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Abstract—Silver-ion mediated thioester segment condensation was applied to the chemical synthesis of high molecular weight isoforms of
cholecystokinin (CCK). Three building blocks, a C-terminal Tyr(SO3H)-containing segment and two partially protected thioester segments
having a C-terminal Pro residue, were prepared using Fmoc-based chemistry and 2-chlorotrityl chloride (Clt) resin as a solid support. The
entire peptide chain was successfully synthesized by two consecutive silver-ion mediated condensation reactions using these building blocks.
A brief TFA treatment of the final condensation product gave highly homogeneous CCK-58 in a satisfactory yield. This peptide exhibited
glucose-dependent insulinotropic activity at levels comparable to CCK-33. These results demonstrate the usefulness of the silver-ion
mediated segment condensation approach in the preparation of large sulfated peptides.
q 2003 Elsevier Ltd. All rights reserved.

1. Introduction

Cholecystokinin (CCK) is a peptide hormone that is
distributed in both the brain and the gastrointestinal tract,
and is reported to be involved in central and pancreatic
regulations.1 This peptide is also known to have several
isoforms, such as CCK-8, -22, -33,1a,b -39,1e and -581f

(Fig. 1). The different forms of CCK are generated from the
post-translational processing of a common precursor
protein, pro-CCK.2 Although CCK-58 has been shown to

be the major circulating isoform in various animal species
including humans, the significance of the molecular
diversity of CCK remains unclear. Every form has a
tyrosine O-sulfated residue [Tyr(SO3H)] at the seventh
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Figure 1. Sequence of CCK peptides.
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position from the C-terminus that is crucial for its biological
activity. Even though the shortest CCK-peptide, CCK-8,
possesses the characteristic pharmacological properties of
CCK peptides, it is important to understand the physiologi-
cal roles of the larger CCK isoforms in order to clarify the
purpose of the molecular diversity.

A prerequisite for investigating the biological properties of
the larger CCK isoforms is the availability of an efficient
method for obtaining sufficient quantities. However,
chemical synthesis of CCK peptides has focused on CCK-
8 due to the synthetic difficulties caused by the inherent acid
lability of Tyr(SO3H) residues.3 These difficulties are
exemplified by the challenging syntheses of porcine CCK-
33 by Sakakibara et al.4 and human CCK-33 by Yajima
et al.5 Both syntheses were achieved by solution methods
adopting a post-assembly sulfation approach. On the other
hand, Fmoc-based solid-phase synthesis of porcine CCK-33
using Fmoc-Tyr(SO3Na)-OH as a building block (a pre-
assembly sulfation approach) was reported by Penke et al. in
1991.6 In their synthesis, a newly developed acid-labile
linker-resin was used. Nevertheless, the total yield of the
objective peptide was unsatisfactory. Thereafter, two
reports on chemical synthesis of larger isoforms of CCK-
related peptides were published.7 In these reports, the acid
labile Tyr(SO3H) residue was replaced by a hydrolysis-
resistant analogue Phe(p-CH2SO3Na),8 while the Met and
the Trp residues were replaced by norleucine and
2-naphthylalanine residues, respectively. Analogues of
CCK-33, -39, and -58 having these unnatural amino acid
residues, were reported to exhibit considerably less potent
biological activity than CCK-8.7

We recently established a facile solid-phase method for the
synthesis of Tyr(SO3H)-containing peptides.9 This method
was successfully applied to the direct solid-phase syntheses
of human CCK-33 and -39.9b However, a general method
for the synthesis of large sulfated peptides having over 50

amino acid residues, such as CCK-58, remains necessary.
Therefore, we examined the applicability of a silver-ion
mediated thioester segment condensation approach10 to the
synthesis of large Tyr(SO3H)-containing peptides. Numer-
ous large peptides have been prepared using this approach
and it has been successfully applied to the preparation of
post-translationally modified peptides, such as glycosylated
peptides11 and phosphorylated peptides.12 In this paper, we
report the synthesis of the larger isoforms of the sulfated
peptides CCK-39 and -58, using the silver-ion mediated
thioester segment condensation approach.

2. Results and discussion

2.1. Synthetic plan

The amino acid sequence of human CCK peptides is shown
in Figure 1. Considering the acid-lability of the Tyr(SO3H)
residue, it is desirable to keep the number of protecting
groups to a minimum, as these groups are removed by a final
acid treatment. The silver-ion mediated thioester segment
condensation approach10 meets this requirement, because
protection of the side-chain functional groups is unnecess-
ary, except for free amino groups. By adopting this
approach to construct the entire peptide chain in combi-
nation with a brief TFA treatment to remove the acid-labile
amino protecting groups, we can expect efficient preparation
of a large Tyr(SO3H)-containing peptide (Fig. 2). For
synthesis of the objective CCK-58, the two Pro residues
(Pro28 and Pro43 in Figure 1) were selected as coupling
positions in order to circumvent the racemization problem
accompanying thioester segment condensation.10 As shown
in Figure 2, we divided the 58-residue peptide into three
segments: the C-terminal Tyr(SO3H)-containing segment,
CCK(44 – 58), and two thioester segments having
C-terminal Pro residues, CCK(29–43) and CCK(1–28).

Figure 2. Synthetic plan for CCK-58.
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For preparation of the Tyr(SO3H)-containing segment, the
facile solid phase approach for the Tyr(SO3H)-containing
peptides developed by our group9 is potentially useful. In
this protocol, two key features are involved in completing
the synthesis in an efficient manner: (i) utilization of a
highly acid-sensitive 2-chlorotrityl (Clt) resin13 to
quantitatively detach the sulfated peptide from the solid
support, and (ii) TFA deprotection at low temperature to
minimize the deterioration of the sulfate. With regard to the
peptide thioester segments, preparation of these had been
limited to Boc-based chemistry until recently (Boc-strategy
in Figure 3). This is due to the nucleophilicity of piperidine,
a standard deprotection reagent for the N a-Fmoc group in
Fmoc-based SPPS. Resin-bound thioester is generally
unstable to repeated exposure to piperidine. However,
several groups have reported new methods for preparing
peptide thioester using Fmoc-based chemistry,14 either
with a thioester-compatible deprotection reagent for the
N a-Fmoc group14b or with a special linker, such as an
alkanesulfonamide-type ‘safety-catch’ linker14c – e and a
backbone amide linker.14f In this study, we decided to
employ a novel protocol developed by Futaki et al.14a in
which thioesterification is carried out on a fully protected
peptide after Fmoc-based peptide-chain assembly (Fmoc-
strategy in Figure 3). Application of Clt resin13 is critical to
prepare such side-chain protected peptides with Fmoc-based
SPPS. In addition, the sterically hindered Clt resin is able to
minimize the premature detachment of dipeptides having a
C-terminal Pro residue (X-Pro) from the resin through
diketopiperazine formation. We previously demonstrated
the usefulness of Clt resin for Fmoc-based preparation of
protected peptide segments having C-terminal Pro residues
and the obtained peptides were successfully employed in
solid-phase segment condensation aiming to synthesize a
34-residue sulfated peptide, human big gastrin-II.15 In
this way, the preparation of both the Tyr(SO3H)-
containing segment and the thioester segments having a
C-terminal Pro residue rely upon the unique characteristics
of a Clt resin.

2.2. Segment synthesis

2.2.1. Synthesis of Tyr(SO3H)-containing segment. The
C-terminal sulfated peptide, CCK(44–58): [I], was pre-
pared as shown in Figure 4. To overcome the general low
recovery of a peptide amide from the amide-offering linker-
resin, the C-terminal dipeptide, Fmoc-Asp-Phe-NH2,9 was
linked with Clt resin via the b-carboxyl group of Asp, and
each Fmoc-amino acid including Fmoc-Tyr(SO3Na)-OH6

was added to the peptide-resin in a stepwise manner. After
completing the peptide chain assembly, cleavage of the
peptide from the resin and deprotection were concurrently
conducted with 90% aqueous TFA (0 8C, 12 h). Despite this
long TFA treatment, desulfated peptide was estimated to
account for ca. 10% of total peptide by HPLC analysis
(Fig. 4(a)). The crude sulfated peptide was purified by
HPLC to give an analytically pure segment [I] in 18% yield
(Fig. 4(b)). The structural correctness of this peptide was
ascertained by amino acid analysis and liquid secondary-ion
mass spectrometry (LSIMS), and the fidelity of the sulfate
was confirmed by LSIMS in the positive- and negative-ion
modes.16

2.2.2. Synthesis of thioester segments. The method for
peptide thioester synthesis developed by Futaki et al.14a

consists of the following steps; (i) construction of a peptide
chain on Clt resin by Fmoc-based SPPS, (ii) cleavage of the
fully protected peptide from the Clt-resin under extremely
weak acidic conditions, (iii) thioesterification of the
protected peptide by reaction with HS-(CH2)2COOEt or
HS-(CH2)2CONH2, and (iv) deprotection of the peptide
with TFA. We require thioester segments bearing a TFA-
labile amino protecting group in order to construct a large
Tyr(SO3H)-containing peptide sequence, and therefore
re-introduction of a Boc protecting group to the functional
amino groups (N a- and N 1-amino groups of a peptide) was
also conducted as step (v) in this sequential scheme.

We describe here, as an example, the detailed preparation of

Figure 3. Preparation of peptide thioesters via Boc- or Fmoc-strategy.
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thioester segment, Boc-[Lys(Boc)26,36]-CCK(20 – 43)-
S(CH2)2COOEt: [IIa], which was used for the synthesis of
CCK-39 (Fig. 5, scheme). This 24-mer peptide was
constructed on an Fmoc-Pro-Clt resin according to the
general procedure of Fmoc-based SPPS. The N-terminal

residue was introduced as a Boc-protected derivative, Boc-
Tyr(tBu)-OH. The suppressed diketopiperazine formation
and the subsequent dipeptide (Asp-Pro in this case)
detachment from the resin were substantiated by the fact
that the weight of the peptide-resin increased reasonably

Figure 4. Synthesis of C-terminal Tyr(SO3H)-containing segment [I]. Reagents: (i) 90% aqueous TFA, 0 8C, 12 h; (ii) preparative HPLC. Inlet: HPLC
chromatograms of (a) crude [I] after cleavage/deprotection (step i) and (b) HPLC-purified [I]. An asterisk in (a) shows the desulfated peptide produced during
step (i). [HPLC conditions: column, Cosmosil 5C18-AR (4.6£150 mm); elution, a linear gradient of B in A (20 to 40% in 40 min); flow rate, 0.8 ml/min].

Figure 5. Synthesis of thioester segment [IIa]. Reagents: (i) HFIP/CH2Cl2 (1:4), 25 8C, 30 min; (ii) HS-(CH2)2COOEt (25 equiv.), WSCDI·HCl (15 equiv.),
and HOBt (15 equiv.), 4 8C, 20 h; (iii) 95% aqueous TFA, 25 8C, 3 h; (iv) Boc-OSu (75 equiv.), and NMM (75 equiv.), 25 8C, 20 h. Inlet: HPLC
chromatograms of (a) crude peptide after step (iii) and (b) crude peptide [IIa] after step (iv). [HPLC conditions: column, Cosmosil 5C18-AR (4.6£150 mm);
elution, a linear gradient of D in C (20 to 45% in 30 min for (a) and 30 to 50% in 30 min for (b)); flow rate, 0.8 ml/min].
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after incorporation of the third amino acid residue.
Detachment of the fully protected peptide from the Clt
resin was achieved by treating the peptide-resin with a
mixture of hexafluoro-2-propanol (HFIP)/CH2Cl2 (1:4,
30 min).17 We used this cleavage reagent instead of the
usual AcOH/trifluoroethanol/CH2Cl2

13 cleavage system in
order to avoid contamination with trace amounts of AcOH.
The fully protected peptide was then directly subjected to
thioesterification by reaction with excess ethyl 3-mercapto-
propionate (25 equiv.). The reaction was completed with the
aid of water-soluble carbodiimide (WSCDI·HCl, 15 equiv.)
in the presence of N-hydroxybenzotriazole (HOBt,
15 equiv.) in DMF. After overnight stirring at 4 8C, none
of the starting material was detected on TLC. The crude
product was isolated after washing with ether several times,
and then subjected to deprotection with 95% aqueous TFA
(25 8C, 3 h). HPLC purification of the crude deprotected
peptide (Fig. 5(a)) gave a homogeneous peptide thioester.
Finally, Boc groups were introduced to the functional N a-
and N 1-amino groups by reacting with excess Boc-OSu
(25 equiv. for each amino group) in the presence of
N-methylmorpholine (NMM) in DMF (25 8C, 3 h). The
Boc-protected peptide thioester (Fig. 5(b)) was purified by
HPLC to give a homogeneous thioester segment [IIa]. The
overall yield of thus obtained thioester segment was 11%

from the fully protected peptide. Structural correctness of
the intermediates at each step and [IIa] was confirmed by
mass spectrometry.

Two thioester segments used for the synthesis of CCK-58,
Fmoc-[Lys(Boc)36]-CCK(29–43)-S(CH2)2COOEt: [IIb]
and Boc-[Lys(Boc)26]-CCK(1–28)-S(CH2)2COOEt: [III],
were prepared in the essentially same manner. By taking the
second segment condensation into account, the N-terminus
of segment [IIb] was protected with an Fmoc-group. HPLC
chromatograms of the crude intermediates obtained after
TFA treatment to remove the acid-labile protecting groups
(Fig. 6(a) and (c)) were satisfactory. Following preparative
HPLC purification, these intermediates were converted to
segments [IIb] and [III] by reacting with Boc-OSu (Fig. 6(b)
and (d)). Segment [III] was purified by HPLC before
segment condensation. On the other hand, segment [IIb]
was used for the segment condensation without HPLC
purification because of the solubility problem. The overall
yields of thus obtained thioester segments were 26% for
[IIb] and 21% for [III], respectively, from the fully
protected peptides. The structural correctness of the
partially protected thioester segments, [IIb] and [III], was
ascertained by amino acid analysis of their acid hydrolysates
and LSIMS.

Figure 6. HPLC chromatograms of crude intermediates for preparation of thioester segment [IIb] and [III]; (a) crude intermediate peptide for [IIb] after
deprotection (step (iii)), (b) crude intermediate peptide for [IIb] after Boc-derivatization (step (iv)), (c) crude intermediate peptide for [III] after deprotection
(step (iii)), and (d) crude intermediate peptide for [III] after Boc-derivatization (step (iv)). Steps (iii) and (iv) correspond to the synthetic steps shown in
Figure 5. [HPLC conditions: column, Cosmosil 5C18-AR (4.6£150 mm); elution, a linear gradient of D in C (30 to 60% in 30 min for (a), 25 to 40% in 30 min
for (c), and 30 to 45% in 30 min for (d)), and a linear gradient system of B in A (30 to 65% in 30 min for (b)); flow rate, 1 ml/min for (a), (c), (d) and 0.8 ml/min
for (b)].
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2.3. Synthesis of CCK-39

As a preliminary experiment, we examined the applicability
of the silver-ion mediated thioester segment condensation
approach to the synthesis of large CCK peptides by
preparing CCK-39 (Fig. 7). Segment condensation between
[I] (1 equiv.) and [IIa] (1 equiv.) was performed with the
aid of AgNO3 (3 equiv.), 3, 4-dihydro-3-hydroxy-4-oxo-1,
2, 3-benzotriazine18 (HOOBt, 30 equiv.), and NMM
(20 equiv.) in DMSO.10e As an additive, HOOBt was used
to form a reactive active ester intermediate. The coupling
reaction proceeded smoothly without notable side reactions
(Fig. 7(a)). After 24 h, the starting two segments were

almost completely consumed to form a protected conden-
sation product, Boc-[Lys(Boc)26,36]-CCK(20–58): [IIa–I].
Mass spectrometry revealed that the small peak detected
before the main peak on the HPLC chromatogram (Fig. 7(a))
was a hydrolyzed product of the thioester segment.19 The
condensation product was isolated by HPLC in 60% yield.
This HPLC-purified product was then subjected to TFA
treatment (0 8C, 2 h) to remove the three Boc-groups, and
CCK-39 was obtained in high purity without production of
the desulfated peptide (Fig. 7(b)). The synthetic peptide was
found to be identical to authentic CCK-399b with regard to
analytical HPLC, mass spectrometry, and lysyl endopepti-
dase digestion. The results of amino acid analysis after acid

Table 1. Amino acid ratios in acid hydrolysates of synthetic peptides

A.A. CCK-39 peptides CCK-58 peptides

Residues [IIa–I] CCK-39 Residues [Iib–I] Residues [III–IIb–I] CCK-58

Asp 6 5.59 6.34 6 6.58 7 6.14 6.75
Thr 1 1.00 0.97
Ser 4 3.67 3.44 4 3.26 6 5.00 5.04
Glu 3 3.25 3.36 1 1.10 5 5.42 5.26
Pro 2 1.92 2.03 1 1.00 2 1.85 2.05
Gly 2 2.25 2.12 2 1.78 4 4.00 3.96
Ala 2 1.90 2.19 5 5.32 4.94
Val 1 0.78 0.79 2 1.83 1.75
Met 3 1.93 2.33 3 2.51 3 2.05 2.16
Ile 3 2.36 2.62 2 1.63 3 2.68 2.60
Leu 2 2.00 2.00 2 2.00 5 5.13 4.84
Tyr 2 2.00 1.95 1 1.05 2 2.03 1.87
Phe 1 0.92 0.85 1 0.87 1 0.97 0.88
His 1 1.06 0.97 1 1.09 2 1.92 1.96
Trp 1 N.D. N.D. 1 N.D. 1 N.D. N.D.
Lys 2 2.04 2.05 1 1.00 2 1.75 2.09
Arg 4 3.37 3.69 3 2.86 7 6.52 6.95

Figure 7. Synthesis of CCK-39 by thioester segment condensation approach. Reagents: (i) AgNO3 (3 equiv.), HOOBt (30 equiv.), and DIEA (20 equiv.) in
DMSO, 25 8C, 24 h; (ii) 90% aqueous TFA, 0 8C, 2 h. Inlet: HPLC chromatograms of (a) a crude condensation product (step (i)) and (b) a crude CCK-39 after
the TFA treatment (step (ii)). An asterisk in (a) shows the hydrolyzed product of thioester segment [IIa]. The peak of [I] is detected as a shoulder after solvent
peak in these HPLC conditions. [HPLC conditions: column, Cosmosil 5C18-AR (4.6£150 mm); elution, a linear gradient of B in A (20 to 50% in 40 min for (a)
and 23 to 33% in 60 min for (b)); flow rate, 1 ml/min for (a) and 0.8 ml/min for (b)].
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hydrolysis of the CCK-39 and the partially protected
intermediate are listed in Table 1. From these results, we
concluded that the silver-ion mediated thioester segment
coupling strategy is promising for the synthesis of longer
sulfated peptides, such as CCK-58.

2.4. Synthesis of CCK-58

The synthesis of CCK-58 is outlined in Figure 8. To
construct the entire peptide chain, two segments were
successively condensed by the silver-ion mediated reaction.
The first condensation reaction between segment [I]
(1 equiv.) and segment [IIb] (1 equiv.) was mostly com-
pleted after 24 h at 25 8C (Fig. 8(a)), and the condensation
product, Fmoc-[Lys(Boc)36]-CCK(29–58): [IIb–I], was
obtained in 67% yield, after HPLC purification. Following
removal of the N a-Fmoc group by a brief treatment with
piperidine, the resultant N a-free segment [IIb–I] (1 equiv.)
was condensed with segment [III] (1.5 equiv.). In this
condensation step, significant amounts of the hydrolyzed
products of the thioester segment were produced.20 Never-
theless, the condensed peptide was detected as the main
peak on the HPLC chromatogram (Fig. 8(b)). After HPLC
purification, the condensation product, Boc-[Lys(Boc)26,36]-
CCK(1–58): [III–IIb–I], was obtained in 40% yield. The
final TFA treatment (0 8C, 2 h) resulted in a fully
deprotected 58-mer peptide, without the accompanying
desulfated peptide (Fig. 8(c)). HPLC purification of this

peptide gave highly homogeneous CCK-58 in 45% yield.
The results of amino acid analysis after acid hydrolysis of
the CCK-58 and the partially protected intermediates are
listed in Table 1.

The amino acid composition of the purified CCK-58
coincided well with the theoretical value (Table 1), and
the sulfate was confirmed to be intact by matrix-assisted
laser desorption/ionization time-of-flight mass spectrometry
(MALDI-TOFMS). It is noteworthy that the [MþH]þ was
detected without the accompanying desulfated fragment ion
[MþH–SO3]þ on the positive-ion mode MALDI-TOFMS
spectrum (Fig. 9(a)). This result reflect the intramolecular
stability of the Tyr(SO3H) residue in CCK-58.16b Lysyl
endopeptidase digestion of the synthetic CCK-58 resulted in
three peptide fragments on the HPLC chromatogram
(Fig. 9(b)). These peptide fragments were identified as a
10-mer (positions 27 to 36 of CCK-58, designated as peak 1
in Figure 9(b)), a 22-mer corresponding to CCK-22
(positions 37 to 58, peak 2), and a 26-mer (positions 1 to
26, peak 3), on the basis of the amino acid compositions of
their acid hydrolysates. Peptide mass mapping of the digest
also supported the structural correctness of the synthetic
CCK-58 (Fig. 9(c)).

The insulinotropic activity of the synthetic CCK-58 was
investigated using isolated pancreatic islets (male Wister
rats) pretreated with glucose (11.1 mmol) as previously

Figure 8. Synthesis of CCK-58 by thioester segment condensation approach. Reagents: (i) AgNO3 (3 equiv.), HOOBt (30 equiv.), and DIEA (20 equiv.) in
DMSO, 25 8C, 24 h; (ii) 25% piperidine in a mixture of DMF and DMSO, 25 8C, 3 h, then gel-filtration on Sephadex LH-20; (iii) 90% aqueous TFA, 0 8C, 2 h.
Inlet: HPLC chromatograms of (a) crude product after first condensation reaction, (b) crude product after second condensation reaction, and (c) crude CCK-58
after TFA treatment. An asterisk in (b) shows the hydrolyzed product of thioester segment [III] and also [IIb–I]0 in (b) shows the N a-Fmoc deprotected
segment of [IIb–I]. [HPLC conditions: column, Cosmosil 5C18-AR (4.6£150 mm); elution, a linear gradient of B in A (20 to 65% in 30 min for (a), 25 to 55%
in 30 min for (b), and 30 to 45% in 60 min for (c)); flow rate, 0.8 ml/min].
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described.9b Synthetic CCK-58 increased the insulin release
from the islets to the same degree as CCK-33.

3. Conclusions

We reported herein the usefulness of the silver-ion mediated
thioester segment condensation approach in synthesizing
large Tyr(SO3H)-containing peptides. A large isoform of
the CCK-peptide, CCK-58, was successfully prepared for
the first time, and in good yield, using this approach. Clt-
resin was efficiently employed in preparing the sulfated and
thioester segments required for peptide chain construction.
Notably the thioester segments were prepared using
standard Fmoc-based chemistry without using special N a-
Fmoc deprotection reagents or special linkers. This method
may contribute to the understanding of the functions of
sulfated proteins by facilitating the chemical synthesis of
large Tyr(SO3H)-containing peptides.

4. Experimental

4.1. General

Fmoc-amino acid derivatives, diisopropylcarbodiimide
(DIPCIDI), WSCDI·HCl, benzotriazolyloxytris(pyrro-
lidino)phosphonium hexafluorophosphate (PyBOP)-reagent
and Clt resin (substituted level; 1.47 mmol/g, 100–200
mesh) were purchased from Watanabe Chemical Co., Ltd.
(Hiroshima, Japan). Fmoc-His(Boc)-OH (cyclohexylamine
salt) was obtained from Carbiochem–Novabiochem Japan,
Ltd. (Tokyo, Japan). Lysyl endopeptidase from Achromo-
bacter lyticus M497-1 (EC 3.4.21.50) was purchased from
Wako Pure Chemicals Co., Ltd. (Osaka, Japan). Other
chemicals were of analytical grade and used without further
purification. Acid hydrolysis was carried out at 110 8C for

24 h with a mixture of propionic acid and 12 M hydro-
chloric acid (1:1 v/v) for resin-bound peptides or with 6 M
hydrochloric acid containing a few drops of phenol for
purified peptides. Amino acid ratios were determined with a
Shimadzu LC amino acids analyzer system using the
o-phatalaldehyde protocol. LSIMS were performed on a
VG ZAB-2SE double-focusing mass spectrometer using the
Opus operating data system. Glycerol, thioglycerol, and
m-nitrobenzylalcohol were used as the matrix, either neat or
in combination. MALDI-TOFMS was performed on a
Kratos Kompact MALDI IV. Sinapinic acid was used as
the matrix.

4.2. General procedure for Fmoc-based solid-phase
peptide synthesis

Fmoc-based solid-phase peptide synthesis (Fmoc-SPPS)
was conducted in manually. Side-chain protecting groups
used in the synthesis were as follows: tBu for Asp, Glu, Ser,
Thr, and Tyr; Boc for Lys and His (for segment [I]); Trt for
Asn and Gln; Pbf for Arg; Bum for His (segment [III]). N a-
Fmoc protecting groups were cleaved by 1 min treatment
with 20% piperidine in DMF followed by a second
treatment with the same reagent for 20 min. For deprotec-
tion of the N a-Fmoc groups of Gln and Glu(tBu) residues,
the concentration of piperidine was reduced to 10%. After
Fmoc cleavage, the peptide-resin was washed with DMF
(£6). The next residue was then incorporated using the
DIPCDI-HOBt coupling protocol [Fmoc-amino acid
(3 equiv.), DIPCDI (3 equiv.), and HOBt (3 equiv.)] or the
PyBOP21-mediated coupling protocol [Fmoc-amino acid
(3 equiv.), PyBOP reagent (3 equiv.), and NMM (9 equiv.)].
After gentle agitation (1.5 h) and washing with DMF (£6),
part of the peptide-resin was subjected to the Kaiser test.22

On completion of the assembly, the peptide-resin was
successively washed with DMF (£5), MeOH (£5), and ether
(£5), then dried in vacuo.

Figure 9. Characterization of synthetic CCK-58. (a) MALDI-TOFMS spectrum of CCK-58; (b) HPLC chromatogram of lysyl endopeptidase digested CCK-
58; and (c) MALDI-TOFMS spectrum of lysyl endopeptidase digested CCK-58. Assignment of the fragmented peptides is summalized in the inserted table.
The sulfated fragment (peak 2) was detected as three mass peaks corresponding to the molecular protonated ion, desulfated peptide ion (-80 Da), and oxidized
peptide ion (þ16 Da), on the peptide mass map.
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4.3. General procedure for purification by preparative
RP-HPLC and purity assessment by analytical HPLC

Crude peptide was purified by RP-HPLC using a column of
Cosmosil 5C18 AR-300 (20£150 mm) or Cosmosil 5C18 AR
(10£250 mm). Purity of the peptide was assessed using a
column of Cosmosil 5C18 AR (4.6£150 mm). For elution of
Tyr(SO3H)-containing peptides, a solvent system consisting
of solvent A (0.1 M AcONH4) and solvent B (CH3CN) was
used. For elution of other peptides, a solvent system
consisting of solvent C (0.1% aqueous TFA) and solvent
D (CH3CN containing 0.1% TFA) was used. The absorb-
ance of the eluate was measured at 230 or 275 nm,
depending on the peptide.

4.4. Peptide synthesis

4.4.1. CCK(44–58) [I]. Fmoc-Asp-Phe-NH2 was prepared
by the solution method and attached to Clt resin via the
b-carboxyl group of Asp, according to the procedure of
Barlos et al.9,13c The resulting Fmoc-Asp(Clt resin)-Phe-
NH2 (330 mg, 0.15 mmol) was used as the starting dipeptide
resin, and each Fmoc-amino acid derivative was added to it,
according to the general procedures of Fmoc-based SPPS.
Fmoc-Tyr(SO3Na)-OH was used for incorporation of the
Tyr(SO3H) residue and Fmoc-His(Boc) was incorporated
after desalting followed by a brief purification on silica gel
column chromatography.15 After the 15-mer peptide chain
was assembled, the N a-Fmoc group was removed. The
peptide-resin was then dried in vacuo (620 mg).

The protected peptide-resin, H-Ser(tBu)-His(Boc)-
Arg(Pbf)-Ile-Ser(tBu)-Asp(OtBu)-Arg(Pbf)-Asp(OtBu)-
Tyr(SO3H)-Met-Gly-Trp-Met-Asp(Clt resin)-Phe-NH2

(100 mg, 17.7 mmol), was treated with pre-cooled 90%
aqueous TFA (1.5 ml) at 0 8C for 12 h, then dry ether
(50 ml) was added. The formed precipitate was collected by
centrifugation and washed twice with ether. The dried
product was dissolved in 0.02 M NH4HCO3 (10 ml) and
applied to a column of Sephadex G-25 (2.5£55 cm).
NH4HCO3 (0.02 M) was used for elution and the fractions
corresponding to the first peak (UV absorbance detected at
280 nm) was pooled. The pooled fractions were lyophilized
to give a powder (22.1 mg, 63% on cleavage and
deprotection). This sample was purified by preparative
HPLC using a linear gradient of B in A (26 to 30% in
40 min) at a flow rate of 2.5 ml/min. After lyophilization,
6.6 mg of pure segment [I] was obtained (30% recovery on
HPLC purification). This peptide was detected as a sharp
single peak at tR 11.3 min on an analytical HPLC
chromatogram [elution, a linear gradient of B in A (20 to
40% in 40 min); flow rate, 0.8 ml/min]. Amino acid ratios in
the acid hydrolysate were as follows (theoretical values are
given in parentheses): Asp 3.28 (3), Ser 1.91 (2), Gly 1.12
(1), Met 1.61 (2), Ile 1.00 (1), Tyr 1.05 (1), Phe 0.98 (1), Trp
not determined (1), His 1.00 (1), Arg 2.01 (2). LSIMS m/z:
calcd for C83H119N25O27S3 1995.2 (M, average mass);
found 1995.9 [MþH]þ.

4.4.2. Boc-[Lys(Boc)26,36]-CCK(20–43)-S(CH2)2COOEt
[IIa]. Starting with Fmoc-Pro-Clt resin (255 mg,
0.15 mmol), each amino acid derivative was incorporated
to the peptide-resin according to the general Fmoc-SPPS

protocol. After the N-terminal Boc-Tyr(tBu)-OH was
incorporated, the peptide-resin was dried in vacuo
(630 mg). The fully protected peptide-resin (200 mg,
21.0 mmol) was treated with a mixture of HFIP/CH2Cl2
(1:4 v/v, 5 ml) at 25 8C for 30 min, then filtered. The filtrate
was concentrated using an N2 stream, and then dry ether
(50 ml) was added to precipitate the peptide. After
centrifugation, the collected precipitate was dried in vacuo
(105 mg, quantitative).

The obtained fully protected peptide, Boc-Tyr(tBu)-Ile-
Gln(Trt)-Gln(Trt)-Ala-Arg(Pbf)-Lys(Boc)-Ala-Pro-Ser(tBu)-
Gly-Arg(Pbf)-Met-Ser(tBu)-Ile-Val-Lys(Boc)-Asn(Trt)-Leu-
Gln(Trt)-Asn(Trt)-Leu-Asp(OtBu)-Pro-OH (105 mg,
21.0 mmol), was dissolved in ice-cooled DMF (2 ml), then
HS-(CH2)2COOC2H5 (70.4 ml, 0.53 mmol), WSCDI·HCl
(60.3 mg, 0.31 mmol), HOBt (48.2 mg, 0.31 mmol) were
added. After the reaction mixture was stirred at 4 8C for 20 h,
the solution was concentrated and the resultant residue was
triturated with ether (10 ml) three times, giving a powder. The
dried powder was treated with 95% aqueous TFA (3 ml) at
25 8C for 3 h, then ether (50 ml) was added. The resultant
precipitate was collected by centrifugation and washed twice
with ether. This product was dissolved in H2O (30 ml) and
lyophilized to give the crude peptide thioester (51.1 mg, 86%
yield from the protected peptide). The crude peptide (51.0 mg)
was purified by preparative HPLC [column, Cosmosil 5C18-
AR (10£250 mm); elution, a linear gradient of D in C (20 to
45% in 60 min); flow rate, 1.5 ml/min]. After lyophilization,
15.8 mg of the pure peptide thioester was obtained (31%
recovery on HPLC). LSIMS m/z: calcd for C123H207N37O36S2

2844.4 (M, average mass); found 2845.1 [MþH]þ.

The peptide thioester (15.3 mg, 5.4 mmol) was dissolved in
ice-cooled DMF (2 ml), then Boc-OSu (87 mg, 0.4 mmol)
and NMM (45 ml, 0.4 mmol) were added. After the reaction
mixture was stirred at 25 8C for 20 h, the solution was
concentrated and the resultant residue was triturated with
ether (10 ml) twice, giving a powder (11.1 mg, 66% yield).
The Boc-protected peptide thioester was purified by
preparative HPLC [column, Cosmosil 5C18-AR
(10£250 mm); elution, a linear gradient of D in C (35 to
50% in 60 min); flow rate, 2.0 ml/min]. After lyophilization,
7.1 mg of homogeneous segment [IIa] was obtained (64%
recovery on HPLC). This peptide was detected as a single
peak at tR 20.8 min on an analytical HPLC chromatogram
[column, Cosmosil 5C18-AR (4.6£150 mm); elution, a
linear gradient of D in C (30 to 50% in 30 min); flow rate,
0.8 ml/min]. Amino acid ratios in the acid hydrolysate were
as follows: Asp 3.51 (3), Ser 1.72 (2), Glu 3.16 (3), Pro 1.85
(2), Gly 1.00 (1), Ala 2.14 (2), Val 0.72 (1), Met 0.77 (1), Ile
1.59 (2), Leu 1.89 (2), Tyr 0.94 (1), Lys 1.82 (2), Arg 1.78
(2). LSIMS m/z: calcd for C138H231N37O42S2 3144.7 (M,
average mass); found 3145.5 [MþH]þ.

4.4.3. Fmoc-[Lys(Boc)36]-CCK(29–43)-S(CH2)2COOEt
[IIb]. The protected 15-mer peptide was constructed on
Fmoc-Pro-Clt resin (255 mg, 0.15 mmol). After incorpor-
ation of the N-terminal Fmoc-Ser(tBu)-OH, the peptide-
resin was washed and dried in vacuo (603 mg). The
protected peptide-resin thus obtained (400 mg, 44.6 mmol)
was treated with a mixture of HFIP/CH2Cl2 (1:4, 10 ml) at
25 8C for 30 min and filtered. The fully protected peptide,
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Fmoc-Ser( tBu)-Gly-Arg(Pbf)-Met-Ser( tBu)-Ile-Val-
Lys(Boc)-Asn(Trt)-Leu-Gln(Trt)-Asn(Trt)-Leu-Asp(OtBu)-
Pro-OH, was isolated from the filtrate using similar methods
as described for the preparation of [IIa] (115 mg, 92%
yield).

The obtained fully protected peptide (109 mg, 40.0 mmol)
was dissolved in ice-cooled DMF (3 ml), then HS-(CH2)2-
COOC2H5 (134.2 ml, 1.0 mmol), WSCDI·HCl (115 mg,
0.60 mmol), and HOBt (69 mg, 0.60 mmol) were added.
After the reaction mixture was stirred at 4 8C for 12 h, the
solution was concentrated and the resultant residue was
triturated with ether (10 ml) three times to give a powder.
The dried powder was then treated with 95% aqueous TFA
(4 ml) at 25 8C for 3.5 h, and ether (50 ml) was added to the
mixture. The precipitate was collected by centrifugation,
washed with ether, dissolved in H2O (30 ml) and lyo-
philized to give a crude peptide thioester (58.2 mg, 73%
yield from the protected peptide). The crude peptide
(51.1 mg) was purified by preparative HPLC [column,
Cosmosil 5C18-AR (10£250 mm); elution, an isocratic
elution of D in C (38% for 10 min) followed by a linear
gradient of D in C (38 to 48% in 20 min); flow rate,
2.0 ml/min]. After lyophilization, 29.6 mg of the pure N a-
Fmoc protected peptide thioester was obtained (51%
recovery on HPLC). LSIMS m/z: calcd for
C90H140N22O26S2 2010.4 (M, average mass); found 2010.9
[MþH]þ.

The N a-Fmoc protected peptide thioester (40.0 mg,
20 mmol) was dissolved in ice-cooled DMF (4 ml), then
Boc-OSu (107.5 mg, 0.5 mmol) and NMM (55 ml,
0.5 mmol) were added. After the reaction mixture was
stirred at 25 8C for 10 h, the solution was concentrated and
the resultant residue was triturated with ether (10 ml) twice,
giving a powder (32.5 mg, 76% yield). The obtained [IIb]
was detected as a sharp peak at tR 17.8 min with minor
impurities on an analytical HPLC chromatogram [column,
Cosmosil 5C18-AR (4.6£150 mm); elution, a linear gradient
of B in A (30 to 65% in 30 min); flow rate, 0.8 ml/min].
Because of its solubility, [IIb] was used for segment
condensation without further purification. Amino acid ratios
in the acid hydrolysate were as follows; Asp 3.20 (3), Ser
1.67 (2), Glu 1.05 (1), Pro 1.02 (1), Gly 1.00 (1), Val 0.76
(1), Met 0.49 (1), Ile 0.73 (1), Leu 1.98 (2), Lys 0.98 (1),
Arg 0.92 (1). LSIMS m/z: calcd for C95H148N22O28S2

2110.5 (M, average mass); found 2111.0 [MþH]þ.

4.4.4. Boc-[Lys(Boc)26]-CCK(1 – 28)-S(CH2)2COOEt
[III]. This protected peptide was constructed on Fmoc-
Pro-Clt resin (250 mg, 0.15 mmol). After the incorporation
of the N-terminal Boc-Val-OH, the peptide-resin was dried
in vacuo (680 mg). The protected peptide-resin (200 mg,
23.0 mmol) was then treated with a mixture of HFIP/CH2Cl2
(1:4, 5 ml) at 25 8C for 30 min and filtered. The fully
protected peptide, Boc-Val-Ser(tBu)-Gln(Trt)-Arg(Pbf)-
Thr(tBu)-Asp(OtBu)-Gly-Glu(OtBu)-Ser(tBu)-Arg(Pbf)-
Ala-His(Bum)-Leu-Gly-Ala-Leu-Leu-Ala-Arg(Pbf)-
Tyr(tBu)-Ile-Gln(Trt)-Gln(Trt)-Ala-Arg(Pbf)-Lys(Boc)-
Ala-Pro-OH, was obtained from the filtrate as described for
the preparation of [IIa] (140 mg, quantitative).

The fully protected peptide (132 mg, 23.0 mmol) was

dissolved in ice-cooled DMF (5 ml), then HS-(CH2)2-
COOC2H5 (81 ml, 0.60 mmol), WSCDI·HCl (70 mg,
0.36 mmol), and HOBt (42 mg, 0.36 mmol) were added.
After the reaction mixture was stirred at 4 8C for 20 h, the
solution was concentrated and the resultant residue was
triturated with ether (10 ml) three times, giving a powder.
The dried powder was then treated with 95% aqueous TFA
(5 ml) at 25 8C for 3 h, and ether (50 ml) was added to the
mixture. The formed precipitate was collected by centri-
fugation and washed with ether. This precipitate was
dissolved in 5% AcOH (3 ml), applied to a column of
Sephadex G-10 (4£55 cm), and eluted with 5% AcOH. The
fractions corresponding to the first peak (detected with the
UV absorbance at 280 nm) were pooled and lyophilized,
giving a fluffy powder (72.5 mg, 94% yield from the
protected peptide). This peptide thioester (71.5 mg) was
purified by preparative HPLC [column, Cosmosil 5C18-AR
(20£150 mm); elution, an isocratic elution of D in C (32%
for 10 min) followed by a linear gradient of D in C (32 to
40% in 50 min); flow rate, 3.0 ml/min] (30.3 mg, 42%
recovery on HPLC). LSIMS m/z: calcd for
C137H231N47O40S 3208.7 (M, average mass); found 3209.5
[MþH]þ.

The peptide thioester (28.9 mg, 9 mmol) was dissolved in
ice-cooled DMF (3 ml), then Boc-OSu (97.3 mg,
0.45 mmol) and NMM (24.8 ml, 0.23 mmol) were added.
After the reaction mixture was stirred at 25 8C for 10 h, the
solution was concentrated and the resultant residue was
triturated with ether (10 ml) twice (22.5 mg, 73% yield).
The Boc-protected peptide thioester was purified again by
preparative HPLC [column, Cosmosil 5C18-AR
(4.6£150 mm); elution, a linear gradient of D in C (30 to
45% in 30 min); flow rate, 1 ml/min]. After lyophilization,
16.2 mg of pure [III] was obtained (74% recovery on
HPLC). This peptide was detected as a single peak at tR
13.4 min on an analytical HPLC chromatogram. Amino acid
ratios in the acid hydrolysate were as follows; Asp 1.01 (1),
Thr 0.95 (1), Ser 1.74 (2), Glu 4.45 (4), Pro 1.00 (1), Gly
1.91 (2), Ala 5.76 (5), Val 0.96 (1), Ile 0.94 (1), Leu 3.10 (3),
Tyr 1.00 (1), His 1.00 (1), Lys 1.00 (1), Arg 3.98 (4). LSIMS
m/z: calcd for C147H247N47O44S 3408.9 (M, average mass);
found 3409.3 [MþH]þ.

4.4.5. Synthesis of CCK-39. Silver nitrate (1.02 mg,
6.0 mmol), HOOBt (9.8 mg, 60 mmol), and DIEA (5.2 ml,
40 mmol) were dissolved in DMSO (250 ml) and stirred at
25 8C for 1 h, then a DMSO solution (1 ml) containing
segment [I] (4.0 mg, 2.0 mmol) and segment [IIa] (6.3 mg,
2.0 mmol) was added. After the mixture was stirred at 25 8C
for 24 h, the formed insoluble material was precipitated by
centrifugation. Portions of the supernatant (ca. 100 ml each)
were subjected to RP-HPLC for isolation of the conden-
sation product, Boc-[Lys(Boc)26,36]-CCK(20–58): [IIa–I],
[HPLC conditions: column, Cosmosil 5C18-AR (10£
250 mm); elution, a linear gradient of B in A (25 to 50%
in 60 min); flow rate, 2.0 ml/min]. The eluate corresponding
to the main peak (tR 38.2 min) was pooled and lyophilized.
The resultant residue was again lyophilized from 0.02 M
NH4HCO3 (30 ml) to give a fluffy powder of [IIa–I]
(5.96 mg, 60% yield). MALDI-TOFMS m/z: calcd for
C216H340N62O67S4 5005.7 (M, average mass); found 5006.9
[MþH]þ.
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HPLC-purified [IIa–I] (5.0 mg, 1.0 mmol) was then treated
with pre-cooled 90% TFA (1 ml) at 0 8C for 2 h, and dry
ether (50 ml) was added. The formed precipitate was
collected by centrifugation and washed with ether twice.
This precipitate was dissolved in 0.02 M NH4HCO3 (25 ml)
and lyophilized to give crude CCK-39 (4.25 mg, 90%
yield). The obtained crude CCK-39 (Fig. 7(b)) was used for
final characterization without further purification. MALDI-
TOFMS m/z: calcd for C201H316N62O61S4 4705.3 (M,
average mass); found 4706.4 [MþH]þ. Amino acid ratios
in an acid hydrolysate of crude CCK-39 and the conden-
sation product [IIa–I] were listed in Table 1.

4.4.6. Synthesis of CCK-58. Silver nitrate (1.02 mg,
6.0 mmol), HOOBt (9.8 mg, 60 mmol), and DIEA (5.2 ml,
40 mmol) were dissolved in DMSO (250 ml) and stirred for
1 h. A DMSO (1 ml) solution containing segment [I]
(4.0 mg, 2.0 mmol) and segment [IIb] (4.3 mg, 2.0 mmol)
was then added. After the mixture was stirred at 25 8C for
24 h, the resultant insoluble material was precipitated by
centrifugation. Portions of the supernatant (ca. 100 ml each)
were subjected to RP-HPLC for isolation of the conden-
sation product, Fmoc-[Lys(Boc)36]-CCK(29–58): [IIb–I],
[HPLC conditions: column, Cosmosil 5C18-AR (10£
250 mm); elution, an isocratic elution of B in A (35% for
10 min) followed by a linear gradient of B in A (35 to 55%
in 50 min); flow rate, 1.75 ml/min]. The eluate correspond-
ing to the main peak (tR 31.7 min) was pooled and
lyophilized. The resultant residue was again lyophilized
from 0.02 M NH4HCO3 (30 ml) to give a fluffy powder of
[IIb–I] (5.32 mg, 67% yield). MALDI-TOFMS m/z: calcd
for C173H257N47O53S4 3971.5 (M, average mass); found
3973.7 [MþH]þ.

The obtained condensation product [IIb–I] (16.3 mg,
4.1 mmol) was dissolved in a mixture of DMSO (1 ml)
and DMF (2 ml), and piperidine (1 ml) was then added.
After the reaction mixture was stirred at 25 8C for 3 h, the
solution was applied onto a column of Sephadex LH-20
(2.5£66 cm) and eluted with DMF. The eluate correspond-
ing to the first peak was pooled and concentrated. The
resultant residue was dissolved in 0.02 M NH4HCO3

(20 ml) and lyophilized to give a fluffy powder (12.0 mg,
78% yield). This peptide was detected as a sharp single peak
at tR 14.7 min on an analytical HPLC chromatogram
[elution, a linear gradient of B in A (25 to 45% in
30 min); flow rate, 0.8 ml/min]. MALDI-TOFMS m/z: calcd
for C158H247N47O51S4 3749.2 (M, average mass); found
3750.0 [MþH]þ.

The second segment condensation was conducted in a
similar manner. Silver nitrate (0.76 mg, 4.5 mmol), HOOBt
(7.5 mg, 46 mmol), and DIEA (4.0 ml, 31 mmol) were
dissolved in DMSO (200 ml) and stirred at 25 8C for 1 h,
then a DMSO solution (1 ml) containing the Fmoc-
deprotected segment [IIb–I] (3.76 mg, 1.0 mmol) and
segment [III] (5.15 mg, 1.5 mmol) was added. After the
mixture was stirred at 25 8C for 24 h, the resultant insoluble
material was precipitated by centrifugation. Portions of the
supernatant (ca. 100 ml each) were subjected to RP-HPLC
for isolation of the condensation product, Boc-[Lys-
(Boc)26,36]-CCK(1–58): [III–IIb–I], [HPLC conditions:
column, Cosmosil 5C18-AR (4.6£150 mm); elution, a linear

gradient of B in A (25 to 65% in 40 min); flow rate,
0.8 ml/min]. The eluate corresponding to the main peak (tR
19.4 min) was pooled and lyophilized. The resultant residue
was again lyophilized from 0.02 M NH4HCO3 (20 ml) to
give a fluffy powder of [III–IIb–I] (2.76 mg, 40% yield).
This peptide was detected as a sharp single peak at tR
19.1 min on an analytical HPLC chromatogram. MALDI-
TOFMS m/z: calcd for C300H483N93O94S4 7024.2 (M,
average mass); found 7025.2 [MþH]þ.

HPLC-purified [III–IIb–I] (3.8 mg, 0.54 mmol) was then
treated with pre-cooled 90% TFA (0.5 ml) at 0 8C for 2 h,
and dry ether (50 ml) was added. The formed precipitate
was collected by centrifugation and washed with ether
twice. This precipitate was dissolved in 0.02 M NH4HCO3

(15 ml) and lyophilized to give crude CCK-58. The crude
CCK-58 was further purified by HPLC [HPLC conditions:
column, Cosmosil 5C18-AR (4.6£150 mm); elution, a linear
gradient of B in A (30 to 45% in 60 min) at a flow rate of
0.8 ml/min]. The eluate corresponding to the main peak (tR
36.4 min) was pooled and lyophilized. The resultant residue
was lyophilized again from 0.02 M NH4HCO3 (15 ml) to
give a fluffy powder, CCK-58 (1.62 mg, 45% yield). This
peptide was detected as a sharp single peak at tR 36.2 min on
an analytical HPLC chromatogram under the same con-
ditions used for purification. MALDI-TOFMS m/z: calcd for
C285H459N93O88S4 6724.6 (M, average mass); found 6725.7
[MþH]þ. Amino acid ratios in an acid hydrolysate of the
purified CCK-58 and the condensation products, [IIb–I]
and [III–IIb–I], were listed in Table 1.

4.4.7. Lysyl endopeptidase digestion of CCK-39 and
CCK-58. Lysyl endopeptidase digestion of synthetic CCK-
39 was carried out in a similar manner as described before.9b

Briefly, the purified CCK-39 (150 mg) was digested in
0.1 M NH4HCO3 (pH 8.2, 300 ml) at 37 8C for 4 h. The
weight ratio of the enzyme to the substrate was about 1:200.
The enzyme digest of the CCK-39 gave three peaks (tR 14.2,
18.7 and 43.2 min) on an HPLC chromatogram [HPLC
conditions: column, Cosmosil 5C18-AR (4.6£150 mm);
elution, a linear gradient of D in C (5 to 35% in 60 min);
flow rate, 0.8 ml/min; absorbance was detected at 230 nm].
These peaks were identified as a 7-mer: H-YIQQARK-OH
(tR 14.2 min), a 10-mer: H-APSGRMSIVK-OH (tR
18.7 min), and a 22-mer corresponding to CCK-22 (tR
43.2 min) on amino acid analysis of the acid hydrolysates
(data not shown) and mass spectrometry. LSIMS: 7-mer,
m/z: calcd for C40H67N13O11 905.5 (M, monoisotopic mass);
found 906.5 [MþH]þ; 10-mer, m/z: calcd for
C44H80N14O13S 1044.6 (M, monoisotopic mass); found
1045.6 [MþH]þ; CCK-22, m/z calcd for C117H173N35O39S3

2790.0 (M, average mass); found 2791.0 [MþH]þ.

Purified CCK-58 (160 mg) was similarly digested by lysyl
endopeptidase, and the digest was analyzed by HPLC under
the same conditions used for synthetic CCK-39. Three peaks
(peak 1 to peak 3 according to the order of elution,
Figure 9(b)) were detected and were identified as
H-APSGRMSIVK-OH (peak 1; tR 18.8 min), CCK-22
(peak 2; tR 43.3 min), and the N-terminal 26-mer (peak 3;
tR 48.5 min). Amino acid analyses of the acid hydrolysates;
peak 1: Ser (2) 1.85, Gly (1) 1.37, Ala (1) 1.00, Pro (1) 0.85,
Val (1) 0.75, Ile (1) 0.68, Met (1) 0.57, Lys (1) 0.75, Arg (1)
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0.86; peak 2: Asp (6) 6.51, Ser (2) 2.10, Glu (1) 1.39, Gly (1)
1.41, Pro (1) 0.88, Met (2) 1.40, Ile (1) 1.00, Leu (2) 2.00,
Tyr (1) 0.97, Phe (1) 1.00, His (1) 1.15, Arg (2) 2.00, Trp (1)
N.D.; peak 3: Asp (1) 1.21, Thr (1) 1.00, Ser (2) 2.07, Glu
(4) 4.21, Gly (2) 2.14, Ala (4) 3.78, Val (1) 1.00, Ile (1) 0.84,
Leu (3) 2.61, Tyr (1) 0.85, His (1) 1.05, Lys (1) 1.13, Arg (4)
3.35. Part of the enzyme digest was then subjected to
MALDI-TOFMS and peaks corresponding to the three
peptides were detected on the mass spectrum (Fig. 9(c)).
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