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Human aquaporin 4 gating dynamics under axially oriented electric-field
impulses: A non-equilibrium molecular-dynamics study
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Human aquaporin 4 has been studied using non-equilibrium molecular dynamics simulations in
the absence and presence of pulses of external electric fields. The pulses were 100 ns in duration
and 0.005-0.015 V/A in intensity acting along the pores’ axes. Water diffusivity and the dipolar
response of various residues of interest within the pores have been studied. Results show relatively
little change in levels of water permeability per se within aquaporin channels during axially ori-
ented field impulses, although care must be taken with regard to statistical certainty. However, the
spatial variation ol water permeability vis-a-vis electric-field intensity within the milieu of the chan-
nels, as revealed by heterogeneity in diffusivity-map gradients, indicates the possibility of somewhat
enhanced diffusivity, owing to several residues being affected substantially by external fields, par-
ticularly for HIS 201 and 95 and ILE 93. This has the effect of increasing slightly intra-pore water
diffusivity in the “pore-mouths” locale, albeit rendering it more spatially uniform overall vis-a-vis
zero-field conditions (via manipulation of the selectivity filter). Published by AIP Publishing.
https://doi.org/10.1063/1.5044665

. INTRODUCTION a formidable, typically intractable undertaking. Even armed
with such pore-density information, arriving at any reli-
able and plausible atomistic-level elucidation of underlying
water-permeation mechanisms through AQPs is not feasible
by experiment, arising from inability to probe the exceed-
ingly brief, sub-nanosecond water-passage time scales.”!°
Bearing in mind these reasonably rapid kinetics, classical
molecular dynamics (MD) has become a very valuable tool
for gaining theoretical insights into the underlying mecha-
nisms, 112211320 owing naturally. to increasing availability
of atomic-resolution structures for AQPs.2>?* Indeed, “two-
stage filter’” mechanisms have been proposed., wherein the pore
serves as a “selectivity filter” (SF) at its narrowest point in
the aromatic/arginine region at the extracellular end as one
stage, whilst the histidine 95 and cysteine 178 residues act
as another stage at the cytoplasmid end. Moreover, a well-
conserved pair of asparagine-proline-alanine (NPA) motifs
with opposite orientations features well-defined water rota-
tion upon waler passage: this is a key [eature of all aquapor-
ins, with the aforementioned residues being conserved in all
AQP families.”> MD has examined AQPs’ proton-blocking
capacity,263! permeation of solutes other than water,32-33
and gating behavior,”*>% together with facilitation of cell
adhesion.*

The atomic structure of h-AQP4 has been resolved by

Aquaporins (AQPs) are a wide-ranging suite of trans-
membrane proteins, forming channels with elective water-
conductance properties. This selective permeation arises from
osmotic-pressure differentials between either sides of the
membrane, disallowing strictly ions’ and protons’ passage
therethrr_)ugh.l-2 AQPs exist in all known life forms, and
form the bedrock of regulating precisely cellular water con-
tent. In man, defective AQP function is implicated in a
deal of pathological conditions, e.g., congenital cataracts.”
Since discovered by Agre ef al..* several hundred have been
characterized.’>

A more extensive elucidation of AQP-based waler trans-
port would help advance progress in medicine, gauging more
clearly their function and possible implication in medical con-
ditions. Although such water fluxes are estimated relatively
routinely via reconstitution of AQP channels in liposomes and
tracking volume changes due to impermeable-solute concen-
trations. isotope labeling offers another intriguing possibil-
ity. 12468 To assess single-channel permeability, knowledge
of AQP density is sine qua non—clearly, accurate measure-
ment of lipid-to-protein composition in a liposome represents
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x-ray crystallography at a resolution of 1.8 A [Protein Data
Bank (PDB) entry code 3GD8].° In common with all AQPs,
h-AQP4 forms homo-tetramers in cell membranes; each
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phospholipid-bilayer boundary on either side of the mem-
brane, to lead to enhanced water diffusivity through the pores
themselves.

SUPPLEMENTARY MATERIAL

See supplementary material for sample mean-squared dis-
placement graphs and further details on computation of MSD
and water-density profiles.
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ARTICLE
Behavioral and synaptic alterations relevant to obsessive-
compulsive disorder in mice with increased EAAT3 expression

Claudia Delgado-Acevedo'?3, Sebastian F. Estay (7>, Anna R. Radke®®, Ayesha Sengupta (&°, Angélica P. Escobar'?,
Francisca Henrl’quez-BeImar1'2, Cristopher A. Reyesm, Valentina Haro-Acuﬁam, Elias Utrerasm, Ramon Sotomayor-Zérate1'9,
Andrew Cho’, Jens R. Wendland '®'", Ashok B. Kulkarni’, Andrew Holmes®, Dennis L. Murphy'®, Andrés E. Chavez @*** and
Pablo R. Moya'*31°

Obsessive-compulsive disorder (OCD) is a severe, chronic neuropsychiatric disorder with a strong genetic component. The SLCTAT
gene encoding the neuronal glutamate transporter EAAT3 has been proposed as a candidate gene for this disorder. Gene variants
affecting SLC1A1 expression in human brain tissue have been associated with OCD. Several mouse models fully or partially lacking
EAAT3 have shown no alterations in baseline anxiety-like or repetitive behaviors. We generated a transgenic mouse model
(EAAT39°) to achieve conditional, Cre-dependent EAAT3 overexpression and evaluated the overall impact of increased EAAT3

expression at behavioral and synaptic levels. Mice with EAAT3 overexpression driven by CaMKlla-promoter (EAAT3%'/CMKII)
displayed increased anxiety-like and repetitive behaviors that were both restored by chronic, but not acute, treatment with
fluoxetine or clomipramine. EAAT39'°/CMKII mice also displayed greater spontaneous recovery of conditioned fear.
Electrophysiological and biochemical analyses at corticostriatal synapses of EAAT39'°/CMKII mice revealed changes in NMDA
receptor subunit composition and altered NMDA-dependent synaptic plasticity. By recapitulating relevant behavioral,
neurophysiological, and psychopharmacological aspects, our results provide support for the glutamatergic hypothesis of OCD,
particularly for the increased EAAT3 function, and provide a valuable animal model that may open novel therapeutic approaches to

treat this devastating disorder.

Neuropsychopharmacology (2019) 0:1-11; https://doi.org/10.1038/541386-018-0302-7

INTRODUCTION

Obsessive-compulsive disorder (OCD) is a neuropsychiatric dis-
order characterized by intrusive thoughts (obsessions), repetitive
ritualistic behaviors (compulsions), and anxiety, with a worldwide
prevalence of 2-3% [1]. The only approved pharmacotherapy for
OCD is (selective) serotonin reuptake inhibitors; however, 40-50%
of affected individuals fail to respond to medication [2, 3]. Thus,
there is a critical need to understand the neurobiological
underpinnings of OCD.

The glutamatergic hypothesis of OCD has accumulated support
over the last decades [4, 5]. Neuroimaging studies indicate
alterations in the cortical-striatal-thalamic—cortical (CSTC) circui-
try, which includes glutamatergic corticostriatal projections
synapsing onto striatal spiny projection neurons and/or inter-
neurons [4, 6-10]. Altered glutamate levels from cerebrospinal
fluid studies have been reported in OCD [11, 12]. Beneficial effects

of anti-glutamatergic agents including memantine, N-acetylcys-
teine, riluzole, ketamine, and rapastinel have been reported in
treatment-resistant OCD individuals [5, 13-17]. In addition,
some genetic animal models with altered glutamatergic neuro-
transmission at the CSTC circuitry exhibit OCD relevant behaviors
[10, 18-20].

Family-based linkage and case-control association studies have
suggested SLCTAT (Solute Carrier, Family 1, member 1) as a
candidate gene in OCD [21-28], although no variants within the
SCL1A1 locus have reached significance in genome-wide associa-
tion studies [29, 30], likely due to limited statistical power. SLCTAT
encodes for the neuronal excitatory amino acid transporter EAAT3,
highly expressed in brain regions proposed to be affected in OCD
[31]. EAAT3 is located postsynaptically, with roles on regulating
glutamate spillover, NMDAR function and synaptic plasticity [32-
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validity for our animal model and recapitulate the human
psychopharmacology of OCD.

In summary, our data support the notion that EAAT3 has a role
in the pathogenesis of OCD relevant behaviors as EAAT39°/CMKII
mice exhibit increased anxiety, increased repetitive behaviors, and
greater spontaneous recovery of fear, many of which are core
symptoms of OCD. In addition, increased EAAT3 expression
impairs corticostriatal synapses which could contribute, at least
in part, to the neuronal basis involved in OCD. We believe this new
model will allow gaining deeper insight on the role of EAAT3 in
the pathogenesis of OCD and perhaps shedding light on novel
therapeutic avenues for this devastating disorder.
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interaction networks in protein
molecular dynamics

Sebastian Contreras-Riquelme™*”, Jose- Antonio Garate”,

Tomas Perez-Ade'* and Alberto J.M. Martin®
]Computaﬂnna] Biology Laboratory (DLab), Fundacion Clencia & WVida, Santiago, Chile
?Facultad de Clendlas de la Vida, Universidad Andrés Bello, Santiagn, Chile
*Network Biology Laboratory, Centro de Gendmica y Bloinformdtica, Facultad de Clencias,

Universidad Mayor, Santiago, Chile
# Centro Interdisciplinario de Neurociendia de Valparalso, Valparalso, Chile

Protein structure is not static; residues undergo conformational rearrangements and, in
doing so, create, stabilize or break non-covalent interactions. Molecular dynamics
(MD) is a technique used to simulate these movements with atomic resolution.
However, given the data-intensive nature of the technique, gathering relevant
information from M D simulations is a complex and time consuming process requiring
several computational tools to perform these analyses. Among different approaches,
the study of residue interaction networks (RINs) has proven to facilitate the

study of protein structures. In a RIN, nodes represent amino-acid residues and the
connections between them depict non-covalent interactions. Here, we describe
residue interaction networks in protein molecular dynamics (RIP-MD), a visual
molecular dynamics (VMD) plugin to facilitate the study of RINs using trajectories
obtained from MD simulations of proteins. Our software generates RINs from

MD trajectory files. The non-covalent interactions defined by RIP-MD

include H-bonds, salt bridges, VdWs, cation-x, x-n, Arginine-Arginine, and
Coulomb interactions. In addition, RIP-MD also computes interactions based on
distances between C,s and disulfide bridges. The results of the analysis are shown in
an user friendly interface. Moreover, the user can take advantage of the VMD
visualization capacities, whereby through some effortless steps, it is possible to select
and visualize interactions described for a single, several or all residues ina MD
trajectory. Network and descriptive table files are also generated, allowing their
further study in other specialized platforms. Our method was written in python in a
parallelized fashion. This characteristic allows the analysis of large systems
impossible to handle otherwise. RIP-MD is available at http://www.dlab.cl/ripmd.

Subjects Bioinformatics, Biophysics, Computational Biology
Keywords Residue interaction networks, Molecular dynamics, VMD plugin, Trajectory analysis

INTRODUCTION
The function of proteins is determined by both their 3D structure and their behavior.
Therefore, the traditional dogma sequence — structure — function is currently restated as
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protein, revealing an initial concerted action at the beginning of the closing process,
with an overall reduction of correlations for the closed state. In the case study of GJC,
a comparison of the initial structure and a short MD simulation revealed that inter-chain
interfaces are stabilized mainly by HBs and SBs, and that Arg-Arg and Cation-n
interactions tend to disappear over the trajectory.

Residue interaction networks in protein molecular dynamics is freely available for the
academic community, and it is distributed in three forms: a webserver, where users
can analyze a single PDB; an standalone version that can take advantage of multi-core
systems to generate these RINs; and a VMD plugin that executes the standalone version
of the software and at the same time benefits from the graphical viewer of VMD.
All these distributions, together with manuals and help files can be accessed from
http://dlab.cl/ripmd.
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The connexin26 human mutation N14K disrupts
cytosolic intersubunit interactions and promotes

channel opening
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A group of human mutations within the N-terminal (NT) domain of connexin 26 (Cx26) hemichannels produce aberrant
channel activity, which gives rise to deafness and skin disorders, including keratitis-ichthyosis-deafness (KID) syndrome.
Structural and functional studies indicate that the NT of connexin hemichannels is folded into the pore, where it plays
important roles in permeability and gating. In this study, we explore the molecular basis by which N14K, an NT KID mutant,
promotes gain of function. In macroscopic and single-channel recordings, we find that the N14K mutant favors the open
conformation of hemichannels, shifts calcium and voltage sensitivity, and slows deactivation kinetics. Multiple copies of
MD simulations of WT and N14K hemichannels, followed by the Kolmogorov-Smirnov significance test (KS test) of the
distributions of interaction energies, reveal that the N14K mutation significantly disrupts pairwise interactions that occur
in WT hemichannels between residue K15 of one subunit and residue E101 of the adjacent subunit (E101 being located at
the transition between transmembrane segment 2 [TM2] and the cytoplasmic loop [CL]). Double mutant cycle analysis
supports coupling between the NT and the TM2/CL transition in WT hemichannels, which is disrupted in N14K mutant
hemichannels. KS tests of the a carbon correlation coefficients calculated over MD trajectories suggest that the effects of

the N14K mutation are not confined to the K15-E101 pairs but extend to essentially all pairwise residue correlations between
the NT and TM2/CL interface. Together, our data indicate that the N14K mutation increases hemichannel open probability by
disrupting interactions between the NT and the TM2/CL region of the adjacent connexin subunit. This suggests that NT-TM2/

CLinteractions facilitate Cx26 hemichannel closure.

Introduction

Connexins are a family of transmembrane proteins encoded by
21 human genes, found in almost every human tissue, which
play key roles in physiology and pathology (S¢hl and Willecke,
2003). At the structural level, the basic topology of a connexin
protein consists of four transmembrane segments (TM1-4),
two extracellular loops (E1 and E2), and one cytoplasmic loop
(CL), with both the N- and C-terminal domains facing the cyto-
sol. The assembly of six connexin proteins forms a hemichan-
nel that is trafficked to the plasma membrane, where it can
dock with another hemichannel of an adjacent cell to form a
gap junction channel (GJC; Goodenough et al., 1996; Gaietta et
al., 2002; Sosinsky and Nicholson, 2005). Both unpaired he-

michannels and GJCs are permeable to atomic ions and small
molecules (Harris, 2001). Hemichannels at the plasma mem-
brane are mostly closed when they are not part of GJCs. This
is achieved by negative membrane potential and normal extra-
cellular Ca?* concentrations that together significantly reduce
hemichannel open probability (Ebihara et al., 2003; Bukauskas
and Verselis, 2004; Fasciani et al., 2013; Verselis and Srinivas,
2013; Bargiello et al., 2018).

The mechanisms by which extracellular Ca?* controls gat-
ing in connexin hemichannels is related to interactions of Ca**
ions with negatively charged residues lining the extracellular
entrance of the channel pore (near the border of the TM1 and
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pathology caused by N14K mutation, because severe skin lesions
are thought to be caused by the increase of connexin hemichan-
nel activity that disrupts the normal homeostasis necessary for
skin proliferation and differentiation (Djalilian et al., 2006). Our
work suggests that the molecular basis of the pathology is the
disruption of pairwise interactions between the NT and TM2/
CL regions, which leads to favoring of the open conformation of
the Cx26 hemichannel.
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Although the properties of the neurons of the visual system that process central and
peripheral regions of the visual field have been widely researched in the visual cortex
and the LGN, they have scarcely been documented for the retina. The retina is the
first step in integrating optical signals, and despite considerable efforts to functionally
characterize the different types of retinal ganglion cells (RGCs), a clear account of the
particular functionality of cells with central vs. peripheral fields is still wanting. Here,
we use electrophysiological recordings, gathered from retinas of the diurnal rodent
Octodon degus, to show that RGCs with peripheral receptive fields (RF) are larger,
faster, and have shorter transient responses. This translates into higher sensitivity at
high temporal frequencies and a full frequency bandwidth when compared to RGCs
with more central RF. We also observed that imbalances between ON and OFF cell
populations are preserved with eccentricity. Finally, the high diversity of functional types
of RGCs highlights the complexity of the computational strategies implemented in the
early stages of visual processing, which could inspire the development of bio-inspired
artificial systems.

Keywords: retina, MEA, central vs. periphery, RGCs, spatiotemporal analysis, receptive field properties

1. INTRODUCTION

The visual system integrates optical signals to create specific features of the images such as
movement, contrast, and color (Van Essen et al., 1992; Masland, 2012). Although some studies
suggest that there exists within the visual cortex a functional and modular segregation of regions
that attend to the central vs. peripheral visual field (Stone, 1983; Orban et al., 1986; Loschky et al.,
2017), the existence of such segregation at the level of the retina remains hardly studied. On the
other hand, studies have described that any point of a visual scene is anatomically covered through
a variety of different RGC types (for example, parasol and midget RGCs in primates or alpha cell
RGCs in rodents) that form potential visual channels (e.g., ON / OFF) acting as functional filters for
the physical world (Field and Chichilnisky, 2007). Moreover, Polyak (1957) raised what is still an
unresolved problem how the diversity of RGCs contributes to forming a variety of visual channels
as a function of retinal eccentricity, which is vital for many species (Boycott and Wissle, 1974;
Gollisch and Meister, 2010).
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strategies for understanding the visual world (Nasr et al., 2011;
Loschky et al., 2017). Interestingly, using a deep neural network
the authors in Wang and Cottrell (2017) have shown that
information coming from peripheral vision is as crucial for scene
recognition as central vision.

A diversity of visual strategies can be created through the
articulation of a variety of functional RGCs types located in
the retina. Predictive coding theory hypothesizes that the role
of neural encoding is to remove predictable information from
the environment and to leave only the information that cannot
be predicted. The work of Nirenberg et al. (2010) goes in
this direction, suggesting that heterogeneity in RGC types is
needed for predictive coding in different kinds of environments.
Moreover, Gjorgjieva et al. (2014) recently reported that optimal
coding in the retina is reached not by isolated ON or OFF
neuronal populations, but by a mixture of ON/OFF neurons,
suggesting a combined coding strategy.
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ABSTRACT: Electroporation characterization is a topic of
intensive interest probed by extensive ongoing research
efforts. Usually, these studies are carried out on lipid-bilayer
electroporation. Surprisingly, the possibility of water-channel
electropore formation across transmembrane proteins them-
selves, particularly in view of such a promising application, has
not yet been elucidated. The present work examines the
geometrical and kinetic aspects of electropores and their
stability in such a protein milieux (as opposed through the
phospholipid membranes) in depth, by means of scrutiny of
such a process in human-AQP4 as a well-representative
prototype. The residues forming the electropore’s walls,
organized in loops, reveal the formation mechanism by their
dipole alignment and translational response in response to

EP geometry time evolution
o fleld )

EP height IA

applied axial electric fields in nonequilibrium molecular dynamics simulation. The magnitude of sustaining electric fields
(keeping a stable electropore open) were determined. This suggests that transmembrane proteins could play a central role in

electroporation applications, e.g., in medicine and biotechnology.

B INTRODUCTION

The membrane phospholipid bilayer can be studied as a thin
isolating sheet dividing two electrolyte solutions and
enveloping intracellular components and organelles.' If this
structure is exposed to an electric field pulse able to induce a
transmembrane potential above a certain threshold value, the
cell membrane will be permeabilized.” Depending on the
duration of the pulse and the field intensity, the two systems
on either side of the bilayer will no longer be isolated if
electroporation through the membrane occurs, and molecules
that could not flow through the transport-selective endogenous
channels in bilayer-embedded proteins are then allowed to
permeate through the electroporated membrane.” The
transiently reversible opening of the cell enables drugs and
oligonucleotides to be transported, in addition to, inter alia,
antibodies, permitting the initiation of biological events by
changing the inside of the cell.*

The mechanistic detail of how pores form under the action
of applied electric fields is inherently challenging to be
elucidated by experiments; conversely, this is entirely possible
to explore using carefully conducted molecular dynamics
(MD) simulation due to the very short time scales of the pore-
formation process and also the small space scale of lipid pores
(a few nanometers).” According to MD simulations of lipid
bilayers, nanometer-sized aqueous pores are formed inside the
lipid bilayers during the pulse application® and the kinetics of

< ACS Publications  © 2018 American Chemical Society 15361

the opening and closure of these pores appear to be on the
order of nanoseconds.” However, this description is not
completely satisfactory, since it does not take into consid-
eration, for instance, that ultrashort pulses with a very high
amplitude (tens of kV/cm) and duration of a few nanoseconds,
called nanopulses, have displayed long-term effects on
membrane permeability and conductivity of cells and tissues,
most probably due to oxidation of the membrane phospho-
lipids induced by the field.*

Even if not yet fully demonstrated, another option of long-
lasting (electropore) permeability due to nanopulses could be
related to the involvement of transmembrane proteins when
cells are exposed to such short and intense electric fields.
Recent in vitro studies have considered the possibility that
nanopulses could influence specific ion channel behavior as
voltage-gated ion channels in bovine chromaffin cells,9 whereas
in a separate study, it has been proven that the calcium
increase induced by ultrashort pulsed electric fields was
mediated by voltage-gated calcium channels.'"® Further
evidence of specific involvement of voltage-sensitive ion
channels has been presented in ref 11, whereas activation of
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Figure 9. Pores are made of 11 loops, each one consisting of a
repetition of four identical residues. The centers of mass of the
residues for a single loop are depicted in red here. Summing the areas
of the two triangles, obtained by Heron’s formula, it is possible to
estimate the radius of the pore corresponding to a given loop.

internal coordinates,**” to be consistent with pH 7.5. This

tetramer is then embedded in a palmitoyloleoylphosphatidy-
lethanolamine lipid bilayer, which is solvated and equilibrated.
The membrane’s overlapping lipids were removed and a
solvation shell of 20 A is added on the +z axes. This entire
system is made electrically neutral by the presence of Na* and
CI” ions, the resulting concentration being 55 mM. The
resulting periodic cell volume is 101 X 101 X 80 A%

Molecular Dynamics Simulation. CHARMM27* and
TIP3P* potential models were used. CHARMM27 is a
nonpolarizable ‘potcntial, in contrast to previous work of
English et al.,5 3 but returns qualitative acceptable out-
comes.” Long-range electrostatic interactions were handled by
the particle mesh Ewald method, making use of r-RESPA
decomposition.'” Each simulation relies on an NPT reservoir
for coupling. The reservoir pressure and temperature point
were set respectively to 1 atm and 298 K. Temperature was
controlled through a Langevin thermostat with a damping
coefhicient of 1 ps‘l.55_57 The applied electric field was static,
and acted in the direction of the positive z-axis; as reported
above, a strength of 0.05 V/A led to electroporation. The
static-field force was applied to atomic partial charges, using f =
qE,. This kind of system response of water to electric fields in
nanoscale geometries embedded in phospholipid bilayers has
been studied extensively by Garate and co-workers.'”~%%"

Pore Profile. To obtain the cross-sectional area of the
electropore, an equivalent-area method was implemented,
keeping in mind that each of the 11 residues is at a slightly
different “height” along the z-axes. Here, we consider a square
as composed of two triangles, whose areas are computed
through Heron’s formula

Am = rle - 1D - L) - 1)
Ap = \/P(}’ - 13)(17 - 4)(}’ - 15)

A= Alrl + Atrz = ”rz

where A is the cross-sectional area, I}, I,, and I are the side
lengths, and p is the semiperimeter, i.e,, 1/2(l; + L, + I5). The
radius of the circle inscribed in the square, as shown in Figure
9, provides a rough estimate of the electropore radius within a
given residue loop.
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ABSTRACT The action potential of nerve and muscle is produced by voltage-sensitive channels that include a specialized
device to sense voltage. The voltage sensor depends on the movement of charges in the changing electric field as sug-
gested by Hodgkin and Huxley. Gating currents of the voltage sensor are now known to depend on the movements of posi-
tively charged arginines through the hydrophobic plug of a voltage sensor domain. Transient movements of these
permanently charged arginines, caused by the change of transmembrane potential V, further drag the S4 segment and
induce opening/closing of the ion conduction pore by moving the S4-S5 linker. This moving permanent charge induces
capacitive current flow everywhere. Everything interacts with everything else in the voltage sensor and protein, and so it
must also happen in its mathematical model. A Poisson-Nernst-Planck (PNP)-steric model of arginines and a mechanical
model for the S4 segment are combined using energy variational methods in which all densities and movements of charge
satisfy conservation laws, which are expressed as partial differential equations in space and time. The model computes
gating current flowing in the baths produced by arginines moving in the voltage sensor. The model also captures the capac-
itive pile up of ions in the vestibules that link the bulk solution to the hydrophobic plug. Our model reproduces the signature
properties of gating current: 1) equality of ON and OFF charge Q in integrals of gating current, 2) saturating voltage depen-
dence in the Q(charge)-voltage curve, and 3) many (but not all) details of the shape of gating current as a function of
voltage. Our results agree qualitatively with experiments and can be improved by adding more details of the structure
and its correlated movements. The proposed continuum model is a promising tool to explore the dynamics and mechanism
of the voltage sensor.

INTRODUCTION

Much of biology depends on the voltage across cell mem-
branes. The voltage across the membrane must be sensed
before it can be used by proteins. Permanent charges
move in the strong electric fields within membranes, so car-
riers of sensing charge were proposed as voltage sensors
even before membrane proteins were known to span lipid
membranes (1). The movement of permanent charges of
the voltage sensor is gating current, and the movement is
the voltage-sensing mechanism. Permanent charge is our
name for a charge or charge density independent of the
local electric field (for example, the charge and charge dis-
tribution of Na™ but not the charge in a highly polarizable
anion like Br or the nonuniform charge distribution of
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H,O in the liquid state with its complex time dependent
(and perhaps nonlinear) polarization response to the local
electric field).

Knowledge of membrane protein structure has allowed
us to identify and look at the atoms that make up the voltage
sensor. Protein structures do not include the membrane
potentials and macroscopic concentrations that power gating
currents, and therefore, simulations are needed. Atomic-level
simulations like molecular dynamics (MD) do not provide an
easy extension from the atomic timescale ~10~ ' s to the bio-
logical timescale of gating currents that starts at ~107% s
and reaches ~10 % s. Calculations of gating currents from
simulations must average the trajectories (lasting ~10" " s
sampled every 10~ 15 5) of ~10° atoms, all of which interact
through the electric field to conserve charge and current
while conserving mass. It is difficult to enforce continuity
of current flow in simulations of atomic dynamics because
simulations compute only local behavior, whereas continuity
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well represented by the simulations. The good agreement of
our numerical results with salient features of gating current
measured experimentally would be impossible by simply
tuning of parameters if our model had not captured the
essence of physics for the voltage sensor. The continuum
approach seems to be a good model of voltage sensors, pro-
vided that it 1) takes into account all interactions crucial to
the movement of gating charges and S4: 2) computes their
correlations consistently, so all variables satisfy all equa-
tions under all conditions with one set of parameters;
and 3) satisfies conservation of current. This last point
gave us a new insight: what is measured experimentally
does not correspond to the transfer of the arginines because
the total current, containing a displacement current, is
smaller than the arginine current. It should be noted, how-
ever, that the total energy provided by the voltage clamp
is ¢V, where ¢ is the time integral of the measured gating
current and V'is the applied voltage. This is the total energy
that explains the correspondence of charge per channel with
the charge estimated by the limiting slope method (33-35).

We have simplified the profile of the energy barrier in the
hydrophobic plug because the PMF in that region, and its
variation with potential and conditions, is unknown. There
is plenty of detailed information on the amino acid side
chains in the plug and how each one of them changes the ki-
netics and steady-state propertics of gating charge move-
ment (6). Therefore, the next step is to model the details
of interactions of the moving arginines with the wall of
the hydrophobic plug and the contributions from other sur-
rounding charged protein components. Some of the effects
to be included are as follows:

1) Steric and dielectric interactions of the arginines that this
model does not include. These include the interaction of
arginines with negative charges of the S2 and S3 seg-
ments and the negative phospholipids as well as the hy-
drophobic residues in the plug. These interactions may
be responsible for the simultaneous movement of two
to three arginines across the plug, which is an experi-
mental result that this model does not reproduce (36,37).
Time dependence of the plug energy barrier V,, Once the
first arginine enters the hydrophobic plug by carrying
some water with it, this partial wetting of the hydropho-
bic plug will lower V,,, chiefly consisting of solvation en-
ergy, and enable the next arginine to enter the plug with
less difficulty. This might explain the cooperativity of
movement among arginines when they jump through
the plug. The addition of details in the plug may also pro-
duce intermediate states that have been measured exper-
imentally. In this situation, arginines may transiently
dwell within the plug.

3) A very strong electric field might affect the hydration
equilibrium of the hydrophobic plug and would lower
its hydration energy barrier as well (38). This cooper-
ativity of movement may help explain the quick satura-

2

~

Gating Currents Model

tion in the upper right branch of the QV curve (and
smaller 7). It may also explain the experimentally
observed translocation of two to three arginines simulta-
neously (36.37).

The power of this mathematical modeling is precisely the
implementation of interactions and the various effects in a
consistent manner. Implementing the various effects listed
above is likely to lead to a better prediction of the currents
and to the design of experiments to further test and extend
the model.

Further work must address the mechanism of coupling
between the voltage sensor movements and the conduction
pore. For example, the spring constant of the two sides of
S4 have been made equal, which does not take into account
the structural reality that one side has a linker to S3,
whereas the other links to the pore opening. It seems likely
that the classical mechanical models of coupling will need
to be extended to include coupling through the electrical
field. The charges involved are large. The distances are
small, so the changes in electric forces that accompany
movements of charged mass (and flows of displacement
current) are likely to be large and important. It is possible
that the voltage sensor modifies the stability of a funda-
mentally stochastically unstable, nearly bistable, conduc-
tion current (of single channels) by triggering sudden
transitions from closed to open state in a controlled
process reminiscent of Coulomb blockade in a noisy
environment (39).
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Astrocytes from the hippocampus of chronic epileptic rats exhibit an abnormal pattern
of intracellular calcium oscillations, characterized by an augmented frequency of
long lasting spontaneous Ca’* transients, which are sensitive to purinergic receptor
antagonists but resistant to tetrodotoxin. The above suggests that alterations in astroglial
Ca*-dependent excitability observed in the epileptic tissue could arise from changes
in astrocyte-to-astrocyte signaling, which is mainly mediated by purines in physiological
and pathological conditions. In spite of that, how purinergic signaling contributes to
astrocyte dysfunction in epilepsy remains unclear. Here, we assessed the possible
contribution of P2Y{R as well as pannexinl and connexin43 hemichannels—both
candidates for non-vesicular ATP-release—by performing astroglial Ca®* imaging and
dye uptake experiments in hippocampal slices from control and fully kindled rats.
P2Y1R blockade with MRS2179 decreased the mean duration of astroglial Ca®t
oscillations by reducing the frequency of slow Ca?* transients, and thereby restoring the
balance between slow (ST) and fast transients (FT) in the kindled group. The potential
contribution of astroglial pannexin1 and connexin43 hemichannels as pathways for
purine release (e.g., ATP) was assessed through dye uptake experiments. Astrocytes
from kindled hippocampi exhibit three-fold more EtBr uptake than controls, whereby
pannexin1 hemichannels (Panx1 HCs) accounts for almost all dye uptake with only a
slight contribution from connexin43 hemichannels (Cx43 HCs). Confirming its functional
involvement, Panx1 HCs inhibition decreased the mean duration of astroglial Ca®*
transients and the frequency of slow oscillations in kindled slices, but had no noticeable
effects on the control group. As expected, Cx43 HCs blockade did not have any
effects over the mean duration of astroglial Ca?t oscillations. These findings suggest
that P2Y{R and Panx1 HCs play a pivotal role in astroglial pathophysiology, which

Frontiers in Cellular Neuroscience | www.frontiersin.org 1

November 2018 | Volume 12 | Article 446

91



Wellmann et al.

CINV ANNUAL PROGRESS REPORT —-2018

Astroglial Purinergic Signaling in the Epileptic Brain

the data and wrote the manuscript. CA-F performed the
experiments. CM performed EtBr dye uptake experiments
and analyzed the data. JS contributed in experimental design
of the EtBr uptake experiments and in the edition of the
article.

FUNDING

This work was supported by grants 1130491 from FONDECYT
and CID 1/2006 to CB, scholarship 22120213 from
CONICYT-Chile to MW and ICM-Economia P09-022-F
Centro Interdisciplinario de Neurociencias de Valparaiso
toJS.

REFERENCES

Aguado, F., Espinosa-Parrilla, J. F., Carmona, M. A., and Soriano, E. (2002).
Neuronal activity regulates correlated network properties of spontaneous
calcium transients in astrocytes im sifu. J. Newrosci. 22, 9430-9444.
doi: 10.1523/jneurosci.22-21-09430.2002

Alvarez-Ferradas, C., Morales, J. C., Wellmann, M., Nualart, F., Roncagliolo, M.,
Fuenzalida, M., et al. (2015). Enhanced astroglial Ca®>* signaling increases
excitatory synaptic strength in the epileptic brain. Glia 63, 1507-1521.
doi: 10.1002/glia.22817

Alves, M., Gomez-Villatuertes, R., Delanty, N., Farrell, M. A., O'Brien, D. F,,
Miras-Portugal, M. T., et al. (2017). Expression and function of the
metabotropic purinergic P2Y receptor family in experimental seizure
models and patients with drug-refractory epilepsy. Epilepsia 58, 1603-1614.
doi: 10.1111/epi.13850

Anderson, C. M., Bergher, J. P, and Swanson, R. A. (2004). ATP-induced ATP
release from astrocytes. J. Neurochem. 88, 246-256. doi: 10.1111/j.1471-4159.
2004.02204.x

Araque, A., Carmignoto, G., Haydon, P. G, Oliet, S. H. R, Robitaille, R., and
Volterra, A. (2014). Gliotransmitters travel in time and space. Neuron 81,
728-739. doi: 10.1016/j.neuron.2014.02.007

Aronica, E., Zurolo, E,, Iyer, A., de Groot, M., Anink, J., Carbonell, C., etal. (2011).
Upregulation of adenosine kinase in astrocytes in experimental and human
temporal lobe epilepsy. Epilepsia 52, 1645-1655. doi: 10.1111/j.1528-1167.2011.
03115.x

Barros-Barbosa, A. R., Perreirinha, F., Oliveira, A., Mendes, M., Lobo, M. G,,
Santos, A., et al (2016). Adenosine Ajs receptor and ecto-5'-
nucleotidase/CD73 are upregulated in hippocampal astrocytes of human
patients with mesial temporal lobe epilepsy (MTLE). Purinergic Signal. 12,
719-734. doi: 10.1007/511302-016-9535-2

Beckel, J. M., Argall, A. J., Lim, J. C, Xia, J., Lu, W,, Coffey, E. E., et al
(2014). Mechanosensitive release of ATP through pannexin channels and
mechanosensitive upregulation of pannexin channels in optic nerve head
astrocytes: a mechanism for purinergic involvement in chronic strain. Glia 62,
1486-1501. doi: 10.1002/glia.22695

Bennett, M. R., Buljan, V., Farnell, L., and Gibson, W. G. (2006). Purinergic
junctional transmission and propagation of calcium waves in spinal cord
astrocyte networks. Biophys. J. 91, 3560-3571. doi: 10.1529/biophysj.106.
082073

Bonan, C. D., Amaral, O. B., Rockenbach, I. C., Walz, R., Battastini, A. M.,
Izquierdo, L, et al. (2000a). Altered ATP hydrolysis induced by
pentylenetetrazol kindling in rat brain synaptosomes. Neurochem. Res.
25, 775-779. doi: 10.1023/A:1007557205523

Bonan, C. D., Walz, R, Pereira, G. S., Worm, P. V., Battastini, A. M.,
Cavalheiro, E. A., et al. (2000b). Changes in synaptosomal ectonucleotidase
activities in two rat models of temporal lobe epilepsy. Epilepsy Res. 39, 229-238.
doi: 10.1016/50920-1211(00)00095-4

Bonansco, C., Couve, A., Perea, G., Ferradas, C. A., Roncagliolo, M., and
Fuenzalida, M. (2011). Glutamate released spontaneously from astrocytes
sets the threshold for synaptic plasticity. Eur. J. Neurosci. 33, 1483-1492.
doi: 10.1111/j.1460-9568.2011.07631.x

ACKNOWLEDGMENTS

We thank Guillermo Rodriguez, Tania Cerda and Carlina Tapia
for their excellent technical assistance, Dr. Gertrudis Perea for
her critical comments, helpful discussions and suggestions for
the present manuscript and Dr. Marco Fuenzalida for critically
reading the previous versions.

SUPPLEMENTARY MATERIAL

The Supplementary Material for this article can be found
online at: https://www.frontiersin.org/articles/10.3389/fncel.
2018.00446/full#supplementary-material

Bonansco, C., Gonzilez De La Vega, A., Gonzalez Alegre, P., Borde, M., Garca-
Segura, L. M., and Buio, W. (2002). Tetanic stimulation of schaffer collaterals
induces rhythmic bursts via NMDA receptor activation in rat CAI pyramidal
neurons. Hippocampus 12, 434-446. doi: 10.1002/hipo.10023

Bowser, D. N., and Khakh, B. S. (2007). Vesicular ATP is the predominant cause
of intercellular calcium waves in astrocytes. J. Gen. Physiol. 129, 485-491.
doi: 10.1085/jgp 200709780

Buckmaster, P. S, Abrams, E., and Wen, X. (2017). Seizure frequency correlates
with loss of dentate gyrus GABAergic neurons in a mouse model of temporal
lobe epilepsy. J. Comp. Neurol. 525, 2592-2610. doi: 10.1002/cne.24226

Burda, J. E., and Sofroniew, M. V. (2014). Reactive gliosis and the multicellular
response to CNS damage and disease. Neuron 81, 229-248. doi: 10.1016/j.
neuron.2013.12.034

Cheung, G., Chever, O., and Rouach, N. (2014). Connexons and pannexons:
newcomers in neurophysiology. Front. Cell. Neurosci. 8:348. doi: 10.3389/fncel.
201400348

Chever, O., Lee, C.-Y, and Rouach, N. (2014). Astroglial
connexind3 hemichannels tune basal excitatory synaptic transmission.
J. Neurosci. 34, 11228-11232. doi: 10.1523/jneurosci.0015-14.2014

Cieslak, M., Wojtczak, A., and Komoszyniski, M. (2017). Role of the purinergic
signaling in epilepsy. Pharmacol. Rep. 69, 130-138. doi: 10.1016/j.pharep.2016.
09.018

Corcoran, M. E., Kroes, R. A., Burgdorf, J. S., and Moskal, J. R. (2011). Regional
changes in gene expression after limbic kindling. Cell. Mol. Neurobiol. 31,
819-834. doi: 10.1007/s10571-011-9672-7

Cotrina, M. L, Lin, J. H., Alves-Rodrigues, A., Liu, S, Li, ., Azmi-Ghadimi, H.,
et al. (1998). Connexins regulate calcium signaling by controlling ATP release.
Proc. Natl. Acad. Sci. U S A 95, 15735-15740. doi: 10.1073/pnas.95.26.
15735

Dahl, G. (2015). ATP release through pannexon channels. Philos. Trans. R. Soc.
Lond. B Biol. Sci. 370:20140191. doi: 10.1098/rstb.2014.0191

Delekate, A., Flichtemeier, M., Schumacher, T., Ulbrich, C., Foddis, M., and
Petzold, G. C. (2014). Metabotropic P2Y1 receptor signalling mediates
astrocytic hyperactivity in vivo in an Alzheimer’s disease mouse model. Nat.
Commun. 5:5422. doi: 10.1038/ncomms6422

Di Castro, M. A., Chuquet, ], Liaudet, N., Bhaukaurally, K., Santello, M.,
Bouvier, D., et al. (2011). Local Ca?* detection and modulation of synaptic
release by astrocytes. Nat. Neurosci. 14, 1276-1284. doi: 10.1038/nn.2929

Ding, S., Fellin, T., Zhu, Y., Lee, S. Y., Auberson, Y. P., Meaney, D. F,, et al. (2007).
Enhanced astrocytic Ca2* signals contribute to neuronal excitotoxicity after
status epilepticus. J. Neurosci. 27, 10674-10684. doi: 10.1523/jneurosci.2001-
07.2007

Dubyak, G. R. (2009). Both sides now: multiple interactions of ATP with
pannexin-1 hemichannels. Focus on “a permeant regulating its permeation
pore: inhibition of pannexin 1 channels by ATP”. Am. J. Physiol. Cell Physiol.
296, C235-C241. doi: 10.1152/ajpcell.00639.2008

Engel, T., Alves, M., Sheedy, C., and Henshall, D. C. (2016). ATPergic signalling
during seizures and epilepsy. Neuropharmacology 104, 140-153. doi: 10.1016/j.
neuropharm.2015.11.001

Engel, T., Gomez-Villafuertes, R., Tanaka, K., Mesuret, G., Sanz-Rodriguez, A.,
Garcia-Huerta, P., et al. (2012). Seizare suppression and neuroprotection by

Frontiers in Cellular Neuroscience | www.frontiersin.org

November 2018 | Volume 12 | Article 446

92



CINV ANNUAL PROGRESS REPORT —-2018

®

Check for
updates

Chapter 1

Rule-Based Models and Applications in Biology

Alvaro Bustos, Ignacio Fuenzalida, Rodrigo Santibaiez,
Tomas Pérez-Acle, and Alberto J. M. Martin

Abstract

Complex systems are governed by dynamic processes whose underlying causal rules are difficult to unravel.
However, chemical reactions, molecular interactions, and many other complex systems can be usually
represented as concentrations or quantities that vary over time, which provides a framework to study these
dynamic relationships. An increasing number of tools use these quantifications to simulate dynamically
complex systems to better understand their underlying processes. The application of such methods covers
several research areas from biology and chemistry to ecology and even social sciences.

In the following chapter, we introduce the concept of rule-based simulations based on the Stochastic
Simulation Algorithm (SSA) as well as other mathematical methods such as Ordinary Difterential Equa-
tions (ODE) models to describe agent-based systems. Besides, we describe the mathematical framework
behind Kappa (k), a rule-based language for the modeling of complex systems, and some extensions for
spatial models implemented in PISKaS (Parallel Implementation of a Spatial Kappa Simulator). To facilitate
the understanding of these methods, we include examples of how these models can be used to describe
population dynamics in a simple predator—prey ecosystem or to simulate circadian rhythm changes.

Key words Stochastic simulation, Rule-based modeling, « language

1 The Stochastic Simulation Algorithm (SSA)

The SSA, also known as Gillespie’s algorithm [10], is the basis
of most stochastic simulation tools available. This algorithm and
the tools based on it assume there is a homogeneous and “well-
stirred” system of particles named agents. Agents can represent
any type of entity within a system, i.e., molecules or individuals,
and the interactions between agents are determined by a set
of rules or equations taking place at certain rates. These rules
are ordered and divided into agents to which the rule applies
and products (outcome agents). For instance, in a system of
chemical reactions described by an equation or rule (reactants —
products), every set of particles matching the left side of the
equation (or reactant agents) has an equal probability of being

Louise von Stechow and Alberto Santos Delgado (eds.), Computational Cell Biology: Methods and Protocols,
Methods in Molecular Biology, vol. 1819, https://doi.org/10.1007/978-1-4939-8618-7_1,
© Springer Science+Business Media, LLC, part of Springer Nature 2018
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Nomenclature

Term Definition

Agent Abstract representations of entities on a system. An agent can
bind each other’s agents through its sizes. Optionally, each size
could harbor a szate, a label that recapitulates a feature of the
mentioned size, or a numeric property of the agent.

Bond A representation of binding between two sites of two differ-
ent agents.

Compartment Declaration that represents a physical or logical space or
volume which is part of a system.

Rule Chemical equations that represent elemental reactions where
reactants are agents with a set of features necessary and
sufficient for a transformation to occur (Left-Hand Side) and
the resulting pattern for each participating agent (Right-
Hand Side). k rules declare reactions that change the value
of a site, create or destroy bonds between agents, and create
or remove agents on the modeled system.

9]
4
-
o

Abstract representation of a physical or logical interface
where an agent binds another agent or where different szates
are declared.

Specie Each of the individual instances of an agent.
State Abstract representation of a qualitative or quantitative char-
acteristic that recapitulates a feature of the declared size.

Transport Declaration that states the /ink that uses an agent to travel
from one compartment to another. Additionally, it may
declare the frequency and time employed to move the agent
between compartments.
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Disaccharide-Based Anionic Amphiphiles as Potent
Inhibitors of Lipopolysaccharide-Induced Inflammation

Alessio Borio*,”) Aurora Holgado*,"™ Jose Antonio Garate," Rudi Beyaert,” Holger Heine,

and Alla Zamyatina*"”

Despite significant advances made in the last decade in the
understanding of molecular mechanisms of sepsis and in the
development of clinically relevant therapies, sepsis remains the
leading cause of mortality in intensive care units with increas-
ing incidence worldwide. Toll-like receptor 4 (TLR4)—a trans-
membrane pattern-recognition receptor responsible for propa-
gating the immediate immune response to Gram-negative bac-
terial infection—plays a central role in the pathogenesis of
sepsis and chronic inflammation-related disorders. TLR4 is
complexed with the lipopolysaccharide (LPS)-sensing protein
myeloid differentiation-2 (MD-2) which represents a preferred
target for establishing new anti-inflammatory treatment strat-
egies. Herein we report the development, facile synthesis, and
biological evaluation of novel disaccharide-based TLR4-MD-2

Introduction

Toll-like receptor 4 (TLR4) is a mammalian pattern recognition
receptor responsible for a protective inflammatory response to
Gram-negative infection. TLR4 is physically associated with a
co-receptor protein myeloid differentiation factor2 (MD-2)
which can directly bind bacterial surface antigen lipopolysac-
charide (LPS). The TLR4-MD-2 complex senses picomolar quan-
tities of pathogenic LPS and initiates an intracellular pro-in-
flammatory signaling cascade leading to the expression of cy-
tokines, chemokines and co-stimulatory molecules that ensure
a prompt host reaction to bacterial invasion. LPS, a large
20 kDa heterogeneous glycan, entails a small (ca. 2 kDa) glyco-

[a] A. Borio,* Prof. Dr. A. Zamyatina
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]

antagonists with potent anti-endotoxic activity at micromolar
concentrations. A series of synthetic anionic glycolipids entail-
ing amide-linked f3-ketoacyl lipid residues was prepared in a
straightforward manner by using a single orthogonally protect-
ed nonreducing diglucosamine scaffold. Suppression of the
LPS-induced release of interleukin-6 and tumor necrosis factor
was monitored and confirmed in human immune cells (MNC
and THP1) and mouse macrophages. Structure-activity rela-
tionship studies and molecular dynamics simulations revealed
the structural basis for the high-affinity interaction between
anionic glycolipids and MD-2, and highlighted two compounds
as leads for the development of potential anti-inflammatory
therapeutics.

lipid portion which anchors LPS in the outer leaflet of the
outer bacterial membrane. This diglucosamine-based glycolipid
designated as Lipid A can be recognized and bound by the
MD-2-TLR4 complex and is responsible for the endotoxic
action of LPS."? The molecular basis of TLR4 activation by
pathogenic E. coli LPS has been solved by extensive X-ray stud-
ies (Figure 1A). It was unambiguously postulated that the hex-
aacylation by (R)-3-acyloxyacyl- and (R)-3-hydroxyacyl lipid
chains (C,,-C,,) in E. coli Lipid A is decisive for the activation of
TLR4 complex.*

The co-crystal structure of human TLR4-MD-2 complex with
Ra-LPS (PDB ID: 3FXI) disclosed that five lipid chains of E. coli
Lipid A are bound with high affinity by the leucine-rich hydro-
phobic binding cleft of the co-receptor protein MD-2, whereas
the sixth lipid chain is exposed on the surface of MD-2 which
eventually causes and supports the dimerization of two
TLR4-MD-2-LPS-receptor complexes.”’ The formation of hex-
americ [TLR4-MD-2:LPS], complex results in the recruitment of
adaptor proteins to the intracellular TIR domains of TLR4
which initiates the induction of the pro-inflammatory signaling
cascade (Figure 1B).”

The structural basis for disruption of the TLR4-mediated sig-
naling by TLR4 antagonists has also been extensively studied.
The co-crystal structures of the TLR4-MD-2 complex with
bound TLR4 antagonists of natural origin, lipid IVa® (biosyn-
thetic precursor of E coli Lipid A), and synthetic antisepsis
drug candidate Eritoran” (Figure 2) were recently solved. Anal-
ysis of co-crystal structures suggested that the lower number

© 2018 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim
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tively charged residues of MD-2 and negatively charged phosphate
groups of LAM 2 were computed with a cutoff of 0.7 nm between
the phosphorous atoms and the NZ or CZ for K or R residues, re-
spectively. Atom positional root mean square displacement (RMSD)
of F126 at the end of the simulation with respect to the initial
structure (PDB IDs: 3FXI for h(MD-2 and 2Z64 for mMD-2) was com-
puted after a roto-translational fit to on the Ca atoms of MD-2.
Free energy of binding was estimated by the LIE method: AG;,4=
A < Epgy> +PA<Ey>, With <Eq,> and *<E,> the average
ligand-surrounding van der Waals and electrostatic interaction en-
ergies, respectively; A indicates the difference between the ligand-
bound and unbound simulations. The unbound condition was de-
fined as the ligand in a water-octane interface; «=0.18, 3=0.09,
using exponential averages for each pose.”* " AG,,, is related to
the dissociation constant K. AG,;,q=RTInK; where Tand R are the
absolute temperature and gas constant.
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SINCE 1918

Influences: The Cell Physiology Laboratory in

Montemar, Chile

Francisco Bezanilla"2@®

Looking back, I was really lucky. In 1967, Dr. Joaquin Luco ar-
ranged for me, a student from the Catholic University, to join the
Laboratorio de Fisiologia Celular in Montemar to work on my
doctoral thesis under the supervision of Dr. Eduardo (Guayo)
Rojas from the University of Chile. I had completed three years
at medical school and three years at engineering school, but my
laboratory experience basically comprised short encounters with
research in Joaquin Luco’s neurophysiology laboratory and with
the squid giant axon (Fig. 1) in Francisco (Pancho) Huneeus’ lab-
oratory across the street. But the Montemar laboratory was very
different. The approach was quantitative and dealt with a subject
that had fascinated me since I was in high school, when Ilearned
for the first time that the nerve impulse was an electrical event.
Electricity had been my hobby since I was in junior high, learn-
ing by doing as I moved from crystal radios to transmitters and
TV sets. I became a radio amateur, not so much to contact other
hams, but as an excuse to build a more powerful transmitter that
could reach farther away, learning electronics in the process.
At that time, everything I built was with vacuum tubes. When
I arrived in Montemar, the first assignment from Guayo was to
build my own setup with parts available in the laboratory, includ-
ing micromanipulators, a microscope, pieces of plexiglass, and
(wow!) solid-state operational amplifiers. For me, this was like
arriving in paradise. I immediately built the voltage clamp with
Philbrick op-amps and vacuum tubes in voltage follower config-
uration as amplifiers for the internal and external electrodes,
which I replaced later with operational amplifiers.

The laboratory is located in Montemar, on the coast of Chile,
a few kilometers north of the city of Valparaiso. The labora-
tory, which had previously been a brothel and conveniently had
plumbing in all rooms, was bought by the rector of the University
of Chile at the request of Dr. Mario Luxoro to establish a research
laboratory for scientists working on the giant axon of the Hum-
boldt squid Dosidicus gigas. This large squid, which can reach
almost 2 m in length, was caught offshore by fishermen using
small boats launched from the marine station ~100 m from the
laboratory. Guayo and Mario had previously worked at this sta-

Figure 1. Opening the mantle of a Humboldt squid in the boat. Insets show
a dissected axon (scale in cm, top) and an axon being mounted in the recording
chamber (bottom).

tion, where they showed that a protease injected into the axon
abolished action potentials but not the resting potential, demon-
strating for the first time that proteins played a fundamental role
in ionic conduction underlying the nerve impulse (1). However,
the rules of the station’s director at that time were incompatible
with the schedule of experiments and squid collection, which
prompted Mario to procure the new laboratory from the rector
of the University.

The Laboratorio de Fisiologia Celular had two floors on which
rooms had been converted into laboratories for Mario, Guayo,
Dr. Mitzi Canessa, Dr. Siegmund Fischer, and Dr. Fernando Var-
gas. All these principal investigators used the giant axon from
the Humboldt squid as their biological preparation because the
axons are so large (typically 1 mm in diameter and 20 cm long),
and there are several giant fibers on each side of the squid. The
projects, involving electrophysiology and biochemistry, varied
from the sodium-potassium pump to streaming potentials to ion
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I would like to thank Cecilia Hidalgo and Juan Bacigalupo for some
of the old pictures. A movie that tells the story of the Montemar
Laboratory produced by Cabala Productions and under the aus-
pices of CINV may be found at: https://www.youtube.com/watch?v
=KPey93HBeke.

Lesley C. Anson served as editor.
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The multistable behavior of neural networks is actively being studied as a landmark of ongoing
cerebral activity, reported in both functional Magnetic Resonance Imaging (fMRI) and electro-
or magnetoencephalography recordings. This consists of a continuous jumping between different
partially synchronized states in the absence of external stimuli. It is thought to be an important
mechanism for dealing with sensory novelty and to allow for efficient coding of information in an
ever-changing surrounding environment. Many advances have been made to understand how net-
work topology. connection delays, and noise can contribute to building this dynamic. Little or no
attention, however, has been paid to the difference between local chaotic and stochastic influences
on the switching between different network states. Using a conductance-based neural model that can
have chaotic dynamics. we showed that a network can show multistable dynamics in a certain range
of global connectivity strength and under deterministic conditions. In the present work, we charac-
terize the multistable dynamics when the networks are, in addition to chaotic, subject to ion channel
stochasticity in the form of multiplicative (channel) or additive (current) noise. We calculate the
Functional Connectivity Dynamics matrix by comparing the Functional Connectivity (FC) matrices
that describe the pair-wise phase synchronization in a moving window fashion and performing clus-
tering of FCs. Moderate noise can enhance the multistable behavior that is evoked by chaos, resulting
in more heterogeneous synchronization patterns, while more intense noise abolishes multistability. In
networks composed of nonchaotic nodes, some noise can induce multistability in an otherwise syn-
chronized. nonchaotic network. Finally, we found the same results regardless of the multiplicative or
additive nature of noise. Published by AIP Publishing. https://doi.org/10.1063/1.5043447

Over the last few years, great attention has been given to  cope with a vast repertoire of ever-changing stimuli from
the multistable dynamics of the brain activity, evidenced which the relevant ones are extracted and decisions are made.
in large-scale brain recordings. It is of interest to learn  To accomplish this. it is necessary that brain dynamics does

what are the possible origins of this dynamics and the fac- ot settle in one single strong attractor but rather dynami-
tors that can favor or hinder it. In this article, we study  cally display several possible synchrony configurations. This
the multistable synchrony patterns in an oscillatory neu-  pag been evidenced over the last year as the Functional

ral network under the influence of chaotic or stochastic  coupecrivity Dynamics (FCD).'
dynamics. To our knowledge, this is the first time that the
interaction between chaos and noise is assessed in this con-
text and using the same type of analysis that is currently
being applied to functional Magnetic Resonance Imag-
ing and magnetoencephalography or electro- recordings.
Under the conditions of weak coupling, we observe that
the Functional Connectivity patterns that are detected
seem to have more variety when the nodes in the network i : i,
are chaotic. Noise or stochasticity, on the other hand, can itinerancy.” In the_s.tudy 0} the tuctorsﬂthat can mz}ke anetwork
enhance the multistability allowi;lg the network to show a to Abe constan[ly 'mn‘eralmg. 1;105[ of Fhe aFIenuo.n has pgell
larger variety of synchrony patterns and promoting mul- paid to connectivity features.®” Numerical simulations of bio-
tistability in some networks that do not show it in the logically plausible excitable models have shown that synaptic
deterministic condition. delays are important for the appearance of partially synchro-
nized subnetwork states™*'" as well as slowly fluctuating pat-
terns of synchronization.''' It has also been shown that mul-
tiple attractors can be found only within a range of the global
1. INTRODUCTION coupling strength.>* Another significant factor under study is
the connectivity pattern or network topology. The observed

The brain allows organisms to respond to external and  structural connectivity (SC) of the human brain enables multi-
internal stimuli with appropriate behaviors. To do so. it must  sgability, which is lost when the connections are randomized.”

Neural systems are characterized by high dimensionality
and multiple nonlinear interactions between its components,
often with delays and feedbacks.® In such systems, one may
expect to find the coexistence of stable and unstable attrac-
tors. but at the same time, if the global coupling is too strong,
only one fully synchronized state is found.* Thus, neural
systems must possess destabilizing factors that produce the

1054-1500/2018/28(10)/106321/13/$30.00 28, 106321-1 Published by AIP Publishing.



106321-12 Orio et al.

is a chimera state’’”® and it can be observed in one FC of

Fig. 3 and transiently in the FC matrix of Fig. 5(a). Thus,
our network model not only shows different patterns of syn-
chrony, but they are also transient in nature. It is worth to
emphasize that this occurs in the absence and the presence
of noise, but more prominently when the nodes are of chaotic
nature.

As our base model (the node) represents a single neu-
ron, we found it appropriate to add the noise as ion channel
stochasticity, a form of multiplicative noise. This noise intro-
duces distinctive spectral properties to the system®® with
consequences that have not been investigated in all scenar-
ios. Moreover, multiplicative noise has been shown to have
a distinct effect on the temporal statistics of a multistable
model.***! In our case, we were not able to find a significa-
tive difference in the effect of multiplicative versus additive
noise. Nevertheless, propagation of multiplicative noise in
neural models can have distinctive temporal properties, as
in the related Huber & Braun model’” and others.’*> We
expect some differences in the temporal characteristics of
switching between different FCs in our network model. but a
proper assessment of this will require longer simulations and
an analysis method that captures the switching behavior in a
better temporal way, such as the use of Hidden Markov (or
semi-Markov) Models.”"

Our findings have some issues that need to be consid-
ered when interpreting them. We are studying multistability
in a medium-sized network of oscillatory neurons and try-
ing to relate its behavior to phenomena observed at much
larger scales (whole brain). Ideally, this study should be
replicated using models of brain areas as nodes of the
network. Many such models exist, with different degrees
of complexity**>¢1> and some present chaotic oscillatory
behavior at the node level. However, all of them share a com-
mon mathematical structure with our model: sigmoid-shape
functions of voltage (voltage dependency of ion channel in
single neuron models and of firing rate in large-scale models)
and time delays reflected in first- or second-order differen-
tial equations (ion channel activation or synaptic dynamics).
Therefore, we expect the overall dynamics to be very similar
to the model presented here. The main difference between our
model and the large-scale ones is the nature of the connec-
tion between nodes. We have used electrical synapses, a type
of bidirectional synapse that has a dampening effect with a
natural tendency to synchronize a network, while long-range
connections in the brain are unidirectional with an excita-
tory nature. This type of connection generates more complex
dynamics, especially when time delays are considered,® and
does not always have the tendency toward synchrony as the
coupling is increased (our preliminary work). On the other
hand, the use of models inspired in large-scale brain dynam-
ics will demand the use of noise formulations that reflect
correctly the variability introduced by synaptic stochasticity
and the jitter of action potential transmission. Finally, network
topologies other than small-world should be explored.

Compared to other works about FCD,">!3 and to our
own previous work,'® we have made a subtle methodological
innovation in the calculation of the FCD matrix. Typically,
to compare the different FCs obtained in consecutive time

CINV ANNUAL PROGRESS REPORT —-2018
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windows, a correlation between the vectorized FCs is
performed,'* while we chose here to use the angular distance.
Correlation has the disadvantage of being normalized by the
variance of the vectors, and thus when the network is near
or at full synchrony, the difference between FCs is exagger-
ated because of the uniformity of the vectors. When working
in the most multistable regime, or with experimental data.
this is not a problem because the network is far from being
synchronous. As in this work we were doing a sweep over
the coupling conductance parameter to observe all the pos-
sible network regimes, we had to change this measure and
found that the angular distance was more appropriated. For
this reason, there are some numerical differences between our
results at the deterministic limit and the results of our pre-
vious work. Nevertheless, regarding the difference between
networks composed of chaotic or nonchaotic networks, the
main observations are the same.

The chaotic nature of brain dynamics, given by its high
dimensionality and strong nonlinearities, must play a role in
the observed multistable dynamics. How this interacts with
the also existing stochastic dynamics remains to be elucidated,
and here we present the first attempt to raise the question.
Future work will have to be directed toward the use of mod-
els related to large-scale brain dynamics that can generate
multistability without noise.
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The innexin (Inx) proteins form gap junction channels and non-junctional channels (named
hemichannels) in invertebrates. These channels participate in cellular communication
playing a relevant role in several physiological processes. Pioneer studies conducted
mainly in worms and flies have shown that innexins participate in embryo development
and behavior. However, recent studies have elucidated new functions of innexins
in Arthropoda, Nematoda, Annelida, and Cnidaria, such as immune response, and
apoptesis. This review describes emerging data of possible new roles of innexins and
summarizes the data available to date.

Keywords: gap junction, pannexin, connexin, invertebrates, channels, hemichannels

INTRODUCTION

Intercellular communication plays a key role in many cell functions (Dykes and Macagno, 2006).
Innexins are integral membrane proteins that participate in cellular communication, forming
gap junction channels, and hemichannels (Vega et al,, 2013). Gap junction channels allow the
diffusion of ions, second messengers and small molecules between adjacent cells (Sdez et al,, 2003),
whereas hemichannels (also named innexons) allow the exchange between the cell interior with
the extracellular milieu (Dahl and Muller, 2014). Krishnan and collaborators described the first
innexin in 1993. They studied a mutant fly that failed to respond to a light-off stimulus and
identified a gene called Pas (for Passover, also known as shaking-B), which encodes a protein of 361
amino acids and is expressed in giant fibers. Notably, this mutation causes synaptic dysfunction
in giant fiber neurons, which are responsible for coordinating the response promoted by light-
off (Krishnan et al., 1993). Subsequently, this protein was expressed in paired Xenopus oocytes
where it forms gap junction channels (Phelan et al., 1998a). In 1993, a gene called unc-7 was
identified in Caenorhabditis elegans (C. elegans), which was required for coordinated locomotion
(Starich et al., 1993). With this background, the new family of genes was first proposed as OPUS
for Ogre (gene that encodes the innexin 1 protein), Pas, unc-7 and Shaking-B, but subsequently,
the name was changed to innexins for invertebrate homologs of connexins (Phelan et al., 1998b).
Notably, studies previous to the description of the innexins reported the existence of gap junctions
in invertebrates without being associated with any specific function, such as the gap junctions in
seminiferous epithelium of Triatoma infestans (Miranda and Cavicchia, 1988), intestinal tissue of
Sagitta setosa (Duvert et al., 1980), photoreceptor cells of Apis mellifera (Pabst and Kral, 1989), giant
axon and inner nerve of Aglanta digitale (Weber et al., 1982), endoderm of Polyorchis penicillatus
(King and Spencer, 1979), and ciliated cells of Pleurobrachia bachei (Satterlic and Case, 1978). We
currently know many functions of the innexins as cell-cell communication pathways mediated by
gap junction channels and as well as hemichannels.
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regeneration (Oviedo et al, 2010). Additionally, exposure to
heptanol, a blocker of gap junctions, results in an anteriorization
of both blastemas, generating a loss of tail development or
appearance of an ectopic eye, pharynx, and complete head at the
posterior in D. japonica (Nogi and Levin, 2005).

INNEXINS A THERAPEUTIC TARGETS OF
PARASITIC DISEASES

Malaria Disease

Clinical studies find that probenecid, a blocker of hemichannels
formed by innexins, has a powerful antiparasitic effect (Nzila
et al,, 2003; Sowunmi et al., 2004; Masseno et al., 2009). For
example, probenecid increases the sensitivity of a highly resistant
plasmodium strain against antifolate components (Nzila et al,
2003). The mechanism has not been elucidated, but it is not
associated with sensitivity status of the parasite or with alterations
of the dihydrofolate reductase or dihydropteroate synthase (Nzila
and Al-Zahrani, 2013). In fact, it has been suggested that it
is a transport-based mechanism linked to folate salvage (Nzila
and Al-Zahrani, 2013). In clarifying whether probenecid affects
the activity of gap junction channels, hemichannels or both,
it has been reported that probenecid inhibits the activity of
innexin- or pannexin-formed hemichannels (Wang et al., 2015).
Moreover, the effect of probenecid on innexin-formed gap
junction channel has not been evaluated. Also, it has been
described that Cx46 or chimera Cx32E143-formed hemichannels
are not affected by probenecid (Silverman et al., 2008). Moreover,
in human erythrocytes, antimalarial drugs such as artemisinin
and artesunate reduce the activity of channels formed by
pannexin-1, a homolog of innexin in vertebrates (Dahl et al,
2013).

Chagas Disease

Suramin, a blocker of hemichannels, has a powerful trypanocidal
effect (Bisaggio et al., 2006). For example, the exposure of
T. cruzi infected-LLC-MK2 cells to suramin causes a partial
or complete detachment of the flagellum from the cell body
in trypomastigote forms (Bisaggio et al., 2006). Although the
mechanism has not been elucidated, it has been described
that suramin affects the activity of several enzymes such as
kinases, phosphatases, ATPases, oxidases and phospholipases
(Voogd et al., 1993). Furthermore, suramin acts as antagonist
of P2X and P2Y purinoceptors (Voogd et al, 1993). In
trypanosomes, a prolonged incubation (5-7 days) with suramin
causes an increase in Mg?T-dependent ecto-ATPase activity
(Bisaggio et al, 2003). Although the effect of suramin on
the innexin-formed hemichannels has not been described,
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it has been described that suramin blocks the permeability
of Cx43 hemichannels activated by removal of extracellular
Ca** without much effect on gap junctional communication
(Chi et al., 2014). Currently, suramin is used for treatment
of parasitic diseases caused by protozoa (Sowunmi et al.,
2004).

Arthropod Vectors

Pharmacological inhibitors of gap junctions are potential
insecticides (Calkins and Piermarini, 2015). For example,
mefloquine and meclofenamic acids are toxic to adult female
A. aegypti and upon topically application to the cuticle,
carbenoxolone showed full efficacy (Calkins and Piermarini,
2015). The authors suggest that the mechanism would be
an alteration of renal function in the mosquito (Calkins and
Piermarini, 2015).

CONCLUDING REMARKS

The innexin proteins are members of the gap junction family
found in invertebrates and are involved in a series of biological
functions. Many studies show the importance of the formation of
innexin gap junctions between neighbor cells, demonstrating the
necessity of intercellular communication to coordinate different
processes, such as embryonic development, which emphasizes
their role in morphogenesis and neurogenesis. Additionally,
gap junctions within the adult stage participate in physiological
functions, behavior, and memory. Fewer reports describe the
importance of the no-junctional channels formed by innexin
proteins, although specifically in processes of immune response
and apoptosis.
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Abstract:

Action potentials (APs) in nigral dopaminergic neurons often exhibit two separate compo-
nents, the first reflecting spike initiation in the dendritically located axon initial segment
(AIS) and the second the subsequent dendro-somatic spike. These components are sepa-
rated by a nofch in the ascending phase of the somatic extracellular waveform and in the
temporal derivative of the somatic intracellular waveform. Still, considerable variability ex-
ists in the presence and magnitude of the notch across neurons. To systematically ad-
dress the contribution of AlS, dendritic and somatic compartments to shaping the two-
component APs, we modeled APs of previously in vivo electrophysiologically characterized
and 3D-reconstructed male mouse and rat dopaminergic neurons. A parsimonious two-
domain model, with high (AIS) and lower (dendro-somatic) Na™ conductance, reproduced
the notch in the temporal derivatives, but not in the extracellular APs, regardless of mor-
phology. The notch was only revealed when somatic active currents were reduced, con-
straining the model to three domains. Thus an initial AlS spike is followed by an actively-
generated spike by the axon-bearing dendrite (ABD), in turn followed mostly passively by
the soma. The transition from being a source compartment for the AlS spike to a source
compartment for the ABD spike satisfactorily explains the extracellular somatic notch.
Larger AlSs and thinner ABD (but not soma-to-AlS distance), accentuate the AlS compo-
nent. We conclude that variability in AIS size and ABD caliber explains variability in AP
extracellular waveform and separation of AlS and dendro-somatic components, given the
presence of at least three functional domains with distinct excitability characteristics.

Significance:

Midbrain dopamine neurons make an important contribution to circuits mediating motiva-
tion and movement. Understanding the basic rules that govern the electrical activity of sin-
gle dopaminergic neurons is therefore essential to reveal how they ultimately contribute to

2
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The voltage-gated proton (H,1) channel, a voltage sensor and a
conductive pore contained in one structural module, plays impor-
tant roles in many physiological processes. Voltage sensor move-
ments can be directly detected by measuring gating currents, and
a detailed characterization of H,1 charge displacements during
channel activation can help to understand the function of this
channel. We succeeded in detecting gating currents in the mono-
meric form of the Ciona-H, 1 channel. To decrease proton currents
and better separate gating currents from ion currents, we used
the low-conducting H,1 mutant N264R. Isolated ON-gating cur-
rents decayed at increasing rates with increasing membrane
depolarization, and the amount of gating charges displaced sat-
urates at high voltages. These are two hallmarks of currents
arising from the movement of charged elements within the
boundaries of the cell membrane. The kinetic analysis of gating
currents revealed a complex time course of the ON-gating cur-
rent characterized by two peaks and a marked Cole-Moore ef-
fect. Both features argue that the voltage sensor undergoes
several voltage-dependent conformational changes during acti-
vation. However, most of the charge is displaced in a single cen-
tral transition. Upon voltage sensor activation, the charge is
trapped, and only a fast component that carries a small percent-
age of the total charge is observed in the OFF. We hypothesize
that trapping is due to the presence of the arginine side chain in
position 264, which acts as a blocking ion. We conclude that the
movement of the voltage sensor must proceed through at least
five states to account for our experimental data satisfactorily.

Hv1 proton channel | gating currents | trapping | voltage sensor |
kinetic model

Vollugc-gutcd proton (H,1) channels are transmembrane
proteins that regulate cellular pH, producing outward pro-
ton currents in response to depolarization. Since the discovery of
the Ciona intestinalis, mouse, and human H,1 genes in 2006 (1,
2). the relevance of this channel in physiological and patho-
physiological processes has increased continuously (3). Hy1 is a
voltage-gated ion channel with a unique structure and properties.
It is a homodimer (4-6) containing four transmembrane alpha
helixes in each subunit (S1 to S4). Both the voltage sensor and
the permeation pathway of this channel originate from these four
transmembrane segments. The fourth transmembrane helix (S4)
contains three conserved arginine residues responsible for the
channel voltage sensitivity (7, 8) The intracellular N-terminal
domain is variable in both length and sequence among differ-
ent species. The intracellular C-terminal domain forms a coiled-
coil structure necessary for dimer formation (6). H,1 is voltage-
(7) and pH-dependent (9), is highly selective to protons (10), has
a small unitary conductance (11), and displays a cooperative
gating between subunits (8, 12). However, there are still many
open questions regarding the mechanisms of H,1 activation. In
particular, we do not know the details regarding how the gating
charges are displaced during activation and how these move-
ments are related to channel opening.

H,1 voltage sensor movement has been studied principally by two
methods: accessibility assays and fluorescence. In the first case,

www.pnas.org/cgi/doi/10.1073/pnas. 1809705115

membrane-impermeable thiol-reactive methanethiosulfonate (MTS)
probes were used to test the state-dependent accessibility of a cys-
teine residue introduced into a specific region of the voltage
sensor (13). In the case of Hyl, accessibility experiments indicate
that both S1 (14) and S4 (7) undergo conformational changes
during activation and that there is cooperativity between the
subunits of the channel (8). The second approach involves the use
of voltage-clamp fluorometry (VCF) (15). In VCF, the confor-
mational changes of the channel are monitored by a fluorescent
probe bound to a cysteine introduced into a specific site using
mutagenesis (16, 17). VCF experiments revealed two conforma-
tional changes during activation (18): following the S4 movement,
there is a displacement of S1 associated with the opening of the
channel (14). The caveat of these methodologies is that they are
indirect approaches to studying the dynamics of the H,1 voltage
sensor. In contrast, gating currents directly report the movement
of the voltage-sensing charges across the membrane electric field,
making it possible to study the kinetics of this process in detail.
In the Shaker voltage-gated potassium channel, gating currents
are produced by the movement of arginine residues in the S4
transmembrane segment within the voltage sensor domain (19,
20). Three of these arginine residues are conserved in S4 of H,1
and were shown to be responsible for the voltage-dependent
gating of the channel (7). Since the Ciona-H,1 channels express
well in oocytes, it should be possible to record gating currents
induced by the activation of this channel. Indeed, preliminary
studies on H,1 gating current have been reported (21-23).

Significance

H,1 proton channels, since their open probability increases with
depolarization and low pH, are fundamental in sustaining the
suitable pH gradient for cell survival. Here, we have characterized
the gating current elicited by the monomeric mutant proton
channel N264R with the aim of understanding the voltage-
dependent processes that control channel opening. Gating cur-
rents precede ion currents, indicating that a large fraction of
gating charge is displaced before H,1 opening. The voltage sen-
sor displacements are complex and consist of numerous well-
defined states. However, most of the charge is displaced in a
single transition that probably leads to channel opening. The
positively charged arginine in the N264R channel promotes gat-
ing charge trapping in addition to blocking the proton currents.
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pulse decreased this energy to 17 kJ/mol, but, upon returning
to =70 mV, the charge needed to surmount a 27-kJ/mol barrier
height to return from B, to the As state (Fig. 5F). This activation
energy difference predicts an Az-to-B; charge movement at 150 mV
to be 27 times faster than the B;-to-Az movement at =70 mV. Our
results indicate that the difference between the slow kinetic com-
ponent of the ON (4 ms) is 22 times faster than the slow OFF
component (88 ms) (compare Fig. 2D with Fig. 4C), which is in
reasonable agreement with the calculation using the five-state model.

A New H,1 Channel Kinetic Model Is Needed. Previously, by a fluo-
rophore attached to the S4 voltage sensor in dimeric H,1 channels,
we revealed two S4 charge movements: The first one precedes
channel opening, with S4 charge movements in both subunits in-
dependently, and the second one correlates with channel opening,
defined as the fluorescence hook (18). To make it compatible with
our previous model, only B, in the present model would be cor-
related with an open channel. Then, the hook would be the
transition from B, to By, which is fast and closes the channel, while
transition B; to Az would be the main S4 transition, which is slow.
In the kinetic model of dimeric H,1 proposed by us (18), voltage
sensor movement involved three closed and one open state, where
the movement of both voltage sensors within the dimer is necessary
before the opening of the permeation pathway of each subunit
(18). Here, we found that each independent H,1 voltage sensor
transits through different states, suggesting that the movement of
charge is more complex than previously thought. The most signif-
icative fact is that more than 50% of gating charge displacement,
on the monomeric H,1 channel, occurs before opening (in 5 ms at
150 mV, when the open probability of the monomeric H,1 channel
is only 0.2, 65% of the gating charge has been displaced). Dimer
formation confers cooperative gating to H,1 channels (8). There-
fore, it is possible that the displacement of dimeric voltage sensors
is different from the monomeric voltage sensors movement.

Molecular Mechanism for Trapping. We envision that the rate-
limiting step that keeps the charges from returning to their rest-
ing configuration involves a blocked-like phenomenon mediated
by the arginine side chain, much like the documented blockade of
H,1 channels by guanidinium reagents (31-33). Moreover, as
reported before using the dimeric human H, 1 mutant N214R (34,
35) and mouse mutant N210R (24), we found that the N264R
mutant open channel behaves as an inward rectifier (S7 Appendix,
Fig. S6). Blockade by the positively charged arginine located in the
internal vestibule of the channel should be relieved by hyper-
polarizing voltages, and the mutant channel should behave as an
inward rectifier as found experimentally (SI Appendix, Fig. S6).
We should also consider that the mutation introduced at position
264 can decrease proton currents by changing the electrostatic
potential in the neighborhood of the H,1 channel internal en-
trance. Although our data indicate that the N264 mutant does not
modify the channel voltage dependence (SI Appendix, Figs. S3 and
$4), measurements of this position accessibility to thiol-modifying
agents was shown to be state-dependent. However, structural
models suggest that this position is outside the electric field (7,
36), but more experiments are needed to confirm this claim. Fi-
nally, the inspection of the proton current recording of the mo-
nomeric Ciona-N264R mutant suggests that the positively charged
guanidinium stabilizes the closed state of the channel, making the
channel deactivation slower in the dimeric and monomeric Ciona-
H,1 (8] Appendix, Figs. S3 and S6), and in the dimeric mouse and
human H,1 containing the equivalent N210R (24) and N214R
(35) mutation, respectively. A possible explanation to these find-
ings is that the gating charge is trapped when the channel is ac-
tivated upon depolarization, and it recovers slowly during the
repolarization process, as we showed in this study.

We conclude that trapping is a consequence of the presence
of the charged arginine chain in position 264. Given the fast

Carmona et al.

deactivation rate shown by the WT monomeric H, 1 channel, the
presence of a neutral asparagine in that position may have the
effect of collapsing the barrier that separates states Az from By.

Methods

Mutagenesis, Transcription, and Sequencing. The single N264R mutation was
introduced with a QuikChange kit (Promega Corp.) in a pSP64T-contained C.
intestinalis H,1 sequence kindly provided by Yasushi Okamura, Osaka Uni-
versity, Osaka, Japan. The ANAC H,1 was constructed with a stop codon at
Val270 and an initiator methionine replacing Glu129 (6). Primers were
designed using the web service QuikChange Primer Design. Mutant DNA
was amplified by PCR, checked by sequencing, and then linearized with Not!
restriction enzyme. In vitro transcription was performed with an mMESSAGE
mMACHINE kit (Ambion) using RNA polymerase SP6. RNA was quantified by
absorbance at 260 nm, and its integrity was checked by electrophoresis in
1% agarose gel with ethidium bromide at 0.6 pg/yL.

Oocyte Extraction and RNA Injection. X. /aevis oocytes were obtained and
injected with 50 nL of RNA at a concentration of 1 pg/uL according to pre-
viously described methodologies (26).

Electrophysiology. Voltage clamp recordings were performed in inside-out
giant patches of oocytes membranes (37). The internal and external solu-
tions contained 100 mM Hepes, 2 mM MgCl,, 1 mM EGTA, and 50 mM
N-methyl-o-glucamine (NMDG)-methanesulfonate. pH was adjusted with
NMDG or methanesulphonate to 7.0. Measurements were performed at
room temperature (22 °C). Pipettes of borosilicate capillary glass (1B150F-4;
World Precision Instruments) were pulled on a horizontal pipette puller
(Sutter Instruments) and fire polished until obtaining a diameter between 15
and 24 ym (resistances of 0.8 to 1.2 MQ in the bath solution). Data were
acquired with an Axopatch 200B amplifier (Axon Instruments). Both the
voltage command and current output were filtered at 20 kHz with 8-pole
Bessel low-pass filters (Frequency Devices). Analog signals were sampled
with a 16-bit A/D converter (Digidata 1440A; Axon Instruments) at 250 kHz.
Recordings were filtered off-line at 10 kHz by a digital 8-pole Bessel low-pass
filter before analysis. Experiments were performed using Clampex 8 acqui-
sition software (Axon Instruments). Capacitive currents were compensated
by analog circuitry, and linear capacitive currents were subtracted using a
P/-8 protocol with a subsweep holding potential of =90 mV (38).

Gating Current Simulations. A five-state kinetic model was simulated solving
the equation dP(t)/dt = P(t)Q, where P(t) is the probability vector of the
states and Q is the transition rate matrix. We solved the time dependency of
P(t) using the spectral expansion (39). Forward and reverse kinetic constants,
«(V) and p(V), respectively, were modeled as a(V) = «g exp(xzse,V/kT) and
B(V) = po exp((x — 1)zoe,VIKT), where ag and fiy are the kinetic constants at
V =0 mV, zéep is the charge moved in the transition, x is the fraction of the
charge moved from a well to the barrier peak in each forward transition,
and k and T have their usual meanings. Gating currents /y(t) were obtained
with the equation /,(t) = NF(t)Z, where N is the number of channels, F(t) is
the net occupancy flux of each transition (40), and Z is a vector containing
the charge associated to each transition. Parameters used in the model are
listed in S/ Appendix, Table S1.

Note. While this paper was under revision, detection of gating currents in the
dimeric human proton channel mutant W207A-N214R (W257A-N264R in
Ciona-H, 1) was reported (41). The method used by the authors to measure
gating currents was stepping to a depolarizing voltage from different
holding potentials, which is essentially a “Cole-Moore” protocol. Surpris-
ingly, the gating current data do not show a Cole-Moore effect like the one
reported here. This is an unexpected result, considering that the data also
indicate that the gating current kinetics is defined by multiple states (41).
However, the lack of a well-defined Cole-Moore effect may be due to the
fast activation kinetics conferred by the W207A mutation (42).
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Mammalian teeth have evolved as dentin units that enclose a complex system of
sensory innervation to protect and preserve their structure and function. In human
dental pulp (DP), mechanosensory and nociceptive fibers form a dense meshwork
of nerve endings at the coronal dentin-pulp interface, which arise from myelinated
and non-myelinated axons of the Raschkow plexus (RP). Schwann cells (SCs) play a
crucial role in the support, maintenance and regeneration after injury of these fibers.
We have recently characterized two SC phenotypes hierarchically organized within the
coronal and radicular DP in human teeth. Myelinating and non-myelinating SCs (nmSCs)
display a high degree of plasticity associated with nociceptive C-fiber sprouting and
axonal degeneration in response to DP injuries from dentin caries or physiological root
resorption (PRR). By comparative immunolabeling, confocal and electron microscopy,
we have characterized short-term adaptive responses of SC phenotypes to nerve
injuries, and long-term changes related to aging. An increase of SCs characterizes the
early responses to caries progression in association with axonal sprouting in affected
DP domains. Moreover, during PRR, the formation of bands of Biingner is observed
as part of SC repair tracks functions. On the other hand, myelinated axon density
is significantly reduced with tooth age, as part of a gradual decrease in DP defense
and repair capacities. The remarkable plasticity and capacity of SCs to preserve DP
innervation in different dental scenarios constitutes a fundamental aspect to improve
clinical treatments. This review article discusses the central role of myelinating and
non-mSCs in long-term tooth preservation and homeostasis.

Keywords: tooth, glia, myelin, aging, caries, dentin

THE DENTIN-PULP INTERFACE IN MULTICUSP TEETH

From an evolutionary perspective, a single tooth is a dentin unit formed by odontoblasts,
protected by enameloide or enamel and containing an innervated dental pulp (DP). During
vertebrate evolution, the appearance of cone-shaped teeth in fish constitutes a crucial event within
the adaptation of vertebrate feeding mechanisms, from sucking to predatory animals (Smith and
Johanson, 2015). Moreover, the increase in tooth size and shape complexity is related with a gradual
reduction of the robust mechanisms of continuous tooth replacement observed in polyphyodonts,
to a non- or single-renewal mechanism in mammals (monophyodont or diphyodont dentition).
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different human DP stem cell populations (hDPSCs)
which can be induced to differentiate into SCs, expressing
p75NTR, Sox10 and S100 (Al-Zer et al, 2015). hDPSCs
also express neurotrophic factors like NGF, and are able to
promote axonal outgrowth in vitro (Martens et al, 2014),
suggesting the potential usefulness of hDPSCs for tissue
engineering therapies of injured peripheral nerves (Luo et al.,
2018).

THE SCHWANN CELL RESPONSE TO
ROOT RESORPTION

Physiological root resorption (PRR) is an asymptomatic process
which in humans forms part of the natural mechanism of tooth
replacement. It is mediated by odontoclasts that progressively
reduce the root and DP tissue prior to exfoliation (Moorrees
et al, 1963). During the PRR process, a reduction of DP
innervation has been characterized as a Wallerian-like axonal
degeneration process (Monteiro et al., 2009), leading to a
reduction of nerve fiber bundles and nerve endings. In parallel,
myelin sheath degradation (Figure 2C) and a progressive
reduction of myelinated axons is associated with an activation
of autophagic activity by SCs (Suzuki et al., 2015). In fact,
a chronic compression of peripheral nerves constitutes an
injury that promotes demyelination and activation of repair
SC phenotypes, suggesting that SCs are directly sensitive to
mechanical stimuli (Belin et al., 2017). SCs display considerable
phenotypic plasticity and facilitate the surprisingly fast recovery
of peripheral nerves after PRR or other insults (Boerboom et al.,
2017).

Demyelination of damaged axons implies the accumulation
of myelin debris within the SC. Myelin debris acts as an
obstacle for the regeneration of axons and is considered a
major contributor to the inflammatory response after nerve
injury (Gaudet et al., 2011). Indeed, there is an increase of
immunocompetent cells during the PRR process, suggesting
a progressive inflammatory condition (Angelova et al., 2004).
However, SCs are able to activate an autophagic pathway
to promote myelin clearance during Wallerian degradation
(Gomez-Sanchez et al., 2015).

In injured peripheral nerves, adaptive SCs reprogram into
immature phenotypes with proliferative capacity forming
bands of Bingner to allow axonal regeneration (Suzuki
et al, 2015). Moreover, a remarkable feature at advanced
stages of root resorption in deciduous teeth is an increase of
major histocompatibility complex (MHC) class II (HLA-DR)
expression in SCs in association with Immunocompetent
cell recruitment (Suzuki et al., 2015). PRR is associated with
a progressive asymptomatic chronic inflammatory process
that comprises axonal degeneration of DP nerves, in which
dedifferentiation of SCs, proliferation and expression of
repair SC markers is observed. The immunocompetent
function of SCs as antigen processing and presenting
cells has been associated with immune responses and the
recruitment of inflammatory cells to injured peripheral
nerves; observations that remain an attractive topic for
the understanding of the immunomodulatory functions of

SCs (Meyer zu Horste et al., 2008; Meyer Zu Horste et al,
2010).

AGING OF SCHWANN CELLS

A reduced expression in SC phenotype markers (S100 and
MBP) has been determined at the dentin-pulp interface in
aged permanent teeth, suggesting a reduction in the sensory
and regenerative capacity of the DP with age (Couve et al,
2018). Furthermore, at the dentin-pulp interface of aged teeth,
a smaller number of nerve endings projects through the
odontoblast layer, and terminal SCs display a reduced degree
of arborization (Figures 2D-F). Age-related changes within
the glial network of the DP are related to the diminished
regenerative capacity observed for peripheral sensory nerves
with age (Verdu et al., 2000; Painter et al., 2014). It has been
suggested that the impairment of regenerative capacity associated
to the aging progress derives from reduced SC plasticity related
to myelin debris clearance (Painter et al., 2014; Painter, 2017).
Dedifferentiation of SCs following peripheral nerve injury tends
to be delayed with age in correspondence with a delayed
onset of key regulatory factor signaling, like c-jun expression
(Chen et al, 2017). During the reprogramming process of
SCs within injured peripheral nerves, a downregulation of
myelin protein expression (e.g, MBP), is accompanied by
an upregulation of the transcription factor c-jun, the low
affinity neurotrophin receptor (p75NTR) and GFAP (Arthur-
Farraj et al, 2012). However, in the DP of teeth from
aged individuals, a reduced expression of p75NTR suggests a
limited defense and regenerative capacity of SCs (Couve et al,
2018).

CONCLUSION

The evolution of vertebrate teeth produced an increasingly
complex neuronal and glial network within the DP to protect the
longer lasting teeth. Specifically, SCs form a prominent network
at the coronal dentin-pulp interface in human teeth, playing
a crucial role in the support and maintenance of DP nerves.
SCs, nerve endings and immune cells create a multicellular
barrier at the dentin-pulp interface sensing and responding
to environmental changes and threats. The characterization of
terminal SC plasticity contributes to our growing understanding
of the central roles of these versatile cells within the DP scenario.

AUTHOR CONTRIBUTIONS

EC wrote the manuscript with OS.

ACKNOWLEDGMENTS

This study was supported by Fondecyt Grant nos. 1141281
(EC) and 1171228 (OS). The Centro Interdisciplinario de
Neurociencias de Valparaiso (CINV) is a Millenium Institute
(P09-022-F) supported by the Millennium Scientific Initiative of
the Ministry of Economy, Development and Tourism (Chile).

Frontiers in Cellular Neuroscience | www.frontiersin.org

September 2018 | Volume 12 | Article 299

108



CINV ANNUAL PROGRESS REPORT —-2018

BBA - Biomembranes 1860 (2018) 216-223

Contents lists available at ScienceDirect

BBA - Biomembranes

3 2

ELSEVIER

journal homepage: www.elsevier.com/locate/bbamem

Review

Role of astrocyte connexin hemichannels in cortical spreading depression

& B3 2 2. b,

Maximiliano Rovegno®, Juan C. Séez™"

“ Departamento de Medicina Intensiva, Facultad de Medicina, Pontificia Universidad Catélica de Chile, Santiago, Chile

Y Departamento de Fisiologia, Facultad de Biologta, Pontificia Universidad Catdlica de Chile, Santiago, Chile

€ Instituto Milenio, Centro Interdisciplinario de Neurociencias de Valparaiso, Universidad de Valparaiso, Valparaiso, Chile

ARTICLE INFO ABSTRACT

Keywords: Cortical spreading depression (CSD) is an intriguing phenomenon consisting of massive slow brain depolariza-
Connexins tions that affects neurons and glial cells. It has been recognized since 1944, but its pathogenesis has only been
Hemichannels uncovered during the last decade. Acute brain injuries can be further complicated by CSD in > 50% of severe
Glia

cases. This phenomenon is repetitive and produces a metabolic overload that increments secondary damage.
Propagation of CSD is known to be linked to excitotoxicity, but the mechanisms associated with its initiation
remain less understood. It has been shown that CSD can be initiated by increases in extracellular [K*] ([K™].),
and animal models use high [K*]. to promote CSD. Connexin hemichannel activity increases due to high [K*].
and low extracellular [Ca® * ], conditions that occur after brain injury. Moreover, glial cell gap junction channels
are fundamental in controlling extracellular medium composition, particularly in maintaining normal extra-
cellular glutamate and K* concentrations through “spatial buffering”. However, the role of astrocytic gap
junctions under tissue stress can change to damage spread in the acute damage zone whereas the reduced
communication in adjacent zone would reduce cell dead propagation. Here, we review the main findings as-
sociated with CSD, and discuss the possible involvement of astrocytic connexin-based channels in secondary
damage propagation. This article is part of a Special Issue entitled: Gap Junction Proteins edited by Jean Claude

Brain injuries
Spreading depression

Herve.

1. Introduction

Acute brain injuries, including stroke, subarachnoid hemorrhage
(SAH), hypoxic encephalopathy after cardiac arrest (HECA) and trau-
matic brain injury (TBI) are prevalent diseases [1]. They constitute a
heterogeneous group of diseases, but exhibit several common proper-
ties, including a similar pathophysiology. They are globally distributed
and associated with high mortality and devastating sequelae. Stroke is
the second and third leading cause of death and disability worldwide,
respectively [2]. TBI is the primary cause of death and permanent brain
damage in individuals younger than 45 years old. In United States, 1.7
million cases of TBI occur annually, which result in a burden of about
275,000 hospitalizations, 52,000 deaths and more than USD$60 billion
in costs [3,4]. Hypoxic encephalopathy occurs in > 80% of survivors of
cardiac arrests [5]. There are approximately 365,000 treated cardiac
arrests annually in the United States, both out of and in hospital settings
[6,7]. SAH is the least prevalent disease of this group and affects 30,000
patients per year in the United States [8]. However, approximately 20%
of deaths from SAH occur suddenly, resulting in a significant bias due to
under-diagnosis [9].

* Corresponding author at: Departamento de Fisiologia, Facultad de Biol

E-mail address: jsaez@bio.puc.cl (J.C. Séez).
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Regardless of etiology, acute brain injuries are characterized by one
or more primary damage zones at injury foci, which propagate to
neighboring parenchyma, and are initially not compromised by
ischemia, inflammation, oxidative stress, excitotoxicity or cellular tu-
mefaction [10,11]. To date, there is only a specific treatment for is-
chemic stroke, namely, thrombolysis-based therapy. However, < 5% of
candidate patients receive thrombolysis [12], mainly because of a
substantial delay in arriving to the emergency room. Unfortunately, no
specific treatment exists for the remaining acute brain injuries, and all
neuroprotective trials have failed in the previous two decades [1,13].
Thus, the mortality rate associated with severe cases remains high at
25%, 30%, 35% and 50% for stroke, SAH, TBI and HECA [14-17], re-
spectively, despite the full support management provided in critical
care.

Patients with acute brain injuries in critical care are often clinically
and physiologically monitored, which include the evaluation of vari-
ables such as arterial and intracranial pressure, electroencephalo-
graphic recordings and brain images with transcranial Doppler ultra-
sonography, computed scanner or magnetic resonance, with variations
depending on the specific disease [18,19]. Stroke patients may be
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Article history: Here we report the IR spectra of FeEnterobactin in catecholate

Received 23 February 2018 conformations ([CatFeEB]*~) obtained by DFT calculations using

gel\cflewezdullré revised form PBE/QZVP and their correlation it with its experimental counter-
ay

part [SalH3;FeEB]°. Fragments of FeEnterobactin and Enterobactin
(HGEB) are elucidated from their MALDI-TOF mass spectrometry,
and the dependence of the frontier orbitals (HOMO and LUMOQO)
Keywords: with the catecholamide dihedral angles of HgEB is reported. The
Catecholate FeEnterobactin frequency distribution of catecholamide dihedral angle of HcEB
ETPEl}? was carried-out using molecular dynamics (MD). The data pre-
MD sented enriches the understanding of [CatFeEB]®~ and HgEB fre-
quency distribution and reactivity.
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Over the last decade it has become evident that under normal conditions connexin hemichannels
are either not expressed (e.g., skeletal muscle) or are expressed in very low numbers with low open
probability in various mammalian tissues (e.g., liver and central nervous system (CNS)). However,
both the number and activity of these non-selective channels are drastically increased in different cell
types under pathological conditions. Since the inflammatory response is a consequence and / or the
cause of most diseases, connexin hemichannels have been implicated as a common factor in numerous
chronic pathological indications (including muscular dystrophy, amyotrophic lateral sclerosis, ongoing
effects of CNS trauma, stroke or ischemia, glaucoma, diabetic retinopathy and macular degeneration,
Alzheimer’s and Parkinson’s disease, epilepsy, chronic pain, brain and other tumors, and infectious
diseases). However, further work is needed to fully understand hemichannel regulatory mechanisms
and their involvement in the outcome of the different disease conditions.

Currently, the molecular target of different clinically available anti-inflammatory agents block
one (or at most two) intracellular inflammatory signaling pathways, leaving several others active, and
which persist despite chronic treatment, and alter the phenotype of inflamed cells. The phenotypic
changes explain why cells stop performing their normal functions and subsequently lead to organ
dysfunction. Consequently, the chronic use of many available anti-inflammatory compounds can
result in kidney, liver, or heart dysfunction, amongst other complications. Connexin hemichannel
regulation offers an alternative approach. Connexin hemichannels have been shown to be permeable
to calcium ions and ATP which activate intracellular inflammatory signaling pathways. Therefore,
selective inhibitors of connexin hemichannels are expected to be useful for the long-term treatment
of inflammatory disease. These agents may provide an entire new generation of anti-inflammatory
pharmaceuticals. Indeed, it is important to emphasize the evidence for connexin hemichannels as new
molecular targets in order to prevent the activation of most intracellular inflammatory pathways.

This issue of the International Journal of Molecular Sciences focuses on the involvement of connexin
hemichannels in the inflammatory response, emphasising chronic pathelogical conditions. It brings
together substantial evidence for connexin hemichannel-mediated tissue dysfunction associated with a
diverse range of chronic disease indications, thus supporting the translation of hemichannel regulation
into clinical application.

For instance, Valdebenito and co-workers [1] have provided novel information revealing the
importance of a cell-cell communication pathways mediated by connexin-based channels in cancer,
including gap junction channels, hemichannels, and tunneling nanotubes. Artificial intelligence and
machine learning are proposed as new approaches that could provide insights into the intercellular
transfer of cell signals. They also proposed that the identification of these cell-cell communication

fnt. J. Mol. Sci. 2018, 19, 2469; doi:10.3390/ijms19092469 www.mdpi.com /journal /ijms
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Connexin 43 Hemichannel Activity
Promoted by Pro-Inflammatory
Cytokines and High Glucose
Alters Endothelial Cell Function
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The present work was done to elucidate whether hemichannels of a cell line derived
from endothelial cells are affected by pro-inflammatory conditions (high glucose and
IL-1p/TNF-a) known to lead to vascular dysfunction. We used EAhy 926 cells treated
with high glucose and IL-1p/TNF-«. The hemichannel activity was evaluated with the
dye uptake method and was abrogated with selective inhibitors or knocking down
of hemichannel protein subunits with siRNA. Western blot analysis, cell surface bioti-
nylation, and confocal microscopy were used to evaluate total and plasma membrane
amounts of specific proteins and their cellular distribution, respectively. Changes in
intracellular Ca?* and nitric oxide (NO) signals were estimated by measuring FURA-2
and DAF-FM probes, respectively. High glucese concentration was found to elevate
dye uptake, a response that was enhanced by IL-1p/TNF-a. High glucose plus IL-1p/
TNF-a-induced dye uptake was abrogated by connexin 43 (Cx43) but not pannexini
knockdown. Furthermore, Cx43 hemichannel activity was associated with enhanced
ATP release and activation of p38 MAPK, inducible NO synthase, COX;, PGE: receptor
EPy, and P2X:/P2Y, receptors. Inhibition of the above pathways prevented completely
the increase in Cx43 hemichannel activity of cells treated high glucose and IL-13/TNF-o.
Both synthetic and endogencus cannabinoids (CBs) also prevented the increment in
Cx43 hemichannel opening, as well as the subsequent generation and release of ATP
and NO induced by pro-inflammatory conditions. The counteracting action of CBs also
was extended to other endothelial alterations evoked by IL-1p/TNF-a and high glucose,
including increased ATP-dependent Ca®* dynamics and insulin-induced NQO producticn.
Finally, inhibition of Cx43 hemichannels also prevented the ATP release from endothelial
cells treated with IL-1p/TNF-a and high glucose. Therefore, we propose that reduction
of hemichannel activity could represent a strategy against the activation of deleterious
pathways that lead to endothelial dysfunction and possibly cell damage evoked by high
glucose and pro-inflammatory conditions during cardiovascular diseases.

Keywords: connexins, endothelium, inflammation, cytokines, gap junctions
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novel CB agonists that could preserve their positive role without
having side effects in general physiology.
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FIGURE S1 | Etd uptake induced by high glucose and IL-1p/TNF-« is not related
to osmolarity changes, whereas high glucose/IL-1p/TNF-a plus WIN do not affect
connexin 43 (Cx43) distribution in endothelial cells. (A) Averaged Etd uptake rate
normalized with respect to control condition (dashed line) of EAhy cells treated
for 72 h with 5 mM glucose and IL-1p/TNF-a alone or in combination with 20 ar
40 mM sucrose or 20 or 40 mM mannitol. Data were obtained from three
independent experiments (see scatter dot plot) with two repeats each one (235
cells analyzed for each repeat). (B,C) Representative fluorescence images
depicting Cx43 (green), tubulin (red), and DAPI (blue) immunolabeling of EAhy
cells treated for 72 h with 256 mM glucose plus IL-1p/TNF-a and 5 pM WIN.
Insets: 1.7x magnification of the indicated area of panels (C). Calibration bars:
white = 35 pm, yellow = 60 pm, and green = 25 pm.

FIGURE S2 | High glucose and IL-1p/TNF-a increase the activity of connexin 43
hemichannels and nitric oxide production in HUVEC endothelial cells. (A)
Averaged Etd uptake rate normalized with control condition (dashed line) by
HUVEC cells treated for 72 h with 25 mM glucose and IL-1p/TNF-a alone or in
combination with the following blockers: 100 M gap26, 100 pM “panx1, 10 pM
WIN or 5 uM WIN plus 5 M SR-141716A (SR1). *p < 0.05, IL-1p/TNF-a and high
glucose compared to control; #p < 0.05, effect of blockers compared IL-1p/TNF-a
and high glucose. (B) Average of DAF fluorescence by HUVEC cells treated for

72 h with 5 mM glucose (contral; white bars), 25 mM glucose and IL-1p/TNF-a
(red bars) alone or with different combinations of the following compounds: 5 uM
WIN (WIN), 5 uM SR-141716A (SR1), 1 pM insulin or 100 uM gap26. ‘p < 0.05,
IL-1p/TNF-a and high glucose compared to control; *o < 0.05, effect of each
compound compared to the effect induced by IL-1B/TNF-a and high glucose;

%p < 0.05, effect of each cannabinoid receptor antagenist compared to the effect
of the respective cannabinoid; ¥p < 0.05, effect of insulin compared to the:
respective control (one-way analysis of variance followed by Tukey’s post hoc
test). Data were obtained from three independent experiments (see scatter dot
plot) with three repeats each one (235 cells analyzed for each repeat).
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Neurons encode electrical signals with critically tuned voltage-gated
ion channels and enzymes. Dedicated voltage sensor domains
(vSDs) in these membrane proteins activate coordinately with an
unresolved structural change. Such change conveys the transmem-
brane translocation of four positively charged arginine side chains,
the voltage-sensing residues (VSRs; R1-R4). Countercharges and
lipid phosphohead groups likely stabilize these VSRs within the
low-dielectric core of the protein. However, the role of hydration,
a sign-independent charge stabilizer, remains unclear. We replaced
all VSRs and their neighboring residues with negatively charged
aspartates in a voltage-gated potassium channel. The ensuing mild
functional effects indicate that hydration is also important in VSR
stabilization. The voltage dependency of the VSR aspartate variants
approached the expected arithmetic summation of charges at VSR
positions, as if negative and positive side chains faced similar path-
ways. In contrast, aspartates introduced between R2 and R3 did not
affect voltage dependence as if the side chains moved outside the
electric field or together with it, undergoing a large displacement
and volumetric remodeling. Accordingly, VSR performed osmotic
work at both internal and external agueous interfaces. Individual
VSR contributions to volumetric works approached arithmetical ad-
ditivity but were largely dissimilar. While R1 and R4 displaced small
volumes, R2 and R3 volumetric works were massive and vectorially
opposed, favoring large aqueous remodeling during VSD activation.
These diverse volumetric works are, at least for R2 and R3, not
compatible with VSR translocation across a unique stationary charge
transfer center. Instead, VSRs may follow separated pathways across
a fluctuating low-dielectric septum.

voltage sensor | charge hydration | osmotic work | conformational
change | Shaker

Vo]lagc-dcpcndcnl K* (Kv) ion channels are membrane
proteins involved in a myriad of physiological processes ex-
quisitely regulated by membrane potential (1-4). By allowing the
permeation of potassium ions, they drive the membrane voltage
toward the K* cquilibrium potential, modulating cell excitability
(5). Assembled as tetramers, cach Kv channel subunit has six
transmembrane segments (S1-86), of which S1-84 constitute the
voltage sensor domain (VSD) and 55 and 86, placed at the
channcl fourfold symmetry axis, form the ion conduction path-
way (6). In Shaker Kv channels, voltage sensitivity is mostly due
to the electrophoretic transmembrane migration of four arginine
residues [voltage-sensing residues (VSRs); R1-R4| placed in
VSD's 84 (7-10). The total charge displaced per channel for the
native Shaker is 12-13 ¢;, while for the R2Q, R3N, and R4Q
variants, it is about three-quarters of the total (8, 9). These
amounts agreed with the measures of the electrical valence of
the voltage dependence of pore opening (Z). Thus, almost all of
the charge movement is used to open the ion conduction pore
(8). This concept applies to other Kv, Cav, and Nav ion channels
also (2, 4, 11).

www.phas.org/cgi/doi/10.1073/pnas. 1806578115

Because charged particles are energetically disfavored in the
low-diclectric membrane environment, clectrostatic stabilization
of VSR should occur through contacts with negative side chains
in the protein core and/or lipid phosphohead groups (12-16).
Because these charge stabilization mechanisms are sign-specilic,
charge reversions in VSR should lead to dramatic alteration of
the V8D structure. We performed an aspartate scanning along
the S4 region hosting R1-R4 of the Shaker K channel. Because
all aspartate variants displayed moderate functional alterations,
sign-independent VSR charge stabilization mechanisms as hy-
dration must cxist. Then, V8D activation implics water mobili-
zation between compartments, such that we could expect osmotic
work. By challenging the VSD with unilateral and bilateral
hyperosmolarity, we found that cach VSR contributes in 4 unique
and vectorially dilferent manner to the total osmotic work, per-
haps across dissimilar trajectories.

Results

Sign-Independent Gating Charge Stabilization. We performed an
aspartate scanning along the N-terminal half of S4 including all
VSRs of Shaker (residues 359-371). Fig, 14 and ST Appendix,
Fig. S1 show K*-current traces for each aspartate-substituted

Significance

The neuronal action potential is a self-propagating transient
depolarization traveling along the neuron membrane. This
signal is produced by the coordinated activation of voltage-
gated ion channels (VGCs), a family of ion-selective trans-
membrane proteins activated by depolarization. Sodium and
calcium VGCs reinforce the signal, while potassium VGCs ter-
minate it. A conserved voltage sensor domain (VSD) in VGCs
responds with an unresolved conformational change driven by
the transmembrane electrophoretic displacements of four ar-
ginine side chains. We show that those arginine side chains are
stabilized by water impregnating the VSD and that, upon ac-
tivation, displace large and dissimilar aqueous volumes at both
protein faces. This charge translocation entails a transporter-
like remodeling of water-protein interfaces that should create
mechanical spikes accompanying action potentials.
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compartment in the active VSD. By moving perpendicular to the
membrane plane, VSR, mostly R2 and R3, drags inwardly relative
to VSRs, the boundaries of the hydrophobic septum (and of the
cleetric ficld). Such movement could be a rotation along the axis
of the inclined o-helical 54 segment (Fig. 5C), with 366 and 367
side chains being dragged inwardly while R2 and R3 move out-
ward, respectively. Then, the charge transfer center behaves as a
dynamic structure during VSD activation, in which R2 and R3
sense different molecular landscapes. This conclusion is in line
with structural interpretations that compare VS activation with
transporter conformational change (21, 44) but contradicts mo-
lecular calculations suggesting stable electric field among different
VSD structures (23).

By inward dragging the hydrophobic septum together with $4’s
outward activation movement, the Kv channel VSD would make o
volumetric work that should produce cell swelling. Considering that
we underestimate the enlargement, because it considers only
sucrosc-cxcluding compartments, in a 5-pm-radius spherical_ccll
with a density of ~3,000 Nav, Kv, and Cav channcls per 1 pm?, an
action potential would produce a »1-A transient radial cell swell-
ing. This interpretation provides a molecular sustentation for the
observed mechanical spikes associated with action potentials (45).
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Limiting Slope and Gating Currents. Limiting slope and gating currents re-
cordings were performed with the patch clamp technique in inside-out con-
figuration with an Axopatch 200B amplifier through a Digidata 1440 interface
under control of pClamp 10 (Molecular Devices). For limiting slope recording, the
pipette solution had 110 mM potassium methanesulfonate, 2 mM CacCly, and
10 mM Hepes, pH 7.4, with CaCl; being replaced by MgCl; in the bath solution.
Gating currents recording solution contained 100 mM N-methyl-o-glucamine,
5 mM EGTA, 2 mM KCl, and 10 mM Hepes, pH 7.4. The two-electrode voltage
damp recording solution contained 100 mM NaCl, 2 mM KCl, 2 mM Cadly,
1 mM MgCl,, and 10 mM Hepes-NaOH, pH 7.4. Recordings were performed
with an OC-725C amplifier (Warner Instruments) through a PCI-6035 interface
(National Instruments) running WinWCP (Strathclyde University). All experi-
ments were at room temperature (22 °C to 24 °Q).

Data Analysis. Analysis was done with Clampfit 10. To compute conductance
vs. voltage (G-V) relations, current amplitude measured at the end of the
test voltage pulse was divided by the K™ driving force, assuming a reversal
potential of —100 mV. Offline analyses of single-channel activity were as
before (3). The On phase of the gating currents was integrated, after cor-
recting for leak, to construct the Q-V relations. The median voltage Va, was
calculated by the trapezoid rule, with a custom-made Excel routine (25)
Additional experimental details and analysis are in S/ Appendix, S| Methads
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Abstract

Dendrimers provide a means to control the synthesis of gold nanoparticles and stabilize
their suspensions. However, design of improved dendrimers for this application is hindered
by a lack of understanding how the dendrimers and synthesis conditions determine
nanoparticle morphology and suspension stability. In the present work, we evaluate the
effect of polyamidoamine (PAMAM) dendrimers terminated with different functional groups
(-OH or =NH3") and different synthesis conditions on the morphology of the resulting gold
nanoparticles and their stability in solution. We leverage molecular dynamics simulations
to identify the atomic interactions that underlie adsorption of PAMAM dendrimers to gold
surface and how the thermodynamics of this adsorption depends on the terminal functional
groups of the dendrimers. We find that gold nanoparticles formed with hydroxyl-terminated
PAMAM (PAMAM-OH) rapidly aggregate, while those formed with PAMAM-NH;" are
stable in solution for months of storage. Synthesis under ultrasound sonication is shown to
be more rapid than under agitation, with sonication producing smaller nanoparticles. Free-
energy calculations in molecular dynamics simulations show that all dendrimers have a
high affinity for the gold surface, although PAMAM-OH and its oxidized aldehyde form
(PAMAM-CHO) have a greater affinity for the nanoparticle surface than PAMAM-NH;".
While adsorption of PAMAM-OH and PAMAM-CHO has both favorable entropy and
enthalpy, adsorption of PAMAM-NH," is driven by a strong enthalpic component subject to
an unfavorable entropic component.
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ABSTRACT: The use of herbicides plays a vital role in controlling weeds and conserving crops; however, its usage generates
both environmental and economic problems. For example, herbicides pose a financial issue as farmers must apply large
quantities to protect crops due to absorption rates of less than 0.1%. Therefore, there is a great need for the development of new
methods to mitigate these issues. Here, we report for the first time the synthesis of poly(lactic-co-glycolic-acid) (PLGA)
nanoherbicides loaded with atrazine as an active ingredient. We used potato plants as a biological model to assess the herbicidal
activity of the engineered PLGA nanoherbicides, Our method produced nanoherbicides with an average size of 110 + 10 nm
prior to lyophilization. Fifty percent of the loaded atrazine in the PLGA matrix is released in 72 h. Furthermore, we performed
Monte Carlo simulations to determine the chemical interaction among atrazine, PLGA, and the solvent system, One of the most
significant outcomes of these simulations was to find the formation of a hydrogen bond of 1.9 A between PLGA and atrazine,
which makes this interaction very stable. Our in vitro findings showed that as atrazine concentration is increased in PLGA
nanoparticles, potate plants undergo a significant decrease in stem length, root length, fresh weight, dry weight, and the number
of leaves, with root length being the most affected. These experimental results suggest the herbicidal effectiveness of atrazine-
loaded PLGA nanoherbicides in inhibiting the growth of the potato plant. Hence, we present the proof-of-concept for using
PLGA nanoherbicides as an alternative method for inhibiting weed growth. Future studies will involve a deep understanding of
the mechanism of plant—nanoherbicide interaction as well as the role of PLGA as a growth potentiator.

KEYWORDS: environmental technology, nancherbicides, poly(lactic-co-glycolic-acid) (PLGA), atrazine, polymers, nanoparticles
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H INTRODUCTION

Protecting crops from nutrient stealing weeds is an essential
part of agriculture. Herbicides play a vital role in controlling
weeds and conserving crops. However, the use of herbicides
generates many environmental and economic problems.
Current herbicides pose a significant risk to the environment
since vast quantities of herbicides are washed into streams and
rivers as runoff, which can kill nontarget organisms and disrupt
ecosystems,' * The widespread use of herbicides, such as
atrazine, also presents economic problems because these
herbicides evaporate quickly and are readily trapped in the
top layer of soil due to soil absorption.™ Therefore, less than
0.1% of the applied herbicides reach the target organisms.’
Even the herbicide that reaches the target weed can be
ineffective due to poor translocation in the weed and the
development of herbicide resistant weeds. Because of this
phenomenon, larger amounts of herbicides are required, which
can exacerbate environmental damage. To overcome these
problems, a new delivery system is needed to protect the
herbicides, ensure that they reach the weed, and improve
transport of the herbicide within the target weed.

<7 ACS Publications @ xxxx American Chemical Saciety

Atrazine is the second most popular herbicide in the United
States since it is very efficient in controlling weeds and has
proven to be harmless toward corn crops.” Nevertheless,
atrazine can cause severe environmental damage. For instance,
in the United States, it contaminates more water sources than
any other pesticicle.9 In the European Union, atrazine has
already been banned because atrazine contamination in the
groundwater exceeded the maximum limits set by law. '
Furthermore, studies indicated that atrazine has harmful effects
on nentarget organisms in aquatic ecosystems."""“

Nanoparticle-based delivery systems for herbicides also
known as “nanoherbicides” have shown great promise to
improve herbicidal efficacy.”'*™"" Nanoherbicides consist of a
traditional herbicide encapsulated within a nanoparticle’s core,
which protects and directs the herbicide to the target organism.
Nancherbicides have the potential to prevent the fast
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polymer is an excellent option for the synthesis of novel
nanoherbicides because of its biocompatibility, FDA approval,
customized herbicide release, and tunable biodegradable
profile. We would expect to achieve higher efficacy in
inhibiting the growth as we increase the herbicides’
encapsulation efficiency. We found that lyophilized nano-
herbicides whose size is around 500 nm +10 nm affect plant
growth. Since the nanoherbicides are made of the PLGA
polymer, and this polymer degrades in the presence of water,
we had to lyophilize the nanoherbicides to conduct the in vitro
plant studies. The 50% encapsulation efficiency of atrazine in
the PLGA matrix produced a decrement of 40% in root length.
Also, we observed that the PLGA nanoherbicides are as
effective as unencapsulated atrazine to reduce growth but
substantially less toxic because after the PLGA matrix
undergoes degradation, it will be metabolized by the Kreb’s
cycle releasing only CO, and water as final products.
Therefore, PLGA nanoherbicides will not induce detrimental
effects in the environment compared to other types of
nanoherbicides or naked herbicides. Equally important,
because PLGA nanoherbicides control the release of the active
ingredient, they will greatly reduce toxicity in the environment.
Notably, we observed that PLGA serves as a growth
potentiator for plants. Thus, in this article we presented the
proof-of-concept of using PLGA nanoherbicides as an
alternative method for inhibiting weed growth and PLGA
nanoparticles as a potential growth factor for plants. For
atrazine-resistant crops such as corn, the PLGA nanoparticles
could serve to promote crop growth while the encapsulated
atrazine inhibits weed growth. Additionally, this growth effect
could serve to counterbalance some of the effect of the
herbicide on nontarget plants without atrazine resistance.
Future studies will involve an in-depth understanding of the
mechanism of plant—nanoherbicide interaction as well as the
role of PLGA as a growth potentiator.
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1 | INTRODUCTION

Sex hormones such as oestrogens exert their biological actions in re-
productive (gonads) and nonreproductive tissues (liver, bones, mus-
cle and brain) via activation of nuclear oestrogen receptor (ER)a and

ER[i1 and plasmatic membrane G protein-coupled recep‘cor&2 In the

Steroid sex hormones produce physiological effects in reproductive tissues and also
in nonreproductive tissues, such as the brain, particularly in cortical, limbic and mid-
brain areas. Dopamine (DA) neurones involved in processes such as prolactin secre-
tion (tuberoinfundibular system), motor circuit regulation (nigrostriatal system) and
driving of motivated behaviour (mesocorticolimbic system) are specially regulated by
sex hormones. Indeed, sex hormones promote neurochemical and behavioural ef-
fects induced by drugs of abuse by tuning midbrain DA neurones in adult animals.
However, the long-term effects induced by neonatal exposure to sex hormones on
dopaminergic neurotransmission have not been fully studied. The present study
aimed to determine whether a single neonatal exposure with oestradiol valerate (EV)
results in a programming of dopaminergic neurotransmission in the nucleus accum-
bens (NAcc) of adult female rats. To answer this question, electrophysiological, neu-
rochemical, cellular, molecular and behavioural techniques were used. The data show
that frequency but not amplitude of the spontaneous excitatory postsynaptic cur-
rent is significantly increased in NAcc medium spiny neurones of EV-treated rats. In
addition, DA content and release are both increased in the NAcc of EV-treated rats,
caused by an increased synthesis of this neurotransmitter. These results are func-
tionally associated with a higher percentage of EV-treated rats conditioned to mor-
phine, a drug of abuse, compared to controls. In conclusion, neonatal programming
with oestradiol increases NAcc dopaminergic neurotransmission in adulthood, which
may be associated with increased reinforcing effects of drugs of abuse.

KEYWORDS

dopamine, microdialysis, morphine, oestradiol, programming

central nervous system, ERs are localised in different brain areas,m1
including the nigrostriatal and the mesocorticolimbic pathways.f"é7
The mesocorticolimbic pathway or reward circuit is activated
by natural rewards such as sex’ and foc}dfB as well as by drugs of
abuse.”!% The main neurotransmitter in the mesocorticolimbic path-

way is dopamine (DA), which is released by midbrain dopaminergic

Journal of Neuroendocrinology. 2018;30:e12574.
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release in PFC induced by acute stress in female rats, associated
with and potentiated by a decrease in cortical and plasmatic al-
lopregnanolone levels, a GABA, receptor positive allosteric
modulator. Noteworthy, administration of progesterone (ie, a
sex hormone precursor of the brain allopregnanolone synthesis)
decreases the PFC DA release induced by acute stress in control
and EB rats.’* Neonatal exposure to EV produces a lack of corpus
lutheum in the ovary and a significant decrease in serum proges-
terone levels in adult female rats.?*%’ Considering the results of

Porcu etal.,>*

we can hypothesise that low levels of serum pro-
gesterone result in a reduction of NAcc allopregnanolone and a
decrease in the hyperpolarising effect of this neurosteroid. This
hypothesis cannot be ruled out and should be investigated in fur-
ther studies.

Our electrophysiological studies show that the stimulation of
dopaminergic afferents from VTA increases the frequency but not
amplitude of the spontaneous EPSC on MSNs, which could be ex-
plained by a presynaptic mechanism, such as an increase of release
probability and/or in terminal excitability. Because dopaminergic
stimulation does not modify either the action potential-threshold
(data not show) or sEPSC amplitude in MSNs in both groups, it is
unlikely that modulatory effects occur postsynaptically. However,
we cannot rule out postsynaptic effects induced by oestrogens.
In this sense, oestrogens can modulate pre- and postsynaptic cur-
rents produced by glutamate via the specific activation of oestro-
gen receptors in each sex.’® Indeed, further electrophysiological
experiments will be necessary to establish the mechanisms of this
dopaminergic potentiation, including minimal evoked and minia-
ture EPSC recordings. These findings suggest that the neonatal
exposure to EV potentiates the dopaminergic modulation onto
excitatory currents, which may be a result of either increased
DA release or increased D, receptor expression in glutamatergic
terminals, in agreement with previous studies.’®>° Nevertheless,
further experiments are required to clarify which mechanism is
responsible for strengthening glutamatergic inputs. By contrast
to our data, a recently study showed that neonatal exposure to
E, or testosterone reduced the mEPSC frequency of MSNs in the
NAcc of prepuberal female rats.’” Several methodological differ-
ences may explain the dissimilarity between both works. First, the
age of the rats in which the electrophysiological recordings were
performed was different (PND60-62 vs PND16-23). Second, our
work was performed in sagittal slices that preserve the integrity
of the dopaminergic afferents to NAcc from VTA, whereas the

work of Cao etal.”’

was performed in coronal slices. Finally, we
used an ester of E, (valerate or pentanoate of E,) that has differ-
ent pharmacokinetics from E,, such as half-life time and duration
of effect.’® These differences may be responsible for brain long-
term effects that might favor an overstimulation of dopaminergic
neurotransmission in NAcc.

To determine whether the electrophysiological, neurochemical,
cellular and molecular changes observed in EV-treated rats are re-
lated to effects at the behavioural level, a morphine-induced CPP
was performed to evaluate the degree of drug-induced conditioning.

Similar to other drugs of abuse, morphine increases NAcc DA re-
lease’ via hyperpolarisation of VTA GABAergic neurones that
express p opioid receptors.’”¢° Our results show that morphine in-
creases the percentage of conditioning in EV-treated rats respect
to controls. B. Veldsquez, G. Zamorano and R. Sotomayor-Zarate,
unpublished results. obtained in our laboratory show that adult EV
male rats have increased NAcc DA release and morphine-induced
locomotor activity.

In summary, the results of the present study show that neonatal
programming by EV modulates the dopaminergic neurotransmitter
system and enhances morphine-induced conditioning. We have
shown that neonatal programming with sex hormones (EV and TP)
affects long-term mesolimbic and nigrostriatal pathways.?® In hu-
mans, it has been recently demonstrated that prenatal exposure to
androgens correlates with an increased dependence on alcohol in
adult life.%* On the other hand, children who have developed preco-
cious puberty (an early activation of the reproductive axis leading to
an onset of puberty near to 8 and 9 years in girls and boys, respec-
tively) show an increase in risky behaviours, such as drug abuse, sex-
ual risk and anti-social behaviours in adolescence.®? Our data from
animal studies highlight the strong influence of early exposure of E,
on neurotransmission in adulthood, particularly on the dopaminer-
gic system, which could be a factor of susceptibility with respect to
dependence on drugs of abuse, such as alcohol and opioids.
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Abstract

The objective of this study was to develop a methodology to optimize mixtures of natural, non-
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caloric sweeteners—with the highest sweetness and the lowest bitterness—for carbonated soft
drinks. To this end, and with the aid of a trained sensory panel, we first determined the most
suitable mixtures of tagatose, sucrose, and stevia in a soft drink matrix, using a three-component

simplex lattice mixture design. Then, we developed a multi-objective thermodynamically-based
“Universidad Andrés Bello, Faculty of
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decision model to this purpose. Results indicate that both, sucrose and tagatose, were able to
reduce stevia’s bitterness. However, an increase of bitterness intensity was found above

Correspondence 0.23 g/L of stevia (sucrose equivalency or SE >5). Both, sensory analysis and multi-objective
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decision modeling identified similar optimal mixtures, corresponding to 23-39 g/L sucrose,
0.19-0.34 g/L stevia, and 34-42 g/l tagatose, depending on the desired sweetness/bitterness
balance. Within this constrained area, a reduction of almost 60% of sucrose can be achieved in

Practical applications
Current demand of low-calorie beverages has significantly raised as a result of consumer con-

cerns on the negative effects of refined sugars present in carbonated soft drinks. Consequently,

Funding information
Chilean National Council of Scientific and
Technological Research (CONICYT), Grant/
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natural sweeteners, and their mixtures, are being increasingly used for these product develop-

ments. This study provides a methodology to optimize mixtures of natural, noncaloric sweet-
eners for preparing carbonated soft drinks with the lowest possible caloric content, while
maintaining the tastiness—high sweetness and low bitterness—of full caloric ones, containing

the bulk sweetener tagatose and the high-intensity sweetener stevia.

1 | INTRODUCTION Bray, Després, & Hu, 2010; Vartanian, Schwartz, & Brownell, 2007).
These health trends are increasing awareness among consumers about
The consumption of carbonated sugary drinks has been a constant the intake of carbonated sugary drinks, encouraging them to shift
matter of concern to public health, due to the negative contribution their preferences toward products with less sugar and caloric content.

of refined sugars and calories to diet. In recent decades, the intake of To meet this demand, beverages sweetened with a large variety of

these beverages has increased considerably around the world. From
1997 to 2010, average annual consumption of soft drinks worldwide
increased by 20%, mainly sugar-sweetened carbonated drinks (Basu,
McKee, Galea, & Stuckler, 2013). This increase has been related with
rising rates of obesity and other health outcomes, like type 2 diabetes

mellitus and cardiovascular diseases (Basu et al., 2013; Malik, Popkin,

noncaloric artificial sweeteners, like potassium acesulfame and aspar-
tame, have been developed by the industry as healthier alternatives.
Their sweetening power at very low concentrations and their limited
caloric contribution made these compounds an excellent alternative
to replace sugar. However, consumer's reperts and studies with ani-

mals have cdaimed that the consumption of these high-intensity,

J Sens Stud. 2018;e12466.
httos://doi.ore/10.1111/i0s5.12466
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the proposed optimal area, the optimal combinations of sucrose-ste-
vioside-tagatose and sucrose-rebA-tagatose correspond to relative
fractions of 0.27/0.45/0.28 and 0.26/0.45/0.29, respectively
(Supporting Information Table S4). However, the cost of production
and the amount of tagatose makes these mixtures less suitable. When
price and calories reduction are incorporated, then relative fractions
of 0.24/0.50/0.26 and 0.23/0.50/0.27 would be more appealing.

In conclusion, in this work, we demonstrated that a multi-
objective decision model could be successfully used to identify opti-
mal mixtures of natural sweeteners—highest sweetness and lowest
bitterness—based on the interaction energies of sweetener-receptor
and sweetener-sweetener complexes. The optimal mixtures predicted
by multi-objective thermodynamic modeling were similar to those
obtained through DOE and sensory analysis, demonstrating the
robustness of the developed model. Therefore, the most suitable com-
binations, depending on the sweetness/bitterness balance, were those
containing 23-39 g/L sucrose, 0.19-0.34 g/L stevia, and 34-42 g/L
tagatose. It is worth mentioning at this level that consumer research
studies would be necessary to further validate the acceptability of the
selected optimal mixtures.

Experimental sensory optimization validated the results predicted
by the multi-objective decision model. A reduction of almost 60% of
sucrose can be achieved using both stevia and tagatose, keeping bit-
terness intensity low. If further reduction is desired, ternary mixtures
with a higher proportion of tagatose are a good option. This could
result in a 79% reduction of total calories compared to a regular soft
drink (pure sucrose). However, if an economically feasible product is
required, the reduction of the amount of tagatose would be
mandatory.

Finally, multi-objective optimization will be a useful tool for devel-
oping new sweetener mixtures with other natural sweeteners, such as
Luo Han Guo (also known as monk-fruit) or to reduce other unwanted
attributes besides bitterness.
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Abstract

The study of binding site similarities can be relevant to understand the interaction of different
drugs at several molecular targets. The increasing availability of protein crystal structures
and the development of novel algorithms designed to evaluate three-dimensional similari-
ties, represent a great opportunity to explore the existence of electronic and shape features
shared by clinically relevant proteins, which could assist drug design and discovery. Proteins
involved in the recognition of monoaminergic neurotransmitters, such as monoamine trans-
porters or monoamine oxidases (MAQ) have been related to several psychiatric and neuro-
logical disorders such as depression or Parkinson’s disease. In this work, we evaluated the
possible existence of similarities among the binding sites of the serotonin transporter
(SERT), the dopamine transporter (DAT), MAO-A and MAO-B. This study was carried out
using molecular simulation methodologies linked to the statistical algorithm PocketMatch,
which was modified in order to obtain similarities profiles. Our results show that DAT and
SERT exhibit a high degree of 3-D similarities all along the pathway that is presumably
involved in the substrate transport process. Distinct differences, on the other hand, were
found both at the extracellular and the intracellular ends of the transporters, which might be
involved in the selective initial recognition of the corresponding substrate. Similarities were
also found between the active (catalytic) site of MAO-A and the extracellular vestibule of
SERT (the S2 binding site). These results suggest some degree of structural convergence
for these proteins, which have different functions, tissue distribution and genetic origin, but
which share the same endogenous ligand (serotonin). Beyond the functional implications,
these findings are valuable for the design of both selective and non-selective ligands.

PLOS ONE | https://doi.org/10.1371/journal.pone.0200637  July 20, 2018
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the catalytic site of MAQOs [28] and the key residues Glu, Thr and Asp that form the 52 binding
site of SERT. However, it should be noted that this consensus binding site must be cautiously
considered in terms of drug design, since it might not reflect some specific physicochemical
features of each isolated binding site, For instance, although negatively charged residues are
contained in the common binding site, there are not such type of residues at the active site of
MAO-A.

Concluding remarks

3D similarities between SERT and DAT were found all along the pathway that is presumably
involved in the substrate transport process. This agrees with the idea that these proteins share
a similar mechanism for the transport of substrates from the extracellular domain to the cyto-
plasm [7,64]. In addition, 3D differences between SERT and DAT were found both at the
extracellular and the intracellular ends of the transporters, in regions that, remarkably, are rel-
atively distant from the S1 or S2 binding sites. These results are in agreement with recent
computational and mutagenesis data showing that selective binding of substrates is not associ-
ated with the non-conserved SERT/DA'I' residues at 81 or 82 binding sites [66], but rather sug-
gest that selectivity might be related to the initial recognition of substrates at the areas that we
have found to show 3D differences. Altogether, similarities and differences detected when
comparing SERT and DAT might be useful for both a better understanding of monoamine
transporter function and for the design of selective and non-selective ligands.

Similarities were also found between the active (catalytic) site of MAO-A and the extracellu-
lar vestibule of SERT (the 52 binding site). These results suggest some degree of structural con-
vergence [67] for these proteins which have different functions, tissue distribution and genetic
origin, but which share the same endogenous ligand (5-HT). Hence, we propase the existence
of a serotonergic “receptophore” in both proteins (the consensus binding site shown in Fig 8),
which by analogy with the pharmacophore concept can be defined as a 3D ensemble, at the
binding site(s) of two or more receptors, of molecular, steric and electronic features that ensure
the optimal molecular interactions with a common promiscuous ligand. Further studies are
necessary to determine if this 3D ensemble is also present in metabotropic and/or ionotropic
5-HT receptors, and if this concept can be extrapolated to other ligand-receptor systems.

Finally, from a methodological perspective, we want to emphasize that the use of dummy
atoms instead of typical ligands to study binding site characteristics can be particularly appro-
priate in those cases where the ligand binding site is unknown.
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in the Number of Calcium-Induced
Exocytotic Events in a Cellular Model
of Down Syndrome

Jacqueline Vdsquez-Navarrete?, Agustin D. Martinez?, Stéphane Ory2, Ximena
Baéz-Matus’, Arlek M. Gonzélez-Jamett', Sebastidn Brauchi®, Pablo Caviedes*°*
and Ana M. Cardenas™

'Centro Interdisciplinario de Neurociencia de Valparaiso, Facuitad de Clencias, Universidad de Valparaiso, Valparaiso, Chile,
“Centre National de la Recherche Scientifique (CINRS UPR 3212), Institut des Neurosciences Cellulaires et intégratives (INCI),
Strasbourg, France, *Department of Physiclogy, Faculty of Medicing, Universidad Austral de Chite, Valdivia, Chile, *Programa
de Farmacologia Molecular y Clinica, ICBM, Facultad de Medicina, Universidad de Chite, Santiago, Chile, "Centro da
Biotecnologia y Bioingenieria (CeBiB), Departamento de Ingenieria Quimica, Biotecnologia y Materiales, Facultad de Ciencias
Fisicas y Matematicas, Universidad da Chile, Santiago, Chile

In humans, Down Syndrome (DS) is a condition caused by partial or full trisomy of
chromosome 21. Genes present in the DS critical region can result in excess gene
dosage, which at least partially can account for DS phenotype. Although regulator
of calcineurin 1 (RCANT) belongs to this region and its ectopic overexpression in
neurons impairs transmitter release, synaptic plasticity, learning and memory, the relative
contribution of RCAN1 in a context of DS has yet to be clarified. In the present
work, we utilized an in vitro model of DS, the CTb neuronal cell line derived from the
brain cortex of a trisomy 16 (Ts16) fetal mouse, which reportedly exhibits acetylcholine
release impairments compared to CNh cells (a neuronal cell line established from a
normal littermate). We analyzed single exocytotic events by using total internal reflection
fluorescence microscopy (TIRFM) and the vesicular acetylcholine transporter fused to
the pH-sensitive green flucrescent protein (VAChT-pHIuorin) as a reporter. Our analyses
showed that, compared with control CNh cells, the trisomic CTb cells overexpress
RCANT, and they display a reduced number of Ca?'-induced exocytotic events.
Remarkably, RCANT1 knockdown increases the extent of exocytosis at levels comparable
to those of CNh cells. These results support a critical contribution of RCAN1 to the
exocytosis process in the trisomic condition.

Keywords: down syndrome, exocytosis, i i i , RCAN1, trisomy 16, total internal reflection
fluor e micr pYy, vesicular Y ine porter, pHluorin
INTRODUCTION

Down Syndrome (DS), a condition caused by the presence of an extra copy of chromosome
21, is manifested by multiple abnormalities, the most prominent features being neurological
and cognitive disabilities. Although cognitive impairments vary in DS individuals from mild to
moderate, working memory, language and comprehension are the most greatly impaired functions

Abbreviations: DS, Down s}'ndmme: DSCR1, Down syndmme critical region 1; NT, non-targeting siRNA; RCANT,
regulator of calcineurin 1; 1516, trisomy 16; TIRFM, total internal reflection fluorescence microscopy; VAChT-pHluorin,
vesicular acetylcholine transporter fused to the pH-sensitive green fluorescent protein
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compared to CNh cells (Figure 4), and to address its contribution
to the regulation of exo/endocytosis, we reduced its expression
by transfecting specific Rcanl siRNAs. In this condition,
RCanl abundance reached levels comparable to those observed
in CNh cells. Interestingly, although Reanl knockdown in CTb
cells did not affect spontaneous exocytosis, it increased the
number of non-lateral diffusion events induced by ionomycin,
reaching values similar to those of CNh cells. Therefore, as in
chromatffin cells, our study indicates that Rcanl is involved in the
control of regulated exocytosis.

The effects of the Rcanl overexpression on exocytosis in
chromaffin cells seem to be a consequence of the chronic
inhibition of calcineurin. Indeed, chronic exposure of chromaffin
cells to calcineurin inhibitors reduced the total amount of
exocytosis and impaired vesicle recycling (Zanin et al,, 2013).
Among the calcineurin substrates involved in vesicle recycling
are dynamin, amphiphysin and synaptojanin (Cousin and
Robinson, 2001). Of particular interest is dynamin, which in
addition to its role in endocytosis, regulates exocytosis and
vesicle recycling (Gonzalez-Jamett et al., 2010, 2013; Moya-Diaz
et al, 2016). Reanl also regulates, via calcineurin, the actin
cytoskeleton dynamics by regulating cofilin phosphorylation
(Wang et al., 2016), a protein that disassembles actin filaments
(Maciver and Hussey, 2002; Pavlov et al., 2007; Pfaendtner et al.,
2010). It is known that Rcanl overexpression reduces the levels
of active cofilin (Wang et al.,, 2016), and cofilin knockdown
decreases G-actin/F-actin ratio (Hotulainen et al., 2005). Since
actin plays critical roles at different stages of exocytosis (Porat-
Shliom et al., 2013; Olivares et al., 2014) Rcanl overexpression
could have affected exocytosis in CTb cells by impairing actin
remodeling. Interestingly, CTb cells exhibit increased F-actin/G-
actin ratio when compared with CNh cells (Pérez-Nufiez et al.,
2016) and it has been observed that a reduced F-actin disassembly
negatively impacts exocytosis (Meunier and Gutiérrez, 2016).

CONCLUSION

Hundreds of genes are overexpressed in DS (Hattori et al., 2000),
which have a variable contribution to the phenotypes associated
with the trisomic condition. Although the molecular mechanisms
remain to be addressed, we found that the overexpression of
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Calcium and cAMP directly modulate the
speed of the Drosophila circadian clock
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Abstract

Circadian clocks impose daily periodicities to animal behavior and physiology. At their core,
circadian rhythms are produced by intracellular transcriptional/translational feedback loops
(TTFL). TTFLs may be altered by extracellular signals whose actions are mediated intracel-
lularly by calcium and cAMP. In mammals these messengers act directly on TTFLs via the
calcium/cAMP-dependent transcription factor, CREB. In the fruit fly, Drosophila melanoga-
ster, calcium and cAMP also regulate the periodicity of circadian locomotor activity rhythmic-
ity, but whether this is due to direct actions on the TTFLs themselves or are a consequence
of changes induced to the complex interrelationship between different classes of central
pacemaker neurons is unclear. Here we investigated this question focusing on the periph-
eral clock housed in the non-neuronal prothoracic gland (PG), which, together with the cen-
tral pacemaker in the brain, controls the timing of adult emergence. We show that genetic
manipulations that increased and decreased the levels of calcium and cAMP in the PG
caused, respectively, a shortening and a lengthening of the periodicity of emergence. Impor-
tantly, knockdown of CREB in the PG caused an arrhythmic pattern of eclosion. Interest-
ingly, the same manipulations directed at central pacemaker neurons caused arrhythmicity
of eclosion and of adult locomotor activity, suggesting a common mechanism. Our results
reveal that the calcium and cAMP pathways can alter the functioning of the clock itself. In
the PG, these messengers, acting as outputs of the clock or as second messengers for sti-
muli external to the PG, could also contribute to the circadian gating of adult emergence.

Author summary

Circadian clocks impose daily periodicities to animal behavior and physiology. At their
core, circadian rhythms are produced by intracellular transcriptional/translational feed-
back loops (TTEL). TTFLs may be altered by extracellular signals whose actions are medi-
ated intracellularly by calcium and cAMP. In Drosophila, calcium and cAMP levels affect
the periodicity of Drosophila circadian rhythms, but whether this is due to direct actions
on the TTFLs themselves or is a consequence of changes induced to the complex interrela-
tionship between different classes of central pacemaker neurons is unclear. Here we used
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corresponding MESA analyses of timecourse of eclosion behavior of animals expressing Epacl
sensor in the PG (a); records of controls are shown below: phm-gal4 driver (b) and UAS-Epacl
sensor alone (c). (B) Free-running periodicity values for genotypes shown in (A); each circle
indicates results from separate experiments; average is indicated by horizontal line; same let-
ters indicate no statistically different groups (one-way ANOVA, Tukey’s post hoc multiple
comparison analyses). (C) Average rhythmicity index (RI) values (+ SEM) for genotypes
shown in (A); numbers in parenthesis indicate number of separate experiments; same letters
indicate no statistically different groups (one-way ANOVA, Tukey’s post hoc multiple compar-
ison analyses). (D) Representative records of adult locomotor activity in DD (left) and Auto-
correlation analyses (right) of normal (per”) fly expressing Epacl sensor in the PG (a) and of
per’! adult expressing Epacl sensor in the PG (b). (E) Free-running period values for results
shown in (D); each circle indicates individual flies tested; average is indicated by horizontal
line. (F) Average (+ SEM) RI, ***p<0.0001 (two-tailed Student ¢-test with confidence interval
0f 95%). Numbers in parenthesis indicate total number of flies tested.

(TIF)
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ABSTRACT Two families of accessory proteins, 8 and y, modulate BK channel gating and pharmacology. Notably, in the
absence of internal Ca® ', the y1 subunit promotes a large shift of the BK conductance-voltage curve to more negative potentials.
However, very little is known about how a- and y1 subunits interact. In particular, the association stoichiometry between both
subunits is unknown. Here, we propose a method to answer this question using lanthanide resonance energy transfer. The
method assumes that the kinetics of lanthanide resonance energy transfer-sensitized emission of the donor double-labeled
a/v1 complex is the linear combination of the kinetics of the sensitized emission in single-labeled complexes. We used a lantha-
nide binding tag engineered either into the a- or the 1 subunits to bind Tb'* as the donor. The acceptor (BODIPY) was attached
to the BK pore-blocker iberiotoxin. We determined that y1 associates with the a-subunit with a maximal 1:1 stoichiometry. This
method could be applied to determine the stoichiometry of association between proteins within heteromultimeric complexes.

BK channels are homotetramers of the pore-forming a-sub-
unit, which is broadly expressed in mammal tissues and its
distinctive physiological function is to dampen the effects
of the cytosolic increase of Ca>" concentration due to the
opening of voltage-dependent Ca®* channels (1-4).
Although BK channels are coded by a single gene
(KCNMALI), they display a remarkable functional diversity,
largely due to their interaction with accessory subunits. Two
families of BK channel accessory subunits, the g-family
(B1-B4) (5-8) and the vy-family (yl—y4) (9.10), confer
new and physiological relevant phenotypes to the BK chan-
nel. Within the y-family, the most remarkable effects are
produced by the y1 subunit (9). This accessory subunit
greatly increases the allosteric coupling between voltage
sensors and pore, shifting the conductance-voltage (G-V)
curve >150 mV to the left along the voltage axis (9,10).
Although the structure of the Aplysia BK channel was
determined by the cryo-electron microscopy technique
(11,12), little is known about the detailed structure of the
accessory subunits beyond their secondary structure and
putative membrane topology (10.13). Regarding the stoichi-
ometry between the a-subunit and its accessory subunits, it
is known that the tetramer formed by « can hold from one to
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four 81 or $2 subunits (14). However, the stoichiometry
between a- and any of the y-subunits is unknown at present.
Interestingly, the y1 subunit displays an all-or-none effect
on the BK channel. However, there is not a definite test
of how many vyl subunits are necessary to cause this
effect (15).

Lanthanide resonance energy transfer (LRET) technique,
together with symmetric nanopositioning system (SNPS)
analysis (16), have been previously used to study conforma-
tional changes in ion channels in response to a stimulus like,
for example, a change in membrane voltage (16.17). LRET/
SNPS calculates the positions of terbium ions chelated by
lanthanide binding tag (LBT) motifs (18), which are strate-
gically inserted in different positions of the protein of inter-
est. In the case of G1, LRET/SNPS was used to determine
the structural rearrangements due to the interaction be-
tween the «a- with §1 subunits (19). Given the tetrameric
structure of BK, the LBT-labeled channel contains four
LBT-Tb*" donors interacting with a single toxin-BODIPY
acceptor. Two alternatives strategies were used to study
the (« + B1)BK channel complex (19). In the first approach,
the a-subunits were LBT-labeled to explore the b posi-
tions in the absence and the presence of §1 subunit. In the
second strategy, 31 was LBT-labeled to determine its posi-
tion relative to the a-subunit. In both cases, because the
acceptor is located outside the center of symmetry of the
channel, there are four different donor-acceptor distances.
Therefore, one way to analyze the LRET/SNPS results is
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Emerging and re-emerging epidemic diseases pose an ongoing threat to global health. Currently, Enterobactin
and Enterobactin derivatives have gained interest, owing to their potential application in the pharmaceutical
field. As itis known [J. Am. Chem. Soc (1979) 101, 20, 6097-6104], Enterobactin (HgEB) is an efficient iron carrier
synthesized and secreted by many microbial species. In order to facilitate the elucidation of enterobactin and its
analogues, here we propose the creation of a HgEB standard set using Density Functional Theory Infrared (IR) and
NMR spectra. We used two exchange-correlation (xc) functionals (PBE including long-range corrections —LC-
PBE— and mPW1), 2 basis sets (QZVP and 6-31G(d)) and 2 grids (fine and ultrafine) for most of the HgEB struc-
tures dependent of dihedral angles. The results show a significant difference between the 0—H and N—H bands,
while the (=0 amide and O—(C=0)— IR bands are often found on top of each other. The NMR DFT calculations
show a strong dependence on the xc functional, basis set, and grid used for the H¢EB structure. Calculated 'H and
'>C NMR spectra enable the effect of the solvent to be understood in the context of the experimental measure-
ments. The good agreement between the experimental and the calculated spectra using LC-PBE/QZVP and ultra-
fine grid suggest the possibility of the systems reported here to be considered as a standard set. The dependence
of electrostatic potential and frontier orbitals with the catecholamide dihedral angles of H¢EB is described. The
matrix-assisted laser desorption/ionization time of the flight mass spectrometry (MALDI-TOF MS) of HgEB is

also reported of manner to enrich the knowledge about its reactivity.
© 2018 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/).

1. Introduction

as modified complex molecules with potential medical applications
like the Enterobactin [5,6].

Siderophores in general, are efficient iron carriers synthesized and
secreted by microbial species [1,2]. The Siderophore Enterobactin
(HgEB) is a C3-symetric triscatechol composed of a backbone of a
trilactone ring and three catecholate units attached through amide link-
ages (Fig. 1). The catecholate units embed the guest ion in an octahedral
cavity, leaving a partially free amide group [1]. Its particular conforma-
tion allows a high iron-binding affinity and ion carrier (log K¢: 51) [1].
Catecholates are among nature's most sophisticated structures that
are found in granular cuticles of marine mussels, flavonoids, plant en-
zymes and hormone neurotransmitters. Mimicking these natural struc-
tures has led to the synthesis of advanced materials, such as catalytic
surfaces, polymeric resins, biosensors, dyes and fuel cells [3,4], as well

* Corresponding author.
E-mail address: mmoreno043@ikasle.ehu.eus (M. Moreno).

https://doi.org/10.1016/j.5aa.2018.02.060

Commonly, all Fe-siderophore complexes require an active protein
transport, FepA is a channel protein composed of an N-terminal gate
protein and a 3-barrel [7]. FepA is connected to an outer membrane re-
ceptor (TonB-dependent receptor), which extends into the periplasm.
The final step requires the Fe-Enterobactin (FeHsEB) to be carried
through the periplasmic by FepB, which is connected to FepD and
FepG cytoplasmic transmembrane proteins, which deliver it through
an ATPase to FepC, which provides energy to assist with its uptake
through the inner membrane [8,9]. In 2003, R. Chakraborty et al [10] re-
ported that tricatechols are required to be recognized by FepA, making
their spectroscopic details relevant for ferric catecholamide analogs of
Enterobactin, owing to their potential applications in the pharmaceuti-
cal field [11]. Later in 2008, K.N. Raymond [12] illustrate that siderocalin
binds both bare and ferric siderophores in order to intercept the deliv-
ery of iron to the bacteria, impeding in this manner their virulence.

1386-1425/© 2018 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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Fig. 18. MALDI-TOF MS spectra of [FeHs;Enterobactin]’ (FeHsEB).

with a slope and a correlation factor (R?*) of 1.017 and 0.998, respec-
tively, with an SD of 7.13 cm™' (see Fig. 17). The data here obtained, al-
lows also to localize the N—H and O—H fingerprint regions
(1500-400 cm ') and although it is complicated by the large number
of different vibrational modes that occur here, and under the conditions
in which the theoretical IR were performed (gas phase, low tempera-
ture), we can “highlight” that the calculated N—H and O—H finger
prints at 1396.55, 1181.15, 895.47, 754.06 and 652.43 cm™' corre-
sponds exclusively to N—H, while 1332.90, 980.66, 793.27, 695.61 and
562.56 overlapped with OH bands and 1224.43, 1126.23, 1040.44,
858.27 cm ™' for OH bands, match with those reported for L-D serine
and catechol group bands [16,6], see video SI. Experimental and calcu-
lated FeHsEB IR was also performed of manner to support the suitability
of this study. Figures from S10 to S12 in SI revel similitude between
HgEB and FeEB IR spectrums for both experimental and calculated. IR
theoretical study of FeEnterobactin, with Fe, linked to different donor
groups will be published elsewhere. FeEnterobactin (FeHsEB) was pur-
chased in Genaxxon Bioscience Gmbh and the measurement conditions
for IR and MALDI-TOF-MS were similar to HgEB.The utility of the IR cal-
culation at solvent-free is that this offers an almost accurate correlation
with experimental IR spectra which also is obtained using solvent-free
environment, this allows predict the reactivity of HsEB with chemical
reagent in gas phase at room temperature by advanced processes of
functionalization as those based on vapour phase metalation (VPM)
process at room temperature,

4.4. FeH;EB MALDI-TOF MS Spectra Analysis

Work in progress of the FeH;EB compound shows (see spectrum
displayed in Fig. 18) a good agreement for the most abundant isotope
localized at 723.062 m/z, with a calculated value of 723.414 m/z for
|FeHsEB + H]™, this allows iron to be designed in the triprotonated sa-
licylate conformation (Fe linked at C4,4',4" and C6,6',6") rather than in
the six-unprotonated catecholate conformation, with a calculated
value of 719.382 m/z (Fe linked at C7,7",7" and C6,6',6"), which is com-
mon in the liquid state. Similar catechols are linked to Fe, and a novel
form of fragmenting is observed at 432.697 m/z, with a calculated
value of 433.188 m/z; this is designated here as [FeEB-C,oH,20;Ns],
which considers the loss of the crown ester skeleton with the amide
group, forcing Fe to move to C7-C6 rather than the C4-C6 position
and changing its preference to the catecholate conformation. At
622.067 m/z, the existence of the same fragment mixture as HCCA can
be confirmed, designated here as [FeEB-CyyH205N5 + HCCA], with a
calculated value of 622.328 m/z. The expected cleavage is also seen at
587.825 m/z and 804.141 m/z with the loss of catechol and catechol +
carbonyls groups, with calculated values of 587.301 and 804.492 m/z
for [FeH3;EB-C;Hs03] and [FeH;EB-CgH505], respectively. Details in
Fig. $13 in SL

5. Conclusions

MALDI-TOF MS spectra reveal a marked difference in the reactivity
of HgEB when matrix-assisted laser desorption/ionization-time is
used. Specifically, we emphasize the fragmentation change when
HgEB is linked to iron, passing the incision selectivity since the amide
group in HgEB to C4 and C5 in FeHsEB. This is rational considering that
FeHsEB contains Fe coordinated to 04,4',4" and 06,6',6”. The results
show significant differences between the O—H and N—H bands, and
the C=0 amide and 0-(C=0) IR bands which are often on top of each
other. The NMR DFT calculations reported here show a strong depen-
dence of the exchange-correlation functional, basis set, grid and the
dihedral angles considered in HgEB structure. Thus, the good agree-
ment between both IR and NMR spectra for the xc LC-PBE functional
with QZVP basis set using ultrafine grid of both HgEB structure-1 and
average with the experimental results compared with the others DFT
methods (mPW91/QZVP and mPW91/6-31G(d)) here utilized, in
spite of the absence of solvent, our results allowed to consider that
the calculated IR spectra and 'H and '*C chemical shifts form a
reliable standard set for the spectroscopic characterization of
Enterobactin systems,

Supplementary data to this article can be found online at https://doi.
org/10.1016/j.saa.2018.02.060.
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Calcium ion (Ca*) is an essential second messenger involved
in multiple cellular and subcellular processes. Ca®* can be
released and sensed globally or locally within cells, providing
complex signals of variable amplitudes and time-scales. The
key function of Ca®" in the regulation of acto-myosin
contractility has provided a simple explanation for its role in the
regulation of immune cell migration. However, many questions
remain, including the identity of the Ga®* stores, channels and
upstream signals involved in this process. Here, we focus on
dendritic cells (DCs), because their immune sentinel function
heavily relies on their capacity to migrate within tissues and
later on between tissues and lymphoid organs. Deciphering the
mechanisms by which cytoplasmic Ca®* regulate DC migration
should shed light on their role in initiating and tuning immune
responses.
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Introduction

Calcium jon (Ca®) is a ubiquitous and highly versatile
second messenger, which plays a crucial role in many
cellular functions [1]. Increases in free cytosolic Ca®
trigger a series of cellular responses, including signaling,
intracellular trafficking, non-muscular myosin ITA (Mvoll)-

induced contractility, actin reorganization and ccll migra-
tion [2-4]. "T'he rise in free cvtosolic Ca® occurs either by
influx from the extracellular microenvironment or release
from intracellular Ca®* stores. Remarkably, cach Ca®”
response is an enerypred message with specific speed,
amplitude and spatio-temporal pattern that cells decode
to transform in a coordinated function [5]. Cell migration is
one of the key functions in which Ca?* signaling pla
pivotal role [3]. During this process, riscs in the free
cytosolic Ca®* concentration are integrated by the cells
triggering Myoll-mediated contractility, resulting in fast
cell locomotion [3]. MyolT activity is particularly important
for migration of leukocytes in tissucs [6], as its activation
facilitates fast cell migration in confined geometrics [7].
However, how leukocytes integrate distinct Ca™* signals is
not well understood. In particular, how cell motility is
coordinated based on mobilization of Ca®™ from different
compartments remains unsolved. This phenomenon might
be particularly important in tissues, in which the complex
physical and chemical properties of the microenvironment
can trigger a diversity of Ca®*-dependent responses.

Among leukocytes, dendritic cell (DC) migration plays a
pivotal role in the migaton of adaptive 1mmune
responses [8]. During inflammation, DCs migrate from
damaged or infected tissues to lymph nodes (I.Ns) in
order to activate ‘1" cells, the effectors of the adaptive
immunc svstem. At the cellular level, homing of DCs to
Ivmphoid tissues 1s a complex multistep process during
which cells adapt to the dynamic properties of the micro-
environment [7]. "T'hese steps include DC migration in
the interstitial space of tissues, chemotaxis, the passage
through the tight endothelium and the final colonization
of the target organ. Ca®* signaling is required for a
plethora of functions in DCs, to explore them we recom-
mend the following articles [9-11]. In this review, we
focus on the role of Ca®" signaling in the various steps of
DO migradon from peripheral tissues to LNs. More
precisely, we will discuss recent advances on the role
of Ca** release from different stores in the coordination of
DC motlity. We will further analyze the mechanical
responses of DCs to microenvironmental changes, to
finally provide a perspective on the role of Ca®* dynamics
in the coordination of immune responscs.

Tissue exploration
Immature DCs (iDDCs) randomly patrol tissues in search
for danger signals [8]. Owing tw the complexity of

Current Opinion in Immunology 2018, 52:74-80
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Inter-organelle communication. Closely apposed organelles allow communication between different Ca®* stores that in migratory cells have a
specific intracellular organization and might be essential to modulate the migratory features of dendritic cells. Left: At the cell rear Ca®* release
from the lysosomes via transient receptor potential-mucolipin 1 channel (TRPML1) or transient receptor potential cation member 2 (TRPM2)
channel might be quickly taken up by the endoplasmic reticulum (ER, pumps are not shown) or mitochondria (mitochondrial Ca® uniporter, MCU).
Middle: Mitochondria located at the cell front can also interact with the ER, regulating local Ca®* release via inositol-trisphosphate receptor (IP;R)
to locally modulate cell signaling. Right: During store-operated Ca®* entry (SOCE), the ER resident protein stromal interaction molecules (STIM)
bind CRAC channels located in the plasma membrane allowing Ca®* influx and consequent refilling of the ER. In addition, at the cell front fusion of
phagosomes with the ER triggers local Ca®* signaling through CRAC channels. Arrows indicate the Ca®* flux direction.

IFurthermore, unlike DCs, “I" cells stop with increases in
the cytosolic Ca®* [63,64]. An interesting hypothesis is
that during the immune response the cell-cell Ca**
transfer via gap junctions from DCs to T cells
[34,65,66], might be a stop signal to stabilize immune
synapses in LNs [67].

Future challenges concern the visualization of Ca®*
dynamics in migrating DCs. Indeed, the lack of trans-
genic mice and the fact that fluorescent Ca®* probes
might directly affect cell migration [68], has hampered
the analysis of Ca®* dynamics at various spatio-temporal
scales in DCs. The development of new tools to study Ca?
* signaling during DC migration, as it happened in other
leukocytes [69°,70], shall therefore help the field moving
forward.

Concluding remarks

In the present review, we summarize the complexity of
the Ca®™ code for the regulation of DC migration at
different stages of the immune response. Ca®* stores
differentially contribute to increments in the cytosolic
Ca** concentration, generating responses that depend on
the cellular state [71]. While iDCs rely mostly in Ca*
from the ER for cell motility, mDCs required Ca®* from
the lysosomes, although membrane channels also contrib-
ute depending on the stimulus. "T'his differential response
is probably linked to the different functions of these cells.
At the immature state, DCs are dedicated to antigen
internalization, function that can lead to the interaction
of nascent phagosomes with the ER to regulate antigen

processing. T'he use of ER as store for the regulation of
cell motility in iDCs might serve to couple both functions,
helping to coordinate the early events of the immune
response. On the other side, mDCs are specialized in
antigen presentation, which occurs upon degradation of
the ingested particles in lysosomes and the consequent
generation of antigenic peptides. The use of this store to
control cell motility might allow the coupling of antigen
presentation with the homing of mDCs to the LN,
favoring the specific migration of cells endowed with
the potential to mount immune responses. Once at the
LNs, cell—cell communication mechanisms, such as gap
junction channels, might allow Ca®* transfer from mDCs
to 'I" cells, contributing to their efficient activation. We
hypothesize that the fine regulation of Ca®* release from
intracellular stores generates a precise Ca’* code, which is
required to coordinate the multdple cellular functions
leading to the spatio-temporal organization of immune
responscs.
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ABSTRACT: Cell-to-cell transmission is the most effective
pathway for the spread of human immunodeficiency virus
(HIV-1). Infected cells expose virus-encoded fusion proteins
on their surface as a consequence of HIV-1 replicative cycle
that interacts with noninfected cells through CD4 receptor and
CXCR4 coreceptor leading to the formation of giant multi-
nucleated cells known as syncytia. Our group previously
described the potent activity of dendrimers against CCRS-
tropic viruses. Nevertheless, the study of G1-S4, G2-S16, and
G3-S16 dendrimers in the context of X4-HIV-1 tropic cell—cell

NON-TREATMENT TREATMENT

fusion referred to syncytium formation remains still unknown. These dendrimers showed a suitable biocompatibility in all cell
lines studied and our results demonstrated that anionic carbosilane dendrimers G1-S4, G2-S16, and G3-S16 significantly inhibit
the X4-HIV-1 infection, as well as syncytia formation, in a dose dependent manner. We also demonstrated that G2-S16 and
G1-54 significantly reduced syncytia formation in HIV-1 Env-mediated cell-to-cell fusion model. Molecular modeling and in silico
models showed that G2-S16 dendrimer interfered with gp120-CD4 complex and demonstrated its potential use for a treatment.

B INTRODUCTION

Human immunodeficiency virus type 1 (HIV-1) continues to
be a major global public health problem. The UNAIDS program
on HIV/AIDS estimated that 36.7 million people lived with
HIV-1 worldwide, highlighting that around one-third of all
people did not know their HIV-positive status." The percentage
of anti-retroviral naive individuals harboring X4 viruses varies
between 10% and 38%. Some studies estimated the prevalence
of CXCR4-using virus in primary HIV infection at 6—19%.”
Therefore, it is important encourage treatment during this
phase of infection. Otherwise, the anti-retroviral therapy cover-
age according to data from UNAIDS is increasing in over

v ACS Pub[ications © XXXX American Chemical Society

two-thirds of infected patients; however, in regions like Eastern
Europe and Central Asia, those data do not reach 30%," so they
are more susceptible to CXCR4-tropic viruses and developing
AIDS.

The envelope glycoproteins (Env) of HIV-1 are the key
elements involved in viral entry. Env derives from gp160 pre-
cursors generating noncovalently associated trimers of gp120
and gp4l heterodimers. Thus, the entry of HIV-1 into
susceptible cells begins with the initial binding of the HIV-1
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systems considering G2-516 dendrimer. Then, the gp120-CD4
binding free energy, AGygn, was calculated using the
Molecular Mechanics/Generalized Born surface area method
(MM-GBSA)™ as previously reported,™***’ considering the
follow equation:

AGyging = Grora(gp120 — CD4complex)

- (GTOT:\I.(gPIZO) + GT(]TA[_(CD4))GT0TAI
= Hyy + Gy, — TAS,

solv conf

where Hyy, contribution was calculated by summing the in
vacuo gas-phase nonbond energies (Hyny = E,pw + Eg.) and
the solvation free energies ((G,,) = Ggp + Gyp) for each
component, e.g,, gpl20-CD4 complex, gp120 protein, and CD4
protein. Polar solvation free energy Ggp was calculated using
Generalized Born approach and nonpolar solvation Gyp was
calculated as y (SASA) + f3, in which y = 0.00542 kcal/A* and
f = 092 kcal/mol.*” The conformational entropy was not
included, because of the large low prediction accuracy and com-
putational cost. AAGyyqin, Was obtained as a difference between
AGyinging in bound-dendrimer and unbound-dendrimer state.
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Synchronization transition in
neuronal networks composed of
chaotic or non-chaotic oscillators

Kesheng Xu(®", Jean Paul Maidana(®?, Samy Castro(®! & Patricio Orio(9%?

Chaotic dynamics has been shown in the dynamics of neurons and neural networks, in experimental
data and numerical simulations. Theoretical studies have proposed an underlying role of chaos in

neural systems. Nevertheless, whether chaotic neural oscillators make a significant contribution to
network behaviour and whether the dynamical richness of neural networks is sensitive to the dynamics
of isolated neurons, still remain open questions. We investigated synchronization transitions in
heterogeneous neural networks of neurons connected by electrical coupling in a small world topology.
The nodes in our model are oscillatory neurons that —when isolated - can exhibit either chactic or non-
chaotic behaviour, depending on conductance parameters. We found that the heterogeneity of firing
rates and firing patterns make a greater contribution than chaos to the steepness of the synchronization
transition curve. We also show that chaotic dynamics of the isolated neurons do not always make a
visible difference in the transition to full synchrony. Moreover, macroscopic chaos is observed regardless
of the dynamics nature of the neurons. However, performing a Functional Connectivity Dynamics
analysis, we show that chaotic nodes can promote what is known as multi-stable behaviour, where the
network dynamically switches between a number of different semi-synchronized, metastable states.

Over the past decades, a number of observations of chaos have been reported in the analysis of time series from
a variety of neural systems, ranging from the simplest to the more complex*2, It is generally accepted that the
inherent instability of chaos in nonlinear systems dynamics, facilitates the extraordinary ability of neural systems
to respond quickly to changes in their external inputs’, to make transitions from one pattern of behaviour to
another when the environment is altered”, and to create a rich variety of patterns endowing neuronal circuits with
remarkable computational capabilities’. These features are all suggestive of an underlying role of chaos in neural
systems (For reviews, see™), however these ideas may have not been put to test thoroughly.

Chactic dynamics in neural networks can emerge in a variety of ways, including intrinsic mechanisms within
individual neurons®~!? or by interactions between neurons**-!. The first type of chaotic dynamics in neural sys-
tems is typically accompanied by microscopic chaotic dynamics at the level of individual oscillators. The presence
of this chaos has been observed in networks of Hindmarsh-Rose neurons® and biophysical conductance-based
neurons” %, The second type of chaolic firing pattern is the synchronous chaos. Synchronous chaos has been
demonstrated in networks of both biophysical and non-biophysical neurons™>!* 2= where neurons display
synchronous chaotic firing-rate fluctuations. In the latter cases, the chaotic behaviour is a result of network con-
nectivity, since isolated neurons do not display chaotic dynamics or burst firing. More recently, it has been shown
that asynchronous chaos, where neurons exhibit asynchronous chaotic firing-rate fluctuations, emerge generically
from balanced networks with multiple time scales in their synaptic dynamics®.

Different modelling approaches have been used to uncover important conditions for observing these types of
chaotic behaviour (in particular, synchronous and asynchronous chaos) in neural networks, such as the synaptic
strength®® ¥, heterogeneity of the numbers of synapses and their synaptic strengths®®?, and lately the balance of
excitation and inhibition®, The results obtained by Sompolinsky et al.** showed that, when the synaptic strength
is increased, neural networks display a highly heterogeneous chaotic state via a transition from an inactive state.
Other studies demonstrated that chaotic behaviour emerges in the presence of weak and strong heterogenei-
ties, for example a coupled heterogeneous population of neural oscillators with different synaptic strengths™ -,
Recently, Kadmon ef al.’! highlighted the importance of the balance between excitation and inhibition on a

1Centro Interdisciplinario de Neurociencia de Valparaiso, Universidad de Valparaiso, Valparaiso, 2360102,
Chile. ’Instituto de Neurociencia, Facultad de Ciencias, Universidad de Valparaiso, Valparaiso, 2360102, Chile.
Correspondence and requests for materials should be addressed to P.O. (email: patricio.orio@uv.cl)
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Abstract: Amphiphilic Janus dendrimers (JDs) are repetitively branched molecules with hydrophilic
and hydrophobic components that self-assemble in water to form a variety of morphologies, including
vesicles analogous to liposomes with potential pharmaceutical and medical application. To date,
the self-assembly of JDs has not been fully investigated thus it is important to gain insight into its
mechanism and dependence on JDs” molecular structure. In this study, the aggregation behavior
in water of a second-generation bis-MPA JD was evaluated using experimental and computational
methods. Dispersions of JDs in water were carried out using the thin-film hydration and ethanol
injection methods. Resulting assemblies were characterized by dynamic light scattering, confocal
microscopy, and atomic force microscopy. Furthermore, a coarse-grained molecular dynamics
(CG-MD) simulation was performed to study the mechanism of |Ds aggregation. The obtaining
of assemblies in water with no interdigitated bilayers was confirmed by the experimental
characterization and CG-MD simulation. Assemblies with dendrimersome characteristics were
obtained using the ethanol injection method. The results of this study establish a relationship
between the molecular structure of the JD and the properties of its aggregates in water. Thus, our
findings could be relevant for the design of novel JDs with tailored assemblies suitable for drug
delivery systems.

Keywords: Janus dendrimers; amphiphilic; self-assembly; coarse-grained molecular dynamics

1. Introduction

Amphiphilic Janus dendrimers (JDs) are molecules composed of polar (hydrophilic) and non-polar
(hydrophobic) dendritic blocks [1]. This characteristic is the key factor that favors the spontaneous
self-assembly of JDs in water into complex supramolecular structures [2]. The variation in the chemical
structure of |Ds allows achieving a rich palette of morphologies in water, such as cubosomes, disks,
tubular vesicles, helical ribbons and bilayered vesicles, termed as dendrimersomes [3].

Molecules 2018, 23, 969; doi:10.3390 / molecules23040969 www.mdpi.com/journal/molecules
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For further research, a computational and experimental study of dendrimer structure modifications
and their impact in the self-assembly process is in progress.

Supplementary Materials: The following are available online, Figure 51: Time stability of small assemblies from
1D, Figure S2: Temperature stability of small assemblies from JD, Figure S3: Solvent accessible surface area (SASA)
of the dendrimers during the simulation, Figure 54: Reaction scheme, Figure S5: IH NMR spectra (500 MHz,
CDCly) of D and peak assignments.
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Abstract

Background lsocitrate dehydrogenase 1 (IDHI1) is a
dimeric enzyme responsible for supplying the cell’s
nicotinamide adenine dinucleotide phosphate (NADPH)
reserves via dehydrogenation of isocitrate (ICT) and
reduction of NADP-+. Mutations in position R132 trigger
cancer by enabling IDH]1 to produce p-2-hydroxyglutarate
(2-HG) and reduce inhibition by ICT. Mutant IDH1 can be
found as a homodimer or a heterodimer.

Objective We propose a novel strategy to inhibit IDHI
R132 variants as a means not to decrease the concentration
of 2-HG but to provoke a cytotoxic effect, as the cell
malignancy at this point no longer depends on 2-HG. We
aim to inhibit the activity of the mutant heterodimer to
block the wild-type subunit. Limiting the NADPH reserves
in a cancerous cell will enhance its susceptibility to the
oxidative stress provoked by chemotherapy.

Methods We performed a virtual screening using all US
FDA-approved drugs to replicate the loss of inhibition of
mutant IDHI by ICT. We characterized our results based
on molecular interactions and correlated them with the
described phenotypes.

Results We replicated the loss of inhibition by ICT in
mutant IDHI. We identified 20 drugs with the potential to
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inhibit the heterodimeric isoform. Six of them are used in
cancer treatment.

Conclusions We present 20 FDA-approved drugs with the
potential to inhibit IDHI wild-type activity in mutated
cells. We believe this work may provide important insights
into current and new approaches to dealing with IDHI1
mutations. In addition, it may be used as a basis for addi-
tional studies centered on drugs presenting differential
sensitivities to different IDHI isoforms.

Key Points

We describe a novel bioinformatics approach to
inhibit isocitrate dehydrogenase 1 (IDHI)
variant enzymes.

We performed a virtual screening of all US FDA-
approved drugs to find potential inhibitors of the
heterodimeric IDH1 R132H mutant enzyme.

We found 20 drugs with potential inhibiting
properties for heterodimeric IDH1; six are used in
cancer therapy and one presents enhanced activity in
patients with IDH1 mutations.

1 Introduction

In humans, three enzymes have isocitrate dehydrogenase
(IDH) activity: IDHI, IDH2. and the IDH3 complex [1],
which is comprised of the IDH3a, IDH3b, and IDH3g
subunits [2]. These enzymes transform isocitrate (ICT) into
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Here, we provide results of an in silico screening pro-
cedure based on a novel approach of inhibiting IDHI
R132H mutants. We present 20 drugs derived from the
FDA database with the potential to inhibit IDH1 wild-type
activity in cells containing the mutation.

We believe this work may provide important insights
into current and new approaches to deal with IDHI
mutations, particularly inhibiting the wild-type activity in
cells presenting the IDH1 R132H mutation. In addition, it
may be used as a basis for additional studies centered on
drugs presenting differential sensitivities to different IDH1
isoforms.

4 Conclusions

Qur docking results recreated, in silico, the loss of inhibi-
tion by ICT in IDHI mutant enzymes, which represents
strong evidence that the docking algorithm parameters are
suitable for our studied system.

A total of 20 drugs presented potential inhibitory prop-
ertics for the heterodimeric mutant IDH1™ R A5 these
drugs are approved by the FDA, the potential toxic or side
effects they may present are limited and already charac-
terized, although parameters such as administration and
doses should be taken into account. The fact that five of
these drugs are used in cancer treatment and that one
presents antitumor activity is very encouraging. Moreover,
one of these drugs (dasatinib) presents an exceptional
sensitivity for IDH mutant tumor cell lines.

We believe the results of our simulations, which iden-
tified potential inhibitors of the wild-type activity of IDHI
R132H mutant heterodimers, is a promising approach and
provides valuable insights for personalized medicine
treatments. Further experimental analysis, such as prolif-
eration assays and 2-HG quantifications, should be per-
formed to support and validate our results.

5 Limitations

This work is a computational-based study of a new
approach for inhibiting IDH1 mutants. We propose a list of
20 FDA-approved drugs that show theoretical potential to
inhibit the heterodimeric mutant enzyme IDHI™R'32H,
Further studies should be performed on these drugs to
review the behavior with IDHI mutants and to study their
side effects. Regarding this last point, all drugs included in
this study are FDA approved, limiting these potential
problems.

Experimental procedures for selected drugs, including
2-HG measurements and calorimetry, are part of a proposal
for continuing the present work.
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Connexin-36 (Cx36) protein forms gap junction (GJ) channels in pancreatic beta cells
and is also the main Cx isoform forming electrical synapses in the adult mammalian
brain. Cx36 GJs can be regulated by intracellular pH (pH;) and cytosolic magnesium
ion concentration ((Mg2+]), which can vary significantly under various physiological and
pathological conditions. However, the combined effect and relationship of these two
factors over Cx36-dependent coupling have not been previously studied in detail. Our
experimental results in Hela cells expressing Cx36 show that changes in both pH; and
[Mg2*]; affect junctional conductance (gj) in an interdependent manner; in other words,
intracellular acidification cause increase or decay in g; depending on whether [Mg?t]; is
high or low, respectively, and intracellular alkalization cause reduction in gj independently
of [MgZ*];. Our experimental and modelling data support the hypothesis that Cx36 GJ
channels contain two separate gating mechanisms, and both are differentially sensitive
to changes in pH; and [Mg?*].. Using recombinant Cx36 we found that two glutamate
residues in the N-terminus could be partly responsible for the observed interrelated effect
of pH; and [Mg?*].. Mutation of glutamate at position 8 attenuated the stimulatory effect
of intracellular acidification at high [Mg2*];, while mutation at position 12 and double
mutation at both positions reversed stimulatory effect to inhibition. Moreover, Cx36*E8Q
lost the initial increase of g; at low [Mg?*t]; and double mutation lost the sensitivity to high
[Mg2*];. These results suggest that E8 and E12 are involved in regulation of Cx36 GJ
channels by Mg?+ and H* ions.

Keywords: connexin-36, gap junctions, intracellular pH and Mg2+, mutants, cell culture

INTRODUCTION

Cell-to-cell coupling through gap junction (GJ) channels is essential for intercellular
communication in most cell types. GJ channels serve as an intercellular pathway for ions, small
metabolites such as IP3 and cAMP (Niessen et al., 2000; Bedner et al., 2006), and larger molecules
such as small interfering RNAs (Valiunas et al., 2005; Antanaviciute et al., 2014) and peptides
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that [Mg?~]; and pHj effect on Cx36 plays at least a partial role
in the protective mechanisms. For example, the depletion of ATP
during brain ischemia (Sato et al., 1984) could induce an increase
of [1\r1g2+|; (Henrich and Buckler, 2008), therefore these factors
together might coordinate the regulation of electrical coupling.
Presumably, under a mild ischemia it might be beneficial to
maintain the normal electrical coupling, while the closure of
Cx36 G] channels during a severe ischemia could isolate the
damaged regions of cells, thus preventing the further spread of
apoptosis.
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Abstract

Hereditary myopathies are inherited disorders primarily affecting the skeletal muscle tissue.
These are caused by mutations in different genes-encoding proteins that play important roles in
muscle structure and function. Skeletal muscle weakness and hypotonia are typical clinical
manifestations in most of hereditary myopathies. Histological features such as fiber type
disproportion, myofibrillar disorganization, and structural abnormalitics arc usually observed
in muscle biopsies of non-dystrophic myopathies, while fibrosis, fiber regeneration, wasting,
and atrophy are characteristic of dystrophic myopathies. However, similar histopathological
features may ovetlap in different hereditary myopathies. This is how mutations in a same gene
can lead to different forms of hereditary myopathies and a same myopathic phenotype can
derive from defects in different related genes making difficult a specific diagnosis. In this
regard, understanding all aspects of hereditary myopathies can facilitate a better diagnosis
and treatment. In this chapter, we offer a review of some of the most prevalent hereditary
myopathies, highlighting clinical, histological, and molecular aspects of these muscle disorders.

Keywords: hereditary myopathy, muscle disease, congenital myopathy, muscular
dystrophy

1. Introduction

Hereditary myopathies are a heterogeneous group of inherited diseases primarily affecting the
skeletal muscle tissue. These are caused by mutations in genes encoding proteins critical for muscle
structure and function, with X-linked, autosomal-recessive or -dominant inheritance pattern.
Hereditary myopathies include several forms of dystrophic and non-dystrophic disorders with a
wide spectrum of genetic, biochemical, histological, and clinical features. A common characteristic

© 2018 The Author(s), Licensee IntechOpen. This chapter is distributed under the terms of the Creative
Intechopen Commans Attribution License (hitp://creativecommons.org/licenses/by/ 3.0}, which permits unrestricted use,

distribution, and reproduction in any medium, provided the original wark is properly cited.

149



CINV ANNUAL PROGRESS REPORT —-2018

104 Muscle Cell and Tissue - Current Status of Research Field

Acknowledgements

We thank Dr. Norma B. Romero from the Institute of Myology in Paris, France, and Prof. Anders
Oldfors from the University of Gothenburg, in Gothenburg, Sweden for generously providing
illustrative material, This work was supported by Grants Fondecyt 3160311 to AG-J, Fondecyt
1151383 to JAB and Fondecyt 1160495 to AMC.

Author details

Arlek Marion Gonzélez-Jamett'*, Jorge Alfredo Bevilacqua®® and Ana Maria Cdrdenas Diaz'
*Address all correspondence to: arlek.gonzalez@cinv.cl

1 Centro Interdisciplinario de Neurociencia de Valparaiso, Universidad de Valparaiso,
Valparaiso, Chile

2 Departamento de Neurologia y Neurocirugia Hospital Clinico Universidad de Chile,
Universidad de Chile, Santiago, Chile

3 Unidad de Patologia Neuromuscular, Departamento de Neurologia y Neurocirugia, Clinica
Dévila, Santiago, Chile

References

[1] Cassandrini D et al. Congenital myopathies: Clinical phenotypes and new diagnostic
tools. Italian Journal of Pediatrics. 2017;43(1):101

[2] Jungbluth H et al. Current and future therapeutic approaches to the congenital myopa-
thies. Seminars in Cell & Developmental Biology. 2017;64:191-200

[3] North KN. Clinical approach to the diagnosis of congenital myopathies. Seminars in
Pediatric Neurology. 2011;18(4):216-220

[4] Romero NB. Recent advances in nemaline myopathy. Current Opinion in Neurology.
2013;26(5):519-526

[5] Malfatti E et al. Muscle histopathology in nebulin-related nemaline myopathy: Ultrastras-
tructural findings correlated to disease severity and genotype. Acta Neuropathologica
Communications. 2014;2:44

[6] Clarkson E et al. Congenital myopathies: Diseases of the actin cytoskeleton. The Journal
of Pathology. 2004;204(4):407-417

[7] Sewry CA et al. Myopathology in congenital myopathies. Neuropathology and Applied
Neurobiology. 2017;43(1):5-23

150



CINV ANNUAL PROGRESS REPORT —-2018

Published Online: 11 April, 2018 | Supp Info: http://doi org/10.1085/j¢p 201711782
Downloaded from jgp.rupress.org on April 11, 2018

Journal of
General
Physiology

The syndromic deafness mutation G12R impairs
fast and slow gating in Cx26 hemichannels

Isaac E. Garcia”@®, Felipe Villanelo'*®, Gustavo F. Contreras!, Amaury Pupo’, Bernardo I. Pinto' @, Jorge E. Contreras'®, Tomds Pérez-Acle!?,
Osvaldo Alvarez-*®, Raman Latorre!@, Agustin D. Martinez!@®, and Carlos Gonzalez*

Mutations in connexin 26 (Cx26) hemichannels can lead to syndromic deafness that affects the cochlea and skin, These
mutations lead to gain-of-function hemichannel phenotypes by unknown molecular mechanisms. In this study, we
investigate the biophysical properties of the syndromic mutant Cx26G12R (G12R). Unlike wild-type Cx26, G12R macroscopic
hemichannel currents do not saturate upon depolarization, and deactivation is faster during hyperpolarization, suggesting
that these channels have impaired fast and slow gating. Single G12R hemichannels show a large increase in open probability,
and transitions to the subconductance state are rare and short-lived, demonstrating an inoperative fast gating mechanism.

Molecular dynamics simulations indicate that G12R causes a displacement of the N terminus toward the cytoplasm,
favoring an interaction between R12 in the N terminus and R99 in the intracellular loop. Disruption of this interaction
recovers the fast and slow voltage-dependent gating mechanisms. These results suggest that the mechanisms of fast and
slow gating in connexin hemichannels are coupled and provide a molecular mechanism for the gain-of-function phenotype

displayed by the syndromic G12R mutation.

Introduction

A family of proteins called connexins forms vertebrate gap
junction channels and hemichannels. They are encoded by a
multigene family that contains 21 members in humans (S&hl
and Willecke, 2003). Connexins have four transmembrane seg-
ments (TM1-4) connected by two extracellular loops (EL1-2)
and one intracellular loop, with cytosolic N- and C-terminal
segments, Hemichannels are formed by oligomerization of six
connexin monomers and communicate between the cytoplasm
and the extracellular milieu. At plasma membrane appositional
zones, hemichannels can dock to compatible hemichannelsin the
adjacent cell to form gap junction channels, providing a direct
pathway for intercellular communication (Goodenough et al.,
1996; Gaietta et al., 2002; Segretain and Falk, 2004). Connexin
hemichannels are regulated by pH (Bevans and Harris, 1999),
phosphorylation (Lampe and Lau, 2000), and divalent cations
(Verselis et al., 1994; Verselis and Srinivas, 2008) and exhibit
two voltage-dependent gating mechanisms: loop (slow) gating,
which closes hemichannels at hyperpolarizing voltages, and Vj
(fast) gating, which drives hemichannels into a subconductance
state at depolarizing voltages (Trexler et al., 1996; Bargiello et al.,
2012; Oh and Bargiello, 2015).
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Mutations in the Cx26 gene are the main cause of genetic
deafness (Bergoffen et al., 1993; Kelsell et al., 1997, 2000; Arita et
al., 2006; Arora et al., 2008; Dobrowolski and Willecke, 2009),
with a prevalence of ~50% of cases worldwide (Kelsell etal., 1997).
Some mutations in Cx26 produce syndromic deafness in which
severe deafness is accompanied by extensive damage in other
tissues, such as in keratitis ichthyosis deafness (KID) syndrome,
in which patients also present skin abnormalities (such as
palmoplantar keratoderma and erythrokeratoderma) and strong
inflammation of the cornea (Yotsumoto et al., 2003; van Steensel
etal,, 2004; Arita etal., 2006; Mazereeuw-Hautier et al., 2007). To
date, there is agreement that nonsyndromic deafness-associated
Cx26 mutations reduce gap junction channel function, the degree
of which correlates well with deafness severity. In contrast,
Cx26 mutations associated with syndromic deafness produce
hyperactive or leaky hemichannels in their homomeric (Gerido
etal., 2007; Lee et al., 2009; Sénchez et al., 2010, 2013, 2016) and
heteromeric (Garcia et al., 2015) configurations. KID-associated
mutations cluster at the N terminus and the TM1/EL1 segment of
Cx26 in amino acid residues that face the channel pore (Garcia
et al., 2016). These regions are critical for regulation of gating.
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Long-term potentiation (LTP) and long-term depression (LTD) are two forms of synaptic
plasticity that have been considered as the cellular substrate of memory formation.
Although LTP has received considerable more attention, recent evidences indicate that
LTD plays also important roles in the acquisition and storage of novel information in
the brain. Pannexin 1 (Panx1) is a membrane protein that forms non-selective channels
which have been shown to modulate the induction of hippocampal synaptic plasticity.
Animals lacking Panx1 or blockade of Pannexin 1 channels precludes the induction of
LTD and facilitates LTP. To evaluate if the absence of Panx1 also affects the acquisition
of rapidly changing information we trained Panx1 knockout (KO) mice and wild type
(WT) littermates in a visual and hidden version of the Morris water maze (MWM). We
found that KO mice find the hidden platform similarly although slightly quicker than WT
animals, nonetheless, when the hidden platform was located in the opposite quadrant
(OQ) to the previous learned location, KO mice spent significantly more time in the
previous quadrant than in the new location indicating that the absence of Panx1 affects
the reversion of a previously acquired spatial memory. Consistently, we observed
changes in the content of synaptic proteins critical to LTD, such as GIuN2 subunits of
N-methyl-D-aspartate receptors (NMDARs), which changed their contribution to
synaptic plasticity in conditions of Panx1 ablation. Our findings give further support to
the role of Panx1 channels on the modulation of synaptic plasticity induction, learning
and memory processes.

Keywords: Pannexin 1, long-term depression, GIluN2 subunits, behavioral flexibility, synaptic plasticity

INTRODUCTION

N-methyl-D-aspartate receptor (NMDAR)-dependent long-term potentiation (LTP) and long-term
depression (LTD) are two opposing forms of activity-dependent synaptic plasticity which have
emerged as putative cellular mechanisms underlying learning and memory in the central nervous
system (CNS; Lynch, 2004; Collingridge et al., 2010). Whereas a plethora of studies support the
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hippocampus, and they have key roles in synaptic function
and plasticity (Yashiro and Philpot, 2008). The identity of
GluN2 subunits determines some of the biophysical properties
of NMDARs important for synaptic plasticity. For instance,
GluN2A-containing receptors show lower affinity for glutamate,
higher sensitivity to Mgz' blockade, greater channel open
probability and Ca>t desensitization than GIuN2B (Yashiro
and Philpot, 2008). This has important implications because
these properties can determine the responses to stimulation
at different frequencies and hence the directionality of the
synaptic modifications (Erreger et al., 2005). Tn other words, at
low frequencies typically used to induce LTD (1 Hz), GluN2B
makes a larger contribution to the total charge transfer and
calcium influx than GluN2A (Erreger et al, 2005). However,
under high-frequency stimulation, typically used to induce
LTP (100 Hz), the current mediated by GluN2A considerably
exceeds that of GIuN2B (Erreger et al., 2005). Currently,
there is contrasting evidence regarding the differential roles of
GluN2 subunits to LTP and LTD induction. For instance, it
has been speculated that GluN2B favors more LTP induction
than GluN2A (Tang et al., 1999; Hendricson et al,, 2002; Wong
et al,, 2002; Philpot et al, 2003; Barria and Malinow, 2005;
Bartlett et al., 2007; Morishita et al., 2007; Philpot et al., 2007;
Wang et al., 2009). However, it has also been reported that
GluN2A-, but not GluN2B-containing receptors, mediate LTP
(Liu et al., 2004; Massey et al., 2004). On the other hand, some
reports indicate that induction of LTD does not require GluN2B-
containing NMDARs activation (Hendricson et al., 2002; Bartlett
et al, 2007; Morishita et al, 2007). Indeed, a LFS protocol
(900 pulses, 1 Hz) induces LTP instead LTD in a GluN2A KO
mice (Bartlett et al,, 2007). In contrast, other evidences suggest
that GluN2B but not GluN2A subunits are important for LTD
(Liu et al., 2004; Kollen et al., 2008). It should be noted that
the contribution of these GluN2 subunits also depends on the
developmental, regional and behavioral experience context in
which they are studied. Notwithstanding, these evidences suggest
that the threshold for the induction of LTD and LTP is governed
by the ratio of GluN2A/GluN2B (Yashiro and Philpot, 2008) and
alterations in this ratio might generate, in turn, impairments in
synaptic plasticity and brain mechanisms underlying learning
and memory. Thus, it has been proposed that synapses exhibiting
a high GluN2A/GluN2B ratio, would favor the induction of
LTD, while synapses with a low GluN2A/GIuN2B ratio would
be more prone to express LTP (Yashiro and Philpot, 2008). Our
results suggest that Panx1 loss might modify GluN2A/GluN2B
ratio which generates the observed changes in LTP and LTD
expression. Indeed, we found that the synaptic content of
GluN2B-subunit of NMDAR was significantly increased in
hippocampal PSD-enriched fractions, whereas GluN2A subunit
was significantly increased in synaptosomes obtained from
KO mice compared to WT animals. Although comparison
between groups revealed no significant differences in the
GluN2A/GluN2B ratio in PSD and synaptosomal fractions,
we observed a tendency to a reduction in the ratio in KO
PSDs compared to WT. The latter suggests that GluN2B
levels are higher than GIuN2A in KO PSDs. On the contrary,
in KO synaptosomes the ratio tended to be higher than

WT, suggesting in this case that GIuN2B levels are lower
than GluN2A in KO synaptosomes. These assumptions were
supported by visualization of hippocampal Sch-CA1 synapses
by electron microscopy, where we observed a redistribution
of gold particles positive for GluN2A- and GluN2B-subunits
(Figures 4L]J). It is noteworthy that in KO synapses, most
of gold particles positive to GluN2A subunits accumulate in
non-synaptic sites, whereas GluN2B particles localize overlying
Spi"e membrane.

According with these results, we observed a lower
contribution of extra-synaptic GluN2B-containing NMDARs
to LD, revealed by TBOA incubation, in KO slices compared
to W1 animals (Figures 3E,F), suggesting a modification
either in traffic or expression of GluN2 subunits from/toward
non-synaptic sites. Indeed, we found a tendency to greater
surface level of both GluN2 subunits in KO mice compared to
W animals (Figure 4F). Nevertheless, we did not found changes
in total levels of GIuN2 subunits evaluated in hippocampal
homogenates (Figure 4E). In agreement with that, an earlier
report by Prochnow et al. (2012), using Panxl /™ mice,
showed no changes in synaptic plasticity related-genes including
GluN2 subunits of NMDARs indicating that expression of
GluN2 is not affected.

In summary, our data revealed novel functions of
Panx1 channels in synaptic plasticity and memory flexibility.
Furthermore, these results are in line with a modification in
the LTD mechanism thought to be implied in these cognitive
processes. For instance, we found that KO mice display a
modification in synaptic proteins, some of which are critical
for the induction or expression of LTD. Based on the current
findings we propose that Panx1 channels modulate the induction
of synaptic plasticity by changing the distribution of subunit-
specific NMDARSs, ultimately leading to deficiencies in learning
and memory processes.
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Abstract and Keywords

The Slowpoke (Slo) family of large conductance K+ channels comprises four structurally
and functionally related members (Slo1, Slo2.1, Slo2.2, and Slo3). With the exception of
Slo3, all Slo channels are expressed in neurons, where their diverse functions include
influencing the shape, frequency, and propagation of action potentials, as well as
neurotransmitter release. The Slo1 channel (KCal.l; KCNMAI1, BK) is Ca2+- and voltage-
activated, while the two Slo2 channels, Slo2.1 (KNal.2, KCNT2, Slick) and Slo2.2
(KNal.1, KCNT1, Slack), are activated by internal Na+. The functional diversity of the Slo
family is greatly increased through alternative splicing, metabolic regulation, and the
formation of heterotetramers (SloZ channels). Co-expression of the pore-forming o
subunit of Slo1 with its accessory subunits p and y further increases channel diversity.
This chapter focuses on the role of the Slo channel family in neurons under both
physiological and pathological conditions.

Keywords: Slo channels, BK channel, Slick channel, Slack channel, Neurons, Neuronal channels, Beta subunits,
Beta 2, Beta 4
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about the specific structural determinants of the Slo channel function. However, the
answers to several important problems, such as that of the molecular determinants of
these channel’s unusually large conductance, remain elusive.

Future Directions

Several key questions currently remain unanswered about the Slo channel family and its
role in the nervous system. Among the major recent advances of this field was the
determination of the structures of Slo1 and Slo2.2. Without doubt, these structures will
greatly help the design of new and more potent agonists and inhibitors of these channels
in a major step towards a structurally oriented Slo channel pharmacology. In addition, the
newly available information on their structures will help reveal the molecular
determinants of their large conductance and exquisitely high selectivity. It seems likely
that these open questions can be resolved by focusing future studies on the molecular
characteristics of the internal vestibule. Finally, the precise role of Slo channels in
neuronal diseases should be further pinpointed, in order to aid the rational approach to
the treatment of these ailments.
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Abstract

Long-range dependence (LRD) has been observed in a variety of phenomena in nature, and for several years also in the
spiking activity of neurons, Often, this is interpreted as originating from a non-Markovian system. Here we show that a
purely Markovian integrate-and-fire (IF) model, with a noisy slow adaptation term, can generate interspike intervals (ISIs)
that appear as having LRD. However a proper analysis shows that this is not the case asymptotically. For comparison, we
also consider a new model of individual IF neuron with fractional (non-Markovian) noise. The correlations of its spike
trains are studied and proven to have LRD, unlike classical IF models. On the other hand, to correctly measure long-range
dependence, it is usually necessary to know if the data are stationary. Thus, a methodology to evaluate stationarity of the 1SIs
is presented and applied to the various IF models. We explain that Markovian IF models may seem to have LRD because of
non-stationarities.

Keywords Interspike interval statistics - Stochastic integrate-and-fire model - Long-range dependence - Stationarity

1 Introduction Mandelbrot (1964), corresponding to a stochastic version of
the Perfect Integrate-and-Fire (PIF) model.
The activity of a neuron is characterized by the electrical

potential of its membrane, and more precisely by spikes

The modeling of neuronal activity has a long and rich
history whose first successes date back to the 50’s and the

seminal work of Hodgkin and Huxley (1952). A few years
later, a simpler probabilistic model based on the passage
times of a random walk was introduced by Gerstein and
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whose amplitude and duration are very similar to one
another. Therefore, it is rather the sequence of times
at which these spikes occur which is believed to carry
the neuronal information. While temporal (and spatial)
correlations between interspike intervals (ISIs) have been
observed for a long time (see Chacron et al. 2003 and
references therein), the presence of fractal behavior (Teich
1992; Bair et al. 1994) and LRD phenomena in the
spiking activity of neurons has been acknowledged for only
two decades: see Teich et al. (1996, 1997), Lewis et al.
(2001), Lowen et al. (2001), Bhattacharya et al. (2005),
including artificially grown neuronal networks in Segev
et al. (2002), etc. (see the introduction of Jackson 2004
for a very comprehensive list of references). This LRD
phenomenon is ubiquitous in nature, and takes the form of
power-law correlations between interspike intervals rather
than exponentially decaying correlations. In particular, LRD
implies that the present neuronal activity is correlated with
a very distant past.

Until recently in the neuroscience literature, long-range
dependence, also called long memory, has been quantified

@ Springer
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From Doukhan (1994), Chapter 1.5, it is known that
any stationary and mixing sequence satisfies an invariance
principle. This is enough to apply Theorem 4 of Mandelbrot
(1975). which gives the convergence of N=12R/S(N) 1o
a non-trivial random variable. Therefore we conjecture the
following result that we plan to prove in a separate work,
that is:

If « = 0.5, the sequence of interspike intervals
generated by the PIF/LIF model (2) has a stationary
regime, and N -4 R/S(N) converges to a non-
degenerate random variable (i.e. I:IN — 0.5).

Our second heuristics is about the approximation of
the fractional Brownian motion by a sequence of n-
dimensional Ornstein-Uhlenbeck processes, as n increases.
In Schwalger et al. (2015), the general idea is that
the covariance of a general Gaussian process can be
approximated by an Ornstein-Uhlenbeck with sufficiently
many components. In Carmona et al. (2000), it is proven
that the fBm is indeed an infinite-dimensional Ornstein-
Uhlenbeck process. Therefore. we can consider our model
with fractional noise as a natural limit to the model proposed
in Schwalger et al. (2015). Although this is not the only
possible limit in their approach, the fBm is the most sensible
choice to obtain long-range dependence.
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Abstract: Connexin43 (Cx43), pannexinl (Panx1) and P2X7 receptor (P2X7R) are expressed in kidneys
and are known to constitute a feedforward mechanism leading to inflammation in other tissues.
However, the possible functional relationship between these membrane channels and their role in
damaged renal cells remain unknown. In the present work, we found that MES-13 cells, from a cell
line derived from mesangial cells, stimulated with angiotensin Il (Angll) developed oxidative stress
(08, thiobarbituric acid reactive species (TBARS) and generated pro-inflammatory cytokines (ELISA;
IL-1$ and TNF-a). The membrane permeability increased progressively several hours before the
latter outcome, which was a response prevented by Losartan, indicating the involvement of AT1
receptors. Western blot analysis showed that the amount of phosphorylated MYPT (a substrate of
RhoA /ROCK) and Cx43 increased progressively and in parallel in cells treated with Angll, a response
followed by an increase in the amount in Panx1 and P2X;R. Greater membrane permeability was
partially explained by opening of Cx43 hemichannels (Cx43 HCs) and Panx1 channels (Panx1 Chs),
as well as P2X7Rs activation by extracellular ATP, which was presumably released via Cx HCs and
Panx1 Chs. Additionally, inhibition of RhoA/ROCK blocked the progressive increase in membrane
permeability, and the remaining response was explained by the other non-selective channels. The
rise of activity in the RhoA/ROCK-dependent pathway, as well as in Cx HCs, P2X7R, and to a minor
extent in Panx1 Chs led to higher amounts of TBARS and pro-inflammatory cytokines. We propose
that Angll-induced mesangial cell damage could be effectively inhibited by concomitantly inhibiting
the RhoA /ROCK-dependent pathway and one or more non-selective channel(s) activated through
this pathway.

Keywords: connexin hemichannel; gap junction; P2X; receptor; pannexinl channel; extracellular
ATP; oxidative stress; angiotensin receptors; Fasudil; Y-27632

1. Introduction

In chronic kidney disease, hypertension is one of the most common complications that generate
predispositions to other health problems, affecting several organs. Hypertensive nephropathy begins
in the glomerulus by increasing intraglomerular pressure. These early events activate and damage
mesangial cells, epithelial cells and podocytes in the glomerulus. In turn, these cells produce vasoactive
and pro-inflammatory agents, which increase cell damage and promote fibrosis, reducing renal blood
flow, permeability and, eventually, glomerular filtration [1].

Ini. J. Mol. Sci. 2018, 19, 957; doi:10.3390/ijms 19040957 www.indpi.com/journal /ijms
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4.6. Thiobarbituric Acid Reactive Substaices (TBARS) Measurement

The amount of TBARS was estimated using the method described by Ramanathan and
collaborators [68] with slight modifications. Culture medium was mixed with SDS (8% w/v),
thiobarbituric acid (0.8% TBA w/v), and acetic acid (20% ©»/v), and heated for 60 min at 90 °C.
Precipitated material was removed by centrifugation, and the absorbance of the supernatant was
evaluated at 532 nm. The amount of TBARS was calculated using a calibration curve obtained with
malondialdehyde (MDA) as standard. MDA was obtained from Merck (Darmstadt, Germany).

4.7. Enzyme-Linked Immunosorbent Assay

IL-1B and TNF-& ELISA assays were performed to determine the amount of IL-18 and TNF-a in
the extracellular medium under different conditions, following the manufacturer’s protocol (IL-13
and TNF-« EIA kit, Enzo Life Science, Farmingdale, NY, USA). Results were normalized by protein
amount in ng/mL.

4.8. Statistical Analysis

Results were evaluated by ANOVA, and the Tuckey’s post-test was used to evaluate the difference
between the two groups. Results below are expressed as the average of values from each independent
experiment £ SE, and considered significantly different if p < 0.05. Analyses were performed with the
GraphPad Prism 5 software for Windows (1992-2007, GraphPad Software, 12 March, 2007, La Jolla,
CA, USA).
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Electrical coupling between A17
cells enhances reciprocal inhibitory
feedback to rod bipolar cells

Claudio Elgueta’?, Felix Leroy(®*3, Alex H. Vielma?, Oliver Schmachtenberg? &
Adrian G. Palacios?

A17 amacrine cells are an important part of the scotopic pathway. Their synaptic varicosities receive
glutamatergic inputs from rod bipolar cells (RBC) and release GABA onto the same RBC terminal,
forming a reciprocal feedback that shapes RBC depolarization. Here, using patch-clamp recordings,

we characterized electrical coupling between A17 cells of the rat retina and report the presence of
strongly interconnected and non-coupled A17 cells. In coupled A17 cells, evoked currents preferentially
flow out of the cell through GJs and cross-synchronization of presynaptic signals in a pair of A17 cells

is correlated to their coupling degree. Moreover, we demonstrate that stimulation of one A17 cell can
induce electrical and calcium transients in neighboring A17 cells, thus confirming a functional flow

of information through electrical synapses in the A17 coupled network. Finally, blocking GJs caused

a strong decrease in the amplitude of the inhibitory feedback onto RBCs. We therefore propose

that electrical coupling between A17 cells enhances feedback onto RBCs by synchronizing and
facilitating GABA release from inhibitory varicosities surrounding each RBC axon terminal. GJs between
A17 cells are therefore critical in shaping the visual flow through the scotopic pathway.

The mammalian retina can elicit behavioral responses after the detection and processing of just a few photons'.
This is accomplished by the scotopic pathway, a highly efficient microcircuit formed by distinct sets of dedi-
cated excitatory and inhibitory cells’. Although the multiple synaptic steps that compose the scotopic pathway
should theoretically add noise to the transmitted information, low-level luminous signals can faithfully be inter-
preted by the visual cortex'. One mechanism which is proposed to help in discriminating light-induced from
randomly-generated spurious signals is the generation of a code of highly synchronized action potentials at the
output of retinal ganglion cells (RGCs)®. Correlated firing can be supported by the existence of common con-
vergent synaptic inputs with high release probability®'®!" and by electrical coupling between RGCs or between
populations of presynaptic neurons®'?-'*. Therefore, synchronous activity could be a critical feature in earlier
steps of retinal signal processing, allowing faithful transmission of weak luminous signals.

The second synapse of the main scotopic pathway is located between RBCs and AIl amacrine cells. Glutamate
released from RBC ribbon synapses depolarizes glycinergic AII cells, which in turn use the cone bipolar cir-
cuitry to convey scotopic signals towards RGCs**'>1°, RBCs also contact A17 amacrine cell dendrites forming a
tripartite synapse with AIl and A17 cells'”'*. Glutamate from RBCs triggers GABA release from A17 cells onto
RBC axon terminals'®. This reciprocal feedback modulates the gain and kinetics of the RBC-AII synapse*”! by
curtailing RBC cell depolarization. A17 cells receive inputs from around 100 RBCs, but each RBC makes only
one contact with a given A17 cell****. The depolarization induced by a single RBC remains electrically confined
at the postsynaptic varicosity thanks to the morphological and electrophysiological properties of A17 cells**2.
This arrangement could potentially introduce noise to the output of RBCs due to the variability between isolated
reciprocal inhibitory synapses.

Interestingly, GABAergic A17 cells are known to be electrically interconnected**”-*” and dendro-dendritic
electrical coupling between neurons could support the homogenization of voltage fluctuations and enhance signal
synchrony in downstream targets*’~**. However, in spite of the central role of A17 cells in the scotopic circuitry®**!
and the relevance and prevalence of electrical synapses in this circuit*-*% a detailed characterization of how the

ICentro Interdisciplinario de Neurociencia de Valparaiso, Universidad de Valparaiso, Valparaiso, Chile. ?Physiology
Institute |, Alberts Ludwig University, Freiburg, Germany. *Neuroscience department, Columbia University Medical
Center, 1051 Riverside Drive, New York, NY, 10032, USA. Correspondence and requests for materials should be
addressed to C.E. (email: claudioez@gmail.com)
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Demonstration of ion channel
synthesis by isolated squid giant
axon provides functional evidence
for localized axonal membrane
protein translation

Chhavi Mathur?, Kory R. Johnson?, Brian A. Tong?, Pablo Miranda?, Deepa Srikumar?,
Daniel Basilio(®3, Ramon Latorre*, Francisco Bezanilla® & Miguel Holmgren*

Local translation of membrane proteins in neuronal subcellular domains like soma, dendrites and

axon termini is well-documented. In this study, we isolated the electrical signaling unit of an axon

by dissecting giant axons from mature squids (Dosidicus gigas). Axoplasm extracted from these

axons was found to contain ribosomal RNAs, ~8000 messenger RNA species, many encoding the
translation machinery, membrane proteins, translocon and signal recognition particle (SRP) subunits,
endomembrane-associated proteins, and unprecedented proportions of SRP RNA (~68% identical

to human homolog). While these components support endoplasmic reticulum-dependent protein
synthesis, functional assessment of a newly synthesized membrane protein in axolemma of anisolated
axon is technically challenging. lon channels are ideal proteins for this purpose because their functional
dynamics can be directly evaluated by applying voltage clamp across the axon membrane. We delivered
in vitro transcribed RNA encoding native or Drosophila voltage-activated Shaker K, channel into excised
squid giant axons. We found that total K* currents increased in both cases; with added inactivation
kinetics on those axons injected with RNA encoding the Shaker channel. These results provide
unambiguous evidence that isolated axons can exhibit de novo synthesis, assembly and membrane
incorporation of fully functional oligomeric membrane proteins.

Neurons are morphologically compartmentalized cells. Their cell bodies possess the nucleus and organelles to

synthesize proteins, many of which are transported to axons and dendrites. Nonetheless, cumulative evidence

has suggested that local protein translation is essential'~* for dendritic function* ', axonal maintenance'*'%, as

well as for external stimuli-induced responses in specialized axonal structures, such as in growth cones during

axonal development'**" and navigation'**'~*, and in axon termini during axonal regeneration®*** and synaptic

plasticity”. Consistently, large number of mRNA transcripts have been reported in these compartments? -,
Using genomewide microarrays or next-generation sequencing with pure axonal preparations®***>

**, the num-
ber of unique transcripts in axons are now believed to be in the thousands; and likely many are actively translated
locally”. In this study, we aimed to obtain a transcriptome using axoplasm, exclusively derived from the giant
axon of the Humboldt squid (Dosidicus gigas). These axons are known to be formed by fusion of axons originat-
ing from cell bodies residing in the stellate ganglion™ that gives rise to a large electrical signal transmission unit,
normally larger than 1.0 mm in diameter (Fig. 1). Axoplasm was separated from axolemma and surrounding
Schwann cells to assess the population of RNA transcripts present in one single axon. Total RNA from axoplasm
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Sepsis-Induced Channelopathy in Skeletal
Muscles is Associated with Expression of Non-
Selective Channels
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ABSTRACT Skeletal muscles (~50% of the body weight) are affected during acute and late sepsis and represent one
sepsis associate organ dysfunction. Cell membrane changes have been proposed to result from a channelopathy of yet
unknown cause associated with mitochondrial dysfunction and muscle atrophy. We hypothesize that the channelopathy
might be explained at least in part by the expression of non-selective channels. Here, this possibility was studied in a
characterized mice model of late sepsis with evident skeletal muscle atrophy induced by cecal ligation and puncture
(CLP). At day seven after CLP, skeletal myofibers were found to present de novo expression (immunofluorescence) of
connexins 39, 43, and 45 and 7 receptor">P2X_ receptor whereas pannexini did not show significant changes. These
changes were associated with increased sarcolemma permeability (~4 fold higher dye uptake assay), ~25% elevated in
intracellular free-Ca®* concentration (FURA-2), activation of protein degradation via ubiquitin proteasome pathway
(Murf and Atrogin 1 reactivity), moderate reduction in oxygen consumption not explained by changes in levels of
relevant respiratory proteins, ~3 fold decreased mitochondrial membrane potential (MitoTracker Red CMXRos) and
~4 fold increased mitochondrial superoxide production (MitoSox). Since connexin hemichannels and P2X., receptors
are permeable to ions and small molecules, it is likely that they are main protagonists in the channelopathy by reducing
the electrochemical gradient across the cell membrane resulting in detrimental metabolic changes and muscular
atrophy.
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ARTICLE INFO ABSTRACT
Keywaords: Connexins are membrane proteins that form hemichannels and gap junction channels at the plasma membrane.

Gap junction channel

Through these channels connexins participate in autocrine and paracrine intercellular communication.

Hemichannel Connexin-based channels are tightly regulated by membrane potential, phosphorylation, pH, redox potential,

Redox potential
Nitric oxide

and divalent cations, among others, and the imbalance of this regulation have been linked to many acquired and

genetic diseases. Concerning the redox potential regulation, the nitric oxide (NO) has been described as a
modulator of the hemichannels and gap junction channels properties. However, how NO regulates these
channels is not well understood. In this mini-review, we summarize the current knowledge about the effects of
redox potential focused in NO on the trafficking, formation and functional properties of hemichannels and gap

junction channels.

1. Introduction

1.1. General characteristics of hemichannels and gap junction channels
formed by Cxs

In humans there are 21 genes encoding different connexin (Cx)
protein isoforms which can make gap junction channels (GJCs) and
hemichannels (HCs) [1]. A GJC forms an aqueous pore that connects
directly the cytoplasm of adjacent cells; and is made of two HCs each
provided by one of the contacting cells. HCs are formed by the oligo-
merization of six Cx protein subunits organized around a central pore.
In the unopposed cell membrane, FICs communicate the cytoplasm with
the extracellular milieu, providing a paracrine and autocrine inter-
cellular signaling pathway. Both HCs and GJCs are permeable to ions
and small molecules, like ATP, glucose, NAD +, second messengers
(e.g., cAMP, IP3, cGMP), nucleotides, small peptides and siRNAs [2,3].
Malfunctioning of these intercellular communication has been linked to
many acquired and genetic diseases from heart disease to genetic
deafness, and neurodegenerative diseases like Parkinson and Alzheimer
(for revision see [4,5].

Compared to the majority of the integral membrane proteins, Cxs
exhibit a short half-life (= 5 h), which demand fast regulation of their
synthesis, trafficking and internalization/degradation rate in order to
maintain suitable levels of GJCs and HCs at the plasma membrane [2].
The signaling pathways involved in these key regulatory processes have
their target in intracellular Cxs domains such as its C-terminal [6,7].

Mutations on these segments have been linked to several diseases
[4,8,9].

Among the modulators of the functional state of GJCs and HCs,
membrane potential, intra and extracellular [Ca® "], pH, and phos-
phorylation have been extensively studied (for comprehensive reviews
see [10-12]. However, recently has been growing interest to study the
role of redox potential as a Cxs modulator [13]. Redox modulation of
Cxs can be exerted by oxidation of several potentially oxidizable amino
acids, like cysteine, methionine, tyrosine, and tryptophan. These re-
sidues could be oxidized by several molecules such as NO, HO, ROO,
CO3, NO3, O,, peroxynitrous (ONOOH) and H,0». From all these pos-
sibilities only NO and/or its by-products have been consistently shown
to affect Cx-based channels properties [14]. In the next sections we
summarize the current knowledge regarding to the effects of NO and
NO-mediated signaling pathways on the formation and functional ac-
tivity of HCs and GJCs formed by Cxs.

1.2. Nitric oxide and its role in the HC trafficking and GJC formation

It is well known that Cxs oligomerize in the trans Golgi network or
in the ER [15]. After oligomerization the formed HCs traffic to the
plasma membrane through a Golgi-dependent or -independent sorting
mechanism [16]. Once in the plasma membrane, HCs and GJCs are
quickly recycled which is consistent with its very short half-life (few
hours; 3-5 h). Therefore, the intercellular communication through HCs
and GJCs can be effectively controlled by changes in the rate of
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suggest that redox signaling molecules such as NO, could modulate the
HC oligomerization and its trafficking to the plasma membrane, as
occur in other proteins. In addition, the requirement of extracellular
cysteines to the serial docking of two HCs to form a GJC, open the
possibility that any modification on these cysteines may affect GJC
assembly. Moreover, this has been shown that NO modulates the elec-
trical properties and permeability of Cx46 HCs [45]. However, it is not
clear if NO modulates the slow gating and/or the fast gating or if any
intra and extracellular cysteines could modulate the pore diameter and/
or its electrostatic profile. Therefore, we propose a model with possible
mechanisms of action of NO on Cxs based channels (Fig. 1), but with
many open questions to be solved. On the other hand, it is clear that NO
may exert its effect on Cx-based channels through two pathways, acti-
vation the guanylyl cyclase and/or the S-nitrosylation of free cysteines.
As mentioned in this review, it seems that NO affect different Cxs types
through these two molecular mechanisms, and the final effect seems to
be cell type dependent. Thus, it could be plausible to suggest that de-
pending on the proximity of a given Cx to the NO's source, it will be S-
nitrosylated or affected by phosphorylations dependent of ¢cGMP. Ad-
ditionally, it is well known that the NOSs can be compartmentalized,
thus the NO production also can be confined to certain zones or orga-
nelles into the cell, affecting different pool of Cxs e.g. those in appo-
sitional or non-appositional plasma membranes.

In summary, it is clear that molecules associated to redox potential
affect the properties of channels formed by Cxs. The search for the
regulatory mechanisms is a new challenge in the Cx field that needs to
be addressed.
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ABSTRACT Millisecond pulses of laser light delivered to gold nanoparticles residing in close proximity to the surface mem-
brane of neurons can induce membrane depolarization and initiate an action potential. An optocapacitance mechanism pro-
posed as the basis of this effect posits that the membrane-interfaced particle photothermally induces a cell-depolarizing
capacitive current, and predicts that delivering a given laser pulse energy within a shorter period should increase the pulse’s
action-potential-generating effectiveness by increasing the magnitude of this capacitive current. Experiments on dorsal root
ganglion cells show that, for each of a group of interfaced gold nanoparticles and microscale carbon particles, reducing pulse
duration from milliseconds to microseconds markedly decreases the minimal pulse energy required for AP generation, providing
strong support for the optocapacitance mechanism hypothesis.

The artificial stimulation of neuronal activity with light is a
topic of major interest in neuroscience research. Recently,
we presented a technique that enables light-induced depo-
larization and resulting action potential (AP) generation
by excitable cells. Unlike optogenetics or optopharmacol-
ogy (1-10), it does not require either genetic modification
of the neuron or the development/preparation of a chemical
photoswitch. The mechanism whereby the technique works
was unveiled by Shapiro et al. (11), who demonstrated that
IR radiation is able to increase the cell membrane temper-
ature and increase its electric capacitance. The current
needed to satisfy the equation Q = C x V depolarizes the
membrane, reaching its excitation voltage threshold and
eliciting an action potential. The amount of change in tem-
perature is small, but it occurs quickly, a property that led
Shapiro et al. (11) to hypothesize and show a capacitance
change during IR pulses. However, IR radiation is absorbed
by water in the bulk medium, yielding slow and spatially
imprecise photostimulation and requiring more light
energy to boost the generated capacitive current. As a
means of increasing the spatial localization and, potentially,
the physiological elfectiveness ol the photostimulus, we
have investigated the ability of 20 nm spherical gold nano-
particles (AuNPs) to serve as light-to-heat transducers
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when positioned close to neuronal membranes by specific
binders (12). These experiments, which involved 532 nm
laser pulses (a wavelength that penetrates water well and
is near the peak of the plasmon absorbance band of these
AuNPs), indicated robust light-induced AP generation
with millisecond flashes, and provided further evidence
for the dependence of this photoresponsiveness on a
thermally induced change in membrane capacitance. Based
on the evident role of membrane capacitance change in
transducing light energy into cell depolarization and AP
generation, we have adopted the term “optocapacitance”
to refer to the technique and the hypothesized operative
mechanism,

The optocapacitance mechanism posits that a temperature-
induced change in capacitance (C,,) establishes a charge debt
that is met by depolarization of the membrane. It is then
reasonable to suspect that if the capacitance changes more
quickly, the necessary charge debt can be achieved within
a shorter time () period of stimulation (the duration of the
light pulse). Conceptually, the greater the value of dC,/dt,
the larger is the current which, in turn, will produce more
membrane depolarization, thus making it easier to reach
excitation threshold. Most importantly, at the moment of
initiation of a virtwally square pulse of laser energy to the
preparation, the system exhibits a maximum rate of temper-
ature change and thus of capacitance change. Over the
duration of the pulse, the rate of change in temperature,
and thus the rate of capacitance change, decreases continu-
ously, making necessary the delivery ol more energy to the
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SUMMARY

Preservation of a balance between synaptic excita-
tion and inhibition is critical for normal brain function.
A number of homeostatic cellular mechanisms have
been suggested to play a role in maintaining this
balance, including long-term plasticity of GABAergic
inhibitory synapses. Many previous studies have
demonstrated a coupling of postsynaptic spiking
with modification of perisomatic inhibition. Here, we
demonstrate that activation of NMDA-type glutamate
receptors leads to input-specific long-term potentia-
tion of dendritic inhibition mediated by somatostatin-
expressing intermeurons. This form of plasticity is
expressed postsynaptically and requires both
CaMKllx and the B2 subunit of the GABA-A receptor.
Importantly, this process may function to preserve
dendritic inhibition, as genetic deletion of NMDAR
signaling results in a selective weakening of dendritic
inhibition. Owverall, our results reveal a new mecha-
nism for linking excitatory and inhibitory input in
neuronal dendrites and provide novel insight into
the homeostatic regulation of synaptic transmission
in corfical circuits.

INTRODUCT ION

The balance of synaptic excitation and inhibition is cantral to
narmal brain function and is disrupted in a vanaty of neurodeve-
lopmental disorders (Gogolla et al., 2009; lsaacson and Scan-
ziani, 2011; Lawis and Hashimato, 2007). In the neocortax, this
balance is hypothesized to be mairtained via an array of mach-
anizms that regulate synaptic strangth and excitability (Kullmann
atal., 2012; Malenka and Bear, 2004; Tumigiano, 2011). Mecha-
nistic studies of synaptic plasticity have largaly focused on
potantiation and depression of excitatory glutamatergic connec-
tions. Mora racantly, plasticity of inhibitory GABAergic synapses

368 Mewon 97, 368-3TT, January 17, 2018 © 2017 Ebevier Inc.

has also begun to recaive attantion, atthough the undarying
callular targets and molacular machanisms arae less wall undar-
stood {Cadillo et al., 2011, Kullmann et al., 2012).

A maijor challenge to undarstanding the contribution of inhibi-
tory plasticity to brain developmant and function is tha divarsity
of cortical GABAargic intemeurons {INs) (Ascoli et al., 2008).
Racant work suggests threa principal groups: cells co-axprass-
ing the calcium {C-aa"]- binding protesin parvalbumin (PV), the
peptide tansmitter somatostatin (SOM), or the sarmotonin
SHT3a recaptor (Rudy &t al., 2011). The latter class includes
the vasoactive intestinal paptide (VIPFexpressing calls. PV-IMNs
maka inhibitory contacts onto the parisomatic and proximal den-
dritic regions of excitatory pyramidal neurons (PMNs) and exert
wall-documanted contral over the magnituda and timing of PN
spika output (Cardin &t al., 2009; Pouille and Scanziani, 2001).
SOM-INs contact dendsitic arbors, where they regulate Ca™
signaling, synaptic integration, and dendritic spikes {Chiu et al,,
2013; Murayama et al., 2008). VIP4Ns largaly, though not axclu-
svaly, targat othar IMNs and may drive state-depandant disinhibi-
tion of PMs (Fu et al., 2014; Pfaffer et al., 2013).

Racant evidance using two-photon imaging of fluorescantly
tagped inhibitory synapses in ww suggests distinct leaming
rules for diffarant populations of GABAergic inputs {Chan et al,,
2012; Villa et al., 2016). In particular, inhibitory synapses onto
dendritic spines, potentially formed by SOM-INs (Chiu ot al,
2013), appaar to ba particularly plastic, as their basal tumover
and response to sensory deprivation is significantly more dy-
namic than thosa onto dandiitic shafts {Chan &t al, 2012; van
Versandaal et al., 2012). Thess findings suggest tha intiguing
possibility of GABAangic circuit-specific plasticity.

Motably, most studies of GABAargic plasticity have implicated
persomatic inhibition as a key locus for regulation. Forexampla,
synapsas formead by PY-IMs in primary visual cortex salactivaly
axhibit long-term potentiation (iLTP) in response to activity-
depandant release of nitric axide by postsynaptic PNs (Lourengo
at al., 2014), and inputs from fast-spiking, putative PY-1Ms onto
layar 4 PMs are selactivaly modified by visual exparianca (Maffai
atal., 2008). Similardy, cholecystokinin ({CCK}laxprassing baskat
calls targating pradimal somatodendritic regions in the hippo-
campus ara partic ularty sensitiva to retrogradsa endocannabinoid
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spine stability (Chen et al., 2015; Hayama et al., 2013). Thus, the
homeostatic interaction of glutamatergic and GABAergic
signaling may fine-tune excitatory synaptic integration at the
level of individual synapses.

The critical role of inhibitory plasticity in vivo is also supported
by recent work showing that GABAergic synapses formed in the
dendrites of L2/3 PNs of visual cortex are highly dynamic both
spontaneously and in response to altered sensory experience
(Chenetal., 2012; Kannan et al., 2016; Villa et al., 2016). Notably,
GABAergic inputs to distal dendrites exhibit greater turnover
than more proximal contacts, with synapses on dendritic spines
among the most labile (Chen et al., 2012). This observation is
consistent with our earlier findings that SOM-INs make a subset
of their inputs directly onto spine heads (Chiu et al., 2013). Given
these results and our present findings, it would be interesting to
examine the role of NMDARSs in visual experience-dependent
reorganization of cortical GABAergic circuits.

The selective induction of NMDAR- and CaMKllz-dependent
iLTP at synapses formed by SOM-INs might be solely explained
by their structural proximity to glutamatergic inputs that also
target PN dendrites. However, two results argue for a more
complex explanation. First, loading either activated calmodulin
or CaMKll« through the patch pipette was insufficient to trigger
iLTP at PV-IN synapses despite robustly potentiating inputs
from SOM-INs. Second, application of the [32/p3 subunit con-
taining GABAergic receptor modulator etomidate selectively
altered currents evoked by stimulation of SOM-INs, while
genetic deletion of the B2 subunit prevented induction of iLTP.
Overall, these results suggest the tantalizing hypothesis that
the molecular constituency of GABAergic synapses might differ
across the somatodendritic arbor. The mechanisms underlying
this molecular heterogeneity are unclear and could involve the
differential trafficking of receptor subunits and accessory mole-
cules to distinct pools of synapses across the somatodendritic
arbor. In contrast to glutamatergic synapses, the structural orga-
nization of GABAergic inputs is not well characterized. Previous
work has suggested the possibility that inhibitory scaffolding
molecules may vary across synaptic subpopulations. In the
neocortex, the cell adhesion molecule neuroligin-2 was reported
to be necessary for synapses formed by PV-INs, but not
SOM-INs (Gibson et al., 2009). In the cerebellum, the scaffolding
molecule gephyrin was suggested to be critical for dendritic, but
not perisomatic, GABAergic inputs to Purkinje cells (Viltono
et al., 2008). Recent studies have begun to reveal additional
molecules involved in the structure and function of inhibitory syn-
apses (Uezu et al., 2016; Yamasaki et al., 2017), and future inves-
tigation will be necessary to determine their selective roles in
different cellular compartments.

Previous models of synaptic homeostasis often rely on a
straightforward “balance” of overall excitation and inhibition
that may be oversimplified. As we have shown, dysregulation
of NMDAR signaling results in opposite alterations in putative
PV- and SOM-IN-mediated inhibition. Importantly, these exper-
iments do not rule out non-synaptic explanations for the links be-
tween NMDARs and GABAergic inputs in vivo. However, they are
consistent with our iLTP data and highlight the possibility that the
strength of inhibition can be redistributed along the somatoden-
dritic axis in response to altered glutamatergic signaling. Indeed,
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many studies have suggested that the functional roles of inhibi-
tion mediated by different IN populations are highly distinct
(Atallah et al., 2012; Lee et al., 2012; Wilson et al., 2012). Thus,
although the total amount of inhibition may remain “balanced,”
the functional consequences for cellular and circuit activity
may be considerable.

In conclusion, we present evidence for a novel synapse-spe-
cific mechanism for linking excitatory signaling to the potency
of dendritic GABAergic inhibition. We expect that future studies
into the cellular mechanisms governing such specificity will yield
rich rewards into understanding both basic synaptic develop-
ment and maintenance as well as circuit organization and
function.
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ARTICLE INFO ABSTRACT

Article history: Penicillium purpurogeinum secretes numerous lignocellulose-degrading enzymes, including four arabi-
Received 27 September 2017 nofuranosidases and an exo-arabinanase. In this work, the biochemical properties of an endo-
Received in revised form arabinanase (ABN1) are presented. A gene, coding for a potential ABN was mined from the genome. It
21 November 2017 includes three introns. The cDNA is 975 bp long and codes for a mature protein of 324 residues, The cDNA
Accepted 21 November 2017 N . s . = . A N
Available online 26 November 2017 was expressed in Pichia pastoris. The enzyme is active on debranched arabinan and arabinooligo-
saccharides. In contrast to other characterized ABNs, inactive on p-nitrophenyl-z-L-arabinofuranoside
(pNPAra), ABNT1 is active on this substrate. The enzyme has an optimal pH of 4.5 and an optimal tem-
perature of 30—35 “C. Calcium does not activate ABN1. ABN1 belongs to GH family 43 sub-family 6, and a
Clustal alignment with sequences of characterized fungal ABNs shows highest identity (54.6%) with an

Keywords.
Endo-1,5-arabinanase
Penicillium purpurogenitim

Fichia pastoris ABN from Aspergillus aculeatus. A three-dimensional model of ABN1 was constructed and the docking
Heterologous expression with pNPAra was compared with similar models of an enzyme very active on this substrate and another
GH family 43 lacking activity, both from GH family 43. Differences in the number of hydrogen bonds between enzyme

and substrate, and distance between the substrate and the catalytic residues may explain the differences
in activity shown by these enzymes,
© 2017 Elsevier Ltd. All rights reserved.

1. Introduction present mainly in the primary cell-wall of plants. One of the pectin
components, rhamnogalacturonan 1 (RG1) is rich in arabinose. In
Along with D-xylose and D-ribose, L-arabinose is one of the RG1, arabinose is present as arabinan and arabinogalactan, which

most abundant pentoses in Nature, It is found as a component in
the structure of arabinoxylan and pectin. Arabinoxylan, one of the
hemicelluloses, is a constituent of plant lignocellulose, and L-
arabinose participates in its structure as a substituent of the xylan
backbone [1]. Pectin, another component of lignocellulose, is

Abbreviations: pNPAra, p-nitrophenyl-z-L-arabinofuranoside; pNPXyl, p-nitro-
phenyl- B-D-xylopyranoside; pNPGlu, p-nitrophenyl B-D-glucopyranaside; pNPGal,
p-nitrophenyl- f-D-galactopyranoside; pNPRham, p-nitrophenyl z-L-rhamnopyr-
anoside: pNPFuc, p-nitrophenyl-z-1-fucopyranoside; pNPMan, p-nitrophenyl- B-D-
mannopyranoside; GH, glycoside hydrolases; ABN, endo-arabinanase; RG1, rham-
nogalacturonan 1; DNS, dinitrosalicylate.

+ Corresponding author.

E-mail addresses: vilches.f@gmail.com (F. Vilches), cristina.ravanal@gmail.com
(M.C. Ravanal), febravomoraga@gmail.com (F. Bravo-Moraga), fernando.gonzalez@
unab.cl (D. Gonzalez-Nilo), jeyzaguirre@unab.cl (]. Eyzaguirre).

doi.org/10.1016/j.carres.2017.11.014
0008-6215]/® 2017 Elsevier Ltd, All rights reserved.

are linked to the rhamnoses of the main chain of RG1 [2],

Arabinose is finding increased attention in biomedical applica-
tions. This sugar has been found to inhibit intestinal invertase, and
in this way, it reduces the glycemic response after sucrose ingestion
[3]. In addition, arabinooligosaccharides are considered potential
prebiotics [4]. As a result, the production of L-arabinose and its
oligosaccharides from natural sources containing polysaccharides
rich in this sugar is of growing interest.

Polysaccharides can be hydrolyzed by means of acid or enzymes.
The former has the disadvantage of producing side-products such
as furfurals, and requires the disposal of the acid, which contami-
nates the environment. Enzymes, on the other hand, are very
specific and can operate under milder conditions. Three groups of
enzymes have been found to participate in the liberation of arabi-
nose from arabinose-containing polysaccharides: 1) Endo-1,5-
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temperature of 300 K. The minimization schema was set-up until
convergence was reached. Then, a molecular dynamic was set-up to
run for 10 ns using a restraint for the secondary structure. Finally,
the last frame of the molecular dynamics was used for molecular
docking simulations.

Docking studies were performed to predict the putative binding
pocket of the protein. For this purpose, different docking simula-
tions were performed using the AutodockVina program [35]. The
grid box size was 60 x 60 x 60, using a grid spacing of 0.375 A. The
center of the grid was located in the center of mass of the residues
ASP30, ASP157 and GLU211 of ABN1 (numbering as in
Supplementary Fig. 4) and equivalent residues at 5 A for RmArase.
The molecular model of pNPAra (ligand) was obtained from the
simulations performed by in Ravanal et al. [25]. For docking sim-
ulations, the furanose ring of pNPAra was kept in a non-planar
conformation, specifically the C-3-endo conformation, as was
used successfully in Ref. [25]. At the same time, the rest of the single
bonds were free to rotate during the sampling conformation. Using
this strategy, 20 different ligand-protein conformations for RmAr-
ase and ABN1 were analyzed. The lowest energy conformations
were selected and then filtered by the orientation of the ligand in
the active site of RmArase and ABN1. ABF3 docking was recalcu-
lated using AutodockVina to compare results.
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Trypanosoma cruzi Infection Induces Pannexin-1 Channel Opening in Cardiac Myocytes
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Abstract. Trypanosoma cruzi, the etiological agent of Chagas diseases, invades the cardiac tissue causing acute
myocarditis and heart electrical disturbances. In 7. cruzi invasion, the parasite induces [Ca?*] transients in the host cells,
an essential phenomenon for invasion. To date, knowledge on the mechanism that elicits transients of [Ca®*]; during the
infection of cardiac myocytes has not been fully characterized. Pannexin1 (Panx1) channel are poorly selective channels
found in all vertebrates that serve as a pathway for ATP release. In this article, we demonstrate that T. cruzi infectionresults
in the opening of Panx1 channels in cardiac myocytes. We show that pharmacological blockade of Panx1 channels
inhibits 7. cruzi-induced [Caz"]I transients and invasion in cardiac myocytes. Our results indicate that opening of Panx1
channels are required for T. cruzi invasion in cardiac myocytes, and we propose that targeting Panx1 channel could
provide new potential therapeutic approaches to treat Chagas disease.

INTRODUCTION

The protozoan Trypanosoma cruzi is the etiological agent of
Chagas disease, which is considered one of the mostimportant
neglected tropical diseases that causes approximately 10,600
deaths peryear and 0.6 million disability-adjusted life per year.'
Trypanosoma cruzi is an obligatory intracellular parasite, and
therefore, it must activate mechanisms that enable its entrance
into the host cells.?® Depletion of intracellular free calcium
concentration ([Ga®*]) in the host cell inhibits parasite invasion,
indicating that increase in [Ca®*) is essential for T. cruzi
infection.*® Previous studies have described that T. cruzi-
induced [Ca®*}; transients are not mediated by adrenergic re-
ceptor or L-type Ca®* channel activation in cardiac cells.®
However, our understanding of the cellular mechanism in-
volved in T. cruzi-induced [Ca®*]; transients in cardiac myo-
cytes remains unknown. Pannexini (Panx1) is a member of the
gap junction family proteins and forms a plasma membrane
channel that allows passage of anions, cations, dyes, and
ATP.” Panx1 channels are involved in a variety of cellular re-
sponses that includes apoptosis,? inflammation,” and innate
immune response.'® Cardiac cells expresses Panx1, and other
members of the gap junction family proteins such as connexin
(Cx)40, Cx43, and Cx45."" Several publications indicate that
T. cruzi infection reduces gap junctional communication due to
adecrease in the amount of Cx43 protein and mRNA in cardiac
myocytes.'?'? In agreement with these studies, we found that
T. cruzi infection increases Cx43 hemichannel (a half of gap
junction channel) activity in nonconfluent Cx43-Hela cells.'*
In addition, we demonstrated that T. cruzi invasion depends
on host hemichannel types.'™ Normally, Panx1 channels are
mainly in a closed state; however, recent studies have dem-
onstrated that pathogens such as Chlamydia trachomatis and
HIV can induce opening of Panx1 channels during infection, '1©
In the current study, we provide first evidence that a pathogenic
protozoan T. cruzi induces opening of Panx1 channels. In

*Address correspondence to José L. Vega, Experimental Physiology
Laboratory (EPhyL), Antofagasta Institute, Universidad de Antofa-
gasta, Angamos 601, Antofagasta, Chile. E-mail: joseluis.vega@
uantof.cl
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addition, our data provide evidence that opening of Panx1
channels is necessary for Ca®* transients during T. cruz in-
fection of cardiac myocytes. Furthermore, we show that phar-
macological blockade of Panx1 channels inhibits T. cruzi
invasion in cardiac myocytes.

MATERIALS AND METHODS

Antibodies and reagents. Pelyclonal anti-Panx1 ¢#HPA016930),
monoclonal anti-a-actin (#A5044), polyclonal anti-Cx43
(#C6219), and monoclonal anti-vimentin (#V6630) antibodies
were purchased from Sigma-Aldrich (St. Louis, MO). Anti-
rabbit (#111-095-003) or anti-mouse (#115-085-003) IgG
antibodies coupled to FITC were purchased from Jacksen
ImmunoResearch (West Grove, PA). Carbenoxolone diso-
dium salt (#C4790), adenosine 5'-triphosphate disodium
salt hydrate (#A9187), probenecid (#P8761), and cytosine
beta-D-arabinofuranoside (#G1768) from Sigma-Aldrich.
MRS2179 tetrasodium salt (#0900}, iso-PPADS tetrasodium
salt (#0683), and '°Panx1 peptide (#3348) were purchased from
Tocris (Bristol, United Kingdom). The Flue-3 AM calcium in-
dicator (#F1242) and cell viability assay kits (#L.34969) were
obtained from Thermo Fisher Scientific (Cambridge, MA).
Ethidium bromide was obtained from Winkler (Santiago, Chile).

Parasites. H510 strain of T. cruzi was isolated in 1968 from
a domiciliary Triatorna dimidiata found in an area endemic for
Chagas disease in Costa Rica and cloned.'” Trypanosoma
cruzi-virulent clone (H510 C8C3hvir) were maintained for
30 years in an alternate mouse-cell culture passage, and avir-
ulent clones (H510 C8C3lvir) were maintained for 30 yearsinan
axenic culture passage.'® Epimastigote forms were grown at
27°C in LT medium (containing 5.4 mM KCI, 150 mM NaCl,
24 mM glucose, 5% [vAv] liver extract, 0.02% [w/v] hemin, 2%
[w/v] yeast extract, and 1.5% [w/v] tryptose) and supplemented
with 5% fetal bovine serum. For preparation of supernatant (SN)
fraction, freshly harvested trypomastigotes were washed with
phosphate-buffered saline (PBS) and resuspended in DMEM
medium containing 0.5% FBS at 2 x 10%mL. Trypomastigotes
were then removed (15.000 rpm for 10 minutes at 4°C) and
supernatants were stored at —80°C.
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(C8C3hvir); therefore, these factors could be responsible for the
observed effects.’® Experimental studies will be required to
confirm the participation of these virulent factors on Panx1
regulation.

Moreover, we found that Panx1 channel opening was re-
quired for T. cruzi invasion in cardiac myocytes. The in-
volvement of the Panx1 channel in infections caused by
obligate intracellular pathogens has already been demon-
strated. For example, it has been described that probenecid
(1.5 mM)inhibits Chlamydia growth in HeLa cells.'® In addition,
panx1 (200 uM) has been demonstrated to abolish HIV
replication in CD4* T lymphocytes.'® Trypanosoma cruzi in-
vades the cells, where it is transformed into amastigotes
(replicative form) and begins to replicate intracellularly *®
This invasion can be quantitatively examined via enumeration
of intracellular amastigotes.?® In agreement with previous
studies, we found that '°Panx1 or probenecid reduced the
number of intracellular amastigotes in cardiac myocytes. In-
terestingly, we found that the cells with the greatest number
of amastigotes presented greater immunoreactivity to Panx1.
In Chlamydiia infection, recruitment of Panx1 into Chlamydia-
containing parasitophorous vacuole membrane has been
observed.'® The authors of the latter work suggested that
Panx1 could contribute to maintaining an intracellular niche.'®
Panx1 has been detected preferentially in the surface mem-
brane but has also been found in intracellular compartments in
rat atrial and ventricular primary cardiomyocytes.?*2 Un-
fortunately, our results do not allow us to identify if this greater
expression occurs in the plasma membrane or at intracellular
compartments of the cells.

Moreover, opening of Panx1 channel results in the release
of ATP, which is a signaling molecule that can activate puri-
nergic and adenosine receptors in an autocrine and paracrine
manner.2® Interestingly, ATP is a key molecule in T. cruzi host
cell invasion. It has been demonstrated that depletion of
ATP content decreases T. cruzi infectivity in HeLa cells.”” In
agreement with these studies, we found that "°Panx1 or pro-
benecid reduced T. cruzi-evoked Ca®* signal transients in
cardiac myocytes. Although it is unknown whether Panx1
channel is permeable or not to Ca’*, it is well documented
that Panx1 channel is permeable to ATP allowing its release
to the extracellular milieu, which can induce transient Ca®*
signal by the activation of P2Y and/or P2X receptors.”®-*? In
addition, we found that T. cruzi-evoked Ca®* signal tran-
sients were inhibited by a P2Y, but not a P2X antagonist,
suggesting that Ca®" signal transients resulted from Ca®*
release from intracellular stores. In HIV infection, it has been
described that inhibition of any of the constituents of Panx1,
ATP, or P2Y affected HIV replication, suggesting that this
signaling may be important in the intracellular pathogen in-
fection.® Finally, we evaluated the cytotoxic effect of Panx1
blockers and P2 antagonist in T. cruzi, because probenecid
has been demonstrated to induce chemosensitization of
Plasmodium falciparum to antimalarial drugs®® and suramin
(a general P2 antagonist) used as an anti-trypanocidal
drug.?* For all drugs tested, none showed cytotoxic effects
inT. cruzi.

In summary, our results strongly suggests that a virulence
factor(s) from T. cruzi induces Ca®* signal transients via Panx1
channel opening, putative ATP release, and subsequently
activation of P2Y, receptors. Because cardiac myocytes are
targets for T. cruzi in the vertebrate host, our study suggests

that Panx1 channel may play a critical role in the pathogenesis
of Chagas disease.
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SENSING PAIN AND TEMPERATURE

RAMON LATORRE, KAREN CASTILLO, AND IGNACIO DiAz-FRANULIC'

Introduction

Sensing pain and temperature is essential for life. However, the molec-
ular nature of nociceptors or temperature receptor was a mystery until the
end of the last century. Sherrington (Sherrington, 1906) postulated the
existence of sensory receptors specialized in sensing noxious stimuli, and
he called them nociceptors. In the skin, nociceptors are located in some A
small myelinated axons that respond to intense mechanical but not to ther-
mal or chemical stimuli. Others Ad fibers respond to noxious mechanical
stimuli and noxious heat (~43°C). Unmyelinated C fibers give rise to noci-
ceptors able to sense noxious mechanical, thermal and chemical stimuli but
with a lower thermal threshold (~43°C). The conduction velocity of A®
and C is very different, 20 m/s and 1 m/s, respectively. When the noxious
stimulus is applied to a mix Ad and C group of nociceptors, the subject
may report two distinct pains separated in time: a “fast” or “first” pain and
a “slow” or “second” pain (Patton, 1989). Isolation of fibers innervating
the glabrous skin of the monkey’s hand indicates the presence of fibers re-
sponding to warming pulses from a base temperature of 34°C (innocuous
warm) with a conduction velocity of 1.2 m/s suggesting that warm fibers
are C-type fiber (Patton, 1989). The same region of the monkey skin gives
rise to about the same number of fibers responding to a cold stdmulus.
Temperature sensing and pain converge in the same type of neurons in the
dorsal root (DR G) and the trigeminus (T'G) ganglia innervating the body
and the head, respectively.

What are the cellular and molecular basis of thermosensation? What is
the relationship between pain and temperature sensing? Not so many years
ago researchers thought that the possibilities of finding an answer to this
question were rather slim given the intensive properties of temperature.
Temperature is a physical property that does not depend on the size of
the system or the amount of material in the system. This situation, how-
ever, changed dramatically with the cloning and biophysical characteriza-

" Centro Interdisciplinario de Neurociencia de Valparaiso, Facultad de Ciencias,
Universidad de Valparaiso,Valparaiso, Chile.
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DOES INFLAMMATORY RESPONSE CAUSE
TISSUE DYSFUNCTION IN CHRONIC DISEASES?

JUAN C. SAEZ'

Introduction

It is well accepted that protein subunits called connexins (Cxs) form
gap junctions, which are membrane specializations made up of aggregates
from a variable number of intercellular communication channels called
gap junction channels. Each channel is formed by two hemichannels (Figure
1), which correspond to Cx oligohexamers that could be homomeric or
heteromeric. While gap junctions formed by the same type of hemichan-
nels are homotypie, those formed by different types of hemichannels are
heterotypic. However, Cxs show difterent affinities when interacting with
other Cxs, hence reducing the number of different possible hemichannel
and gap junction channels that they can form.

Gap junctional communication can be established between cells of the
same (homocellular) or different (heterocellular) type. While gap junction
channels serve for direct communication between the cytoplasm of con-
tacting cells, hemichannels serve as membrane pathways between intra and
extracellular compartments. Vertebrates also express a more recently dis-
covered protein family composed of three members termed pannexins
(Panx1-3). Since evidence for Panx-formed gap junctions is very limited
and most available data demonstrate that Panxs form hemichannel-like
structures, the currently accepted name for these structures is Panx chan-
nels (Sosinsky et al., 2011) (Figure 1). Although our knowledge regarding
the permeability properties of these channels is still limited, it is well es-
tablished that most cells express at least one Panx type, which is similar to
what is known for Cxs.

Gap junction channels, Cx hemichannels and Panx1 channels are per-
meable to ions and small molecules and thus, are involved in coordinating
electrical and metabolic responses among members of a cell community.
Therefore, groups of cells communicated via gap junctions and hemichan-

! Departamento de Fisiologia, Facultad de Biologia, Pontificia Universidad Catdlica
de Chile, Alameda 340, Santiago Chile. Instituto Interdisciplinario de Neurociencias de
la Universidad de Valparaiso, Valparaiso, Chile.
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Abstract The extent and type of hormones and active peptides
secreted by the chromaffin cells of the adrenal medulla have to be
adjusted to physiological requirements. The chromaffin cell se-
cretory activity is controlled by the splanchnic nerve firing fre-
quency, which goes from approximately 0.5 Hz in basal condi-
tions to more than 15 Hz in stress. Thus, these neuroendocrine
cells maintain a tonic release of catecholamines under resting
conditions, massively discharge intravesicular transmitters in re-
sponse to stress, or adequately respond to moderate stimuli. In
order to adjust the secretory response to the stimulus, the adrenal
chromaffin cells have an appropriate organization of Ca®* chan-
nels, secretory granules pools, and sets of proteins dedicated to
selectively control different steps of the secretion process, such as
the traffic, docking, priming and fusion of the chromaffin gran-
ules. Among the molecules implicated in such events are the
soluble N-ethylmaleimide-sensitive factor attachment protein re-
ceptor (SNARE) proteins, Ca>* sensors like Munc13 and synap-
totagmin-1, chaperon proteins such as Munc18, and the actomy-
osin complex. In the present review, we discuss how these
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different actors contribute to the extent and maintenance of the
stimulus-dependent exocytosis in the adrenal chromaffin cells.

Keywords Exocytosis - Chromaffin cells -
Voltage-dependent Ca®* channels - Vesicle pools -
Catecholamines

Introduction

Adrenaline is the principal hormone released to the blood cir-
culation during the acute response to stress. The key actions of
this hormone comprise increase of heart rate and blood pres-
sure, redistribution of blood to skeletal muscles, dilation of
bronchia and pupils, and increase of blood glucose level. All
these physiological changes prepare our body for a fight-or-
flight response [29].

The biggest reservoir of adrenaline in the body is the medulla
of the adrenal gland. Specifically, the functional unit of this tis-
sue, the chromaffin cell, is in charge of producing and storing
adrenaline. Indeed, the adrenal chromaffin cell (ACC) is
equipped with the enzyme battery for the production of this
hormone, including the enzymes tyrosine hydroxylase, L-aromat-
ic amino-acid decarboxylase, dopamine-beta-hydroxylase, and
phenylethanolamine-N-methyl-transferase, which respectively
catalyze the synthesis of L-DOPA, dopamine, noradrenaline,
and adrenaline from an initial precursor, tyrosine [70]. ACCs also
produce enkephalins and other peptides. such as chromogranins
and tissue plasminogen activator, which are packed in the secre-
tory vesicles together with adrenaline, noradrenaline, small
amount of dopamine, ATP, ascorbate and Ca>* [38].

In response to stress, the splanchnic nerve releases acetyl-
choline into the adrenal medulla activating cholinergic recep-
tors in the surface of the chromaffin cells. Then, the concom-
itant depolarization triggers the opening of voltage-dependent

@ Springer
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11], synaptotagmin-1 and its isoform synaptotagmin-7 [111,
115], and complexin-2 [32], indicating that molecules that
modulatc SNARE asscmbly rcgulate fusion pore dynamics.
However, the fusion pore expansion is also influenced by F-
actin [17, 54, 102] and myosin II [17, 92], which reportedly
contribute to pull open the © shaped membrane profile formed
by the vesicle during cxocytosis [146].

The fusion pore can also close back resulting in the partial
release of catecholamines [4]. This mechanism known as kiss-
and-run is still unclear, but it is the predominant form of exo-
cytosis at low frequency stimulations [36, 37, 43]. Tt appears
that high Ca’* concentrations avoid [usion porc closurc [143].
It has been also proposed that dynamin, a GTPase that cata-
lyzes membrane fission during endocytosis [55]. promotes
kiss-and-run exocytosis [24, 37, 53, 57] and rapid vesicle
reeyeling [90]. However, dynamin has also reportedly been
involved in favoring (usion pore expansion [8, 56] and stabil-
ity [65, 129] and in facilitating full fusion of chromaffin gran-
ules [63, 113]. These divergent roles played by dynamin seem
to depend on the intensity of the stimuli, the status of dynamin
phosphorylation, and its interaction with the actomyosin cy-
toskeleton [36, 65, 113].

The diameter of the fusion pore also determines the amount
and types of molecules released. Thus, a narrow fusion pore
limits the outflow of catecholamines, but a more dilated fission
porc allows the passage of bigger molccules such as ncuropep-
tide Y, and the full collapse of the granule on the plasma mem-
brane permits the release of all intragranular transmitters [43.
109]. Therefore, considering that the transmitters stored in the
chroma(lin granulcs act on diverse types of reeeptors and tissucs,
the regulation of fusion pore dynamics and the mode of exocy-
tosis could have important physiological consequences.

Concluding remarks

The release of hormones and active peptides from ACCs
relies on a highly regulated sequence of events that leads
to maintain a contingent of releasable chromaffin granules
and finally to trigger their fusion. However, ACCs must
respond to different physiological situations, such a mas-
sive response to stress, maintain a tonic release of trans-
mitter under basal conditions, as well as to respond to
moderate external stimuli. Therefore, the series of events
conducting to the transmitter release should be sensitive
to the magnitude and shape of the Ca”* signals produced
under such different situations. To support these actions,
ACCs are equipped with a set of molecules and cellular
clements that control the shape and spatial pattern of the
Ca®* signal and with Ca”"-sensitive proteins that define
the proper recruitment, priming, and fusion of chromaffin
granules. As discussed in this article, several of those
molecules and their contribution to the scerctory process

@ Springer

have been identified. However, it remains to be further
investigated how different Ca*"-sensitive proteins, includ-
ing synaptotagmins, Muncl3s, and CAPSs, arc coordinat-
ed and contribute to the exocytosis triggered by different
types of stimuli. Future studies should be addressed to
resolve these issues.
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GRAPHICAL ABSTRACT

= Drought is hypothesized to impact the
phenotypic variability of Rana temporaria.

* A new non-invasive method was
implemented to test such effect.

» Phenotypic variability decline was found
in frogs developing in drying habitats.
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In this study, we evaluated the diversity of skin coloration as a proxy for phenotypic diversity. The European com-
mon frog (Rana temporaria) populations from the Southern slope of central Pyrenees lie at the limit of the species
distribution in latitude and altitude. We analysed the relationship of skin color typology with different environ-
mental variables and found a large decrease in skin type variety in frogs developing in temporary water bodies
when compared to those developing in permanent water bodies. Our results show that our method can be
used as a non-invasive way to study phenotypic diversity and suggest that adaptation to an early metamorphosis
in a rapidly-drying habitat can have negative effects on adult phenotypic diversity. In light of these results, we
argue that access to permanent water bodies is important to prevent loss of diversity in anuran populations
and reduce their vulnerability to environmental impacts as well as pathogens.

© 2017 Elsevier B.V. All rights reserved.

1. Introduction

Amphibians have become a cause of great concern in the recent
years due to their sharply declining populations worldwide and their
high extinction rate. Some estimates suggest that current amphibian ex-

* Correspbnding author at: Laboratorio de Anatomia Animal, Facultad de Biologia,

Universidade de Vigo, Campus Lagoas-Marcosende, 36310 Vigo, Spain.

E-mail address: 0.es (LC. Mirar 11 )

x.doi.org/10.1016/j.scitotenv.2017.08.261
-0697,/© 2017 Elsevier B.V. All rights reserved.

tinction rates are much higher than background rates (McCallum, 2007)
and that loss of currently threatened species will lead to mass-

181



CINV ANNUAL PROGRESS REPORT —-2018

L.C. Miramontes-Sequeiros et al. / Science of the Toral Environment G12 (2018) 538-543 543

such as the introduction of non-native fish for recreational purposes or
rising temperatures as a consequence of climate change will have a di-
rect impact on the capacity of R. temporaria and other anurans to cope
with further environmental change and will reduce the viability of vul-
nerable populations.

5. Conclusions

In conclusion, our study shows that the distribution of different skin
colors in populations of R. temporaria is a non-random factor that can
vary with geography and environmental conditions, The differences
found between permanent and temporary water bodies suggest that
skin color distribution is a suitahle proxy to study phenotypical variabil-
ity, and the variation encountered between separate geographical areas
suggests a link to genetic variability that requires further study. The
method presented in this paper allows for an objective measurement
of frog skin color and the subsequent analysis of skin color distribution
within and between populations. This method is easy to perform in the
field along with other types of data sampling and can provide informa-
tion about phenotypic diversity, which makes it a valuable tool for
conservation-related monitorization of R. temporaria and other anurans.
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Annex 13.- Outreach activities throughout the period
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BE PART OF THE FALLING WALLS LAB
CHILE ON 8 AUGUST 2018

YOUR PRESENTATION

¢ Present your research project, business plan or
social initiative - in just 3 minutes!

* Get involved in exciting discussions and network with
fellow innovators and experts from different disciplines.

WHO CAN APPLY

* We are looking for great ideas from all fields!

o Apply now if you are a Bachelor or Master student, PhD can-
didate, post-doc, young professional or entrepreneur.

APPLICATION DEADLINE

e Apply online at falling-walls.com/lab/apply

* Application deadline: 13 July 2018

THE FALLING WALLS LAB CHILE

¢ The event will take place at the DIN399, Dinamarca 399,
Cerro Pantedn, Valparaiso.
e Start: 3 pm

FALLING g reomine
waLLs @
LAB

DAAD) /St %

*
e coo BGRB8/ Universidad
Neurociencia de ( 7
Gormin Asadmic Exchirge Sarioe CIENCIA JOVEN Valparaiso ﬁ ndeValparalso
CHILE

SHARE YOUR INNOVATIVE IDEA AND WIN
A TRIP TO BERLIN

A DISTINGUISHED JURY SELECTS THE WINNER WHO

e travels to Germany and qualifies directly for the global Lab
Finale in Berlin on 8 November as one of 100
international winners (travel and accommodation are
covered).

¢ wins a ticket for the Falling Walls Conference where
leaders from science, industry and policy-making meet.

QUESTIONS?

Contact: fwlabf@cienciajoven.cl
Tweet about the Lab: #FallingWalls18

The Falling Walls Lab Chile is hosted by Fundacién Ciencia
Joven, Centro Interdisciplinario de Neurociencia de Valparaiso,
Universidad de Valparaiso and the German Academic Ex-
change Service [DAAD) with the support of the Federal Office
of Germany.
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1) “Scientists again warn of the convenience of maintaining the winter schedule”

Web: Senado de Chile.

May 09, 2018

Link: http://www.senado.cl/nuevamente-cientificos-advierten-conveniencia-de-mantener-horario-
de/senado/2018-05-08/164540.html

Scope: National

Usted esta en: Inicio / Senadores

Nuevamente cientificos advierten conveniencia
de mantener horario de invierno todo el afio

Los expertos colaboraran en la redaccion de una mocion, en la que se fundamentarian
los efectos negativos que tiene para la salud adelantar y atrasar el despertador en
distintos meses.

Ala medianoche de este sabado cuando lo relojes se atrasen una hora comenzara a regir el
horario de invierno en todo el pais, excepto en Isla de Pascua y Magallanes. El tema ha generado
polémica cada vez que se ha puesto en la agenda porque no son pocos los que postulan que
realizar dicho cambio no es conveniente.

En este contexto, el presidente de la
Comisién de Salud, el senador Guido
Girardi recibi6 a un grupo de cientificos
que le entregaron un documento sobre
los beneficios que tendria para la salud,
mantener el horario de invierno y el
negativo impacto que genera el uso del
actual huso horario.

En el 2016, la Sala analizé el proyecto
que establece la hora oficial en todo el territorio nacional (Boletin N° 10181-06), siendo remitido
a la Comisién de Mineria y Energia donde expertos analizaron los pros y contras de retrasar en
una hora las manijas del reloj. Ver mas detalles en nota relacionada. “Analizan efectos del horario
de verano: ;seria conveniente volver al de invierno o intercambiar ambos?”

Esta propuesta propone mantener los dos husos horarios, es decir, dejar las cosas tal y como
estan, pero ;qué opinan los cientificos?

“ENMENDAR UN ERROR” pre

Hasta las dependencias del Congreso Nacional en Valparaiso, llegé el investigador del Centro
Interdisciplinario de Neurociencia de la Universidad de Valparaiso, John Ewer, quien junto al
Premio Nacional de Ciencias, el doctor Ramén Latorre, y la psiquiatra y académica de la
Universidad de Concepcién, doctora Carmen Gloria Betancourt, presentaron el citado
documento. En él aseguran que “el cambio de horario que se decreté el 2017 para la Region
Metropolitana es un error que debe ser enmendado™.

Esta medida busca aprovechar mejor la luz del dia, pero segtin Ewer “cuando mas tarde
amanece, mas tarde es el despertar biologico” y el desfase entre “el horario externo e interno”
produce “alteraciones en el desempefio y aprendizaje” y afectaria principalmente a los
“adolescentes”.

A Chile, seglin su posicion planetaria, le corresponde el uso de horario de invierno que es similar
a Pert, Colombia o Ecuador y no el que tenemos ahora que corresponde a Brasil.

PROYECTO DE LEY sane

El senador Girardi afirmé que le parece “inaceptable que generemos patologias, que pueden ser
muy graves para la salud, a causa de tomar medidas sin el sustento cientifico necesario”.
Consideré “muy relevante que la Ciencia acuda al Congreso a pedir, con evidencia cientifica en la
mano, que se corrijan medidas que se hicieron sin considerar su aporte”.

Frente a esto, el legislador anuncié que presentara un proyecto “que haremos con la Academia
de Ciencia y estos centros, para establecer un mecanismo respecto al cambio de horario que
tenga evidencia y fundamentos cientificos. A partir del 12 de mayo empieza el horario de invierno
y ese debiera ser el horario permanente de este pais”.
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Neurocientifica chilena es nombrada miembro de la

Academia Mundial de Ciencias

Actualmente, Karen Castillo estd investigando el funcionamiento de una clase de proteinas

que residen en la membrana de nuestras células y que, como antenas moleculares, actian

como receptores de la temperatura y el dolor. Son estas proteinas, las que llevan el extrafio

nombre de “canales receptores de potencial transitorio”, o TRP en la jerga de los expertos.

Karen Castillo, investigadora joven del Instituto Milenio, Centro Interdisciplinario de
Neurociencia de la Universidad de Valparaiso, CINV, es la nueva integrante de la
Academia Mundial de Ciencias (The World Academy of Sciences 0TWAS) como Miembro
Asociado y por un periodo de cinco afios.

De acuerdo a cifras de la Organizacién de las Naciones Unidas para la Educacién, la
Ciencia y la Cultura, UNESCO, sélo el 32% de participacién en ciencia y tecnologia que se
desarrolla en Chile es protagonizada por mujeres, uno de los indices mas bajos de toda
Latinoamérica en paridad de género. Considerando esta realidad, es que el
nombramiento contribuye a potenciar el rol femenino en el dmbito cientifico nacional,
especialmente en materia regional.

Los requisitos para llegar a ser un Miembro Asociado de la TWAS eran varios: ser
investigador joven menor de 40 afios, con una alta productividad cientifica y una
contribucién relevante como investigador independiente. “El hecho de ser una de las
cinco cientificas latinoamericanas jovenes en ingresar a la Academia Mundial de
Ciencias es un gran reconocimiento al trabajo cientifico que he desarrollado desde que
egresé como ingeniero en Biotecnologia Molecular de la Universidad de Chile, y hasta
hoy, al interior del CINV. Por otro lado, esta distincién demuestra que es posible
desarrollar ciencia de primer nivel en Chile fuera del centralismo de la capital, en
regiones como Valparaiso”, enfatiza la i i quien se F como

investigadora joven en el drea de Biofisica del CINV.
Karen Castillo sefiala que los fondos limitados
para realizar investigacion son una de las

Karen Castillo seftala que los
‘ ‘ fondos limitados para realizar
investigacion son una de las principales
dificultades que deben enfrentar los

principales dificultades que deben enfrentar

los ci yac: delL ica
y el Caribe. Esta situacién, a menudo, obliga a
los pi i a sus paises de

cientificos y académicos de L icay
el Caribe. Esta situacion, a menudo, obliga a
los profesionales a abandonar sus paises de
origen en busca de oportunidades econémicas
en el extranjero, impidiendo un adecuado
impulso al desarrollo cientifico y economico
del pais, que termina proveyendo materias
primas a paises desarrollados, y sin darle un
valor agregado sustentable a nuestros

recursos, y al desarrollo tecnolgico local

origen en busca de oportunidades
en el extranjero, impidis un

adecuado impulso al desarrollo cientifico y
econémico del pafs, que termina provey

“También entrega la posibilidad de postular a proyectos de investigacion competitivo
para miembros de la asociacion, es decir, existen fondos asegurados que permiten
asociarse con determinado cientifico, financiando los viajes, equipos, reactivos y lo que
tenga relacion para facilitar la investigacion cientifica con altos estdndares. Eso mejora
las interacciones colaborativas que uno como investigador y nuestro centro, a su vez,
pueda tener, proporcionando acceso a fondos extranjeros fuera de Latinoamérica”,
enfatiza la cientifica de CINV.

De esta manera es posible reconocer, apoyar y promover la excelencia en la
investigacién cientifica de América del Sur, facilitando el contacto entre cientificos e

instituciones latinoamericanos y europeos.
Brecha de género

La cientifica sefiala que hay un diagndstico claro respecto a la inequidad de género en
materia cientifica en Chile, en el cual “la balanza estd fuertemente inclinada hacia los
hombres, sobre todo en posiciones académicas y directivas que es donde mds se percibe
esta brecha”.

No obstante, considera que la masiva sensibilizacién que ha tenido el tema durante el
Altimo tiempo, ha abierto puertas para que se comience a discutir y legislar
transversalmente sobre el tema.

Para el CINV este panorama es relevante, razén por la cual ya estan abordando los
desafios de la inclusién y fomentando la igualdad de género. “Como CINV no sélo nos
interesa aquello que ocurre en los laboratorios, sino que nos importa generar mayores
estandares de integracion en todas las areas, teniendo presencia de hombres y mujeres
en igualdad de condiciones. Incluso, frente a un curriculum equivalente, estamos

privilegiando al de la mujer, asfuna positiva que también

busca dar una mayor visibilidad a las cientificas”, explica el Dr. Ramén Latorre, Premio
Nacional de Ciencias y director de esta institucin. Como Instituto Milenio el CINV se
esta preocupando muy activamente en darle espacio a nuestros investigadores jévenes

quienes, finalmente, son el futuro de nuestro centro.
Acerca de la Academia Mundial de Ciencias

La Academia Mundial de Ciencias (TWAS), basada en el mérito, fue fundada en 1983 por
un grupo de cientificos liderados por el fisico pakistani y premio Nobel, Abdus Salam.
Su objetivo principal es promover y difundir la capacidad cientifica y excelencia para la
sustentabilidad de los paises en vias de desarrollo. Su sede e estd ubicada en los
edificios del Centro Internacional de Fisica Tedrica (ICTP) en Trieste, Italia.

En 1985 fue inaugurada oficialmente con el nombre de Academia de Ciencias del Tercer
Mundo, nominacién con la que fue conocida hasta 2013. En sus inicios estaba integrada
por 42 becarios, 9 de ellos galadornados con el Premio Nobel. Actualmente estd
integrada por mas de 1.200 becarios elegidos en mas de 90 paises, considerados los
investigadores més exitosos del mundo. Del total de sus miembros, 14 han recibido el
Premio Nobel en alguna area de las ciencias.

materias primas a paises desarrollados, y sin
darle un valor agregado sustentable a
nuestros recursos, y al desarrollo tecnolégico
local.

“Es necesario crear redes de apoyo que

beneficien el trabajo de investigacién y la
difusion cientifica de todas aquellas naciones

que aiin no alcanzan un completo desarrollo. Necesitamos potenciar la ciencia en post

del conocimiento y las habilidades para enfrentar desafios como la pobreza y las

enfermedades en nuestros territorios. Promover la ciencia y el uso de datos cientificos

eslo que enChiley L

para tomar politicas,

sociales y econémicas acorde a las realidades locales. Asf evitamos 1a fuga de capital

humano y favorecemos el desarrollo global local”, agrega la investigadora.

Beneficios y redes de colaboracién

Castillo explica que es habitual que los investigadores latinoamericanos realicen sus

estudios en condi poco

ycon antiguo y que uno de los

beneficios de pertenecer a la Academia Mundial de Ciencias radica en que, en caso de

ser necesario, los cientificos pueden acceder a instituciones europeas y con tecnologfa

de punta para realizar sus estudios y analisis.

Ap €1 85% de sus i provienen de paises en desarrollo y el 15%
son cientificos e ingenieros de naciones desarrolladas, con investigaciones que han

impactado significativamente a América del Sur.

Lineas de investigacion de la cientifica
Actualmente, Karen Castillo estd investigando el funcionamiento de una clase de
proteinas que residen en la membrana de nuestras células y que, como antenas

actiian como dela y el dolor. Son estas proteinas,

las que llevan el extrafio nombre de “canales receptores de potencial transitorio”, o TRP
en la jerga de los expertos. “En ese contexto, mi principal pregunta es dilucidar los
mecanismos moleculares que le permiten a estas proteinas informarle a nuestro
sistema nervioso cuando tenemos que retirar la mano de un objeto muy caliente o muy
frio. La o las respuesta que podamos obtener a través de estas investigaciones, nos

pueden llevan a la confeccién de fairmacos que nos sirvan para paliar el dolor”, sefiala.

Actualmente, 1a investigadora se esté concentrado en estudiar el comportamiento de
dos canales capaces de responder a los cambios de temperatura en distintos rangos. El
TRPMS es conocido como el canal receptor de frio, mientras que el TRPV1 es un canal
que se activa con calor. “Estamos estudiando estos canales para que puedan ser usados
como blancos terapéuticos en ciertas patologias que tienen que ver con el dolor, incluso
con la neuropatia y dolores producidos por céncer, diabetes y migraiia”, finaliza la

investigadora.
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71 EL DIA

Miércoles 24 de octubre de 2018 / Las Ultimas Noticias

El reconocimiento lo obtuvo la
neurocientifica Karen Castillo.
Podra ir de intercambio a
prestigiosas universidades,
pero debera volver al pais a
aplicar lo aprendido.

Camia Ficueroa

conforman la Academia Mundial de Cien-

cias (https://bit.ly/2ywpFbz), con sede
en Italia, no reciben postulaciones. Para conver-
tirse en miembro, uno de los integrantes tiene
que nominar aalguien, quien posteriormente es
evaluado por un consejo.

Karen Castillo (38), investigadora del Institu-
to Milenio Centro Interdisciplinario de Neuro-
ciencias de la Universidad de Valparaiso, fue vo-
tada y elegida como la nueva integrante de
aquel grupo integrado por 1.222 genios de la
ciencia, entre ellos, catorce ganadores del Pre-
mio Nobel.

"El objetivo de esta academia es promover el
desarrollo cientifico en paises en vias de desa-
rrollo, La fundd a comienzos de |a década de los
80, el Nobel de Fisica Abdus Salam, quien esta-
ba preocupado por la fuga de cientificos hacia
paises desarrollados. La academia, a través de |
sus redes, nos da cupo para ir a aprenderen la-
boratorios y universidades internacionales. La
idea es que uno vuelva a su pais de origen para
generar avances”, explica la neurocientifica.

E n el selecto grupo de investigadores que

La entidad financia y promueve la investigacion en paises en vias de desarrollo

Nombran a chilena como nueva
integrante de la Academia

Agrega que, por mientras, solo es miembro aso-

ciado por cinco anos, que pueden prolongados
por otros cinco. Eso porque para ser un inte-
grante estable es necesario contar con una tra-
yectoria de mds afos,

A Castillo la nomin el Premio Nacional de
Ciencias Naturales y miembro de la academia,
Ramon Latorre. "La competencia es feroz por-
que todos quieren postular a alguien. Se abrio
un proceso especial para nominar a menores de
40 anos. Este ano aceptaron a cinco latinoame-
ricanos, Esta academia es muy importante por-
que la integran miembros de paises desarrolla-
dos, subdesarrollados y en vias de desarrollo.
Todos colaboran para que la ciencia llegue a to-
dos lados”, celebra Latorre, quien ademas inte-
gra la Academia de Ciencias de Estados Unidos.

Latorre cuenta que eligié a Castillo por su
creatividad en la investigacion. “Estudio los
sensores de temperatura que estan en la piel. Le
avisan al cerebro cuando quitar la mano de las
cosas calientes. Cuando estos sensores fallan,
aparece el dolor cronico en enfermedades como
el cancer, neuropatia diabética o migrana. Por
€50 es importante estudiar por qué ocurre eso.
Asi encontraremos el medicamento ideal para
frenar esa falla de los sensores”, detalla lainves-
tigadora.
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Domingo 29 de julio de 2018 / Las Ultimas Noticias

Tomas Pérez-Acle tiene apoyo de la Fuerza Aérea de USA (USAF) y de Intel

Bidlogo cuenta como entrena la retina
artificial que sedulo a los gringos

Junto al neurocientifico Adrian
Palacios, crearon inteligencia

artificial que imita la funcién de

esta parte del ojo.

Camita Ficueroa

odo comenzo con el Imperio

Galactico descrito perfecta-

mente por el escritor Asimov

en la saga "Fundacién”. To-
mas Pérez-Acle tenia unos diez anos
cuando descubri6 que tal vez, solo si
se topaba con un computador a finales
de la década de los 70 en Chile, podria
iniciar su camino en el desarrollo de
modelos matematicos para predecir
el comportamiento de la sociedad, Tal
como lo hacia el personaje de Hari Sel-
don, quien trabajaba para dilucidar los
movimientos de los pobladores del
imperio Galactico.

""Parti6 como ficcion cuando era un
nifo, pero se transformd en realidad
cuando me dediqué a la biologia com-
putacional. Ahora, junto al investiga-
dor Adrian Palacios, doctor en Neuro-
ciencia y experto en retina, estamos
trabajando en una retina robética, fi-
nanciada por la Oficina de Investiga-

cion de la Fuerza Aérea de Esta-
dos Unidos (AFOSR) y gra-
cias al apoyo de la empre-
sa tecnoldgica Intel,
que imita el funciona-
miento de laretina del
roedor Degus”, cuen-
ta el investigador de
la Fundacion Ciencia
para la Vida y del Ins-
tituto Milenio Centro
Interdisciplinario de
Neurociencia de la Univer-
sidad de Valparaiso (CINV).

Tomas La primera vez que los estadou-
Pérez-Acle, nidenses se fijaron en Pérez-Acle fue
bidlogo luego de que disefara matematica-

mente el compor i de los chi-

lenos frente a una invasion zombie.
“Publicamos los resultados en una re-
vista cientifica y bien. Pero después
empezé a difundirse en los diarios,
hasta que lellegd a la Fuerza Aérea es-
tadounidense. Les gusté laidea y aho-
ra nos estan financiado inteligencia
artificial”, dice.

Retina artificial

Sin retina no hay vision. Es un teji-
do que reacciona ante la luz y que
manda informacion via impulsos ner-
viosos al cerebro, para que éste la des-
cifre. “Por eso es que la inteligencia
artificial tiene que lograr imitar este
tejido para ser eficiente. Lo imita, es
cierto, pero no con la eficiencia que
deseariamos. Imaginate que en milé-
simas de segundo puedes ver una
imagen, no gastas energia en eso, ni

El computador almacena y analiza la
informacién enviada por el electrodo,
Funciona como una red neuronal que
va aprendiendo:

e

slquxera te lo cuestionas. La inteligen-
cia artificial aspira a eso, a ser eficien-
te”, explica John Atkinson, director
del Centro TI de la Facultad de Inge-
nieria y Ciencias de la Universidad
Adolfo Ibanez, quien aplaude la retina
robética de su colega.

¢Como logra esa eficiencia Pérez-
Acle? Con dos areas de la inteligencia
artificial que se llaman redes neurona-
les y computacion neuromorfica. "Las
redes neuronales son varios softwares
que se comunican entre si e imitan el
funcionamiento del sistema nervioso
central, En este caso, los softwares
aprenden como se comportan las neu-
ronas de la retina del roedor frente a
dlsllnlos colores, movimientos y for-
mas”, describe.

La retma explica Pérez-Acle, se en-
carga de detectar el color, la formayel
movimiento de una imagen. "El tala-
mo relaciona esos patrones y la corte-
za cerebral se encarga de darle senti-
do a la imagen y determina si la ima-
gen es una manzana o no, por ejem-
plo. Estamos con la primera parte del
proceso de imagen que es la retina”.

P Retina del roedor. "Sacamos
la retina y la ponemos en un electrodo
de dos milimetros cuadrados. La man-
tenemos viva con algunas sustancias.
Sobre ella vamos pasando imagenes
con un proyector”.

P Electrodo. “Cuando la retina
detecta la forma, movimiento y color
de la imagen, las neuronas se ponen a
disparar senales eléctricas al cerebro.
Nosotros, en vez de tener un cerebro,
las capturamos con un electrodo que
las envia a un computador via cable
USB. En el computador hay muchos
softwares que hacen de red neuro-
nal”.

P Red neuronal. "Nosotros co-
nocemos como funciona la retina y
esainformacion se la pasamos al com-
putador. Entonces la red neuronal
(softwares que imitan la comunica-
cion que tienen las neuronas de lareti-
na) detecta qué neuronas estan emi-
tiendo las senales. Eso varia de acuer-
do a la imagen proyectada”.

P Aprendizaje. "La red neuronal
va aprendiendo. Mientras mds image-
nes le proyectes, mas informacion
aprende. Justo estamos en la etapa de
entrenar la red, Le decimos: Aca tie-
nes los datos y esto es lo que tienes
que obtener . En un momento la red
neuronal artificial va a poder aprender
adistinguir cientos de formas, colores
y movimientos”.

P Chip neuromorfico. “Este es
el paso final para crear la retina rob6-
tica. Se imprime un chip con todos los
patrones mas o menos del tamafio de
la palma de una mano y se puede in-
cluir en la visién de cualquier aparato
que use inteligencia artificial”.

FRANCISCO CRESPO
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5) “Young man walked again to pure boldo and kinesiology”
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*No.hay otro°caso como
el deVictor Abusleme
(diagnosticado con
Disferlinopatia)”, dice
el doctor en fisiologia
Luis Gea

-\ ulere borrarse un Farandula sube
tatuaje? Si es negro | el rating a late
»/| 0 azul es mas facil /5 | de Kathy Salosny 3
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EL MERCURIO

DE VALPARAISO

. A i
LA EMPRESA CONSTRUCTORA TENDRA UN PLAZO DE 20 MESES PARA HABILITAR ESTE INMUEBLE.

Partieron las obras del
edificio de la ciencia
en el barrio La Matriz

VALPARAIS0. El proyecto impulsado por el CINV contempla
una inversion que se empina a los $ 7 mil 400 millones.

ccomo “Abate Molina®, sacerdo-

tedeor
do como precursor de la cien-
cia chilena en los siglos XVilly
XIX, quien residi6 durante un
periodo en ese mismo lugar.
La empresa constructora
Brotec -unade las tres firmas li-
citantes en el proceso-, quien
tendria cargo el desarrollodel

asedioinicioalacons- Elinmueble ha
Y truccion del Edificiode  sufrido div
laCiendiaen \ \!
denominado Juan Ignacio Mo- incendios que han
lina, en homenaje al primer fi josus
cientifico del pais. La obra, si- <™
s dodelalglesia €
del barrio La Matriz, esimpul-  a la fecha. Del dltimo
sada por el Instituto Milenio,  de ellos -un incendio
Centro Interdisciplinario de  g] afio 2004- s6lo se
iencia de la Universi s Ia
de Valparaiso (CINV) y busca 7Y
posicionar a la ciudad puerto CHedl&jo'q“em
comoun polodereferenciapa-  preservada por este
rala neurociencia en Latinoa-  proyecto.

mérica.
El Ministerio de Obras Pu-
blicas, a través de su Direccion

ciativa arquitectonica contem-

proyecto,
de experiencia en edificacio-
nes publicas, y entre sus pro-
yectos mas emblemdticos des-
taca la ruta entre Rodelillo y El
Salto en Vifa del Mar, las obras
civiles del Acropuerto Matave-
ri en Hanga Roa y el Aeropuer-

de Arquitectura, adjudico la  plaunai il los  toPudahuel iago.

obra a la empresa constructo- 7 mil 400 millones de pesos.

ra BROTEC, q aunpla-  Dichos d ZONA TIPICA PORTENA

70 de 20 meses para habilitar  porla Universi Valparai- inco siglos, el exedifi-

este inmucbk a clMiniste-  cio Severin ha sido testigo pri-

més de 150 investigadores chi-  rio de Obras Publicas ($1.000  vilegiado en hitos de Valparai-

lenos y extranjerosa partirdel  millones), el Gobierno Regio-  soyla vidarepublicana de Chi-

primer trimestre delail02020.  nal de Valparaiso (§2.500 mi-  le desde sus origenes como
llones) y la Subsecretaria de  templo jesuita en el Siglo XVI,

INVERSION Desarrollo Regional ($2.400 el funcionamiento del retén

Emplazado en el drea declara-  millones). El edificio Il 1 e

da como Patrimoniode la Hu-  nombre de Juan Ignacio Moli-  a finales del Siglo XIX, lugar

manidad por la Unesco, la ini-

na, conocido popularmente

Moderno centro de investigacion con
instrumentos de alta tecnologia

Alinterior del Edificio de la
Ciencia en Valparaiso, impul-
sado el CINV, funcionara un

donde sesion6 el primer Con-
greso bicameral de Chiley se

cién en neurociencia, con la-
boratorios de alta tecnologia,
que albergaran a mas de 150
profesionales, entre investi-
gadores, académicos, estu-
diantes de doctorado y post-
doctorado y personal admi-
nistrativo. La construccion
tendrd un total de 4.800 me-

redacté la Constitucion chilena
de 1828
El inmueble ha sufrido di-
versos desastres naturales ¢ in-
cendios que han afectado sus.
va un auditorio imi desde 1905 a la fe-
con capacidad para 200 per- cha. Deltiltimode ellos - unin-
sonas, que recibird activida- cendio el ano 2004- solo se
desde ciencia ¥ mantiene la fachada del edifi-
ademds de ser un espacio cio, que serd preservada por
abierto para actividades de este proyecto.
caracter educativoy comuni- Cabe recordar que el infor-
tario en el drea. Se espera me ICOMOS (entidad técnica
que este Centro reciba cada asesora de la Unesco), a raiz de

afo, y desde distintas latitu-

su visita el afio 2015 con el obje-

des, P
listas ligados a la investiga-
ci6n cientifica como publico

trimonio portefio, menciona
que la recuperacion de este in-

tros cuadrados y cinco nive-  atraido por la y mueble: ird a reactivar
les, dos d la quetendr social y

Su ion definiti- ] drea d ion. 8 mio¥ , através de un polo

de desarrollo cientifico de pri-

mer nivel. 3
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7) “Porteiios scientists seek therapy for OCD”

Newspaper: El Mercurio de Valparaiso

October 18, 2018

Link: http://www.mercuriovalpo.cl/impresa/2018/10/18/full/cuerpo-principal/3/
Scope: National

EL MERCURIO

DE VALPARAISO

Cientificos
portenos
buscan terapia
parael TOC

VALPARAISO. En Chile, 500 mil personas
lo padecen, entre ellas, Gabriel Boric.

ientificos del Instituto
C Milenio Centro Interdis-

ciplinario de Neurocien-
cia de la Universidad de Valpa-
raiso -CINV-, liderados por el
Doctor Pablo Moya, estdn ana-
lizando un gen asociado con
un neurotransmisor especifico
llamado EAAT3, el cual apare-
ce alterado en personas diag-
nosticadas con Trastorno Ob-
sesivo Compulsivo (TOC).

Este tipo de trastorno ad-
quirié notoriedad luego que el
diputado Gabriel Boric (MA)
reconociera que lo padece y
admitiera que esta en trata-
miento para mantenerlo bajo
control.

Los estudios que se hacen
en Valparaiso estan orientados
a la elaboracion de una nueva
terapia que beneficie al 50% de
los pacientes, quienes, actual-

mente no responden a los tra-
tamientos convencionales ya
existentes.

“Esta proteina regula la ac-
tividad del neutrotransmisor
glutamato en el cerebro. Lo
que nosotros hemos observa-
do es que existen variantes ge-
néticas que la codifican, las
cuales estan mucho més pre-
sentes en las personas con TOC
que en la poblacion en gene-
ral”, explica Pablo Moya.

Precisa que a partir de es-
tos estudios, generaron un mo-
delo transgénico que permite
manipular a EAAT3 para ver
cudles son las consecuencias a
nivel cerebral. “Descubrimos
que cuando este neurotrans-
misor esta sobreexpresado, au-
mentan los niveles de conduc-
tas compulsivas, repetitivas y
la ansiedad. Debido a esto es

' ’;'
-
-k

LS

[l

EL DOCTOR PABLO MOYA LLEVA 12 ANOS DE INVESTIGACION EN EL TEMA.

que estamos proponiéndolo
como un nuevo modelo parael
estudio y blanco terapéutico
para la patologia”, expuso el
especialista.

MOLECULAS
En ese contexto, el investiga-
dor de CINV confirmé que ya
han disefiado moléculas que
bloquean la actividad de EA-
AT3. “Ahora queremos ver sies
que acaso, bloqueando a esta
proteina, podemos revertir el
efecto”, comenta.

El Trastorno Obsesivo
Compulsivo afectaaun 26 3%
de la poblacién mundial. Esto

N

significa que en Chile son apro|
ximadamente 500 mil los ca
sos existentes. Por lo general
los sintomas aparecen entre log
8 y 18 afos. Es un problemd
cronico, que persiste a lo largg
de la vida de los pacientes, aun
que hay ciclos de severidad.
Moya, quien también es di
rector alterno del Nucleo Nu
MIND, agrega que los trata
mientos clasicos para el TO(
son la terapia conductual y log
inhibidores de la recaptura dd¢
serotonina. Sin embargo, sold
la mitad de los casos respon
den favorablemente a estos tra
tamientos. (&
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8) “Neuroscientist use boldo to treat very rare disease”
Newspaper: Las Ultimas Noticias
November 22, 2018

Link: http://www.lun.com/Pages/NewsDetail.aspx?dt=2018-11-

22&Paginald=27 &Supplementld=46&bodyid=0

Scope: National

27

ICIENCIA

JUAN CARLOS SAEZ DESCUBRIO QUE LA BOLDINA FRENA EL DETERIORO EN LA DISTROFIA MUSCULAR

Neurocientifico utiliza boldo
para tratar rarisima enfermedad

Un paciente que
casi no caminaba
se entero del
estudio de Saez
en ratones.
Decidié tomar
agua de boldo por
su cuenta, Ahora
anda en bicicleta.

Camua Ficuenoa

cta es la historia del boldo, a fin de cuen-
tac. Y lade unpacients, que porinicativa
propia, agamd el estudo de un investiga-
dor y decidid poner en practicala diman-
tamion que tuvieron unos ratonsz durante
un afio. "Victor Abuzierne tiene un po
da distrofia muzcular llamada diz-
ferlinopatia. En o biboratorio da-
mostramos que los tatones en-
fermos que consumieron bol-
dma (compuesta del boldo),
no pracentaron deterioro
muscular. Este joven tomd
agua de boldo durante casi
trez afoz. Antez caminaba
con bastones, shora anch en
bicicleta y subs carros”, cuen-
tael neurcciertifico Juan Catics
Saez, investigador del Institute
Milenio Centro Interdizciplinario de
Neurociencias de la Universidad de
Valardico,
=, Por qué el boldo ec tan potente en la
distrofia muscular?
-Hay varioz tipoz de distrofias muzculares.
Son enfermedades gendticas que van deterioran-
do Iz fibras musculares, Nozctros descubrimoz
queen las célias que componen esas fisras mus-
cubrec aparecen unos hoyitos llamades hemica-
nalez. Por al entra mucho cdcio, lo que tarmina
poe matar 3l cébla,

-Ahora entra el boldo, me imagino. ..
-Exacto. Laboldinacieraesochoyos. Laenferme-
dad no dezaparece, porque sigue existiends kb
rmutacitn genética. Lo que hace la boldina e fre-
nar la destruccitn de laz céulas muscuares.
~¢Lo probé solo en ratones?
+5i. Pero alredador de 120 parzonas con
disttofia muscular en elmundo ectén
tomando extracto de boldo. Ezon
pacientes han mejorado o ca-
minata. De todos modos ex
NeCACIrio AVaNZIar conun es-
tudio clinico para evidenciar
y democtrar el efecto del
boldo en hurmance,
-LEn qué estd ese estudio
en humanos?
-Farmamos una empreca y
estamos avanzando con in-
verzionistac norteamericanoz
para hacer estudios preclinico
(en nimales). En cinco afios mds
ecperamoz comenzar en humanos,
A fines del 2018 persames publicar un
estudo retrocpectivo con personas que
han ingerido extracto de bolds por cu
cuenta.
-Una cosa, doctor. El boldo es endémico de
Chile y demora en crecer, yde dénde sacarfn
tanio boldo?
~Tarmbién pereamocs en eoo. Por sso creamoz una
melécula zintétics que ze puade fabricar entonela-
daz. Extarnos en procazo de zolicitud de patente.

2 ciencia ex curiosidad pura.
Los hallazgos importantes en
clencia no nucen porque cl cientifi-
o quicrs innovar en alge 0 porgue
Quicra descubrir algo que pueda
tener una aplicacion inmediata, El
arte Jdel descubrimicnto en ciencia
= bava en la mids pura curiosidad

de entender cimo funcionan los
seres vivos, el universo o las molé-
culas. Hse acto
Por la casi épico de
hacer ciencia
curiosidad, parte porha-
Ssiez legd aun  cerse una pre-
posible avance gunia, realizar
9 los experimen-
terapcutico, sln , ¢ formular
ser un médicn,  una hipdtesis,
Es exta curiosi-
dad nsaciable de los seres huma-
nox Ja que finalmente produce ¢!
GPS © las mis diversas drogas que
por miles se usan para batallar
contra diferentes enfermedades,
Como la ciencia se ha especiali-
zado tanto, destaco en ¢l drcade la
biofisica a Juan Carlos Slez. Justa-
mente su investigacidm con el bok
do nacié por la curiosidad, queria
entender un proceso al nivel moles
cular, Siez ex el ejemplo de como
1a curiosidad Nego 3 un posible
avance teraplutico, Sin querer
Queriendo, como decia ¢l Chavo,
Hlegd a algo tan importan e como la
salud del ser humano, Y eso que

no ex médico.

% -,
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