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Porcine galanin (pGAL), its 15-amino-acid-residue fragment and five
new analogues modified in positions 4, 6 or 14 were tested for their effects
on glucose-induced insulin secretion from isolated rat pancreatic islets of
Langerhans. In vitro insulin secretion was studied during static incubation.
All peptides were tested at two concentrations: 100 nM and 1 �M. The insu-
lin level in the presence of 10 mM of glucose was a reference for all experi-
ments. Our studies have shown that porcine galanin and its fragment
GAL(1-15)NH

�
at all concentrations tested inhibit glucose-induced insulin

secretion. However, the modifications of the amino acid sequence of galanin
caused changes in the interaction of GAL with its receptors, consequently
yielding peptides that showed reverse activity as compared to pGAL or
GAL(1-15)NH

�
. Finally, we have found three analogues: [Cit��]GAL(1-15)-

NH
�
, [Hse�]GAL(1-15)NH

�
and [Cle�]GAL(1-15)NH

�
, which were able to

stimulate glucose-induced insulin secretion and also antagonized inhibitory
effect of pGAL. Other two galanin analogues: [D-Leu�]GAL(1-15)NH

�
and

[des-Leu�]GAL(1-15)NH
�

showed a rather weak agonistic activity. Our ob-
servations suggest that positions: 4, 6 and 14 in the amino acid sequence of
galanin may play an important role in the high-affinity binding of GAL to its
receptors and biological action in perfused rat pancreas.

Key words: galanin, galanin analogues, insulin secretion, rat pancreatic
islets

Copyright © 2002 by Institute of Pharmacology
Polish Academy of Sciences

Polish Journal of Pharmacology

Pol. J. Pharmacol., 2002, 54, 133–141
ISSN 1230-6002

� correspondence; e-mail: jarecki@chemik.chem.univ.gda.pl



Abbreviations: The symbols of the amino acids,
peptides and their derivatives are in accordance
with the 1983 Recommendations of the IUPAC-
-IUB Joint Commission on Biochemical Nomen-
clature [Eur. J. Biochem., 1984, 138, 9]. Other sym-
bols: ACN – acetonitrile, ATP – adenosine triphos-
phate, Cit – L-citrulline (L-2-amino-5-ureidovaleric
acid), Cle – cycloleucine (1-amino-1-cyclopentane
carboxylic acid), DIPEA – N,N-diisopropylethyl-
amine, DMF – N,N-dimethylformamide, ESI-MS –
Electrospray Ionization Mass Spectrometry, FAB-
-MS – Fast Atom Bombardment Mass Spectrome-
try, Fmoc – 9-fluorenylmethoxycarbonyl, GAL –
galanin, HOBt – N-hydroxybenzotriazole, Hse –
L-homoserine (L-2-amino-4-hydroxybutanoic acid),
K��� chanel – ATP-sensitive K� chanel, NMP –
N-methylpyrrolidone, pGAL – porcine galanin, RP
HPLC – reverse phase high performance liquid
chromatography, TBTU – O-(benzotriazole-1-yl)-
-1,1,3,3-tetramethyluronium tetrafluoroborate, TFA
– trifluoroacetic acid, TIPS – triisopropylsilane.

INTRODUCTION

Galanin (GAL) is a 29-amino-acid C-terminally
amidated neuroendocrine peptide, for the first time
isolated in 1983 by Tatemoto et al. [38]. Neuropep-
tide GAL is widely distributed in the central and
peripheral nervous system of several vertebrate
species, including man [3–5, 7]. It was found in the
spinal cord and in the brain: hypothalamus, locus
coeruleus and hippocampus. In the peripheral nerv-
ous system, GAL occurs in the respiratory tract,
gastrointestinal tract and urogenital tract. In all amino
acid sequences of GAL, isolated from a variety of
species, except for trout, the first 15 N-terminal
residues are highly conserved. However, the human
form of GAL contains 30 amino acids and lacks
C-terminal amidation. GAL displays many types of
interesting physiological and behavioral activities,
which are mediated through its interaction with dis-
tinct G-protein-coupled membrane receptor sub-
types (GALR1, GALR2, GALR3), subsequently
activating several signaling pathways [7]. It shows
an ability to modulate pituitary hormone release
and insulin secretion, affects memory, learning,
feeding, pain threshold control and sexual behavior
[3–5, 7, 17]. In the gastrointestinal tract, GAL can
both stimulate and inhibit smooth muscle activity

in a concentration-dependent, species-specific and
location-specific manner [9–11, 18, 37].

The most interesting and the best recognized ef-
fect of GAL on the endocrine pancreas is the inhi-
bition of insulin secretion. This biological action of
GAL may play an important role in pathological
states and clinical therapeutics. In vitro and in vivo

studies have shown that porcine galanin (pGAL)
inhibits insulin secretion in pigs [25], dogs [26],
perfused rat pancreas [22], mouse islets [23] and rat
insulinoma cells [2, 12, 25]. However, in humans,
glucose-stimulated insulin secretion appears not to
be inhibited by the infusion of pGAL [13]. pGAL
can inhibit glucose-stimulated insulin secretion
from human islets in vitro [8], but only at concen-
trations higher than those achieved during intrave-
nous infusion of pGAL in humans. These observa-
tions suggest that the human form of GAL may in-
teract more strongly with GAL receptors on human
�-cells and perhaps inhibit human insulin secretion
with greater relative efficacy [27]. Moreover, the
studies have shown that GAL regulates insulin se-
cretion by different mechanisms. These include di-
rect inhibition of the L-type Ca$. channels [14, 34]
and the activation of the K/0� channels [34, 36],
important in the control of the �-cell membrane po-
tential and the influx of Ca$.. The other possible
mechanism is the inhibition of adenylate cyclase,
leading to the reduction of intracellular Ca$. con-
centration [1, 34]. Furthermore, the latest studies
have shown the growing acceptance for the mecha-
nism of insulin secretion inhibition, that may be ex-
erted by the inhibition of exocytosis at a very late
stage in the stimulus-secretion coupling [34, 35].

In present studies, we have designed five new
GAL(1-15)NH$ analogues modified in positions:
4, 6 or 14 and tested their activities on glucose-
-induced insulin secretion from isolated rat pancre-
atic islets of Langerhans (Table 1 shows the pri-
mary structures of the synthesized peptides). The
aim of this work was to compare the direct effects
of all synthesized peptides on glucose-induced in-
sulin secretion and to check the antagonistic/ago-
nistic activities of GAL analogues. Thus, we in-
tended to characterize the molecular domains of
GAL responsible for its inhibitory effect in rat pan-
creatic islets. The obtained data may be useful in
designing new GAL analogues acting as specific
GAL receptor antagonist in the pancreas.
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MATERIALS and METHODS

Animals and tissue preparation

All procedures were designed in accordance
with the generally accepted ethical standards for
animal experimentation and accepted by the Local
Ethics Committee of the Medical University of
Gdañsk. Male Wistar rats (weighting 180–220 g)
were kept under standard laboratory conditions
(a natural light-dark cycle) with unrestricted access
to food (Labofeed B, Kcynia, Poland) and tap wa-
ter. Sixteen animals were used in all experiments.
Pancreatic rat islets of Langerhans (about 280 islets
from each pancreas) were isolated by collagenase
digestion using an intraductal injection technique
[19]. Pilocarpine (30 mg/kg) was intraperitoneally
administered to animals 60 min before the experi-
ment. Then, non-fasted animals were sacrificed by
decapitation. After the decapitation, a midline lapa-
rotomy was performed and 7–10 ml of the collage-
nase type XI solution (1 mg/ml) was injected into
the duct system of the pancreas. The inflated pan-
creas was removed from the animal and placed in a
water bath at 37°C. Digestion of the pancreas was
completed after 10 min and the tissue was rinsed
three times with ice-cold Krebs buffer to remove
exocrine cells and collagenase. The composition of
Krebs buffer (pH 7.38) was (mM): NaCl 120, KCl
4.8, CaCl$ 2.5, MgCl$ 1.2, NaHCO1 24, bovine se-
rum albumin (0.1%). The islets of comparable size
were hand picked under a stereomicroscope and
preincubated in Krebs buffer containing 15 mM of
glucose. The buffer was bubbled with carbogen

(O$/CO$ 96/4). Selected islets were allowed to
equilibrate for 60 min and then were rinsed with
Krebs buffer. Next, they were divided into groups
of 3, and each was transferred to separate test tube
containing Krebs buffer and placed in a water bath
at 37°C.

Substances

Collagenase type XI, Krebs buffer, bovine se-
rum albumin, pilocarpine hydrochloride, TBTU,
HOBt, DIPEA, DMF, NMP, TFA, TIPS, ACN, di-
ethyl ether, acetic acid and phenol were obtained
from Sigma-Aldrich Co. (USA). All amino acid de-
rivatives were purchased from Bachem AG (Switzer-
land). Peptides (Tab. 1) were synthesized by the
solid phase peptide synthesis with the use of a La-
bortec AG model SP 650 peptide synthesizer and
Fmoc strategy [6]. A base-labile 9-fluorenylme-
thoxycarbonyl group (Fmoc) was used to protect
the �-amino function of the amino acids. TentaGel
S RAM resin (Rapp Polymere, Germany) for pep-
tide amides (capacity 0.25 mmol/g) was used as the
starting material. All amino acids were coupled as
active derivatives with the use of a standard cou-
pling protocol for all peptide syntheses. The
TBTU/HOBt/DIPEA (1:1:2) in DMF:NMP (1:1
v/v) solution coupling method was used in a 3-fold
molar excess. Deprotection of the Fmoc group was
carried out with 20% piperidine in DMF. After syn-
thesis had been completed, the peptides were
cleaved from resin with TFA/phenol/TIPS/H$O
(88:5:2:5 v/v/v/v) mixture for 2 h. Then, solutions
were filtered and peptides were precipitated with
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Table 1. The primary structures of the synthesized peptides

PEPTIDE AMINO ACID SEQUENCE

pGAL G-W-T-L-N-S-A-G-Y-L-L-G-P-H-A-I-D-N-H-R-S-F-H-D-K-Y-G-L-A-NH�

GAL(1-15)NH� G-W-T-L-N-S-A-G-Y-L-L-G-P-H-A-NH�

[Cit��]GAL(1-15)NH� G-W-T-L-N-S-A-G-Y-L-L-G-P-Cit-A-NH�

[Hse�]GAL(1-15)NH� G-W-T-L-N-Hse-A-G-Y-L-L-G-P-H-A-NH�

[D-Leu�]GAL(1-15)NH� G-W-T-D-Leu-N-S-A-G-Y-L-L-G-P-H-A-NH�

[Cle�]GAL(1-15)NH� G-W-T-Cle-N-S-A-G-Y-L-L-G-P-H-A-NH�

[des-Leu�]GAL(1-15)NH� G-W-T- ~ -N-S-A-G-Y-L-L-G-P-H-A-NH�

The symbols of the amino acids, peptides and their derivatives are in accordance with the 1983 Recommendations of the IUPAC-IUB
Joint Commission on Biochemical Nomenclature [Eur. J. Biochem., 1984, 138, 9]. Other symbols: Cit – L-citrulline (L-2-amino-5-
-ureidovaleric acid), Cle – cycloleucine (1-amino-1-cyclopentane carboxylic acid), Hse – L-homoserine (L-2-amino-4-hydroxy-
butanoic acid), ~ – removed amino acid residue, GAL – galanin, pGAL – porcine galanin



cold diethyl ether. Precipitated peptides were dis-
solved in water or 25% acetic acid and lyophilized
to obtain crude peptides. Crude peptides thus ob-
tained were purified by reverse phase HPLC on
preparative Vydac C-18 column (32 × 240 mm,
15–20 �m particle size) with several isocratic sys-
tems and linear gradients of ACN in 0.1% TFA.
The absorbance of column eluates was monitored
at 226 nm (LKB UVICORD SII detector). Subse-
quently, fractioned eluates were analyzed by the
analytical reverse phase HPLC and the homogene-
ous fractions (purity greater than 98%) were com-
bined and lyophilized. Purity of the peptides were
checked by an analytical Beckman “System Gold”
chromatograph with a Vydac C-18 column (4.6 ×
250 mm, 5 �m particle size) with several isocratic
systems and linear gradients of ACN in 0.1% TFA,
flow rate was 1 ml/min, absorbance at 226 nm.
Identities of the peptides were confirmed by amino
acid analysis (Beckman model 121 M amino acid
analyzer) and mass spectrometry: FAB-MS (VG
Mass Lab Trio-3) or ESI-MS (Finnigan MAT 95 S).
For details see Ref. [33]. Table 2 shows some phy-
sicochemical properties of the synthesized peptides.

Determination of insulin secretion

In vitro insulin secretion from the isolated rat
pancreatic islets was studied during static incuba-
tion. All peptides were tested at two concentra-
tions: 100 nM and 1 �M. Each test tube contained
Krebs buffer supplemented with glucose at a con-
centration of 3, 10 and 20 mM (as control) or 10 mM
of glucose with the addition of one peptide tested.
The antagonistic/agonistic activities of GAL ana-

logues were checked by the simultaneous applica-
tion of pGAL and one of the analogues, used at the
same concentration. The isolated islets were incu-
bated for 60 min in a water bath at 37°C and an at-
mosphere of carbogen. After 1 h, samples of the in-
cubation medium were collected and immediately
frozen at –20°C for subsequent analysis of insulin.
The concentration of insulin in the incubation me-
dium was determined radioimmunologically [30]
using anti-rat insulin antibody and �$#I-labelled rat
insulin (DRG, USA).

Statistical analysis of the acquired data

Results are expressed as absolute values of in-
sulin level [ng/60 min/island] induced by peptides
in the presence of 10 mM glucose. Values were pre-
sented as means of all experiments ± SEM (stan-
dard error of mean). Student’s t-test and one-way
ANOVA were used to test the degree of signifi-
cance.

RESULTS

pGAL, GAL(1-15)NH$ and its five new ana-
logues modified in positions 4, 6 or 14 were tested
for their effect on glucose-induced insulin secretion
from rat pancreatic islets of Langerhans. The insu-
lin level in the presence of 10 mM of glucose was
a reference for all experiments. Our studies have
shown that pGAL and its analogues modulate glu-
cose-induced insulin release from rat pancreatic is-
lets in a concentration-dependent manner. Figures 1
and 2 show effects of the peptides on insulin secre-
tion induced by 10 mM glucose. pGAL, its frag-
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Table 2. Some physicochemical properties of the synthesized peptides

Peptide Molecular formula
Molecular mass RP HPLC

R� [min]
Calculated Found [M+H]

pGAL C���H���N��O�� 3210.6 3212.4 15.95

GAL(1-15)NH� C��H���N��O�	 1555.8 1556.5 12.62

[Cit��]GAL(1-15)NH� C��H���N��O�� 1575.8 1576.2 13.30

[Hse�]GAL(1-15)NH� C��H��
N��O�	 1569.5 1570.2 13.97

[D-Leu�]GAL(1-15)NH� C��H���N��O�	 1555.8 1556.3 12.85

[Cle�]GAL(1-15)NH� C��H���N��O�	 1553.8 1554.6 13.22

[des-Leu�]GAL(1-15)NH� C��H	�N�	O�
 1442.6 1443.2 11.13

All peptides were characterized by the analytical RP HPLC with linear gradient 20–60% of ACN for 30 min. Trp, Cit, Hse, and Cle
were not determined by amino acid analysis



ment GAL(1-15)NH$ and analogue [des-Leu-]-
GAL(1-15)NH$ lowered the glucose-induced insu-
lin level. pGAL used at a concentration of 1 �M
caused a decrease in the insulin secretion by about
40% (2.54 ng/60 min/islet) and a concentration of
100 nM lowered it by about 38% (2.59 ng/60
min/islet) as compared to the control tissue incu-
bated with 10 mM of glucose. We have also shown
that N-terminal fragment of pGAL inhibited insulin
secretion with lower potency in comparison to na-
tive pGAL. This 15-amino acid fragment of pGAL
lowered the insulin level by about 16% (3.56 ng/60
min/islet) at a concentration of 1 �M and by about
11% (3.78 ng/60 min/islet) at a concentration of
100 nM. However, the simultaneous application of

pGAL and GAL(1-15)NH$, used at the same con-
centration, caused an increase in the inhibitory ac-
tion of pGAL by about 30 % (at a lower concentra-
tion) and 37% (at a higher concentration).

The analogue [des-Leu-]GAL(1-15)NH$ also
shown the inhibitory activity on glucose-induced
insulin secretion as it lowered the insulin level by
about 10% (3.81 ng/60 min/islet) at a concentration
of 100 nM and about 12% (3.71 ng/60 min/islet) at
a concentration of 1 �M. Moreover, the analogue
[des-Leu-]GAL(1-15)NH$ increased the inhibitory
effect of pGAL by about 8% and 17% (at a lower
and higher concentration, respectively). The inhibi-
tory activity was partly shown also by analogue
[D-Leu-]GAL(1-15)NH$. This analogue tested at
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Fig. 1. Effects of peptides on insulin secretion from the isolated rat pancreatic islets induced by 10 mM glucose. Results are presented
as means ± SEM of insulin level induced by the tested peptide. The insulin level in the presence of 10 mM of glucose is a reference for
all experiments. Asterisks indicate the probability level of random difference vs. 10 mM of glucose (* p < 0.01), 1 �M of pGAL
(** p < 0.01), 10 mM of glucose and 1 �M of pGAL (*** p < 0.01)



a concentration of 100 nM lowered the insulin level
by about 11% (3.75 ng/60 min/islet) as compared to
the control incubated with 10 mM of glucose, and
significantly increased the inhibitory action of pGAL
by about 50%. However, [D-Leu-]GAL(1-15)NH$,
used at a higher concentration, did not affect the
glucose-induced insulin secretion and the inhibitory
action of pGAL. The insulin level in the presence of
this analogue reached 4.38 ng/60 min/islet.

The lack of inhibition of the insulin secretion
was observed in the case of [Cle-]GAL(1-15)NH$,
[Hse3]GAL(1-15)NH$ and [Cit�-]GAL(1-15)NH$,
when tested at a concentration of 100 nM. The in-
sulin level in the presence of these peptides reached:

4.47, 4.30 and 4.65 ng/60 min/islet, respectively.
At a higher concentration, analogues: [Cle-]GAL-
(1-15)NH$, [Hse3]GAL(1-15)NH$ and [Cit�-]GAL-
(1-15)NH$ showed insulinotropic activities as com-
pared to pGAL or GAL(1-15)NH$. They caused an
increase in the insulin secretion by about 25% (5.29
ng/60 min/islet), 24% (5.25 ng/60 min/islet) and
65% (6.98 ng/60 min/islet), respectively. Moreo-
ver, our studies have shown that peptides: [Cle-]-
GAL(1-15)NH$, [Hse3]GAL(1-15)NH$ and [Cit�-]-
GAL(1-15)NH$, used at a concentration of 100 nM,
reduced inhibitory effect of pGAL by about 16%
(2.85 ng/60 min/islet), 11% (2.77 ng/60 min/islet)
and 31% (3.10 ng/60 min/islet), respectively. Rela-
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tively stronger antagonistic activities (at a concen-
tration of 1 �M) were shown by [Cle-]GAL(1-15)-
NH$ and [Hse3]GAL(1-15)NH$, which reduced the
pGAL activity by about 36% (3.14 ng/60 min/islet)
and 86% (3.99 ng/60 min/islet), respectively. How-
ever, [Cit�-]GAL(1-15)NH$, tested at a concentra-
tion of 1 �M, completely abolished the inhibitory
action of pGAL. The insulin level in the presence
of this analogue reached 4.27 ng/60 min/islet.

DISCUSSION

Numerous GAL fragments, chimeras and ana-
logues with point mutations were synthesized and
their activity on the insulin secretion was studied
[2, 12, 15, 16, 20, 24, 28, 29, 32, 39]. Structure-ac-
tivity studies have shown that the activity of GAL
is connected with the N-terminal 1-15 fragment,
needed for full activation of GAL receptors and the
inhibitory effect of GAL on insulin secretion. Gly�

and Trp$ in the amino acid sequence of pGAL play
a crucial role for high-affinity binding to its recep-
tors. Removal of the first two amino acids, Gly�

and Trp$, caused a complete loss of the inhibitory
effect. Moreover, the results suggested Trp$ to be
the most important residue. The substitution of this
residue with D-Trp, L-Tyr, L-Phe, L-Ile or L-Ala
caused significant changes in the GAL-mediated
inhibitory effect on glucose-induced insulin secre-
tion and yielded peptides that showed no signifi-
cant inhibitory activity or were inactive. Other im-
portant residues are Leu-, Ser3, Gly� and Tyr",
which also contribute significantly to the activation
of GAL receptors in the pancreas. Moreover, the
studies of GAL(1-16) analogues in which single
residues were substituted with the L-Ala residue
have shown that the substitutions of Leu-, Ser3 or
His�- did not reduce the affinity of these peptides to
the GAL receptors in the rat hypothalamus [21].
The peptides thus obtained were able to fully dis-
place �$#I-pGAL from the high affinity GAL recep-
tors. Another study in which the N-terminal 1-13
fragment of GAL was extended by coupling differ-
ent amino acids or nonpeptidic structures via the
�-amino group of a Lys residue, that was intro-
duced in position 14, showed high affinity of such
modified peptides to GAL receptors in the rat hy-
pothalamus [31]. Thus, the modifications of GAL
in position 4, 6 and 14 seem to be a potent target in
the search for a high-affinity GAL receptor agonist
or antagonist.

Based on these observations we have designed
five new GAL analogues modified in positions 4, 6
or 14 and studied their action on glucose-induced
insulin secretion. Our present studies confirmed
earlier observations that pGAL and its N-terminal
fragment GAL(1-15)NH$ are full GAL receptor
agonists in the isolated rat pancreatic islets of Lan-
gerhans. They lowered glucose-induced insulin se-
cretion, but fragment GAL(1-15)NH$ was about
30% less potent inhibitor than pGAL. It suggests
that the C-terminal fragment GAL(16-29) is re-
quired for full activation of GAL receptors in the
rat pancreatic islets. Simultaneous application of
pGAL and GAL(1-15)NH$, used at the same con-
centration, caused a considerable increase in the in-
hibitory action of pGAL. However, studies with the
use of the GAL(1-15)NH$ analogues have shown
diverse activities of such modified peptides as
compared to pGAL or its non-modified N-terminal
fragment 1-15. Two GAL analogues: [des-Leu-]-
GAL(1-15)NH$ and partly [D-Leu-]GAL(1-15)NH$,
have been found to be very weak GAL agonists.
We have shown that [des-Leu-]GAL(1-15)NH$ in-
hibited insulin secretion and slightly increased in-
hibitory action of pGAL at all concentrations
tested, while analogue [D-Leu-]GAL(1-15)NH$ in-
hibited the insulin secretion and markedly increased
the inhibitory action of pGAL only at a concentra-
tion of 100 nM. Analogue [des-Leu-]GAL(1-15)NH$

seems to be a less potent inhibitor than GAL(1-15)-
NH$. However, [D-Leu-]GAL(1-15)NH$, used at
a concentration of 1 �M, did not influence insulin
secretion and inhibitory action of pGAL. Our ob-
servations suggest that the removal or replacement
of Leu- with its stereoisomer D-Leu did not signifi-
cantly affect the activity of such modified GAL-
(1-15)NH$.

More significant changes in the biological ac-
tivity of GAL(1-15)NH$ resulted from modifica-
tions of the amino acid sequence of GAL, in which
L-Leu- was replaced with Cle, L-Ser3 was replaced
with L-Hse or L-His�- was replaced with L-Cit.
Such modified GAL analogues, used at a concen-
tration of 1 �M, were able to stimulate the insulin
secretion from rat pancreatic islets with the following
order of insulinotropic potency: [Hse3]GAL(1-15)-
NH$ � [Cle-]GAL(1-15)NH$ < [Cit�-]GAL(1-15)-
NH$. However, these peptides, tested at a concen-
tration of 100 nM, did not influence the insulin se-
cretion. We have also shown that analogues:
[Hse3]GAL(1-15)NH$, [Cle-]GAL(1-15)NH$ and
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[Cit�-]GAL(1-15)NH$ antagonized the inhibitory
effect of pGAL in a concentration-dependent man-
ner. [Cle-]GAL(1-15)NH$ and [Hse3]GAL(1-15)-
NH$, used at a concentration of 100 nM, showed
very weak antagonistic activities, while [Cit�-]-
GAL(1-15)NH$ displayed relatively strong antago-
nistic activity. The inhibitory action of pGAL on
the glucose-induced insulin secretion was com-
pletely abolished by [Hse3]GAL(1-15)NH$ and
[Cit�-]GAL(1-15)NH$, tested at a concentration of
1 �M. Our observations suggest that the modifica-
tions of the amino acid sequence of GAL(1-15)-
NH$, in which Leu4 was replaced with cyclic
amino acid Cle, Ser6 was replaced with its homo-
logue L-Hse or His14 was replaced with L-Cit,
caused changes in the interaction of GAL with its
receptors and produced peptides that showed re-
verse activities as compared to pGAL.

Although the effect of GAL analogues on glu-
cose-induced insulin release is well-known, rela-
tively little is known about the mechanism(s) of its
action and how these peptides initiate their action
at the molecular level. It is difficult to interpret the
behavior of these peptides in complex biological
systems, because we are not able to adequately ex-
plain in molecular terms how the inhibitory/stimu-
latory effect of GAL analogues is exerted. We do
not know, whether this effect is connected with the
activation of several signaling pathways or/and the
conformational changes of the GAL structure, re-
sponsible for the high-affinity binding to its recep-
tors and biological activity. To understand the ac-
tion of GAL and its analogues at the molecular
level, the knowledge of the 3-dimensional struc-
tures that the peptides assume close to or in contact
with biomembranes is needed. It is clear now that
many peptides, including GAL, use multiple me-
chanisms at the molecular level to regulate its ac-
tion. Our observations suggest that GAL and GAL
analogues may use different mechanism(s) to regu-
late their action in rat pancreatic islets.

In conclusion, the modifications introduced into
the amino acid sequence of GAL, caused changes
in the interaction of GAL(1-15)NH$ with its recep-
tors and yielded peptides that consequently showed
diverse activities as compared to pGAL or GAL-
(1-15)NH$. Finally, we have found three GAL ana-
logues: [Cit�-]GAL(1-15)NH$, [Hse3]GAL(1-15)-
NH$ and [Cle-]GAL(1-15)NH$, which were able
to stimulate glucose-induced insulin secretion and
also antagonized inhibitory effect of pGAL. Other

two analogues: [D-Leu-]GAL(1-15)NH$ and [des-
Leu-]GAL(1-15)NH$ showed rather weak agoni-
stic activities. Our observations suggest that posi-
tions 4, 6 and 14 in the amino acid sequence of
GAL(1-15)NH$ may play an important role in the
high-affinity binding of GAL to its receptors and
biological activity in perfused rat pancreas. This
conclusion may be useful in designing new GAL
analogues acting as specific GAL receptor antago-
nist. Further modifications of amino acid sequence
of GAL, especially in position 14 or 6, seem to be
a very potent tool in searching for strong GAL an-
tagonist in the pancreas.
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