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IDENTIFICATION OF SMALL MOLECULES 
RECOGNIZED BY ANTIBODIES IN 

SUBJECTS WITH NEURODEGENERATIVE 
DISEASES 

This application claims priority to U.S. Provisional Appli 
cation 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. 

This invention was made with government Support under 
grant no. NO1-HV28.185 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 

I. Field of the Invention 
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 
suffering from or at risk of NDs. 

II. Description of Related Art 
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, think 
ing 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 
O Cle. 

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, atten 
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2 
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 inhibition of the direct pathway and excitation of the 
indirect pathway. 

Diagnosis of PD presents similar if somewhat distinct 
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 
observing aspects of the patient's movement, coordination 
and balance. 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 scrutiny because the changes associated with PD 
are microscopic and are not revealed by these scans. With no 
definitive diagnostic tests to provide specific answers, phy 
sicians must base their diagnosis of PD on judgment. 

Thus, there remains a need for diagnostic procedures for 
both of these diseases and other neurological diseases that 
are (i) accurate and objective, (ii) simple and reproducible, 
and (iii) useful in both early and late stage case. 

SUMMARY OF THE INVENTION 

In accordance with the present invention, there is pro 
vided compositions comprising peptoid(s) that bind antibod 
ies indicative of a neurodegenerative disease and methods of 
detecting antibodies in an antibody-containing sample com 
prising contacting an antibody-containing sample with a 
support having affixed thereto a peptoid. Peptoids of the 
invention have the formulas: 

1A 

H Null Nus 7 N SN N o N in L-M pi 

R3 O R5 O RI O 

tion, vision-motor coordination and abstract thinking, are 
also performed. Tests for depression should also be included. 
Finally, brain-imaging scans are recommended to rule out 
brain tumors or blood clots in the brain as the reason for 
symptoms. In Sum, there is currently no single test that 
accurately diagnoses Alzheimer's Disease, with a definitive 
diagnosis of Alzheimer's possible only by examining brain 
tissue after death. 

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 move 
ment (motor symptoms), but other typical symptoms include 
disorders of mood, behavior, thinking, and sensation (non 
motor symptoms). Patients individual symptoms may be 
quite dissimilar and progression of the disease is also 

55 
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wherein R' and R are independently selected from the 
group consisting 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; isox 
aZoyl: 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 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 
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alkylaryl; Co 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, C2-alkenyl, C2-alkynyl: C2-alkenyl; and 
C. alkynyl including one or more chemical group 
described in Table 1 and 2 below. 

Or 

1B 

H Null 'N try in L-M 
R8 O R6 O 

5 

10 

15 

4 
butyl; tert-butyl; pentyl; hexyl: isopentyl: aryl; heteroaryl; 
furanyl; indolyl; thiophenyl; thiazolyl; imidazolyl; isox 
aZoyl: 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—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 Coe alkylaryl; Co-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); OCs alkyl, C2-alkenyl, C2-alkynyl, C2 
alkenyl; and C alkynyl including one or more chemical 
group described in Table 1 and 2 below. 
Or 

R18 O R20 O R22 O R24 O 

H -------------- L-M s N N N z1 
pi iii. 

R17 O R19 O R21 O R23 O 

wherein R is selected from the group consisting 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; thi 
azolyl; imidazolyl; isoxazoyl, oxazoyl; piperonyl; pyrazoyl; 
pyrrolyl; pyrazinyl; pyridyl, pyrimidyl; pyrimidinyl; puri 
nyl; cinnolinyl; benzofuranyl; benzothienyl; benzotriazolyl: 
benzoxazolyl; 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—including one or more chemical group 
described in Table 1 and 2 below. R and Rare indepen 
dently selected from the group consisting of Coalkylaryl; 
Cole 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: 
C2-alkenyl: C2-alkynyl: C2-alkenyl; and C2-alkynyl 
including one or more chemical group described in Table 1 
and 2 below. 
Or 
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Wherein, in one embodiment, R7-R'' and R of formula 
1D are independently selected from the group consisting 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; 
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, R and R are 
independently selected from the group consisting of Co 
alkylaryl; Co- 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 Ce alkynl); 
OC alkyl, C- alkenyl, C- alkynyl: Calkenyl; and 
C- alkynyl including one or more chemical group 
described in Table 1 and 2 below. 

1C 

R10 O f O O 

H Null N- Null --M Z try r - iii. 
R9 O R11 O R13 O 

Wherein R. R', and R' are independently selected from 
the group consisting of hydrogen; alkyl; allyl; methyl; ethyl; 
n-propyl; isopropyl. n-butyl, isobutyl, n-butylamine; sec 

65 In another embodiment, R'7-R. R. and R of formula 
1D are independently selected from the group consisting of 
hydrogen; alkyl; allyl; methyl, ethyl; n-propyl; isopropyl; 
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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; 
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 Rare indepen 
dently selected from the group consisting of Coe alkylaryl; 
Co. 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 Ce alkynl); OC alkyl; 
C2-alkenyl: C2-alkynyl: C2-alkenyl; and C2-alkynyl 
including one or more chemical group described in Table 1 
and 2 below. 

In still a further embodiment, R. R. R', and R of 
formula 1D are independently selected from the group 
consisting 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 
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 independently selected from the group consist 
ing of Coe alkylaryl; Co- alkylheteroaryl; C alkyl Sub 
stituted 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); OCs alkyl, C2-alkenyl, C2-alkynyl, C2 
alkenyl; and C alkynyl including one or more chemical 
group described in Table 1 and 2 below. 

In formula 1A R2, R3, R4, and R5 may additionally 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 R5 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). 

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 particular pep 
toid 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 (I). 

In formula 1C R10, R11, R12, and R14 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 oligomer 
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6 
ADP1-3. For example, 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). 

In formula 1D, R21, R22, R23, and R24, may additionally 
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). 

In the formulas described herein Z 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. 
Methods also can include (b) detecting antibodies bound 

to said peptoid. 
In certain 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 label, or other 
moieties. In certain aspect a terminal cysteine residue is 
coupled to the peptoid and can provide a sulfhydryl group 
for further coupling the peptoid to a substrate. In other 
aspects, the carboxy terminus can comprise an NH, OH, or 
other chemical group that can be further reacted with a 
substrate (directly or indirectly) or a linker or other moiety. 
A wide variety of linkers can be used. The linker com 

ponent in its simplest form is a bond between the peptoid 
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 link 
ing 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 interac 
tion with one or more functional groups located on the 
peptoid and/or Substrate or second molecular entity. 
Examples of chemically reactive functional groups which 
may be employed for this purpose include amino, hydroxyl, 
Sulfhydroxyl, carboxyl and carbonyl groups, as well as 
carbohydrate groups, vicinal diols, thioethers, 2-aminoalco 
hols, 2-aminothiols, guanidinyl, imidazolyl and phenolic 
groups. 

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. 

In certain embodiments, a peptoid may be selected from 
the group consisting of AD 1 (APD1), AD2 (APD2) and AD3 
(APD3), wherein Z 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 peptoids (e.g., 
AD1, AD2 and AD3). 
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OH 

In certain aspects, 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, saliva or CSF. The detecting step may 
comprise RIA, FIA, ELISA, Western blot, flow cytometry, 
FRET, or surface plasmon resonance. 

In certain aspects, a peptoid of the invention can comprise 
one of the following formulas: 
(i) (X) (methylbenzyl)(methylbenzyl)(n-butylamine)(n- 

butylamine) 
(ii) (X) (allyl)(allyl)(n-butylamine)(X), or 
(iii) (X)(piperonyl)(X)-(n-butylamine)(X)-(glycine); 
wherein X can be hydrogen; alkyl; allyl: methyl; ethyl: 
n-propyl; isopropyl. n-butyl, isobutyl, n-butylamine; sec 
butyl; tert-butyl; pentyl; hexyl, isopentyl; or hydroxyl group. 

Embodiments include peptoids of 2,3,4, 5, 6, 7, 8 or more 
monomer units. In certain aspects a peptoid can comprise a 
peptoid sequence from position 1, 2, 3, 4, 5, 6 to position 8 

50 

55 

60 

65 

ADP1 
NH 

C 

B 

O O 

O O 

NH2 
ADP2 

NH2 

O O 

O 
F 

NH 
ADP3 

or from position 8, 7, 6, 5, 4, 3, 2 to position 1, or any 2, 3, 
4, 5, 6, 7 monomer peptoid there between. 
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; heteroaryl; 
furanyl; indolyl; thiophenyl; thiazolyl; imidazolyl; isox 
aZoyl: 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-C 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 
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amino acids are selected from glycine, cysteine, allylamine, 
ethanolamine, isobutylamine, diaminobutane, methylben 
Zylamine, piperonylamine, 4(2-aminoethyl)benzenesulfona 
mide, furfurylamine, 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. 

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 
compounds identified in the sarcosine Scan which identified 
specific monomers designated at positions A-I on the struc 
tures shown above for ADP1-3. Tables 1 and 2 below 
provide these letter designations in the left hand column for 
specific positions 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 I in 
structures APD1, APD2, and APD3 can also be substituted 
with groups independently selected from the group consist 
ing of hydrogen; alkyl; allyl, methyl, ethyl; n-propyl; iso 
propyl. n-butyl; isobutyl; n-butylamine; sec-butyl; tert-bu 
tyl; 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 
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 Co 
alkylaryl; Co 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 Ce alkynl); 
OC alkyl, Calkenyl, C- alkynyl: C- alkenyl; and 
C2-alkynyl. 

TABLE 1. 

Side chain modifications for peptoids 

Replacement 
Amine Position 

Amine Side Chain, 
NHR (Ref. No.) 

D, E n-Bu' (Heine, Tetrahedron 59 (2003) 9919-9930) 
D, E S-Bu 
I —Cy 
A, B, G —CH2CH2—CH(Ph) 
A, B, G - CHPh 
C, F, H - CHCH-OH 
C, F, H - OH 

A, B, G 

OPh 

A, B, G 

OH 
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10 
TABLE 1-continued 

Side chain modifications for peptoids 

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

A, B, G 

OH 

C, F, H 

OH OH 

C, F, H NHBOc 
pi 

n = 0-4 

I Ot-Bu 
pi 

O 

H, I NH2 
pi 

O 

A, B, G H 

c 
A, B, G H 

X x 
A, B, G 

N 

A, B, G 

S 

C, F, H —i-Bu 
I —CH2Cy 

C, F, H 

O 



US 9,551,721 B2 

TABLE 1-continued TABLE 1-continued 

Side chain modifications for peptoids Side chain modifications for peptoids 

Replacement Amine Side Chain, 5 Replacement Amine Side Chain, 
Amine Position NH2R (Ref. No.) Amine Position NH-R (Ref. No.) 

A, B, G CH2OCIPh A, B, G OCH 
A, B, G —CH2pOCHPh 
A, B, G - CHCHPh 
C, F, H - CHCHCH-NHBoc 10 

O 

x --> 
H 15 

2 
N A, B 

H - CHCHOMe 
H - CHCH2CH2OH 
H - CH(CH)CH-OH 2O 
H - CHCHOHCH-OH 
G 

25 
A, B 

35 A, B, 

A, B, G 

40 

NO 

A, B, 
45 

A, B, G 

50 

G OH 

G F 

(Kirshenbaum etal JACS Nov. 17, 2008) 30 . 

F 

G 

F 

F 

NO 

F 

F 

F 

F 

F 

A, B, G 
55 

rs 
N 2 

OCH (Disney et. al. Acs Chem. Biol. Mar. 11, 2009) 
60 

A, B, G, C, F, G 

7-c. NH 65 ls 
N NH2 
H 



US 9,551,721 B2 

TABLE 1-continued TABLE 1-continued 

Side chain modifications for peptoids Side chain modifications for peptoids 

Replacement Amine Side Chain, Replacement Amine Side Chain, 
Amine Position NH-R (Ref. No.) 5 Amine Position NHR (Ref. No.) 

A, B, C, D, O 
A, B, G H E, F, G, H 

N S 
n | NH 

/ 10 O 

C, F, H 
15 

O 
C, F, G O 

A, B, G 
N 2O 

A, B, G 
OCH 

O N N 

y 25 A, B, G. 
N 

1. N 

O 

30 

A, B, G 

C, F, H HN 
35 

NH2 
N 
H A, B, G 

40 
A, B, D, E, G 

A, B, G 

A, B, G, C, F, H O 45 

S n NH A. B. G. O F 

50 F 

C, F, H —nPr F F 

C, F, H 55 F 

N A, B, G F 

A, B, G 
N 

N1,N 60 >n-> N 
S. 

A, B, G F 
C, F, H —CH2CH2CH2OMe 

(Blackwell et al. Organic Letters 
2005 vol. 7 (8) 1521-24) 65 
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TABLE 1-continued TABLE 1-continued 

Side chain modifications for peptoids Side chain modifications for peptoids 

Replacement Amine Side Chain, 5 Replacement Amine Side Chain, 
Amine Position NH-R (Ref. No.) Amine Position NH2R (Ref. No.) 

A. B. G. 
A. B. G. 

e 10 y 
F 

A, B, G F 

A, B, G N 
15 21 

N 
F N 

A, B, G F 

20 A, B, G 21 

Sa 
N 

F 

25 
A, B, G N O 2 

N 
30 

A, B, G. N O 2 

35 N 

40 

N 
21 

NO 
N NO 

A, B, G CH 50 

Xr A, B, G 
A, B, G N 

H 

A, B, C, F, G, H N 
OCH 

60 
N 

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

OCH -- 
65 
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TABLE 1-continued TABLE 1-continued 

Side chain modifications for peptoids Side chain modifications for peptoids 

Replacement Amine Side Chain, Replacement Amine Side Chain, 
Amine Position NH-R (Ref. No.) 5 Amine Position NHR (Ref. No.) 

A, B, G A, B, C, F, G, H SONH2 

10 

C, F, G O 

Is C, F or H n NH 
| NH, 2 
O 

15 

(Appella et al. JACS, 2006, 128(6), 1995-2004) A, B, G 

C, F, H, I V O 
\ OtBl p4-O-Bu 

2O O 
n = 3.4 

C, F, H Ot-Bu 
C, F, H - CHCH-OH 

25 

A, B, G NH 
TABLE 2 

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

A, B, G NH2 
G, A, B 

Ph 
35 

A, B, G 

Ph A, B, G Or 
FCO 

C, F, H, I 40 3 

COOH A, B, G NH2 

OCH 

A, B, G NH 45 

A, B, G NH2 

50 

C, F, H C. 
Br 

A, B, G NH2 
C, F, H, I V 55 

V -OH CH p4-OH 
n = 3.4 

A, B, G 
A, B, G NH2 

CH3 
(p-NO)Ph 

NA H 65 C 
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TABLE 2-continued 
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A listing of amines that can be used in synthesizing peptoids 

A, B, G 

described herein. 

OC 

C. CF 
CHF Cl 

NH2 

HCO OCH 
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TABLE 2-continued 

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

A, B, G 2 NH 

OCH3 

HC 

A, B, G NH2 

A, B, G NH2 

C 
CH3 

A, B, G NH2 

HCO1 OCH 

OCH 

A, B, G, C, F, H H 

N-7 
NH2 

A, B, G NH2 

CH 

(s 
A, B, G NH2 

A, B, G 
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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. 

A, B, G O 5 

O O A, B, G. NH 
NH2 10 CO 

A, B, G NH2 
A, B, G NH 

15 

NH 

O 
A, B, G. NH 

2O 

C 
N 25 A, B, G. NH 

N 

2N 
30 

NH2 A, B, G. NH2 

A, B, G HN NH 

Ol O 35 O 

A, B, G NH NH2 

40 A, B, G. NH2 

HN 45 

A, B, D, E, G 

50 

A, B, D, E, G 
NH2 

A, B, 

55 

D > 
60 A, B, G NH2 
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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. 

A, B, G NH2 5 A, B, G. NH 

l 10 
NH, 

CH3 
A, B, G NH2 

A, B, G NH 
NH2 15 

A, B, G 2O 
NH2 

OCH 

A, B, G A, B, G. NH 
NH 25 

Cl Cl 

C, F, H CN NH2 A, B, G. 
O 30 NH 

A, B, G FC 

A, B, G NH 
35 

NH 

A, B, G NH 

40 

NH CI 2 

A, B, G NH A, B, G. l 

45 N1)NH, 

CF3 
50 

Cl A, B, G. 
NH2 

A, B, G 

t 
NH2 55 

A. B. G. O Cl 
n1n NH Cl 

60 A, B, G 
NH2 

A, B, G 
N H 

F3CO 65 CF 
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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. 

5 
A, B, G. A, B, G 

NH 

CI Cl NH 

10 

A, B, G HN CH A, B, G. NH 

15 Co 
A, B, G. NH 

C 2O 

A, B, D, E, G NH H3CO 

OCH 
25 

A, B, G. NH 

A, B, G. 
NH2 30 A, B, G. NH2 

35 

A, B, G. NH2 

OCH OCH 
40 

A, B, G. NH2 

"co H OCH 
45 

A, B, G. 
N 

CF A, B, G. NH 

A, B, G, C, F, G NH O CH 
N1 3. 

50 

21 

s A, B, G. HCO 
NH2 

55 

A, B, G. NH2 
H3CO 

60 
A, B, G NH O 

OH 

OCH 65 
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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. 
5 A, B, G O 

A, B, G HN 
H2N H OH 

s OCH, HCI 

10 

O 

A, B, G O C 

15 
NH2 A, B, G 

NH2 

A, B, G O 2O 

OH ol 

A, B, G 
25 

NH 
2 A, B, G NH2 

A, B, G HO 30 

H2N H 
r OCH 

O 35 A, B, G 

A, B, G NH2 
H2N H 

8. OCH HCI A. B. G. O 
40 Y 

O 

A, B, G NH 
45 

CN ol CH3 

C, F, H 1n 1\- N2 HN 
50 

A, B, G O C, F, H NH2 

~us He1\1 
HN E OH C, F, H CHOOCHCH-NH2, 

55 C, F, H HC 

r 
CH 

C, F, H NH 
A, B, G 60 

O 

OH 

NH2 65 s H 
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TABLE 2-continued 

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

A, B, G NH 

HN N 

A, B, G C 

HN 

A, B, G HN N 

N 2 

A, B, G HN N 

2N 

Position 1 Position 2 Position 3 

1 Isobutyl Ethanol 

2 Allyl Ethanol 

3 N-butyl amine Piperonyl 
4 Methyl Ethanol 

5 Methyl Ethanol 

6 Methyl Piperonyl 
7 Isobutyl Methyl 
8 Ally Methyl 
9 Isobutyl Ethano 

10 Ally Ethano 

11 N-butyl amine Piperony 
12 Isobutyl Ethano 

13 Ally Ethano 

14 N-butyl amine Piperony 
15 Ally Ethano 

16 N-butyl amine Piperony 
17 Ally Ethano 

18 N-butyl amine Piperony 
19 Isobutyl Ethano 

20 Ally Ethano 

21 N-butyl amine Piperony 
22 Ally Ethano 

N-butyl amine 
Piperonyl 
Isobutyl 
N-butyl amine 
Piperonyl 
Isobutyl 
N-butyl amine 
Piperonyl 
Methyl 
Methyl 
Methyl 
N-butyl amine 
Piperonyl 
Isobutyl 
Piperonyl 
Isobutyl 
Piperonyl 
Isobutyl 
N-butyl amine 
Piperonyl 
Isobutyl 
Piperonyl 
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TABLE 2-continued 

A listing of amines that can be used in synthesizing peptoids 

5 

C, F, H 

10 

15 
A, B, G 

2O 

25 

TABLE 3 

Alzheimer's disease compounds 

Position 4 Position 5 

sobutyl Methylbenzy 
Ally Ally 

N-butyl amine N-butyl amine 
sobutyl Methylbenzy 
Ally Ally 

N-butyl amine N-butyl amine 
sobutyl Methylbenzy 
Ally Ally 
sobutyl Methylbenzy 
Ally Ally 

N-butyl amine N-butyl amine 
Methyl Methylbenzy 
Methyl Ally 
Methyl N-butyl amine 
Allyl Methy 
N-butyl amine Methy 
Allyl Allyl 
N-butyl amine N-butyl amine 
Isobutyl Methylbenzyl 
Allyl Allyl 
N-butyl amine N-butyl amine 
Allyl Allyl 

described herein. 

CH3 

~~ 
CH3 

HN 

C 

O 

~s 

Position 6 Position 7 

Methylbenzy N-butyl amine 
Ally N-butyl amine 
Methylbenzy N-butyl amine 
Methylbenzy N-butyl amine 
Ally N-butyl amine 
Methylbenzy N-butyl amine 
Methylbenzy N-butyl amine 
Ally N-butyl amine 
Methylbenzy N-butyl amine 
Ally N-butyl amine 
Methylbenzy N-butyl amine 
Methylbenzy N-butyl amine 
Ally N-butyl amine 
Methylbenzy N-butyl amine 
Ally N-butyl amine 
Methylbenzy N-butyl amine 
Methy N-butyl amine 
Methy N-butyl amine 
Methylbenzyl Methyl 
Allyl Methyl 
Methylbenzyl Methyl 
Allyl N-butyl amine 

C 

Position 8 

Glycine 

Glycine 

N-buty 
N-bu 

ycine 
buty 

Ol 

ycine 
buty 

ycine 
buty 

ycine 
buty 

Ol y 

amine 

amine 

amine 

amine 

amine 

amine 

amine 

amine 

amine 

amine 

amine 

amine 

amine 

amine 
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TABLE 4 

36 

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 Isobutyl Ethanol Allyl N-butyl amine N-butyl amine 
3 Piperonyl Allyl Ethanol Allyl N-butyl amine Allyl N-butyl amine Allyl 

10 
In another embodiment, there is provided peptoids that 

bind antibodies indicative of Parkinson's disease and meth 
ods 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 15 
formula: 

R25 O 

In one embodiment, R is an alkylaryl group. In certain 
aspects, R7 is methylbenzyl group. R. R, R-R of 
formula 2A are independently selected from the group 
consisting 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, Coe alky 
laryl; Co 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): 45 
OC alkyl, C2-alkenyl, C2-alkynyl: C2-alkenyl; and 
C. alkynyl including 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. 
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H Nulls Nulls Null, L-M Y(s N N N z1 
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In another embodiment, a peptoid may have formula 2B, 
wherein, R is an alkylamine, for example N-butylamine. In 
still another embodiment R is an alkenyl, such as an allyl 65 
group. In certain embodiments, R7 an alkoxy group such 
ethanol. In certain aspects, R, R and R-R' of formula 

2B are independently selected from the group consisting 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 

2A 
32 

R26 O R28 O R30 O O 

N L-M 
H N N N z1 
Y(s N N N iii. 

pi 

R27 O R29 O R31 O 
Cs 

nyl; purinyl; cinnolinyl; benzofuranyl; benzothienyl; benzo 
triazolyl; benzoxazolyl; quinoline; isoxazolyl; isoquinoline 
cycloalkyl; alkenyl; cycloalkenyl; phenyl; pyridyl; 
methoxyethyl; (R)-methylbenzyl, Co. alkylaryl; Co alky 
lheteroaryl; 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: Coalkenyl; and C- alkynyl including one 
or more chemical group described in Table 1 and 2. 

In the 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. 

In certain aspects the methods can also include (b) detect 
ing antibodies bound to said peptoid. 
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 patients. In still a further aspect, the methods can 
include prescribing a drug or therapy to a subject. 

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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In certain aspects, the Support may be a bead, a plate, a 50 
dipstick, a filter, a membrane a pin, or a well. The sample 
may be blood, serum, saliva or CSF. Detecting may com 
prise RIA, FIA, ELISA, Western blot, flow cytometry, 
FRET, or surface plasmon resonance. 

In yet another embodiment, there is provided a method of 55 
treating a Subject Suspected of having a neurodegenerative 
disease (ND) comprising (a) contacting an antibody-con 
taining sample from said Subject with one or more Supports 
having affixed thereto a peptoid comprising a dipeptoid unit 
having the formula (1A), formula (1B), formula (1C), for 
mula (1D), formula (2A) and/or formula (2B), (b) detecting 
antibodies bound to said peptoids; and (c) making a treat 
ment decision based on the result of step (b). 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 the PD peptoid is greater 
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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 com 
prise making a treatment decision for said Subject. The 
sample may be contacted with more than one peptoid of 
formulas 1A-1D and/or 2A-2B. The sample may be con 
tacted 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 membranea pin, or a well. 
The sample may be blood, serum, saliva or CSF. Detecting 
may comprise RIA, FIA, ELISA, Western blot, flow cytom 
etry, FRET, or Surface plasmon resonance. 

In further embodiments, neurodegenerative diseases 
include, but are not limited to Alzheimer's disease; Parkin 
son's disease; multiple sclerosis (MS); amyotrophic lateral 
Sclerosis (ALS or Lou Gehrig's disease); dementia; motor 
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neuron disease; prion disease; Huntington's disease; 
Tauopathies; Chromosome 17 dementias; hereditary neu 
ropathies; and diseases involving cerebellar degeneration. 
A further embodiment is directed to an antibody compo 

sition isolated from a biological fluid that is indicative of a 
neurodegenerative disease. In certain embodiments the ani 
body are isolated by contacting a sample having Such 
antibodies with a peptoid composition that specifically binds 
antibodies indicative or associated with a neurdenerative 
disease. 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). 

In certain embodiments, a peptoid array is hybridized 
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 equili 
brated 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 
concentration of 5, 10, 15, 20 or 25 ug/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 appro 
priate 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 diseased sample with an E. 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 anti 
bodies in Sera in the context of comparing a control sample 
to a diseased sample. 

It is contemplated that any method or composition 
described herein can be implemented with respect to any 
other method or composition described herein. 
The use of the word “a” or “an' when used in conjunction 

with the term “comprising in the claims and/or the speci 
fication may mean “one.” but it is also consistent with the 
meaning of “one or more,” “at least one.” and “one or more 
than one.” 

It is contemplated that any embodiment discussed in this 
specification can be implemented with respect to any 
method or composition of the invention, and Vice versa. 
Furthermore, compositions and kits of the invention can be 
used to achieve methods of the invention. 

Throughout this application, the term “about is used to 
indicate that a value includes the inherent variation of error 
for the device, the method being employed to determine the 
value, or the variation that exists among the study Subjects. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The following drawings form part of the present specifi 
cation 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 
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40 
combination with the detailed description of specific 
embodiments presented herein. 

FIGS. 1A-B Structures of Peptoids Found to Capture 
Disease Specific Antibodies. (FIG. 1A) Peptoids AD1-AD3 
identify Alzheimer's Disease antibodies. (FIG. 1B) Peptoids 
PD1-PD3 identify Parkinson's Disease antibodies. Z repre 
sents a functional group that can be further coupled to a 
Substrate, linker, or second molecular entity. 

FIGS. 2A-C—Antibody Profiles That Distinguish 
Alzheimer's Disease and Parkison's Disease Subjects from 
Controls. (FIG. 2A) Serum antibody-binding profiles for 
peptoids AD1-AD3. (FIG. 2B) Serum antibody-binding pro 
files for peptoids PD1-PD3. (FIG. 2C) Serum antibody 
binding profiles for ADPD1-ADPD3. 

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. 

FIG. 4 Validation of ADP1 peptoid as a selective marker 
for Alzheimer's disease on Microarrays. 

FIG. 5 Validation of ADP2 peptoid as a selective marker 
for Alzheimer's disease on Microarrays. 

FIG. 6 Validation of ADP3 peptoid as a selective marker 
for Alzheimer's disease on Microarrays. 

FIG. 7 Validation of an intermediate subject AD12 after 5 
years. 

FIG. 8 The LumineXOR Titration of Alzheimer's Disease 
Vs Normal Control. (FIG. 8A) Autopsy confirmed AD 
sample vs normal control. (FIG. 8B) AD5 vs NC9. (FIG. 8C) 
AD8 vs NC11. (FIG. 8D) Autopsy confirmed AD sample vs 
normal control pool. 
FIG.9 The LumineXOR) titration of different Normal Con 

trol 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. 

FIG. 10 Validation of ADP1 peptoid as a selective marker 
for Alzheimer's disease on LumineXOR) beads. 

FIG. 11 Validation of ADP2 peptoid as a selective marker 
for Alzheimer's disease on LumineXOR) beads. 

FIG. 12 Validation of ADP3 peptoid as a selective marker 
for Alzheimer's disease on LumineXOR) beads. 

FIG. 13 The Luminex(R) titration of Intermediate samples. 
FIG. 14. The Sarcosine Scan results of ADP1-3. 
FIG. 15 A comparison of a peptoid array incubated with 

or without a bacterial lysate blocking agent. 

DESCRIPTION OF ILLUSTRATIVE 
EMBODIMENTS 

I. Neurodegenerative Diseases 

Neurodegenerative Diseases (NDs) include a wide variety 
of debilitating afflictions of the central and peripheral ner 
vous systems. Most, however, affect the CNS. Such diseases 
include Alzheimer's Disease, Pick's Disease, senile demen 
tia, 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 neuron dis 
ease, prion disease, Huntington's disease, Tauopathies, 
Chromosome 17 dementias, hereditary neuropathies, and 
diseases involving cerebellar degeneration. 

Because there usually is no single definitive test for these 
disease, and because of the overlapping symptoms that 
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many of these disease exhibit, doctors waste weeks and 
millions 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. 
The inventors have identified a number of small molecule 

"peptoids” that are specific ligands for antibodies produced 
uniquely in Subjects having either Parkinson's Disease or 
Alzheimer's Disease. Peptoids, or N-substituted oligo-gly 
cines, 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 C-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 for at least 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. 

A. Parkinson's Disease 
Parkinson's Disease (PD) is one of a group of conditions 

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 
messenger 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 expres 
sion, difficulty swallowing, drooling, pain, dementia or 
confusion, sleep disturbances, depression, fear or anxiety, 
memory difficulties, urinary problems, fatigue and aching, 
and loss of energy. However, symptoms vary, and the 
disease progression may be rapid or not. 

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 treatment 
varies among individuals, as does the length of time the 
treatment option remains effective. 

Levodopa is a dopamine precursor, which was considered 
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 
including dyskinesias. Sinemet (Levodopa--Carbidopa) rep 
resented 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. 

Stalevo (carbidopa-i-levodopa--entacapone) is combina 
tion tablet for patients who experience signs and symptoms 
of end-of-dose “wearing-off.” The tablet combines carbi 
dopa/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). 

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 
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42 
dopamine agonist, and is widely used as an early mono 
therapy, and with the more powerful Sinemet added when 
needed. 

Anticholinergics (trihexyphenidyl, benztropine mesylate, 
procyclidine, etc.) do not act directly on the dopaminergic 
system. Instead they act to decrease the activity of another 
neurotransmitter, acetylcholine. There is a complex interac 
tion 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. 

Other drugs include Selegiline or deprenyl (Eldepryl), 
which have has been shown to delay the need for Sinemet 
when prescribed in the earliest stage of PD. Dopamine 
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 entaca 
pone (Comtan) prolong the duration of symptom relief by 
blocking the action of an enzyme which breaks down 
levodopa. 

Surgery is an option for some patients after medications 
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 per 
form Surgeries that may become available in the future. Such 
as brain tissue transplants. 
Deep brain stimulation (DBS) is safer and more effective, 

and thus has replaced these methods. It is a preferred 
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 avail 
able 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 
symptoms 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. 

B. Alzheimer's Disease 
Dementia is a brain disorder that seriously affects a 

person’s ability to carry out daily activities. Alzheimer's 
disease (AD) is the most common form of dementia among 
older people. Scientists believe that up to 4 million Ameri 
cans Suffer from AD. The disease usually begins after age 
60, and 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. 
AD attacks parts of the brain that control thought, 

memory and language. It was named after Dr. Alois 
Alzheimer, 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 
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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. 

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. 
AD is progressive, characterized by memory loss, lan 

guage deterioration, impaired visuospatial skills, poor judg 
ment, 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, personality, 
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, 
depression, illness, vision or hearing loss, the use of alcohol 
or certain medications, or simply the burden of too many 
details to remember at once. 

There is no cure for AD and no way to slow the progres 
sion of the disease. For some people in the early or middle 
stages of the disease, medication Such as tacrine may alle 
viate some cognitive symptoms. Aricept (donepezil) and 
Exelon (rivastigmine) are reversible acetylcholinesterase 
inhibitors that are indicated for the treatment of mild to 
moderate dementia of the Alzheimer's type. Also, some 
medications may help control behavioral symptoms such as 
sleeplessness, agitation, wandering, anxiety, and depression. 
These treatments are aimed at making the patient more 
comfortable. 
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. 
The molecular aspect of AD is complicated and not yet 

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 f protein (AB), presenilin (PS), 
cholesterol, apolipoprotein E (ApoE), and Tau protein. Of 
these, AB appears to play the central role. 
AB contains approximately 40 amino acid residues. The 

42 and 43 residue forms are much more toxic than the 40 
residue form. AB is generated from an amyloid precursor 
protein (APP) by sequential proteolysis. One of the enzymes 
lacks sequence specificity and thus can generate AB of 
varying (39-43) lengths. The toxic forms of AB cause 
abnormal events such as apoptosis, free radical formation, 
aggregation and inflammation. 

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

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 AB contains a sphingolipid 
binding domain lends further credence to this theory. 

5 

44 
Similarly, ApoE, which is involved in the redistribution of 

cholesterol, is now believed to contribute to AD develop 
ment. Individuals having the e4 allele, which exhibits the 
least degree of cholesterol efflux from neurons, are more 
likely to develop AD. 

Tau protein, 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 AB proteins may cause hyper 

0 phosphorylation of Tau proteins, leading to disassociation 
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from microtubules and aggregation into PHFs. 
For AD, drugs have been used to limit the progression 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. 

II. Diagnostic/Prognostic/Therapeutic 
Determinations in Neurodegenerative Diseases 

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. 

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 
symptoms without “trial and error” that sometimes results 
from incorrect diagnosis, will significantly reduce the cost of 
care, and avoid patient discomfort and possible harm. 

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

In assessing the levels of antibodies in the Subject, the 
observed levels will be compared to a standard. The standard 
may rely on known values established for both disease and 
normal subjects, and may therefore obviate the need for 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. 

III. Antibody-Based Diagnostic Assays 

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 suffering 
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from ND (i.e., provide a definitive diagnosis of ND); (c) 
assess the impact of an ND therapy; and (d) monitor ND 
progression. 

The detection methods for the present invention will be 
similar to those for antibody-based detection, and thus 5 
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 10 
have been described in the Scientific literature. Such as, e.g., 
Doolittle and Ben-Zeev (1999), Gulbis and Galand (1993), 
De Jager et al. (1993), and Nakamura et al. (1987). In 
general, the immunobinding methods include obtaining an 
antibody-containing sample, contacting the sample with a 15 
peptoid in accordance with the present invention under 
conditions effective to allow the formation of peptoid 
antibody complexes, and detecting antibody bound to the 
peptoid. 
The peptoid will typically be linked to a solid support, 20 

Such as in the form of a column matrix, bead, filter, mem 
brane, 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 25 
means, such as Subsequent addition of anti-Fc antibodies 
that are linked to a detectable moiety. 

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 complexes is 30 
generally a matter of simply contacting the sample with the 
peptoid 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 35 
any non-specifically bound antibody species, allowing only 
those antibodies specifically bound to the immobilized anti 
body-peptoid complexes to be detected. 

In general, the detection of peptoid-antibody complex 
formation is well known in the art and may be achieved 40 
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, bio 
logical and enzymatic tags. Patents concerning the use of 
such labels include U.S. Pat. Nos. 3,817,837, 3,850,752, 45 
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 a biotin/avidin ligand binding arrangement, as is 
known in the art. 50 

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. 

A. ELISAS 55 
Immunoassays, in their most simple and direct sense, are 

binding assays. Certain immunoassays finding particular use 
in the present invention are various types of enzyme linked 
immunosorbent assays (ELISAS) and radioimmunoassays 
(RIA) known in the art. 60 

In one exemplary ELISA, the peptoids of the invention 
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 65 
complexes, the bound antibody may be detected. Detection 
may be achieved by the addition of another peptoid linked 

46 
to a detectable label. This type of assay is analogous to a 
simple “sandwich ELISA' except that binding of the labeled 
agent is direct at 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 anti 
body, with the second antibody being linked to a detectable 
label. 

In another exemplary ELISA, the samples suspected of 
containing the antibodies are immobilized onto a well Sur 
face and then contacted with labeled peptoids of the present 
invention. After binding and washing to remove non-spe 
cifically bound immune complexes, the bound labeled pep 
toids 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. 

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

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 nonspecific binding of antisera onto the Surface. 
Alternatively, because of the simple and predictable chem 
istry of the peptoids, they can be attached to the support by 
means of a specific chemical reaction. 

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 
immobilizing Surface is contacted with the biological sample 
or 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 
conjunction with a labeled tertiary antibody (with specificity 
either for the Fc region of the antibody or the peptoid). 
“Under conditions effective to allow immune complex 

(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. 
The "suitable' conditions also mean that the incubation 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 so. 
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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. Following the 
formation of specific immune complexes between the test 5 
sample and the originally bound material, and Subsequent 
washing, the occurrence of even minute amounts of immune 
complexes may be determined. 

Detection may utilize an enzyme that will generate color 
development upon incubating with an appropriate chro- 10 
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 develop- 15 
ment of further immune complex formation (e.g., incubation 
for 2 hours at room temperature in a PBS-containing solu 
tion such as PBS-Tween). 

After incubation with the labeled antibody or peptoid, and 
Subsequent to washing to remove unbound material, the 20 
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 HO, in the case of peroxidase as the enzyme 
label. Quantification is then achieved by measuring the 25 
degree of color generated, e.g., using a visible spectra 
spectrophotometer. 

B. Förster Resonance Energy Transfer (FRET) 
FRET is a phenomenon in which the excited-state energy 

in one molecule (called the donor) is transferred to another 30 
molecule by a radiationless coupling. This mechanism was 
first correctly described by Förster, and differs from other 
types of energy transfer, Such as electron sharing (Dexter) or 
trivial transfer (emission of a photon from the donor and 
reabsorption by the acceptor). The Dexter mechanism 35 
requires the two molecules to be in physical contact, while 
trivial transfer is a very low probability. In contrast, the 
Förster mechanism exhibits a high probability when the two 
molecules are within the Förster radius, which is defined for 
any given pair of fluorophores. 40 

The overall FRET efficiency depends on the Förster 
radius, and is determined by several factors and is directly 
related to the amount of overlap between the absorption 
spectra of the acceptor molecule and the emission spectra of 
the donor molecule. The amount of FRET also depends on 45 
the alignment of the donor and acceptor molecules, although 
most biological systems are not rigidly aligned. The FRET 
efficiency is also affected by the ability of the acceptor 
molecule to absorb light, as indicated by its molar extinction 
coefficient, and the overall stability of the excited state of the 50 
donor molecule, as indicated by the probability that absorp 
tion will lead to fluorescence (quantum yield) and the 
lifetime of the excited state. 
FRET between two different fluorophores can be assayed 

by several methods: looking at the change in color of the 55 
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 60 
common features of the instrumentation. 
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- 65 
scope is preferred. If resolution is to be increased as in the 
case where detailed intercellular localization is to be moni 
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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. 
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 
excitation light of about 470-490 nm and fluorescent light of 
about 500-520 nm. For the observation of YFP, it is pre 
ferred to use a filter with excitation light of about 490-510 
nm and fluorescent 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 inven 
tion, there are no specific requirements in terms of micro 
scopes and filters, except that it would be useful to minimize 
the use of depolarizing elements in the light path. Micro 
Scope manufacturers all market strain-free optics for polar 
ized light measurements in transmission and reflection 
microscopy, and such optics would be helpful for these 
polarized fluorescence measurements as well. 

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. 

C. Luminex Beads 
Luminex's XMAP(R) technology relies on existing tech 

nology platforms, including flow cytometry, microspheres, 
lasers, digital signal processing and traditional chemistry. 
Featuring a flexible, open-architecture design, XMAPR) 
technology can be configured to perform a wide variety of 
bioassays quickly, cost-effectively and accurately. 

Luminex color-codes microspheres into 100 distinct sets. 
Each bead set can be coated with a peptoid according to 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. 
XMAP technology has been adopted across many seg 

ments of the life Sciences, including protein expression 
profiling, molecular and immunodiagnostics. HLA testing, 
and biodefense/environmental. 

D. Tentagel Beads 
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 microsphere 
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. 

Peptoids may be attached to or synthesized on a solid 
Support Such as tentagel beads. Tentagel beadshave a poly 
styrene 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 
conjugation of each residue added to the peptoid, using 
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peptoid synthesis chemistry. The split synthesis method 
yields beads each of which comprises multiple copies of a 
single peptoid sequence. 

Because the polyoxyethylene arms of the tentagel beads 
are water soluble, the conformations of the peptoids are 5 
determined primarily by thermodynamics and by their pri 
mary Sequence. 

E. Immunodetection Kits 
In still further embodiments, the present invention con 

cerns 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 
comprise, in a Suitable container, one or more peptoids that 
bind antibodies for Alzheimer's Disease, Parkinson's Dis 
ease, or both, optionally linked to a detection reagent and/or 
a Support. 

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 20 
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. 25 

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 30 
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. 

Certain embodiments are directed to kits comprising and 
methods for employing peptoids described herein. A kit 35 
and/or method for detecting, evidencing, and/or categorizing 
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 or array Substrate Supplied in a kit format. As a 40 
result, at least one antibody indicative of a disease state is 
isolated from or identified in a sample. Antibodies binding 
the peptoids described here are related to at least a risk of 
disease development or to the existence of a particular 
disease state. 45 

In addition, 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 Par 
kinson's disease. At least one peptoid is incorporated into 50 
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 immobi 
lized on a Solid Support or Substrate, and include at least one 55 
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. 60 

Further contemplated is a kit for diagnosing, determining 
risk-assessment, and identifying therapeutic avenues related 
to a neurodegenarative disease state. This kit includes at 
least one peptoid capable of specifically binding an antibody 
indicative of a disease state. Reagents for determining 65 
binding between the peptoid and the antibody can also be 
included. 

10 

15 

50 
The disease specific antibodies that are analyzed accord 

ing 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. 
cerebrospinal fluid (CSF), saliva, urine, lymph, and the like. 
Any suitable direct or indirect assay method may be used to 
determine 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 
radioimmunoassay, fluorescent, or chemiluminescence 
immunoassay or immunoPCR technology. 

IV. Antibody Compositions 

Certain embodiments include methods and compositions 
for characterizing antibodies and the antigenic determinants 
recognized by the antibodies characteristic of a particular 
ND. For purposes of this specification and the accompany 
ing claims the terms "epitope and “antigenic determinant 
are used interchangeably to refer to a site on an antigen to 
which Band/or T cells respond or recognize. B-cell epitopes 
can be formed both from contiguous amino acids or non 
contiguous 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 treatment 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 spatial conformation of epitopes include, for 
example, X-ray crystallography and 2-dimensional nuclear 
magnetic resonance. See, e.g., Epitope Mapping Protocols 
(1996). Antibodies 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. 
T cells recognize continuous epitopes of about nine amino 

acids for CD8 cells or about 13-15 amino acids for CD4 
cells. T cells that recognize the epitope can be identified by 
in vitro assays that measure antigen-dependent proliferation, 
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. 
As used herein and in the claims, the terms “antibody' or 

“immunoglobulin' are used interchangeably and refer to any 
of several classes of structurally related proteins that func 
tion as part of the immune response of an animal or 
recipient, which proteins include IgG, Ig|D, IgE, IgA, IgM 
and related proteins. 

Under normal physiological conditions antibodies are 
found in plasma and other body fluids and in the membrane 
of certain cells and are produced by lymphocytes of the type 
denoted B cells or their functional equivalent. Antibodies of 
the IgG class are made up of four polypeptide chains linked 
together by disulfide bonds. The four chains of intact IgG 
molecules are two identical heavy chains referred to as 
H-chains and two identical light chains referred to as 
L-chains. 
The antibody can be bound to a solid support substrate 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). 
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Once an antigen or antibody indicative of a ND is 
identified, recombinant 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 monoclonal antibodies, including their ability to be 
directly fused with a polypeptide that may be used for 
detection (e.g., luciferase or fluorescent proteins). In addi 
tion to these benefits, fully-human SCAS can be isolated 
directly from human SCA libraries without the need for 
costly and time consuming "humanization’ procedures. 

Single-chain recombinant antibodies (scFVs) consist of 
the antibody VL 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 
affinities, 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 binding pocket. In specific embodiments, addition of 
various signal sequences allows the scFV to be targeted to 
different organelles within the cell, or to be secreted. Addi 
tion of the light chain constant region (Ck) allows dimeriza 
tion via disulfide 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 to be made as a single protein chain Schv 
(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 conserved 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 techniques described above. 

“Substantially pure' in a protein context typically means 
that the protein is isolated from other contaminating pro 
teins, 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 
preferred embodiments, at least 99% pure. 

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

Briefly, an example of isolating antibodies that bind 
particular peptoids can include, but is not limited to obtain 
ing a sample comprising Such antibodies; ammonium Sulfate 
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precipitating 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 appropriate buffer or washing 
solution. The precipitate can then be eluted and collected. 
The concentration of the antibody obtained can be deter 
mined using a total protein colorimetric determination (Bio 
Rad). 

It is not intended that the present invention be limited to 
the use of this particular protocol for the production and 
purification of antibodies, as numerous protocols are avail 
able 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 

When used in the context of a chemical group, “hydro 
gen” means —H; “hydroxy' means —OH: “oxo' 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 —N; “mercapto” means —SH: 
“thio’ means —S: “thioether means —S ; “sulfonamido' 
means —NHS(O): "sulfonyl' means —S(O) : "sulfinyl” 
means —S(O)—; and “silyl means —SiH. 

For the structures provided herein, the following paren 
thetical subscripts further define the groups as follows: 
“(Cn)' defines the exact number (n) of carbon atoms in the 
group. For example, “alkylco,” 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)). 
The term “alkyl” when used without the “substituted” 

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 carbon 
carbon double or triple bonds, and no atoms other than 
carbon and hydrogen. The groups, —CH (Me), —CHCH 
(Et), —CH2CHCH (n-Pr), —CH(CH) (iso-Pr), —CH 
(CH) (cyclopropyl), —CH2CHCH-CH (n-Bu), —CH 
(CH)CHCH (sec-butyl), —CHCH(CH) (iso-butyl), 
—C(CH) (tert-butyl), —CHC(CH) (neo-pentyl), 
cyclobutyl, cyclopentyl, cyclohexyl, and cyclohexylmethyl 
are non-limiting examples of alkyl groups. The term "sub 
stituted 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. 
Cl, Br, I, Si, P, and S. The following groups are non-limiting 
examples of substituted alkyl groups: —CH2OH. —CHCl, 
—CHBr, —CHSH, -CF, -CHCN, -CHC(O)H, 
—CHC(O)OH, -CHC(O)OCH, -CHC(O)NH2, 
—CHC(O)NHCH, CHC(O)CH, -CHOCH, 
—CHOCHCF, —CHOC(O)CH, -CH-NH2, 
- CH-NHCH, —CHN(CH), - CHCHCl, 
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—CHCH-OH, —CHCF, - CHCHOC(O)CH, 
—CHCH-NHCOC(CH), and —CHSiCCH). 

The term “alkenyl' when used without the “substituted 
modifier refers to a monovalent group with a nonaromatic 
carbon atom as the point of attachment, a linear or branched, 
cyclo, cyclic or acyclic structure, at least one nonaromatic 
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=CHCHCH, CH-CH=CH, 
(allyl), —CH-CH=CHCH, and -CH=CH-CHs. 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 car 
bon-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, I, Si, 
P. and S. The groups, -CH=CHF, -CH=CHC1 and 
—CH=CHBr, are non-limiting examples of substituted 
alkenyl groups. 
The term “alkynyl' when used without the “substituted 

modifier refers to a monovalent group with a nonaromatic 
carbon atom as the point of attachment, a linear or branched, 
cyclo, cyclic or acyclic structure, at least one carbon-carbon 
triple bond, and no atoms other than carbon and hydrogen. 
The groups, —C=CH, -C=CH, —C=CCHs and 
—CH2C=CCH are non-limiting examples of alkynyl 
groups. The term “substituted alkynyl refers to a monova 
lent group with a nonaromatic carbon atom as the point of 
attachment 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 con 
sisting of N, O, F, Cl, Br, I, Si, P, and S. The group, 
—C=CSi (CH), is a non-limiting example of a Substituted 
alkynyl group. 

The term “aryl” when used without the “substituted” 
modifier 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 consists of no atoms other 
than carbon and hydrogen. Non-limiting examples of aryl 
groups include phenyl (Ph), methylphenyl, (dimethyl)phe 
nyl, —CHCH-CH (ethylphenyl), —CHCH2CHCH 
(propylphenyl), —CHCH(CH), —CHCH(CH), 
—CH (CH)CHCH (methylethylphenyl), 
—CH-CH=CH (vinylphenyl), —CH-CH=CHCH 
—CHC=CH, —CHC=CCH, naphthyl, and the mon 
ovalent 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 indepen 
dently 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: —CHF, —CHCl, —CHBr, 
—CHI, —CHOH, -CHOCH, —CHOCH2CH, 
—CHOC(O)CH, —CH-NH2, —CHNHCH 
—CHN(CH), —CHCH-OH, -CHCHOC(O)CH, 
—CHCH-NH. —CHCF, —CHCN, —CHCHO, 
—CHCHO, —CHC(O)CH, —CHC(O)CHs. 
—CHCO2H. —CHCOCH, —CHCONH, 
—CHCONHCH, and —CHCONCCH). 

The term "heteroaryl when used without the “substi 
tuted modifier refers to a monovalent group with an aro 
matic carbon atom or nitrogen atom as the point of attach 
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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, 
furanyl, imidazoimidazolyl, imidazopyrazolyl, imida 
Zopyridinyl, imidazopyrimidinyl, indolyl, indazolinyl, 
methylpyridyl, oxazolyl phenylimidazolyl pyridyl, pyrro 
lyl, pyrimidyl, pyrazinyl, quinolyl, quinazolyl, quinoxalinyl, 
tetrahydroquinolinyl, thienyl, triazinyl, pyrrolopyridinyl, 
pyrrolopyrimidinyl, pyrrolopyrazinyl, pyrrolotriazinyl, pyr 
roloimidazolyl, chromenyl (where the point of attachment is 
one of the aromatic atoms), and chromanyl (where the point 
of attachment 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 nitrogen, oxygen or Sulfur, and wherein the mon 
ovalent group further has at least one atom independently 
selected from the group consisting of non-aromatic nitrogen, 
non-aromatic oxygen, non aromatic Sulfur F. Cl, Br, I. Si. 
and P. 
The term “acyl when used without the “substituted 

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) 
CHCH, C(O)CHCHCH, C(O)CH(CH), C(O) 
CH(CH), —C(O)CHs —C(O)CHCH. —C(O) 
CHCHCH. —COCH (CH), and —C(O)CHCHs. 
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 
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 addition to the oxygen of the carbonyl group, indepen 
dently selected from the group consisting of N, O, F, Cl, Br, 
I, Si, P, and S. The groups, —C(O)CHCF. —COH 
(carboxyl), —COCH (methylcarboxyl), —COCHCH 
—COCH2CHCH. —COCHs, COCH(CH), 
—COCH(CH), —C(O)NH. (carbamoyl), —C(O) 
NHCH C(O)NHCHCH CONHCH(CH), 
—CONHCH(CH), CONCCH), —CONHCHCF, 
—CO-pyridyl, —CO-imidazoyl, and —C(O)N are non 
limiting examples of Substituted acyl groups. The term 
“substituted acyl encompasses, but is not limited to, “het 
eroaryl carbonyl groups. 
The term “alkoxy' when used without the “substituted 

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, -OCH2CH, 
—OCH2CHCH. —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, 
—OCHCF is a Substituted alkoxy group. 

Similarly, the terms “alkenyloxy”, “alkynyloxy”, “ary 
loxy”, “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, 
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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. 
The term “alkylamino” when used without the “substi 

tuted 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 —NHCHCH 
-NHCHCHCH, -NHCH(CH), -NHCH(CH), 
—NHCHCHCHCH NHCH(CH)CHCH 
—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 alkyl, 
as that term is defined above. For example, —NHCHCF is 
a Substituted alkylamino group. 
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 substi 
tuted acyl, as that term is defined above. The groups —NHC 
(O)OCH and NHC(O)NHCH are non-limiting examples 
of Substituted amido groups. 
The term “saturated when referring to an atom means 

that the atom is connected to other atoms only by means of 
single bonds. 

VI. Examples 

The following examples are included to demonstrate 
preferred embodiments of the invention. It should be appre 
ciated 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 
preferred modes for its practice. However, those of skill in 
the art should, in light of the present disclosure, appreciate 
that many 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 

Validation of Peptoids as Selective Markers for 
Alzheimer's Disease and Parkinson's Disease 

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 con 
centration of 20 ug/ml and this solution was hybridized to 
the peptoid microarray. After incubation and washing, the 
IgG binding pattern was visualized by Subsequent incuba 
tion 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 secondary antibody were ignored in Subsequent 
analysis. 

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 
Normal serum (an intensity of >30,000 vs. <10,000 at this 
particular protein concentration) (FIG. 2A). Three of the 
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peptoids 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 
background levels of IgG antibody were captured by pep 
toids from these serum samples, arguing that these peptoids 
are specific capture agents for antibodies produced in 
Alzheimer's disease (FIG. 2A). 

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 assay and a LumineX bead 
assay (FIG. 7). All the three peptoids identified in the 
training performed perfectly in blinded experiments. These 
three peptoids were sequenced by mass spectrometry, resyn 
thesized and purified by HPLC. 

In Summary, the inventors have demonstrated that Syn 
thetic 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 S4 All correct 
Intermediate 9 AD(3) NC(2) PD(4) 

Total samples tested = 110 

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 
experiments indicate that APD1 and ADP3 bind a similar 
antibody population. Whereas ADP2 seems to bind a second 
population of antibodies. 

Library Synthesis and printing protocol: An 8 mer peptoid 
library with one constant residue (Cysteine on the C-termi 
nal) was synthesized using the conventional split-and-pool 
method on 500 um 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 ul) 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. 
The liquid contents of four 96 well plates (40 ul per well) 

are then transferred to a 384 well plate using a Tecan Genesis 
Workstation 200. Thirty-four (34 ul) of each plate is trans 
ferred to a new 384 well plate. The plates containing 6 ul in 
each well are marked as Residual plates and set aside so 
that the Acetonitrile/water mixture would evaporate. These 
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plates are then sealed with adhesive sheet and stored in a -80 
degree freezer until needed for sequencing purposes. The 
Plates with 34 ul liquid are marked as Master and also set 
aside for the Acetonitrile/water mixture to evaporate. 
When the liquid had evaporated from the Master plates, 

20 ul of DMSO (Dimethylsulfoxide) is added to each well 
using the Tecan Genisis Workstation. Five (5 ul) is then 
removed from each well and placed into another 384 well 
plate. This plate has 5 ul 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. 

Contents of the Copy plates are then printed onto maleim 
ide 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 on a slide in a 2 by 8 format and a 480 um spot 
spacing in a 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. 

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

Glass beakers (2 L) are placed into ice buckets and ice 
packed around them. A solution of 70/30 Concentrated 
HSO and H2O (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. They are then removed and rinsed thoroughly 
with de-ionized water. The slides are placed in the centrifuge 
to dry. 
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. 
The water-bath temperature is maintained at 80°. The 

slides are immersed in a mixture of 2 L Poly(ethylene 
glycol) with 8 mL HSO 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. 
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. 
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Hybridization Protocol: Microarray slides are covered 

with hybridization chamber and equilibrated with 1xTBST 
(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 alternative 
method, the slides are blocked with 1 ml of E. 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 (15ug/ml) in E. 
coli lysate (1.5 mg/ml) for 18 hours at 4°C. with gentle 
shaking. Microarrays are then washed three times with 
1XTBST and hybridized with Alexa-647 labeled Anti IgG 
antibody (5 g/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 
Autoloader 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 

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 
synthesis (FIG. 14). To determine which of the side chains 
at these eight positions might be important for binding the 
AD-specific antibodies, twenty four derivatives were syn 
thesized 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 employed to displace the bromide at the position where 
substitution was desired. To test the antibody-binding char 
acteristics of each methyl side chain-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. Following further washing, the intensity of fluores 
cence at each position was determined using a fluorescence 
scanner. The intensities are shown in the FIG. 14. When 
significant dimunition 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 binding to the AD-specific 
antibodies. 

Example 3 

Materials and Methods 

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

Synthesis and purification of peptoids. Peptoids can syn 
thesized bt using an ABI 433A 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 
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chain is bromoacetylated, followed by S. displacement of 
bromide by a primary amine to form the side chain. Fol 
lowing synthesis, peptoids can be cleaved and deprotected in 
trifluoroacetic acid (TFA):triisopropylsilane:water (95:2.5: 
2.5 by vol.). 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. 
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 Sy 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 proto 
col provides facile access to sequences of greater chemical 
diversity 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. 
More specifically, Rink Amide resin (4-(2,4-Dimethoxy 

phenyl-(9-fluorenylmethyloxycarbonyl)-aminomethyl)- 
phe-noxy resin, 0.25 mmol; Novabiochem) can be initially 
swelled for 30 min in CHC1. Following the resin swelling, 
the 9-fluorenylmethyloxycarbonyl (Fmoc) protecting group 
is removed by treatment with 20% piperidine solution in 
1-methyl-2-pyrrolidone (NMP). The resin-bound depro 
tected amine is then bromoacetylated by reaction with 4.2 ml 
of 1.2 M bromoacetic acid (50 mmol) in N,N-dimethylfor 
mamide (DMF) and 1.0 ml (11 mmol) neat N,N'-diisopro 
pylcarbodiimide (DIC) for 60 minutes at room temperature 
with constant mixing. Next, the resin is rinsed with DMF 
(3x10 ml), followed by NMP rinses (3x10 ml). 6 ml of a 1 
M solution (6 mmol) of a primary amine “submonomer' in 
either NMP or CHCl reacted with the resin-bound bromo 
acetyl moiety, displacing bromide. A protected Submonomer 
is synthesized in order to create the N-(4-aminobutyl)gly 
cine residue (Nlys). The resin is then rinsed again with NMP 
(3x10 ml) followed by DMF (3.times. 10 ml). The product of 
these two reactions generates a peptoid “residue, the iden 
tity of which depended upon the Submonomer amine 
employed. Peptoids are elongated by this Submonomer 
method until the desired chain-length is attained. 

Following synthesis, peptoid oligomers can be cleaved 
from the resin, simultaneously removing the tert-butoxycar 
bonyl (Boc) protecting group from Nlys residues, by treat 
ment with 2.2.2-trifluoroacetic acid (TFA)/triisopropylsi 
lane/HO (95:2.5:2.5 by volume). Subsequent to cleavage, 
peptoids can be purified to >97% homogeneity by prepara 
tive scale reversed-phase HPLC. The precise gradient 
employed for HPLC depends on the identity and hydropho 
bicity of the peptoid. 

Such synthesis and characterization are also described in 
U.S. Pat. No. 6,887,845, the entirety of which is incorpo 
rated 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. 

Printing Microarrays. An 8-mer peptoid library with one 
constant residue (cysteine on the C-terminal) was synthe 
sized using the conventional split-and-pool method on 500 
um polystyrene macrobeads. Seven different amines were 
used using the conventional split-and-pool method and a 
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microwave-assisted protocol. The beads were then placed in 
a 96-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 (Dimethylsulfoxide) 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 Scan 
ner. Slides were scanned with a PMT of 500 to verify spot 
placement and morphology. 

Hybridization Protocol. Microarray slides were covered 
with hybridization chamber and equilibrated with 1xTBST 
(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. 

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 the 
tertiary amide bond, but removing the bulk of the side chain. 
Peptoids of interest can be varied at one or more positions 
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 peptoid variants binding characteristics of each variant 
peptoid with the appropriate controls can be printed onto a 
microarray or some other screening platform. Samples con 
taining peptoid 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 determined. When significant dimunition in fluo 
rescence was observed at a given spot relative to the parent 
compound (indicating a lesser binding affinity), is inter 
preted as indicating that the side chain present at this 
position in the parent compound influenced binding. 

Variant peptoids incorporating one or more amines or R 
groups as described herein are then incorporated and vari 
ants identified using similar synthesis and screening proce 
dures. 

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 
apparent 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 
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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 substituted 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 

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. 
U.S. Pat. 
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De Jager et al., Semin. Nucl. Med., 23(2):165-179, 1993. 
Doolittle and Ben-Zeev, Methods Mol Biol, 109:215-237, 

1999. 
Gulbis and Galand, Hum. Pathol., 24(12): 1271-1285, 1993. 
Nakamura et al., In, Handbook of Experimental Immunology 

(4" Ed.), Weir et al. (Eds), 1:27, Blackwell Scientific 
Publ., Oxford, 1987. 
What is claimed is: 
1. A method of detecting antibodies in an antibody 

containing sample from a patient Suspected of or having a 
neurodegenerative disease comprising: 

(a) contacting an antibody-containing sample with a Sup 
port having affixed thereto a peptoid having a formula 
selected from: 
(i) the formula (1A): 

1A 

R2 O R" O 
ul -- H N N Z s^\ ^\rt's- R1 O R3 O R5 () 

wherein, 
R" is independently selected from C-alkyl or C2-alk 

enyl or Calkyl substituted with —OH or NH or 
—COOH, or piperonyl or Calkylphenyl: 

R’ is Calkylphenyl: 
R is Calkylphenyl: 
R" is independently selected from C-alkyl or C2-alk 

enyl or Calkyl substituted with —OH or NH, or 
—COOH, or piperonyl or Calkylphenyl: 

R is Calkyl substituted with —OH or NH; or 
(ii) formula (1B): 

1B 

H Null Z t ~ ~. N 
R6 O R8 O 
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wherein 
R is independently selected from Calkenyl, 
Calkyl independently and optionally Substituted 
with -OH, NH, or -COOH; piperonyl or 
Calkylphenyl: 

R’ is independently selected from C2-alkenyl, 
Calkyl independently and optionally Substituted 
with -OH, NH, or -COOH: piperonyl: 

R is independently selected from Calkenyl, 
Calkyl independently and optionally substituted 
with -OH, NH, or -COOH; piperonyl; or 

(iii) formula (1C): 

1C 

R10 O 

H N-1 
YN N pi Cs 

R9 O R11 O 
O R 14 O 

L-M 

N z)1 p 

R13 O 

wherein 
R. R'' and R' are independently selected from 
Calkenyl, Calkyl independently and optionally 
substituted with —OH, NH, or—COOH; piperonyl 
or Calkylphenyl: 

R" is piperonyl: 
R" is Calkyl substituted with —OH, NH, or 

COOH: 
R'' is Calkyl substituted with —OH, NH, or 

COOH, or 
(iv) formula (1D): 

(1D) 

" O f O 
H N N 
N N N N1 

pi 

R17 O R19 O R21 
O O 

Nulls N L-M 
N Z 11 

iii. 

O R23 O 

wherein, 
R'' is independently selected from the group consisting 

of Calkyl optionally substituted with —OH, NH, 
or COOH: 

R" is selected from Calkyl optionally substituted 
with -OH, NH, or -COOH: 

R" is selected from Calkyl optionally substituted 
with -OH, NH, or -COOH: 

R” is selected from Calkyl optionally substituted 
with -OH, NH, or -COOH: 

R’ is selected from Calkylphenyl: 
R’ is selected from Calkylphenyl: 
R’ is selected from Calkyl optionally substituted 

with -OH, NH, or -COOH: 
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R’ is selected from Calkyl substituted with —OH, 
NH, or -COOH: 

n is 1; or 
for a compound of formula 1D, 
R7 is Calkenyl: 
R" is Calkyl optionally substituted with -OH, 

or COOH: 
R" is piperonyl: 
R’ is Calkenyl: 
R’ is Calkenyl: 
R’ is Calkenyl: 
R’ is Calkyl optionally substituted with —OH, 

or COOH: 
R’ is Calkyl optionally substituted with —OH, 

or COOH: 
n is 1; or for a compound of formula 1D, 
R" is Calkyl optionally substituted with -OH, 

or COOH: 
R" is piperonyl: 
R" is Calkyl optionally substituted with -OH, 

or COOH: 
R” is Calkyl optionally substituted with -OH, 

or COOH: 
R’ is Calkyl optionally substituted with -OH, 

or COOH: 
R’ is Calkylphenyl: 

NH, 

64 
R’ is Calkyl optionally substituted with -OH, NH, 

or COOH: 
R’ is Calkyl substituted with -OH, NH, or 

COOH: 
5 n is 1: 

wherein L is an optional linker moiety, M is a substrate or 
Support; and m, n, o, and/or p, unless specified, is 0-6, 
and wherein Z is a functional group capable of coupling 
to a linker, Substrate, or a label; and 

(b) detecting antibodies bound to said peptoid, 
wherein antibodies bound to said peptoid are indicative of 

a neurodegenerative disease in said subject. 
2. The method of claim 1, further comprising obtaining 

said sample from a subject Suspected of having Parkinson's 
disease or Alzheimer's disease and comparing the results of 
said sample to the results obtained from a control sample 
from non-diseased patients. 

3. The method of claim 2, 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 said control non-diseased 
patients. 

4. The method of claim 1, wherein said sample is con 
tacted with more than one peptoid of claim 1. 

5. The method of claim 4, wherein said sample is con 
tacted with a compound of formula: 

10 

AD1 

AD2 

O 

------- N 1. 1. and 
O O 

O 
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-continued 
NH AD3 

2 p-\ 
O 

O 

| 
O r NOH O O O 

O O O O 

NH2 NH2 NH2. 

6. The method of claim 1, wherein said support is a bead, 2.0 9. A method of detecting antibodies in an antibody 
a plate, a dipstick, a filter, a membrane a pin, or a well. 

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

containing sample from a patient Suspected of or having a 
neurodegenerative disease comprising: 

8. The method of claim 1, wherein detecting comprises (a) contacting an antibody-containing sample with a Sup 
RIA, FIA, ELISA, Western blot, flow cytometry, FRET, or port having affixed thereto a peptoid having a formula 
Surface plasmon resonance. selected from, wherein the peptoid has the formula: 

ADP1 
NH2 

O O O O 

A. 

NH2 NH2 

ADP2 
NH2 

OH 

| E 
O O O O 

Nulls Nulls Nulls Nulls 1 s 1 s Z. Or 
O O O O 

D F 
O 
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-continued 

/- NH2 
O 

G 

O O O 

in- N ~ N ~ N 
O O O 

H 

NH2 NH2 NH2 

wherein A-I indicate the structure is as shown or modified 
as follows: 

Replacement 
Amine Position 

Replacement HI 
Amine Position Amine Side Chain, NH2R (Ref. No.) 25 s 

D, E n-Bu 
D, E S-Bu 
I —Cy 
A, B, G —CH2CH2—CH(Ph), 
A, B, G - CHPh 30 A, B, G 
C, F, H - CHCH-OH 
C, F, H - OH 

A, B, G 

35 

OPh 

A, B, G A. B. G. 
40 

50 

C, F, H -O 
OH 

55 

C, F, H NHBOc I 
pi 

C, F, H 
n = 0-4 

60 
I OtBl 

pi 

A, B, G 
O A, B, G 

A, B, G 
n = 0-4 65 C, F, H 

68 

ADP3 

-continued 

Amine Side Chain, NH2R (Ref. No.) 

- CHOCIPh 
—CH2pOCHPh 
- CHCHPh 
- CHCHCH-NHBoc 



Replacement 
Amine Position 

A, B, G 

C, F, H 
C, F, H 
C, F, H 
C, F, H 
A, B, G 

69 
-continued 

Amine Side Chain, NH2R (Ref. No.) 

O 

/ H 2 
N 

- CHCH-OMe 
- CHCHCH-OH 
- CH(CH)CH-OH 
- CHCHOHCH-OH 
CHCH(OH)Ph 

N O 2 

OCH 

OCH 

OH 

NO 

F 

US 9,551,721 B2 

10 

15 

25 

30 

35 

40 

45 

55 

60 

65 

Replacement 
Amine Position 

A, B, G 

C, F, G 

C, F, H 

70 
-continued 

Amine Side Chain, NH2R (Ref. No.) 

'n-> 
NH 



71 
-continued 

Replacement 
Amine Position Amine Side Chain, NH2R (Ref. No.) 

A, B, G, C, F, H 

O 
M 
Sn / NH2 

C, F, H -nPr 

C, F, H 

wn 
A, B, G 

N 
N1 M wn- \ 
S. 

C, F, H —CH2CH2CH2OMe 

A, B, C, D, E, 
F, G, H 

O 
M 
Sn / NH2 

C, F, H 

O 

OCH 

A, B, G vic 

US 9,551,721 B2 
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15 

25 

30 

35 

40 

45 

50 

55 

60 
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-continued 

Replacement 
Amine Position Amine Side Chain, NH2R (Ref. No.) 

A, B, G Xo 

A, B, G F 

F 

F F 

F 

F 

A, B, G F 

Yor 
A, B, G F 

Yor 



Replacement 
Amine Position 

A, B, G 

73 
-continued 

Amine Side Chain, NHR (Ref. No.) 

NO 

NO 

CH 

OCH 

A-r- 
HN S/ 

c 

N 

US 9,551,721 B2 

Replacement 
Amine Position 

A, B, G 

10 

15 

A, B, C, F, G, H 2O 

25 

30 

C, F, G 

35 

C, F, H, I 

40 

C, F, H 
45 

50 

G, A, B 
55 

60 

C, F, H, I 

65 

74 
-continued 

Amine Side Chain, NH2R (Ref. No.) 

N O 2 

N 

I n N H 
pi OtBl A 

NH 

to 
P h 

CO2H N 

C 

OCH 





Replacement 
Amine Position 

A, B, G 

77 
-continued 

Amine Side Chain, NH2R (Ref. No.) 

HCO1 OCH 

OCH 

H3 C 

N 

1 nea11S 1H 
2 

H3CO OCH D. 
OCH 

US 9,551,721 B2 

Replacement 
Amine Position 

A, B, G, C, F, H HN 

15 

30 

35 

45 

55 

60 

65 

78 
-continued 

Amine Side Chain, NH2R (Ref. No.) 

N 

y 
NH 

NH2 

C. CH3 (s 
NH2 

HN 

O 

NH2 

NH 

O 

O O NH2 
O 





Replacement 
Amine Position 

A, B, G 

81 
-continued 

Amine Side Chain, NH2R (Ref. No.) 

Or NH2 
C 

NH2 

CF 

C 

t 
NH 

9N-1N NH2 

NH2 

FCO 

US 9,551,721 B2 

10 

15 

25 

30 

35 

40 

45 

50 

55 

65 

Replacement 
Amine Position 

A, B, G 

A, B, D, E, G 

82 
-continued 

Amine Side Chain, NH2R (Ref. No.) 

C 
C 

N H 

CF 

S 
NH 

OCH C 
CF C 



Replacement 
Amine Position 

A, B, G, C, F, G 

83 
-continued 

Amine Side Chain, NH2R (Ref. No.) 

O CNa11SY H3 

or 
OCH 

OCH 

US 9,551,721 B2 

Replacement 
Amine Position 

A, B, G 

10 

15 

25 

30 

35 

40 

45 

50 

55 

65 

84 
-continued 

Amine Side Chain, NHR (Ref. No.) 

CH3 Sr. 
H3CO 

NH2 

HCO 

OCH 

NH2 O 

OH C 
oHCI 

H N s' 
OCH 

oHCI 

OH c 
2. OCH 

HN H HCI 
OCH 

CN C. 
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-continued -continued 

Replacement Replacement 
Amine Position Amine Side Chain, NH2R (Ref. No.) Amine Position Amine Side Chain, NH2R (Ref. No.) 

5 
A, B, G 

HN A, B, G 

OCH 
HN 

OCH 10 

A, B, G HN N 

2N 
15 

A, B, G 
A, B, G HN 

N 
HN 

2 
N OCH 2O 

D, E 1N1N HN 

A, B, G, D, E 

25 A, B, G NH 

HN X 
HN N 

A, B, G C 

C 30 A, B, G C 

HN HN 

35 A. B. G. F A, B, G HN N 

N 
HN 2 

N 0 A, B, G HN N 
2 

I OH 45 C. F, H 1n 1\ -CH3 
HN N 

HN1)'s h HO O 3 

C, F, H OH 50 A, B, G. C HN1\1 
A, B, G HN 

55 C 
NH 

o I O 

~s 
HN 60 

A, B, G OH and wherein Z is a functional group capable of coupling 
to a linker, Substrate, or a label; and 

HN 65 (b) detecting antibodies bound to said peptoid. 
10. The method of claim 9, wherein the peptoid has the 

formula: 
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trir 
- 

re-rris 
NH b / 

50 
wherein Z is a functional group capable of coupling to a 

linker, substrate, or a label. 
k k k k k 


