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CCK-A Receptor Selective Antagonists Derived from the CCK-A Receptor
Selective Tetrapeptide Agonist Boc-Trp-Lys(Tac)-Asp-MePhe-NH; (A-71623)"
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Analogs of the CCK-A receptor selective agonist Boc-Trp-Lys(Tac)-Asp-MePhe-NH; (A-71623)
were prepared in which the lysine residue was replaced with L-4-aminophenylalanine and D-
or L-3-aminophenylalanine. These new analogs were moderately potent antagonists of CCK-8
in the isolated guinea pig gallbladder with exceptional CCK-A receptor selectivity as evaluated
in membrane preparations from CHO K1 cells stably transfected with human CCK-A and

CCK-B receptors.

Cholecystokinin (CCK) is a gastrointestinal hormone
and neurotransmitter first isolated from porcine intes-
tine.! CCK is released from intestinal endocrine cells
in response to nutrient ingestion.? While a variety of
molecular forms of CCK have been identified, the
C-terminal octapeptide (CCK-8, H-Asp-Tyr(SO3;H)-Met-
Gly-Trp-Met-Asp-Phe-NHp) retains full bioactivity, in-
teracting with two receptor subtypes. CCK-A receptors
predominate in the periphery (gallbladder, pancreas,
pyloric sphincter, and vagal afferent fibers) but are also
found in discrete regions of the brain?® CCK-B or
gastrin receptors predominate in the brain and gastric
glands.4® The physiological role of CCK-8 is to aid
digestion of nutrients through the induction of gallblad-
der contraction, pancreatic secretion, and delayed gas-
tric emptying.3% Exogenous CCK decreases meal size
in a variety of species including lean® and obese’
humans. This satiety effect of CCK requires an intact
vagal afferent nerve and appears to be mediated by
peripheral CCK-A receptors.®

The high molecular weight, the acid lability of the
Tyr(SOsH) residue, and the metabolic instability of
CCK-8 provided the impetus for numerous chemical
modifications.® In 1990, scientists at Abbott reported
a series of unique CCK analogs derived by replacement
of the methionine residue of Boc-CCK-4 (Boc-Trp-Met-
Asp-Phe-NH;) with side-chain-substituted Lys deriva-
tives.1%11 Boc-Trp-Lys(Tac)-Asp-MePhe-NH; (A-71623)
was functionally equivalent to CCK-8 with remarkable
CCK-A receptor selectivity (1200-fold), enhanced meta-
bolic stability, and potent anorectic activity in rats,1218
mice, dogs, and monkeys.!4

The tetrapeptide Boc-Trp-Lys(Tac)-Asp-Phe-NH; was
approximately 3-fold less potent and less CCK-A recep-
tor selective than the N-MePhe derivative.!! In this
series, the side-chain-truncated analog Boc-Trp-Orn-
(Tac)-Asp-Phe-NH; had 170-fold reduced CCK-A recep-

t Abbreviations: 4-Amf, 4-aminophenylalanine; 3-Amf, 3-aminophe-
nylalanine; Boc, tert-butyloxycarbonyl; Cpac, [(0-chlorophenyl)aminol-
carbonyl; DCC, dicyclohexylearbodiimide; HOBt, N-hydroxybenzotri-
azole; Tac, (o-tolylamino)carbonyl; hLys, homolysine;
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tor affinity, was a weak partial agonist in stimulating
phophatidylinositide (PI) hydrolysis, and had 380-fold
reduced efficacy in stimulating amylase release from
isolated guinea pig pancreatic acini.!! In contrast, the
side-chain-extended analog Boc-Trp-hLys(Tac)-Asp-Phe-
NH; had only 24-fold reduced CCK-A receptor affinity,
was a full agonist in the PI hydrolysis assay, and had
only 10-fold reduced efficacy in stimulating amylase
release from isolated guinea pig pancreatic acini.!!

This dependence of functional activity on the length
of the methylene bridge between the urea moiety and
the peptide backbone prompted our investigation of
additional analogs of Boc-Trp-Lys(Tac)-Asp-MePhe-NHg
in which the methylene bridge of the lysine residue was
replaced by an aromatic ring. We now report the
synthesis and biological activity of analogs of Boc-Trp-
Lys(Tac)-Asp-MePhe-NH2 in which the lysine residue
was replaced by L-4-aminophenylalanine (L-4-Amf) and
L- or D-3-aminophenylalanine (L-3-Amf or D-3-Amf).
Side-chain-substituted (o-tolylamino)carbonyl (Tac) or
[(o-chlorophenyl)aminolecarbonyl (Cpac) urea derivatives
of Lys and 4-Amf were prepared. Since we and others!®
have found that the N-terminal acetyl derivative was
essentially equipotent to the N-terminal tert-butyloxy-
carbonyl derivative, all analogs were prepared as N-
acetyl derivatives. The tetrapeptide Ac—Trp-Phe-Asp-
MePhe-NH; was also prepared to evaluate the role of
the urea substituent in these new analogs.

Methods

The urea-substituted amino acids were prepared by
reaction of the corresponding N-a-Boc derivatives of
L-Lys or L-4-Amf with o-tolyl isocyanate or o-chlorophen-
yl isocyanate in water or aqueous acetonitrile. N-o-Boc-
D,L-3-aminophenylalanine was prepared by catalytic
reduction of N-a-Boc-D,L-3-nitrophenylalanine!é7 and
converted to the urea derivative in a similar manner.
Analogs 1—4 and 7 were prepared by automated solid-
phase peptide synthesis and acetylated prior to cleavage
and deprotection.

The peptides containing D- or L-3-Amf were prepared
as a mixture of diastereomers and cleaved from the resin
prior to acetylation. The diastereomeric amino terminal
peptides were separated by preparative RP-HPLC. A
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Table 1. Functional Activity of Tetrapeptides Ac-Trp-NH-CHR-CO-Asp-MePhe-NH;

GPGB :
Analog R Stereo  PECse®  %mCCK-8® PA2° Slope¢
H H CHs
1 MNBN L 88+02(4) 105%
n H Ci
2 A~ EN L 93+06(4) 117%
Q L i.a® 74(85-69) 1.2(1.6-0.8)
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ia® 7.1(7.9-6.6) 1.4(1.9:09)
i.a®  72(8.4-66) 0.9(1.3-0.6)
a®  74(77-71) 15(12-1)

ia.®

@ —log of the ECsp + SD (number of determinations). In the same assay, CCK-8 had a pECso of 9.41 + 0.15 (4). ® % mCCK-8, percent
contraction induced by test compound at 30 #M, normalized to the percent contraction induced by 1 uM CCK-8. ¢ pAs, —log of the
concentration required to shift the CCK-8 concentration—response curve 2-fold; 95% confidence limits in parentheses. ¢ Slope of the Schild

plot; 95% confidence limits in parentheses. ¢ i.a., inactive at 30 uM.

portion of each amino terminal peptide was treated with
leucine aminopeptidase (16 h at 37 °C), and the result-
ant mixtures were monitored by LC-MS. The diaste-
reomer completely degraded by enzyme treatment was
assigned L-stereochemistry. The diastereomer which
was resistant to enzymatic degradation was assigned
D-stereochemistry. The remaining samples of the puri-
fied amino terminal diastereomeric peptides were treated
with acetic anhydride/pyridine to obtain the N-acetyl
derivatives, 5 and 6.

Analogs 1—-7 were purified to homogeneity (>98%) by
preparative RP-HPLC, and the lyophiles were charac-
terized by analytical RP-HPLC, 'H-NMR spectroscopy,
and high-resolution fast-atom bombardment (FAB) mass
spectrometry. Analogs were evaluated for functional
activity in the isolated guinea pig gallbladder (GPGB,
Table 1). Receptor binding affinities were measured on
membrane preparations from CHO K1 cell lines stably
transfected with cDNA for human CCK-A!8 or CCK-B!?
receptors (Table 2).

Results and Discussion

While the lysine-substituted derivatives 1 and 2 were
full agonists in the isolated GPGB (Table 1), the Amf
derivatives 3—86 were moderately potent antagonists of
CCK-8 in the GPGB, with pA; values ranging from 7.1
to 7.4. The D-3-Amf analog 6 was slightly more potent
than the L-3-Amf analog 5. Analog 6 also blocked the
agonist activity of 1 in the GPGB with a pA2 of 6.9 (6.5—
7.7), suggesting that these analogs were interacting with
the same CCK receptor as CCK-8 in the isolated GPGB
preparation. The L-Phe analog, 7, was completely
inactive in the GPGB, confirming that the antagonist
activity observed with 3—6 was related to the urea side-
chain substituent.

The receptor affinities and subtype selectivities of
these new analogs for human CCK-A and CCK-B

Table 2. Receptor Binding Affinities of Tetrapeptides for
Human CCK-A and CCK-B Receptors

pICso"

analog CCK-A CCK-B B/A®
1 7.7+04(3) 53+0.2(5) 251
2 83+0.1(3) 6+ 0.05 (3) 200
3 75+0.1(3) 4.0+0.3(3) 3162
4 7.0 £0.02(3) 42+0.1(3) 631
5 7+0.1(5) 5+0.1(3) 100
6 7.2+£0.2(5) 4.3+0.2(3) 794
7 <4 (3) 5.4+ 0.01(3) <0.04
CCK-8 9.4 +0.1(3) 9.5+04(9 0.8
CCK-8NS 57+0.8(4) 8.3+04(3) 0.003
MK-329 9.6 +0.5(9) 7+0.2(3) 398
L 365,260 6.8+044) 82+0.2(2) 0.04

@ —log of the concentration displacing 50% of [*25I]Bolton Hunter
CCK-8 from membrane preparations isolated from CHO K1 cells
stably transfected with ¢cDNA of human CCK-A and CCK-B
receptors. =SD. Number of determinations are in parentheses.
b CCK-A receptor selectivity., ICz0(CCK-B)IC50(CCK-A).

receptors are reported in Table 2. It should be noted
that all of the standards reported in Table 2 show
slightly better CCK-B affinity and receptor selectivity
on the human receptors than has been reported1%:21,22
for comparisons with membrane preparations from rat
pancreatic acinar cell (CCK-A) and guinea pig cerebral
cortical (CCK-B) membranes.

The rank order of human CCK-A receptor affinities
for 1—6 paralleled the rank order of potencies (pEDsg
or pAg) seen in the isolated GPGB. Lys derivatives 1
and 2 were 200-fold CCK-A receptor selective, with the
Cpac derivative 2 having slightly higher CCK-A receptor
affinity than the Tac derivative 1. The L-4-Amf deriva-
tives 3 and 4 were even more CCK-A receptor selective
(3100- and 630-fold, respectively), with the Tac deriva-
tive 8 having slightly higher CCK-A receptor affinity
than the Cpac derivative 4. The D-3-Amf analog 6 had
similar CCK-A receptor affinity but better CCK-A
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receptor selectivity than the corresponding L-3-Amf
analog 5. Despite being equipotent to 3 in the GPGB
assay, the D-3-Amf analog 6 had lower CCK-A receptor
affinity and selectivity than the L-4-Amf analog 8. The
control tetrapeptide 7 had weak affinity for the human
CCK-B receptor but did not bind the human CCK-A
receptor (up to 10 uM), demonstrating the critical role
of the urea substituent for CCK-A receptor recognition.

The ability of analogs 1 or 6 to influence intracellular
calcium was evaluated with the stably transfected CHO
K1 cells loaded with FURA2-AM (n = 1). Lysine
derivative 1 was a full agonist on both the hCCK-A
(EDso = 4.2 nM) and hCCK-B (ED5so = 530 nM) receptor-
containing cell lines, while the D-3-Amf analog 6 was
inactive as an agonist. However, as predicted from the
human receptor binding affinities, a single 1 uM con-
centration of analog 6 blocked the agonist activity of 1
in the human CCK-A receptor-containing cell line (15.6-
fold shift; pKg = 7.2) but not in the human CCK-B
receptor-containing cell line.

In summary, analogs of Boc-Trp-Lys(Tac)-Asp-Me-
Phe-NH; were prepared in which the methylene bridge
between the urea substituent and the peptide backbone
was replaced with a four-carbon (L-4-Amf) or three-
carbon (L- and D-3-Amf) aromatic linker. To our sur-
prise, these modifications produced moderately potent
antagonists, with CCK-A receptor selectivity equal to
or better than the lysine-substituted derivatives. In
addition to altering the bridge length between the urea
substituent and the peptide backbone, substitution of
an aromatic ring would be expected to increase the steric
bulk and hydrophobicity and decrease the conforma-
tional mobility of the urea-substituted amino acid.
Moreover, substitution of an aniline for an alkylamine
could alter the electronics and preferred conformation
of the urea. The few compounds reported here do not
provide a sufficient database to define which, if any, of
these steric and/or electronic factors contribute to this
remarkable conversion of functional activity.

Experimental Section

All chemicals and solvents were reagent grade unless
otherwise specified. CCK-8 and nonsulfated CCK-8 (CCK-
8NS) were purchased from Sigma (St. Louis, MO). MK-3292°
and L 365,260%' were obtained from Merck & Co. (Rathway,
NJ).

The 'H-NMR spectra were recorded on either a Varian VXR-
300 or a Varian Unity-300 instrument. Chemical shifts are
expressed in parts per millon (ppm, 6 units). Coupling
constants are in units of hertz (Hz). Splitting patterns are
designated as s, singlet; d, doublet; q, quartet; m, multiplet;
br, broad. Low-resolution mass spectra (MS) were recorded
on a JOEL JMS-AX505HA, JOEL SX-102, or SCIEX-APIII
spectrometer. All mass spectra were taken in the positive ion
mode under electrospray ionization (ESI) or fast-atom bom-
bardment (FAB) methods. Reactions were monitored by thin-
layer chromatography on 0.25 um silica gel plates (E. Merck,
60F-254), visualized with UV light, 7% ethanolic phosphomo-
lybdic acid, or p-anisaldehyde solution.

N-o-Boc-L-lysine[ (N*-o0-tolylamino)carbonyl]. o-Tolyl iso-
cyanate (6.7 g, 50 mmol) was added to a solution of N-o-Boc-
L-lysine (12.3 g, 50 mmol) dissolved in 1 N aqgeuous sodium
hydroxide (50 mmol). The reaction mixture was stirred at
room temperature for 3 h, acidified with 1 N aqueous HCI,
and extracted into ethyl acetate (6 x 50 mL). The combined
organic extracts were washed with brine (1 x 30 mL), dried
(MgSO0y), and concentrated in vacuo to give the crude urea (18
g, 94%) which was used without further purification: 'H-NMR
(300 MHz, DMSO-ds) 6 1.36 (s, 13H), 3.83 (m, 1H), 2.15 (s,
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3H), 3.05 (d, J = 5.13 Hz, 2H), 6.51 (t, J = 4.88 Hz, 1H), 6.83
(t, J = 7.33 Hz, 1H), 7.08 (m, 3H), 7.58 (s, 1H), 7.81 (d, 1H);
MS (FAB) m/z 380 (MH™); TLC (9:1 CHCl3:CH30H) Rr= 0.06.
Anal. (ClgH29N305), C, H, N.

N-a-Boc-L-lysine[[N*-(o-chlorophenyl)amino]carbon-
vll. Via N-a-Boc-L-lysine (5.0 g, 20.5 mmol) and o-chlorophen-
yl isocyanate (3.69 g, 24 mmol), the title compound (4.41 g,
54%) was prepared as previously described: 'H-NMR (300
MHz, CDCl3) 6 1.4 (s, 9H), 1.55 (m, 2H), 1.75 (m, 2H), 1.85
(m, 2H), 3.2 (br s, 2H), 4.23 (m, 1H), 5.3 (br d, 1H), 6.83 (br t,
1H), 7.1-7.3 (m, 3H), 8.05 (d, 1H); MS (FAB) m/z 400 (MH™");
TLC (9:1 CHCl5:CH;0H) Rf=0.08. Anal. (Cy5HgsN305CD) C,
H, N.

N-a-Boc-4-L-aminophenylalanine[(N*-o-tolylamino)-
carbonyl]. Via N-a-Boc-4-L-aminophenylalanine (5.6 g, 20
mmol) and o-tolyl isocyanate (3.2 g, 24 mmol), the title
compound (4.1 g, 49%) was prepared as previously described
and used without further purification: H-NMR (300 MHz,
CD3;0D) é 1.4 (s, 9H), 2.25 (s, 3H), 2.88 (dd, 1H), 3.1 (dd, 1H),
4.3 (dd, 1H), 7.03 (m, 1H), 7.18 (m, 4H), 7.38 (d, 2H), 7.63 (d,
1H); MS (FAB) m/z 414 (MH*); TLC (9:1 CHCl3:CH30H) Ry
= 0.52. Anal. (022H27N305) C, H, N.

N-ao-Boc-4-L-aminophenylalanine[[N’-(o-chloropheny-
Damino]lcarbonyl]. Via N-a-Boc-4-L-aminophenylalanine
(5.6 g, 20 mmol) and o-chlorophenyl isocyanate (3.69 g, 24
mmol), the title compound (6.2 g, 72%) was prepared as
previously described and used without further purification:
'H-NMR (300 MHz, CD3;0D) 6 1.4 (s, 9H), 2.88 (dd, 1H), 3.13
(dd, 1H), 4.33 (dd, 1H), 6.95—7.45 (m, 7H), 8.1 (dd, 1H); MS
(FAB) m/z 434 (MH™); TLC (9:1 CHCIl;:CH3;0H) Ry = 0.8.
Anal. (CHaeN305C1) C, H, N.

N-a-Boce-3-D/L-aminophenylalanine. N-o-Boc-3-D/L-nitro-
phenylalanine!®!? (8.9 g, 18 mmol) and 10% Pd/C (0.8 g) in
methanol (100 mL) were shaken under hydrogen (45 psi)
overnight. The mixture was filtered through Celite, and the
filtrate was evaporated in vacuo to give the title compound
(8.7 g, 18 mmol) which was used without further purification:
'H-NMR (300 MHz, CD;0D) 6 1.4 (s, 9H), 2.83 (dd, 1H), 3.05
(dd, 1H), 4.33 (dd, 1H), 6.65 (m, 3H), 7.05 (m, 1H); MS (FAB)
m/z 281 (MHT); TLC (9:1 CHCI1;:CH;0H) Rf = 0.14. Anal.
(C1sHxN:049) C, H, N.

N-a-Boe-3-D/L-aminophenylalanine[ (Nt-o-tolylamino)-
carbonyl]. Via N-a-Boc-3-D/L-aminophenylalanine (4.7 g, 16.7
mmol) and o-tolyl isocyanate (2.7 g, 20 mmol), the title
compound (5.1 g, 74%) was prepared as previously described
and used without further purification: *H-NMR (300 MHz,
CD3OD) 6 1.4 (s, 9H), 2.3 (s, 3H), 2.9 (dd, 1H), 3.15 (dd, 1H),
4.23 (m, 1H), 6.85—7.25 (m, 6H), 7.43 (d, 1H), 7.63 (d, 1H);
MS (FAB) m/z 414 (MH™); TLC (9:1 CHCl3:CH30H) Ry = 0.54.
Anal. (022H27N305) C, H, N.

Peptide Synthesis. Analogs were prepared by automated
solid-phase peptide synthesis (ABI 430) on p-methylbenzhy-
drylamine resin®? (Peptides International, Louisville, KY). N-a-
tert-Butyloxycarbonyl (Boc) amino acid derivatives were pur-
chased from Bachem Biosciences (Philadelphia, PA) or Applied
Biosystems Inc. (Foster City, CA). DCC/HOBt single coupling
protocols were utilized for the N-a-Boc-MePhe-OH, N-a-Boc-
Lys(Ne-Tac)-OH, N-o-Boc-Lys(N¢-Cpac)-OH, N-a-Boc-4-Amf-
(N¢-.Tac)-OH, N-a-Boc-4-AmfiN¢-Cpac)-OH, N-a-Boc-D/L-3-Amf-
(N<.Tac)-OH, and N-o-Boc-Trp-OH. DCC/HOBt double coupling
protocols were utilized for N-o-Boc-Asp(benzyl). Peptides were
cleaved from the resin, and all protecting groups were removed
by treatment at 0 °C for 1 h with anhydrous liquid HF (10
mL/g of resin) containing dithioethane (1 mL/g of resin) and
anisole (1 mL/g of resin). The HF was removed in vacuo, and
the resin was washed with cold diethyl ether and filtered.
Peptides were extracted from the resin with aqueous acetic
acid (30%). The crude peptides obtained by lyophilization were
purified to homogeneity by preparative reversed-phase high-
pressure liquid chromatography (RP-HPLC) using a Waters
Model 3000 Delta Prep column equipped with a Delta-pak
radial compression cartridge (G18, 300 A, 15 ym, 47 mm x
300 mm) as the stationary phase. The mobile phase employed
0.1% aqueous TFA with acetonitrile (Burdick and Jackson) as
the organic modifier. Linear gradients were used in all cases,
and the flow rate was 100 mL/min (£, — 5 min). Appropriate



210 Journal of Medicinal Chemistry, 1995, Vol. 38, No. 1 Notes
Table 8. Physical Data for Analogs 1-7
HRMS®
analog empirical formula calculated found tg, min (% CH3CN/30 min)® purity®
1 CuH350NgOs 783.3830 783.3833 19.4 (30—-48%) 98.7
2 C40H47Ng0sCl 803.3284 803.3297 15.4 (33—51%) 98.1
3 Cy44H4sNgOs 817.3673 817.3663 18.1 (33—51%) 98.2
4 C43H45Ng05Cl 837.3127 837.3135 21.6 (33—51%) 98.5
5 C44H4sNgOsg 817.3673 817.3679 16 (36—54%) 99.3
6 C44H4sNgOs 817.3673 817.3687 15.8 (36—54%) 99.0
7 C3sHaNgO7 669.3037 669.3039 21.6 (24—42%) 98.4

o MH*, obtained in positive ion mode, utilizing FAB ionization on an AMD 604 double focusing magnetic sector mass spectrometer.
b Analytical retention time on a Vydac C18 column (5 um, 4.6 mm x 200 mm), utilizing a linear gradient of acetonitrile and a flow rate

of 1.5 mL/min. ¢ Purity assessed by integration at A = 214 nm.

fractions were combined and lyophilized to obtain the target
peptide analogs. Analytical purity was assessed by RP-HPLC
using a Waters 600E system equipped with a Waters 990 diode
array spectrometer (A range 200—400 nm). The stationary
phase was a Vydac C18 column (5 ym, 4.6 mm x 200 mm).
The mobile phases were the same as above, linear gradients
were again utilized, and the flow rate was 1.5 mL/min (¢, =
2.8 min). Analytical data (Table 3) is reported as retention
time, g, in minutes (% acetonitrile over time). High-resolution
mass spectra (Analytical Instrument Group, Raleigh, NC) were
recorded in the positive ion mode on a AMD-604 (AMD Intectra
GmbH) high-resolution double focusing mass spectrometer
under FAB conditions (Table 3).

H-Trp-3-D,L-Amf[(N¢-tolylamino)carbonyl]l-Asp-MePhe-
NH:. This compound was prepared as a mixture of diaster-
eomers containing D,L-3-Amf(Tac) and cleaved from the resin
prior to N-terminal acetylation. Separation by preparative RP-
HPLC afforded the individual diastereomeric analogs in
greater than 98% purity. H-Trp-L-3-Amf[(N%-o-tolylamino)-
carbonyll-Asp-MePhe-NH,: CyoHysNsO7; MS (FAB) m/z 775
(MH"); tg = 20.3 min (27—45%/30 min); H-Trp-D-3-Amf[(NV*-
o-tolylamino)carbonyll-Asp-MePhe-NHy: C,H,gNsO7; MS (FAB)
m/z 775 (MH"); tg = 22.3 min (27-45%/30 min). The
individual diastereomeric peptides were converted to the
N-acetyl derivatives 5 and 6 by treatment with acetic anhy-
dride (0.01 mL) and pyridine (0.02 mL) in DMF (3 mL) at
ambient temperature for 30 min. The reaction mixture was
diluted with aqueous TFA (10%, 50 mL) and lyophilized to a
solid. Purification by RP-HPLC afforded the N-acetyl deriva-
tives in >99% purity.

Assignment of Stereochemistry. Each diastereomeric
peptide were incubated at 37 °C for 16 h with leucine
aminopeptidase (Sigma; 1:50) in 100 xL of 50 mM NH/HCO;
(pH 8.5) solution. The hydrolysis reactions were terminated
by the addition of TFA (1 4L), and the reaction mixtures were
reduced almost to dryness by lyophilization and then recon-
- stituted with 0.05% aqueous TFA (100 xL) to a final concen-
tration of 10 uM. About 100 pmol of peptide hydrolysate was
used for each LC/MS experiment. Samples were analyzed on
a Vydac C18 column (5 4m, 320 um x 30 cm) conditioned to a
flow rate of 7 uL/min. The mobile phase was 0.1% aqueous
TFA (10% B to 60% B) with acetonitrile as the organic
modifier. Masses were detected with a Sciex API-III triple
quadrupole electrospray mass spectrometer. The collision gas
used for MS/MS was Ar with 10% N,. Digested peptides were
analyzed from m/z 300 to 1000 using repetitive scans at a rate
of 3.5 s/scan.

Guinea Pig Gallbladder Tissue Preparation. Gallblad-
ders were removed from male Hartley guinea pig sacrificed
with CO; atmosphere. The isolated gallbladders were cleaned
of adherent connective tissue and cut into two rings from each
animal (2—4 mm in length). The rings were suspended in
organ chambers containing a physiological salt solution (118.4
mM NaCl, 4.7 mM KCl, 1.2 mM MgSQy, 2.5 mM CaCl,, 1.2
mM KH;POj;, 25 mM NaHCO;, 11.1 mM dextrose). The
bathing solution was maintained at 37 °C and aerated with
95% O4/5% CO; to maintain pH 7.4. Tissues were connected
via gold chains and stainless steel mounting wires to isometric
force displacement transducers (Grass, Model FT03 D). Re-
sponses were then recorded on a polygraph (Grass, Model 7E).
One tissue from each animal served as a time/solvent control

and did not receive test compound. Rings were gradually
stretched (over a 120 min/period) to a basal resting tension of
1 g which was maintained throughout the experiment. During
the basal tension adjustment period, the rings were exposed
to acetylcholine (10~¢ M) four times to verify tissue contractil-
ity. The tissues were then exposed to a submaximal dose of
sulfated CCK-8 (Sigma; 3 x 107 M). After obtaining a stable
response, the tissues were washed out three times rapidly and
every 5—10 min for 1 h to reestablish a stable base line.

Agonist EDso’s. Compounds were dissolved in dimethyl
sulfoxide (DMSO) and then diluted with water and assayed
via a cumulative concentration—response curve to test com-
pound (1071*-3 x 107 M) followed by a concentration—
response curve to sulfated CCK-8 (1071—10-¢ M) in the
presence of the highest concentration of the test compound.
As a final test, acetylcholine (1 mM) was added to induce
maximal contraction. A minimum of three determinations of
activity was made for each test compound.

Antagonist pAy’s. Gallbladder tissues from at least three
different animals were incubated for 60 min with a given
concentration (three to five concentration per analog) of the
antagonist followed by a cumulative concentration—response
curve with CCK-8 or compound 1. One paired tissue from each
animal did not receive the antagonist and served as the time/
solvent control used to calculate the concentration ratio for
the rightward shift in the CCK-8 concentration response. pAg’s
were determined by Schild analysis for a given number of
observations.?*> Upper and lower 95% confidence limits and
slopes of the Schild plot are given for each pA,.

Establishment of Stable CCK Receptor-Bearing Cell
Lines. The ¢cDNA clones for the human CCK-A!8 or CCK-B?®
receptors were ligated into cDNA1-Neo vector from Invitrogen
Corp. (San Diego, CA) for direct transfection. DNA was
prepared by the alkaline lysis method and transfected into
CHO K1 cells (ATCC, Rockville, MD) using the Lipofectin
reagent? (Gibco BRL, Gaithersberg, MD). Stable transfec-
tants were initially selected by the use of Geneticin (Gibco
BRL), and receptor-bearing resistant cells were enriched by
fluorescence-activated cell sorting based on binding of Fluo-
rescein-Gly-[N1e28,31]-CCK-8. Clonal lines were subsequently
established by the limiting dilution method.

Cell Membrane Preparation. CHO K1 cells stably
transfected with human CCK-A or CCK-B receptor cDNA were
grown at 37 °C under a humidified atmosphere (95% 02/5%
CO2) in Ham’s F12 medium supplemented with 5% heat-
inactivated fetal bovine serum. The cells were passaged twice
weekly and grown to a density of 2—4 million cells/mL. The
cells were collected by centrifugation (600g, 15 min, 4 °C) and
resuspended in buffer (20 mL, pH 7.4) containing Tris-HCI (25
mM), EDTA (5 mM), EGTA (5 mM), phenylsulfonyl fluoride
(0.1 mM), and soybean trypsin inhibitor (100 ug/mL). Cells
were disrupted with a motorized glass teflon homogenizer (25
strokes), and the homogenate was centrifuged at low speed
(600g, 10 min, 4 °C). The supernatant was collected and
centrifuged at high speed (500000g, 15 min 4 °C) to pellet the
particulate fraction. The low-speed pellet was processed three
additional times. High-speed particulate fractions were com-
bined and resuspended in buffer (1—5 mg of protein/mL) and
frozen at —80 °C. Protein concentration was determined
according to manufacturer’s directions using BioRad reagent
and bovine serum albumin as standard.



Notes

Receptor Binding Assays. [1%I]Bolton Hunter CCK-8
(Amersham; 2000 Ci/mmol) was dissolved in binding buffer
(pH 7.4, 100 000 cpm/25 xL) containing HEPES (20 mM), NaCl
(118 mM), KCl1 (6 mM), MgCl; (5 mM), and EGTA (1 mM).
Nonspecific binding was determined with MK-329%° (10 uM,
CCK-A) or L 365,260 (10 uM, CCK-B). Test compounds were
dissolved in DMSO at a stock concentration of 100 times the
final assay concentration and diluted to appropriate concen-
trations with binding buffer. Binding assays were performed
in triplicate using 96-well plates to which the following were
added sequentially: test compound (25 uL), [1*I]Bolton Hunter
CCK-8 (25 uL), buffer (pH 7.4, 150 uL), and receptor prepara-
tion (50 uL). The final concentration of DMSO was 1% in all
assay wells. After 3 h at 30 °C, the incubation was terminated
by rapid filtration of the mixture onto glass filters (Whatman
GF/B) with subsequent washing to remove unbound ligand.
Bound radioactivity was quantified by y counting.

Intracellular Calcium Measurements. Cells grown on
glass coverslips to 75—90% confluency were loaded for 50 min
in serum-free culture medium containing 5 xM FURA2-AM
and 2.5 mM probenecid. A JASCO CAF-102 calcium analyzer
was used to measure changes in intracellular calcium concen-
tration by standard ratiometric techniques using excitation
wavelengths of 340 and 380 nm. Cells were perfused with
increasing concentrations of compound 1 (n = 1) until a plateau
in the 340/380 ratio was achieved. A washout/recovery period
of at least 10 min was allowed between successive stimula-
tions. Following collections of control agonist responses, cells
were perfused for 60 min with analog 6 (1 uM, n = 1) and a
second set of responses to compound 1 was collected. The
single concentration Kg was calculated according to the
formula,

[test compound]

K ="—crD

where CR is the fold-shift of the concentration response curve
to 1 in the presence of the antagonist, 6.
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