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Identification of selective neuropeptide Y2 peptide agonists
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Abstract—Activation of the NPY2 receptor to reduce appetite while avoiding stimulation of the NPY1 and NPY5 receptors that
induce feeding provides a pharmaceutical approach to modulate food intake. The naturally occurring peptide PYY(3–36) is a non-
selective NPY1, NPY2, and NPY5 agonist. N-terminal truncation of PYY to abrogate affinity for the NPY1 and NPY5 receptors
and subsequent N-terminal modification with aminobenzoic analogs to restore NPY2 receptor potency results in a series of highly
selective NPY2 receptor peptide agonists.
� 2006 Elsevier Ltd. All rights reserved.
Pharmaceutical modulation of the activity of neuropep-
tide Y (NPY) receptors offers an approach to the regu-
lation of food intake and provides a potential strategy
for the control of obesity and associated disorders.1

The gut hormone PYY(3–36) is a potent in vitro
NPY2 receptor agonist that reduces food intake and
body weight in rodents and rabbits, and reduces food in-
take in monkeys and humans.2–11 Studies in NPY2
knockout mice and with NPY2 antagonists suggest that
the anorexigenic effect of PYY(3–36) is mediated
through the stimulation of the NPY2 receptor.2,12

PYY(3–36) also activates the NPY1 and NPY5 receptor
subtypes that stimulate feeding.13,14 PYY variants that
are selective for the NPY2 receptor would be expected
to reduce appetite without the counteracting stimulatory
effect on feeding associated with NPY1 and NPY5
activation.

Several selective NPY2 receptor peptides have been de-
scribed previously.15,16 These include NPY or PYY pep-
tides with N-terminal deletions (2, Table 1),17 NPY with
an internal replacement of residues 5–24 with amino-
hexanoic acid (8),18 and an N-terminal deletion variant
of PYY with an internal lactam bridge between Lys 28
and Glu 32 (10).19
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While N-terminal deletion of residues from PYY pro-
vides an effective approach to obtain NPY2-selective
agonists such as 2, this also leads to diminished affinity
for the NPY2 receptor.17 Here, we describe the restora-
tion of NPY2 receptor potency while retaining selectiv-
ity by the use of novel N-terminal modifying groups.

Peptides derived from N-terminal deletions of PYY (4–
7), as well as the previously reported selective NPY2
agonists 2, 8, and 10,16–18 were evaluated for binding
and functional activity at the human NPY2 receptor
and for binding at the human NPY1 and NPY5 recep-
tors (Table 1).20–24 The shortest peptide to exhibit mod-
erate affinity for the NPY2 receptor and minimal
potency (>1 lM) for the NPY1 or NPY5 receptors is
PYY(25–36) (4) (Table 1). Further truncation of PYY
beyond Arg 25 results in a significant loss of potency
at the NPY2 receptor (e.g., 7).

Acetylation of the N-terminal a-amino group of
PYY(25–36) (4) results in a significant improvement
(approximately 10-fold) in NPY2 receptor potency while
maintaining NPY1 and NPY5 receptor selectivity (5).
This is not a general effect with NPY or PYY peptides,
since N-terminal acetylation of PYY(22–36) (cf. 2 and 3)
or NPY[Ahx5–24] (cf. 8 and 9) does not improve NPY2
potency (Table 1).

The observation that acetylation of PYY(25–36) (4)
increases NPY2 receptor affinity while maintaining spec-
ificity against the NPY1 and NPY5 receptors suggests
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Table 1. Receptor activation (EC50) and PYY-competitive binding (Ki) of reference compounds20–24

Compound Peptidea EC50
b (nM) Ki

b (nM)

NPY2 NPY2 NPY1 NPY5

1 PYY(3–36) 0.3 ± 0.5 0.4 ± 0.4 21 ± 2 20 ± 6

2 PYY(22–36) 11 ± 2 3 ± 0.5 390 ± 40 >1000

3 AcPYY(22–36) 13 ± 1 9 ± 1 118 ± 39 >1000

4 PYY(25–36) 240 ± 40 270 ± 40 >1000 >1000

5 AcPYY(25–36) 27 ± 6 30 ± 5 >1000 >1000

7 AcPYY(26–36) 430 ± 70 670 ± 99 >1000 >1000

8 NPY[Ahx5–24] 9 ± 2 5 ± 1 100 ± 54 >1000

9 AcNPY[Ahx5–24] 7 ± 1 7 ± 4 84 ± 28 >1000

10 AcNPY(25–36) lactam bridge 31 ± 6 75 ± 23 >1000 >1000

a PYY(X–Y) denotes a peptide corresponding to residues X–Y of human PYY. NPY[Ahx5–24] denotes a peptide corresponding to human NPY in

which residues 5–24 are replaced with 6-aminohexanoic acid. AcNPY(25–36) lactam bridge denotes a peptide corresponding to residues 25–36 of

human NPY with a lactam bridge between Lys 28 and Glu 32. Ac denotes acetylation of the N-terminal a-amino group. All peptides are amidated

at the C terminus.
b Values are means of at least three experiments ± SEM.

Table 2. Receptor activation (EC50) and PYY-competitive binding (Ki) of N-terminal a-amino analogs of 420–24

Compound Peptide R = PYY(25–36) EC50
a (nM) Ki

a (nM)

NPY2 NPY2 NPY1 NPY5

5
R

O
27 ± 6 30 ± 5 >1000 >1000

11 R

ONH2

3 ± 1 4 ± 2 >1000 >1000

12 R

O

H2N
3 ± 1 4 ± 1 >1000 >1000

13 R

O

H2N

3 ± 1 6 ± 1 >1000 >1000

14 R

O

6 ± 1 6 ± 1 >1000 >1000

15 R

O

H2N

Cl

10 ± 1 6 ± 1 >1000 >1000

16 R

O

H2N

4 ± 1 6 ± 1 >1000 >1000

17 R

O

H2N

O
3 ± 1 5 ± 1 >1000 >1000

18 R

O

H2N
82 ± 13 110 ± 30 >1000 >1000

19 R

O

N
H

19 ± 4 18 ± 8 >1000 >1000

20
O R

O

106 ± 9 95 ± 30 >1000 512 ± 25

a Values are means of at least three experiments ± SEM.
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Figure 1. Stimulation of the human NPY2 receptor by human PYY(3–

36) and the peptides 11 and 20 measured with GTPcS accumulation.21

All peptides are full NPY2 agonists. Values are means of at least three

experiments ± SEM.
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Figure 2. Competitive-binding displacement from the human NPY2

receptor of 125I-labeled human PYY by human PYY(3–36) and by

peptides 11 and 20. Values are means of at least three

experiments ± SEM.
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that further improvements may be obtained with more
complex modifications of the N-terminal a-amino group
of PYY(25–36) (4).

N-terminal modification of PYY(25–36) (4) with amino-
benzoic acid analogs provides potent and selective
NPY2 receptor agonists (Table 2). Derivatization with
2-aminobenzoic acid (11) improves NPY2 receptor
activation by 9-fold, increases NPY2 affinity and
selectivity by 8-fold, and maintains selectivity against
the NPY1 and NPY5 receptors (Ki > 1000 nM).

The connectivity or the presence of the amino moiety of
the aminobenzoic acid analogs is not critical (12–14).
The substituents Cl, CH3, and OCH3 are tolerated
(15–17).

However, the use of a nonaromatic moiety (18) is very
detrimental to NPY2 receptor binding and stimulation,
the sterically larger N-terminal moiety of 19 offers no
improvement over N-terminal a-amino acetylation,
and the carbamate analog (20) is the least potent (Table
2). These results indicate that the effects of the N-termi-
nal modification on NPY2 receptor binding and activa-
tion depend on the nature of the modifying group.

All of the peptides of Tables 1 and 2 are full agonists of
the NPY2 receptor as compared with PYY(3–36)
(Fig. 1), and changes in receptor binding (Fig. 2) corre-
late with changes in NPY2 receptor potency (Table 2).

We conclude that the combination of N-terminal trun-
cation of PYY to minimize affinity for the NPY1 and
NPY5 receptors and N-capping with aminobenzoic ana-
logs to restore NPY2 receptor potency results in a series
of highly selective NPY2 receptor agonists. This series of
peptides exhibits both greater potency and NPY2 spec-
ificity, in terms of Ki ratios, compared to the previously
described NPY2-selective peptide agonists 2, 8, and
10.17–19 Moreover, the series contains an amino group
suitable for modification with fatty acids or PEG to im-
prove in vivo efficacy.25,26 Pharmaceutical modulation
of the NPY2 receptor utilizing these highly selective
and potent NPY2 receptor peptide agonists presents a
potential approach for the management of obesity and
associated disorders.
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