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C-terminally truncated fragments of human a-calcitonin gene-related peptide (h-a-CGRP) were
tested for their ability to stimulate amylase secretion from pancreatic acinar cells and relax
precontracted mesenteric arteries. h-a-CGRP, h-a-CGRP (1-36), h-a-CGRP (1-35), and h-a-
CGRP (1-34) were made by Merrifield's solid-phase peptide synthesis methodology. Peptides
were purified by gel filtration, cation-exchange chromatography, and semipreparative reversed-
phase high-performance liquid chromatography. The products were characterized by amino acid
analysis, mass spectrometry, and tryptic digestion. h-a-CGRP stimulated amylase secretion from
dispersed guinea pig pancreatic acini in a biphasic concentration-dependent manner. The initial
increase in amylase secretion reached 8% of total cellular amylase content with an EDg, value of
7.7 nM, and the second increase reached 11% of total cellular amylase content at a concentration
of h-a-CGRP of 10#M. h-a-CGRP (1-36) caused a small, significant increase in amylase release.
C-terminally truncated fragments h-a-CGRP (1-35) and h-a-CGRP (1-34) did not increase amylase
release at concentrations <10 M. At concentrations >10-° M the fragments h-a-CGRP (1-35)
and h-a-CGRP (1-34) caused a smaller increase in amylase release than that caused by h-a-CGRP
whereas h-a-CGRP (1-36) caused the same increase. h-a-CGRP caused a concentration-dependent
relaxation of rat mesenteric artery, precontracted with prostaglandin Fy,, with an ECs of 2.9 nM
and a maximal relaxation that was 60% of the prostaglandin Fy,~induced tone. h-a-CGRP (1-35)
alsorelaxed the mesenteric artery in a concentration-dependent manner with a maximum response
that was 40% of the prostaglandin Fy,-induced tone. The remaining fragments did not relax rat
mesenteric arteries. Additionally, h-a-CGRP (1-36) and h-a-CGRP (1-34) did not block h-a-
CGRP-induced relaxation of the mesenteric artery. An intact C-terminus is required for h-a-
CGRP to cause potent biological effects in pancreatic acini and mesenteric artery. The different
effects of h-a-CGRP (1-35) in mesenteric artery compared with those in pancreatic acini suggest

that the CGRP receptors in these two tissues may be different.

Introduction

Calcitonin gene-related peptide (CGRP)!is a 37 residue
peptide (Figure 1) first discovered as an alternative splicing
product of the rat calcitonin gene.? Similarly, the strucure
of hCGRP was elucidated from the human calcitonin gene®
and confirmed by its isolation from medullary thyroid
carcinoma tissue and subsequent sequence determination.*
A second gene has been identified in bothrat and human®¢
coding for a similar CGRP sequence. This has been
designated the g-form of CGRP while the original se-
quences are the a-forms of CGRP. Recently, h-3-CGRP
was isolated from the spinal cord and sequenced.” CGRP
is widely distributed in the central nervous system®® and
in the peripheral nerves associated with the vascular
system.!0 It has several biological actions including
inhibition of gastric acid secretion,!! relaxation of vascular
smooth muscle,!213 and stimulation of pancreatic amylase
secretion.’¥ CGRP acts in various tissues by stimulating
cAMP formation.15-18

On the basis of circular dichroism studies!®2° and nuclear
magnetic resonance spectroscopy,?! the structure of CGRP
is thought to be an N-terminal loop bridged by a disulfide
bond, followed by an a-helical portion between position
8 and positions 18-22. Structure-activity studies with
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Figure 1. Primarysequence of human a-calcitonin gene-related
peptide.

bioactive analogues of r*CGRP, containing idealized am-
phiphilic a-helices of varying lengths, suggest that the
helix ends at position 18.® The remainder of the peptide
chain apparently does not have predominant secondary
structure. Since all of the conformational studies had
trifluoroethanol, which is known to stabilize a-helical
structures, as a cosolvent the exact relevance of the
predicted structures of CGRP to the in vivo structure is
unclear. In all experiments that had water as the sole
solvent, CGRP had no regular secondary structure.
Structure-activity studies of the naturally occurring
variants, h-a-CGRP and h-3-CGRP, show that residues
in positions 3, 22, and 25 are not involved in triggering the
biological response.22 All species variants of CGRP have
37 residues, a C-terminal (phenylalanyl)amide, and a
disulfide bridge between positions 2 and 7.23-2%6 The minor
amino acid differences between species appears to be of
little biological significance. It has been shown,?2 using a
variety of assays for CGRP biological activity, that h-a-
CGRP fragments (1-18) and (19-37) are biologically
inactive.22 The analogue [Cys(ACM)27] h-a-CGRP, in
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which the disulfide bridge is not present, has no chrono-
tropic or ionotropic activities on the rat atria??? and is
unable toinhibit gastric acid secretion.!? It does, however,
inhibit the twitch response of isolated rat vas deferens?’
at a potency 50-fold lower than that of h-a-CGRP.
Prevention of protonation of the a-amino group of CGRP,
by acetylation, results in a less potent but full agonist on
rat atria.22 Two C-terminal fragments of h-a-CGRP
possess antagonist activity. [Tyr°] r-CGRP (28-37) in-
hibits r-a-CGRP-stimulated secretion of amylase from
pancreatic acini?®® and inhibits the increase in cAMP in
gastric smooth muscle cells caused by r-a-CGRP.?° h-a-
CGRP (8-37) is an antagonist in guinea pig right atrium
and guinea pig ileum. Also, h-a-CGRP (8-37) blocks the
inhibitory effect of h-a-CGRP on food intake.3® It does
not, however, antagonize h-a-CGRP-induced hyperther-
mia.

The presence of a C-terminal phenylalanyl residue in
all known variants of CGRP suggests that it has a role in
determining CGRP biological activity. Thisstudy focuses
on the contribution of the CGRP C-terminal region to
biological activity. We now describe the synthesis and
biological actions of a series of C-terminally truncated
analogues of h-a-CGRP.

Results and Discussion

All peptides were made by Merrifield’s solid-phase
peptide synthesis methodology.?! N-a-Boc amino acid
derivatives were coupled to the p-methylbenzhydrylamine
resin as preformed hydroxybenzotriazole active esters in
N-methylpyrrolidinone. Each coupling was monitored by
the quantitative ninhydrin test.32 When coupling yields
were greater than 99%, unreacted amino groups were
acetylated with acetic anhydride. In the syntheses of all
peptides, the last 15 residues, Leu!® to Ala! of the native
h-a-CGRP sequence, had coupling yields less than 99%.
The reduced efficiency of these couplings is attributed to
conformations of the growing peptide chain in which the
a-amino group is less accessible. Residues were then
double coupled, and the resin was capped with acetic
anhydride. The bulk of the resin became too great for the
reaction vessel after the twentieth coupling and was halved
before continuing the synthesis. The low-high trifluoro-
methanesulfonic acid method of Tam?? was used to cleave
the peptides from the resin and remove the side-chain
blocking groups. The crude products were then treated
with dithiothreitol overnight before being oxidized in high
dilution to form the corresponding disulfide compound.
Pretreatment with dithiothreitol was essential to reduce
amounts of polymeric material in the crude product
resulting from disulfide bond formation between the
peptide and thiol scavengers employed in the cleavage
mixture. Peptides were purified by gel filtration on Bio-
Gel P-6, cation-exchange chromatography on CM-Sepha-
dex C25, and semipreparative RP-HPLC on Vydac C18
silica. The firsttwochromatographic steps were necessary
to remove impurities which coeluted with the products
from the C18 reversed-phase column. Purity of the
peptides was assessed by analytical RP-HPLC. Structures
were confirmed by amino acid analysis and FAB-MS
(Tables I and II) of the intact peptides and their tryptic
fragments (Figure 2). The fragments were numbered in
order of elution from the C18 column.

The ability of human-a-CGRP and C-terminally trun-
cated fragments of human-a-CGRP to stimulate amylase
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Table 1. Analytical Data of h-a-CGRP and C-Terminally
Truncated Fragments of h-«-CGRP

HPLC &’ values FAB-MS [M + H]*+
peptide system 1% system2® system3®  caled obsd
1 17.13 3.31 26.41 3790 3790
2 7.40 1.60 11.59 3643 3643
3 7.27 1.53 11.12 3572 3571
4 8.77 2.06 13.06 3444 3445

% Vydac 218TP54 C5 column (250 X 4.6 mm), water/acetonitrile
(73:27), 0.1% TFA. ® Vydac 214TP54 C, column (250 X 4.6 mm),
water/acetonitrile (73:27), 0.1% TFA. ¢ Waters Delta Pak HPI C;5
column (150 X 3.9 mm), water/acetonitrile (73:27), 0.1% TFA.

secretion from dispersed guinea pig pancreatic acini and
relax isolated rat mesenteric artery was determined.

Figure 3shows the effects of h-a-CGRP and C-terminally
truncated fragments of h-a-CGRP on amylase secretion
from pancreatic acinar cells. All h-a-CGRP fragments
contained a C-terminal carboxamide functionality to
mimic the neutral peptide bond in the native sequence.
When used over the concentration range 10-1-10~¢ M,
h-a-CGRP increased amylase secretion in a biphasic dose—
response manner. Initial amylase secretion increased to
a plateau of 7-8% of total cellular amylase content with
acorresponding EDsgvalue of 7.7+ 1.8 nM. Inthe absence
of the phosphodiesterase inhibitor, IBMX, the maximal
response to h-a-CGRP was only 5% of total amylase
content. All studies in the present report were therefore
carried out in the presence of 1 mM IBMX. A second
increase in amylase secretion was seen in response to very
high concentrations of h-a-CGRP. Amylase output rose
to 11% of total cellular amylase content in response to a
h-a-CGRP concentration of 10~ M but did not plateau,
thereby preventing determination of an EDg value for
the latter response.

h-a-CGRP (1-36) 2 caused a small but significant
increase in amylase secretion at a concentration of 108 M.
Peptides h-a-CGRP (1-35) 3 and h-a-CGRP (1-34) 4 did
not stimulate amylase release on pancreatic acinar cells
at concentrations <10-5 M. At concentrations above 10~
M, all of the above peptide fragments stimulated amylase
secretion. Fragment 2, at the highest concentration,
caused an increase in amylase secretion of 11% of total
cell content which is identical with that caused by h-a-
CGRP at thesame concentration. Theincreasein amylase
secretion caused by fragments 3 and 4 was less than that
of h-a-CGRP, the largest response being 9% of total
amylase content.

These results suggest that h-a-CGRP may bind at two
different sites on pancreatic acinar cells to stimulate
amylase secretion. At the high affinity site, h-a-CGRP
has an EDgg value of 7.7 nM which is in close agreement
with literature reports for responses mediated by a CGRP
receptor using cAMP as a second messenger.!428 The
amylase secretion caused by high concentrations of h-a-
CGRP may be the result of one of the following possi-
bilities: (i) activation of a hitherto unknown, CGRP
receptor, (ii) activation of a receptor for a structurally
similar endogenous ligand such as the islet amyloid
polypeptide receptor, or (iii) nonspecific interactions with
receptors capable of stimulating amylase release, such as
the cholecystokinin receptor.

h-a-CGRP relaxed rat superior mesenteric arteries,
precontracted with prostaglandin Fq,, in a concentration-
dependant manner (Figure 4) with an ECs of 2.9 £ 0.31
nM and a maximal relaxation that was 60% of the
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Table II. Amino Acid Compositions® of h-a-CGRP and C-Terminally Truncated Fragments of h-a-CGRP

peptide Cys Asp Thr Ser Pro Gly

Ala Val Leu Phe His Lys Arg

1 1.83(2) 4.17(4) 3.80(4) 2.44(3) 0.97(1) 4.05(49) 4.06(4) 4.79(5) 3.23(3) 2.07(2) 0951 1.96(2) 2.09(2)
2 1.81(2) 4.06(4) 3.42(4) 226(3) 1.07(1) 4.06(4) 3.98(4) 4.71(5) 3.24(3) 0.99(1) 0.95(1) 1.98(2) 2.05(2)
3 1.76(2) 4.11(4) 3.48(4) 2.21(3) 1.05(1) 4.00(4) 2.85(3) 4.69(5) 3.20(3) 1.00(1) 0.96(1) 215(2) 2.04(2)
4 1.90(2) 4.03(4) 3.34(4) 2.30(3) 1.08(1) 3.99(4) 299(33) 4.73(5) 3.17(3) 1.04(1) 0.95(1) 1.06(1) 2.03(2)
@ Theoretical values in parentheses.
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prostaglandin Fy,—induced tone. Fragments 2 and 4 did
not relax mesenteric arteries. Fragment 3 relaxed me-
senteric arteries with a maximal response that was
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Figure 5. Relaxant effects of h-a-CGRP in the absence and
presence of 1 uM peptide 2 and 1 uM peptide 4.

approximately 40% of active tone at the highest concen-
tration tested. The potency of fragment 3 was at least
100-fold lower than that of h-o-CGRP (Figure 4).
Inactive fragments 2 and 4 were also tested as antagonists
of h-a-CGRP on rat mesenteric arteries. Concentration,
relaxation response curves for h-a-CGRP, in the absence
and presence of 1 uM 2 and 4, are shown in Figure 5. ECs
values were 3.22 %+ 0.80 nM for h-a-CGRP alone, 5.18
1.78 nM for h-a-CGRP in the presence of 1 uM 2 and 2.03
£0.96 nM for h-a-CGRP in the presence of 1 uyM 4. These
values are not significantly different, indicating that the
fragments do not act as antagonists at CGRP receptors.
It is not clear why fragment 3 is a less potent agonist
than h-a-CGRP, whereas fragment 2 is inactive as an



Human a-Calcitonin Gene-Related Peptide

agonist or an antagonist. Presumably, the absence of a
C-terminal Phe residue in fragment 2 causes a confor-
mational change in the C-terminal region and potentially
of the whole peptide, which prevents the fragment from
interacting with the CGRP receptor. Removal of the Ala
allows the conformation to return to a bioactive state
allowing fragment 3 to function as an agonist. However,
the much lower potency of fragment 3 suggests that it is
lacking some important structural features that either are
involved in binding to the CGRP receptor or contribute
to intrinsic efficacy.

The relaxant effects of fragment 3 on rat mesenteric
arteries and its inability to stimulate amylase secretion
from guinea pig pancreatic acinar cells suggests that the
CGRP receptor in these tissues may be different. This
interpretation is in agreement with other reports?”34 of
two CGRP receptors, called CGRP, and CGRP;. CGRP,
receptors have been found in guinea pig atria and are
characterized by high affinity for the antagonists h-a-
CGRP (8-37) and h-a-CGRP (9-37). CGRP; receptors
have been identified in rat vas deferens and have a lower
affinity for the above fragments but are sensitive to the
agonist [Cys(ACM)%71-h-a-CGRP, which is inactive in
guinea pig atria. Further work is required to classify the
CGRP receptors in rat mesenteric arteries and guinea pig
pancreatic acini.

In conclusion, this study has shown that h-a-CGRP
requires its C-terminal portion to elicit a biological response
at the CGRP receptors on guinea pig pancreatic acinar
cells and rat mesenteric artery. Specifically, the Phe®
residue is involved in the binding of h-a-CGRP to its
receptor and may play a role in triggering its biological
response. This conclusion is in complete agreement with
the recent results of O’Connell et al.3% and Poyner et al.38
The differential agonist effects of fragment 3 on acinar
cells and mesenteric artery may be indicative of receptor
heterogeneity among CGRP receptors.

Experimental Section

N-a-Boc amino acid derivatives were purchased from Bachem
(Torrence, CA) and ABI (Foster City, CA). All solvents and
reagents were peptide synthesis grade and obtained from ABI
and Fisher Biotec (Pittsburgh, PA). Water for chromatography
was purified on a Barnstead Nanopure system, and solvents for
HPLC were from Fisher (Optima grade). TFA for HPLC was
supplied by Pierce (Rockford, IL). Young guinea pigs (100-200
g) were obtained from the breeding colony at Creighton Uni-
versity. HEPES was from Research Organics (Cleveland, OH),
purified collagenase (type CLSPA, 1489 u/mg) was from Wor-
thington Biochemical (Freehold, NJ), MEM (50x), amino acids,
essential vitamin mixture, nonessential amino acids, and BSA
were all from Sigma Chemical Co. (St. Louis, MO). The Phadebas
amylase test kit was purchased from Pharmacia Diagnostics
(Fairfield, NJ). Peptide syntheses were performed on an ABI
automated peptide synthesizer, Model 430A. Reactiveside chains
were protected as follows: Cys, p-methoxybenzyl; Asp, benzyl
ester; Thr, benzyl ether; His, benzyloxymethyl; Arg, mesitylene-
2-sulfonyl; Ser, benzyl ether; Lys, 2-chlorocarbobenzoxy. Gel
filtration was performed using Bio-Gel P6 from Bio Rad
(Richmond, CA) packed in a glass column (2.5 X 90 cm). Cation-
exchange chromatography was performed on CM Sephadex C25
from Pharmacia (Piscataway, NJ) packed in a glass column (1.6
© X 15 cm). HPLC was performed on a Waters (Milford, MA)
Model 600E instrument which included a UK injector, a Model
484 UV detector, and a Model 745B integrator. Solvent A was
0.1% TFA in water, and solvent B was a mixture of acetonitrile
and water (60:40) containing 0.09% TFA. Analytical RP-HPLC
was performed on a Vydac 218TP54 C18 column (4.6 X 250 mm),
aVydac 214TP54 C4 column (4.6 X 250 mm), and a Waters Delta
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Pak HPI C18, 300 A column (3.9 X 150 mm). Semipreparative
HPLC was performed on a Vydac 218TP510 Column (10 X 250
mm). k’ values were obtained under isocratic conditions. For
amino acid analysis, samples were hydrolyzed in 6 M constant
boiling hydrochloric acid in sealed evacuated tubes for 24 h at
110 °C. Amino acid analysis was performed on a Beckman
instrument, Model 116, modified to a one-column system.
Cysteine was determined as cysteic acid in the full length peptides.
Incomplete hydrolysis of the Val?>-Val?® peptide bond was
sometimes observed.

Tryptic Digestion. Peptides (1 mg) were digested with
trypsin (5 ug) in 50 mM ammonium bicarbonate buffer (1 mL)
atpH8.5for 24hat 37°C. Thedigestion was stopped by freezing,
and the mixture was stored at ~20 °C. Tryptic fragments were
purified by RP-HPLC using the elution conditions described for
each peptide. Tryptic fragments are listed in order of elution
from the column.

Human a-Calcitonin Gene-Related Peptide, h-«-CGRP 1.
The hydrochloride salt of p-MBHA resin (0.65 g, 0.4 mmol) was
treated with a 5% solution of DIEA in DCM (1 min) and a 5%
solution of DIEA in NMP (1 min) before being washed with
NMP (5 X 1 min). Boc-Phe (0.53 g, 2 mmol) and a 1 M solution
of HOBt in NMP (2 mL, 2 mmol) were added to NMP (5 mL)
before a 1 M solution of DCCI in NMP (2 mL, 2 mmol) was
added. The reaction mixture was left for 40 min with occasional
mixzing. The resulting DCU was removed by filtration, and the
filtrate was transferred immediately to the reaction vessel
containing the neutralized p-MBHA resin. The coupling mixture
was vortexed for 30 min, and DMSO was added to a final
concentration of 20%. The mixture was vortexed for a further
16 min, 3.8 equiv of DIEA was added, and vortexing was continued
for 7 min. The resin was washed with DCM (3 X 1 min) to yield
Boc-Phe-p-MBHA resin. A sample of resin was removed for the
quantitative ninhydrin test. To cap the remainder, the peptide
resin was treated with a mixture of acetic anhydride, DIEA, and
DCM (10:5:85, vol/vol/vol) followed by acetic anhydride in DCM
(1:9, vol/vol) and then washed with DCM (4 X 1 min). Toremove
the N-a-Boc group the resin was mixed with a 30% solution of
TFA in DCM for 3 min and a 50% solution of TFA in DCM for
17 min and further washed with DCM (56 X 1 min).

This procedure was repeated for the coupling of the next 21
residues. After the twentieth coupling, the peptide-resin was
dried, and half was used for the rest of the synthesis. Due to
poor coupling yields, double couplings were used for the twenty-
third and all subsequent couplings. Once the desired sequence
was assembled, the final Boc group was removed, and the peptide—
resin was dried under reduced pressure.

DMS (1.62 mL), m-cresol (0.54 mL), TFA (2.7 mL), and
TFMSA (0.54 mL) was added to the peptide-resin (539 mg, 0.074
mmol) in a 50-mL round-bottomed flask immersed in an ice-
salt-water bath. The reaction mixture was stirred for 3h at -5
to 0 °C. The peptide resin was collected by filtration, washed
with anhydrous ether, and dried under reduced pressure for 30
min. It was then mixed with ethanedithiol (0.27 mL) and
thioanisole (0.54 mL) for 10 min, TFA (5.4 mL) was added, and
stirring was continued for a further 10 min. TFMSA (0.54 mL)
was added dropwise, and the mixture wasstirred for 2h at ambient
temperature. Anhydrous ether wasaddedtothe reaction mixture,
and the resin and precipitated peptide were collected by filtration
and washed with more ether. The peptide was dissolved in TFA,
and the suspended resin was removed by filtration and washed
with more TFA. The combined TFA filtrates were concentrated
under reduced pressure at room temperature and triturated with
anhydrous ether. The resulting white precipitate was collected
by filtration, washed with ether, and dried to yield the crude
linear peptide.

DTT (0.78 g, 5 mmol) and the crude linear peptide were
dissolved in a solution of ammonium acetate (50 mM, pH 8.5,
100 mL) and left to stir overnight. The solution was diluted to
1 L with more of the ammonium acetate solution (50 mM, pH
8.5), and 0.01 M K;Fe(CN)g solution was added until the yellow
color persisted. The solution was stirred for 30 min before the
pH was lowered to approximately 4.0 with glacial acetic acid.
Amberlite IRA68 (Cl- form, 30 mL settled volume) was added,
and the mixture was stirred for 30 min. The ion-exchange resin
was collected by filtration and washed with water (3 X 50 mL).
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The combined filtrates, containing the crude cyclized peptide,
were concentrated under reduced pressure to approximately 100
mL and lyophilized.

The crude cyclized peptide was subjected to gel filtration on
Bio-Gel P6 using 5% acetic acid, as the eluent, at a flow rate
of 18 mL/h. The effluent was continuously monitored at 254 nm
and collected at a rate of four fractions per hour. Fractions 40~
71 were pooled and lyophilized. The freeze-dried material was
dissolved in 10 mM ammonium acetate buffer, pH 5.5 (30 mL),
and loaded onto a column of CM-Sephadex C25, previously
equilibrated with the same solution. The peptide was eluted
using a linear gradient of 10-800 mM ammonium acetate, pH 5.5
(300 mL of each buffer in each chamber) at a flow rate of 50
mL/h. The eluant was continuously monitored at 254 nm and
collected in 12 fractions every hour. Fractions85-119 were pooled
and lyophilized. The peptide was dissolved in 0.1% TFA,; and
loaded on to a Vydac C18 semipreparative column previously
equilibrated with 0.1% TFA, at a flow rate of 4 mL/h. The
effluent was continuously monitored at 220 nm and collected in
4-mL fractions. The peptide was eluted from the column using
the following gradient conditions: 0% B-36% B in 10 min followed
by 36%B-50%B in 60 min. Fractions 41-53 were pooled and
freeze-dried to yield h-«-CGRP 1, 23 mg (4.4 % based on coupling
vields and original resin substitution). Table I shows the
analytical data, and Table II shows the amino acid composition.
Following tryptic digestion the tryptic fragments were eluted
from an analytical Vydac C18 column using the gradient
conditions: 0~10% B in 30 min and 10-40% B in 30 min to yield
the following peptides: T1 (fragment 36-37), AAA, Ala 1.02 (1),
Phe 0.98 (1); FAB-MS MH* caled 236, found 236; T2 (fragment
19-24), AAA, Ser 0.74 (1), Gly 2.07 (2), Val 1.80 (2), Lys 1.14 (1);
FAB-MS MH* caled 546, found 546; T3 (fragment 1-11), AAA,
Asx 1.04 (1), Thr 2.35 (3), Ala 1.92 (2), Cys n.d., Val 0.97 (1), His
0.99 (1), Arg 1.08 (1); FAB-MS MH* caled 1175, found 1175; T4
(fragment 25-35), AAA, Asx 3.26 (3), Thr 0.90 (1), Ser 1.08 (1),
Pro 1.05 (1), Gly 1.01 (1), Val 1.80 (2), Phe 0.90 (1), Lys 1.04 (1);
FAB-MS MH* caled 1176, found 1177; T8 (fragment 12-18),
AAA, Ser 0.81 (1), Gly 1.01 (1), Ala 0.97 (1), Leu 3.05 (3), Arg 0.97
(1); FAB-MS MH* calcd 729, found 729.

h-a-CGRP (1-36) 2. h-a-CGRP (1-36) was synthesized and
purified to apparent homogeneity according to the methods
outlined in the synthesis of compound 1. Table I shows the
analytical data, and Table II shows the amino acid composition.
After tryptic digestion the tryptic fragments were purified on an
analytical Vydac C18 column using the gradient conditions 0-50%
B for 30 min using concave gradient number 7 followed by 50—
100% B in 30 min to yield tryptic peptides T1-T4. T1 (fragment
19-24): AAA, Ser 0.94 (1), Gly 2.11 (2), Val 0.97 (2), Lys 1.00 (1);
FAB-MS MH* caled 546, found 546. T2 (fragment 1-11): AAA,
Asx 1.13 (1), Thr 2.05 (3), Ala 1.98 (2), Cys n.d., Val 0.91 (1), His
0.88 (1), Arg 0.98 (1); FAB-MS MH* caled 1175, found 1175. T3
(fragment 25-35): AAA, Asx 2.99(3), Thr 0.93 (1), Ser 0.90 (1),
Pro 1.01 (1), Gly 1.00 (1), Val 1.97 (2), Phe 0.98 (1), Lys 1.02 (1);
FAB-MS MH* caled 1176, found 1176. T4 (fragment 12-18):
AAA, Ser0.79 (1), Gly 1.00 (1), Ala 1.00 (1), Leu 3.03 (3), Arg 0.98
(1); FAB-MS MH* caled 729, found 729. The C-terminal
alanylamide was not detected.

h-a-CGRP (1-85) 3. The title peptide was made and purified
by the procedure outlined for the synthesis of compound 1. Table
I shows the analytical data, and Table II shows the amino acid
composition. The peptide was subjected to tryptic digestion,
and the tryptic fragments were purified using an analytical Vydac
C18 column and the solvent gradient 0-50% B over 50 min to
yield the peptides T1-T4. T1 (fragment 19-24): AAA, Ser 0.82
(1), Gly 2.01 (2), Val 0.59 (2), Lys 0.99 (1); FAB-MS MH* caled
546, found 546. T2 (fragment 1-11): AAA, Asx 1.02 (1), Thr2.49
(3), Ala 2.02 (2), Cys n.d., Val 0.99 (1), His 0.91 (1), Arg 1.06 (1);
FAB-MS MH* caled 1175, found 1175. T3 (fragment 25-35):
AAA, Asx 3.01 (3), Thr 0.96 (1), Ser 0.98 (1), Pro 1.09 (1), Gly
0.89 (1), Val 1.43 (2), Phe 0.71 (1), Lys 1.07 (1); FAB-MS MH*
caled 1176, found 1177. T4 (fragment 12-18): AAA, Ser 0.81(1),
Gly 1.02 (1), Ala 1.01 (1), Leu 2.98 (3), Arg 1.02 (1); FAB-MS
MH* caled 729, found 730.

h-o-CGRP (1-34) 4. h-a-CGRP (1-34) was prepared and
purified using the procedure described for the synthesis of
compound 1. Table I shows the analytical data, and Table 1I
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shows the amino acid composition. After tryptic digestion of the
peptide the tryptic fragments were isolated from an analytical
Vydac C18 column using the gradient conditions of 0~-50% B in
50 minutes to yield following peptides T1-T4. T1 (fragment
19-24): AAA, Ser 0.86 (1), Gly 2.04 (2), Val 0.62 (2), Lys 0.96 (1);
FAB-MS MH* caled 546, found 546. T2 (fragment 1-11): AAA,
Asx 1.01 (1), Thr 2.41 (3), Ala 2.06 (2), Cys n.d., Val 0.98 (1), His
0.98 (1), Arg 0.98 (1); FAB-MS MH* calcd 1175, found 1176. T3
(fragment 25-34): AAA, Asx 3.03 (3), Thr 0.89 (1), Ser 1.07 (1),
Pro 1.09 (1), Gly 1.11 (1), Val 1.52 (2), Phe 0.71 (1); FAB-MS
MH* caled 1047, found 1048. T4 (fragment 12-18): AAA, Ser
0.81 (1), Gly 1.01 (1), Ala 0.98 (1), Leu 3.02 (3), Arg 0.99 (1);
FAB-MS MH* caled 729, found 730.

Bioassay. Preparation of Pancreatic Acini. Guinea pigs
(100-200 g) were fasted overnight before sacrifice by decapitation.
Dispersed pancreatic acini were prepared as described previ-
ously.?” The composition of the incubation solution wasthe same
as that used in previous studies.®® Briefly, the pancreas was
removed and trimmed of excess fat and mesentery. Isolated
pancreatic acini were obtained by collagenase digestion for 30
min at 37 °C, followed by gentle mechanical disruption through
a series of needles of decreasing diameter (15, 17, and 18 gauge).
The dispersed acini were then washed four times with incubation
medium, filtered through two nylon meshes of decreasing pore
size (500 and 350 um), and resuspended in 40-45mL of incubation
solution. A 25% aqueous BSA solution (6-8 mL) was added to
giveafinal concentration of approximately 3-4%. Theincubation
of pancreatic acini with h-a-CGRP and its fragments was carried
out in a microtitre plate (millititer SV, Millipore Inc., Bedford,
MA) according to the procedure published previously.®

Amylase Assay. Amylase release was determined using the
Phadebas reagent, employing a modification of the method of
Ceska.?® Amylase release into the medium was calculated as a
percentage of the total enzyme activity present in the acini at the
beginning of the incubation period. Statistical significance was
determined by analysis of variance using the Bonferroni Post
test for repeated measures.

Mesenteric Artery Relaxation. Male albino Sprague-
Dawley rats (270-325 g) were anesthetized with CO; and sacrificed
by decapitation. The method for measurement of superior
mesenteric artery relaxation was the same as that used in previous
studies.# The superior mesenteric artery was cut into 3-mm-
long ring segments, and two stainless steel pins were placed
through the lumen of the ring for tension measurement. The
rings were placed in glass muscle chambers containing Krebs
solution gassed with 95% 04-5% CO, at 37 °C. The rings were
equilibrated at an optimal resting tension of 0.4 g for 1 h,
maximally contracted with 10 uM norepinephrine, and then
relaxed with 1 uM acetylcholine to confirm that endothelium-
mediated relaxation wasintact. Arteries were washed with Krebs
solution for 1 h and contracted to one-half of maximal norepi-
nephrine contraction with prostaglandin Fs,, followed by relax-
ation concentration-response curves for CGRP or fragments.
Each analogue was tested four to seven times on tissues from
separate animals.
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