alkenyl; and C, ¢ alkynyl; and
wherein 7 is coupling group; L is an optional linker moiety, M
is a substrate or support; and m, n, o, and/or p is 0-6.

37. The kit of claim 36, wherein the peptoid is coupled to a
substrate.

A
R30 0 R32

T I ]
H\< /ﬁﬁ/N\)k N\)k N N\)Lf L-M
N N N N Z)/
! ’ | /ﬁI/ | /\I( | "
RZS 0 R27

0 R29

wherein, R?’ is an alkylaryl group or methylbenzyl group;
and

wherein, R?®>, R?®, R?®.R3? are independently selected from
the group consising of hydrogen; alkyl; allyl; methyl; ethyl;
n-propyl; isopropyl; n-butyl; isobutyl; n-butylamine; sec-bu-
tyl; tert-butyl; pentyl; hexyl: isopentyl; aryl; heteroaryl; fura-
nyl; indolyl; thiophenyl; thiazolyl; imidazolyl; isoxazoyl;
oxazoyl; piperonyl; pyrazoyl; pyrrolyl; pyrazinyl; pyridyl;
pyrimidyl; pyrimidinyl; purinyl; cinnolinyl; benzofuranyl;
benzothienyl; benzotriazolyl; benzoxazolyl; quinoline; isox-
azolyl; isoquinoline cycloalkyl; alkenyl; cycloalkenyl; phe-
nyl; pyridyl; methoxyethyl; (R)-methylbenzyl; C, ¢ alky-
laryl; C,_¢ alkylheteroaryl; C, , alkyl substituted with a group
selected from OH, SH, a halogen, OR'®>, COOR"’, NR"
(wherein R’ is selected from the group consisting of H or
C,_salkylor C, salkynl) or R'® (wherein R'“is selected from
the group consisting of H or C, ¢ alkynl); OC, ¢ alkyl; C, ¢
alkenyl; C,_ alkynyl; C,_ alkenyl; and C,_¢ alkynyl; or

(viii) formula (2B):

36

R3! 0

o

1IB

o L (I
u N\)L N\)k N N L-M
\(N f N N N z‘y
I I I [ m
R* 0 R% 0 0 R¥ 0/

R37
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38. The kit of claim 36, wherein one or more peptoids are
selected from group consisting of:

JUGNS oSV SN YN
Y
| | I
) (
b L/
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-continued -
NH, NH;
L% g LH) Lﬁ
N N N N
7 jl/\N ji/\N I(\N I/\NH
|
NH, NH,
NI, PD2
y | y
(0] 0
J\/ )k/ )k/ JK/N
W(\ \[(\N | N \!)(\NH
OH OH and
NH,
PD3

wherein Z is a functional group capable of coupling to a
linker, substrate, or label.

39. A method of diagnosing AD in a subject suspected of

having alzheimer’s disease comprising:

(a) exposing a serum sample from said patient to a microar-
ray comprising a plurality of high-affinity peptoids hav-
ing:

(1) the formula (1A):

vy P
o N\)I\ N\)L)\ 4
Rl O R 0 R 0

wherein, R' and R* are independently selected from the
group consising of from hydrogen; alkyl; allyl; methyl;
ethyl; n-propyl; isopropyl; n-butyl; isobutyl; n-buty-
lamine; sec-butyl; tert-butyl; pentyl; hexyl; isopentyl;
aryl; heteroaryl; furanyl; indolyl; thiophenyl; thiazolyl;
imidazolyl; isoxazoyl; oxazoyl, piperonyl; pyrazoyl;
pyrrolyl; pyrazinyl; pyridyl; pyrimidyl; pyrimidinyl,
purinyl; cinnolinyl; benzofuranyl; benzothienyl; benzo-
triazolyl; benzoxazolyl; quinoline; isoxazolyl, iso-
quinoline cycloalkyl; alkenyl; cycloalkenyl; phenyl;
pyridyl; methoxyethyl; (R)-methylbenzyl; C,_ alkyl
unsubstituted or substituted with NH,, OH, or SH; C,_
alkynyl unsubstituted or substituted with NH,, OH, or
SH; lysyl; carboxyl; and hydroxyl group; and

R?, R? and R® are independently selected from the group
consisting of C, ¢ alkylaryl; C, ¢ alkylheteroaryl; C,



US 2010/0303805 A1

alkyl substituted with a group selected from OH, SH, a
halogen, OR'>, COOR'?, NR'? (wherein R'? is selected
from the group consisting of H or C, 4 alkyl or C,
alkynl) or R*® (wherein R'¢ is selected from the group
consisting of H or C,_, alkynl); OC, 4 alkyl; C, 4 alk-
enyl; C, ¢ alkynyl; C,  alkenyl; and C,_, alkynyl,

(ii) formula (1B):

P
H N\)k z)\
1|\1 A lef mL-M
R® 0 R® 0

wherein, Ry is selected from the group consising of hydro-
gen; alkyl; allyl; methyl; ethyl; n-propyl; isopropyl;
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pyrrolyl; pyrazinyl; pyridyl; pyrimidyl; pyrimidinyl;
purinyl; cinnolinyl; benzofuranyl; benzothienyl; benzo-
triazolyl; benzoxazolyl; quinoline; isoxazolyl, iso-
quinoline cycloalkyl; alkenyl; cycloalkenyl; phenyl;
pyridyl; methoxyethyl; (R)-methylbenzyl; C, , alkyl
unsubstituted or substituted with NH,, OH, or SH; C, ¢
alkynyl unsubstituted or substituted with NH,, OH, or
SH; lysyl; carboxyl; and hydroxyl group; and

wherein, R'°, R'? and R'* are independently selected from
the group consisting of C,_¢ alkylaryl; C,_¢ alkylhet-
eroaryl; C,_ alkyl substituted with a group selected
from OH, SH, a halogen, OR"®>, COOR' NR"
(wherein R*? is selected from the group consisting of H
or C, 4 alkyl or C, 4 alkynl) or R*® (wherein R'® is
selected from the group consisting of H or C,_¢ alkynl);
OC, _qalkyl; C, alkenyl; C, calkynyl; C, . alkenyl;and
C, g alkynyl;

n-butyl; isobutyl; n-butylamine; sec-butyl; tert-butyl; (iv) formula (1D):
1D
R]S 0 R20 0 R22 0 24 0
H N N N N L-M
R7 0 R® 0O R0 R® 0

pentyl; hexyl; isopentyl; aryl, heteroaryl; furanyl;
indolyl; thiophenyl; thiazolyl; imidazolyl; isoxazoyl;
oxazoyl; piperonyl; pyrazoyl; pyrrolyl; pyrazinyl;
pyridyl; pyrimidyl; pyrimidinyl; purinyl; cinnolinyl;
benzofuranyl; benzothienyl; benzotriazolyl; benzox-
azolyl; quinoline; isoxazolyl; isoquinoline cycloalkyl;
alkenyl; cycloalkenyl; phenyl; pyridyl; methoxyethyl;
(R)-methylbenzyl; C, ¢ alkyl unsubstituted or substi-
tuted with NH,, OH, or SH; C,_ alkynyl unsubstituted
or substituted with NH,, OH, or SH; lysyl; carboxyl; and
hydroxyl group; and

R” and R* are independently selected from the group con-
sisting of C,_g alkvlaryl; C,_¢ alkylheteroaryl; C,  alkyl
substituted with a group selected from OH, SH, a halo-
gen, OR'®, COOR'®, NR" (wherein R'® is selected
from the group consisting of H or C, ¢ alkyl or C,
alkynl) or R'® (wherein R'® is selected from the group
consisting of H or C,_¢ alkynl); OC, ¢ alkyl; C, 4 alk-
enyl; C, ¢ alkynyl; C,_ alkenyl; and C, ¢ alkynyl;
(iii) formula (1C):

wherein, R'7-R*° and R* are independently selected from
the group consising of hydrogen; alkyl; allyl; methyl;
ethyl; n-propyl; isopropyl; n-butyl; isobutyl; n-buty-
lamine; sec-butyl; tert-butyl; pentyl; hexyl; isopentyl;
aryl; heteroaryl; furanyl; indolyl; thiophenyl; thiazolyl;
imidazolyl; isoxazoyl; oxazoyl; piperonyl; pyrazoyl;
pyrrolyl; pyrazinyl; pyridyl; pyrimidyl; pyrimidinyl;
purinyl; cinnolinyl; benzofuranyl; benzothienyl; benzo-
triazolyl; benzoxazolyl; quinoline; isoxazolyl; iso-
quinoline cycloalkyl; alkenyl; cycloalkenyl; phenyl;
pyridyl; methoxyethyl; (R)-methylbenzyl; C, . alkyl
unsubstituted or substituted with NH,, OH, or SH; C, ¢
alkynyl unsubstituted or substituted with NH,, OH, or
SH; 1ysyl; carboxyl; and hydroxyl group; and

wherein, R*!, R*? and R** are independently selected from
the group consisting of C,_4 alkylaryl; C, ¢ alkylhet-
eroaryl; C, ¢ alkyl substituted with a group selected
from OH, SH, a halogen, OR'’, COOR'®, NR*®
(wherein R*? is selected from the group consisting of H
or C, alkyl or C, 4 alkynl) or R*® (wherein R'® is

1C
Il{lﬂ 0 Il{ll 0 I|{I4 0
)i N N N L-M
\IN N N Z)/
I ! I ’ I ! "
R? 0 RU 0 RB 0

wherein, R%, R'!, and R'? are independently selected from
the group consising of hydrogen; alkyl; allyl; methyl;
ethyl; n-propyl; isopropyl; n-butyl; isobutyl; n-buty-
lamine; sec-butyl; tert-butyl; pentyl; hexyl; isopentyl;
aryl; heteroaryl; furanyl; indolyl; thiophenyl; thiazolyl;
imidazolyl; isoxazoyl: oxazoyl, piperonyl; pyrazoyl;

selected from the group consisting of H or C, _, alkynl);
OC,_¢alkyl; C, g alkenyl; C, salkynyl; C, . alkenyl; and
C,.¢ alkynyl;
(v) formula (1D):

wherein, R*7-R*°, R*?, and R** are independently selected
from the group consising of hydrogen; alkyl; allyl;
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methyl; ethyl; n-propyl; isopropyl; n-butyl; isobutyl;
n-butylamine; sec-butyl; tert-butyl; pentyl; hexyl; iso-
pentyl; aryl; heteroaryl; furanyl; indolyl; thiophenyl;
thiazolyl; imidazolyl; isoxazoyl; oxazoyl; piperonyl;
pyrazoyl; pyrrolyl; pyrazinyl; pyridyl; pyrimidyl; pyri-
midinyl; purinyl; cinnolinyl; benzofuranyl; benzothie-
nyl; benzotriazolyl; benzoxazolyl; quinoline; isox-
azolyl; isoquinoline cycloalkyl; alkenyl; cycloalkenyl;
phenyl; pyridyl; methoxyethyl; (R)-methylbenzyl; C, 4
alkyl unsubstituted or substituted with NH,, OH, or SH;
C,_ alkynyl unsubstituted or substituted with NH,, OH,
or SH; lysyl; carboxyl; and hydroxyl group; and
wherein, R?! and R*? are independently selected from the
group consisting of C,_, alkylaryl; C,_¢ alkylheteroaryl;
C,_s alkyl substituted with a group selected from OH,
SH, a halogen, OR'®, COOR'>, NR'® (wherein R'® is
selected from the group consisting of H or C, ¢ alkyl or
C, ¢ alkynl) or R'® (wherein R*S is selected from the
group consisting of Hor C, ¢ alkynl); OC, , alkyl; C, 4
alkenyl; C,_ alkynyl; C, ¢ alkenyl; and C,_¢ alkynyl; or
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wherein, R*” is an alkylaryl group or methylbenzyl group;
and

wherein, R**, R*®, R*®-R** are independently selected
from the group consising of hydrogen; alkyl; allyl,
methyl; ethyl; n-propyl; isopropyl; n-butyl; isobutyl;
n-butylamine; sec-butyl; tert-butyl; pentyl; hexyl; iso-
pentyl; aryl; heteroaryl; furanyl; indolyl; thiophenyl;
thiazolyl; imidazolyl; isoxazoyl; oxazoyl; piperonyl,
pyrazoyl; pyrrolyl; pyrazinyl; pyridyl; pyrimidyl; pyri-
midinyl; purinyl; cinnolinyl; benzofuranyl; benzothie-
nyl; benzotriazolyl; benzoxazolyl; quinoline; isox-
azolyl; isoquinoline cycloalkyl; alkenyl; cycloalkenyl,
phenyl; pyridyl; methoxyethyl; (R)-methylbenzyl; C, ¢
alkylaryl; C_¢ alkylheteroaryl; C,_ alkyl substituted
with a group selected from OH, SH, a halogen, OR"’,
COOR", NR'® (wherein R"’ is selected from the group
consisting of H or C, 4 alkyl or C, ¢ alkynl) or R*¢
(wherein R'® is selected from the group consisting of H
or C, ¢ alkynl); OC, ¢ alkyl; C,_¢ alkenyl; C,  alkynyl;
C,_¢ alkenyl; and C,_ alkynyl; or
(viii) formula (2B):

1B
R¥0 0

R34 0 R36 0 R38 0 |
| | | | -y
H N N N )/
\(N N N N 2],
| ! | 35 | 37 | 39
R0 R 0 R 0 R 0/

(vi) formula (1D):

wherein, Ri7, R', R?°, and R** are independently selected
from the group consising of hydrogen; alkyl; allyl;
methyl; ethyl; n-propyl; isopropyl; n-butyl; isobutyl;
n-butylamine; sec-butyl; tert-butyl; pentyl; hexyl; iso-
pentyl; aryl; heteroaryl; furanyl; indolyl; thiophenyl;
thiazolyl; imidazolyl; isoxazoyl; oxazoyl; piperonyl;
pyrazoyl; pyrrolyl; pyrazinyl; pyridyl; pyrimidyl; pyri-
midinyl; purinyl; cinnolinyl; benzofuranyl; benzothie-
nyl; benzotriazolyl; benzoxazolyl; quinoline; isox-
azolyl; isoquinoline cycloalkyl; alkenyl; cycloalkenyl;
phenyl; pyridyl; methoxyethyl; (R)-methylbenzyl; C, 4
alkyl unsubstituted or substituted with NH,, OH, or SH;
C,_s alkynyl unsubstituted or substituted with NH,, OH,
or SH; lysyl; carboxyl; and hydroxyl group; and

R'®, R*!, and R** are independently selected from the
group consisting of C,_¢ alkylaryl; C,_¢ alkylheteroaryl;
C, ¢ alkyl substituted with a group selected from OH,
SH, a halogen, OR'®, COOR", NR'® (wherein R*® is
selected from the group consisting of Hor C,_ alkyl or
C, s alkynl) or R'® (wherein R*® is selected from the
group consisting of Hor C,_ alkynl); OC, , alkyl; C,
alkenyl; C, 4 alkynyl; C, ¢ alkenyl; and C, ¢ alkynyl;
(vii) the formula 2A):

28 0

R29

R 0

wherein, R** is an alkylamine or N-butylamine;

wherein, R* is an alkenyl, such as an allyl group, and

wherein, R*?, R*® and R*®-R* are independently selected
from the group consising of hydrogen; alkyl; allyl;
methyl; ethyl; n-propyl; isopropyl; n-butyl; isobutyl;
n-butylamine; sec-butyl; tert-butyl; pentyl; hexyl; iso-
pentyl; aryl; heteroaryl; furanyl; indolyl; thiophenyl;
thiazolyl; imidazolyl; isoxazoyl; oxazoyl; piperonyl;
pyrazoyl; pyrrolyl; pyrazinyl; pyridyl; pyrimidyl; pyri-
midinyl; purinyl; cinnolinyl; benzofuranyl; benzothie-
nyl, benzotriazolyl, benzoxazolyl; quinoline; isox-
azolyl; isoquinoline cycloalkyl; alkenyl; cycloalkenyl;
phenyl; pyridyl; methoxyethyl; (R)-methylbenzyl; C, ¢
alkylaryl; C,_4 alkylheteroaryl; C,  alkyl substituted
with a group selected from OH, SH, a halogen, OR™,
COORY’, NR*’ (wherein R** is selected from the group
consisting of H or C,_, alkyl or C,_; alkynl) or R*®
(wherein R*° is selected from the group consisting of H
or C, ¢ alkynl); OC, ¢ alkyl; C,_; alkenyl; C,_¢ alkynyl;
C, ¢ alkenyl; and C, , alkynyl; and

wherein 7 is coupling group; I is an optional linker moiety,
M is a substrate or support; and m, 1, o, and/or p is 0-6;
and;

1A

o 1 |
u N\)J\ N\)k N N L-M
\<N N N N z‘y
I " I I [ m
R% 0 R¥ 0 0 0/
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(b) detecting an AD associated antibody 1 bound to high
affinity peptoid A; and, optionally

(¢) detecting an AD associated antibody 2 bound to high
affinity peptoid B.

40. An isolated antibody composition comprising an anti-
body isolated from the serum of a subject having a neurode-
generative disease, wherein the antibody specifically binds a
peptoid comprising the following structure:

AD1
NH,
OH
0 0 0 H\ 0
YUY U Y
0 H\ 0 0 H\ 0
NH, NH,
AD2
NH,
| | on
0 0 0 0
0 0 0 0
0
NIL o\/
AD3
NH, 0/\
0
I
C
0 r \OH 0 0 0
YT Y O Ty
0 0 0 0
NH, NH,
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-continued -
NH; NH,
Z)k/Nj(\N)‘\/Nj‘/\Nk/N\[(\Nk/N\H/\NH
0 0 0 0
|
NH; NH;
L \IL PD2
|
J\/N LN )L/N jL/N
Z I(\N \L(\N I(\N \L(\NH
OH OH |and
NH,
PD3

NH,

wherein Z is a functional group capable of coupling to a

linker, substrate, or label.

41. A kit for detecting antigens associated with Alzhe-
imer’s disease or Parkison’s disease comprising the isolated
antibody of claim 40.

42. An antibody isolated by the steps comprising:

(a) contacing a sample containing an antibody indicative of

a neurodegenerative disease with an immunoaffinity
substrate comprising a peptoid of claim 1 and/or 11 that
bind antibodies indicative of a neurodegenerative dis-
ease;

(b) eluting the bound antibodies from the immunoaffinity

substrate.

43. A composition comprising a peptoid having the follow-
ing formula:

(a) the formula (1A):

1A
BSOS
K A
H Z
\(N/\yﬁn/ Iﬁﬁr( N N/ﬁ‘/‘ )’”\L—M
| R3 (0] I
RO RO

wherein, R' and R* are independently selected from the
group consising of from hydrogen; alkyl; allyl; methyl;
ethyl; n-propyl; isopropyl; n-butyl; isobutyl; n-buty-
lamine; sec-butyl; tert-butyl; pentyl; hexyl; isopentyl;
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aryl; heteroaryl; furanyl; indolyl; thiophenyl; thiazolyl;
imidazolyl; isoxazoyl: oxazoyl, piperonyl; pyrazoyl;
pyrrolyl; pyrazinyl; pyridyl; pyrimidyl; pyrimidinyl;
purinyl; cinnolinyl; benzofuranyl; benzothienyl; benzo-
triazolyl; benzoxazolyl; quinoline; isoxazolyl; iso-

RI0 0]

Rll
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from the group consisting of H or C, 4 alkyl or C,
alkynl) or R'® (wherein R*¢ is selected from the group
consisting of H or C,_¢ alkynl); OC, ¢ alkyl; C,  alk-
enyl; C,_¢ alkynyl; C,_ alkenyl; and C,_¢ alkynyl;

(c) formula (1C):

6]

1C
R 0 Il{” 0
| L—M
| N\)‘\t
N )/
N
H\( \)LéN JL(N/W”/ z),
N A | o |
Il{9 i Rl3 0

quinoline cycloalkyl; alkenyl; cycloalkenyl; phenyl;
pyridyl; methoxyethyl; (R)-methylbenzyl; C, ¢ alkyl
unsubstituted or substituted with NH,, OH, or SH; C, 4
alkynyl unsubstituted or substituted with NH,, OH, or
SH; lysyl; carboxyl; and hydroxyl group; and

R?, R? and R® are independently selected from the group
consisting of C, ¢ alkylaryl; C, ¢ alkylheteroaryl; C, ¢
alkyl substituted with a group selected from OH, SH, a
halogen, OR'®, COOR"®>, NR*? (wherein R'* is selected
from the group consisting of H or C, 4 alkyl or C,
alkynl) or R'® (wherein R'® is selected from the group
consisting of H or C,_¢ alkynl); OC,_¢ alkyl; C,_, alk-
enyl; C, ¢ alkynyl; C,_ alkenyl; and C, ¢ alkynyl,

(b) formula (1B):

1B

U
E N\)J\ z)\
R O R0

wherein, Ry is selected from the group consising of hydro-
gen; alkyl; allyl; methyl; ethyl; n-propyl; isopropyl;

1|118 0 Il{ZO 0 Il{ZZ 0
\(N N N N
| g | | |
RV 0 R 0

n-butyl; isobutyl; n-butylamine; sec-butyl; tert-butyl;
pentyl; hexyl; isopentyl; aryl; heteroaryl; furanyl;
indolyl; thiophenyl; thiazolyl; imidazolyl; isoxazoyl,
oxazoyl; piperonyl; pyrazoyl, pyrrolyl; pyrazinyl;
pyridyl; pyrimidyl; pyrimidinyl; purinyl; cinnolinyl;
benzofuranyl; benzothienyl; benzotriazolyl; benzox-
azolyl; quinoline; isoxazolyl; isoquinoline cycloalkyl;
alkenyl; cycloalkenyl; phenyl; pyridyl; methoxyethyl;
(R)-methylbenzyl; C,_ alkyl unsubstituted or substi-
tuted with NH,, OH, or SH; C, _, alkynyl unsubstituted
or substituted with NH,,, OH, or SH; lysyl; carboxyl; and
hydroxyl group; and

R’ and R® are independently selected from the group con-
sisting of C,_¢ alkylaryl; C, ¢ alkylheteroaryl; C,  alkyl
substituted with a group selected from OH, SH, a halo-
gen, OR'?, COOR™, NR"® (wherein R"® is selected

wherein, R°, R"', and R'? are independently selected from
the group consising of hydrogen; alkyl; allyl; methyl;
ethyl; n-propyl; isopropyl; n-butyl; isobutyl; n-buty-
lamine; sec-butyl; tert-butyl; pentyl; hexyl; isopentyl,
aryl; heteroaryl; furanyl; indolyl; thiophenyl; thiazolyl;
imidazolyl; isoxazoyl; oxazoyl; piperonyl; pyrazoyl;
pyrrolyl; pyrazinyl; pyridyl; pyrimidyl; pyrimidinyl;
purinyl; cinnolinyl; benzofuranyl; benzothienyl; benzo-
triazolyl; benzoxazolyl; quinoline; isoxazolyl; iso-
quinoline cycloalkyl; alkenyl; cycloalkenyl; phenyl;
pyridyl; methoxyethyl; (R)-methylbenzyl; C, o alkyl
unsubstituted or substituted with NH,, OH, or SH; C, ¢
alkynyl unsubstituted or substituted with NH,, OH, or
SH; lysyl; carboxyl; and hydroxyl group; and

wherein, R'°, R'? and R'* are independently selected from
the group consisting of C,_¢ alkylaryl; C,_¢ alkylhet-
eroaryl; C,_ alkyl substituted with a group selected
from OH, SH, a halogen, OR"®>, COOR"’ NR"
(wherein R*? is selected from the group consisting of H
or C, ¢ alkyl or C, 4 alkynl) or R' (wherein R'® is
selected from the group consisting of H or C, ¢ alkynl);
OC, _qalkyl; C, s alkenyl; C,_calkynyl; C, . alkenyl;and
Cog alkynyl;

(d) formula (1D):

R 0

A

wherein, R*7-R*° and R* are independently selected from
the group consising of hydrogen; alkyl; allyl; methyl;
ethyl; n-propyl; isopropyl; n-butyl; isobutyl; n-buty-
lamine; sec-butyl; tert-butyl; pentyl; hexyl; isopentyl;
aryl; heteroaryl; furanyl; indolyl; thiophenyl; thiazolyl,
imidazolyl; isoxazoyl; oxazoyl; piperonyl; pyrazoyl;
pyrrolyl; pyrazinyl; pyridyl; pyrimidyl; pyrimidinyl,
purinyl; cinnolinyl; benzofuranyl; benzothienyl; benzo-
triazolyl; benzoxazolyl; quinoline; isoxazolyl, iso-
quinoline cycloalkyl; alkenyl; cycloalkenyl; phenyl;
pyridyl; methoxyethyl; (R)-methylbenzyl; C,_ alkyl
unsubstituted or substituted with NH,, OH, or SH; C,_
alkynyl unsubstituted or substituted with NH,, OH, or
SH; lysyl; carboxyl; and hydroxyl group; and

wherein, R*!, R** and R** are independently selected from
the group consisting of C,_¢ alkylaryl; C, ¢ alkylhet-

RZI 0 R23 0
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eroaryl; C, ; alkyl substituted with a group selected
from OH, SH, a halogen, OR'>, COOR'?, NR"
(wherein R is selected from the group consisting of H
or C, ¢ alkyl or C,_ 4 alkynl) or R*® (wherein R'® is
selected from the group consisting of H or C, _, alkynl);
OC,_salkyl; C, s alkenyl; C,_ alkynyl; C,_;alkenyl; and
C, s alkynyl

(e) formula (1D):

wherein, R'7-R?°, R**, and R** are independently selected
from the group consising of hydrogen; alkyl; allyl;
methyl; ethyl; n-propyl; isopropyl; n-butyl; isobutyl;
n-butylamine; sec-butyl; tert-butyl; pentyl; hexyl; iso-
pentyl; aryl; heteroaryl; furanyl; indolyl; thiophenyl;
thiazolyl; imidazolyl; isoxazoyl; oxazoyl; piperonyl;
pyrazoyl; pyrrolyl; pyrazinyl; pyridyl; pyrimidyl; pyri-
midinyl; purinyl; cinnolinyl; benzofuranyl; benzothie-
nyl; benzotriazolyl; benzoxazolyl; quinoline; isox-
azolyl; isoquinoline cycloalkyl; alkenyl; cycloalkenyl;
phenyl; pyridyl; methoxyethyl; (R)-methylbenzyl; C, ¢
alkyl unsubstituted or substituted with NH,, OH, or SH;
C,_s alkynyl unsubstituted or substituted with NH,, OH,
or SH; lysyl; carboxyl; and hydroxyl group; and

wherein, R*' and R** are independently selected from the
group consisting of C,_¢ alkylaryl; C, ¢ alkylheteroaryl;
C,_s alkyl substituted with a group selected from OH,
SH, a halogen, OR'?, COOR", NR'® (wherein R'® is
selected from the group consisting of H or C,_ alkyl or
C, s alkynl) or R'® (wherein R'¢ is selected from the

N)H:/N\(L(\
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group consisting of H or C, ¢ alkynl); OC, ¢ alkyl; C, 4
alkenyl; C,_q alkynyl; C, ¢ alkenyl; and C,_ alkynyl; or

() formula gl D):

wherein, R, R'® R?°, and R are independently selected
from the group consising of hydrogen; alkyl; allyl;
methyl; ethyl; n-propyl; isopropyl; n-butyl; isobutyl;
n-butylamine; sec-butyl; tert-butyl; pentyl; hexyl; iso-
pentyl; aryl; heteroaryl; furanyl; indolyl; thiophenyl;
thiazolyl; imidazolyl; isoxazoyl; oxazoyl; piperonyl;
pyrazoyl; pyrrolyl; pyrazinyl; pyridyl; pyrimidyl; pyri-
midinyl; purinyl; cinnolinyl; benzofuranyl; benzothie-
nyl; benzotriazolyl, benzoxazolyl; quinoline; isox-
azolyl; isoquinoline cycloalkyl; alkenyl; cycloalkenyl;
phenyl; pyridyl; methoxyethyl; (R)-methylbenzyl; C, ¢
alkyl unsubstituted or substituted with NH,, OH, or SH;
C,_g alkynyl unsubstituted or substituted with NH,, OH,
or SH; lysyl; carboxyl; and hydroxyl group; and

R'®, R*!, and R** are independently selected from the
group consisting of C,_¢ alkylaryl; C,_¢ alkylheteroaryl;
C,_s alkyl substituted with a group selected from OH,
SH, a halogen, OR'®, COOR™, NR'? (wherein R* is
selected from the group consisting of H or C, _ alkyl or
C,. alkynl) or R'® (wherein R'® is selected from the
group consisting of H or C, ¢ alkynl); OC, ¢ alkyl; C, 4
alkenyl; C,_salkynyl; C,_salkenyl;and C,_,alkynyl;and

wherein 7 is coupling group; L is an optional linker moiety,
M is a substrate or support; and m, n, o, and/or p is 0-6.

44. The composition of claim 43, further comprising an

antibody indicative of a neurodegenerative disease.

45. A peptoid composition comprising the following for-

mula:

ADL
OH
0 H\ 0
AN J N
OTOTTY
6] H\ 0]
NH,
AD2
| OH
0 0]
J N
Yy
0 0]
[0)
ot
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wherein Z is a functional group capable of coupling to a
linker, substrate, or label.

46. The composition of claim 45, further comprising an

antibody indicative of a neurodegenerative disease.

47. An isolated peptoid having the following formula:

(a) the formula (1A):

1A

P b
v v A
H Z
\(N II\I/\'],é . )m\ )
| n 50 | L-M
o} R RO

Rl

wherein, R' and R* are independently selected from the
group consising of from hydrogen; alkyl; allyl; methyl;
ethyl; n-propyl; isopropyl; n-butyl; isobutyl; n-buty-
lamine; sec-butyl; tert-butyl; pentyl; hexyl; isopentyl;
aryl; heteroaryl; furanyl; indolyl; thiophenyl; thiazolyl;
imidazolyl; isoxazoyl; oxazoyl, piperonyl; pyrazoyl;
pyrrolyl; pyrazinyl; pyridyl; pyrimidyl; pyrimidinyl;

purinyl; cinnolinyl; benzofuranyl; benzothienyl; benzo-
triazolyl, benzoxazolyl; quinoline; isoxazolyl; iso-
quinoline cycloalkyl; alkenyl; cycloalkenyl; phenyl;
pyridyl; methoxyethyl; (R)-methylbenzyl; C,_ alkyl
unsubstituted or substituted with NH,, OH, or SH; C, ¢
alkynyl unsubstituted or substituted with NH,, OH, or
SH; lysyl; carboxyl; and hydroxyl group; and

R?, R? and R are independently selected from the group
consisting of C, ¢ alkylaryl; C,  alkylheteroaryl; C,
alkyl substituted with a group selected from OH, SH, a
halogen, OR'®, COOR"® NR'?® (wherein R'* is selected
from the group consisting of H or C, 4 alkyl or C,
alkynl) or R'® (wherein R'® is selected from the group
consisting of H or C,_¢ alkynl); OC, ¢ alkyl; C, 4 alk-
enyl; C, 4 alkynyl; C, ¢ alkenyl; and C, ¢ alkynyl;

(b) formula (1B):

1B

P
H N\)k z)\
\(T/\’ﬁn/ Iil m L—M
RO R 0
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wherein, Ry is selected from the group consising of hydrogen;
alkyl; allyl; methyl; ethyl; n-propyl; isopropyl; n-butyl;
isobutyl; n-butylamine; sec-butyl; tert-butyl; pentyl; hexyl;
isopentyl; aryl; heteroaryl; furanyl; indolyl; thiophenyl; thia-
zolyl; imidazolyl; isoxazoyl; oxazoyl; piperonyl; pyrazoyl;
pyrrolyl; pyrazinyl; pyridyl; pyrimidyl; pyrimidinyl; purinyl;
cinnolinyl; benzofuranyl; benzothienyl; benzotriazolyl; ben-
zoxazolyl; quinoline; isoxazolyl; isoquinoline cycloalkyl;
alkenyl; cycloalkenyl; phenyl; pyridyl; methoxyethyl; (R)-
methylbenzyl; C,  alkyl unsubstituted or substituted with
NH,, OH, or SH; C,_, alkynyl unsubstituted or substituted
with NH,, OH, or SH; lysyl; carboxyl; and hydroxyl group;
and
R” and R® are independently selected from the group con-
sisting of C,_¢ alkylaryl; C,_¢ alkylheteroaryl; C,  alkyl
substituted with a group selected from OH, SH, a halo-
gen, OR'>, COOR", NR" (wherein R'® is selected
from the group consisting of H or C, 4 alkyl or C,
alkynl) or R*® (wherein R'? is selected from the group
consisting of H or C, ¢ alkynl); OC,_; alkyl; C, ; alk-
enyl; C,_¢ alkynyl; C, ¢ alkenyl; and C, ¢ alkynyl;
(¢) formula (1C):

1C

wherein, R°, R", and R'? are independently selected from
the group consising of hydrogen; alkyl; allyl; methyl;
ethyl; n-propyl; isopropyl; n-butyl; isobutyl; n-buty-
lamine; sec-butyl; tert-butyl; pentyl; hexyl; isopentyl;
aryl; heteroaryl; furanyl; indolyl; thiophenyl; thiazolyl,
imidazolyl; isoxazoyl; oxazoyl; piperonyl; pyrazoyl;
pyrrolyl; pyrazinyl; pyridyl; pyrimidyl; pyrimidinyl;
purinyl; cinnolinyl; benzofuranyl; benzothienyl; benzo-
triazolyl; benzoxazolyl; quinoline; isoxazolyl, iso-
quinoline cycloalkyl; alkenyl; cycloalkenyl; phenyl;
pyridyl; methoxyethyl; (R)-methylbenzyl; C, o alkyl
unsubstituted or substituted with NH,, OH, or SH; C, ¢
alkynyl unsubstituted or substituted with NH,, OH, or
SH; lysyl; carboxyl; and hydroxyl group; and

wherein, R'°, R'? and R'* are independently selected from
the group consisting of C,_4 alkylaryl; C, ¢ alkylhet-
eroaryl; C, ¢ alkyl substituted with a group selected
from OH, SH, a halogen, OR'>, COOR", NR"
(wherein R** is selected from the group consisting of H
or C, alkyl or C,_4 alkynl) or R*® (wherein R'® is
selected from the group consisting of H or C, _, alkynl);
0OC,_alkyl; C, calkenyl;C,_alkynyl; C,_;alkenyl; and
C, g alkynyl;
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(d) formula (1D):

: 8 0

wherein, R'7-R?° and R** are independently selected from
the group consising of hydrogen; alkyl; allyl; methyl;
ethyl; n-propyl; isopropyl; n-butyl; isobutyl; n-buty-
lamine; sec-butyl; tert-butyl; pentyl; hexyl; isopentyl;
aryl; heteroaryl; furanyl; indolyl; thiophenyl; thiazolyl;
imidarzolyl; isoxazoyl: oxazoyl, piperonyl; pyrazoyl;
pyrrolyl; pyrazinyl; pyridyl; pyrimidyl; pyrimidinyl;
purinyl; cinnolinyl; benzofuranyl; benzothienyl; benzo-
triazolyl; benzoxazolyl; quinoline; isoxazolyl; iso-
quinoline cycloalkyl; alkenyl; cycloalkenyl; phenyl;
pyridyl; methoxyethyl; (R)-methylbenzyl; C, o alkyl
unsubstituted or substituted with NH,, OH, or SH; C, ¢
alkynyl unsubstituted or substituted with NH,, OH, or
SH; lysyl; carboxyl; and hydroxyl group; and

wherein, R**, R** and R** are independently selected from
the group consisting of C_, alkylaryl; C, ¢ alkylhet-
eroaryl; C, ¢ alkyl substituted with a group selected
from OH, SH, a halogen, OR'5, COOR'?, NR'*
(wherein R*? is selected from the group consisting of H
or C, 4 alkyl or C, 4 alkynl) or R' (wherein R'® is
selected from the group consisting of H or C,_¢ alkynl);
OC,_alkyl; C, s alkenyl; C,_,alkynyl; C,_;alkenyl;and
C, s alkynyl

(e) formula (1D):

wherein, R'”-R*°, R**, and R** are independently selected
from the group consising of hydrogen; alkyl; allyl;
methyl; ethyl; n-propyl; isopropyl; n-butyl; isobutyl;
n-butylamine; sec-butyl; tert-butyl; pentyl; hexyl; iso-
pentyl; aryl; heteroaryl; furanyl; indolyl; thiophenyl;
thiazolyl; imidazolyl; isoxazoyl; oxazoyl; piperonyl;
pyrazoyl; pyrrolyl; pyrazinyl; pyridyl; pyrimidyl; pyri-
midinyl; purinyl; cinnolinyl; benzofuranyl; benzothie-
nyl; benzotriazolyl; benzoxazolyl; quinoline; isox-
azolyl; isoquinoline cycloalkyl; alkenyl; cycloalkenyl;
phenyl; pyridyl; methoxyethyl; (R)-methylbenzyl; C, ¢
alkyl unsubstituted or substituted with NH,, OH, or SH;

NH»
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R% 0

C,_¢ alkynyl unsubstituted or substituted with NH,, OH,
or SH; lysyl; carboxyl; and hydroxyl group; and

wherein, R** and R*? are independently selected from the
group consisting of C, ¢ alkylaryl; C,_¢ alkylheteroaryl;
C, ¢ alkyl substituted with a group selected from OH,
SH, a halogen, OR", COOR"™, NR'* (wherein R’ is
selected from the group consisting of H or C,  alkyl or
C,. alkynl) or R'® (wherein R'® is selected from the
group consisting of H or C, ¢ alkynl); OC, , alkyl; C, ¢
alkenyl; C,_g alkynyl; C, ¢ alkenyl; and C,_¢ alkynyl; or

(B formula (1D):

wherein, R'7, R, R*°, and R** are independently selected
from the group consising of hydrogen; alkyl; allyl;
methyl; ethyl; n-propyl; isopropyl; n-butyl; isobutyl;
n-butylamine; sec-butyl; tert-butyl; pentyl; hexyl; iso-
pentyl; aryl; heteroaryl; furanyl; indolyl; thiophenyl;
thiazolyl; imidazolyl; isoxazoyl; oxazoyl; piperonyl,
pyrazoyl; pyrrolyl; pyrazinyl; pyridyl; pyrimidyl; pyri-
midinyl; purinyl; cinnolinyl; benzofuranyl; benzothie-
nyl; benzotriazolyl; benzoxazolyl; quinoline; isox-
azolyl; isoquinoline cycloalkyl; alkenyl; cycloalkenyl,
phenyl; pyridyl; methoxyethyl; (R)-methylbenzyl; C, ¢
alkyl unsubstituted or substituted with NH,, OH, or SH;
C,_ alkynyl unsubstituted or substituted with NH,, OH,
or SH; lysyl; carboxyl; and hydroxyl group; and

R'® R*, and R** are independently selected from the
group consisting of C,_; alkylaryl; C, , alkylheteroaryl;
C, ¢ alkyl substituted with a group selected from OH,
SH, a halogen, OR">, COOR", NR'* (wherein R’ is
selected from the group consisting of H or C,  alkyl or
C,. alkynl) or R'® (wherein R'® is selected from the
group consisting of H or C, ¢ alkynl); OC, , alkyl; C, 4
alkenyl; C,_calkynyl; C,_salkenyl;and C,_salkynyl; and

wherein 7 is coupling group; L is an optional linker moiety,
M is a substrate or support; and m, n, o, and/or p is 0-6.

48. The isolated peptoid of claim 47, wherein the peptoid

has a structure of:

AD1

NH,
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49. The isolated peptoid of claim 47, wherein the peptoid
has a structure of:

AD2
NH,
| | OH
(0] [0} (0] 0}
JK/N JK/N J\/N JK/N
; Y\N Y\N Y\N \’(\NH_

0} ¢} (0] (6}

O

NH, o\/
50. The isolated peptoid of claim 47, wherein the peptoid
has a structure of:
AD3

NH2 NH2 NHZ

51. The isolated peptoid of claim 47, wherein the peptoid
has a structure of:

PD1

NH, NH,.
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52. The isolated peptoid of claim 47, wherein the peptoid
has a structure of:
PD2
NH, NH,
0 0 0 H\ 0
)k/N JK/N )K/N JK/N
; j(\N Y\N Y\N \’(\NH
0} ¢} (0] (6}
OH OH | '
NH,
53. The isolated peptoid of claim 47, wherein the peptoid
has a structure of:
PD3

| |

Z

54. A method of detecting an antibody in a biological fluid
comprising:

(a) incubating a peptoid array with a blocking buffer com-

prising a bacterial lysate at a concentration of 0.5 to 2
mg/ml;

| |

0.

o—/

(b) removing the blocking buffer;
(c) incubating the peptoid array with a sample solution
comprising bacterial lysate; and
(d) detecting antibody binding to the peptoid array.
& s 2

LS.
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