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ABSTRACT A new candidate hormone-designated peptide
YY (PYY)-has been isolated from extracts of porcine upper in-
testinal tissue by using a novel chemical assay method. This pep-
tide has been detected in the extracts by the presence of its unusual
COOH-terminal tyrosine amide structure. The peptide consists
of a linear chain of 36 amino acids and its complete amino acid
sequence is: .Tyr-Pro-Ala-Lys-Pro-Glu-Ala-Pro-Gly-Glu-Asp-Ala-
Ser-Pro-Glu-Glu-Leu-Ser-Arg-Tyr-Tyr-Ala-Ser-Leu-Arg-His-Tyr-
Leu-Asn-Leu-Val-Thr-Arg-Gln-Arg-Tyr-NH2. This peptide has a
distinct sequence homology to the pancreatic polypeptide. It is
therefore proposed that PYY and the pancreatic polypeptide to-
gether form a new peptide family. PYY has been found to strongly
inhibit both secretin- and cholecystokinin-stimulated pancreatic
secretion in the anesthetized cat.
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The COOH-terminal a-amide structure is a unique chemical
characteristic of many biologically active peptides. The mech-
anism of the COOH-terminal amidation is at present unknown,
but it has been suggested that the amide structure is formed
enzymatically during the cleavage reactions from precursors to
the active peptides (1, 2). The loss of the amide structure, in
many cases, results in loss of biological activities ofthe peptides.
A novel chemical method for the assay of peptide hormones

that have the COOH-terminal a-amide structure has been de-
scribed (3). By using this chemical method several hitherto un-
known peptide amides in porcine intestinal extracts have been
detected-in addition to the known peptide hormones (3). Be-
cause naturally occurring peptides that have this type of struc-
ture generally are biologically active, a systematic isolation of
these unknown peptide amides has been undertaken, leading
to the discovery of a series of biologically active peptides. One
of the peptide amides isolated from the intestine that contains
isoleucine amide at its COOH terminus-designated peptide
HI (PHI)-is anew member ofthe glucagon-secretin family and
exhibits various biological activities (4, 5). From a side fraction
obtained during the purification ofPHI, another peptide amide
that contains tyrosine amide at its COOH terminus has also
been isolated (4). Based on its NH2- and COOH-terminal amino
acids (one-letter system), this peptide has been designated pep-
tide YY (PYY)-the peptide (P) having NH2-terminal tyrosine
(Y) and COOH-terminal tyrosine (Y) amide. The peptide may
possess a wide range of biological actions in the gastrointestinal
tract and may be a new gut hormone.

This paper describes the isolation, complete amino acid se-
quence, and biological activities of this new intestinal peptide.

MATERIALS AND METHODS

The following chemicals were used: CM-cellulose; DEAE-cel-
lulose (Whatman); Sephadex G-25 (Pharmacia); tyrosine amide

FIG. 1. Gel filtration of starting material on Sephadex G-25. The
PYY-containing fraction (650 mg) obtained duringpurification of PHI
(5) was applied to a Sephadex G-25 column (2.5 x 90 cm) and eluted
with 0.2 M HOAc at a flow rate of 1.5 ml/min. The fractions (7.2 ml
each) were lyophilized and an aliquot of each was subjected to the
chemical assay for PYY. 0, Fractions containing PYY.

(Vega Biochemicals, Tucson, AZ); dansyl (Dns) amino acids
(Calbiochem); phenylthiohydantoin amino acids (Mann Re-
search Laboratories); DnsCl, pyridine, phenylisothiocyanate,
CF3COOH, BuOAc (sequanal grade, Pierce); Hepes (Fluka);
polyamide thin-layer plates (Schleicher & Schuell); trypsin (EC
3.4.21.4; L-1-tosylamide-2-phenylethyl chloromethyl ketone-
treated, Worthington); chymotrypsin (EC 3.4.21.1; Merck);
thermolysin (EC 3.4.24.4; Daiwa Kasei K. K., Osaka, Japan);
HCl, CH3COOH (aristar, British Drug House. Poole, En-
gland); CH3CN (HPLC grade, Rathburn Chemicals, Peebles-
shire, Scotland). Other reagents were of analytical grade and
were used without further purification. Dns tyrosine amide was
prepared from tyrosine amide by the reaction with DnsCl (6).
Secretin was prepared according to Jorpes et al. (7) and chole-
cystokinin (CCK), according to Mutt and Jorpes (8). Synthetic
somatostatin was from Peninsula Laboratories (San Carlos, CA)
and porcine pancreatic polypeptide was a gift from R. E. Chance
(Lilly Research Laboratories). Glassware used for chemical as-
says and sequence determinations was cleaned-by heating over-
night (500'C). Amino acid analysis, NH2-terminal determina-
tions, and TLC on silica gel layer were performed as described
(5).

Chemical Assay for PYY. PYY was measured by, using the
COOH-terminal amide determination method previously de-
scribed (3, 5) after degradation of the sample with trypsin or
thermolysin. The tyrosine amide released from the sample was
identified in the form of fluorescent Dns derivative by TLC on
polyamide layer.
HPLC. HPLC was performed by using a Waters liquid chro-

matographic instrument consisting of a U6K injector, two M-
6000 A pumps, a 450 variable wavelength detector, and a model

Abbreviations: PYY, peptide YY; PHI, peptide HI; PP, pancreatic poly-
peptide; CCK, cholecystokinin; Dns, dansyl.
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FIG. 2. Ion exchange chromatography of fractions 21-28 (see Fig.
1) on CM-cellulose. The fractions (125 mg) were applied to a CM-cel-
lulose column (1.6 x 15 cm) equilibrated with 0.02 M NH4HCO3 (pH
8) and were eluted with the same buffer at a flow rate of 0.55 ml/min.
Each fraction (5 ml) was lyophilized and an aliquot of each was sub-
jected to the chemical assay. 1, Fractions containing PYY.

660 solvent programmer. A reversed-phase HPLC column,
,uBondapak C18 (Waters) was used for peptide separation. Pep-
tides were monitored by changes in A215 of the eluate.

Separation of the Tryptic and Chymotryptic Fragments by
HPLC. The PYY preparation (70-100 ug) was dissolved in 50
.ul of 1% NH4HCO3 solution and 2 ,ul of the trypsin or chy-
motrypsin solution (2 mg/ml) was added. The solution was in-
cubated at room temperature for 4 hr (tryptic digest) or 10 min
(chymotryptic digest) and then was incubated at 100°C for 6 min
and lyophilized. The lyophilized material was dissolved in 50
,ul of water and injected into the HPLC instrument. A
,uBondapak C18 column (3.8 X 300 mm) was used for separation
of the peptide fragments. The fragments were separated by a

linear gradient elution system that used 0.12% CF3COOH/
H20 (solvent A) and 0.1% CF3COOH/CH3CN (solvent B,
0-50% for 40 min). The fractions that contained peptides were

collected in test tubes and concentrated to approximately
1/5th of the volume under reduced pressure; they were then
diluted by addition of water and lyophilized. The isolated pep-
tide fragments thus obtained were subsequently subjected to
amino acid analysis and sequence determinations.

Amino Acid Sequence Determination. The sequences of the
tryptic fragments separated by the HPLC technique were de-
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FIG. 3. HPLC separation of fractions 25-40 (see Fig. 2). Four mil-
ligrams of the combined fractions (8.8 mg) was applied to a reversed-
phase HPLC column (uBondapak C18, 7.8 x 300 mm) and was eluted
with 34% EtOH/5 mM NH4OAc/0.2% HOAc at a flow rate of 2 ml/
min under isocratic conditions. i0, The peak containing PYY.

termined by using a modified Dns/Edman method (9). Iden-
tification ofAsp/Asn and Glu/Gln was according to Chen (10).
The Biological Model. The inhibitory effects ofPYY on pan-

creatic exocrine secretion were studied by using an anesthetized
adult (4 kg) cat. The operation was performed according to
Jorpes and Mutt (11). Infusion of secretin and CCK (1.5 units/
kg/hr each) in saline solution was made through the saphenous
vein by using a perfusion pump at a flow rate of 10 ml/hr. In-
fusion or single injection of PYY was also made through the sa-

phenous vein. Pancreatic juice from the cannulated pancreatic
duct was collected in test tubes for 10-min periods by using a

fraction collector. The volume of the juice and A280 were mea-

sured. Bicarbonate was determined by the titration method
(11).

RESULTS
Isolation Procedures. Details of the extraction method and

preparation of the peptide concentrate (the starting mate-
rial)-obtained from 4000 kg of porcine intestine-have been
described (5). The starting material (2.0 g) was applied to a CM-
cellulose column (5 x 15 cm). It was first eluted with 0.02 M
NH4HCO3 (adjusted to pH 6.5 by CO2 gas) and then was eluted
with 0.2 M NH4HCO3 (pH 8) in a stepwise fashion as described

Table 1. Amino acid compositions and NH2 termini of PYY and its isolated tryptic fragments
Amino acid
residues T-1 T-2 T-3 T-4 T-5 T-3-a T-3-b PYY-36

Ala 3.0 (3) 1.1 (1) 4.1(4)
Arg 1.0 (1) 1.0 (1) 0.9 (1) 1.0 (1) 0.9 (1) 4.0 (4)
Asx 1.0 (1) 1.1 (1) 1.0 (1) 2.1 (2)
Glx 3.9 (4) 1.0 (1) 5.0 (5)
Gly 1.1 (1) 1.1 (1)
His 0.9 (1) 0.8 (1) 1.0 (1)
Pro 3.8(4) 3.7 (4)
Leu 1.1 (1) 1.0 (1) 2.0 (2) 1.1 (1) 1.1 (1) 4.0 (4)
Lys 1.0 (1) 1.1(1)
Ser 2.0 (2) 1.0 (1) 2.8 (3)
Thr 1.0 (1) 1.1 (1) 1.0 (1)
Tyr 1.1 (1) 1.9 (2) 1.1 (1) 1.0 (1) 1.0 (1) 5.1 (5)
Val 1.0 (1) 1.0 (1) 1.0 (1)

Position 1-19 20-25 26-33 34-35 36 26-29 30-33 1-36
NH2terminus Tyr Tyr His Glx Tyr His Leu Tyr
Recovered, nmol 10.4 14.0 6.6 9.0 11.6 5.0 4.6 17.5

Values in parentheses represent theoretical number of residues.
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FIG. 4. HPLC separation of tryptic PYY fragments (T-1 to T-5).
Trypsin-treated PYY preparation (70 jig) was applied to a ,uBondapak
C18 column (3.9 x 300 mm). The tryptic peptides were separated at a
flow rate of 1 ml/min by using a linear gradient system of 0.12%
CF3COOH/H20 (solvent A) and 0.1% CF3COOH/CH3CN (solvent B,
0-50% for 40 min). The subfragments T-3-a and T-3-b were produced
by a cleavage at the Asn-Leu bond of the T-3 tryptic fragment during
the trypsin treatment.

(5). All peptide fractions that were eluted with 0.2 M NH4HCO3
were pooled and lyophilized. The lyophilized material (650 mg)
contained PYY and was subjected to further purification by gel
filtration on Sephadex G-25 (Fig. 1). Fractions 21-28 contained
PYY and weighed a total of 125 mg after lyophilization. This
material was purified further by rechromatography on CM-cel-
lulose in 0.02 M NH4HCO3 at pH 8.0 (Fig. 2). Fractions 25-40
were pooled and lyophilized. This preparation (8.8 mg) was

applied to a semipreparative HPLC column (,uBondapak C18,
7.8 x 300 mm) and was eluted with 34% EtOH/5mM NH4OAc/
0.2% CH3COOH under isocratic conditions.

Fig. 3 illustrates a typical elution profile of the HPLC sep-

aration. The eluate that contained PYY was collected and con-

centrated to 1/5th of the volume under reduced pressure. After
addition of water to restore the original volume, it was lyoph-
ilized. This step yielded the highly purified PYY preparation
(0.6 mg) that gave a single peak in the HPLC and a single spot
in the TLC analyses.
Amino Acid Composition and Terminal Analysis. Amino acid

analysis indicated that PYY consists of 36 amino acid residues
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FIG. 5. HPLC separation of chymotryptic PYY fragments (C-1 to
C-7). The PYY preparation (100 ,g) was treated with chymotrypsin
for 10 min as described. The chymotryptic peptides thus obtained were
separated as described in Fig. 4.

(Table 1). A remarkably high tyrosine content (five residues per
molecule) is noted. NH2-terminal tyrosine residue of PYY was

determined by the method of Gray (6) that uses DnsCl. Treat-
ment of PYY with thermolysin or trypsin yielded COOH-ter-
minal tyrosine amide that was identified by the method pre-
viously described (3, 5).

Separation of the Tryptic and Chymotryptic Fragments by
HPLC. Treatment of PYY with trypsin yielded five major frag-
ments and two minor ones. These were separated by the HPLC
technique (Fig. 4). Amino acid analysis of the isolated tryptic
fragments indicated that the two minor fragments (T-3-a and T-
3-b) may be produced by a further cleavage of the tryptic T-3
fragment-due to enzyme contamination in the trypsin prep-
aration or enzymic action of trypsin itself-because one of the
minor fragments, T-3-a, contains neither arginine nor lysine and
the amino acid compositions of both fragments are equal to that
of T-3 (Table 1). Treatment of PYY with chymotrypsin for 10
min at room temperature yielded three major and four minor
fragments that were separated by HPLC (Fig. 5). The amino
acid compositions and NH2-terminal amino acids of the chy-
motryptic fragments are shown in Table 2. The recovery of the
tryptic and chymotryptic fragments from the HPLC column was
in most cases between 50% and 80%.

Table 2. Amino acid compositions and NH2 termini of isolated chymotryptic fragments of PYY
Amino acid
residues C-1 C-2 C-3 C-4 C-5 C-6 C-7

Ala 3.2 (3) 1.1 (1) 2.8 (3) 0.9 (1)
Arg 0.9 (1) 0.9 (1) 1.8 (2) 1.2 (1) 1.1(1) 1.9 (2)
Asx 1.1 (1) 1.1 (1) 1.1 (1) 1.2 (1)
Glx 4.0 (4) 1.2 (1) 3.9 (4) 1.2 (1)
Gly 1.1 (1) 1.2 (1)
His 1.0 (1) 1.1(1)
Pro 3.5 (4) 3.4 (4)
Leu 1.1 (1) 1.0 (1) 2.0 (2) 1.2 (1) 1.1 (1) 1.7 (2)
Lys 1.0 (1) 0.9 (1)
Ser 2.0 (2) 1.0 (1) 2.1 (2) 1.1 (1)
Thr 1.0 (1) 1.1(1)
Tyr 3.1 (3) 1.1 (1) 1.0 (1) 1.6 (2) 0.9 (1) 0.8 (1) 1.1 (1)
Val 0.8 (1) 0.9 (1)

Position 1-21 22-27 28-36 1-20 21-24 25-27 28-36
NH2 terminus Tyr Ala Leu Tyr Tyr Arg Leu
Recovered, nmol 7.6 10.6 6.6 2.0 1.8 2.4 3.2

Values in parentheses represent theoretical number of residues.
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FIG. 6. The complete amino acid sequence of PYY. T-1 to T-5, tryptic fragments; C-1 to C-7, chymotryptic fragments.

Amino Acid Sequences of the Tryptic Fragments. The se-
quences of the tryptic fragments and amino acid compositions
of the chymotryptic fragments. The amino acid sequence of
PYY (PYY-36) is thus: Tyr-Pro-Ala-Lys-Pro-Glu-Ala-Pro-Gly-
carried out by identifying the corresponding phenylthiohydan-
toin amino acids that were derived from the thiozolinone de-
rivatives ofthese amino acids present in the Edman degradation
products (10). The sequence of the T-1 fragment was found to
be Tyr-Pro-Ala-Lys-Pro-Glu-Ala-Pro-Gly-Glu-Asp-Ala-Ser-
Pro-Glu-Glu-Leu-Ser-Arg. Amino acid analysis of the T-1 frag-
ment indicated the content ofammonia to be <0. 6 mol/mol of
peptide, which confirmed the sequence result that none of the
COOH side chains in the T-1 fragment was amidated. The se-
quence of the T-2 fragment was Tyr-Tyr-Ala-Ser-Leu-Arg and
that of the T-3 fragment was His-Tyr-Leu-Asn-Leu-Val-Thr-
Arg. The dipeptide T-4 sequence was Gln-Arg and the COOH-
terminal fragment (T-5) sequence was Tyr-NH2, which was
identified by the chemical method described (3, 5).

Complete Amino Acid Sequence of PYY. The NH2-terminal
sequence of the PYY molecule was determined by the Dns/
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Edman method that yielded the sequence: Tyr-Pro-Ala-Lys-
Pro-Glu-Ala-Pro-Gly-, indicating that the T-1 fragment was the
NH2-terminal tryptic fragment. The complete amino acid se-
quence of PYY was deduced from the results of the se-
quences of the tryptic fragments and amino acid compositions
of the chymotryptic fragments. The amino acid sequence of
PYY (PYY-36) is thus: Tyr-Pro-Ala-Lys-Pro-Glu-Ala-Pro-Gly-
Glu-Asp-Ala-Ser-Pro-Glu-Glu-Leu-Ser-Arg-Tyr-Tyr-Ala-Ser-
Leu-Arg-His-Tyr-Leu-Asn-Leu-Val-Thr-Arg-Gln-Arg-Tyr-NH2
(Fig. 6).

Effect of PYY on the Pancreatic Secretion. When the pure
PYY preparation was injected intravenously into the anesthe-
tized cat, it was found that PYY was capable of strongly inhib-
iting secretin-stimulated pancreatic secretion. A very low dose
of PYY (10-20 pmol/kg) significantly decreased the pancreatic
secretion of bicarbonate as well as fluid that was stimulated by
a single dose of secretin (0.1 unit/kg) (Fig. 7). A dose of PYY
of 100-200 pmol/kg caused a 70-80% reduction of the pan-
creatic bicarbonate and fluid secretion and larger doses of PYY
appeared to cause no further reduction. PYY inhibited not only
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FIG. 7. A dose-response curve for inhibition by PYY of secretin-
stimulated pancreatic bicarbonate secretion in the anesthetized cat.
Oneminute after injection ofPYY (10-250 pmol/kg), secretin (0.1 unit/
kg) was injected to stimulate pancreatic secretion. The pancreaticjuice
was collected from the cannulated pancreatic duct for 20 min and the
amount of bicarbonate in the juice was determined by titration with
0.1 M HCl.
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FIG. 8. Effect ofPYY on pancreatic secretion of protein, fluid, and
bicarbonate stimulated by a steady infusion of secretin and CCK. PYY
(200 pmol/kg) was injected (arrow) into the anesthetized cat during
the submaximal secretion that was stimulated by a steady infusion of
secretin and CCK (1.5 units/kg each). A, Protein (A280); o, fluid (ml);
*, bicarbonate (expressed as milliliter of 0.1 M HCO- solution).
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FIG. 9. Comparison of the amino acid sequence of porcine PYY with those of the pancreatic polypeptides of porcine (PPP), bovine (BPP), and
avian (APP) origins and neurotensin. Identities are underlined. a, Amidated COOH terminus.

the pancreatic secretion of fluid and bicarbonate but also in-
hibited protein secretion that was stimulated by secretin alone
or together with CCK. Fig. 8 shows the inhibitory effect of PYY
during the submaximal pancreatic secretion that was stimulated
by a steady infusion of secretin and CCK (1.5 units/kg each).
A single injection of PYY (200 pmol/kg) caused a marked and
rapid reduction (70-80%) ofthe fluid, bicarbonate, and protein
secretion, which returned to the preinjection level after a period
of 30-40 min (the protein secretion level usually returned to
the preinjection level in a shorter time period). A steady infu-
sion of PYY (200 pmoVkg/hr) decreased the pancreatic secre-
tion by 50% during the infusion period under the submaximal
conditions. A single injection of somatostatin or the pancreatic
polypeptide in a dose range of 1 to 5 /Ag/kg did not change the
level of secretion in the anesthetized cat.

DISCUSSION
PYY has been found to possess a distinct sequence homology
to the pancreatic polypeptide (PP) (Fig. 9). The sequence sim-
ilarities to PP are observed in the entire region of the PYY
molecule; there are 18 identical positions to porcine (12) and
bovine PP and 19 identical positions to avian PP in the 36 amino
acid residues. The four proline residues of PYY are located in
identical positions (positions 2, 5, 8, and 14) to those in porcine
and bovine PP, forming a unique tertiary structure at the NH2-
terminal region. All five COOH side chains are located in the
NH2-terminal and middle regions, giving a characteristic acidic
segment, whereas the COOH-terminal region is highly basic.
In addition, PYY possesses some sequence similarities to neu-
rotensin (Fig. 9). The similarities are seen in two portions ofthe
PYY molecule. PYY also seems to have some degree of sequence
homology to members of the glucagon-secretin family (unpub-
lished data). Avian PP has some sequence homology to glucagon
(13), but porcine and bovine PP have no significant homology
to it. On the other hand, sequence homology between PYY and
PP is unquestionably distinct. I therefore propose that the two
peptides together form a new peptide family.
PYY and PP may also have similarities in biological activities.

Like PP, PYY inhibits exocrine pancreatic secretion stimulated
by infusion of secretin and CCK. In a dose range of 10 to 100
pmoVkg, PYY rapidly decreased the pancreatic secretion of
fluid, bicarbonate, and protein in the anesthetized cat. It is of
interest that PP and somatostatin-which are known to inhibit
the pancreatic secretion in the dog (14, 15)-had no such effect
in the cat. Therefore, PYY may be the most potent inhibitor of
the pancreatic secretion known in this species.
The inhibitory effect of PYY on pancreatic secretion resem-

bles the action of "pancreatone"-named after observation of

the biological actions of the alcohol extract obtained from the
ileal and colonic mucosa of cat (16). It is possible that PYY or
its related peptide might be responsible for the pancreatic in-
hibitory action of pancreatone. However, PYY does not inhibit
contraction ofthe gallbladder caused by injection ofCCK in the
anesthetized guinea pig, whereas pancreatone has been re-
ported to inhibit the CCK effect (16). Therefore, this activity
might be due to another peptide in the extract. If so, the pan-
creatone actions might be caused by at least two peptides.
PYY has a vasoconstrictory action and inhibits jejunal and

colonic motility (unpublished data). PYY is localized in gut en-
docrine cells of several mammalian species including man (un-
published data). These results-together with the results of the
chemical structure and biological actions reported here-indicate
that PYY may be a new gut hormone.

Another new biologically active peptide, PHI, has been iso-
lated from the intestine by using the same chemical assay
method (4, 5). Discovery of PYY again demonstrates the use-
fulness of such chemical approach for isolation of hitherto un-
known peptides of biological interest and suggests that there
may be many more peptides to be isolated.
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