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_ The action of fish peptide Orpotrin
— analogs on microcirculation
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In order to investigate the relationship between the primary structure of Orpotrin, a vasoactive peptide previously isolated from
the freshwater stingray Potamotrygon gr. orbignyi, and its microcirculatory effects, three Orpotrin analogs were synthesized.
The analogs have a truncated N-terminal with a His residue deletion and two substituted amino acid residues, where one
Nle is substituted for one internal Lys residue and the third analog has a substitution of a Pro for an Ala (Orp-desH’, Orp-
Nle and Orp-Pro/Ala, respectively). Only Orp-desH’ could induce a lower vasoconstriction effect compared with the natural
Orpotrin, indicating that besides the N-terminal, the positive charge of Lys and the Pro residues located at the center of
the amino acid chain is crucial for this vasoconstriction effect. Importantly, the suggestions made with bioactive peptides
were based on the molecular modeling and dynamics of peptides, the presence of key amino acids and shared activity in
microcirculation, characterized by intravital microscopy. Moreover, this study has demonstrated that even subtle changes in
the primary structure of Orpotrin alter the biological effects of this native peptide significantly, which could be of interest for
biotechnological applications. Copyright (©) 2010 European Peptide Society and John Wiley & Sons, Ltd.

Supporting information may be found in the online version of this article
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Introduction

The search for lead compounds for the development of new
therapeutic agents has long included a focus on animal venoms.
This is primarily because venomous animals have evolved complex
mixtures of biologically active compounds and toxins that target
vital physiological processes in their prey and, inadvertently,
often in humans. Most animal toxins are highly selective and
potent, qualities that often make them ideal lead compounds.
Many animal venoms, including those from spiders, snakes, cone
snails, scorpions and others, contain components that target the
transmission of nerve impulses (i.e. neurotoxins) because this
results in rapid immobilization or death of the animal’s prey [1].
However, there are also many other venom components that have
profound effects on the cardiovascular system [2].

Fish tissues and organs are a rich source of these biologically
active compounds involved in both the regulation of physiological
functions and the defense against predators or microorganisms.
In particular, the study on the occurrence of bioactive peptides in
fish species, undertaken in the early 1960s, led to the discovery of
a number of peptides with different pharmacological activities,
such as vasotocin [3], insulin [4] and an increasing number
of antimicrobial peptides isolated including cathelicidins [5],
epinecidin [6], misgurin [7], pardaxins [8] and piscidins [9].

Venom peptide seems to have evolved from a relatively small
number of structural frameworks that are particularly well suited
to addressing the crucial issues of potency and stability. A few of
the peptides isolated from venomous fish include the pardaxins
from Pardachirus species [10,11], hepcidins from channel catfish

Ictalurus punctatus [12], one ghrelin-like peptide isolated from the
stomach of Dasyatis akajei stingray [13] and the two peptides
Orpotrin and Porflan from the venom of Potamotrygon gr orbignyi,
isolated by our group [14,15]. The last two peptides were active
in mice cremaster microcirculation, inducing vasoconstriction and
inflammation, respectively.

Orpotrin is a short, linear vasoconstrictor peptide consisting
of nine amino acid residues, His-Gly-Gly-Tyr-Lys-Pro-Thr-Asp-Lys;
because of its sequence alignment with creatine kinase (CK)
residues 97-105 (...LL°°DPVIQDRHGGYKPTDKHKTDL''ONP. . )
localized between two basic residues, Arg96 and Lys105, the
generation of Orpotrin could be associated to the limited
proteolysis product of CK, in the same way as the other well-
characterized bioactive peptides such as Hemorphins [16] and
Parasin 1[17,18].

Although many natural and venom peptides have been
described, there is a great potential for the development of
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synthetic analogs based on existing structures and with increased
specificactivity [19]. Several works described the design, synthesis,
structural analysis and activity of analogs of peptide toxins that
are intended to mimic the native toxin [15,20,21]. In our previous
paper describing Orpotrin, the microcirculatory environment was
our biological target. Topical application of Orpotrin in mice
cremaster muscle exerted significantly stronger vasoconstrictive
effects on large arterioles [14].

The vascular endothelium is a complex and dynamic organ and
one of the largest secretory tissues of mammals [22,23]. The vas-
cular endothelium, once thought to be only a mechanical barrier
between the blood and the vessel wall, is now recognized to be
an endocrine organ showing an amazing variety of regulatory
functions. Endothelium-derived mediators have essential func-
tions in vascular regulation [23]. Endothelial dysfunction involves
an imbalance between vasoregulating substances together with
a disturbance of hemostasis and vessel structure, resulting in the
development of cardiovascular diseases, such as hypertension,
atherosclerosis and heart failure. It is accepted that vasoconstric-
tive substances generally play a central role in the physiology and
pathology of vascular regulation. They also mediate vascular tone;
structure and function; and influence vascular smooth muscle
cell (VSMC) proliferation, apoptosis [24], platelet aggregation [25],
monocyte and leukocyte adhesion [26] as well as thrombosis [27].

The endothelial functionality of microcirculation often reflects
the status of the entire vascular system, and changes in its
regulation often appear in early stages of a disease, not seldom
before any effects on the systemic regulation are noticed [28,29].
However, such changes may be difficult to assess, and it may be
stated that few, if any, techniques are used clinically today for this
purpose.Intravital microscopy is one of the reliable techniques that
can be used in vivo for accurate assessment of the microvascular
environmentand may be used to better understand the underlying
mechanisms of vasoactive substances [30]. Taking into account
this background, the aims of this work are (i) to identify the
mutation(s) that support the Orpotrin vasoconstrictor activity
through the synthesis of three Orpotrin analogs and testing their
role in microcirculation and (ii) to investigate the impact of these
amino acid changes on structural stability, and physicochemical
characteristics and/or the effects on the vasoconstrictor activity
based on the structure of toxins and vasoactive peptides. The
relationship obtained between structural features and biological
activity, in terms of the microcirculation, is discussed.

Material and Methods

Molecular Modeling and Structure Dynamics of Orpotrin
Analogs

Besides the naturally occurring peptide Orpotrin, three analogs
were chosen for the structure-activity relationship studies, Orp-
Nle (HG G Y Nle P T D K), Orp-desH' (G G Y KP T D K) and
Orp-Pro/Ala(HGGYKATDK).

Orpotrin and analogs were modeled using ChemDraw Ultra
8.0 (CambridgeSoft, Cambridge, USA) and the initial three-
dimensional structure was obtained using Chem3D Ultra 8.0
(CambridgeSoft, Cambridge, USA). Standard protonation at pH
7.0 was implemented in the structures obtained using extended
Hackel Charges, and energy minimization was implemented us-
ing the PM6 semi-empirical quantum chemistry method [31] in
MOPAC2009 (http : OpenMOPAC.net). To access additional infor-
mation in structural dynamics of Orpotrin analogs, additional

energy minimization and equilibrating molecular dynamics simu-
lations were carried out with the Gromacs 4.02 package [32] on
a dual-QuadCore Linux workstation using the GROMOS96 53a5
[33] force field and representing more than 10000 h/CPU com-
putational work and 12 Gb of data mining. Initial structures were
subjected to a steepest decent (SD) energy minimization (5000
steeps) in an SPC water box to remove bad van der Waals con-
tacts. For further relaxation, minimized structures of solvation
box were used in unrestrained molecular dynamics for 10 ns with
Berendsen-type temperature (310 K) and pressure (1 atm.) cou-
pling in an NPT simulation cell, implementing the PME method
of electrostatic treatment [34]. Production dynamics were the
same as for 350-390 ns. Cluster analysis of the obtained trajectory
was performed using the g_cluster program of Gromacs 4.02 [32]
whit 2.0 A cutoff. Diagonalization of 2400 x 24 001 obtained ma-
trixes was used to analyze representative structures of the analogs
during production simulation. The structures of the five most rep-
resentative clusters in the molecular dynamics run were selected
for further analysis of peptide conformational space.

Peptide Synthesis

Orpotrin and analogs were synthesized by solid-phase peptide
synthesis on an Fmoc-Lys(Boc)-NovaSyn® TGA (Novabiochem,
Nottingham, UK) by using the Fmoc strategy in an automated
bench-top simultaneous multiple solid-phase synthesizer (PSSM 8
system from Shimadzu Co.) [35]. Couplings were performed with o-
(Benzotriazol-1-yl)-N,N,N',N'-tetramethyluronium tetrafluorobo-
rate (TBTU)/1-hydroxybenzotriazole in N,N-dimethylformamide for
60 min. The synthesized peptides were cleaved from the resin by
the addition of TFA/thioanisole/1,2-ethanedithiol/phenol/water
solution (82.5:5:2.5:5:5) at room temperature for 8 h. The
peptide products removed from the resin were diluted in wa-
ter/acetonitrile (9: 1) and lyophilized.

Synthetic peptides were purified by RP-HPLC (Shimadzu LC10
VP Series, Kyoto, Japan) using a semi-preparative Shimadzu C18
column (Shim-pack Prep-ODS, 5 um, 20 x 250 mm). A gradient of
5-45% of acetonitrile containing 0.1% TFA (solvent B) in 35 min
was applied, where solvent A was ultra-pure H,O containing 0.1%
TFA. The purified fractions containing the peptide were pooled
and lyophilized.

Mass Spectrometry

Molecular mass analyses of the purified peptides were performed
onaMALDI-TOF MSin an Ettan MALDI-TOF/Pro system (Amersham
Biosciences, Uppsala, Sweden) in reflectron mode calibrated with
P14R (IM+H]* 1533.8582) and angiotensin Il ((M+H]" 1046.5423)
(Sigma). MALDI-TOF spectra were obtained in the positive ion
mode at an acceleration voltage of 20 kV. The matrix solution used
contained saturated a-cyano-4-hydroxycinnamic acid (Sigma) in
50% acetonitrile/0.1% TFA.

Biological Investigation

Animals

Groups of four Swiss mice weighing 18-22g were used
throughout. The animals provided by Instituto Butantan animal
house were kept in temperature- and humidity-controlled rooms
andreceivedfood and water adlibitum.Thelocal ethical committee
(CEUAIB/Butantan Institute) approved the experiments involving
mice.
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Intravital microscopy

The dynamics of alterations in the microcirculatory network
were determined using intravital microscopy by transillumination
of the mice cremaster muscle after topical application of the
investigated peptides (500 nm/kg) dissolved in 20 ul of sterile
saline solution. Administration of the same amount of sterile saline
(20 pl) was used as a control. Before beginning the experiments,
mice were injected with a muscle relaxant drug (0.4% Xilazin)
(Coopazine®, Schering-Plough Coopers Brasil Ltda., Sdo Paulo,
Brasil) and then anesthetized with 0.2 g/kg chloral hydrate, and the
cremaster muscle was exposed for microscopic examination in situ
as previously described [36,37]. The animals were maintained
on a specially designed board controlled thermostatically at
37°C, which included a transparent platform on which the
transilluminated tissue was placed.

The study of the microvascular system of transilluminated
tissue was performed using an optical microscope (Axiolab, Carl
Zeiss, Oberkochen, Germany) coupled to a photographic camera
(AxioCam ICc1, Carl Zeiss, Oberkochen, Germany) using a 10/0.25
longitudinal distance objective/numeric aperture and 1.6 optovar
(Carl Zeiss, Oberkochen, Germany) using a 10/0.3 longitudinal
distance objective/numeric aperture and 1.6 optovar. All of the
determinations mentioned were performed in triplicate.

Leukocyte recruitment measurements

After stabilization of the microcirculation, the number of rolling
and adherent leukocytes in the postcapillary venules was
counted 10 min after peptide topical application. A leukocyte
was considered to be adhering to the venular endothelium if
it remained stationary for 60 s or longer at a preset distance of
100 um. A rolling leukocyte was defined as a white cell that moved
slower than the stream of flowing erythrocytes. The number of
rolling leukocytes was quantified as the number of white cells that
passed a preset fixed point.

Arteriolar diameter measurements

Before topical application of the peptides, we scanned the selected
arterioles (30—-40 um) and recorded their control diameters. We
selected a vessel where both walls could be clearly visualized and
were not obscured by overlying vessels. Once preliminary control
values were recorded, we applied the peptides (10 nm) topically.
We recorded the arterioles with 5 min intervals and measured
the diameter. To compare the diameters, we considered the first
record as time zero, being the percentage where no alterations
were seen (baseline).

Statistical Analysis

All results are expressed as mean 4+ SEM. One Way Analysis
of Variance (ANOVA) followed by Dunnett’s test was used to
determine the levels of difference between all groups. Differences
were considered statistically significant at p < 0.05.

Results
Orpotrin and Analogs ‘In Silico’ Structural Analysis

In orderto elucidate the structure—activity relationship of Orpotrin,
molecular modeling in ChemDraw and Chen3D was used to
assess the structural and physicochemical characteristics of the

Table 1. Molecular mass (Da) of the natural and analogs of Orpotrin
Molecular Molecular  Retention,
mass mass time
Peptides Sequence (Observed)® (Theoretical)  (min)P
Orpotrin HGGYKPTDK 1002.046 1002.500 5.1
Orp-Nle HGGYNIPTDK 987.536 987.489 12.1
Orp—desH1 GGYKPTDK 865.446 865.441 9.5
Orp-Pro/Ala HGGYKATDK 976.516 976.486 8.9

@ Observed by MALDI-TOF/MS.

b Analytical HPLC determinations were carried in 6 x 150 mm RP-C18
column, out two solvent systems: (A) 0.1% TFA in CH3CN and (B) 0.1%
TFA in H,O; linear gradient from 5% (B) to up to 90% (B) over 25 min,
UV detection at 220 nm, flow rate 1 ml/min.

Values in bold are the replaced amino acids.

peptide. Also, the contribution of changes in Lys 5 (Orp-Nle
analog), Pro 7 (Orp-Pro/Ala analog) and His 1 (Orp-desH' analog)
to the characteristics described above and structure dynamics
were analyzed in Figure S1 (see Supporting Information). Table 1
presents Orpotrin and the analogs that were synthesized, analyzed
by RP-HPLC and MALDI MS.

After subsequent rounds of charges calculation using the
semiempirical PM3 method [31] and energy minimization using
MOPAC2009, the structure of Orpotrin obtained was very close
to a small B-element with close N- and C-terminals. An important
contribution of the electrostatic interactions between Asp8 N-
terminal and Lys9 C-terminal was observed in Orpotrin and the
Orp-Nle analog but the ones obtained in vacuo structures for Orp-
desH' and Orp-Pro/Ala were different, but the overall changes
in physicochemical properties were hard to analyze in these
conditions as the final minimized structure of peptides was fully
dependent on initial drawing in ChemDraw8 (Figure S1).

As charged groups and electrostatic potential can have an
important role in the binding characteristics of the peptides,
replacement of protonated Lys5 by Nle (Orp-Nle analog) mimics
the situation where an aliphatic position is generated with no big
impact in the structure. In addition, Pro6 was mutated to Ala (Orp-
Pro/Ala), looking for potential implications in the conformation
or dynamics at the center of the peptide structure. Finally,
His provides an example of a polar, basic (positively charged)
amino acid, and its removal must result in a more non-polar
N-terminal site and small peptide structure (Figures 1(A), S1 and
Table 1). Although no big differences in electrostatic potential
or structural shape after energy minimization were detected in
Orpotrin and analogs (Figure 1(B)), semi-empirical calculations
using the PM6 model in MOPAC of these peptides revealed an
increasing hydrophobicity in Orp-Nle analog if compared with
the other peptides. The small Orp-desH' peptide was the most
convergent in energy minimization analyses (data not shown).

For a better understanding of the impact of these structural
changes in the dynamics of Orpotrin and analogs, 350ns
molecular simulations in explicit solvent were used to calculate
the conformational space of each peptide. As the structure
fluctuation of small peptides impacts on the recognition and
binding capabilities, more stable or chaotic structures are
implicated in important differences in binding affinities or targets.
Dynamics trajectories obtained in Gromacs package were used
for comparative cluster analysis of most represented structures
in Orpotrin and analogs (see Figure 1(C) and Figure ST (A-B)
for cluster analysis matrix). Conformational space of Orp-desH'
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Figure 1. Physicochemical characteristics and structural dynamics of Orpotrin analogs. (A) Obtained initial structures for Orpotirn, Orp-desH' and
Orp-Pro/Ala. (B) Electrostatic potential in the surface of the structures represented in color code (red for negative charges and blue for positive charges).
(C) Analysis of representative structures in 360 ns of molecular simulation of Orpotrin analogs in water box. In all peptide structures and surfaces

representations and rendering, Pymol 0.99 (www.pymol.org) was used.

was restricted to one structure in more than 90% of analyzed
trajectories (Figure 1(C)), pointing to a more stable structure
when compared with Orpotrin (61% of the conformational space
occupied by the most represented structure). On the other hand,
in Orp-Pro/Ala, the five most represented structures have only
49% of conformational space in 350 ns of simulation trajectory,
indicating an increase in conformational entropy in peptide
structure due to Pro6/Ala mutation (Figure 1(C)). In all analogs,
the most represented structure was formed by a small central
B-like element, with important electrostatic interactions between
Asp8, Lys9 and N- and C-terminals (Figure S1(C)).

Orpotrin Analogs Effect in Arterioles

Swiss mice were used to access the effects of Orp-Nle, Orp-
desH'! and Orp-Pro/Ala at 10 nm (500 nm/kg) concentration on
microcirculation environment. Figure 2 shows a representative
time course of the changes in diameter of arterioles, with control
diameters of about 45 um, in response to the local application
of Orpotrin analogs. As presented, the Orp-Nle did not induce a
significant vasoconstrictor effect in arterioles. However, for Orp-
desH' (Figure 2(Q)), a decrease in the diameter of large arterioles
was observed over the whole experimental duration and the
maximal constriction occurred within 15 min (39.1%). The relative
magnitude of arteriolar constriction in response to the Orp-desH’
peptide was restored only partially after 30 min (15.7%).

Unlike the results observed for Orp-Nle and Orp-desH', the Orp-
Pro/Ala analog presented a significant vasodilatation in arterioles
(Figure 2(B)). A percentage increase in arteriolar diameter was
observed over the whole experimental duration, as the highest
response occurred at 15 min (26%).

In these experiments, observations were made on primary and
secondary arterioles, but not on terminal arterioles. No change

in diameter of venules was seen over time in either vehicle- or
analog-treated animals.

Orpotrin Analogs Effect in Leukocytes

Topical application of the analogs and controls were carried out for
up to 30 min (Figure 3(A)). A few rolling leukocytes were observed
in the microcirculation of control mice (PBS bars). After the first
10 min of topical application of 10 nm of the synthetic Orp-Nle
peptide, a significant increase in the number of rolling leukocytes
in the post-capillary venule was induced, and this value was time
dependent up to 40 min of the experimental period. Furthermore,
the Orp-Nle analog promoted adhesion and transmigration of
part of the leukocytes (Figure 3(B and C)) to the endothelial wall
in the earliest times of the experiment. The analogs Orp-desH’
and Orp-Pro/Ala at 10 nm did not affect significantly the number
of rolling leukocytes, which remained at the basal values when
compared to control.

Discussion

Initially, all replacements of residues in the Orpotrin amino
acid chain does not cause radical variations in the global
physicochemical proprieties of the peptides, as judged from
molecular modeling and simulation experiment results (Figures 1
and S1). Given this fact, many of the suggestions were made
regarding the changes in the primary structure of the peptide
(Figure 1(Q)).

Orpotrin analogs have been analyzed in the present study
to assess the possible contributions of amino acid changes
to vasoconstriction. When we analyzed the data, we were
not surprised to find that substitution of Lys residues affects
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Figure 2. Intravital micrographs of cremaster muscle. (A) Representative graph showing arteriolar diameter percentage after topical application of
20 ul (10 nM) of Orpotrin analogs in different times. (B) Intravital micrograph of cremaster venule presenting arteriolar diameter increase after topical
application of Orp-Pro/Ala. (C) Intravital micrograph of cremaster venule showing arteriolar diameter decrease after topical application of Orp-desH'.
(D) Intravital micrograph of cremaster venule showing arteriolar diameter decrease after topical application of Orpotrin. Photographs were obtained
from digitized images on the computer monitor. Each point represents mean £+ SEM. *p < 0.05 compared with control group of three independent

experiments.

vasoconstrictor activity, as it was already known from studies on
numerous other molecules that cationic groups are necessary
for this function [38,39]. Our results highlight the contextual
or sequence-specific importance of Lys residues against a
particular target. Replacing Lys for Nle (Orp-Nle), an n-butyl-
group-substituted analog, abolishes the vasoconstrictor activity,
indicating thatLys residue can contribute in a hydrophobic manner
to the vasoconstrictor activity of Orpotrin through its methylene
groups. Davies etal. [40] reported that the «-helical structure
region containing three Lys residues in a linear fatty-acid-binding
protein interacted with the anionic interface as a result of the
initial electrostatic interaction [40]. Only these cationic residues

contribute significantly to this binding. Otherinvestigators suggest
that apolipoprotein A-I Lys positive charges play an important role
in the specific recognition of negatively charged phospholipids on
the surface of a cell membrane transporter called the ATP-binding
cassette transporter A-1, the ABCA1 [38].

Labarrére etal. [41] in a study with urotensin I, a cyclic
vasoactive peptide initially isolated from the urophysis of the
teleost fish Gillichthys mirabilis, shows that point substitution of
Lys® in the urotensin Il human analog totally suppresses the
activity to contract rat thoracic aortic rings. These results support
our data that the positively charged amino acid residue, i.e.
Lys, is essential for binding activity on the peptide surface, and
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Figure 3. Intravital micrographs of cremaster muscle. (A) Representative graph showing leukocyte rolling of Orpotrin analogs in different times. Inset:
Leukocyte rolling after 30 min of Orp-Nle administration (arrow). (B) Representative graph showing leukocyte adherent to endothelium after topical
application of 20 ul (10 nm) of Orp-Nle. Inset: Leukocyte venular transmigration after 20 min of topical application. (C) Intravital micrograph of cremaster
venule showing adherent leukocytes after Orp-Nle aplication. Photographs were obtained from digitized images on the computer monitor. Each point
represents mean + SEM. *p < 0.05 compared with control group of three independent experiments.

may lead to stronger vasoconstriction observed for the Orpotrin
peptide on microcirculation, whereas removal of the Lys amine
group and retention of its hydrophobic n-butyl group improve an
inflammatory activity.

For Orp-Pro/Ala analog the replacement has no effect in
leukocyte recruitment (Figure 3(A)); however, an effect was
observed in arterioles where this peptide caused a slight but
significant increase in arteriolar diameter in large arterioles.
The molecular mechanism of Pro stabilization in the case of
vasoconstriction activity appears to be related to the fact that
the pyrrolidine ring of Pro restricts the number of conformations
that it can adopt compared with other residues (Figure 1(C)). Frare
etal. [42], working with decorsin, a peptide isolated from the
leech Macrobdella decora, suggest that Pro residues contribute
to a significant and cumulative decrease in the high thermal
stability observed in decorsin analogs with Pro— Ala substitutions.
Meanwhile, Pro—Ala replacements can also produce context-
dependent effects, since that in ubiquitin they had opposite
effects in reducing or enhancing protein stability depending on
the site of mutation along the protein chain [43]. The strategically
important location of Pro® suggests that even subtle alterations
in the local environment of this region may dramatically influence
the function of the peptide. The conformation at this location may
be a necessary requirement to orient this peptide region toward

the active site for the binding of receptors [44]. Increased flexibility
in the Orp-Pro/Ala peptide, owing to the loss of Pro, is likely to
impair this process and hence agonist interactions.

His residues are involved in substrate binding by many enzymes.
The active His residue may act as a proton acceptor or donor in
protein-ligand interactions, charge-relay interactions between
amino acids at the active site, conformational changes associated
with substrate binding or oligomerization of protein chains [45,46].
In Orp-desH’, the removal of His' caused at least 30% of decrease
in vasoconstrictor activity (Figure 2) when compared with Orpotrin
despite the apparent gain in structural stability (Figure 1(C)). Our
results suggest that H' makes modest contributions to the affinity
binding site, triggering the vasoconstriction and characterizing
a supporting role as a proton donor at the first residue for the
conformational change of Orpotrin to form the receptor-binding
region, or for an electrostatic interaction between Orpotrin and its
receptor or protein.

As is well known, V1a-receptors located on vascular smooth
muscle of arterioles mediate contraction and cause vasoconstric-
tion [47], and thereby changes in arteriolar tone mainly contribute
to the regulation of systemic vascular resistance and thus arte-
rial blood pressure [48]. The combination of molecular modeling,
synthesis of truncated peptides and site-directed mutagenesis
[49-52] has shed light on hypothetical binding modes of AVP
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or close analogs (oxytocin, vasotocin) to their specific receptors,
although a clear consensus on the exact binding mode is still
unknown. Rodrigo etal. [53] challenge the Arg8 residue of AVP
and Lys8 analog with the two negatively charged residues (fully
conserved in all V1a and V1b receptor) in close contact with
Arg8 that were mutated to Ala in the human V1b receptor. As
predicted, binding of AVP analogs to the mutant receptors was
significantly decreased in both residues, for Lys this can be easily
explained by its potential to develop ionic interactions with the
two negatively charged residues. It is likely that the interaction
predicted herein is a common feature of AVP recognition and it
could also be a hypothesis for a possible candidate to orpotrin
receptor recognition.

In summary, the three Orpotrin analogs were able to induce
some bioactive function. Conversely, only Orp-desH’, having a
truncated N-terminal, could induce a smaller vasoconstriction
compared with the natural Orpotrin, indicating that besides the
N-terminal, the positive charge and the Pro residue located
at the center of the amino acid chain is crucial for this
vasoconstriction effect. Importantly, the suggestions made with
bioactive peptides were based on the molecular modeling and
dynamics of peptides, the presence of key amino acids and shared
activity in microcirculation characterized by intravital microscopy
[47,54]. The muscle microcirculation provides an opportunity to
investigate the vasoactive properties of a compound, in vivo, in
a relatively safe manner because of the small doses that are
administered. However, further studies are required to determine
which Orpotrin mechanisms and structures are required for this
role as well the vasoactivity in other vascular beds.
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