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ABSTRACT

Nitric oxide (NO) is a neuromodulator involved in physiological and pathological processes in the retina.
In the inner retina, a subgroup of amacrine cells have been shown to synthesize NO, but bipolar cells
remain controversial as NO sources. This study correlates NO synthesis in dark-adapted retinas, through
labeling with the NO marker DAF-FM, with neuronal nitric oxide synthase (nNOS) and inducible NOS
expression, and presence of the NO receptor soluble guanylate cyclase in bipolar cells. NO containing
bipolar cells were morphologically identified by dialysis of DAF fluorescent cells with intracellular dyes,
or by DAF labeling followed by immunohistochemistry for nNOS and other cellular markers. DAF fluo-
rescence was observed in all types of bipolar cells that could be identified, but the most intense DAF
fluorescence was observed in bipolar cells with severed processes, supporting pathological NO signaling.
Among nNOS expressing bipolar cells, type 9 was confirmed unequivocally, while types 2, 3a, 3b,4,5,7,8
and the rod bipolar cell were devoid of this enzyme. These results establish specific bipolar cell types as
NO sources in the inner retina, and support the involvement of NO signaling in physiological and

Soluble guanylate cyclase

pathological processes in the inner retina.

© 2017 Elsevier Ltd. All rights reserved.

Nitric oxide (NO) is a signaling molecule that exerts multiple
actions throughout the central nervous system (Garthwaite, 2008).
It is a product of the conversion of L-arginine to L-citrulline by the
enzyme NO synthase (Knowles and Moncada, 1994). In mammals,
neuronal NO synthase (nNOS) is the main isoform expressed in
neurons; endothelial NOS (eNOS) is expressed in the vascular
endothelium, and inducible NOS (iNOS) expression may occur in
most types of cells, generally as a consequence of cellular inflam-
mation associated with pathological processes (Blom et al., 2012;
Toda and Nakanishi-Toda, 2007). NO has a half-life in the 1-s
range and reacts rapidly with other free radicals and heme
groups, including those of hemoglobin, resulting in pico-to low
nanomolar tissue concentrations under physiological conditions
(Garthwaite, 2015; Pacher et al., 2007). NO can act as a neuro-
modulator by two main mechanisms of action. Activation of soluble
guanylate cyclase (sGC), by binding of NO to its heme group with an

Abbreviations: BC, bipolar cell; RBC, rod bipolar cell; NO, nitric oxide; NOS, NO
synthase; DAF, 4-Amino-5-methylamino-2',7'-difluorofluorescein; IPL, inner plexi-
form layer; INL, inner nuclear layer; GCL, ganglion cell layer; sGC, soluble guanylate
cyclase.
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EC50 of about 3 nM (Rodriguez-Judrez et al., 2007), increases the
synthesis of cGMP, which may stimulate protein kinase G or directly
activate cyclic nucleotide-gated ion channels (Garthwaite, 2005).
On the other hand, NO can modulate target proteins by reversible S-
nitrosylation of specific cysteine residues, changing their structure
and function in a cGMP-independent manner, but the
concentration-dependence of this process remains unclear (Hess
et al., 2005; Martinez-Ruiz et al., 2013).

In the inner mammalian retina, an established NO source are
nNOS-expressing amacrine cells (NOACs) (Blom et al.,, 2012; Pang
et al, 2010; Walter et al, 2014), whose processes form three
more or less distinct bands in the inner plexiform layer (IPL; Fig. 1A)
(Kim et al., 2000). Although multiple studies have reported nNOS
expression in other retinal cell types of different species, notably in
bipolar cells (BCs), a consistent pattern across vertebrates or even
mammals has not yet emerged (Vielma et al., 2012). For example,
nNOS expression and light-dependent NO synthesis have been
shown in BCs of turtle and mouse (Giove et al, 2009b; Yu and
Eldred, 2005), but the identity of the involved BC types and their
consistency across individual specimen and species remain
unknown.

In rat retina, over 10 types of BCs have been morphologically
characterized (Euler and Wassle, 1995; Hartveit, 1997; Vielma and
Schmachtenberg, 2016), but the full rat BC complement is likely

76



CINV ANNUAL PROGRESS REPORT -

2017

34 A. Agurto et al / Experimental Eye Research 161 (2017) 30-35

NO mostly acts as a paracrine messenger between BCs.

Retinal slices incubated with DAF-FM, to detect the presence of
NO and its oxidation products, showed varying degrees of fluo-
rescence in many cell bodies of the inner nuclear and ganglion cell
layers (INL and GCL), where BCs and ACs locate (Fig. 2A and B).
Occasionally, cellular processes and synaptic terminals could also
be distinguished by DAF labeling (Fig. 2A, center inset), but overall
labeling of the IPL was subtle (Fig. 2D), in accordance with previous
results obtained under dark adaptation (Blom et al., 2012; Giove
et al, 2009a). Furthermore, DAF labeling patterns have been
shown to differ between HEPES-buffered as opposed to
bicarbonate-buffered solutions, resulting in stronger somatic
staining in the latter (Tekmen-Clark and Gleason, 2013).

DAF fluorescence was weak or absent from photoreceptors and
cell bodies in the outer nuclear layer, as opposed to the pattern
observed in chickens (Tekmen-Clark and Gleason, 2013). Interest-
ingly, DAF fluorescence was far more frequent in cell bodies of the
INL than nNOS labeling, and co-localization was rare (Fig. 2A; right,
inset). Assuming that DAF-labeling is NO-specific (Namin et al.,
2013), and that DAF is taken up uniformly by BCs, NO could be
the product of an nNOS splice variant undetected by our nNOS
antisera (Alderton et al., 2001; Giove et al., 2009a), or of a different
NOS isoform. However, eNOS is generally absent from the mature
neuroretina (Blom et al., 2012; Haverkamp et al.,, 1999), and iNOS
expression depends on cellular damage and inflammation (Toda
and Nakanishi-Toda, 2007). Retinal slices labeled for iNOS showed
variable degrees of staining that was most intense in the OPL, but
also present in the INL and IPL, and coincided partly with DAF
fluorescence patterns, supporting a role of iNOS as additional NO
source in the inner retina (Fig. 2C).

In the INL, putative BC cell bodies displayed variable degrees of
DAF fluorescence (Fig. 2A and B). To identify the types of BCs con-
taining NO, we labeled strongly DAF-fluorescent BCs with dye in-
Jjection through a patch pipette to allow their identification based
on morphological criteria (Fig. 2D). Although the majority of BC
types were identified in this way, the most frequent and most
intensely DAF fluorescent cells were visibly damaged BCs with
severed axons or dendrites (Fig. 2E). Because iNOS is upregulated
under pathological conditions in the retina (Palamalai et al., 2006;
Toda and Nakanishi-Toda, 2007}, damaged cells might enter a state
of cellular inflammation and express iNOS, which can generate
large amounts of NO (Alderton et al.,, 2001).

Among the apparently intact BCs, type 8 and the RBC had the
highest incidence of DAF fluorescence (Fig. 2E). The observation
that these BC types do not express nNOS (Fig. 1D) suggests that they
are cellular targets, but not sources, in retinal NO signaling. In the
case of the RBC, the absence of nNOS expression is in line with
previous studies (Walter et al.,, 2014). In a thorough review of the
literature, we found no unequivocal evidence for nNOS expression
in RBCs of rat, mouse, guinea pig and several non-mammalian
vertebrates, although various studies showed nNOS expression in
other or unidentified BC types (see (Vielma et al.,, 2012} and refer-
ences therein). However, the function of RBCs as NO target has been
reported previously (Snellman and Nawy, 2004). Indeed, a signifi-
cant percentage of DAF fluorescent BCs also expressed sGC (Fig. 2B),
supporting this interpretation. Finally, it is also possible that DAF
fluorescent BCs accumulate significant amounts of NO from levels
of NOS undetectable by standard immunohistochemistry, consid-
ering that DAF-FM is a signal-integrating fluorophore and therefore
quite sensitive.

On the other hand, DAF fluorescence was observed in some
nNOS-positive BCs (Fig. 2A). This is to be expected, since both BCs
and ACs are differentially depolarized under light or dark adapta-
tion in retinal ON and OFF pathways. Previous studies have shown
NO synthesis in dark-adapted retinas, although light stimulation,

especially with flickering light, appeared to increase NO levels
(Blom et al., 2012). Still, we would have expected to find a signifi-
cant number of DAF fluorescent BC type 9 cells compared to other,
nNOS-negative BC types. Certainly, the quantitative relationship
between nNOS and iNOS expression versus NO synthesis remains
to be established for retinal BCs and neurons in general. Together,
the results presented here suggest that NO signaling in the inner
retina is more complex than previously thought, involving specific
BC types as additional nNOS-positive NO sources, while iNOS
expression and high levels of NO are generally associated with
cellular damage.
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1 | INTRODUCTION

The lateral septum (LS}, a brain structure implicated in addictive behaviours, regulates
the activation of dopaminergic neurones in the ventral tegmental area. Vasopressinergic
projections from the extended amygdala to the LS, which are sexually dimorphic, could
be responsible for the vulnerability to addiction in a sex-dependent manner. The
present study aimed to investigate the modulatory effects of amphetamine (AMPH})
on the expression of vasopressin {AVP} in the vasopressinergic extra-hypothalamic
system in sensitised male and female rats. Adult male and female Sprague-Dawley rats
underwent an AMPH-locomotor sensitisation protocol. Acute AMPH increased AVP
mRNA expression in the medial amygdala (MeA), whereas AMPH-induced sensitisa-
tion increased AVP mRNA expression in the bed nucleus of the stria terminalis (BNST}
only in females. Interestingly, the increase in AVP expression in BNST was higher in
oestrus females compared to dioestrus females and acute AMPH resulted in a decrease
in AVP levels in the LS, only in males. Thus, there are complex and region-specific
interactions between AMPH and the extra-hypothalamic vasopressinergic system in
the brain, underlying possible alterations in different behaviours caused by acute and

chronic AMPH exposure.

KEYWORDS
amphetamine, extended amygdala, lateral septum, male and female rats, vasopressin

tegmental area (VTA)® that projects to the nucleus accumbens, pre-

frontal cortex” and other limbic areas, such as the lateral septum (LS).®

Drug addiction is a chronic brain disease characterised by a loss of
control in drug consumption and negative emotional states such as
dysphoria and anxiety, both being exacerbated during withdrawal.!
Drugs of abuse activate the reward system via different mechanisms,
ultimately resulting in the increase of dopamine release in the
nucleus accumbens.®® The pathophysiology of addiction is based
on molecular, genetic and physiological neuroadaptations that
could mediate the development and maintenance of long-term
drug addictive behaviours*® At the neurobiological level, one of

the main dopaminergic nucleus in the reward system is the ventral

The VTA GABAergic interneurones regulate the VTA dopaminergic
neurcnes via an inhibitory tone.”® In addition, extrinsic GABAergic
regulation from the LS has also been described.”

Theinvolvement of the LS in reward-related processes has been doc-
umented in an early study by Olds and Milner,'® who reported that ani-
mals experience a greater reward when the septal area is self-stimulated.
The LS is considered a relay station for neural information from and into
different brain areas!! through its GABAergic projections.12 Similar
to the VTA, the LS has intrinsic GABAergic regulation.”'>'® Some

nuclei connected to the LS are the hippocampus (regulating memory),

Journal of Neuroendocrinology. 2017;29:1-8.

wileyonlinelibrary.com/journal/jne © 2017 British Society for Neuroendocrinology | 10f8
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with changes in LS AVP content. This may suggest an increase in AVP
release and/or peptide degradation in the LS, which may feedback to
subsequently produce an increase in AVP transcription. Also, the AVP
increase in AMPH-AMPH females could be related to the acquisition
of sensitised behaviour because a lack of behavioural sensitisation to
cocaine is chserved in vasopressin-deficient Brattleboro rats.*” Onthe
other hand, it is well known that extra-hypothalamic vasopressin sys-
tem is involved in social behaviours such as social interaction, sexual
behaviour and aggression; all of these could be altered by drugs of
abuse.?® In recent years, AMPH treatment has been shown to impair
pair bonding and partner preference formation® by altering oxyto-
cin and AVP systems. Also, AVP is related to anxiety and depression
states? and drugs of abuse produce and alter the stress response
and consequent anxiety behaviour.”® Therefore, the alterations that
we observed in this system may result in more anxious behaviour in
females after AMPH treatment. Little is known about sex differences
in behaviours that are altered following chronic drug use, although fu-
ture experiments are needed to address this question and may help to
explain why females are more vulnerable to relapse than males.

In summary, the extra-hypothalamic vasopressinergic system is
susceptible to changes according to treatment duration, doses and
the withdrawal period following drug abuse. The results of the present
study suggest the existence of complex and region-specific interac-
tions between AMPH and the extra-hypothalamic vasopressinergic
system in the brain that underlie the different behaviours caused by
acute and chronic AMPH exposure.

4.4 | AVP levels in LS and AVP mRNA expression
in MeA and BNST according to the stage of the
oestrous cycle

The results of the present study show that AVP expressicn in sen-
sitised females varies depending on the stage of the oestrous cycle.
Sensitised females in oestrus, when progesterone levels are minimal,
have greater levels of AVP mRNA in the BNST than females in di-
oestrus, when progesterone levels peak.” In this sense, progesterone
was shown to inhibit BNST and MeA vasopressin neurones that pro-
ject to the LS and lateral habenula.*® However, these differences do
not occur in the MeA, probably because of the presence of different
types and/or quantity of sex hormone receptors. Therefore, we con-
clude that the effect of AMPH on AVP levels according to the stage of
the oestrous cycle is dependent on the brain nucleus.

5 | CONCLUSIONS

In the present study, we have shown that an acute AMPH injection in
males decreased AVP content in the LS. On the other hand, AMPH-
induced hehavioural sensitisation elicits a significant increase in AVP
expression in the BNST of females. Interestingly, this increase in AVP
is higher when females are at the oestrus stage. Because the extra-
hypothalamic vasopressinergic system regulates social and anxiety

behaviours that could be altered by drugs of abuse, further studies are

R W 1LEY

necessary to claridy the implications of the alterations observed in the
vasopressinergic system induced by AMPH.
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The enduring legacy of the “constant-field equation”

in membrane ion transport

DU, ¢, e,
J= =" (A8)
et —1
Introducing the partition coefficient, g, relating the
membrane and solution concentrations, ¢ =fc’, and de-
fining the permeability coefficient Pas P= Df/a.

AUy _
J= Ul e (A9)

-1

The electric currentdensity, I, is zFtimes the mass flow, J:

U _
I= PzzFUm%. (A10)
Expanding the reduced potential, we get the electric
current density in terms of membrane potential, V,,
and ion concentrations (Eq. 1):

AFV.JRT _

[ = PEFP y e Cer (A11)

RT '™ gFVJ/RT_]

For the condition I=0 and from Eq. A10, we can define
a Nernst reduced potential, Unernst- Unernst = Ce/ Cin-

‘We introduce the Nernst reduced potential as
EMUrUu.u) = §

—1 (A12)

T A

I = P2FU,c.

for ¢, % Cp, Unersnr & 0 and for Uy, &% Uppns. The approx-
imation e* — 1 = x is accurate for x—0, so the current
density becomes a liner function of voltage:

I = PE*Fe(Up= Uornsd

or (A13)

P2F,
1= 22V Vi,

which is the widely used linear form, a variation of
Ohm’s law

I= G(Viu= Viersd s (Al4)
where the conductance, G, is

PP,
G = (A15)

Appendix B
There is no need for the assumption that the field is
constant within the membrane for the case of univalent
cations alone (e.g., Na* and K' in the case of a cation- or
anion-selective membrane), as long as the ions are of
the same valence.

From Eq. A4, we get

JeUdx = -Dd(ce™). (B1)

‘We prepare for integration

Jh ePdx = -D fd(ee”). (B2)
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We integrate the right side of Eq. B2 using the bound-
ary conditions defined in Appendix A.

TR eVdx = ~D( oy cine™), (B3)

D( e € ™™)

J= = (B4)

Kramers (1940) first derived Eq. B4. Making zero the
sum of the flows of sodium and potassium, the integral
on the common denominator in Eq. B4 disappears as
well as the constants to get P from D, so we can write

0= futjc=

B5
Pr[Ne) = [Nl )+ Pe([R = [R ).
Finally, we solve for the zero-current potential V,,;:
U _ PrulNal o+ PelK] .
= PNl + PRl (BG)
RT; Pra[Nale:+ PelK] e
Vo = T TN+ PRI B}

Thus, we recover the GHK equation for sodium and
potassium without using the constant-field assumption.
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Synapses, contact points between neurons, are essential ele-
ments supporting the ability of neurons to communicate
and to transmit relevant information to each other. They play
an integral role in brain development and wiring neurons
into neural circuits, for example, those related to our behav-
ior. Therefore, alterations affecting the integrity and/or func-
tionality of synapses can lead to synaptic pathologies or
synaptopathies. For instance, many neurological disorders
including Alzheimer’s disease, Down syndrome, epilepsy,
and Parkinson’s disease and neurodevelopmental disorders
such as autism spectrum disorders, intellectual disability,
and fragile X syndrome have consistently been reported to
exhibit abnormalities in synaptic composition, morphology,
and function. This special issue discusses various aspects of
the molecular interactions that underlie synaptic protein net-
works and the complex signaling pathways that are activated
by them, knowledge that is crucial to understand the cellular
and molecular mechanisms involved in different synapto-
pathies. Synapses comprise a presynaptic compartment,
consisting of the axon terminal and their protein machin-
ery implicated in the release of neurotransmitters. Upon
exocytosis of presynaptic vesicles, neurotransmitters spill

out into the extracellular space called the “synaptic cleft”
and diffuse to reach a postsynaptic compartment, com-
posed of the protein machinery that receives and trans-
duces the neurotransmitter-induced signals [1]. Most
synaptopathies directly or indirectly affect the molecular
repertoire of synaptic proteins.

V. L. Torres et al. provide a comprehensive review
describing specific pre- and postsynaptic proteins that are
involved in the physiopathology of various synaptopathies
and how deficits in these molecules contribute to different
synaptopathic mechanisms. V. L. Torres et al. catalogue the
different presynaptic and postsynaptic proteins that to date
have been implicated in neuropsychiatric, neurodevelop-
mental, and neurodegenerative disorders. A more specific
review by G. Rudenko focusses on synaptic adhesion mole-
cules (SAMs), many of which are now implicated in neuro-
psychiatric, neurodevelopmental, and neurodegenerative
diseases as well. SAMs tether to the pre- or postsynaptic
membranes extending their extracellular domains into the
synaptic cleft where they coordinate protein interaction net-
works. A much larger diversity of SAMs and their protein
interactions exists than has previously been appreciated. In

81



addition, SAMs drive more complex functions than purely
the adhesion of presynaptic and postsynaptic membranes.
Furthermore, SAMs are under dynamic control through a
variety of mechanisms, enabling them to play a key role in
plasticity at synapses. Thus, considering the crucial role that
SAMs play in synapse development, they may yield novel
therapeutic targets which can be exploited to ameliorate cer-
tain synaptopathies.

Several articles in this special issue focus on specific
synaptic proteins in detail. S. Biggi et al. present evidence that
c-Jun N-terminal kinase (JNK), acting presynaptically, may
have an important functional role in synapses. JNK is part
of a signaling pathway strongly activated by NMDA stimula-
tion and involved in synaptic plasticity. It is noteworthy that
until now, most studies have been focused on the postsynap-
tic mechanism of JNK action, and less is known about JNK
presynaptic localization and its physiological role at this site.
S. Biggi et al. demonstrate that activation of presynaptic
NMDA receptors leads to the activation of JNK which mod-
ulates neurotransmitter release through a direct interaction
with SNARE proteins. These findings are relevant consider-
ing that JNK activity had been associated with not only neu-
rodegenerative disorders like Alzheimer’s, Huntington’s, and
Parkinson’s disease but also psychiatric disorders and intel-
lectual disabilities. F. Longhena et al. review recent evidence
indicating that a-synuclein possesses a novel “prion-like”
behavior, whereby the protein can spread transsynaptically
to trigger the aggregation of a-synuclein in neighboring neu-
rons, a phenomenon observed in Parkinson’s disease animal
models and patients [2-5]. Monomeric, oligomeric, and
fibrillary a-synuclein forms accumulate at the synaptic ter-
minal due to their high affinity for vesicular membranes
and can be released in a process that is thought to be medi-
ated mainly by exosomal vesicles [6, 7]. Once released, a-
synuclein could affect endogenous a-synuclein on recipient
neurons, thereby affecting their function, and/or could inter-
act with membrane lipids leading to both pre- and postsyn-
aptic alterations and hence synaptic failure. The elucidation
of this novel mechanism of «-synuclein transmission can
shed lights on the contribution of a-synuclein spreading to
Parkinson’s disease related synaptopathy. E. Pérez-Palma
et al. introduce new evidence relating to Wnt/f-catenin sig-
naling and the expression of novel Wnt/S-catenin target
genes. In addition to genes involved in neural precursors,
forebrain development, and stem cell differentiation, E.
Pérez-Palma et al. also identified a significant number of
genes with transcription factor activity. The genes modulated
by Wnt/f-catenin signaling are involved in biological pro-
cesses such as neuronal structure and activity, and that are
affected in synaptopathies. B. K. Unda et al. provide evidence
that the secreted neurotrophic factor neuregulin-1 (NRG1)
and its receptor ErbB4 signal through the multifunctional
scaffold protein, disrupted in schizophrenia 1 (DISCI).
Together, they regulate the development of cortical inhibi-
tory interneurons and thus also impact the proper balance
between excitatory and inhibitory transmissions. Since the
genes encoding these proteins have been identified indepen-
dently as risk factors for schizophrenia, a complete under-
standing of how these proteins interact to regulate the
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development of cortical inhibitory neuron morphology and
synapse formation may provide insights into how these pro-
cesses progress into synaptopathies.

Further, in this special issue, two papers focus on the use
of animal models to yield a wealth of information about the
underlying mechanisms of synaptopathies. Epilepsy is a neu-
ropsychiatric condition characterized by an abnormal and
excessive neural activity leading to a predisposition to recur-
rent unprovoked seizures affecting both excitatory and inhib-
itory synapses, synaptic plasticity, and behavior [8]. M. Lenz
et al. use a pilocarpine-induced status epilepticus animal
model to study synaptopodin, an actin-binding protein
expressed in cortical neurons that is involved in the modula-
tion of synaptic plasticity and spine remodeling [9, 10]. They
propose that synaptopodin is a valuable diagnostic marker to
detect alterations in the ability of neurons to undergo synap-
tic plasticity such as can be observed in seizure-induced
synaptopathies; M. Lenz et al. provide further support for
the role of synaptopodin in the ability of hippocampal neu-
rons to exhibit synaptic plasticity, demonstrating that intra-
peritoneal pilocarpine injection reduces synaptopodin levels
and affects the induction of long-term potentiation (LTP).
M. 1. Herrera et al. review the literature linking perinatal
asphyxia and synaptic dysfunction obtained from an experi-
mental model of perinatal asphyxia. Perinatal asphyxia is an
obstetric complication resulting to abnormal brain develop-
ment in term and preterm neonates; if affected babies survive,
they develop neurological disorders such as epilepsy, cerebral
palsy, mental retardation, attention-deficit disorder, and
schizophrenia. M. I. Herrera et al. present evidence that peri-
natal asphyxia induces a series of modifications in synaptic
composition, structure, and function leading to alterations
in synapses and their function.

Lastly, focusing on the role of gene-environment interac-
tion in mental disorders, S. Pfaender et al. provide evidence
that zinc signaling plays a role in proliferation and neuronal
differentiation of stem cells. They show that zinc deficiency
during brain development impairs neurogenesis and modu-
lates the expression of synaptic proteins, primary mecha-
nisms influencing brain function.

In summary, articles published in this special issue
highlight the very complex nature of synaptopathies, the
participation of a very diverse portfolio of synaptic pro-
teins linked to synaptopathies, and emphasize the impor-
tance of understanding these proteins to identify potential
novel targets which might benefit the development of thera-
pies for neuropsychiatric, neurodevelopment, and neurode-
generative diseases.
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Abstract Cellular energetic deregulation is widely known to
produce an overproduction of acidic species in cancer cells.
This acid overload must be counterbalanced with a high rate
of H* extrusion to maintain cell viability. In this sense, many
H* transporters have been reported to be crucial for cell sut-
vival and proposed as antineoplastic target. By the way,
voltage-gated proton channels (Hv1) mediate highly selective
H* outward currents, capable to compensate acid burden in
brief periods of time. This structure is canonically described
acting as NADPH oxidase counterbalance in reactive oxygen
species production. In this work, we show;, for the first time in
a oncohematologic cell line, that inhibition of Hv1 channels
by Zn?>* and the more selective blocker 2-(6-chloro-1H-
benzimidazol-2-yl)guanidine (CIGBI) progressively de-
creases intracellular pH in resting conditions. This acidifica-
tion is evident minutes after blockade and progresses under
prolonged exposure (2, 17, and 48 h), and we firstly
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demonstrate that this is followed by cell death through apo-
ptosis (annexin V binding). Altogether, these results contrib-
ute strong evidence that this channel might be a new therapeu-
tic target in cancer.

Keywords HVCNT1 - Voltage-gated proton channel -
Intracellular pH - Apoptosis - Leukemia - Cancer

Introduction

Voltage-gated H* channels (Hv1), encoded by the iven! gene,
mediate highly selective H" outward currents [42], avoiding
cell acidification and depolarization. This relevant homeostat-
ic function of Hvl channels is essential for a variety of im-
mune cells such as neutrophils [33, 46, 57], eosinophils [9, 21,
39], basophiles, B lymphocytes [6] as well as spermatozoa
[34], osteoclasts [44], and myocardial fibroblasts [7]. The in-
tracellular pH (pH;), which typically ranges in a narrow win-
dow (7.2-7.4), is finely controlled for cell survival since the
vast majority of cell machinery has a well-defined pH for
optimal activity (i.e., enzyme activity). Indeed, intracellular
acidification is an early key event leading to cell death by
different apoptotic stimuli [31, 36, 37]. Particularly, in cancer
cells, it has been widely demonstrated that, regardless of the
amount of oxygen available, a metabolic deregulation pro-
motes the use of the less efficient glycolytic pathway increas-
ing acidic species concentration [29, 56]. In the absence of
compensatory mechanisms, tumor cell survival would be
compromised. Thus, cell structures capable of reducing the
acid load in tumor cells give them an advantage to escape from
the acidification-related cell death. Hv1 channels are excellent
candidates that can contribute to this process. The activity of
Hv1 channels allows a quick compensation of acidic cell
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Fig. 6 The inhibition of voltage-gated H" channel induces intracellular
acidification promoting cell death by apoptosis in the cell line studied.
Depiction representing the hypothesis of Hv1 channel role in the context
of neoplastic cells: Jurkat T lymphocytes, as other neoplastic cells, obtain
energy via glycolytic pathways producing a high amount of acidic species
that must be removed to the extracellular milieu. Blocking H™ extrusion
structures, mainly Hvl channel, produces intracellular acidification that
further derives in apoptosis

Ion channels are also frequently implicated in the control of
proliferation, apoptosis, and cell migration of cancer cells, and
the leukemic cells are not the exception. Recently, Arcangeli
et al. reviewed the experimental and preclinical evidence that
have ion channels as biological target in leukemia treatment
[1]. However, up to date, no review of the field has mentioned
Hv1 as a channel to be considered in apoptosis. In the same
line, another feature to be further evaluated is if Hv1 blockade
derives in membrane depolarization, another event coherent
with apoptosis development [4, 43]. The use of new drugs or
endogenous modulators that could selectively inhibit the
channel may be useful not only in leukemia cells but also in
solid tumors; recent works have shown that Hv1 downregula-
tion or inhibition decreases the migratory and invasive abili-
ties of highly metastatic colorectal [64], human breast [62,
63], and glioma [65] tumor cell, as well as impairing prolifer-
ation. Latest reports from the field reveal that Hvl is also
functionally expressed in human glioblastoma multiforme
cells to which Zn>* treatment induces cell death (PI staining),
notwithstanding that significant intracellular acidification is
only seen under extracellular Na* deprivation [49].

Our work presents evidences suggesting that Hv1 inhibi-
tion might be a new and promising therapeutic target in

leukemia treatment. It is worthwhile to note that KO mice
lacking Hv1 channel are not associated with immunosuppres-
sion [48, 52], although decreased ROS production. Indeed,
Clapham et al. challenged Hvl '~ mice against
Staphylococcus aureus intraperitoneal injection,
Pseudomonas aeurginosa, and Burkholderia cepacia nasal
inoculation and were unable to see a significant impairment
on bacterial clearance in vivo compared with w/w mice [48].
These facts let us speculate that Hvl pharmacological inhibi-
tion might be a safe strategy in oncohematological diseases in
contrast to classical antineoplastic drugs. This work, among
others, may contribute to keeping this potent structure in
mind.
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¢ hydroelectrolyte transport*, nociception®*, bladder voiding®, ciliary beat frequency regulation’
¢ nity?®, matrix stiffness?, cartilage maintenance and chondroprotection®*!, and bone development™.

Structural determinants of
5/,6’-epoxyeicosatrienoic acid
binding to and activation of TRPV4
channel

. Alejandro Berna-Erro?, Mercé Izquierdo-Serra', RominaV. Sepilveda(®?, Fanny Rubio-
: Moscardo?, Pau Dofate-Macian(®, Selma A. Serra, Julia Carrillo-Garcia®, Alex Peralvarez-

Marin(®3, Fernando Gonzalez-Nilo%**, José M. Fernandez-Fernandez(®! & Miguel A. Valverde!

: TRPV4 cation channel activation by cytochrome P450-mediated derivatives of arachidonic acid

(AA), epoxyeicosatrienoic acids (EETs), constitute a major mechanisms of endothelium-derived

: vasodilatation. Besides, TRPV4 mechano/osmosensitivity depends on phospholipase A, (PLA;)

: activation and subsequent production of AA and EETs. However, the lack of evidence for a direct

¢ interaction of EETs with TRPV4 together with claims of EET-independent mechanical activation of

{ TRPV4 has cast doubts on the validity of this mechanism. We now report: 1) The identification of an EET-
¢ binding pocket that specifically mediates TRPV4 activation by 5,6/-EET, AA and hypotonic cell swelling,
: thereby suggesting that all these stimuli shared a common structural target within the TRPV4 channel;

: and 2) A structural insight into the gating of TRPV4 by a natural agonist (5/,6’-EET) in which K535

¢ playsa crucial role, as mutant TRPV4-K535A losses binding of and gating by EET, without affecting

i GSK1016790A, 4c-phorbol 12,13-didecanoate and heat mediated channel activation. Together, our

: datademonstrates that the mechano- and osmotransducing messenger EET gates TRPV4 by a direct

¢ action on asite formed by residues from the $52-53 linker, S4 and $4-55 linker.

i The transient receptor potential vanilloid 4 (TRPV4) is a widely expressed nonselective cation channel that
¢ shows a polymodal gating behavior"2. TRPV4 is activated by physical stimuli such as hypotonicity’=*, mechan-
* ical forces®, moderate heat’ "' or UVB radiation'?, and by both natural (epoxyeicosatrienoic acids, EETs
: and bisandrographolide!®) and synthetic agonists (e.g., 4o-phorbol 12,13-didecancate (4-PDD)'¢ and
: GSK1016790AY). Due to this gating promiscuity, TRPV4 participates in multiple physiological processes, includ-
¢ ing cellular™'® and systemic volume homeostasis'®2°, endothelial function and angiogenesis'* 21-23, epithelial

13,14

*%7 innate immu-

Intracellular lipid metabolites are important modulators of TRPV4 gating: Phosphatidylinositol

: 4,5-bisphosphate (PIP,) binding to a stretch of positive charges within the N-tail of each cannel subunit is required
¢ for TRPV4 activation by hypotonicity and heat'! while EETs derived from AA promote TRPV4 opening'®. EETs
* also appear to act as messengers that mediate TRPV4 activation in response to either hypoosmotic shock™ or
: mechanical stimulation® > In this regard, PLA, is activated by hypotonic and mechanical stimulation®* * but
¢ no direct measurements of EETs have been reported in response to these stimuli. Besides, EETs constitute a
: major type of endothelium-derived hyperpolarizing factors that promote vascular relaxation through two plau-
: sible mechanisms involving TRPV4. First, EETs induce TRPV4-mediated Ca’* influx into smooth muscle cells
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Abstract

Spiders of the family Sicariidae pose a serious threat to affected populations, and Loxosceles faeta (Nicolet) is
considered the most venomous species. Development of nontoxic olfaction-based spider repellents or traps is
hindered by a current lack of knowledge regarding olfactory system function in arachnids. In the present study,
general plant odorants and conspecific odors were tested for behavioral responses in L. /aeta. Although general
odorants triggered neither attraction nor aversion, conspecific odor of the opposite sex caused aversion in fe-
males, and attraction in males. These results support the presence of a specific olfactory system for the detec-
tion of conspecifics in L. /aeta, but suggest the absence of a broadly tuned system for general odorant detection

in this species.

Key words: arachnid, sicariid, olfaction, chemosensation, pheromone

Over 100 species of the genus Loxosceles, originally native to the
Americas, East India, Mediterranean Europe, and Africa, are now
distributed worldwide, except for the Antarctic (Nentwig 2013}. Of
these, several species have become synanthropic, notably Loxosceles
reclusa Gertsch & Mulaik, Loxosceles intermedia Mello-Leitao, and
Loxosceles laeta (Nicolet, 1849}, creating a public health problem
owing to their ability to cause severe dermonecrotic lesions with oc-
casionally fatal complications {Binford and Wells 2003). The latter
species stands out within its genus because its venom, containing
among others, hyaluronidases, proteases, allergenic factors, and
phospholipase D, is comparatively potent, causing a higher percent-
age of fatalities than other Loxosceles species (Gremski et al. 2014).
Owing to its relevance for public health in countries where it is en-
demic, the biology of this species has become a focus of investigation
in recent years (Vetter and Rust 2008, 2010; Canals et al. 2015a,b).
As for other spiders, the presence of an olfactory sense in L.
laeta, able to convey chemical information regarding potential prey,
predators, conspecifics, or the environment in general, remains un-
certain, although it has been proposed early (Dahl 1885}).
Knowledge about olfactory capabilities, preferences, and aversions
of Loxosceles spiders could in principle be employed to create spe-
cific and nontoxic repellants or traps, but a persistent lack of funda-
mental science hinders the development of such products. This study
reveals the presence of an olfactory sense detecting conspecifics in

L. laeta, but individual plant-derived odorants, presumably without
biological meaning to L. lzeta and therefore considered general
odorants (Touhara and Vosshall 2009}, failed to generate any at-
tractive or repulsive responses in this species.

Materials and Methods

All experiments were performed on adult male and female speci-
mens of L. laeta, obtained from the houses of members of the
University of Valparaiso in Valparaiso, Chile. Spiders were staged
by size according to Canals and Solis (2014), and male sexual matu-
rity was confirmed by visual inspection of the pedipalps. The aver-
age body mass of the specimens was 121 + 24 mg for males and
108 = 28 mg for females. Spiders were kept individually in aerated
100-ml cup vials under a photoperiod of 12:12 {L:D} h at 20°C and
80% relative humidity for up to 3 mo, with water but without food.
Two different mazes, with two and four arms, respectively, were de-
signed and printed using T-Glase plastic (Taulman, Saint Peters,
MO} on a commercial 3D-printer. The mazes were covered with
glass and mounted in a dark Faraday chamber under infrared illumi-
nation. A membrane pump connected by teflon tubing was used to
deliver odorants with a constant flow of air from impregnated (2-ul}
filter papers, inserted in 10-ml glass vials connected to the ends of

®The Authors 2017. Published by Oxford University Press on behalf of Entomological Society of America.
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Results and Discussion

Most animals use combinatorial odor detection with fairly unspe-
cific receptors to analyze a potentially large variety of general odor-
ants, and highly sensitive complementary systems with high affinity
receptors for the detection of a limited number of specific odorants,
or pheromones (Buck 2004). The present study set out to obtain be-
havioral evidence for general and specific, in this case conspecific,
odor detection by L. laeta. L. laeta is a significant biological risk fac-
tor for public health in the Americas, and anecdotical information
suggests that certain odoriferous products, e.g., containing pepper-
mint, limonene, or citrus, can have a repellent and toxic action on
this and other arachnids (Junker et al. 2011). However, experiments
with five synthetic odorants commonly used in olfactory research,
caused no statistically significant behavioral response patterns, nota-
bly neither attraction nor aversion (H=2.36, df =3, P=0.50; Fig.
2A, and H=2.37, df=3, P=0.50; Fig. 2B}, and consequently do
not constitute evidence for their detection by a putative olfactory
system in L. laeta.

Regarding conspecific odor detection, when offered the choice
between odor from a live mature conspecific of the opposite sex or
blank controls, females showed no preference in the four-arm maze
{(H=0.50, df =3, P=0.91; Fig. 2C}, but significantly preferred the
blank arm over the male-odor arm in the two-arm maze (W= —39,
df=1, P=0.024; Fig. 2E}. On the other hand, males displayed a
strong preference for maze arms exposed to female odor, in both the
four-arm (H=21, df=3, P=0.0001; Fig. 2D} and two-arm maze
experiments (W =49, df=1, P=0.014; Fig. 2F). In the absence of
any other, visual or tactile, clue as to the odor source, olfactory de-
tection of conspecific odors, possibly containing pheromones, is the
most likely trigger of these behavioral responses. The differences be-
tween males and females are in agreement with the generally more
active role of male spiders in courtship behavior, compared with the
mostly passive and expectant role of females (Foelix 2011}).

Most arachnids have sensory hair-like structures called sensilla
on their legs or leg-like appendices {Brownell 1998}. Sensilla chemo-
receptors are concentrated on the distal segments of feet and palps.
They are S-shaped hairs with distal pores and were thought to oper-
ate mainly as contact chemoreceptors (Foelix and Chu-Wang 1973).
Electrophysiological recordings from chemosensory sensilla in
Cupiennius salei Keyserling (Ctenidae) revealed responses to direct
stimulation of the pore with putative pheromones, and also to super-
fusion of the pore with different odors (Barth 2002}, supporting
these sensilla as candidate olfactory organs in arachnids (Foelix
2011). However, crucial elements of any olfactory system, such as
receptors, pathways, and central processing units, are only begin-
ning to be investigated in spiders (Nentwig 2013). On the other
hand, behavioral evidence has shown in a variety of species that
arachnids have the ability to detect specific odors, relevant for the
identification of potential prey or conspecifics. Specific odorant de-
tection, including potential pheromones, has been shown among
others in members of the families Pholcidae, Araneidae,
Lyniphiidae, Agenelidae, and Ctenidae (Schulz 2013). Cupiennius
salei is certainly the most studied species, in which a characteristic
male courtship response to contact with silk woven by a female has
been described (Tichy et al. 2001). More recently, olfactory capabil-
ities were evaluated with an olfactometer in four species of the genus
Portia (Salticidae), revealing olfactory identification of potential
mates by males, but not by females (Jackson and Cross 2011). Food
odors were also shown to be detected and analyzed by C. salei,
which has been reported to use its olfactory sense to judge the sensi-
tivity of potential prey to its venom, allowing economization of this

valuable resource (Hostettler and Nentwig 2006). Further examples
for the olfactory detection of specific food and prey were found in
Zodarion rubidum (Canestrini} (Zodariidae} and Evarcha culicivora
Wesolowska & Jackson (Salticidae) (Cross and Jackson 2010,
Cardenas et al. 2012). The aforementioned examples suggest the
presence of olfactory systems for the detection of a limited number
of special, biologically relevant odorants in arachnids, but their ca-
pability for the detection of general odorants, as present in most ver-
tebrates and many insects (Kaupp 2010}, among others the honey
bee and Drosophila melanogaster Meigen, remains doubtful.
Accordingly, the present study, the first to investigate distance che-
moreception in a species of the family Sicariidae, found no evidence
for the detection to several general odorants, but olfactory responses
to conspecifics were readily obtained. These data are in line with a
prior study showing that acetone extract of conspecific silk was re-
pellent to L. laeta (Vetter and Rust 2010).

In conclusion, our results support the interpretation that spiders
possess, apart from contact chemoreceptors, the capability for pher-
omone and specific odor detection, but lack universal
combinatorial-type olfactory systems for general odorant detection.
Therefore, odorant-based spider repellents are unlikely to be effec-
tive for sicariid spiders, and specific traps might require application
of pheromones, which have yet to be identified.
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Abstract The Na*/myo-inositol cotransporter (SMIT1) is
overexpressed in human Down syndrome (DS) and in trisomy
16 fetal mice (Ts16), an animal model of the human condition.
SMIT1 overexpression determines increased levels of intra-
cellular myo-inositol, a precursor of phophoinositide synthe-
sis. SMIT1 is overexpressed in CTb cells, an immortalized
cell line established from the cerebral cortex of a Ts16 mouse
fetus. CTb cells exhibit impaired cytosolic Ca** signals in
response to glutamatergic and cholinergic stimuli (increased
amplitude and delayed time-dependent kinetics in the decay
post-stimulation), compared to our CNh cell line, derived
from the cerebral cortex of a euploid animal. Considering
the role of myo-inositol in intracellular signaling, we normal-
ized SMIT1 expression in CTb cells using specific mRNA
antisenses. Forty-eight hours post-transfection, SMIT1 levels
in CTb cells reached values comparable to those of CNh cells.
At this time, decay kinetics of Ca®* signals induced by either
glutamate, nicotine, or muscatine were accelerated in
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transfected CTb cells, to values similar to those of CNh cells.
The amplitude of glutamate-induced cytosolic Ca®* signals in
CTb cells was also normalized. The results suggest that
SMIT1 overexpression contributes to abnormal cholinergic
and glutamatergic Ca>* signals in the trisomic condition, and
knockdown of DS-related genes in our Ts16-derived cell line
could constitute a relevant tool to study DS-related neuronal
dysfunction.

Keywords Downsyndrome - SMIT1 - Myo-inositol -
Calcium - Glutamate - Cholinergic

Introduction

Down syndrome (DS) in humans results from the trisomy of
autosome 21. The condition constitutes the major genetic
cause of mental retardation to survive birth. This condition
determines an increased incidence of congenital
malformations, muscle hypotonia, and an eatrly onset of
Alzheimer’s disease neuropathology (Epstein 1986). Such ab-
normalities are a consequence of gene overdose determined
by the extra copy of chromosome 21. Human chromosome 21
was the second human autosome to be fully sequenced
(Hattori et al. 2000), an analysis which identified 127 genes
and 98 new genes, which may potentially be overexpressed in
DS. The syndrome requires as a minimum the presence of a
portion located at the end of the long arm of chromosome 21
(namely, from bands 21q22.1 to qter), referred to as the DS
critical region. Howevert, in spite of the accumulated knowl-
edge to date, the consequences of the overexpression of
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were normalized by the knockdown of SMIT1. However, we
have previously demonstrated that stimulation with the afore-
mentioned agonist results in Ca®* signal increases that are
dependent on extracellular Ca®* (Cérdenas et al. 1999, Rojas
et al. 2008), as removal of external Ca®* results in the abol-
ishment of the response. Hence, it is more likely that the ef-
fects of SMIT1 knockdown in this parameter are linked to
other impairments in Ca®" homeostasis, such as cell Ca®*
buffering and/or altered membrane receptor kinetics.

Recent evidence also links the overexpression of SMIT1 to
regulation of the KCNQ2/3 K* channels, key players in mem-
brane excitability (Dai et al. 2016). These authors demonstrated
that total PI levels were unchanged in cells overexpressing the
transporter. However, a reciprocal regulation has been reported
in the brain between KCNQ1 and SMIT1, possibly related to
the formation channel-transporter complexes (Abbott et al.,
2014). Although such regulation is yet to be confirmed for
KCNQ2/3, it is tempting to speculate that excess SMIT1 could
be affecting K* channel activity and in turn neuronal excitabil-
ity and hence partly explain our findings reported herein.

Our cutrent results pose SMIT1 and the mechanisms that it
influences as an interesting target from the pharmacological
point of view. SMIT1 could result in increased intracellular
myo-inositol concentration. In this regard, treatment with lith-
ium has been shown to reduce myo-inositol levels in the brain
of Ts65Dn animals (Huang et al. 2000) and, by the same
token, rescue synaptic plasticity in the same animal model
(Contestabile et al. 2013). Testing the effects of lithium in
our cell models, and exploring its effects on the impairments
in Ca>* homeostasis described herein, may provide further
mechanistic evidence of DS-related alterations, a possibility
well worth exploring.

Finally, it is important to consider that several genes are
overexpressed in the trisomic condition, and a number of them
cooperatively contribute to the cellular alterations observed in
this condition. In this regard, in a previous communication, we
reported that the knockdown of the amyloid precursor protein,
which is also overexpressed in the human and murine trisomic
condition, restores normal [Caz"]c homeostasis in CTb cells
(Rojas et al. 2008). Indeed, amyloid precursor protein knock-
down reduced resting [Ca”*], and accelerated decay kinetics
of [Ca®*], responses induced by either depolarization with
high extracellular K*, application of glutamatergic agonists,
nicotine, or ionomycin. It seems, therefore, that excess amy-
loid precursor protein contributes to a general mechanism im-
plicated in the deregulation of [Ca®*], homeostasis, whereas in
light of our present results, the effect of SMIT1 knockdown on
[Ca®*]. signals seems to be more specific. However, indepen-
dent of the underlying mechanisms, the overexpression of
both SMIT1 and APP converges in common alterations relat-
ed with [Ca®*], responses and homeostasis. Therefore, a po-
tential therapy for DS should consider more than one target
gene.

Conclusions

SMIT1 overexpression contributes to the altered Ca”* signals
observed in response to cholinergic and glutamatergic recep-
tor activation in the cell line CTb, a cellular model of the DS.
Then, the normalization of SMIT1 overexpression could con-
stitute a relevant therapeutic target for treatment of the DS-
related neuronal dysfunction, as well as the signaling path-
ways that are disturbed by the overexpressed transporter.
Also, the cell membrane localization of the transporter and
the neurotransmitter receptors studied herein provides even
better access to potential modulating drugs.
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Abstract

Temperature sensing is one of the oldest capabilities of living organisms, and is essential for
sustaining life, because failure to avoid extreme noxious temperatures can result in tissue damage

or death. A subset of members of the transient receptor potential (TRP) ion channel famdly is finely
tuned to detect temperatures ranging from extreme cold to noxious heat, giving rise to thermoTRP
channels. Structural and functional experiments have shown that thermoTRP channels are allosteric

proteins, containing different d omains that sense changes in temperature, among other stimuli,
triggering pore opening. Although temperature-dependence is well characterized in thermoTRP
channels, the molecular nature of temperature-sensing elements remains unknown. Importantly,
thermoTRP channels are involved in pain sensation, related to pathological conditions. Here, we
provide an overview of thermoTRF channel activation. We also discuss the structural and functional
evidence supporting the existence of an intrinsic temperature sensor in this class of channels, and we
explore the basic thermodynamic principles for channel activation. Finally, we give a view of their

role in painful pathophysiological conditions.

Introduction

Thermosensation is the ability to estimate
temperature. The molecular basis of this response
lies in the activation of thermally gated ion channels,
expressed in the membrane of sensory neurons from
the trigeminal (TG} and dorsal root ganglia {DRG),
which innervate the face and body, respectively.
The expression of thermal receptors is also found in
keratinocytes and the brain, where they play a role in
thermoregulation | 1]. Most temperature-sensitive ion
channels belong to the transient receptor potential
(THP) ion channel superfamily. A hallmark of TRP
ion channels is that they behave, in most systems, as
physical and chemical sensors. Among the stimuli they
can sense are temperature, voltage, pressure, ligands
and csmolarity [2]. In these polymodal receptors,
stimuli are detected by a sensing domain allosterically
coupled to the catalysis site (ion conduction), which
is the channel pore. TRP channels are grouped into
seven subfamilies, with thermoTRP channels being
found in the TEPA, TRPY, TRPC and TRPM subsets.
The madular architecture of thermoTRP isa commaon

feature of several ion channels, such as voltage-
gated T2’ and voltage-gated K+ channeks. In these
channels, voltage or caldum sensing domains control
the channel opening probability due to their coupling
with the chanmel pore [ 3-6].

ThermoTRP channe activity is extrernely temper-
ature-dependent, which is reflected in the high values
of (Qyp (=6) and enthalpy change (=40 kcal mol— "
associated with channel gating. The structures of sev-
eral thermoTRP channel members have recently been
resodved, confirming the modubar nature of these chan-
nels, providing a structural framework for interpreting
decades of experimental work, and helping reveal the
gating mechanisms. However, despite major progress in
structural biology, the molecular determinants and the
mechanisms by which the temperature sensor accom-
plishes is function remain unknown. Temperature
sensing is related to pain sensation in several pathologi-
cal conditions, making thermoTRP channelsa molecu-
lar target for pain relief therapies. Thus, the search for
1 temperature sensor in thermally gated TRP channels
is the goal for bath ion channed biophysicists and pain
therapy researchers. Below, we provide an overview of
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channels have been identified as thermal transducers
in different species, where its deficiency has been
shown to impair thermosensation i vive. Thermo TRP
channel gating— particularly temperature medizted
gating—has been extensively characterized, but the
madecular mechanisms underlying  activation-by-
temperature remain obscure. The accumulation of
functional and structural data obtained during the
last 30 years has led researchers to propose several
plausible mechanisms accounting for thermal gating
in thermoTRP channels, induding changes in the
heat capacity, enthalpy changes during activation and
allosteric coupling between sensing domains. To date,
there is no consensus regarding which mechanism
accounts for the large amount of thermal sensitivity
in thermoTRP channels, and more experimental
evidence is required. As temperature and pain are
intimately linked, future functional understanding
of this molecular sensor may provide novel tools and
strategies for pain relief.
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A Molecular Reporter for
Monitoring Autophagic Flux
in Nervous System In Vivo
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Abstract

The relevance of autophagy inneuronal health has been extensively reported in a pleth-
ora of conditions affecting the nervous system, such as neurodegenerative diseases,
cancer, diabetes, and tissue injury, where altered autophagic activity may contribute
tothe pathological process. Autophagy is a dynamic pathway involving the formation
of a membrane surrounding and enclosing cargoes that are delivered to lysosomal
compartments for degradation. Cargoes can include large protein aggregates,
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inhibition. Moreover, our method enables to measure autophagosome
dynamics in vivo in the context of the 3D structure of the brain in real
ome by using multiphoton microscopy and study single-particle features
by superresolution microscopy. In summary, the use of ICV injection of
the molecular reporter AAV2/2_mCherry-GFP-LC3 represents a valuable
tool in the advancement toward defining the contribution of autophagy to
diverse physiological and pathological conditions atfecting the nervous
System.
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tellurium, and arsenic, among others. Harein, we report the genome seguence and
comparative genomic analysis of a new Bviguobacterium sirain, sp. SH31, isolated
from an alfiplanic shallow athalassohaline lake. Exiguobactenum sp. SH31 belongs to
the phylogenetic Group |l and its closest relative is Eviguobactarium sp. 517, isolated
from the Argentinian Altiplanc (95% average nuclectide identity). Strain SH31 encodes a
wide repertoire of proteins required for cadmium, copper, mercury, tellurium, chromium,
and arsenic resistance. Of the 34 Edguobactenum genomes that were inspected, only
isolates SH31 and 217 encode the arsenic efflux pump Acr3. Strain SH31 was able to
grow in up to 10 mM arsenite and 100 mM arsenate, indicating that it is arsenic resistant.
Further, expression of the ars operon and acr? was strongly induced in response to
both towics, suggesting that the arsenic efflux pump Acr3 mediates arsenic resistance
in Eviguobacterium sp. SH31.

Keywords: Exiguabacterium, polyextremophile, stress, comparative genomics, Chilean Altiplanc

INTRODUCTION

Extremophiles are microorganisms from all three domains of life (Bacteria, Archaea and Eukarya)
that grow in the most hostile environments found on Earth, where they must withstand conditions
including extreme pH, temperature, salinity, pressure, UV radiation, and the presence of heavy
metals or toxic compounds. In some cases, extremophiles face more than one extreme condition
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FIGURE E | Exprassion of genas raquired for arsenic resistance in
Exiguobactenium sp. 5H31 In response to As{I} and As(V) exposure.
Evprassion of tha 165 rNA pane was usad as a nommalizar, ***p -« 0.001.

experienced the duplication of gene families involved in stress
resplonse.

Some Exiguobacterinm strains are resistant to NaCl and heavy

metals such as Ph, Cu, and Hg (Petrova et al., 2002; Bian et al,
2011} In particular, Exiguobacterium isolated from permafrost
sediments in Russia and Canada that contained 0.001 - 2.9%
of mercury carried the mer operon (Petrova et al, 2002). Our
results show that all of the Exiguobacterium strains included in
the analyses have the merd gene, but that only 6 strains had
additional genes of the operon (Supplementary Table 54). The
mer operon can be located in the chromosome, plasmids, or
transposons, and has been studied as a mechanism of horizontal

dissemination that confers a broad spectrum of mercury

resistance among Bacillus and related species (Bogdanova et al,,
2001). Other strains such as ZM-2, isolated from agricultural
soils irrigated with tannery effluents in India, resist up to
12.4 mM of potassium chromate (Alam and Malik, 2008), and
some isolates tolerate up to 1.5 mM and reduce 0.75 mM
of Cr(VI) (Sarangi and Krishnan, 2008). Additionally, some

Exiguobacterium isolates are able to reduce Cr{V]) anaerobically

in a large range of temperatures, pH and salt concentrations

(Pattanapipitpaizal et al., 2002; Okeke, 2008). Our comparative
genomics approach confirms that all 34 Exguobacterium strains
possess the genes encoding proteins required for chromate
reduction and efflux, namely chrfl and srpC, respectively,
which could be responsible for chromate resistance in this
genus.

Exiguobacterium sp. 5H31 is more closely related to the arsenic
resistant strain 517 (Belfiore et al. 2013). The high arsenic
resistance of straim 517 has been explained by an increased
number of genes encoding proteins required to detoxify this toxic
compound and by the presence of the acr3 gene, which confers
increased arsenite and arsenate resistance (10 and 150 mM,
respectively; Belfiore et al, 2013; Ordofiex et al, 2015). In
agreement, strain SH31 is also arsenic resistant, which could be
explained by the presence of several proteins required for its
detoxification, including Acr3.

In the post-genomic era, high-throughput technologies have
enabled researchers with the power to interrogate genomes from
the dark matter of the microbial tree of life (Wu et al, 2009).
Yet, the traditional use of morphology, phenotype, biochemical
traits, and single-gene inferences to classify microorganisms
implies that our current understanding of what constitutes a
species or genus is imperfect (Hugenholtz et al, 2016). Herein,
we show that using an extreme cut-off of 75% ANI in a
relatively small dataset yielded as many as six clusters in an
otherwise unified genus. While comparative genomics studies
of polyextremohiles are needed to understand their distnbution,
evolutionary history, and biotechnological potential, thorough
sampling designs, metagenomics-based studies, and functional
assays such as those based on metabolomics, transcriptomics, and
proteomics, will enable researchers to develop a systems level
understanding of the patterns and processes leading to molecular
adaptation.
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Astrocytes and neurons dynamically interact during physiclogical processes, and it
iz now widely accepted that they are both organized in plastic and tightly regulated
networks. Astrocytes are connected through connexin-based gap juncton channels,
with brain region specificities, and those networks modulate neuronal actvities, such
as those involved in slesp-wake cycle, cognitive, or sensory functions. Additionally,
astrocyte domains have been involved in neurogenesis and neuronal differentiation
during development; they participate in the *tripariite synapse” with both pre-synaptic
and post-synaptic neurons by tuning down or up neuronal activities through the
control of neuronal synaptic strength. Connexin-based hemichannels are also involved
in those regulations of neuronal activities, however, this feature will not be considered
in the present review. Furthermore, neuronal processes, transmitting electrical signals
to chemical synapses, stringently control astroglial connexin expression, and channel
functions. Long-range energy trafficking toward neurons through connesin-coupled
astrocytes and plasticity of those networks are hence largely dependent on neuronal
activity. Such reciprocal interactions between neurons and astrocyte networks involve
neurctransmitters, cytokines, endogencous lipids, and pephides released by neurons but
also other brain cell types, including microglial and endotheksl cells. Over the past 10
years, knowledge about neuroglial interactions has widened and now includes effects
of CNS-targeting drugs such as antdepressants, antipsychotics, psychostimulants,
or sedatves drugs as potential modulators of connexin function and thus astrocyte
networking activity. In physiological situstions, neuroglial networking i conseguently
resulting from a two-way interaction between astrocyte gap junchion-mediated networks
and those made by neurons. As both cell types are modulated by CNS drugs
we postulate that neuroglial netwaorking may emerge as new therapeutic targets in
neurological and peychiatric disorders.,

Keywords: astrocyte network, connexin, gap juncion, neurogllal Interaction, gila
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cognitive processes such as sleep (Franco-Perex et al, 2012),
through the modulation of their network organization (Petit and
Magistretti, 2016).

Confounding Effects of Antipsychotics and
Anti-Epileptics

Psychiatric disorders such as schizophrenia, bipolar disorders, or
autism are characterized by marked signs of glial dysfunction
{Yamamuro et al, 2015). More precisely, in autistic patients
astroglial Cx43 expression is increased in superior frontal
cortex {Fatemi et al, 2008a). Antipsychotic drugs have been
developed since the 505 to reduce the symptoms of those
disorders, and among them haloperidol, lithium, clozapine, or
chlorpromazine. Those drugs generally reduce the expression
of astrocyte Cxs (Orellana et al, 2006; Fatemi et al. 2008b).
Concerning chlorpromagine, kinetic studies indicate that this
reduction is achieved through an indirect mechanism involving a
complex signaling cascade from drog application to effects on G
channels, including modulation by alteredCx43 phosphorylation.
Alternatively, a cellular redistribution of Gls by chlorpromazine
has also been suggested to be at the origin of the reduction
of Cx43 levels (Orellana et al, 2006). Astrocyte Cxs are
also involved in the pathophysiology of epilepsy (Steinhauser
et al, 2016), as they are often up-regulated in this pathology.
In line with this, their blockade is considered to act in
an anbiconvulsant manner; however, opposite (pro-comvulsing)
effects have also been reported (Carlen, 2012). Anti-epileptic
drugs (valproic acid, carbamarepine, phenytoin, or gabapentin)
generally do not modulate Cx expression (Dambach et al,
2014). However, levetiracetam enhances the expression of Cx43
and function of GJ] in astrocyte-microglia mixed cultures,
allegedly through an anti-inflammatory process (Haghikaa
et al. 2008). Finally, the effect of anti-epileptic drugs are
alse known to have an effect on neuronal Cxs (Mylvaganam
et al, 2014) but this 15 beyond the scope of the present

review.
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CONCLUSION

Astrocytes are highly connected by Cx30 and Cx43, and
this cell-cell communication strongly depends on neuronal
activity. Conversely, neuronal processes are tightly tuned by
astrocyte networks. The implications of neuroglial networking
have furthermore been dissected in cognition, sleep-wake
cydle, and sensory functions. (ver the last decade, drugs that
typically target neurons, such as antidepressant, antipsychotics,
antiepileptic, psychostimulants, or anesthetics, have been shown
to also modulate astroglial Cx expression and function.
Additionally, reciprocal interactions, as well as mutual controls
operate between neuwrons and Cx-formed astrocyte metworks.
Consequently, we envision that neuroglial networking may
emerge as a new therapeutic target in mewrological and
peychiatric disorders. Two demonstrations of the interest in
such targeting have been recently published in neuropathic pain
(Jeanson et al., 2016a) and narcolepsy {Duchéne et al., 2016
Lu and Chen, 2014 see also Naus and Giaume, 2016). We
hypothesized that astrocyte network size and structure should be
adapted and optimized to neuronal demand, as a neither too large
nor too reduced syncytium might adequately fuel metabolically
active synapses, and this remains valid in the presence of CN5
drugs (see Figure 4).
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Schwann Cell Phenotype Changes in
Aging Human Dental Pulp

E. Couve', M. Lovera', K. Suzuki', and O. Schmachtenberg’

Abstract

Schwann cells are glial cells that support axonal development, maintenance, defense, and regeneration in the peripheral nervous system.
There is limited knowledge regarding the organization, plasticity, and aging of Schwann cells within the dental pulp in adult permanent
teeth. The present study sought to relate changes in the pattern of Schwann cell phenotypes between young and old adult teeth with
neuronal,immune, and vascular com ponerts of the dental pulp. Schwann cells are shown to form a prominert glial networl at the dentin-
pulp interface, consisting of nonmyelinating and myelinating phenotypes, forming a multicellular neuroimmune interface in association
with nerve fibers and dendritic cells. Schwann cell phenotypes are recognized by the expression of 5100, glial fibrillary acidic protein
(GFAP), myelin basic protein (MBP), Sox| 0, GAP43, and p75NTR markers. In young adult teeth, a dense population of nonmyelinating
Schwann cells projects processes in close association with sensory nerve terminals through the odontoblast layer, reaching the adjacent
predertin/dentin domain. ¥¥hile GAP43 and p7SNTR are highly expressed in nonmyelinating Schwann cells from young adult teeth, the
presence of these markers declines significantly in old adult teeth. Myelinated axons, identified by MBP expression, are mainly present
at the Raschlkow plexus and within nerve bundles in the dental pulp, but their density is significantly reduced in old adult versus young
adult teeth. These data reveal age-related changes within the glial networlk of the dental pulp, in association with a reduction of coronal
dental pulp innervation in old adult versus young adult teeth. The prominence of Schwann cells as a cellular component at the dertin-
pulp interface supports the notion that their association with sensory nerve terminals and immune system components forms part of an
integrated multicellular barrier for defense against pathogens and dentin repair.

Keywords: dial networls, nociceptors, nerve terminals, p7SNTR, myelin, odontoblast

injury by caries or trauma (Couve et al, 2014), Nociceptors
havebeen shown to play a critical role in tissue defense by sens-
ing pathogen-associated molecules, regulating inflammatory
responses, and modulating tissue regeneration (Woolf and Ma
2007, Chiun et al. 2013). Moreover, interactions between noci-
ceptors terminals and immune cells are a fandamental aspect
protecting tissues from injury and to regulate inflammatory
responses (Talbot et al. 2016; Pinho-Ribeiro et al. 2017).

Introduction

Human teeth are dentin units protected by enamel, with a com-
plex root attachment system and a dental pulp that is highly
innervated by sensory afferents for temperatire, touch, and
pain sensation. The appearance of dentin tissue with its sensory
funetion was a key innovation for active tooth protection
and regeneration during the early evolution of vertebrates
(Hildebrand et al. 1995, Fried and Gibbs 2014; Krivanek et al.
2017). Dental pulp innervation in human teeth localizes essen-
tially to the dentin-pulp interface and comprises a complex
nociceptive network formed by unmyelinated and myelinated
axons (C- and Ad-fibers), hierarchically arranged within the
Raschkow plexus and projecting nerve endings through the
subodontoblastic and odontoblast layers to the adjacent pre-
dentin/dentin domains (Fried and Gibbs 2014). Dentin sensi-
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tivity is based on stimulation of the plexus of nerve terminals
arranged at the dentin-pulp interface, where odontoblasts and
nerve fibers interact in a still incompletely understood sensory
transduction pathway for dentinal pain (Shibukawa et al. 2015).

The dentin-pulp interface is formed by multiple cell types,
with odontoblasts supporting nerve terminals and dendritic
cells, which in turn sense potentially damaging pertarbations
and recognize pathogens, mediating tissue responses to dentin

Corresponding Authors:

E. Couve, Instituto de Biclogia, Laboratorio de Microscopia Electrénica,
Facultad de Ciencias, Universidad de Yalparaiso, Avda. Gran Bretafia
1111, Yalparaiso, Chile.

Email: eduardo.couve@uv.cl

O. Schmachtenberg, Centro Interdisciplinario de Neurociencia de
Yalparaiso, Facultad de Ciencias, Universidad de Yalparaiso, Avda. Gran
Bretafia | | |1, Valparaiso, Chile.

Email: oliver.schmachtenberg@uv. <l

99



CINV ANNUAL PROGRESS REPORT —2017

Journal of Dental Research 00(0)

cells expressing immature stem cell markers, such as Sox10
and p75NTR, could generate new dental pulp stem cells and
odontoblasts (Kaukua et al. 2014).

In this context, it is interesting to consider the organization
of the capillary network at the dentin-pulp interface, as it has
been suggested that dental pulp stem cells are associated with
perivascular niches (Shi and Gronthos 2003). At the dentin-
pulp interface, an organized terminal capillary network is
observed in close association with nmSCs. Human dental pulp
is a highly vascular tissue, but there are currently insufficient
data to relate pulpal vascularity in human teeth with specific
markers for dental pulp stem cells (Shi and Gronthos 2003;
Krivanek et al. 2017). Blood vessels are, however, a crucial
migratory surface that guides SCs as a road during axonal
regeneration (Cattin and Lloyd 2016).

However, SCs, sensory neurons, and immune cells are inter-
related and react with a complex signaling cascade of cytokines
and chemokines to achieve axonal and tissue regeneration in
response to nerve injury (Scholz and Woolf 2007). The organi-
zation and function of dendritic cells within the dental pulp has
been well characterized and related to dental pulp immune
responses against injury and infection (Couve et al. 2014;
Farges et al. 2015). We observe that SCs are densely interca-
lated with dendritic cells in dental pulp. Indeed, SCs have been
shown to be associated with immune cells, cooperating in the
surveillance against pathogens and traumatic injuries and in the
regeneration of damaged axons (Scholz and Woolf 2007). SCs
might have a key immunomodulatory function, linking innate
and adaptive immune responses, and they are crucial as
immune-competent cells detecting pathogens through toll-like
receptors, expressing MHC-II as do antigen-presenting cells
(Meyer zu Horste et al. 2008; Ydens et al. 2013; Tzekova et al.
2014). In dental pulp, the neuroinflammatory activation of SCs
was recently reported in response to axonal degeneration during
root resorption in deciduous teeth (Suzuki et al. 2015). The data
reported here support a close spatial and functional relationship
between nmSCs and dendritic cells, suggesting that both cell
types have complementary roles in the surveillance and defense
of the dentin-pulp interface.

Interactions between nociceptors and immune cells have
been shown to modulate coordinated defensive and inflamma-
tory responses to tissue injury and infection (Talbot et al. 2016;
Pinho-Ribeiro et al. 2017). We propose that the different cel-
lular components of the dentin-pulp interface function in syn-
ergy as a multicellular barrier fundamental to preserve tooth
integrity, in many cases for >8 decades. Our observations of
the association of SCs with nerve endings and immune compo-
nents creates a novel perspective for the understanding of the
role of glial cells in the modulation of physiologic and inflam-
matory processes in the dental pulp and the slow but constant
debilitation of this defensive concertation by age, which could
translate into improved clinical management of tooth pain.
Finally, the age-related changes observed at the dentin-pulp
interface could explain the reduced physiologic response of the
dental pulp to environmental injuries and pathogens in mature
and aged teeth (Fig. 5).
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Abstract Altered proteostasis is a salient feature of Alzhei-
mer’s disease (AD), highlighting the occurrence of endo-
plasmic reticulum (ER) stress and abnormal protein aggre-
gation. ER stress triggers the activation of the unfolded
protein response (UPR), a signaling pathway that enforces
adaptive programs to sustain proteostasis or eliminate ter-
minally damaged cells. IRE1 is an ER-located kinase and
endoribonuclease that operates as a major stress transducer,
mediating both adaptive and proapoptotic programs under
ER stress. IRE1 signaling controls the expression of the
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transcription factor XBP1, in addition to degrade several
RNAs. Importantly, a polymorphism in the XBP1 promoter
was suggested as a risk factor to develop AD. Here, we
demonstrate a positive correlation between the progression
of AD histopathology and the activation of IRE1 in human
brain tissue. To define the significance of the UPR to AD,
we targeted IRE1 expression in a transgenic mouse model
of AD. Despite initial expectations that IRE1 signaling may
protect against AD, genetic ablation of the RNase domain
of IRE1 in the nervous system significantly reduced amy-
loid deposition, the content of amyloid B oligomers, and
astrocyte activation. IRE1 deficiency fully restored the
learning and memory capacity of AD mice, associated with
improved synaptic function and improved long-term poten-
tiation (LTP). At the molecular level, IRE1 deletion reduced
the expression of amyloid precursor protein (APP) in
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Review of Brooks and O Donnell

The ventral striatum is an important con-
troller of motivated behavior. This nudeus
receives dopamine afferents from the ven-
tral tegmental area and glutamate afferents
from the basolateral amypdala, thalamus,
medial prefrontal cortex (mPFC), and ven-
tral hippocampus, which encode emotional,
sensory, executive-control, and contextual
information, respectively. The ventral stria-
tum integrates information from these in-
puts, and its principal neurons, GABAergic
medium sized spiny neurons (M3Ns), send
output to the rest of the basal ganglia. The
weight given to the different glutamate
sources determines the extent to which con-
textual, emotional, or executive informa-
tion influences behavior.

M35Ns are segregated into direct and in-
direct pathways based on their projection
target. Direct-pathway M3Ns express D1
dopamine receptors, and their activation is
thought to promote execution of motivated
behaviors. In contrast, indirect-pathway
MENs express D2 dopamine receptors, and
their activation is thought to inhibit the per-
formance of motivated behaviors (Kravitz et
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al.. 2012). The integration and processing of
glutamate and dopamine inputs to D1 or
D2 M5Ns constitute the basis for a diverse
range of actions.

As mentioned above, M5N activity is
controlled by afferents that carry different
type of information. Most of the time, the
activity of the ventral striatum is synchro-
nized with that of the hippocampus. Hip-
pocampal activity sets M5Ns into an active,
depolarized state that gates other inputs to
ventral striatum. This might be the mecha-
nism by which contextual information is
constantly updated in the ventral striatum
for use during the execution of motor be-
havior. Motably, inputs from mPFC evoke
firing in M5Ms only when the neurons are
already in 2 depolarized state (¥Donnell
and Grace, 1993). Nonetheless, the mPFC
can take control over MSN activity in cer-
tain situations. Specifically. burst activity
in mPFC afferents induces heterosynaptic
suppression of the M3Ns" response to sub-
sequent hippocampal or thalamic activation
(Calhoon and O'Donnell, 2001 3). This effect
might allow executive information to tran-
siently take control of the behavior by means
of an inhibition of less relevant informa-
tion, enabling efficient decision-making.

Previous work (Calhoon and O'Dlonndl,
2013) showed that mPFC inhibition of hip-
pocampal inputs is partially mediated by
GABA, receptors. Intra-MSN blockage of
GABA, receptors in vive attenuated, but did
not eliminate, the mPFC-induced inhibi-
tion of hippocampal inputs {Calhoon and

FDonnell, 2013), suggesting that other in-
hibitory mechanisms are recruited during
this phenomenon. What mediates the rest
of the inhibition was left unanswered.

Ome mechanism by mPFC activity might
produce heterosynaptic suppression of hip-
pocampal input is presynaptic inhibition
mediated by the kappa opioid receptors
(KORs). KORs are G-coupled receptors
highly expressed in the ventral striatum, and
are mainly found presynaptically in both
symmetric and asymmetric synapses { Svin-
gos ct al., 1999, 2001 ). KOs in the ventral
striatum are part of a retrograde signaling
system, in which the endogenous KOR ago-
nist dynorphin is somatodendritically re-
leased from DV1-M5Ms to act on presymaptic
KORs (Gerfen and Young, 1988). Most
studies have focused on the impact of KORs
on dopamine newrotransmission. Indeed,
within the ventral striatum, KOHRs are pref-
erentially localired in close proximity to the
dopamine transporter { Svingos et al., 2001),
a localization that is consistent with its
inhibitory role over dopamine release (D
Chiara and Imperato, 1988; Chefer et al..
2005 ). However, increasing evidence points
to an inhibitory effect of KOR activation
on glutamate newrotransmission. KORs
are located presynaptically on asymmetric
synapses, indicative of glutamate afferents
(Svingos et al., 1999). Early studies of stri-
atal synaptosomes showed that KOR ago-
nists decrease gutamate release (Hill and
Brotchie, 1993, 1999). Moreover, electro-
physiological studies in brain slices showed
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Abstract

The besel forebrein provides modulstory input to the cortex regulstmg brein states and cognitive processng. Sometogtetin-
EeXpressng neurons constitute  he terogenecis GABAesTgic populstion mown to functionslly inhibit bassl forebrain cortically
projecting cells thus fevoring skeep and corticel synchronizetion. Howewver, it remeins undesr ff sometostatin cells an regulate
populetion activity pettems it the baszal forebmin and modulste cortical dynemics. Here, we demonstrate that sometostetin
neurons regulate the corticopetzl syneptic output of the basal forebrain impinging on corticel activity and behavior.
Optogenetic mectivetion of sometostetin neurons in vivo mpdly modiied newrsl activity in the basal forebrein, with the
consequent enhancement and desynchronization of activity in the prefrontsl cortex, reflected in both newron al spiking and
network oscillations. Cortical activation was partially dependent on cholinergic transmission, suppresang slow waves and
potentisting gemma oscilletions. In eddition, requitmernt dynamics was cell type-spedfic, with intemeurons showing similar
temporel profiles, but stronger responses than pyramidz] cells. Finally, optogenetic stimulstion of quiescent animals during
resting periods prompted locomotor ectivity, suggesting generalized cortical sctivation and incressed arousal Altogether, we
provide physiological and behevioral evidence indicating that someatostatin newrons are pivotal in geting the synaptic output of
the basal forebrain, thus ndirectly controlling cortical operations via both cholinergic and non-cholmergic mechanismes.

Key words: basal forebrain, network oscillations, optogenetics, prefrontsl cortex

Introduction

The mammalian besa forebrain is a collection of subcortical
structires comprising the ventral pallidum, disgonal band of
EBroca, substantia innorninata, medial sephom and peripallidal
region, which provides extensive axonal projections to the entire
cerebral cortes (Jones 3008, Zaborazky et al. 2013). Damage to the
basal foreirain has been implicated in several newrological disar-
dems, induding Alzheimer's disease, Parkinson's diseass, schizo-
phrenia, and drug abuse (Whitehouse et al. 1983, Conner et al.

200; Smith & al 2004 Blanco-Centurion ef al. 2007). Under nor-
mal physiclogical conditions, the basal forebrain plays central
roles in arousal, attention, motivation, mermaory, plastidty, sensory
processing and slesp-wake cycles (Momezl and Magoun 1949
Kilgard and Merzenich 1998; Froamke et al 2007; Pinto e al. 2017%;
Lin et al. 2015; Xu et al 305} These actions are achieved by the
complementary moles of @ heterogeneous mixtre of cel types
that differ in neurstrmnsmitter content, somato-dendritic mor-
phology, axonal projections and spike timing (Brashear et al 1985
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Cannabinoids Prevent the Amyloid

p-Induced Activation of Astroglial

Hemichannels: A Neuroprotective
Mechanism

Rosario Gajardo—G(’)mez,1 Valeria C. Labra,’ Carola J. Maturana,’ Kenji F. Shoji,2

Cristian A. Santibanez,! Juan C. Siez,” Christian Giaume,> and Juan A. Orellana’

The mechanisms involved in Alzheimer's disease are not completely understood and how astrocytes and their gliotransmission
contribute to this neurodegenerative disease remains to be fully elucidated. Previous studies have shown that amyloid- pep-
tide (AR) induces neuronal death by a mechanism that involves the excitotoxic release of ATP and glutamate associated to
astroglial hemichannel opening. We have demonstrated that synthetic and endogenous cannabinoids (CBs) reduce the open-
ing of astrocyte Cx43 hemichannels evoked by activated microglia or inflammatory mediators. Nevertheless, whether CBs
could prevent the astroglial hemichannel-dependent death of neurons evoked by A is unknown. Astrocytes as well as acute
hippocampal slices were treated with the active fragment of Ap alone or in combination with the following CBs: WIN, 2-AG,
or methanandamide (Meth}. Hemichannel activity was monitored by single channel recordings and by time-lapse ethidium
uptake while neuronal death was assessed by Fluoro-Jade C staining. We report that CBs fully prevented the hemichannel
activity and inflammatory profile evoked by AB in astrocytes. Moreover, CBs fully abolished the AB-induced release of excito-
toxic glutamate and ATP associated to astrocyte Cx43 hemichannel activity, as well as neuronal damage in hippocampal slices
exposed to AB. Consequently, this work opens novel avenues for alternative treatments that target astrocytes to maintain
neuronal function and survival during AD.

GLIA 2017;65:122-137
Key words: neuroinflammation, connexin43, neuron, glia, alzheimer

Introduction
Dementia encompass a wide range of symptoms of cogni-
tive decline that impairs quality of life and well-being.
The major features include complete or partial loss of memo-
ry and reasoning, as well as emotional, language and person-
ality changes leading, eventually, to death (Fotuhi et al,
2009). Different metabolic, vascular, and neurological disor-
ders might produce dementia, but Alzheimer’s disease (AD) is
the most prevalent cause responsible for the 50-70% of cases
worldwide. Although the origin of AD remains unknown, the
abnormal accumulation of amyloid-B peptide (AP) at amy-
loid plaques constitutes one of the major histopathological

hallmarks observed in postmortem AD brains (Selkoe and
Hardy, 2016). Although the diverse forms of AR have been
linked to neurotoxicity by affecting synaptic transmission, tro-
phic support, mitochondrial function, Ca®* homeostasis,
antioxidant defense, and inflammatory response (Querfurth
and LaFerla, 2010}, the full underlying mechanisms associat-
ed to AD remain to be elucidated.

In a previous work, using cell cultures and acute hippo-
campal slices we demonstrated that AP induces neuronal
death by a mechanism that involves the excitotoxic release of
ATP and glutamate linked to glial cell hemichannel opening
(Orellana et al.,, 2011b). These plasma membrane channels

View this article online at wileyonlinelibrary.com. DOI: 10.1002/glia.23080
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alterations in electrophoretic mobility, because Cx43 total lev-
els and pattern of immunoreactive bands were similar in AB-
stimulated and control astrocytes. In addition, immunofluo-
rescence labeling showed no differences in the distribution of
structures compatible with gap junction plaques in astrocytes
treated with AB or WIN, suggesting that internalization or
degradation of gap junctions do not explain the modulation
of astroglial coupling.

Up to now, various studies have demonstrated the pres-
ence of functional hemichannels and pannexons in astrocytes
and neurons investigated in brain slices (Abudara et al., 2015;
Karpuk et al, 2011; Orellana et al, 2014, 2015; Santiago
et al., 2011). Here, we show that CBs entirely abolished the
previously described activity of astrocyte Cx43 hemichannels
and neuronal Panxl channels evoked by AR in acute hippo-
campal slices (Orellana et al., 2011b). The combination of this
integrated preparation, where all cell types are present, allowed
us to confirm the preventive effect of CBs on hemichannel
activity found in cell cultures. Unlike to cultures, in acute hip-
pocampal slices the effect of SR2 on the preventing action of
synthetic and endogenous CB agonists was present in addition
to the effect of SR1 (except in the case of 2-AG). This is likely
due to a cumulative action of these compounds since in slices
antagonists act simultaneously in several cell types.

Glutamate and ATP are considered crucial transmitters
on astrocyte-neuron communication and thereby their release
through membrane proteins and vesicles is tightly regulated
(Fields and Burnstock, 2006; Perea and Araque, 2010).
Indeed, high concentrations of glutamate and ATP at the syn-
aptic cleft could be neurotoxic under pathological conditions
(Arbeloa et al., 2012; Ashpole et al., 2013; Lau and Tymian-
ski, 2010). In this context, glutamate and ATP released by a
mechanism involving the opening of astroglial Cx43 hemi-
channels could reduce neuronal survival by triggering the acti-
vation of NMDA/P2X; receptors and further opening of
Panx1 hemichannels in neurons (Avendano et al., 2015; Orel-
lana et al., 2011b}). Here, we found that CBs strongly prevent
the AB-induced death in pyramidal neurons, indicating that
they are neuroprotective and likely act by inhibiting the
inflammatory profile of astrocytes and the subsequent activa-
tion of Cx43 hemichannels and further release of excitotoxic
gliotransmitters. Supporting this notion, the AR-induced
overexpression of GFAP and release of glutamate and ATP
via Cx43 hemichannels was totally reduced by WIN, 2-AG
and Meth. Since activation of NMDA and P2X; receptors
lead to opening of Panxl channels in neurons (Iglesias et al.,
2008; Thompson et al., 2008), it is plausible that AB-
induced neuronal death could be associated with an ionic,
osmotic and intracellular Ca®>" imbalance, as well as caspase
activation evoked by NMDA/P2X; receptor and Panx1 chan-

nel activation, as previously described in neurons subjected to
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different pathological conditions (Gulbransen et al., 2012;
Nishida et al., 2012; Weilinger et al., 2016).

Different mechanisms have been proposed to mediate
neuroprotective features of CBs as for instance antioxidant,
antiglutamatergic, and anti-inflammatory effects and are known
to be of common interest for understanding many neurodegen-
erative processes (Micale et al., 2007). Here, we report that
CBs prevent AB-induced neuronal death by preventing the
inflammatory condition that rise Cx43 hemichannel activity in
astrocytes. Such pathway might be relevant for AD since the
expression of astroglial Cx43 was reported to be increased at
amyloid plaques from patients with AD (Koulakoff et al.,
2012; Nagy et al., 1996). In addidon, in transgenic mouse
models that dcvelop amyloid p[aques, connexin-mediated
astroglial networks are increased in cortical astrocytes located
near the plaques (Peters et al., 2009) and increased Cx43 hem-
ichannel activity has been observed in astrocytes (Yi et al.,
2016). Altogether, these observations argue for a possible con-
tribution of astrocytes during the AP-triggered cascade with
hemichannel activation taking place in the early phases of the
increase in AR production, and being a consequence of this
process the resulting neuronal death. Moreover, the regulation
of hemichannel activity by CB agonists might represent a strat-
egy against neuronal damage triggered by short-term (hours to
few days) increase in AR production. This finding should help
to generate the design of new CB agonists that could conserve
their neuroprotective role without having psychoactive effects
(Pertwee, 2009). In conclusion, the presented evidence unveil a
new protective mechanism for CBs in the occurrence of a
sequential activation of astroglial hemichannels and pannexin
channels in neurons, providing concrete basis for definition of
alternative pharmacological strategies aiming at preserving neu-
ronal function and survival during AD.
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ARTICLE INFO ABSTRACT

Keywords: By 2040 neurodegenerative diseases will become the world’s second leading cause of death after cardiovascular
Gap junctions disease (WHO). Major efforts are required to elucidate the underlying molecular and cellular mechanisms of
Connexin neurodegenerative diseases. Connexin and pannexin membrane channel proteins are conduits through which
Pannexin

Alzheimer’s
Hemichannel

neuronal, glial, and vascular tissues interact. In the normal brain, this interaction underlies homeostasis, me-
tabolic supply and neuroprotection. In models of neuroinflammation these channels present aberrant func-

tioning. Validation of the molecular mechanisms by which these membrane channels influence neurodegen-
eration particularly in Alzheimer’s disease could lead to new and alternative therapeutic strategies targeting

these channels.

1. Introduction and overview
1.1. Overview of AD

Alzheimer’s Disease (AD) is the most common neurodegenerative
disorder leading to dementia, affecting 11% of the population in North
America over the age of 65 and about one-third of the people 85 and
older [3]. Considering that mean life expectancy is increasing, the
world is facing a dementia epidemic; unfortunately the causes and
mechanisms leading to AD remain elusive. So far, no definitive marker
of early AD has been identified and no effective prevention and disease-
modifying treatment for AD has been described. Less than 1% of AD
cases are familial with early-onset and genetic studies have shown
mutations in three genes cause autosomal dominantly-inherited familial
AD (FAD): amyloid p precursor protein (APP) on chromosome (Chr) 21,
presenilinl (PSENI) on Chrl4, and presenilin 2 (PSEN2) on Chrl
[26.107]. A majority of AD cases are sporadic, late-onset and the causes
are unknown. Variants in the ApoE gene on chromosome 19 are asso-
ciated with AD, and people with ApoE e4 allele have a higher risk to
develop late-onset AD. Neuritic plaques, neurofibrillary tangles, and
neuronal loss in the brain are the hallmarks of AD neuropathology. So
far, amyloid plaque formation is the pathological feature prominent in
AD. Although preclinical studies have shown anti-amyloid and anti-tau
strategies are effective to improve cognition in AD animal models, there
have been no successful human trials on new anti-amyloid- or anti-tau-
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based Alzheimer’s drug development within the last 15 years
[50,76,84].

The severity of cognitive impairment in AD patients is correlated
with neuronal dysfunction, damage and finally loss. Exposure of neu-
ronal cultures to A induces apoptosis and activation of caspase-2, 8
and 12 have been reported to mediate AB-induced cell death [64],
caspase-6 activation has also been linked to AD pathogenesis [34]. Ap
has also been reported to increase regulator of calcineurin-1 (RCAN1)
expression and triggers apoptosis [91]. However, the mechanism un-
derlying neuronal loss in AD remains not well understood. While a
contribution of connexins and pannexins to neurodegeneration have
been documented over the past few years, their role in AD is only be-
ginning to be explored [43,70.78]. Understanding how connexins and
pannexins may participate in AD is complicated since different cell
types express different (and usually several) isoforms [79].

1.2. Why gap junctions, hemichannels and pannexins are important in
Alzheimer’s disease

Electron microscopy [63] and immunocytochemistry [58] ap-
proaches have demonstrated that gap junction plaques and connexin
expression were increased in glial cells in brain samples from AD pa-
tients, particularly in astrocytes [43]. These observations were also
confirmed in a murine model of AD [58,105], the APP/PS1 mouse, that
presents several features of the pathology, including: AR deposits,
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This treatment results in the rescue of neuronal damage in a similar way
to that in the APP/PS1-Cx43".GFAP/cre mouse [104]. This observa-
tion opens the way for the development of treatment targeting hemi-
channel activity in glia to prevent neuronal sufferance in the context of
the amyloid pathology.

5.2. Validation of connexins and pannexins as potential therapeutic targets

When considering the literature regarding connexins/pannexins and
brain diseases, the general perspective is that in many cases gap junc-
tional communication has a beneficial role by maintaining homeostasis
and allowing dissipation of toxic compounds within large astroglial
networks. By contrast, connexin (and pannexin) hemichannel activity is
currently best characterized in terms of its toxic outcome. Indeed, both
connexin hemichannels and pannexin channels are associated with the
release {(and possibly the uptake) of substances which may lead to ionic
fluxes and release of gliotransmitters like ATP, glutamate and p-serine.
Ionic fluxes include Na* and Ca®* entry, and K* escape, which will
result in volume changes/cell swelling [18] and cellular Ca®* entry.
This last property suggest that the release of gliotransmitters can also be
indirect based on Ca®*-dependent pathways triggering e.g. vesicular
release [55]. Also, hemichannel opening has a firm link to cellular Ca®*
signaling, as cytoplasmic Ca®* may act as a trigger of channel opening,
which in its turn will influence the cytoplasmic Ca>* concentration
[10,20-22]. Interestingly, altered Ca>* homeostasis is an integral part
of the pathophysiology of AD [9,14,25,44,92], with glial Ca®>* wave
activity in the vicinity of plaques supporting this concept [45].

So far, there is no final demonstration concerning the mechanism by
which acute and chronic {(in the APP/PS1 mouse model) exposure to
amyloid peptides leads to the activation of Cx43 hemichannels and
Panx1 channels. What we know is that in the APP/PS1 mouse the in-
tracellular Ca®* is increased [41] and that the activation of Cx43
hemichannels is related to this while the activation of Panx1 channels
results from the release of pro-inflammatory cytokines by microglia
[95]. In addition, there are reports indicating that the amyloid can
activate so called “AB calcium channels” that allow the influx of Ca>*
[27,48,49] and Ca®" release from the endoplasmic reticulum [24].
Accordingly, based on these studies we cannot exclude that the acti-
vation of Cx43 hemichannels could be a secondary step to these re-
ported increases in intracellular Ca?™* [83].

Beside these considerations it is noteworthy that there is a general
consensus that hemichannel opening may disturb cell function and lead
to cell injury/cell death in brain disease. Indeed up to now, abnormal
and sustained activation of glial hemichannels has been reported in a
number of brain pathologies with detrimental effects on neuronal
function and survival [11,19,70]. To this end, several strategies aimed
at blocking hemichannel activity using genetic or pharmacological tools
have been developed [37,66,82,93]. Most of these suppressed Cx43
expression and/or function, which is considered as the main hemi-
channel constituent based on the use of KO of connexin genes, anti-
sense tools, antibodies or mimetic peptides. However, all these attempts
likely impacted as well astroglial gap junctional communication making
mechanistic interpretation of the observations problematic. Thus, an
approach blocking only hemichannel functions without compromising
gap junctional coupling may represent a unique strategy that should
tune down their deleterious effects in brain pathologies. Also for neu-
rodegenerative diseases, the design of therapeutics has to take into
account the necessity of a chronic treatment and the condition that the
concerned agent is able to pass the blood brain barrier. Again, these
requirements have been met with the use of boldine hydrochloride that
is water soluble, crosses the brain blood barrier and can be delivered
chronically for 3 months in the water drinking of the APP/PS1 mouse
[104].

As indicated above connexin and/or pannexin channels are sug-
gested to play a role in degenerative processes involved in AD. They do
not seem to be critical in the triggering of the pathology since the
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expression of connexin and pannexin in glia increases when the amy-
loid plaques are already present. However, once such enhancement
takes place hemichannel activity is detected in the AD mouse model
[105]. In addition, in vitro and ex vivo experiments also indicate that
acute treatment with the amyloid peptide leads to neurodegeneration
[72]. Taking into consideration that pharmacological and genetic ap-
proaches inhibiting Cx43 hemichannel activity in astrocytes results in
either a reduction in neuronal death [72] or neuronal damage [105]
depending on the AD models, it is expected that therapeutic strategies
targeting hemichannel activity in glia and/or neurons should open the
way to promising interventions. In terms of potential hemichannel-
targeting agents, some interesting substances have recently appeared.
Gapl9 and L2 are two peptides that inhibit Cx43 hemichannels without
inhibiting gap junctions [74,100]. These peptides interfere with loop-
tail interaction of the Cx43 protein, an interaction that distinctly
modulates the function/gating of gap junction channels and hemi-
channels (reviewed in [39]). L2/Gapl9 have been used in brain slice
work [1] and for in vivo memory-related investigations [90,98]. Pep-
tide5 is another hemichannel blocker that does not affect gap junctions
when applied at low (5 uM) concentration [42]. This peptide has sig-
nificant neuroprotective effects and inhibits inflammatory processes in
several animal models including brain ischemia [19], retinal ischemia
[17] and spinal cord injury [67]. Peptides are however difficult to use
for chronic treatment and there is active ongoing research to develop
small molecule hemichannel inhibitors. Two compounds have been
reported to display hemichannel specificity and little effects on gap
junctions: boldine [36] and D4 [13]. Boldine is an alkaloid extracted
from the boldo tree; the chemical nature of D4 was not revealed.
Without any doubt, novel agents that are easy to administer and are
endowed with sufficient blood-brain barrier permeation will come up in
the next few years.

6. Conclusions

The NIH Clinical Trials website (http://wwuw.clinicaltrials.gov/)
indicate there are more than 1900 clinical trials for AD that have been
or are being conducted. With no promising treatments in sight, there is
an urgent need for novel therapeutic strategies. Given the role of con-
nexins and pannexins in mouse models of AD, as well as proof of
principle regarding the neuroprotective effects of specific hemichannel
blocking reagents, validation of these channels as potential therapeutic
targets for AD is warranted. However, the identification of efficient
molecules and protocols still depends on several requirements such as
their specificity (connexin and pannexin molecular nature; hemi-
channels versus gap junction channels; neuronal, glial and MC tar-
geting), their availability to be used for long-term treatment and ap-
propriate animal models to investigate AD symptoms.
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Chapter 14
Iip Current in Cold Transduction
and Damage-Triggered Cold Hypersensitivity

Alejandro Gonzalez, Gaspar Herrera, Gonzalo Ugarte, Carlos Restrepo,
Ricardo Pina, Maria Pertusa, Patricio Orio, and Rodolfo Madrid

Abstract In primary sensory neurons of the spinal and trigeminal somatosensory
system, cold-sensitivity is strongly dependent on the functional balance between
TRPMSE channels, the main molecular entity responsible for the cold-activated
excitatory current, and Shaker-like Kv1.1-1.2 potassium channels. the molecular
counterpart underlying the excitability brake current Iyp,. This slow-inactivating out-
ward K* current reduces the excitability of cold thermoreceptor neurons increasing
their thermal threshold, and prevents unspecific activation by cold of neurons of
other somatosensory modalities. Here we examine the main biophysical properties
of this current in primary sensory neurons, its central role in cold thermotransduc-
tion, and its contribution to alterations in cold sensitivity triggered by peripheral
nerve damage.

Keywords Primary sensory neurons = Cold thermotransduction = Kv1 channels «
TEPMS = 4-AP » 0-DTx » Cold hypersensitivity
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4-AP  4-AminoPyridine
CCI  Chronic Constriction Injury
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Role of the Excitability Brake Potassium Current I}, in Cold
Allodynia Induced by Chronic Peripheral Nerve Injury

D Alejandro Gonzilez,'* Gonzalo Ugarte,'* Carlos Restrepo,' “Gaspar Herrera,” Ricardo Pifia,'

José Antonio Gémez-Sinchez,® Maria Pertusa,! ©'Patricio Orio,? and “Rodolfo Madrid!
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College London, Cell and Biology Department, W1CE 68T London, United Kingdom

Cold allodynia is a common symptom of neuropathic and inflammatory pain following peripheral nerve injury. The mechanisms under-
lying this disabling sensory alteration are not entirely understood. In primary somatosensory nenrons, cold sensitivity is mainly deter-
mined by a functional counterbalance between cold-activated TRPMS channels and Shaker-like Kv1.1-1.2 channels underlying the
excitability brake current 1y, Here we studied the role of 1, in damage-triggered painful hypersensitivity to innocaous cold. We found
that cold allodynia induced by chronic constriction injury (CCI) of the sciatic nerve in mice, was related to both an increase in the
proportion of cold-sensitive neurons (CSNs) in DRGs contributing to the sciatic nerve, and a decreasein their cold temperature threshold.
I, density was reduced in high-threshold CSNs from CCI mice compared with sham animals, with no differences in cold-induced
TRPM3-dependent current density. The electrophysiological properties and neurochemical profile of CSNs revealed an increase of
nociceptive-like phenotype among neurons from CCI animals compared with sham mice. These results were validated using a mathe-
matical model of CSNs, induding I, and TRPMS, showing that a reduction in 1., current density shifts the thermal threshold to higher
temperatures and that the reduction of this current induces cold sensitivity in former cold-insensitive neurons expressing low levels of
TRPM3-like current. Together, our results suggest that cold allodynia is largely due to a functional downregulation of 1., in both
high-threshold CSNs and in a subpopulation of polymodal nociceptors expressing TRPME, providing a general molecular and neural
mechanism for this sensory alteration.

Key words: o-DTx; 4-AF; Kvl channels; PBMC; thermotransduction; TRPMS

. N

Significance Statement

This paper unveils the critical role of the brake potassiom current I, in damage-triggered cold allodynia. Using a well-known
form of nerve injury and combining behavioral analysis, calcium imaging, patch clamping, and pharmacological tools, validated
by mathematical modeling, we determined that the functional expression of I, is reduced in sensory neurons in response to
peripheral nerve damage. This downregulation not only enhances cold sensitivity of high-threshold cold thermoreceptors signal-
ing cold discomfort, but it also transforms a subpopulation of polymodal nociceptors signaling pain into neurons activated by
mild temperature drops. Our results suggest that cold alledynia is linked to a reduction of I, in both high-threshold cold
thermoreceptors and nociceptors expressing TRPMS, providing a general mode] for this form of cold-induced pain.

.

/

Introduction

Painful hypersensitivity to innocuous cold, or cold allodynia, is a
prevalent symptom of newropathic and inflammatory pain in-
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characterization of neuronal glutamate

transporter EAAT3 heterozygous mice
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Abstract

Background: Obsessive—compulsive disorder (OCD) is a severe neuropsychiatric condition affecting 1-3% of the
worldwide population. OCD has a strong genetic component, and the SLCTAT gene that encodes neuronal glutamate
transporter EAAT3 is a strong candidate for this disorder. To evaluate the impact of reduced EAAT3 expression in vivo,
we studied male EAAT3 heterozygous and wild-type littermate mice using a battery of behavioral paradigms relevant

to anxiety (open field test, elevated plus maze) and compulsivity (marble burying), as well as locomotor activity
induced by amphetamine, Using high-performance liquid chromatography, we also determined tissue neurotrans-
mitter levels in cortex, striatum and thalamus—brain areas that are relevant to OCD.

Results: Compared to wild-type littermates, EAAT3 heterozygous male mice have unaltered baseline anxiety-like,
compulsive-like behavior and locomotor activity, Administration of acute amphetamine (5 mg/kg intraperitoneally)
increased locomotion with no differences across genotypes. Tissue levels of glutamate, GABA, dopamine and seroto-
nin did not vary between EAAT3 heterozygous and wild-type mice,

Conclusions: Our results indicate that reduced EAAT3 expression does not impact neurotransmitter content in the
corticostriatal circuit nor alter anxiety or compulsive-like behaviors,

Keywords: EAAT3, SLCTAT, Neuronal glutamate transporter, Obsessive—compulsive disorder

Background
Obsessive—compulsive disorder (OCD) is a persistent,
disabling neuropsychiatric condition affecting 1-3% of
the worldwide population. OCD is characterized by per-
sistent intrusive thoughts (obsessions), repetitive ritual-
istic behaviors (compulsions) and excessive anxiety [1].
Family, twin and case—control studies have shown that
genetic factors play a major role in OCD (for a review, see
[2D.

Altered glutamatergic neurotransmission has been
postulated in the etiology of OCD. The glutamatergic
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hypothesis has accumulated evidence from neuroimaging
studies [3, 4], animal models with altered glutamatergic
neurotransmission exhibiting compulsive-like behaviors
[5-7] and reports of beneficial effects of anti-glutamater-
gic agents on treatment-resistant OCD [8]. Genetic link-
age and association studies have implicated glutamate
system genes in OCD; among them, the most consistent
candidate gene in OCD is SLCIAI (solute carrier, fam-
ily 1, member 1) gene [1, 9-15]. SLCIA1 encodes for the
neuronal excitatory amino acid transporter EAAT3, with
reported roles in controlling glutamate spillover which
affects extrasynaptic NMDA and metabotropic glutamate
receptors activity [16, 17].

Mice lacking EAAT3 (KO) were first reported 20 years
ago; the original report showed that EAAT3 KO mice
have reduced locomotor activity, but no neurological
or cognitive impairments [18]. Given its role in cysteine

©The Author(s) 2017, This article is distributed under the terms of the Creative Commeons Attribution 4.0 International License
(http//creativecommans.org/licenses/by/4.0/), which permits unrestricted use, distribution, and reproduction in any medium,
provided you give appropriate credit to the original author(s) and the source, provide a link to the Creative Commons license,

and indicate if changes were made. The Creative Commons Public Domain Dedication waiver (http://creativecommans.org/
publicdomain/zero/1.0/) applies to the data made available in this article, unless otherwise stated.
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: Dynamin-2isa ubiquitously expressed GTP-ase that mediates membrane remodeling. Recent findings
: indicate that dynamin-2 also regulates actin dynamics. Mutations in dynamin-2 cause dominant

¢ centronuclear myopathy (CNM), a congenital myopathy characterized by progressive weakness

¢ and atrophy of skeletal muscles. However, the muscle-specific roles of dynamin-2 affected by these

i mutations remain elusive. Here we show that, in muscle cells, the GTP-ase activity of dynamin-2

: isinvolved in de novo actin polymerization as well as in actin-mediated trafficking of the glucose

: transporter GLUT4. Expression of dynamin-2 constructs carrying CNM-linked mutations disrupted the
: formation of new actin filaments as well as the stimulus-induced translocation of GLUT4 to the plasma
: membrane. Similarly, mature muscle fibers isolated from heterozygous knock-in mice that harbor

: the dynamin-2 mutation p.R465W, an animal model of CNM, exhibited altered actin organization,

reduced actin polymerization and impaired insulin-induced translocation of GLUT4 to the sarcolemma.

: Moreover, GLUT4 displayed aberrant perinuclear accumulation in biopsies from CNM patients carrying

¢ dynamin-2 mutations, further suggesting trafficking defects. These results suggest that dynamin-2

: isakeyregulator of actin dynamics and GLUT# trafficking in muscle cells. Our findings also support a

: model in which impairment of actin-dependent trafficking contributes to the pathological mechanism in
dynamin-2-associated CNM.

¢ Dynamins are mechano-chemical large GTP-ases, whose catalytic activity is required in several membrane-based
¢ processes including endocytosis, vesicle trafficking, and exocytosis'~% These proteins also exhibit a critical role in
: actin cytoskeleton dynamics by promoting elongation®, remodeling® and stabilizing actin filaments’.

Dynamins are composed of five conserved domains: an N-terminal GTP-ase domain, a middle structural

: domain, a pleckstrin homology (PH) domain that binds phosphoinositides, a GTP-ase effector domain (GED),
: and a C-terminal proline/arginine-rich domain (PRD) that binds SH3-domain-containing partners'-%. Three
: dynamin isoforms have been described in mammals, which share approximately 80% of sequence homology
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The F-Actin Binding Protein
Cortactin Regulates the Dynamics of
the Exocytotic Fusion Pore through
its SH3 Domain

Arlek M. Gonzalez-Jamett!, Maria J. Guerra?', Maria J. Olivares?, Valentina Haro-Acufa’,
Ximena Baéz-Matus’', Jacqueline Vasquez-Navarrete!, Fanny Momboisse'f,
Narcisa Martinez-Quiles? and Ana M. Cardenas™

" Centro interdiscipfinario de Neurociencia de Valparafso, Facultad de Ciencias, Universidad de Valparafso, Valparako, Chile,
2 Departamesnto de Microbiologia (inmunologia), Facultad de Medicina, Universidad Complutense de Madiid, Madrid, Spain

Upon cell stimulation, the network of cortical actin filaments is rearranged to facilitate
the neurosecretory process. This actin rearrangement includes both disruption of the
preexisting actin network and de novo actin polymerization. However, the mechanism
by which a Ca* signal elicits the formation of new actin filaments remains uncertain.
Cortactin, an actin-binding protein that promotes actin polymerization in synergy with
the nucleation promoting factor N-WASP, could play a key role in this mechanism. We
addressed this hypothesis by analyzing de novo actin polymerization and exocytosis
in bovine adrenal chromaffin cells expressing different cortactin or N-WASP domains,
or cortactin mutants that fail to interact with proline-rich domain (PRD)-containing
proteins, including N-WASP, or to be phosphorylated by Ca®t-dependent kinases,
such as ERK1/2 and Src. Our results show that the activation of nicotinic receptors in
chromaffin cells promotes cortactin translocation to the cell cortex, where it colocalizes
with actin filaments. We further found that, in association with PRD-containing proteins,
cortactin contributes to the Ca*-dependent formation of F-actin, and regulates fusion
pore dynamics and the number of exocytotic events induced by activation of nicotinic
receptors. However, whereas the actions of cortactin on the fusion pore dynamics
seems to depend on the availability of monomeric actin and its phosphorylation by
ERK1/2 and Src kinases, cortactin regulates the extent of exocytosis by a mechanism
independent of actin polymerization. Together our findings point out a role for cortactin
as a critical modulator of actin filament formation and exocytosis in neuroendoctrine cells.

Keywords: exocytosis, fusion pore, actin polymerization, cortactin, N-WASP, neurcendocrine cells, chromaffin
cells, catecholamines

Abbreviations: ACCs, adrenal chromaffin cells; 2A, ERK1/2 non-phosphorylatable cortactin mutant $405,4184; CF, cortical
fluorescence; DAPI, 40,6-diamidino-2-phenylindole; DMPP, 1,1-dimethyl-4-phenyl-pierazinium; ERK1/2, extracellular
signal-regulated protein kinases 1 and 2; 3E Src non-phosphorylatable cortactin mutant Y421,466,482F; FL-W525K, full-
length cortactin mutant W525K; LatA, latrunculin A; MEK, MAP and ERK kinase; NCE, cell fluorescence with no cell cortex;
NPE nucleation promoting factor; NTA, N-terminal acidic domain; N-WASP, neural Wiskott-Aldrich syndrome; PBS,
phosphate-buffered saline; active or phosphorylated ERK1/2 (pERK1/2), PFA, p-formaldehyde; PRD, proline-rich domain;
Q, spike charge; t),, half-width; TE total fluorescence intensity; TRITC, tetramethyl-rhodamine-B-isothiocyanate; VCA,
verprolin-cofilin homology-acidic WAVE; WASP-family verprolin-homologous protein; WGP, Wiskott-Aldrich GTPase
proline-rich domain; W', cortactin wild-type.
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cortactin/N-WASP association. Effectively, the 2A mutant
prolonged the duration of the initial fusion pore and increased
the amplitude of the foot signal, similarly to that observed
with the injection of the N-WASP PRD or with the expression
of the FL-W525K. Interestingly, the same effects also were
observed in cells expressing the 3F mutant, indicating that
this type of cortactin phosphorylation can also regulate fusion
pore dynamics. Given that cortactin can be simultaneously
phosphorylated by both pERK1/2 and tyrosine kinases (Kelley
et al,, 2011), it is probable that both types of phosphorylation
contribute together to regulate fusion pore expansion in ACCs.
On the other hand, and contrary to that observed with the SH3
domain of cortactin, both non-phosphorylatable mutants 2A
and 3F significantly increased ty/», suggesting that cortactin is
involved in the regulation of the duration of the release events.

The effects of the cortactin non-phosphorylatable mutant 3F
on ty/y and foot duration correlate well with the effects of the
pharmacological inhibition of Src kinases on those parameters
(Olivares et al., 2014). On the other hand, both the expression of
the non-phosphorylatable mutant 2A and the ERK1/2 signaling
inhibitor U0126 prolonged foot duration. However, they have
opposite effects on foot amplitude; whereas the 2A mutant
prolongs foot amplitude, U0126 decreases it (Figure 5C and
Table 1). pERK1/2 also phosphorylates the MLCK (Klemke
et al,, 1997), and inhibition of ERK1/2 signaling decreases the
function of MLCK, as well as the phosphorylation of its substrate
myosin light chain (Klemke et al., 1997). Expression of a non-
phosphorylatable mutant of myosin II regulatory light chain in
ACCs hinders the fusion pore expansion, limiting the release of
catecholamines through the initial fusion pore (Neco et al., 2008).
Therefore, the effects of U0126 on fusion pore conductance could
be a consequence of an inhibition of MLCK.

Both the expression of the phosphorylatable mutant 2A
and the cell treatment with the ERK1/2 signaling inhibitor
U0126 reduced the number of exocytotic events, suggesting that
cortactin phosphorylation by pERK1/2 influences the amount
of exocytosis. As discussed above, MLCK is a cortactin partner
involved in vesicle transport and priming (Kumakura et al., 1994;
Neco et al., 2002). Furthermore, and as aforementioned, MLCK
is also a substrate of ERK1/2 (Klemke et al., 1997). Then these
findings point out to ERK1/2, MLCK and cortactin as regulators
of the amount of exocytosis.

CONCLUSION

Together, the present findings point out a role of cortactin as
a modulator of Ca?T regulated exocytosis. Cortactin actions
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the tight regulation of transmitter release in neuroendocrine
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Medium-chain alkanes are important molecules with applications in biology and industry. Motably, their
structural properties are scarcely understood. To assess structural and themmodynamic properties of
dotriacontane (C32) molecules adsorbed on a 5i0;z surface, we conducted all-atom molecular dynamics
(MD] simulations. By analyzing potentials of mean force, order parameters and self-diffusion, we com-

pared the stability and preferential orientation between ordered and disordered sy stems. Our data con-
firm the presence of one parallel layer of C32 followed by a mixture of disordered G2 segments
exhibiting no theemodynamic preference. This semi-ordered structural model shed light to the interac-
tons between C32 and a 5i0k surface.

@ 2017 Elsevier BV, All rights reserved.

1. Introduction

Medium-chain alkanes are the main constituents of several
molecules with biological and industrial relevance. They are
important for biosensing and bio-remediation of fossil fuels [1],
as microlubricants, anticorrosive agents, and surfactants [2]. Con-
sequently, their structural and dynamical properties have been
the focus of both experimental and theoretical studies [3-10].
Given their simplicity and due to their role as prototypes for more
complex polymers including biologically relevant molecules such
as membranes, alkanes have been used to study the behavior of
nano-scale materials such as polymeric thin films [11,12] Using
a variety of tools including atomic force microscopy, X-ray diffrac-
tion, high-resolution ellipsometry and more recently, molecular
dynamics, it is currently accepted that the behavior of alkane thin
films is mainly dominated by surface effects [5,10,13-16].

According to experimental evidence published by Volkmann
et al [17,18], the growth of dotriacontane (CysHgs C32) thin films,
a linear medium-chain alkane, supported on amor phous silica sur-
faces covered with their native oxide layer (5i0;) begins with the
formation of a bilayer of (32 molecules with their long axis orien-

¥ Corresponding authaer at: Compu tational Biolegy Lab (DLak), Fund acion Ciencia
& Vida, Av. falartu 1482, Santiage, Region Metropoelitana, PO, 7780272, Chile.
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vislkmanmirfis pucc] (UG Volkmann), tomasirdlaboel (T, Perez-Arle).

hittp: o deod o 10U 101 6/ cplert 201 7.01.065
D9-2614/0% 2017 Ekevier BV All rights reserved.

tated parallel to the surface. On top of this parallel bilayer, a per-
pendicular layer is formed, ie., a layer of C32 molecules with
their long axis lays perpendicular to the surface. This layer will
continue to grow adding as much perpendicular layvers, one on
top of each other, as more C32 molecules are added to the system,
until the formation of mesoparticles is achieved. This mechanism is
known as Stranski-Krastanov growth and is commenly accepted as
the growth mechanism for medium-sized alkanes supported on
inorganic surfaces such as 5i0, [12-21 | Despite the advancements
represented by these studies, fundamental questions remain to be
answered regarding the nature of the physicochemical properties
governing the interaction between inorganic surfaces and organic
maolecules, Moreover, shading lights on these questions is a key
step to support the development of nanotechnological systems
with application in biotechnology [9,12]

A relevant tool to gain insights with atomic resolution on the
behavior of molecules is by using a whole spectrum of computer
simularion techniques called Molecular Dynamics (MD). MD tech-
niques offer a set of methods suitable to investigate complex inter-
actions between molecules in heterogeneous systems. During the
last years, it has emerged as a powerful tool to study diverse phe-
nomena at the atomic scale, ranging from protein folding,
structure-funcrion relationships in proteins, to inorganic /biological
interactions [2,12]. In particular, several molecular dynamics sim-
ulations of alkanes have been previously reported [34,6,8,11,13-
16,22-26). Most simulations performed to date have used united
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Table 4
Activation energy of self-diffusion for each system.
257432 Sl4-32 1028032
XfE xy Z XYL XY Z XYL xf F
Whade film 3646 10081 191 +0082 418010147 38160082 3780008 403710066 390410131 3851200130 4051 £0.149
Upper layer - - - 345120097 3411100089 366891020 34930120 344010124 366910123
Middle layer - - - - - - 3799+0308 423020261 05965 +0260
Eottom layer - - - 36170152 38411202359 2463+0086 3.640+0393 3726103298 3137 +0282

Units im kcal fmal.

explain why PMF profiles for 514-C32 and 1028-C32 differ from
the bottom-layer and onwards. When comparing these results
with the ordered systems, it is clear that 257-C32 behaves as the
PO system, although the former has slightly higher diffusion rates
than that of the latter. As for the PP system, the bottom-layer of
this ardered system has the lowest self-diffusion constants overall,
with its axial self-diffusion constant being very similar to the
bottom-layers of systems 514- and 1028-C32. As mentioned
before, this behavior could be explained by partial confinement
produced by the upper and middle layers, respectively.
Temperature dependence of the calculated diffusion constants
is properly described by an Arrhenius plot, from which the activa-
tion energy of self-diffusion (Ey) can be obtained (Table 4). Ey can
be understood as the sum of the energy required to form a woid
into which the diffusing molecule can move and the energy needed
to transfer it from the force field of its nearest neighbors into the
void [40]. The obtained energy data reinforces what was already
described with the self-diffusion constants: axial diffusion is less
favorable than in-plane diffusion, since the activation energy of
self-diffusion for the latter is smaller (Table 4). This is observed
for all three systems, being more noticeable for 257-C32. When
considering each separate layer, a similar behavior is seen for the
upper layers compared o the film as a whole: axial diffusion is less
favorable than in-plane diffusion. As for the bottom layers, some-
thing unexpected is seen for axial diffusion: although rates are
slower than for in-plane diffusion (see Table 3}, its activation
energy is lower, especially for 514-C32 (Table 4) This seems con-
tradictory since lower activation energies should translate into
higher diffusion rates. As mentioned earlier, E;, is the sum of two
energies: the energy needed to form a void and the energy needed
to move a molecule into that void. So, considering that axial diffu-
sion rates are slow, lower activation energies for axial diffusion
could be interpreted as one energy term being much higher than
the other, while for in-plane diffusion both energy terms could
be very similar. Since PMF profiles (Fig. 4) showed practically no
energy barriers between consecutive basins, a diffusive process
should guide the axial movement of a molecule through the sys-
tem. Thus, energy needed to form the void should be greater than
the energy needed to move a molecule into that void, precluding
axial diffusion. Experimental assessment of self-diffusion con-
stants for (32 at different temperatures obtained from nuclear
magnetic resonance (MMR) [41 ] and guasielastic neutron scatter-
ing (QENS) experiments [40], shows that our self-diffusions con-
stants are actually 1 or 2 orders of magnitude below such
measurements, It is important to note that our self-diffusion rates
consider alkanes in close interaction with a Si0; surface, which is
expected to alter the experimental behavior in terms of diffusion
On the other hand, our estimation of Ey (between 3.64 and
3.90 kcal/mol, see Table 4)is in good agreement with data obtained
by QENS (3.87 kcal/mol) [40] as well as with data obtained from
other MD simulations with similar time scales (3.91 kcal/mol)
[27]. In Smuda et al. [40], it is discussed that NMR and QENS data
differ from each other since NMR data covers long-time long-range

diffusion (ps to ms), while QENS data covers short-time diffusion
(=60 ps). Although our MD simulations span by several nanosec-
onds length, self-diffusion constants were derived from a ps time
scale where we computed the MSD (see Section 2). Therefore, it
is expected that E; obtained from our simulations agree with the
one obtained experimentally by QENS,

4. Conclusions

We have performed all-atom molecular dynamics simulations
of ordered and disordered thin films of (32 near an amorphous
Si02 surface considering different temperatures and system sizes.
Our results sup port previous structural conclusions generated from
available experimental data [17,34,42] suggesting that, while both
ordered systems (PO and PP) could be possible, the perpendicular
orientation is more energetically favorable than that of the parallel
one. When trying to reach the ordered state from a disordered one,
we observe that C32 forms at least one or two parallel layers at the
5i04/C32 interface. Successive layers of C32 show neither the pref-
erential ordering nor the orientation expected in an ordered maodel.
Instead, a disordered bundle appears from the second parallel layer
and above, producing entangled molecular segments that remain
at all tested temperatures. As a whaole, our results shed lights on
the nature of physicochemical properties that govern the interac-
ticn between 5i0, and C32.
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SUMMARY

Excitatory hilar mossy cells {(MCs) in the dentate gy-
rus receive inputs from dentate granule cells (GCs)
and project back to GCs locally, contralaterally, and
along the longitudinal axis of the hippocampus,
thereby establishing an associafive positive-feed-
back loop and connecting functionally diverse hippo-
campal areas. MCs also synapse with GABAzrgic
intemeurons that mediate feed-forward inhibition
onto GCs. Surprisingly, although these circuits have
been implicated in both memory formafion (e.g.
pattern separation) and temporal lobe epilepsy, little
I1s known about activity-dependent plasticity of their
synaptic connections. Here, we report that MC-GC
synapses undergo a presynaptic, NMDA-recepior-
independent form of long-term potentiation (LTF)
that requires postsynaptic brain-denved neurofro-
phic factor [BDMFWTrkB and presynaptic cyclic
AMP(cAMP)PEA signaling. This LTP is input specific
and selectively expressed at MC-GC synapses, but
not at the disynaptic inhibtory loop. By increasing
the excitationfinhibition balance, MC-GC LTP en-
hances GC output at the associative MC-GC recur-
rent circuit and may confribute to dentate-dependent
forms of leaming and epilepsy.

INTRODUCTION

Tha dantata gyrus, the principal input region of the hippocam-
pus, plays a kay rala in mamory formation by transfomming pat-
tems of cortical inputs into new pattems of output to the CA3
amaa (Kesner and Rolls, 2015; Kniarim and Maunuabal, 2018).
Although the cellular and synaptic basis of this transformation
ramains unclaar, the two glutamatargic call types in the dantata

928 MNewon 95, 926943, August 16, 2017 @ 2017 Bsevier Inc.

gyrus, granula calls (GC g and hilar mossy calls (MCs), likaly play
a major rola. GCs receive axcitatory inputs from the antorhinal
cortex via the parforant path (PF) and send excitatory output
to CA3 pyramidal neurons via the mossy fibers (Amaral &t al,
2007). MCs mediate an intrinsic for associativa) axcitatory
loop, receaiving powerful input from a relatively small numbear of
GC s and providing highly distributad excitatory output to alame
numbsarof GCs (Amaral et al., 2007 ; Buckmaster and Schwarte-
kroin, 1984; Buckmaster et al., 1886; Scharfman and Myers,
2013). In addition to the recurrant circuit, MCs also contact
GABAargic intemaurons, which madiate fead-forward inhibition
onto GCs (Larimer and Strowbridga, 2008; Scharfman, 1885).
Although MCs ware first identified over a cantury ago (Lorente
Da Mo, 1934; Ramaon y Cajal, 1911), there ar sfill significart
gaps in our knowledge about thair function (Scharfman, 2018),
and little is known about activity-depandant plasticity of thair
synaptic outputs

MCs project their associational and commissural axons to
tha ipsi- and contralataral innar malacular layar (IML) of the dan-
tate gyrus, whera they synapse onto proximal dendrites of GCs
{Scharfman, 2018; Scharfman and Myars, 2013). Bacausa of
thair praximity to the GG soma, MC-GC synapses areinanideal
position to influence the activity of GCs. Moraover, MC s not anly
contact GCs locally {samea lamalls) but also project widsaly along
the longitudinal axis of the hippocampus, both septally and
tam porally from tha point of origin {(Amaral et al., 2007; Buckmas-
tarat al., 1996). It has bean astimatad that a single MC may innar-
vate as much as T5% of the septotemporal axis {(Amaral and
Wittar, 18849) and astablish ~.35,000 synapsas in tha IML onto
putative GC dendrites (Buckmaster at al., 1995). Thea hippocam-
pus is functionally heterogeneous along this axis; the dorsal/
saptal hippocampus is primarily involved in spatial memaory,
while the ventral'temporal hippocampus is associated with
amational mamary (Fanselow and Dong, 2010; Stranga &t al.,
2014). Thus, the translamellar projection of MCs could modulate
GC activity throughout the hippocampus, tharaby linking func-
tionally divarsa araas (Scharfman and Myers, 2013). Basad on
the wide distribution of their axons along the saptotemporal
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doi:10.1152/physrev.00001.2016 . —Largeconductance Ca® - and voltage-activated

2 K™ [BK] channels play many physiological roles ranging from the maintenance of smoaoth
muscle tone to hearing and neurosecretion. BK channels are tetramers in which the pore-forming o
subunit is coded by a single gene (Sowpoke, KCAWAT). Inthis review, we first highlight the physiological
importance of this ubiquitous channel, emphasizing the role that B channels play in different chan-
nelopathies. We next discuss the modular nature of BE. channeHorming protein, inwhich the different
modules [the voltage sensor and the Ca®* binding sites] communicate with the pore gates allosterically.
In this regard, we review in detail the allosteric models proposed to explain channel activation and how
the modeis are related to channel structure. Considering their extremely large conductance and unique
selectivity to K™, we also offer an account of how these two apparently paradoxical characteristics can
be understood consistently in unison, and what we have learned about the conduction system and the
activation gates using ions, blockers, and toxins. Attention is paid here to the molecular nature of the
voitage sensor and the Ca®* binding sites that are located in a gating ring of known crystal structure
and constituted by four COOH termini. Despite the fact that BK channels are coded by a single gene,
diversity is obtained by means of alternative splicing and modulatory g and v subunits. VWe finish this
review by describing how the association of the « subunit with 2 or with - subunits can change the BK

channel phenotype and pharmacology.

l. INTRODUCTION 39
1L BEK CHANNEL PHYSIOLOGY AND... 41
1. ALLOSTERIC MODEL FOR BK... 46
. INFERENCES ABOUT THE... 51
V. MOLECULAR DETERMINANTS OF... 57
Vi MOLECULAR DETERMINANTS OF... 61
Vil. BK CHANNELS ALTERNATIVE... T
Vill. MODULATORY g SUBUNITS 66
IX. MODULATORY + SUBUNITS 70
M. BEK CHANNEL OPENERS 73
Kl CONCLUSIONS 74

. INTRODUCTION

Evidence of Ca**-activated conductance in cells was ini-
tially reported in Helix and Aplysia in the 1970s (300, 301).
Ca®" injections into neurons and an increase in intracellular
Ca** induced by metabolic poisoning promoted an increase
in the K™ conductance, and Meech (299) in a seminal re-
view proposed that this Ca®*-activated conductance was
the link between cell metabolism and cell electrical activity.
The improvements on the patch-clamp technique in the

early 1980s (166) allowed the characterization of the elec-
trical activitj}r of single channels activated by voltage and
internal Ca*", observations that were reported the same
year by Marty in chromaffin cells {288) and Pallota et al.
{342) in cultured muscle cells (see also Ref. 19). Almost at
the same time, these channels were incorporated into lipid
bilayers from a muscle membrane preparation enriched in t
tubules, and they were found to have almost identical prop-
erties as those described in cells {245}, Dubbed BE (for big
K71 {35) or Maxi K™ (242}, these channels proved to have
unsuspected characteristics compared with other K™ chan-
nels, such as an extremely large single-channel conductance
{~250 p5 in symmetrical 100 mM K™} and an exquisite K*
selectivity (34, 111, 4%6). Similar to other K™ channels, BK
channels were blocked by internal and external tetraethyl-
ammonium (TEA) and Ba®* (34, 329, 330, 451-454, 496) .
These ions, as well as scorpion toxins [charibdotoxin and
iberintoxin (58, 143, 144, 277, 27&, 307, 310)] were fun-
damental in unveiling the BK channel’s gross architecture,
which proved to contain a large internal vestibule and a
rather shallow external mouth connected by a narrow se-
lecrivity filter. The lack of state-dependent blockage by

0031933317 Copyright @ 2017 the American Physiological Society 39
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THE ALLOSTERIC VOLTAGE- AND Ca®*-ACTIVATED BK CHAMMNEL

By having gating charges distributed in the 52, 53, and 54
transmembrane segments, the voltage sensor of BK chan-
nels has been considered as a “descentralized™ voltage sen-
sor compared with the V5D of K, channels, where most of
the gating charges are concentrated in 54, Voltage-clamp
fluprometry experiments indicate that during activation 52
interacts with 54 since, neutralization in one segment mod-
ifies the effective valence on the other. Electrical field focus-
ing or mechanical coupling can account for these observa-
tions. The 50 segment appears also to be part of the V5D in
BK channels as this structure also undergoes voltage-depen-
dent changes similar to 52 and 54. The evidence indicates
that the 56 segment is an important player in the coupling
between the V5D and the pore gate. However, the molecu-
lar details of this process are still lacking.

The crystal structure of the BK gating ring gave a clear
picture of one of the high-affiniry Ca*™ binding sites, the
Ca®* bowl, and identified the important residues involved
in divalent cation binding. However, the structure of the
second high-affinity Ca®* binding site is still a mystery. The
evidence we have so far indicates that the coupling between
the Ca®* sensors and the activation gate is mediated by the
56-RCK1 linker. Expansion of the gating ring is thought to
pull the linker, initiating the opening of the pore. The Mg?*
binding site has attracted special attention because of its
particular location at the interface between the V5D and the
COOH-terminal domain (CTD). Mg®*, through long-
range electrostatic interactions, modifies the workings of
the voltage sensor, enhancing voltage sensor-activation gate
coupling. It remains to be determined to what extent the
VSIVCTD interface is involved in pore opening.

The physiological versatility of the BK channel is greatly
increased by alternative splicing and its association with B
and y subunits. Alternative splicing gives rise to many dif-
ferent BK phenotypes, and it also appears that certain BK
splice variants have as a target not the plasma membrane
but organelles, as it occurs in the case of the mitochondrial
BK channel. g Subunits, on the other hand, allow BK chan-
nels to be important players in the normal as well as the
pathological function of smooth muscle and the nervous
system and in determining their pharmacological profile.
The more recently discovered y subunits have revealed new
roles for this ubiquitous channel, allowing it to open with-
out much Ca** ar negative voltages. Splicing, modulatory
subunit interactions, and metabolic regulation allow BK
channels to be involved in a wide array of physiological
functions.
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Molecular determinants for cyclo-
oligosaccharide-based nanoparticle-
mediated effective siRNA transfection

Alm: To study the structural requirements that a cwlooligosaccharide-based
nanoparticle must fulfill to be an efficient siRNA transfection vector. Materlals &
methods: siRNA protection from degradation by RMAses, transfection efficiency and
the thermodynamic parameters of the nanoparticla/siRNA interactions were studied
on pairs of amphiphilic molecules wsing biochemical technigques and molacular
dynamics. Results: The lower the siRNA solvent accessible surface area in the presence
of the nanoparticle, higher the protection from RMAse-mediated degradation in the
corresponding nanocomplax; a moderate nanoparticle/siRMNA binding energy valua
further facilitates reversible complexation and binding to the target cellular mRMNA.
Concluslon: The use, in advance, of these parameters will provide a usaful indication

of the potential of a molecular nanoparticle as siRMNA transfecting vector.

First draft submitted: 4 April 2017; Accepted for publication: 12 May 2017; Published

onling: 16 Juna 2017

Keywords: endosomal escape = molecular modeling # molecular nanoparticle = protection
from RMAses = protein knock down # siRNA transfection

The use of RNA interference technology pro-
vides a very effective gene silencing mecha-
nism that represents an innovative approach
to study the role of certain proteins in the
physiology or pathology of different argans
by knocking down the protein of interest
and studying the behavior of the system in
the absence of such a protein (1. It repre-
sents a good alternative to knock-out mice
since it does not generate compensatory
pathways during development, it is faster
and it can be used even with proteins whose
removal is lethal at embryonic stages [z, In
addition, siRMA-mediated knockdown of
proteins involved in cancer cell survival has
been proposed to potentiate antitumoral
actions of drugs [, establishing another
potential therapeutic approach for cancer
treatment. Several exogenous activators of
the RMA interference system can silence spe-
cific sequences invalved in cellular signaling,
being siRMAs the most widely used. siRINAs

are double-strand RMNAs cach one formed by
about 21 nudeotides that degrade homalo-
gous mRIMAs [4). They are highly effective
for protein knockdown, but they are quickly
degraded in the extracellular medium and
thq.' do not enter the cell in naked form,
requiring the use of carriers (vectors) to pro-
tect them from degradation and to transport
them to the cell interior [5).

Different types of nanoparticles {NPs)
have been used to efficiently transfect siRIMA
into different cell types (16 and whele ani-
mals [7). To produce an efficient transfection,
the NPs, together with the siRMA cargo,
must circumvent several barriers. Firse, it
should interact with the siRMNA, gcncm]]].r |:-].'
electrostatic interactions involving positive
charges located at the NP periphery (8. The
nanoparticles should also be able to protect
thesiRMNA from degradation by BIMNA ses pres-
ent in the culture medium or in plasma 4.
Manoparticle/siRINA complexes must then
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tial as siRMNA transfection system of a given molecular
vector prototype @ prierd, before it is s}'nl:hrsizcd; it
is therefore well suited for computer-assisted design
strategies.
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Summary points

based momviral vector.

= A combination of directed chemical synthesis, biclogical experiments and in silico modeling has been used to
identify some of the key molecular determinants for efficient siRMA transfection by a cyclooligosaccharide-

= Two closely related amphiphilic cyclotrehalan derivatives, EMAS and EMAE, were synthesized and showed

striking differences in siRNA protection from degradation by RMNAses.

EMAE fully protects siRMNA against RMAse-mediated degradation while EMAS does not.

= Molecular modeling of the molecular NP/siRMA interactions indicates that the siRNA solvent accessible surface
area is significantly smaller im the presence of EMAG as compared with EMAS.

= The smaller solvent accessible surface area translates into a more efficient covering of the siRNA and a lower
accessibility to RNAses for EMAE as compared with EMAS formulations.

* Twwovery closely related amphiphilic B-cyclodextrin dervatives, AMCE and AMC36, were also synthesized and
showed very different transfection efficiency for siRNA targeting pd2-MAPK in several tumoral cell lines.

* AMUCE-siRNA complexes reduced pd2-MAPK protein levels to about 25% of control values at 72 h while
AMC36-siRNA complexes did not cause any significant reduction in pd2-MAPK protein levels.

* Mo differences were found between both MPs regarding their ability to induce endosomal escape, excluding
this as a possible cause of the observed differences in transfection efficiency.

= Molecular modeling studies indicated that AMC3I6/5iANA complexes were much more stable than AMCE/SIRNA
complexes under conditions simulating full protenation state of the vectors, suggesting that disseciation and
release of the siRMA cargo would be significantly hampered in the first case, precluding its biological action.

References

Papers af spedal note have been highlighted as: « of interes:

1 Sahay G, Ceerbes W, Alabi C o al. Eficiency of siRNA
delivery by lipid nanoparticles is limited by endocytic
rﬂ:yl:“ng. Nar. Biorechmaol. I(F), 653658 (20013).

1 Posadas [, Perex-Martinez FC, Guerra ], Sanchez-Yerdu
P, Ceria ¥. Cohlin activation mediates Bax translomtion
to mitochondria during exdtotoxic newronal death.

J. Newrachem. 120(4), 515-527 (2012).

3 Monteaguda 5, Perer-Martinez FC, Perez-Carrion MDD er ol
Inhibition of p42 MAPK using a nanviral vector-delivered
siRMA potentiates the anti-tumor effec of metformin in
prostate cancer cells. Nememedicime f'.l'.mdr.j T4}, 493 506
(2012}

*  Proposes that siRMA delivered by nanoparticles might be
wseful in cancer therapentics.

4 Curris CI), Mardulli AM. Using RMNA interference to study
progein function. Medhads Mall Bisl 505, 187204 (200¢).

5 Janiszewska |, Posadas 1, Jativa P, Bopaj-farehska M,
Urbanczyk-Lipkowska £, Cefia V. Second generation
amphiphilic poly-lysine dendrons inhibit plioblastoma cell
pml iferation withowt tu:icir_v for newrans or astrocy bes. Plaf
OWE 11(11), 0165704 (2016).

6 Perex-Carrion MDD, Perez-Martinez FC, Merino 5 eral
Dendrimer-mediated siRMA delivery knocks down Beclin
1 and potentiates MMDA-mediated toxicity in mt cortical
n-eumns._f. Nerrodrem. 1NN 2), 259268 (2012).

7 Aigner A, Fischer ). Nanoparticle-mediated delivery of small
RMNA molecules in tumor therapy. Pharmasie 71(1), 27-34
(20E).

8  Inooe Y, Korihara B, Tsuchida A s al Efficient delivery of
siMA using dendritic paly(L-lysine) for loss-of-function
analysis. | Commral. Releare 126(1), 5966 (200E).

4 Perez AP, Comaka ML, Romero EL. Marilla M]. Upeake and
intracellular traffic of ik NA dendriplexes in glichlastoma
cells and macrophapes. fne | Namomedicine 6, 2715-2728
(2011).

Research Article

En.ttrr_a:imgmp

www fuhwemedidne.com

1619

126



International Journal of Nanomedicine

a8

CINV ANNUAL PROGRESS REPORT —2017

Dove

ORIGIMAL RESEARCH

The complex of PAMAM-OH dendrimer with
Angiotensin (1-7) prevented the disuse-induced
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Abstrace: Angiotenzin (1-T) (Ang-(1-7)) is a bioactive heptapeptide with a short half-life
and has beneficial effects in several tissues — among them, skeletal muscle — by prevent-
ing muscle atrophy. Dendrimers are promising vehicles for the protection and transport
of numercus bicactive molecules. This work explored the use of a neutral, non-cytotoxic
hydrosyl-terminated poly(amidoamine) (PAMARM-OH) dendrimer as an Ang-(1-7) carrier.
Bicinformatics analysis showed that the Ang-{1-7+-binding capacity of the dendrimer presented
a 2:1 molar ratio. Malecular dynamics simulation analysis revealed the capacity of neutral
PAMAM-OH to protect Ang-( 1-T) and form stable complexes. The peptide coverage ahil-
ity of the dendrimer was between ~50% and 65%. Furthermore, an electrophoretic mobility
shift assay demonstrated that neutral PAM AM-0H effectively bonded peptides. Experimental
results showed that the Ang 1-7TVPAMAM-OH complex, but not Ang-(1-7) alone, had an
anti-atrophic effect when administered intrapedtoneally, as evaluated by muscle strength,
fiber diameter, myefibrillar protein levels, and atrogin-1 and MuRF-1 expressions. The
results of the Ang-{1-7VPAMAM-OH complex being intraperitoneally injected were similar
to the results obtained when Ang4 1-T) was systemically administered through mini-osmotic
pumps. Together, the results supgest that Ang-{1-7) can be protected for PAMAM-OH when
this complex is intrapertoneally injected. Therefore, the Ang-(1-TVPAMAM-OH complex
is an efficient delivery method for Ang-(1-7), since it improves the anti-atrophic activity of
this peptide in skeletal muscle.

Keywords: muscle wasting, peptide delivery, camier, anti-atrophic peptide

Introduction

The biological activities of saveral proteins and peptides can be explodted for therapentic
applications. Furthermore, the controlled release of oligopeptides has many potantial
applications in biomedical and phammaceutical areas, including in the treatment of
diabetes, cancer and tumors, and metabolic, cardiovascular, and infectious diseases.
However, peptide use is limited due to low hydrolyvtic stability, poor svstemic dis-
tribution, short half-life resulting from rapid metabolization, and low ability to cross
phyzsiological barriers.

Consaquently, many peptide-delivery strategies have been studied, including direct
injection into the malipnant tissue and administration using osmotic pumps. Altematively,
hyperbranched polvmers and dendrimers exhibit properties that make them attractive
candidates for olipopeptide delivery. The chemical properties of dendrimer terminal
groupe and branch flexibilities play critical roles in nteractions with cargo molacules,
Indesad, di ferent polwamidoamine) (PAMANM) dendrimer terminal groups ars involved,
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Ant-atrophic effect of Ang-(1-TVPAMAM-OH complex in skedeml muscle

effects of an injectable Ang-{1-7VPAMAM-OH complex
on sepsis-induced muscle wasting.

The presently reported findings could be biologically
important in the treatment of numerous chronic and highly
prevalent diseases, including cardiovascular, renal, and
inflammatory conditions, as well as diabetes, cancer, and
elaucoma.® The effect of Ang-(1-7) has been demonstrated
in cardiovascular pathologies such as cardiac remodeling,
fibrosis, hypertension, and endothelial dysfunction. s
In the case of plasma glucose handling, tarpet tissues
evidence beneficial effects of Ang-(1-7), ncluding in skel-
etal muscle.** Furthermore, several kidney conditions can be
improved by Ang-{ 1-7) treatment, especially those involving
fibrosis. * Therefore, novel freatments against several chronic
diseases that utilize Ang-(1-7)y as a principal molecule are
also potentially beneficial therapeutic strategies against
induced skeletal muscle atrophy.

Conclusion

We determined the feasibility of using newtral dendrimers
as therapeutic peptide camiers. Thas study was based on the
biclogical activity of Ang-({ 1-7) on skeletal muscle atrophy,
and it demonstrated that a novel formulation of Ang-(1-7)
with a dendrimer could improve the anti-atrophic properties
of Ang-(1-T) when IP injected. Therefore, the Ang-{1-T)
dendrimer complex could serve as a protective delivery
system that improves the biological functions of the peptide
in vivo. Non-toxic effects were observed in in vivo assays
using Ang-{ 1-Ty/PAMAM-0OH. At the same time, this study
is a confribution to the design of novel dendrimers decorated
with neutral (hydroxyl) and/or charged groups (amine, car-
boxylate, ete.) with the aim of improving or modulating the
half-life or kinetic release of peptides and therefore improv-
ing the biological effect of peptides, as was demonsirated
with Ang-{1-T) in this study.
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ABSTRACT

One of the main challenges of the post-genomic era is the understanding of how gene
expression is controlled. Changes in gene expression lay behind diverse biological
phenomena such as development, disease and the adaptation to different environmental
conditions. Despite the availability of well-established methods to identify these
changes, tools to discern how gene regulation is orchestrated are still required. The
regulation of gene expression is usually depicted as a Gene Regulatory Network
{GRN) where changes in the network structure (ie. network topology) represent
adjustments of gene regulation. Like other networks, GRNs are composed of basic
building blocks; small induced subgraphs called graphlets. Here we present LoTo,
a novel method that using Graphlet Based Metrics (GBEMs) identifies topological
variations between different states of a GRN. Under our approach, different states
of a GEN are analyzed to determine the types of graphlet formed by all triplets of
nodes in the network. Subsequently, graphlets occurring in a state of the network
are compared to those formed by the same three nodes in another version of the
network. Once the comparisons are performed, LoTo applies metrics from binary
classification problems calculated on the existence and absence of graphlets to assess
the topological similarity between both network states. Experiments performed on
randomized networks demonstrate that GEMs are more sensitive to topological
variation than the same metrics calculated on single edges. Additional comparisons
with other common metrics demonstrate that our GEMs are capable to identify nodes
whose local topology changes between different states of the network. Notably, due to
the explicit use of graphlets, LoTo captures topological variations that are disregarded by
other approaches. LoTo is freely available as an online web server at http://dlab.cl/loto.

Subjects Bioinformatics, Computational Biology, Genomics
Keywords Differential analysis, Gene Regulatory Network, Metric, Graphlet

INTRODUCTION

In biological sciences, networks are becoming one of the main tools to study
complex systems (Newsman, 2010). Networks are employed to represent metabolic
pathways (Palumbo er al, 2005), signaling cascades (Pescini et al., 2012; Ben Hassen,
Masmoudi ¢ Rebai, 2008), and protein-protein interactions ( Wuchty, Oltvai & Barabdsi,

How to clwe this arelcle Martin et al. (H117), LoTo: a graphdet based method for the comparison of Lol topology between geme regulatory

networks., Peer] 5:e3052; DOI 107717 peerf. 3052
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ABSTRACT: Exposure to high levels of glucocorti-
coids ((:Cs) during early life induces long-lasting neuro-
inflammation. GCs induce rapid degranulation of mast
cells, which release proinflammatory molecules promot-
ing activation of microglia and astrocytes. The possible
involvement of oligodendrocytes, however, remains
poorly understood. It was studied whether high GC levels
during gestation activates the inflammasome in hippo-
campal oligodendrocytes of mowse offspring. Oligoden-
drocytes of control pups showed expression of
inflammasome components (NLRP3, ACS, and caspase-
1} and their levels were increased by prenatal adminis-
tration of dexamethasone (DEX), a synthetic GC. These
cells also showed high levels of IL-1f and TNF-, reveal-
ing activation of the inflammasome. Moreover, they
showed increased levels of the P2X; receptor and pan-
nexinl, which are associated to inflammasome activation.
However, levels of connexins either were not affected
(Cx29) or reduced (Cx32 and Cx47). Nonetheless, the
functional states of pannexinl and connexin hemichan-

nels were elevated and directly associated to functional
P2X; receptors. As observed in DEX-treated brain slices,
hemichannel activity first increased in hippocampal mast
cells and later in microglia and macroglia. DEX-induced
oligodendrocyte hemichannel activity was mimicked by
urocortin-Il, which is a corticotropin-releasing hormone
receptor (CRHR) agonist. Response to DEX and
urocortin-II was inhibited by antalarmin (a CRHR
blocker) or by mast cells or microglia inhibitors. The
increase in hemichannel activity persisted for several
weeks after birth and cross-fostering with a control
mother did not reverse this condition. It is proposed that
activation of the oligedendrocyte inflammasome might be
relevant in demyelinating diseases associated with early
life exposure to high GC levels. @ 2016 Wiky Periodicals, Inc.
Develop Newrohdol (0: (00000, 216
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INTRODUCTION

In the last decade, prenatal stress and maternal expo-
sure to an excess of glucocorticoids (GCs) have been
associated with a variety of alterations in newborns.
These changes include increased susceptibility to
developing physical, mental, and social disorders,
which can be unveiled and/or enhanced by new stress
episodes during adulthood (Barker, 2004; Pincus-
Knackstedt et al., 2006; Drake et al., 2007; Ehrhich
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Structure and application of antifreeze
proteins from Antarctic bacteria

Patricio A. Murioz"”, Sebastian L Marquez'?, Fernande D. Gonzalez-Nilo®, Valeria Marquez-Miranda®
and Jenny M. Blamey'*"

Abstract

Background: Antifreeze proteins (AFPs) production is a survival strategy of psychrophiles inice. These proteins have
potential in frozen food industry avoiding the damage in the structure of animal or vegatal foods. Moreowver, thera

is not much information regarding the interaction of Antarctic bacterial AFPs with ice, and new determinations ara
needed to understand the behaviour of these proteins at the water/ice interface.

Results: Cifferent Antarctic places were screened for antifreeze activity and microorganisms were selected for the
presence of thermal hysteresis in their crude extracts. lsolates GU1.7.1,GU2.1.1, and AFPS.1 showed higher thermal
hysteresis and were characterized using a polyphasic approach. Studies using cucumber and zucchini samples
showed cellular protection when samples were treated with partially purified AFPs or 2 commercial AFP as was
daterminad using toluidine blue O and neutral red staining. Additionally, genoma analysis of these isolates revealed
the presence of genes that encoda for putative AFPs. Deduced amino acids sequences from GU3.1.1 (gu3A and
gu3B) and AFPS.1 (afp5A) showed high similarity to reported AFPs which arystal structures are solved, allowing then
generating homaology models. Modelled proteins showed a triangular prism form similar to B-helix AFPs with a linear
distribution of threonine residues at one side of the prism that could correspond to the putative ice binding side.
The statistically best models were used to build a protein-water system. Molecular dynamics simulations were then
performed to compara the antifreazing behaviour of thesa AFPs at the ice/water interfaca. Docking and molacular
dynamics simulations revealad that gu3B could have the most efficient antifreezing behavior, but gu3A could have 2
higher affinity for ice.

Conduslons: AFPs from Antarctic microorganisms GU1.7.1,GU3.1.1 and AFPS.1 protect callular structures of frozen
food showing a potential for frozen food industry. Modeled proteins possess a B-halix structure, and miolecular dock-
ing analysis revealed the AFP guB could be the most efficient AFPs inorder to awoid the formation of ice crystals,
even when gu3A has a higher affinity for ice. By determining the interaction of AFPs at the ice/water interface, it will
be possible to understand the process of adaptation of psychrophilic bacteria to Antarctic ice.

Keywords: Antifreeze proteins, Antarctica, Psychrophiles, Frozen food, loe binding proteins

Background

Antarctica is an extreme continent with the coldest
temperatures, low precipitations, dryness, and almost
completely covered by ice. In this continent, microor-
ganisms dominate the genetic pool and biomass play-
ing an important role maintaining the operation of the

*“Comespondence: pmunampbiosdenced; jplamep@bioscenoecl

' Fundadion Gentifica y Cuttural Biocienda, José Domingo Cafas, 3280,
Hufaa, Santiago, Chile

Full list of author information & 2vaiable at the end of the articks

ecosysterm. Although different microorganisms have been
isolated from several places, biclogical records are avail-
able for only a miniscule fraction of them from land and
surrounding waters [1].

Psychrophilic microorganisms dominate the major-
ity of Antarctic habitats [2]. For their survival, they have
developed several prowing strategies on ice including the
production of compatible solutes, exopolysaccharides,
and antifreeze proteins [3].

& The Author(s) 2007 This artide Is dstribubed undler the berms of the Cresthee Commions Atiibution 4.0 irtematicral Liceres=

(— m Centla| {hitp¥reativecommormonglicensesba'4.0), which permits unrestricted use, distributian, and reproduction In 2ny medium,
proviced ywou ghee appropriate coedit to the oginal authons) and the sourne, provide  Ink o the Creattee Commaons license.
and Indicate ¥ changes wene made. The Creative Commons Public Domaln Dedication waier fritficeathsmommonsoeg)”
publictiomain/zems.0/ applies to the drta made ailable in this artide, unles othenwise staisd
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> Context . Part of Varela's work focused on the study of visual perception, particularly on the grounds of an enac-
tivist theory of vision. > Problem . Varela held that the problem of misrepresentation and the comparability of vi-
sual experience were crucial. We live with other creatures in sensory worlds that are not tractable, so could we share
color-similar experiences? We are still missing an integrative enactive framework to tackle the problems of misrep-
resentation and comparability related to animal color experience. = Method . We carried out a literature survey to
draw attention to the status of the enactivist theory of vision and to explore how the problems of misrepresenta-
tion and comparability may be tackled. > ReSUHS - As shown, philosophy and computational science have recently
incorporated concepts from neurobiology that close gaps between disciplines and support aspects of the enactiv-
ist approach of vision. > Implications . Episternological problems related to perception are here tackled, consider-
ing some controversial assumptions related to vision. We argue that an enactivist theory of visual perception may
not only darify the problematic consequences of those assumptions, but also fruitfully guide future philosophical
and empirical research on this topic. > Constructivist content - The presence of singular “visual channels”, as well as

Introduction

= 1w Francisco Varela's work was highly
original. He introduced, together with Hum-
berto Maturana, the notion of autopoiesis to
elaborate on the biological roots of living or-
ganisms {Maturana & Varela 1973). More-
over, he introduced the concept of enaction
to explain how perception as a "perceptu-
ally guided action”™ leads to embodied cog-
nition (Varela, Thompson & Rosch 1991).
According to enactivism, single perceptual
states are determined on the basis of fac-
tors including sensorimotor structure and
ecological interactions. In this sense, action
shapes perception, meaning that the ability
to perceive is constructed via several previ-
ous instances, actions, and abilities.

=2 Enaction engages the structure of
the visual system, i.e., a set of different visual
channels, te guide behavior in interplay with
the environment. The enactive approach to
perception opposes representationalism, a
perspective that confronts two main ques-
tions: [s misrepresentation possible? Are
visual experiences comparable? In what fol-

lows, we develop key aspects of the concept
of enaction and visual perception, focusing
on color perception as a case study.

w3 » The notion of color perception is
related to the dimensionality of color space
in the visual system (Figure 1). Cone pho-
toreceptors are associated with chromatic
perception. There are three types of cones
in the human retina, Long (L), Middle (M)
and Short (5) type. which are identified by
wavelength selectivity (visual pigment) and
represent a normative case for trichromacy.
However, in most lineages of avians, reptiles
and fishes, the presence of a fourth cone
type constitutes tetrachromacy and a high-
dimensional color space (Thompson, Pala-
cios & Varela 1992; henceforth TPV).

uwg» Although it has been reported that
a minority of cone pathways proces chro-
matic signals at low resolution, the majority
process achromatic signals at high resolution
{Sabesan et al. 2016). In contrast, a digital
camera splits the captured input light (see
Figure 2) into three channels acting as pass-
band filters tuned to different wavelengths
and determinate proportions of light recep-

phi'asical. sensorimotor and evolutionary factors, constrains our own perceptual experience as proposed by enactivism.
>Key words - Enaction, perception, misrepresentation, comparability, high color space dimensionality, objectivism,
subjectivism, computational science.

tors in each channel, producing an RGB
(red/green/blue) image. Consequently, even
if at the level of photoreceptor (cone-types)
natural and artificial devices are comparahle,
the representation of the outer world, due to
e.g., the uncoupling sensory-motor system
characteristic of most artificial systems, still
remains unapproachable from an enactivist
point of view.

« 5= The main argumentative structure
of our article will be the following. In the
next sections, we introduce two well-known
philosophical problems associated with
perception: misrepresentation and compa-
rability. We consider how some perspec-
tives within the field of computer science
and machine vision, with a focus on color
perception, may tackle them. Then, the en-
active account of visual perception will be
characterized, as opposed to computational
ohjectivism. A key aim is to emphasize that
the incompatibility between enactivism and
ohjectivism does not imply that enactivism
must be incompatible with every account of
perception that invelves computational no-
tions, such as the notion of representation.

hitpe/ foonstructivistinfosgfuiigpalados

134



ENACTION

Authors” Response

CINV ANNUAL PROGRESS REPORT —2017

color) does not ellminate an Wlesory percep-
tual attribute (e.g., bwo sguares have differ-
ent colors). They tend to neglect the fact that
i the conflict is not between a bellef and

a percept. but between two beliefs (and,

correspondingly, between two percepis)
and

b observers are deprived of nteractions
with the image that would resolve the
condflict between the two sets of belbefs!
percepis.

Thus, the lusory attributes typically provide

strong ground for the supposedly incorrect

beltef, which 15 tn conflict with the suppos-
edly correct belief. Mot only do these cases
not support the notton of modularty, in
some examples - when the Incorrect belief

15 one that 5 supported by memory, and

contradicts the physical properties of the im-

age - they even contradict modularity (eg.,

Hansen et al. 3006). In contrast to lsory

attributes, when a percept does not provide

strong ground for a particular bellef, Le,
when the perceptial state s ambiguous, then
the percelver’s thought can influence percep-
ton (e.g.. the case of intentionally switching
bsetween two states of a bi-stable image). That
15 to say, in the case of perceptual ambagu-
1ty, an observer can engage in the activity
of switching between multiple beliefs that
cowld be associated with the image.

a1 % In sum, the enactivist perspective
offers a broader and more inclustve para-
digm In which the common-sense view of
color perception — with its assoctated purzles
- remains intelligible. The common-sense
view of verldical perception is one based on
the match between subjective experiences
and objective states of affairs. Once we rec-
ognize that “objective” is a shorthand for an
infintte possibility of other activitles {differ-
ent ways of interacting with an object of per-
ception]), and recognize the “subjecttve-ob-
Jective match™ as a shorthand for a coherence

among those activities (Including interaction
with other percelvers), we arrve at different
conceptions of misperception and indrvidual
differences. As [ tried to argue, the enactivist
view of an {llusion might be best character-
tzed in terms of attributes that do not survive
transitions across different moddes of activity.
A sustained lusion, therefiore, might be best
characterized in terms of a sustained depri-
vatlon from activities that would otherwise
testiremove the illusion. These new concep-
tions no longer pose the same paradoxes and
unbridgeable gaps as they did within a naive
maxdel of color perception.

Dawood EBozll is an Assistant Professor of
Psychology 21 the Unersity of Macau His research
Imerests span from sansorimator processes by
epistemology and philosophy of science.
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Is a Weak Notion

of Representation

not Compatible with

a Contextualist and Enactivist
Account of Perception?

Adrian G. Palacios,
Maria-José Escobar
& Esteban Céspedes

=Upshot - We argue that the notion of
basic perception could help to develop a
general enactivist account of perception,
without compromising the compatibil-
ity between our approach to this theory
and the notion of weak representation.
To support this, we elabomate on the
contextuzl and normative aspects of our
enactivist proposal, on perception, and
on how these aspects may be crucial for
understanding misrepresentation and
comparability.

« 1% We respond to the inspiring and
challenging comments our artide about
the enactive account of perception sparked,

matnly danfying the compatibility be-
tween that account and a weak notion of
representation. Such a notlon may help to
explore different ways of assoclating en-
activism with related approaches and re-
search proposals. We also focus on the 1m-
portance of the contextual and normative
aspects of our enactive approach to percep-
tlon, responding to challenging cases relat-
ed to misrepresentation and comparability.

A radical notion of perception could

form the basis for 2 broader and

more flexible enactivism

« 2w L3Ura Mascimento and Erik Myln ar-
gue that the notlon of contentless interac-
tion should be constdered (o understand
color perception. We cannot disagree with
this suggestion. Actually, this might be one
of the best ways to arrive at a non-circular
definttton of the notton of content ful repre-
sentation. However, we find it hard to accept
that this idea could ground an argument
against our claim that enactivism and a non-
objectivist version of representationalism
are compatible, as they seem to do. As we
try to show, we can account for different fea-
tures of color perception withowt dismissing
enttrely the concept of representation. We

do not have to provide a naturalistic defi-
nition of that concept within an account of
color vision. But if that were necessary, the
radical enactivist account defended by Has-
cimento & Myln woukd help.

a3» The authors further point out that
our proposal can be confronted with the
hard problem of content, Le., the challenge
of providing a sclentifically adequate expla-
natton of how represenfations ocowr (4]
We agree that sech a problem 15 cructal if
we want to arrive at a general theory of cog-
nition and color perception. Nascimenio &
Myin characterize basic color perception on
the basts of the idea that "organisms tend to
shiww similar perceptual reactions to similar
stimuli™ (§97). With this characterization, we
can account for color perception matnly in
terms of how organisms interact with their
environments. The notion of contentful
representation should be characterived at
the non-basic level of human communica-
tion, by consldering linguistic and cultural
interactions between individuals and their
environment.

w 4w Nasciments and Myin dismiss the
idea that all cases of perception tmvolve
contentful representation (§11). The fact
that they mention this thesis In the com-

hittpaf ioon structieist. infodtup paladios
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Transgenerational Diapause as an
Avoidance Strategy against Bacterial
Pathogens in Caenorhabditis elegans

M. Fernanda Palominos,® Lidla Verdugo,® Carolaling Gabaldon,® Bernardo Pollak, =
Javiera Ortiz-Severin,© Macarena A. Varas,© Franclsco P. Chavezc
@ Andrea Callxtoa®

Centro de Gendmica y Bloinformatica, Faoultad de Oenclas, Universidad Mayor, Santiega, Chile”; Centra
Interdiscipiinarnio da Neurodenca de valparaiso (O, Facultad de Clendas, Universidad de Valparaisa,
valparabo, Chiles; Laboratono de Moobiologia de Sistemnas, Departamento de Biologia, Facultad de Oendas,
Universidad de Chile, santiago, Chiles; Departamento de Blolegla Celular y Moleculss, Faoultad de Qenclas
Baologicas Pontifica Universidad Catalica de Chile, Santlago, Chile?

ABSTRACT The dynamic response of organisms exposed to environmental patho-
gens determines their survival or demise, and the outcome of this interaction de-
pends on the host's susceptibility and pathogen-dependent virulence factors. The
transmission of acquired information about the nature of a pathogen to progeny
may ensure effective defensive strategies for the progemny's survival in adverse envi-
ronments. Environmental ANA interference (RMAQ) is a systemic and heritable macha-
nism and has recently been linked to antibacterial and antifungal defenses in both
plants and animals. Here, we report that the second generation of Caemorhabditis el-
egans living on pathogenic bacteria can avoid bacterial infection by entering dia-
pause in an RMAI pathway-dependent medhanism. Furthermore, we demonstrate
that the information encoding this survival strategy is transgenerationally transmit-
ted to the progeny via the maternal germ line.

IMPORTANMCE Bacteria vastly influence physiology and behavior, and yet, the spe-
cific mechanisms by which they cause behavioral changes in hosts are not known.
We use C elegans as a host and the bacteria they eat to understand how microbes
trigger a behavioral change that helps animals to survive. We found that animals
faced with an infection for two generations could enter a hibernationlike state, ar-
rasting devaelopment by forming daver larvae. Dauers have closed mouths and effec-
tively avoid infection. Animals accumulate information that is transgenerationally
transmitted to the next generations to form davers. This work gives insight on how
bacteria communicate in noncanonical ways with their hosts, resulting in long-
lasting effects providing survival strategies to the community.

KEYWORDS Caenorhabditis elegans, RNA interferance, defense, diapause,
pathogenesis, survival stratagies

aenarhabditis elegans is exposed to a wide variety of bacterial spacies. Soil bacteria

represent a diverse pool of pathogenic and nonpathogenic food, and the nema-
tode’s responses to different bacteria can contribute to diverse effects on its survival (1.
C. elegans has previously been used to identify virulence mechanisms of bacteria and
to characterize host responses to infection (2). Host and microbe contribute to the
outcome, and therefore, the magnitude of the host damage results from the host-
microbe interaction, explaining why infection with a particular microbe can drive
different effects on the same host (3).

Animals challenged with infectious microbes have three main options: to fight the
microbial attack by activating physiological cellular defenses, a costly approach in terms
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uptake mechanism of PHBV nanoparticles
for targeted delivery in epithelial cell lines

Juan P Pefzloza’™ Valeria Marguez-Miranda®, Mauricic Cabafia-Brunod', Rodrigo Reyves-Ramirez'?,
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Abstract

Background: Manotachnology is a science that involves imaging, measuremant, modeling and 2 manipulation of mat-
ter at the nanometric scale. One application of this techinokogy is drug delivery systems based on nanoparticles obtained
from natural or synthetic sources. An example of these systems is synthetized from polyi3-hydrosybutyrate-co-3-hy-
droxyvalerata), which is a biodegradabila, biocompatible and a low production cost polymer. Tha aim of this work was to
imestigate the uptake mechanism of PHEV nanoparticles in two different epithelizl cell lines (Hala and SKOV-3).

Results: As a first step, we characterized size, shape and surface charge of nanoparticles using dynamic light scat-
tering and transmission electron microscopy. Intracellular incorporation was evaluated through flow cytometry and
fluarescence microscopy using intracellular markers. We concludad that cellular uptake mechanism is carried out

in a time, concentration and energy dependant way. Jur results showed that nanoparticle uptake displays a call-
specific pattern, since we have observed different colocalization in two different cell lines. In Hela {Cervical cancer
calls) this process may ocour via classical endocytosis pathway and some internalization via caveolin-depandent was
also cbsarved, wheraas in SKOV-2 (Owvarian cancer calls) these patterns wera not observed. Rearrangement of actin
filaments showed differential nanoparticle internalization patterns for Hela and SKOV-3. Additionally, final fate of
nanoparticles was also determined, showing that in both cell lines, nanoparticles ended up in lysosomeas but at differ-
ent timas, where they are finally degraded, thereby releaszing their contents.

Concluslons: Our results, provide novel insight about PHEY nanoparticles internalization suggesting that for davelop
a proper drug delivery system is critical understand the uptake mechanism.

Background Due to their small size, increased stability and sus-

Manotechnology is the science of engineering materi-
als and systems on & molecular scale. Its application to
medicine, "nanomedicine’, has enabled the development
of nano-sized drug-delivery vehicles. These nanocarriers
are generally <200 nm in size and have the ability to carry
and deliver therapeutics to discrete sites into the cells [1].

“Comespondence: mariaotero@unabud

! Cmnbar for Inb=grative Medicine and Innowative Soencs, Facultad de
Medicina, Universidad Andres Ballo, Santiaga, Chil=

Full list of author information i available at the end of the articlke

tained drug release properties, biodegradable polymeric
nanocarriers display several advantages, being more
effective for cancer treatment than other nanoparticles
(e.g. metallic ones) [2]. Manoparticles are being devel-
oped for in vive tumor imaging, targeted drug delivery
and biomolecular profiling of cancer biomarkers. Biode-
gradable polymeric nanoparticles (NPs) have been shown
promissory as controlled drug delivery systems, showing
high therapeutic potential [3]. Currently, delivery tech-
nologies using cell-targeting [4. 5] or spectfic targeting
of organelles inside a cell [G] are becoming increasingly
important as an area of scientific investigation. In cancer.
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publicriamain./zeme1.0/ applies to the data made aailable in this artide, unles otherwise statsd
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When cells were incubated with PHEV NPs, afier
trafficking through the endo-lysosome pathway, which
finally ends at lysosomes, these organelles enter into a
special stage where they fused and get polarized, resem-
bling what normally happens during autophagy and
immunslogical symapsis [52, 53], To investigate whether
MPs/cell incubation may trigger autophagy, we analyze
LC3 expression by western blot in the two different cell
lines, which showed no LC3 expression (data not shown)
suggesting that lysosomal fusion not be triggering by an
autophagy event [54]. These findings lead to propose the
recruitment of a possible MTOC (Microtubule Organiz-
ing Center) towards a particular area, allowing the local
regulation of potential exocytosis and endocytosis pro-
cesses by concentrating at a specihe place the required
molecular machinery. A scheme of PHEY NPs entry
pathway for Hela and SKOV-3 cell lines suggested in this
article is depicted in Fig. 13.

Conclusion

We investigated the cellular uptake mechanism of PHBY
for intracellular delivery into Hel.a and SKOV3S cells. Our
experimental results showed that this process is time,
concentration and energy-dependent, and the inter-
nalization mechanism depends on the cell line. Results
described above, give us a general understanding of the
cellular processes required for nanoparticle internaliza-
tion, which contributes to understanding further targeting
properties of PHBY enhancing their targeting efficiency.
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Camne theary

Computational dmulation is a widely employed methodology to stedy the dynamic behavior of complex
systems Although commaon approaches are based either on ordinary differential eguat lons or stochastic
differenitial equations, these technigues make several asumptions which, when it comes to biological
provesses, could often lead to unrealistic models Among others, model approaches based on different lal
equations entamgle kinetics amd causality, failing when complexity increases, separati ng knowledge from
misdels, and assuming that the average behavior of the population encompases any individwal deviation
T overcome these limitatiens, simulations based on the Stochastic Simul ation Algorithm (S5A) appear as
a suitable approach to model complex biological systems. In this work, we review three different models
executed in PEKaS: a rule-based framework to produce multiscale stochastic simulations of complex
systems These models span multiple time and spatial scales rmnging from gene regulation up to Game
Theory. In the first ecample, we describe a mode] of the core regulatory network of gene expression in
Escherichia coli highlighting the continmeows model improvement capacities of PEKaS The second
example describes a hypothetical outbreak of the Ebola virus occwming in a compartmentalized emvi-
ron menit resembling cities and highways. Finally, inthe last examp le, we illustrate a stochastic model for
the prisoners dilemma; a commoen approach from soclal scences describing complex |nteractions
immdving trust within human populations. As whole, these models demonstrate the capabilies of

PEKaS providing fertile scenarios where to explore the dynamics of complex systems.
& 2017 The Authors. Published by Ebevier Inc. This is an open access article under the OC BY-NC-ND
license ( hittp: |'creati veoo oo wor g ] ioe mses {by-ne-nd 400/

1 Introdudion

are ubiguitous in nature and society and, when it comes to their
analysis, they are usually represented as networks. In these net-

Complec Systens (C5s) encompass a variety of phenomena
where the intemaction between constituent elements produces
emergent properties. Among other characteristics, C5s exhibit de-
generacy being highly mbust to random failures | 1]. Such systems

* Comesponding author. Computational Bology lab, Fundadan Cienda & Vida,
Santiagn, Chile
E-mumil address: tomas@d labhcl (T, Penez-Aclel
! Current Address: Centro de Gendmic y Bisinformatic, Pacultad de Gencias,
Lini versidd Mayor, Santiago, Chile.
? Eqqually contribuiors.

hitps :fidoiorg 10106 bhrc 2N 711138

works, edges represent the interactions ooourring between the
entibes composing the system, which are typically depicted as
nodes. Mevertheless, networks are static pictures of CSs: they
disregard its dynamic behavior precluding the study of some of its
fundamental properties such as ewohability [2]. Among other
methods, two main approaches for the dynamic modeling of C5s
prevail: deterministic methods based on ordinary differential
equations (ODEs) or agent-based modeling, and stochastic ap-
proaches based either on stochastic differential equations (SDEs],
or on the Stochastic Simulaton Algorithm [ 55A)

Approaches based on ODEs and SDEs require the definition of an

O00G= 251 X 2017 The Authors. Published by Elsevier Inc This is an open acoss s artide under the CC BY=NCND lieense (hitp:f oreativem mmon s orgicens s/ ysnond 4.0}
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PISKa%, our rule-based stochastic simulation engine. As a whole,
PISKa% versatility provides a suitable framework to the study of
momplex multiscale systems with explicit spatial definitions. As
discussed above, these features are particularly important to model
biological systems where the spatial hetemgeneity and the sto-
chastcity generated by individual components are both key ele-
ments to understand the dynamics of the system
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in Cx46 hemichannels

Bernardo |. Pinto!, Amaury Pupa!, Isaac E.Garcia™, Karel Mena-Ulecia®, Agustin D.
Martinez', Ramdn Latorre® & Carlos Gonzalez*
.23 September 2016 : The opening of connexin (Cx) hemichannels in the membrane is tightly regulated by caldum (Ca**) and
sk 24 Chetober 04T . membranavoltage. Electrophysiclogical and atomic force microscopy experiments indicate that Ca**
od online: 20 Movember 2017 stabilizes the hemichannel closed state. However, structural data show that Ca?* binding induces an
. glectrostatic seal preventing ion transport without significant structural rearrangements. In agreemeant
. with the closed-state stabilization hypothesis, we found that the apparent Ca®* sensitivity is increased
. asthe voltage is made more negative. Moreover, the voltage and Ca** dependence of the channel
| kinetics indicate that the voltage sensor movement and Ca** binding are allosterically coupled. An
. allosteric kinetic model in which the Ca® decreases the energy necessary to deactivate the voltage
: sensorreproduces the effects of Ca** and voltage in Cx’%6 hemichannels. In agreement with the model
¢ and suggesting a conformational change that narmows the pore, Ca®* inhibits the water flux throwgh Cx
: hemichannels. We conclude that Ca®* and voltage act allosterically to stabilize the dosed conformation
: of Cx&6 hemichannels.

i Connexins {Cxs) are transmembrane proteins that can form two types of non-selective channeks, gap junction
¢ hannels and hemichannels. Gap Junction channels connect the cytoplasm of two adjacent cells and are involved
¢ in dectrical coupling. Hemichannels, on the other hand, connect the cell interior with the extracellular milieu
¢ allowing the influx and release of signaling molecules for autecrine and paracrine cell communtcation. These pro-
¢ teins control many cellular processes and play an important role in human pathophysiology, as they are expressed
i In almost every tissue of the human body and are related to several hereditary diseases' (Reviewed in).

Cx based channels display two gating mechanisms termed “loop”™ or “slow” gating and “VJ™ or *fast™ gating®.
: Both gating mechanisms are regulated by voltage. Each gate is also differentially regulated by several factors.
+ {Ca** and several other polyvalent cations®* and extracellular pH affect the slow gate®, while intracellular pH'™",
: post-translational modification of the C-terminal domatn®* and metabolic inhibttion modulate the activation
 of the fast gate. Regulation of Cx hemichannels by extracellular cations has been extensively studied'**®. Among
i these cattons, Ca** 1s key for the regulation of Cxs. The extracellular media contatns Ca® in the millimolar range,
: concenirations which have been reported to maintain Cx hemichannels mainly closed at resting potentials®'®
: Thus, regulation of hemichannels by Ca® can be imporiant to prevent thelr opentng under physiological condi-
¢ tions, and subsequent leakage of the intracellular content™. The afinity of connexins for divalent cattons has been
: measured by analyzing the steady-state currents at different Ca®* concentration and fitting the normalized tonic
¢ currents toa Hill equation of inhibiton™* %, Using this methodology, the half maximal inhibitory concentration
¢ (1€ 500 of Ca** for Cx32 and Cx26 are 1.3 mM and 0.33 mM, respectively.
: Additionally, Ca*t generates a shift in the activation of Cx hemichannels to higher voltages*'4152 In
¢ the case of Cxds, the effects of voltage on the channel sensitivity to Ca** and Mg** was first interpreted as a
. voltage-dependent block followed by a voltage-dependent stabilization of the blocked state®. However, Versells
: and Srinivas found that Cxdé hemichannels close even tn absence of divalent cattons, ruling out the possthality
+ of a divalent block as the gating mechantsm, and proposed that external divalent cations stabilize the slow gate
: «losures induced by hyperpolarization®®. Moreover, AFM imaging of Cx hemichannels shows that in the pres-
+ ence of Ca®* the extracellular mouth of the channel narrows'”™'%%!, Taken together, these results support the
. hypothesis that voltage-dependent gating is an intrinsic property of the slow gate and divalent cations stabilize
: the closed state(s). However, in human Cx26 the resulis indicate that extracellular Ca® destabilizes the open
: state of hemichannelks facilitating its closure, a mechanism that would require that Ca®* binds to the open state of
¢ the channel'®. A new crystallographic structure of the Cx26 gap junction channe in a Ca* bound configuration

i M entre Interdisciplinario de Nevrociencias de Valparaie, Universidad deValparaiss Valparaise, Chile. Facubtad
¢ de Odontologia, Universida d de Val paraiso, Valparaiso, Chile. Comespondence and requests for materials should be
¢ addressed to R.L. {email: raman. latomre @uv.c jor CG. femail: caros gonzalezl@uv.clh

SCOEMTIFIC REPORTS | 7: 15857 | DOI10.1038/541598-017-15875-5 1

142



CINV ANNUAL PROGRESS REPORT —2017

& Fhthara, L., Liu, X. & Pal, . I} Efect of extermal magnesiom and caldum on buman connexdeds bemicharmels. Rioplys J84, 27786
(3003},

7. Gomez-Hernandez, [ M., de Miguel, M., Larrosa, B., Gonzalez, D. & Barro, L. €. Molecular basts of caldum regulation in
comnexin- 32 hemichanneds. Proc Naf! Acad 5o U5A 104, 16030-5 (2003).
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9. Beahm, [ L& Hall, | E. Hemdcharmal and junctional properties of connextn 30 Biophys | 82, 2016-31 {300T).

10 Modey, G E., Tafet, 5. M. & Delmar, M. Intramolecular interactions mediate pH regulation of connextnd 3 chanmels. Biopinys [ 70,
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Abstract

Purpase af review To discuss current knowledge on the mole
of connexins and pmnexins in the musculoskeletl system.
Recent findings Connexins and pannexins ane crocial for the
development and mamtenance ofboth bone nd skeletal mos-
cle. In bone, the presence of connexin and more recently of
pannexin charmels in osteoblasts, osteoclasts, and osteocyies
has been deseribed and shown to be essential for normal skel-
etal development and bone adapmtion. In skeletal muscles,
comnexins md pamnexing play important roles dunng devel-
opment and regeneration through coordimated regulation of
matahaolic functions vin celbto-cell communication. Further,
under pathological conditions, altersd expression of these pm-
teins can promote muscle srophy and degeneration by stm-
ulating mflammasome activity.
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Summary In this review, we highlight the important roles of
connexins and pammexing in the development, maintenance,
and regenemtion of musculoskeletal tissues, with emphasis
on the mechanisms by which these molecules mediate chem-
ical (2., ATP and prostaglandin E2) and physical (2.g., me-
chanical stimulation) stimub that @rget the musculoskeletal
systemn and their involvement in the pathophysiological
changes in both genetic and acquired discases,

Keywords Gap imctions - Hemichannels - Commexon -
Inflammation

Imtroed v ton

Comnexims and pannexns are chamme|-forming protems that
share smilar topokogy, although they do not exhibit sequence
homology [1]. Both comnnexins mnd pannexins comprise four
tmnsmembmne domams, two extmeellular, and one miracellu-
lar loop, along with amine- and carboey - terminal regions fie-
ing the cytoplasm. Connexins form hexamers or comexons in
the cell membmne that mediate the exchange of small mole-
cules betwemn the cells and the extracellular compartment,
named hemichammels [2]. Hemichannels present in adjacent
cells can align to form gap junction channels that alloew the
exchange of molecules between neighboring cells [3].
Pamnexins also form hecamers mthe cell membmne, but most
imvestigatmoms agnes that they are not able to form functional gap
Junction chammels [4, 5]. The existence of connexin channes in
osieoblasts, osteochsts, mnd ostocytes has long been recog-
nized, but only very recently has the presence of pamnecin
charmels been described in these bone cells [3]. In skeletl
muscle, connexns are only expressed in undifferentiated pre-
cumsors and upon injury in regeemting muscles, whereas

pammexmns have been reportad to be presmnt in both precursoms

&) Springer
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contimuous advancements in this fizld will allow for the de-
velopment of new strategies that might tarpet the musculo-
skeletal sysem to improve bone and skeletal muscle health,
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In thiz mini-review, we briefly summarize the curent knowledge about the effects of
fatty acids (FAs) on connexin-based channels, as well as discuss the imited information
about the impact FA= may have on pannexing (Panxs). FAs regulate diverse cellular
functions, some of which are explained by changes in the actvty of channels constituted
by connesans (Cxs) or Panxs, which are known to play criical roles in maintaining the
functional integnty of diverse crgans and tissues. Cxs are transmembrane proteins that
oligomenze into hexamers to form hemichannels (HCs), which in turn can assemble
into dodecamers to form gap juncton channels (GJCs). While GJCs communicate the
cytoplasm of contacting cells, HCs serve as pathways for the exchange of ions and small
molecules between the intra and extracellular milieu. Panxs, as well az Cx HCs, form
channels at the plasma membrane that enable the interchange of molecules between
the intra and extracellular spaces. Both Cx- and Panx-based channels are controlled by
several post-transiational modifications. However, the mechanism of action of FAs on
these channels has not been described in detail. it has been shown however that FAs
frequently decrease GJC-mediated cell-cell communication. The opposite effect also has
been described for HC or Pamx-dependent intercellular communication, where, the acute
Ff effect can be reversed upon washout. Additionally, changes in GJCs mediated by FAs
have been associated with post-translational modifications (e.g., phosphondation), and
seem to be directly related to chemical properties of FAs (e.g., length of carbon chain
andfor degree of saturation), but this possible link remains poorty understood.

Keywords: gap Junction channel, hemichannel, connexon, pannexen, G-protein coupled recepior

INTRODUCTION

Fatty Acids: General Characteristics

Fatty acids (FAs) are carboxylic acids classified into three groups based on the length of their
aliphatic carbon tails (Layden et al., 2013). These include: (i) short (<6 carbons), (ii); medium
{6-12 carbons); and (in1) long (=12 carbons) aliphatic chains (Talukdar et al., 2011; Layden et al.,
2013). In addition, FAs are also classified by the number of double bonds present in their aliphatic
chain: saturated fatty acids (SFAs), monounsaturated fatty acids (MUFAs) or polyunsaturated fatty
acids {(PUFAs) (Poudyal and Brown, 2015). In turn, PUFAs can be classified into omega-3 {w-3)
and omega-6 (w-6), based on the location of the last double bond (Schmitz and Ecker, 2008).
Drespite their structural similarities, w-3 FAs generally cause biological responses opposing to o-6
FAs (Senkal et al, 2007). Although traditionally the mnterest in FAs and their effect on human
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possible to develop modified FAs with higher specificities for Cx
docking.
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One sentence summary: Fine-tuning farmnesy] diphosphate synthass in Saocharomyces cerevisiae allows the modification of substrate affindty and prodoct
selectivity regarding the production and accumulation of dimethylallyl diphosphate, geramyl diphosphate or farmnesyl diphosphate.
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ABSTRACT

Farnesyl diphosphate synthase (FFFS) is a key enzyme responsible for the supply of isoprencid precursors for several
essential metabolites, including sterols, dolichols and ubiquinone. In Seccharomyces cerewnsioe, FPPS catalyzes the sequential
condensation of taro molecules of isopentenyl diphosphate (IFF) with dimethylallyl diphosphate (DMAFF), producing
geranyl diphosphate (GPP) and farnesyl diphosphate (FPF). Cotical amine acd residues that determine product chain length
were determined by a comparative study of strict GPP synthases versus strict FPPS. In silico AAG, 1.e. differential binding
energy between a protein and two different hgands—of yeast FPPS mutants was evaluated, and F96, A99 and E185 residues
were 1dentified as key determinants for product selectivity. AQ0X vanants were evaluated i vivo, 5. cerevisige strains
carrying A99F and A%9H variants showed significant differences on GPF concentrations and specific growth rates. The FPPS
AT wvanant produced unguantifiable amounts of FPF and no effect on GPP production was observed. Strains carrying
A%D0, ADSY and ASOK FPPS accumulated high amounts of DMAFPP-IFP, with & decrease in GPF and FPP. Our results
demonstrated the relevance of the first residue before FARM (First Aspartate Rich Motif) over substrate consumption and
product spechaty of 5. ceremsiae FPPS in vivo. The presence of A90H sigmaficantly modified product selectivity and appeared
to be relevant for GPF synthesis.

Eeywords: single-point mutation; FFPS; protein engineenng; isoprenoid; LC-MS
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Seccharomyces cerevisige expresses the phosphatases LPP1 and
DPP1, which have the ability to dephosphorylate GPFP and FPP
mainly generating prenyl alcohols such as geraniol, linalol and
farnesol (Chambon et al. 1990). Thus, the limited accumulation
of GPP in the ADST strain could result from the action of these
phosphatases and the consequent consumption of GPP. In order
to confirm this assumption, it is necessary to quantify the pro-
duction of geraniol

The expression of the A99G mutation caused an increase in
the accumulation of FPP, which was the only detectable product.
The substitution of alanine for glycdne incoreased the volume of
the active site, particularly in the area where the terminal end
of the aliphatic chain of FPP is located, which probably led to an
increase in the stability of FPP in this region.

The residue A% of FPPS in 5. cerevisice corresponds to the first
residue before FARM. The analyzed mutations show that this
residue is crucial for the chain extension of the product. More-
ower, some modifications of this residue decrease the catalytic
activity of this enzyme, accumulating DMAPHIPP and reducing
the intracellular concentration of GFF and FPP to undetectable
levels.

In view of the mixed affect over isoprene phosphates of the
different variants analyzed, we propose to evaluate the AS9T
variant a5 a potential candidate for monoterpene overproduc-
tion. [ndeed, the latter showed exclusive acoumulation of GPE,
without detectable FPP, suggesting an important redirection of
the metabolic flux to the monoterpene precursor GPR.

Results fior the AY9G variant suggest a substantial improve-
ment of the FFPS activity, which translated in a significant incre-
ment of FFP concentration. Further work on the impact of this
mutation in sesquiterpenes—or larger terpenes—overproducing
strains is underaray.

Unexpectedly, the strains expressing A%E, A990 and AY
mutations did not show detectable lavels of GPP or FPP. How-
ever, thesa strains accumulated considerable amounts of DMAPP
andfor IPF, ie they are potential candidates for isoprene-
producing strains.

CONCLUSION

The present study allowed us to characterize the effect of the ex-
praession of various FPPS mutants in wivo, complately eliminating
the aeffect of urt FPPS activity, preventing its action as a homo- or
heterodimer, a5 the native erg2) gene was deleted.

Using this current approach, it was possible to identify var-
ious FPPS mutants that increase the concentration or the rela-
tive abundance of DMAFP-IPF, GFP or FPP in 5. cerevisiae in vivo.
This provided several variants of FPPS, which favor the availahil-
ity of precursors for the production of hemiterpenes, monoter-
penas and sesquiterpenes in strains expressing these terpense
synthases.

It is important to consider repressing or deleting the native
erg2( gene for the production of mone- and hemiterpenes to de-
crease the FPPS activity in the strain to be used, which is simi-
lar to the previously described need to inhibit other enzymes of
the ergosterol pathway, such as squalene synthase for producing
sesquiterpenes, diterpenes and carotenoids.

SUPPLEMENTARY DATA
Supplemeantary data are available at FEMSYR online.
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PERSPECTIVES

Unravelling a novel mechanism
for the up-regulation of
connexind3 gap junctions
between cells derived from
the blood-brain barrier
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Endothelial cells from different vascalar
territories in mammals express at least
three connexins (Cx37, Cx40 and Cx43],
which are protein subunits of gap junction
channels. In an article in this issue of The
Journal of Physiclogy, however, Bader er al.
(2017 detected only Cx43 at gap junction
plaques from hCMEC/DS cells, which is
a cell lime derived from the blood-brain
barrier. The existence of one Cx type
forming gap junctions should simplify the
understanding of mechanisms that regulate
this intercellular communication pathway.
But many years have passed since the
up-regulation of gap junctions by increased
intracellular cAMP concentrations was first
described (i.e. two reports from Dr Werner
K. Loewenstein’s laboratory in 1981). The
research group of Dr Anaclet Npezahayo
have now unravelled an unsuspected intra-
cellular signalling step { Bader et al. 2017}, 0n
which | comment here, focusing exclusively
on studies about gap junctions channels
formed by Cx43 and their regulation by
cAMP

Mumerous studies have described a direct
correlation between elevated intracelhalar
cAMP concentrations and gap juncticnal
communication in different cell types.
Several of them have illominated the
phenomenon thanks to the formation
of new reagents {ep. specific mRNA
primers and antibodies) as well as
the implementation of complementary
techniques (e.g. transfection of a specific Cx
type in cells deficient in Cx expression, and
recording of functional gap jonctions using
the dual-voltage clamp technique). These
advances have deepened our knowledge in
this regard and cannot all be quoted in this
article due to space limitation.

Several putative mechanisms  that
might explain the upregulation of gap
junctions by increased intracellular cAMP
concentrations have been proposed. One
of them focuses on the possible gating
of pre-existing gap junction channels
found at cell-cell interfaces (e.g. opening
of gap junction channels indoced by
protein phosphorylation). Studies designed
tr  demonstrate  this  possibility  have
revealed that direct phosphorylation
of Cx43 by cAMP-dependent kinase
{protein kinase A; PEA) does not occur
since post-translational modification and
functional analysis at the single-molecule
level (unitary currentd have failed
to  detected significant changes. For
example, recombinant Cx43 or synthetic
peptides containing the putative Cxd3
phosphorylation site were shown to be
poor substrates for PEA, and the molar
ratioc of Cx43 phosphorylation was not
significantly affected in cells treated with
8Br-cAMP  In addition, activation or
inhibition of PEA was not seen to affect
single channel conductance of Cx43 gap
junction channels expressed in SKHep cells
{Kwak et al. 1995). Therefore, in the latter
study it seemed unlikely that activation of
Cx43 pap junction channels could result
from direct interactions with cAMP or
via phosphorylation of Cx43 channels by
PEA. However, it should be kept in mind
that the possible involvement of changes
in cytoplasmic Ca*t concentrations may
have been overlooked, since the solution
of the recording pipettes contained 10 mM
EGTA. These findings, however, do not
completely discard the participation of
cAMP-dependent protein phosphorylation
at other cellular levels by changing the
activity of other proteins that regulate Cx43
levels andor trafficking of preformed Cx43
(see below].

Whether increased synthesis or reduced
degradation rates of Cx43 may play a role
has also been assessed, considering that
changes in gap junctional communication
associated with elevated intracellalar cAMP
concentration occurs within the range of
a few dozen minutes to a couple of
hours, and that the half-life of Cx43 is
relatively short (about 3 h). With regard
to the first possibility, cycloheximide (a
protein synthesis inhibitor in eukaryotic
cells] did not prevent the enlargement

@ 2017 The Authors. The Journal of Physiology '© 2017 The Physiological Sodety
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of Cx43 gap junctional plagues in cells
treated with adenosine, which increases
cAMP concentration, as observed through
immunofloorescence in hCMEC/T3 {Bader
et al 2017). Coriously, though, cAMP
does increase the transcriptional rate of
Cx43 mRNA in a communication-deficient
Morris hepatoma cell line through a
mechanism also resistant to cycloheximide
(Mehta er al 1992). While in some
studies transcription inhibition reduced
the expression of Cx43, this effect has
not been associated to changes in gap
junctional communication. In neonatal
rat ventricalar myocytes, a rise in cAMP
concentration increases the size of Cxd3
gap junctions without affecting the Cx43
synthesis rate (Darrow ef al. 1996). Some
studies have reported that cAMP induces
de mowo gap junctional communication,
where Cx43 mRMNA transcription and trans-
lation most likely play a critical role. In
general, the cAMP effect on Cxd3 gap
junctions seems to depend on the cell type
and cell stage, and as mentioned above,
it is independent of protein synthesis in
several cells. Consequently, an alternative
mechanism of action that has been proposed
is that cAMP promotes the insertion of pre-
formed Cx43 in the cell membrane. Cx43
could be found as dispersed hemichanmels
on the cell surface or in vesicles located
between the Golgi apparatus and the cell
membrane. Several phosphorylation sites
located in the Cx43 C-terminal domain
have been proposed to affect gap unction
size and communication. One of them is
the phosphorylation of the amino acid
residue Ser373 by Akt, which increases
gap junction size and communication by
eliminating interactions between Cx43 and
the scaffolding protein Z0-1 (Dunn &
Lampe, 2014). In addition, the same group
showed that phosphorylation of Cx43 by
casein kinase 1 (CK1) at Ser325, Ser328 and
Ser330 promotes gap unction assembly. As
a matter of controversy, phosphorylation
of Cx43 might not be needed for gap
junction formation, since truncated Cx43
lacking meost of the cytoplasmic C-terminal
domain would form functional gap junction
channels amyway. But that is a black and
white demomnstration, and the role of cAMP
on gap junction size and communication
might only be repulatory. Thus, it remains
to be studied whether the coordinated

DioE: 101 30P2 74027
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cross-talk between a cAMP-dependent
pathway might activate Akt and/or CK1. A
possible alternative was recently discovered
in a systematic study by Bader et al. (2017)
performed on hCMEC/D3 cells. These cells
were treated with agents that increase cAMP
intracelhilar concentration (e.g. agonists of
A2 receptors, agonist of adenylyl cyclase or
membrane-permeant derivatives of cAMP),
after which increases in gap junction size
and gap junctional communication were
consistenitly observed. However, such a
response was independent of PEA becanse
inhibition of this kinase did not even reduce
the gap junction response. Instead, the
response required the activation of oxlic
nucleotide-gated {CNG) channels, which
are directly activated by cAMP binding to
a channel domain located in the intra-
cellular side of the cell membrane. Since
CMNG channels are permeable to Ca?+, their
activation led to Ca** influx, hence raising
intracellalar free Ca®* concentration. This
response was completely eliminated by
inhibiting the CNG channel, knocking
down the CNG channel or chelating
intracellalar free Ca®*. This systematic
analysis thus revealed the role of cytosolic
Ca*t concentration increments in positively
regulating gap junctions, which had maost
frequently been associated to reductions in
gap junctional communication.

Increases in cytosolic Ca®t could lead
to  cytoskeleton  disruption, promoting
the release of Cx43-containing vesicles
anchored to the cytoskeleton that serve

Perspectives

as conduits to the cell membrane.
Consequently, greater vesicle fosion with the
cell membrane and consequent insertion
of new hemichannels could occar, which
would favour the formation of gap junction
channels that would then aggregate and
increase gap junction size. This mechanism
might operate in conjunction with Cx43
phosphorylation by Akt or CKl, as
described above, but farther studies need
to be performed to prove this possibility.

Many of the above iindings are consistent
with the role of cAMP as a second
messenger, which amplifies signal trans-
duction and has a pleiotropic effect on
numerous molecular targets found  at
different levels of the cellular regulatory
machinery. Nevertheless, the smudies
mentioned could presemt  different
temporal outcomes. Systematic studies are
hence required in order to demonstrate
the relative contribution of each of the
findings in gap junction size growth and
communication. Finally, it remains to
be demonstrated whether this relay in
second messengers (cAMP to Ca®t) also
operates in different cell types and in the
blood—brain barrier in wiva. It could be
of interest to investigate whether the relay
from cAMP to Ca** might be accomplish
via Ca** influx through a different type of
membrane channel or through Ca*t+ release
from intracelhalar stores. Thus, as generally
ocoars in scientific research, the discovery
of an important issue opens several mew
questions.

J Physioi 5858
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CELL MIGRATION

ATP promotes the fast migration of dendritic cells
through the activity of pannexin 1 channels and
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P2X; receptors
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Upon its release from injured cells, such as infected, transformed, inflamed, ornecrotic cells, extracellular adenosine-
5'riphosphate [ATF) acts as a danger signal that rearuits phagocytes, such as neutrophils, macrophages, and dendritic
cells (DCs), to the site of injury. The sensing of extracellular ATP cccurs through purinergic (P2) receptors. We inwves-
tigated the cellular mechanisms linking purinergic signaling to DC motility. We found that ATP stimulated fast DC
mctility through an autocrine signaling loop, which was initiated by the activation of P2X; receptors and further am-
plified by pannexin 1 (Parx1) channels. Upon simulation of the P2X; receptor by ATP, Panx1 contributed to fast DC
meotility by increasing the permeability of the plasma membrane, which resuted in supplementary ATP release. In the
absence of Parx 1, DCs failed to increase their speed of migration in response to ATP, despite exhibiting a normal P2X»
receptor-mediated Ca®' response. In addition to DC migration, Panx1 channel- and P2X; receptor-dependent
signaling was further required to stimulate the recrganization of the actincytoskeleton. In vivo, functional Panx] chan-
nels were required for the homing of DCs to lymph nodes, although they were dispensable for DC maturation. These
data suggest that P2X; receptors and Panx1 channels are crucial players in the regulation of DC migration to endog-

o adginal LS
G mumsent 'Warks

encus danger signals.

INTRODUCTION
Dendritic odls (DCs) are bone marrow—derived cells that are sparsely bt
widely distributed in peripheral tissues. Upon encounter with danger-
associated signals, DCs migrate to draining lymph nodes to adivate T
lymphocytes and initiate adaptive immunity (1), DC migration @ there-
fore instrumental to the onset of the immune response. Danger signals
indude pathogen-asodated molecular pattems (PAMPs), such as bac-
terial lipopolysaccharide (LPS), and damage-associated molecalar
patterns (DAMPs), such as adenosne-5"-triphosphate (ATF) (2, 3). The
case of edracdlnlar ATP is particularly intrigumg becanse it regulates DC
migration at different stages (). Upon tissee damage, ATP rdeased into
the extracdlular milieu induces the rapid recruitment of immune
cells (4, 5). Simultaneowsly, but with reduced kinetics, ATP activates
DCs and stimulates the cdl surface expresion of CCR7, a chemokdne
receptor that fadlitates DC migration tolymph nodes (6). ATF therefore
emerges as a danger signal that links local sensing toadaptive immumnity,
In tissues, the steady-state extracelular concentration of ATP is
maintained in the nanomolar range but markedly inoeases (up to
the millimolar range} upon tissue damage, inflammation, infection,
and other pathological conditions (7-9). The presence of extracdlular
ATP is sensed through purinergic receptors (P2), which are locted at
the odl surface and dassified into two families, P2X or P2Y, which cor-
respond to ion channes and metabotropic receptors, respectively (10,
P2 receptors are differentially activated and are involved in a plethora of
cellular responses depending on the exposure imeand the concentration
af ATP (11, 12). In particular, ATP mleased from damaged cells to the
extracdlular milien promotes cdl migration through paracrine sgnaling
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(4, 51 In addition, ATF rdeased from migrating cells acts in an antorine
manner, enhandng the motdity of the ATP-releasing odls (4, 12, 13);
however, whether such signaling mechanisms function in DCs is undear.

Different mechanisms of ATP release might contribute to autocrine
signaling that is stimulated during cdl migration, inchiding membrane
channds constituted of pannexin 1 (Panx1) (4, 12-15). Panxl channes
enable the passage of small metabalites, signaling molecules, and fluo-
rescent dyes, and their opening is associated with the activation of P2X;
(16) and some F2Y receptoms (17). Pamx] is ubiquitously expressed in the
imrmume systern and is irvolved i vanous cellular processes, such as odl
migration, T cd] activation, and cdl death (14). In DCs the presence of
functional Parcl channds is suggesed from eqeriments in which dye
uptake wasohserved after the ATP-dependent activation of P2X; moptors
[ 18-24). However, functional evidence of the activity of thos channds and
their potential influence on immune sareillance by DCs is sill missing.

Here, we combined the wse of micofabricated devioes and bve-cel
microsmpy to show that the ATP-stimulated activation of DCs pro-
maoted ther fast migration, which likdy ocourred through a sustained
autocrine purinergic signaling loop. This loop depended on the opening
of Panxl channels, P2X; receptor activation, and subsequent Ca™
signaling and resulted n the rearrangement of the actin cytoskeleton
to maintain fast migration. Our results identify Panx] channels and
the P2X; receptor as players in the regulation of optoskeletal organiza-
tion and DC locomotion. Thus, modulation of Panx] channels and
P2¥; receptor activity in DCs might hdp modulate the immune senti-
nel functions of these cells ina pathological context, such as asthma or
cancer, in which ATP concentrations are dysregulated.

RESULTS

ATP-stimulated membrane permeability in DCs involves
Panx1 channels

Upon activation, Panx] channds and other large pore—forming pro-
teins enable the diffusion of ions, small molecules, and also fluorescent
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Phosphoethanolamine (pEtM) decoration of E. coldi Lipopolysaccharide (LPS) provides resistance to the
antimicrobial Polymyxin B (PolB). While EptA and EptE enzymes catalyze the addition of pEiM to the
Lipid A and Kdo (pEtN-Kdo-Lipid A), EptC catalyzes the pEtM addition to the Heptose I {pEth-Hepr ). In
this study, we investigated the contribution of pEtM-Hept, to PolE resistance using eptAjeptB and epeC
deficient E cofi K12 and its wild-type parent strains. These mutations were shown to decrease the

"_‘T”“ri‘: . antimicrobial activity of PolB on cells grown under pEtM-addition inducing conditions. Furthermore, the
I;fx;::ﬁ:’ﬁi" 1-N-phenylnapthylamine uptake assay rewealed that in vivo PolB has a reduced OM-permeabilizing
Pl activity on the AeptAleptB srain compared with the AepiC strain. In vitro, the changes in size and
zeta potential of LPS-vesicles indicate that pEtN-Hept) reduce the FolB binding, but in a minor extent
than pEtN-Kdo-Lipid A. Molecular dynamics analysis revealed the structural basis of the PolB resistance
promoted by pEtM-Hept, which generate a new hydrogen-bonding networks and a denser inner core
region. Altogether, the experimental and theoretical assays shown herein indicate that pEtN-Hept,
addition promote an LPS conformational rearrangement, that could act as a shield by hindering the
accession of PolB to inner LPS-targets moieties.
© 2017 Elsevier Inc. All rights reserved.
1. Introduction Almost all AP have a net cationic (positive) charge, a large pro-

portion of hydrophobic residues, an amphipathic structure and

The Gram-negative Outer Membrane (OM) Lipopolysaccharide
[LPS] is the first molecular barrier for a variety of molecules such as
metabolites, drugs and antimicrobial peptides (AF). Each LPS
molecule is composed of Lipid A, a core oligosaccharide and a re-
petitive oligosaccharide termed O-Antigen. The core oligosaccha-
ride could be further divided into inner and outer core [ 1] The Lipid
A and the inner core are usually descnbed as conserved regions:
nevertheless, both could be modified by nonsteichiometric sub-
stitutions, which impact on the bacterial susceptibility to several
antimicrobials [2].

* Comespending author
Exmmail address: danislaguayn@unabod (D, Aguayo)

exhibit a variety of structures as well as biological activity. AP ac-
tivity is directly related with the electrostatic properties of the LPS,
as example, Polymyxin B (PolB) mode of action is mediated by the
binding of its diaminobutyric acid residues [DAB) to the Lipid A,
attracted by the negative charge of the Kdo [3.4], the concomitant
displacement of Ca** and Mg?* ions and the insertion of its hy-
drophobic tail into the OM acyl chain core. Altogether, these mo-
lecular events result in the rupture of the cell membrane and
promate the binding of new PolB malecules to the OB, thus, it is a
highly efficient OM-permeabilizing compound [5).

As defense strategy, the bacteria decorate the LPS with different
chemical moieties such as acyl chains, aminoarabinose and phos-
phoethanolamine (pEtN], which shields the negative charges of the
LPS carboxyl and phosphoryl groups and impede the antimicrobial
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randomly chosen from 250 ns molecular dy
and phosph are

the negative charge shielding. Moreover, the Influence of pEIN-
Hept; on the LPS core compactness may convert this region into a
hydrophilic barrier to hydrophobic molecules, far from the acyl core
of the OM. This protective role of pEtN-Hept, against PolB is in
agreement with the zeta potential and reduced LPS disaggregation
activity, which suggest that Polymyxin B might not fully access the
negative charges of the LPS, furthermore, is in agreement with the
NPN assays that shows that pEtN-Hep; contribute to decrease the
destabilization of the hydrophobic acyl core of the OM by PolB.

4. Conclusions

The Lipopolysaccharide layer of the OM is the first molecular
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barrier of Gram-Negative bacteria. The LPS is usually decorated
with pEtN moieties at the Lipid A and Kdo, which reduce the
penetration of antimicrobial such as PolB. Our study shows that the
recently described addition of a pEIN moiety to the Hepy also
contribute to reduce the activity of Polymyxin B in vivo and in vitro.
We combined experimental assays and theoretical methods to
describe how this addition modifies the LPS core structure, and its
Implications on the hydrophobicity and the electrostatic in-
teractions of the LPS core with different molecules. Finally, the
analysis of molecular simulations of LPS bilayers indicates that
when pEtN-Hept, is added the LPS molecules tend to be in a com-
pacted conformation, which contribute to electrostatic shielding
the charge of the inner core phosphate groups and appears to act as
a steric hindrance for PolB binding.
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Fig B. Sell-diffusion coefficients of FA-PEGT? 50 and FA-PEC3150 dendrimers.

retain the folic acid inside the binding pocket (Fig. 51 in Support-
ing information). The main amino acids involved in this binding
are AspB1, Trpl02, Argl03, Argl06, Trpl140, His135 and Gly137.
The side chains of the first five amino acids directly interact with
folic acid, and the last two with the backbone part of the amino
acid, On the other hand, 77— stacking interactions over the pterin
ring were observed, formed by His135 and Trp171 amino acids. As
it was expected, when we evaluated the interactions of the com-
plete dendrimers against the folate receptor, we observed several
variations in comparison with the FA-FRo crystal reference, Which
means that the dendrimers have an effect over the interactions with
the aminoacids of the receptor evaluated at 200 ns of MD.

In addition, we can assume that the folate fragment from the
dendrimer with PEG750 remains inside of the receptor, s we can
observe a low number of hydrogen bonds (Fig. 7) very close or
equal to zero through the whole trajectory. Also, when the whole
dendrimer with PEGT50 was in contact with the FR-o, it showed
the presence of H-bonds and as a result, some interaction with
the receptor. Meanwhile, the dendrimer with PEG3350 presented
slightly more H-bonds than the dendrimer with PEGT 50,

As a result, we can imply that FA-PEG3350 dendrimer has a
slightly better interaction and stability with the receptor than FA-
PEGT 50 dendrimer, However, the dendrimer with PEG730 is also
an interesting vehicle for further experimentation,

In addition, histidine (HIS135) was the amino acid with higher
percent of hydrogen bands occupancy (Table 52: Supporting Infor-
mation) between the receptor and the folic acid fragment from both
dendrimers with PEG750 and PEG3350. According to Miller et al.,
histidine residues can help improve stability, |29]

Finally, FA-PEG3350 dendrimer showed the least diffusion coef-
ficient (M3D) (Fig. 8) along the molecular dynamics trajectory with
a mean value of 1.34 « 108 nm2/nz in comparison with FA-PEGT 50
dendrimer and folic acid itself, which presented MSD mean values
of 4.35 = 10° nm?/ns and 2,068 = 10* nm?/ns respectively.

As aresult, PEG 3350 has a better chance to interact with folate
receptor FR-w, being a better alternative in conjugation with folic
zcid for drug delivery systems,

As reported before by Schmidike et al. [53], when a ligand and a
receptor interact via H-bonds shielded from water by surrounding
hydrophobic regions, as in this case, the resulting complex tends
to be more Kinetically stable than if the hydrogen bonds were less
shielded, However, the difficulty with which water diffuses into and
away from the hydrophobic sites appears to create a Kinetic barrier

toligand binding and unbinding, Inotherwords, low diffusion could
affect the kinetic properties of the dendrimers.

4. Conclusions

This molecular dynamics study validated that PEG chain lengths
(750 and 3350 Da) did not interfere over ligand-receptor binding
functionality, Although kinetic binding may be affected, especially
for the FA-PEG3350 dendrimer, the folate fragment from both den-
drimers remained exposed to the solvent before approaching to
folate receptor, so it could selectively direct the dendrimer towards
FR-wx, where interaction and internalization would be able to occur.
As a result, theoretical evidence supports that the proposed PEG-
folic acid dendrimers represent a new viable altermative as drug
delivery systems for cancer therapies. Mevertheless, experimental
corroboration is required to verify if PEG fragment length of this
dendrimer allows an adegquate diffusion in water and does not affect
its application in cancer therapy.

Therefore, in vitro and in vivo experimental corroboration
is necessary by isothermal titration calorimetry, fluorescence
microscopy to probe the effectivity of the dendrimer against cell
death and to corroborate dendrimer-receptor binding. Flow cytom-
etry and MTT assays can also help to determine cell viability and
cytotoxicity of FA-PEG systems.
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Central and peripheral clocks are coupled by
a neuropeptide pathway in Drosophila
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Animal circadian clocks consist of central and peripheral pacemakers, which are coordinated
to produce daily rhythms in physiology and behaviour. Despite its importance for optimal
performance and health, the mechanism of clock coordination is poorly understood. Here we
dissect the pathway through which the circadian clock of Drosaphila imposes daily rhy thmicity
to the pattern of adult emergence. Rhythmicity depends on the coupling between the brain
clock and a peripheral clock in the prothoracic gland (FG), which produces the steroid
harmone, ecdysone. Time information from the central clock & transmitted via the neuro-
peptide, sMPF, to nor-clock meurons that produce the neuropeptide, FTTH. These secretory
neurans then forward time information to the PG clock. We also show that the central clock
exerts a dominant role on the peripheral clock. This use of two coupled clocks could serve as
a paradigm to understand how daily steroid homone rhythmes are generated in animals.
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of Connexin 39 Hemichannels
Expressed in HelLa Cells
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Although connesans (Cxs) are broadly expressed by cells of mammalian organisms,
Cx39 has a very restricted pattern of expression and the biophysical propertes of
Cw39-based channels fhemichannels (HCs) and gap junction channels (GJCs)] remain
largely unknown. Here, we used Hela cells transfected with Cx39 [Hela-Cx39 cells)
in which intercellular electncal coupling was not detected, indicating the absence
of GJCs. However, functional HCs were found on the surface of cells exposed to
conditions known to increase the open probabiity of other Cx HCs (e.q., exracellular
divalent cationic-free soluton [DCFS), extracelular alkaline pH, mechanical stimulus and
depolarization to positive membrane potentials). Cx38 HCs were blocked by some
traditional Cx HC blockers, but not by others or a pannexini channel blocker, HeLa-Cx38
cels showed similar resting membrane potentals (EMPs) to those of parental cells,
and exposure to DCFS reduced BMPs in Cx39 transfectants, but not in parental cells.
Under these condifions, unitary events of ~75 p3 were frequent in Hela-Cx39 cells
and absent in parental cells. Real-time cellular uptake experiments of dyes with different
physicochemical features, as well as the application of & machine-learning approach
revealed that Cx39 HCs are preferentislly permeable to molecules charactenzed by
six categones of descriptors, namehy: (1) electronegativity, (2) ionization potential, (3)
polanzability, (4) size and geometry, (&) topological fiexibility and (5) valence. However,
Cx39 HC= opened by mechanical stimulation or alkaline pH wers impermeable to Ca?t.
Muolecular modeling of Cx38-based channels sugogest that a constriction present at
the intracellular portion of the para helix region co-localizes with an electronegative
patch, imposing an energetic and steric barmer, which in the case of GJCs may hinder
channel function. Results reported here demonstrate that Cx33 form HC s and add to our
understanding of the functional roles of Cx39 HC= under physiological and pathological
conditions in cells that express themn.

Keywords: Cx39, gap Junction, electrical coupling, membrane potential, unitary conductance, dye-uptaks,
permeablity

Frontiers in Priysioiogy | www. rontiersin ong

1 Febnuany 2017 | Volume 8 | Arficle 38

159



vargas af gl

CINV ANNUAL PROGRESS REPORT —2017

Properties of Connexin 39 Hamicharnets

intracellular portion shows an electropositive  confluence,
whereas the extracellular side tends to be electronegative,
showing a diffuse pattern in which negative charges are mixed
primarily with neutral regions and, to a lesser extent, with
positive regions  (Figure 9).  Interestingly, mCx39 escapes
this trend by exhibiting a more neutral intracellular side,
showing a diffuse pattern of positive charges, and a markedly
electronegative confluence at the extracellular side flanked by
two neatral regions located at both sides of this negative charge
accumulation (Figure 9). Moreover, this electronegative patch
co-localizes with the unique constriction exhibited by mCx39 at
the intracellular region of the PH (Figure 9). Considering the
importance of the localization of charges for the fonic selectivity
of Cx-based channels (Ek-Vitorin and Burt, 2013; Escalona et al.,
2016) it 15 expected that any alteration to this pattern could
hinder ion currents or voltage sensing. hence affecting channel
function. A possible functional consequence of the homotypic
docking could be cell-cell addition, which is an important Cx
function frequently overlooked

CONCLUSIONS

Results reported here demonstrate that Cx39 forms functional
HCs with distinct unitary conductance (73 £+ 5 pS) and
inhibited by extracellular Caz+, howewer it does not form
functional GJCs. Cx3% HCs are preferentially permeable to
maolecules characterized by six categories of descriptors, namely
(1) electronegativity, (2} ionization potential, (3) polarizability,
(4) size and geometry, (5) topological flexibility and (6) valence.
Unlike other Cx HCs, Cx39 HCs are not permeable to Ca®t
and show different in sensitivity to classical HC and GJC
blockers.
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Selective binocular vision loss in
two subterranean caviomorph

rodents: Spalacopus cyanus and
Ctenomys talarum

C. E. Schleichs & J. Mpodozist

To what extent can the mammalian visual system be shaped by visval behavior? Here we analyze
the shape of the visual fields, the densities and distribution of cells in the retinal ganglion-cell layer
and the organization of the visual projections in two species of facultative non-strictly subterranean

rodents, Spalacopus cyanus and Ctenomys talarum, aiming to compare thess traits with those of
phylogenetically closely related species possessing contrasting divmal/nocturnal viswal habits.

5. cyanus shows a definite zone of frontal binocular overlap and a comesponding area centralis, but a

highly reduced amount of ipsilateral retinal projections. The situation in C. talarwm is more extreme as
it lacks of a fronto-ventral area of binocular superposition, has no recognizable area centralis and shows
no ipsilateral retinal projections except to the suprachiasmatic nucleus. In both species, the extension

of the monocoular visual field and of the dorsal region of binccwlar overlap as well as the whole set of

. contralateral visual projections, appear well-developed. We conclude that these subterranean rodents
. exhibit, paradoxically, divmal instead of nocturnal visual specializations, but at the same time suifer a
specific regression of the anatomical substrate for stereapsis. We discuss these findings in light of the

. visual ecology of subterranean lifestyles.

It is generally accepted that subterranean environments favor magnetic, sound, tactile, vibratory and olfactory

cuees to the detriment of visual ones'?. Nevertheless, the cumulative body of anatomical and behavioral evidence

suggests that even in strictly subterranean mammals. light perception and low acuity vision play indispensable
roles in photic entrainment of activity rhythms, photic control of seasonal reproduction, predator avoidance and
tunnel maintenance® ®. Subterranean mammals show a great diversity of ecular arrangements, including varia-
tions in eve and corneal size, retinal thickness, and number/distribution of ganglion cells>". In addition, thowgh

© less extensively studied, the central visual nuclei follow similar trends, showing varying levels of regression in
. different subterranean species''". For example, the blind mole-rat Spalax ehrenbergi has very small subcutane-
: ous eyes with highly reduced numbers of ganglion cells and vestigial visual nuclei, except for the suprachiasmatic

nucleus (SCN). On the other hand, the northern mole-vole Ellobius talpinus has normal sized eyes with a mod-

erately reduced number of retinal ganglion cells and fairly well-developed central visual nuclei".

Moreover, the degree of visual system reduction seems to correlate with the fraction of daily time spent
underground"~, Strictly subterranean species, such as the blind mole-rat, which live almost exclusively under-

¢ ground, show highly regressive visual systems, whereas facultative non-strictly subterranean species, such as the

mide-vole, the coruro (Spalacopus cyanus) and the tuco-tucos (Ctenomyidae, Rodentia) which spend a significant
fraction of time on above-ground activities, are known for having less regressive visual systems*%,
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Accessing gap-junction channel structure-
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function relationships through molecular
modeling and simulations

F.villanelo', ¥. Escalona’, C Pameja-Bamuetn’, | A Garate'™, | M. Skemett® and T. PerezAcke'™

Fram Intermational Gap Jundion Conference 3015
Valparaiso, Chile 28 March - 2 April 2015

Abstract

and axporimental evidencea,

Homalogy modeling

Background: Gap jundion channels [2ICs) are massive protein channels connecting the cytoplasm of adjacent
cells. These channels allow intercellular transfer of molecules up to ~1 kDa, including water, ions and other
metabolites. Unveiling structure-function relationships aded into the molecular architeaure of these channels is
necessary 1o gain insight on their vast biological function including electrical synapse, inflammation, developrment
and tissular homeostasis. From eardy works, computational methods have been oritical to analae and interpret
experimental ohservations. Upon the availability of crystallographic structunes, malecular madeling and simulations
have beame a valuable tool to assess structure-function relationships in GQICs. Modeling different aonnexin
isoforms, simulating the transport process, and explodng molecular variants, have provided new hypotheses and
out-of-the-box approaches to the study of these imponant channels.

Methods: Here, we review foundational structural studies and recent developments on GICs using molecular
modeling and simulation technigues, highlighting the methods and the crosstalk with experimental evidence.

Results and discussion: By comparing results obtained by molecular modeling and simulations technigues with
structural and functicnal information abtained from both recent literature and structural databases, we provide a
critical assesment of structure-function relationships that can be obtained from the junction between theoretical

Keyword: Connexins, Hemichannels, Gap-junction channels, Structure and function, Molecular simulation,

Background

Gap junctions (G)s) are regions of cellilar membranes
in which transmembrane proteins belonging to adjacent
cells are in close contact, thereby forming hydrophilic
dual-membrane channels. These channes allow the
exchange of nutrients, metabolites, ions and small mole-
ailes up to ~1 ka. G) channels (G}Cs) are formed by
the end-to-end docking of the extracellular portion of
two hemichannels (HCs) or connexons [1] each HC

* Coregmondence tomes@d b

Campursions Bology Lab Fundaridn Cenaa & Vida, Santaga, Chile
Fenwn Inerdsdpinan de Nerodenda de Valpamisg, Universdad de
Vaparaisa, Playa Ancha, Valpemisg, Chile

Full ist of author nformation is avalable at fie end of e atide

being composed of an hexagonal array of connexins (Cx)
protomers [2). GICs have crudal roles in many proesses
including differentiation, neuronal activity, development,
immune responses and cell synchronization. Moreover,
several human diseases are caused by mutations in con-
nexins, including neurodegenerative diseases, skin dis-
eases, deafness and developmental abnormalites [3].

From rough to fine: the sardy ages of GIC structure

The dismvery of GJs began with the seminal work of
Robertson who described them as regular and hexagonal
lattices filling the gap between the cellular membranes of
adjacent cells [4, 5]. Benedetti and Emmelot [6] described

& The foshor(s) 2007 Open Acoess This amide | dssibuted wnder e terms of S Ceative Commons Asibufion 40
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o Crenmve Commons licerae; and Indmie F changes wire made. The Cromive: Comenore Pulble Domain Dediction vaber

(v e mem oo ong el lodormainy zer o1 ) applies wo the data made avalable In s e, uniess afereise Swed.

163



The Autheds) BME Call Biskagy 2017, 185uppl 115

clnowde dgements

This work was parialy supported by Fondecyt #1160574 (o TPA), FRET1G
Fundaciin Cenda para la Vida and ICM-Eonomia POS-022-F Camtm
nedEcpinedo de Meurotencies de Valpara=o (PA, JAG) Conicyt Schalaship
o FL

Declarations

This article has been published as part of BUC GV Bobgy Vaume 18
Supplement 1, 2017 Proceedings of the Inemational Gap lunction
Conference 2015 semond issue. The full montenss of fie suppiement 2o raiahie
anliine at Mt omcoslbial Bomedosn ral comyasticies fsupplemen =/
wolurme- 1 8-supplement- 1.

Funding
Putdication charge for this aricle ws fnded by grant Fondecyt
#1 160574 {0 TPAL

Availsbillity of dats and materisls
Mot applicable

Authors’ ontibutions.

A mnceved the oignal dea. PA and FY co-weote and @m-sdited #he frnal
wrsion of the manuscipt JAG, ¥E, CF and M3 co-edited the et and
rmnbuied 1o the dsarsion Al athos red and appoved the fnd manuip

Compeeting interests
The authoms declare that they hawe no mmpetng nevess

Consent for publiction
Mot applicakie.

[Ethics approval and consent to paticipate
Mot applicable

Author details

Comparationa Bology Lab Fundacian Cenda & Vida, Sanfaga, Chile.
Tento Interdisdpinan de Meundenda de Valpaisn, Universidad de
Vaparaisa, Playa Ancha, Valpemisg, Chile. Mg Uriversity of Mew Yok
S BuSdo Sote, Bulala, MY 14222 USA

Published: 17 lanuary 2017

References

1 Goodenaugh DA In wita fommation of gap juncton vescies. | Gell Biol
TSGR 011

1k Hams AL Emenging imues of connesn channeds: biophysics fils e g
) Py Biophrs, 20034325472

1 Saep T Berthoud WM, Bone MC, Mariner AD, Beyer EC PMlama memirane
charmes formed by e Sweir egulation and funcions. Physol Rew.
ARATIIE-A00

4 Robewon D, The ooorene of 2 subunit mitan in the uni membanes
of dub endings in Mantbner cel ynepss in galdfish b | Gell 8ol
196% ¥ 200 -1

i  Raobewmon D, Bodenfemer T Stage DE The uirastruciue of Mawtiner
cxdl synapmes naodes in gadfsh, J Cdl Bial, 1963 1205993

G Benedeti B, Enmeiot P, Eecion micosmpe afsatons on negatively
siained plama mermb anes ke fom ra e J Cell Bol 1965 229930

¥ Rewsd B, lamoesky ML Heagorel avay of subunis in inercdlur pnctions
of the mouwse heart and liver. J (el Bol 196733072

& Payton BW, Bernett AL, Pappe GO Permenkility and stuchee of
puncional memiranes & an eechoionic S Soence. 1998165 161-3

9 Goodenough DA, Soeckenius W The isoafon of mowse hepaiooyte gap
puncions. J Cell Bl 7154056

10 Goodenough DA Bulk zobtion of mouse hepooe gap junciom
Characenzation af $e pinapa poien, connean J Gell Bol 19841 35780

1. Urnwin PM, Zampighi G Suctore of the juncion between mmmunicaing
cells Matwe 198032459
Urnain P, Enns PO Two configurations of 2 channetfomming membans
raien Mo 198430747911
Weager M, Giula N8 MemErane topdlogy and quatemary stucire of
cad iz gap juncian ion dennels. ) Mal Bol 19523390948

7

I

=]

4

CINV ANNUAL PROGRESS REPORT - 2017

Page 130l 15

Fhang IT, Michalson Bl The tapologicel stucture of connesin 26 and is
disribuion mmpaed ta conresn 2 in heptic gap pnctions J Memkr
Bial 1994101529,

Unger WM, Kumar MM, Glula MB, Yenger M Projecfion srcue of 2 gap
juncions mesmbane channed a8 7A resoluion. Matue. 199745869

Unger W, Kumar MW, Giula M8, Yenger M Three-dimemsona studue af 2
recamhinaT gap juncian memane duennel Soence 199 RE 1 FE-R0
Yeager M, Unger WM, Fak MM Synthess, ssemily and struciuee of gap
junciion imtercediular channels. Curr Opin Stuct Bol 19988517-H.

Oshima A, Tani K, Hroski ¥, Fuyoshi Y, Sosmiy GE Three-dimemsona
structire of 3 human omnain g jundion channel ek aplug in
the westibule. Proc Mad Acad 30 U 5 A HIO7A04:0 00842,
Mzeda 5, Makagawa 5 Soge M, Yamashin £ Oshima 4, Faashi'Y, Taukihea T
Smuchre of e connedn 16 gap juncion chenned 2t 15 A resoinion Mere
HEATRIEE-A0

Al D, Mand GM, Enged A, Sosirsley . Conformafonal dhanges in swree
srucres of izoiied cnreen 26 gap unctions BMB0 L 2000213508607,
Flesfiman &0, Unger ¥, Yeager b, Ben-Td N A (o model for $he
trarmmembrane a heliees of gep pndion imtecelular channeds Mal
Coll. 2004 (S EF0-80

Ewan T, Harns AL, Row 4, Brgidla TA Maleolar dyemic smulkions

of the O hemichannet Baluaton of structual modek with Baowrian
dyramics. J Gen Physol. 200113847593

Purnick. FE, Benpmin D, Werselis W&, Bangieila T, Dowd TL. Structure of
the amina Ermins of 2 gap juncion protein. Axch Biochen Biophys
OO0 A -2,

Thou KW, Piahnl A Wemer B, Hudder A, Lianes A Luelie A, Dahl G
ldertification of 3 pare lining segment in gap undtion hemichannes
Biophys L MOTTEIHE-SD

¥rarengald | Tresder EB, Buka rios FF, Bangiella TA, erelis Wi Sngle
chanmed 50AM dendfies poredinng residues in the fimt exracdlubr bap
and firs tansmemivane domars of Gl hemichenneds J Gen Physial
OO R0

Sheent IM, Aronowit | Shin B, Cymes G, Kaspesek E, Caa FL, Michakan B
lderiification of amna acd residues lining #e pore of 2 gap uncfon dannel
J Cedl Bl 2002 15534930,

Kmaros B, By KA, Altenibeng G4, Atlegyen B, Yeager M. Moeouiar modeing
and mutsgenessaf gap unction durnes Fog Bopfys Mal Bal H0754:5-28
Shemett I, D0 WL, Kasperek B, Keledl 0P, Michalson Bl Aberrant gating,
buta nommal exgremion petem, undesies the e phenoype of e
denfness mutent CommexindSAM34T. FAGEE 1 2004 88007

Shemett M, Kaperek E, GraFL Shn M, Aronowitz J, Abmed %, Michalon BL
Apgiicaion af 30AM ubgitued orene accessbiity meshod) togap
puncton imerasliular channels. Gell Commun Ad hes, 200580 B85
Fartana 5, Fora F, Marmmana B Afuly 2tomisic moded of $e Grl conneson.
Plot One ADEE-I0.

Bl A, Fiara 5, Brstwood MP, Oeor RO, Saw DE. Refinement of proten
sirucire homalo gy madds wa lang, dketom maleuar dyamic smukiom.
Protere Seuct Funct Bomforna. 300 280050019

Malagmaa 5, Maeds § Taikhara T Stuctral and funcional studies of gap
punction chennes. Cur Opin Svuc Bol 2002042330

Amazcal F, Zardaya AL Evitonay aelses of gap junction proiein familes
Biochim Biophys Ada W0 LA 14

Maeds 5 Taudhera T Stuctre of the gap pndion dennel and s
implicafos for it bioogicl functioms. Cel Mal Life 3. 30014881 11529
¥u J, Michaison B The role of connesis in eerand %in physoogy - Funcional
irmigis from desEsawocited mutstors Binchim Biapfys Aot Bomemi.
HNAERRGE-TE

Somireky G Mixing of connesns in gep juncion memibrane demmes
Proc Matl Aced Scil) 5 A 19569292104

Matinez A0, Madpildn ) Acufio B Minogue P, Barthoud WA, Bayer EC
Differernt domaires are cifial for aigomenzaton compatbiity of difesem
cormexre. Bodhen |00 p4ASAE-41

Chathiz C Principles that detesmine the stucure of proteims. Annu Rey
Biachemn. BE4E1S1T-T2

Lesk AM Lesit M, (hothia C Alignment of $he amino add equences of
distrry relaied proteins uing wmbe gap pralies Potdn g, MG HTTE
Saii A, Blundell TL Definition of geneml topobgical equivaene in poten
structuees. | Mal Bol 199020 40028

Zaii A, Blundell TL Compartive Proten Moddling by Satsfaction of Snatil
Resvams. J Mal Bial 1995247808

164



CINV ANNUAL PROGRESS REPORT —2017

SCIENTIFIC REP{E}RTS

OFEN o subunits in GABA, receptors

waved: 17 July X017
sepied: 31 October 2017
Ilished online: 14 November 2017

are dispensable for GABA and
diazepam action

Misa Wongsamit kull, Maria C. Maldifassi®, XeniaSimeone?, Roland Baur!, Margot Emst (0 &
Erwin Sigel*

© The major isoform of the GABA, receptoris r, 3,7, The binding sites for the agonist GABA are located
i atthe B,+/oy,— subunit interfaces and the modulatory sitefor benzodiazepines at o, +f-y,—. Inthe

: absence of m, subunits, a receptor was formed thatwas gated by GABA and modul ated by diazepam

© similady. This indicates that altemative subunits can take over the role of the o, subunits. Point

mutations wereintroduced in [3; or =, subunits at positions homologous to o, — benzodiazepine
binding and GABA binding positions, respectively. From this mutation work we condude thatthe site

| forGABAS loc ated at a 3.+, — subunitinterface and that the diazepa m site is located at the B+

¢ ~1,— subunit interface. Com putational docking leads to a structural hypothesis attributing this non-

. canonicalinteraction to a binding mode neary identical with the ane at the o+, — interface. Thus,

© the 3, subunit can t&ke over the role of the o, subunitfor the formation of both sites, its minus sidefor
¢ the GABA binding site and its plus side for the diazepam binding site.

~-Aminobutyric acld type A (GABA ) receptors are the major inhibitory neurotransmitter recepdors in the mam-

malian central nervous system. The GABA, receptor 15 a pentameric protein complex, whose subuntis are drawn
from the following different soforms: oof 1-6), 3(1-43, ~(1-2), & =, 0, 7 and p(1-3}. The five subunits form a

¢ chioride selective lon channel' . The most common isoform of this receptor conststs of two o, two 3, and one -,
¢ swhamtt{sT** arranged o, 30,5, counterclockwise when viewed from the extracellular space™ . These receptors
¢ have two agontst GABA binding sites and one benzodiazepine binding site™™. By using in wifro mutagenests the
¢ binding sttes for the agontst GABA were located to the (b, +/0,— subunit interfaces'", and the modulatory site

for benzodiarepines was at the o, +/~,— subunit interface”. Thas, the o, subunit ts commanly accepled to con-

tribute to the formation of both sites.

The GABA; receptors can be activated by the agonist GABA and modulated by many drugs"'. Among these

drugs are the benzodlazepines, such as dlazepam, that have sedattve, anxtolytic, anticonvulsant, hypnotic, and

musche relaxant properties™. Coexpression of different combinations of recombinant subunits has generated

GABA, receplors with distinct pharmacological and ectrophysiological properties.

As early as 1990, we observed that f,~, GABA, receptors, lacking the o, subunit, were activated by GABA

¢ and potentiated by diazepam'®. Later this observation was confirmed by several groups for GABA and diaze-
: pam'™** or ather modulators™. Expression was also documented for 3,7, and 5,4, GABA, receptors. In
: the present study, we tried to understand this apparent contradiction and decided to investigate whether alterna-
¢ tve GABA and benzodiazepine-binding subunit interfaces exist. Stie-directed mutagenests was combined with
: two-clectrode voltage clamp in Xemopus oocytes. Our findings suggest that the 3; subunit may replace the o,
: subunit for the formation of etther site. We have previously utilized expertmentally guided computational dock-

Ing that led to a diazepam bound structure moedel at the o, +/~;,— Interface®. Computational docking at the
[+~ — interface ylelded structural models which strongly suggest that diazepam can Interact with this sile ina

binding mode nearly identical with the one observed at the canonical o, + /7, — site, thus explaining the similar
: apparent potency.

© Ynstitute of Biochemistry and Molec ol ar Medicine, University of Bern, Bern, Switzerland. *Department of Moleoul ar

MNeurosciences, Center for Brain Research, Medical Universty of Vienna, Vienna, Austria. 'Present address: Centro
Interdisciplinariode Neurodiencia de'Valpar aiso. Facultad de Gencias, Universidad deValpar aiso, Valparaiso, Chile.
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Hyperpolarization-Activated Current
Induces Period-Doubling Cascades
and Chaos in a Cold Thermoreceptor
Model

Keshang Xu', Jean P Maidana ', Mauricio Caviedes !, Daniel Quaro?, Pablo Aguimra® and
Pairicio Orig?-3*
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In this article, we descnbe and analyze the chaotic behawor of a conductance-based
neuronal bursting model. This is a model with a reduced number of vanables, yet it
retans biophysical plausibility. Inspired by the actnity of cold thermoreceptors, the model
contains a persistent Sodium current, a Calcum-actvated Potassium current and a
hyperpolanzation-actvated current (Jy) that drive a slow subthreshold cscillation. Driven
by this oscillaton, a fast subsystern (fast Sodium and Potassium currents) fires action
potentials in a periedic fashion. Depending on the parameters, this model can generate
a vanety of firing patterns that includes bursting, regular tonic and polymodal finng. Here
we show that the transitions between different finng patterns are often accompanied by a
range of chaotic finng, as suggested by an imegular, non-periodic firing pattern. To confirm
this, we measure the maximum Lyapunov exponent of the voltage traliectones, and the
Lyapunov exponent and Lempel-£iv's complexity of the 151 time seres. The four-vanable
slow systemn (without spiking) also generates chaotic behavior, and bifurcation analysis
shows that this is often orginated by penod doubling cascades. Either with or without
spikes, chaos is no longer generated when the |y is removed from the system. As the
model is binlogically plausible with biophysically meaningful parameters, we propose it
as a useful toaol to understand chaotic dynamics in neurons.

Keywords: chaos, hyperpolarization-activated current, conductance-basad model, bursting, period doubling

1. INTRODUCTION

Chaotic behavior in neural systems has been observed for many years. Experimental observations
of non-peniodic responses range from molluscan neurons {Athara et al., 1984) to rat sciatic nerves
(Gu, 2013}, including lobster CPGs {Abarbanel et al., 1996) and fishs Mauthner cells (Faure et al.,
2000) (for a review, see Korn and Faure, 2003). In addition, chaotic behavior has been analyzed in
detail in several models of neural excitability. Notable examples include the Plant model for the R15
bursting cell in Aplysia (Plant and Kim, 1976) that shows a chaotic regime between bursting and
beating firing modes (Canavier et al., 1990}); the Chay model of pancreatic 8 cells (Chay and Rinzel,
1985); and the Huber & Braun (H&B) model of cold thermoreceptors (Braun et al., 1998; Feudel
et al., 2000).

Frontiers in Computational MeurDscience | wass ontiersin.ong 1

Karch 2017 | Volume 11 | Artice 12
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found that chaos appears only in certain ranges of slow
time constants Tgy, T, and 15 However, in contrast to
the mentioned previous works, our model exhibits chaotic
behavior within the biologically plausible values of these

parameters,

Our findings emerge as an important contribution to the
existing literature on the role of homodinic bifurcations in
concrete neuronal models (Feudel et al, 2000; Shilnikov and
Cymbalyuk, 2005; Shilntkowv, 2012). Future work on the chaotic
behavior of the HB+Ih model can include a2 more detailed
geometrical analysis of the chaotic attractors and a deeper
investigation of bifurcations occurring at the onset of chaos.
Indeed, chaotic dynamics can also be triggered by a wide
range of global bifurcations such as homoclinic and heteroclinic
phenomena (Aguirre et al, 2013, 2014) which have yet to be
analyzed in the HB+1h model. The simplicity of this model and
the fact that its equations and parameters maintain biophysical
meaning. can make it a useful tool to understand how chaotic
brain dynamics can be shaped by changes in ion channel
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1| INTRODUCTION

Altered cell-to-cell communication & mow emenging 25 an important
feature of many brain pathologes (Garden & La Spada, 2012). In partic-
ular, the crosstalk between gial cells and newnons which ks crudal for
newronal function and health & found to be impacted in number of
acute as well as chronic, diseases (Halassa Fellin, & Haydon, 2007,
Kettenmann, Kinchhoff, & Verkhratsoy, 2013 Ross, 2015) Indesd,
both astrocytes and microglial cells become reactive and their ability to
release a large amay of factors includng pro-inflammatory cytokines
and giotransmitters ks strongy modified, leading to synaptic dysfume-
tions and newronal damages. Among the multiple actors imeobeed in
this crosstalk, acc umulating evidence | ndicates that hemichanngs (HCs)
can be important plavers in pathological processes by providing a

The contribution of reactive gliosis to the pathological phenotype of Alzheimer's disease [AD)
opened the way for therapeutic strateges targeting glial cells instead of newrons. In such contest,
connesdn hemichannds were proposed recently as potential targets since neuronal suffering ik
alleviated when connexin expression ks genetically suppressed in astrocytes of 2 murine modd of
AD. Here, we show that boldine, an alkaloid from the boldo tree, inhbited hemichannel activity in
astrocytes and microglia without affecting gap junctional communication in cutture and acute
hippocampal slices Long-term oral administration of bobdine in AD mice prevented the increase in
glial hemichannel acthity, astrocytic Ca®* signal, ATP and glutamate relesse and alleviated
hippocampal meuronal suffering These findings highlght the important pathological role of
hemichanmels in AD mice The neuroprotective effect of boldine trea tment might provide the basis
for future pharmacological strateges that target glial hemichannels to reduce neuronal damage in
neursdegensative diseases.

Alzheimersdisease, astrocytes, conmesdn, hemichannel, microgia

paracrine pathaway tangeting meuronal activity and survval (Bennett
et al, 2012; Orellana, Retamal, Moraga-Amaro, & Stehberg, 2016).
Indeed, once activated in glal cdk, HCs are invohed in the release of
gliotransmitters like ATP and gutamate as well a5 chemokines that
have deleterious consequences on neurons as reported for murine
modds of Alzheimer's disease (AD) (Orellana et al, 2011k Takewchi
et al, 2011; ¥i et al, 2016), experimental allerglc encephalomyditis
| Shijie et al, 200%), amyotrophic lateral sderods (Almad et al, 2016;
Takeuchi et al, 2011) and neurcpathic pain (Bravo et al, 2014; Chen
et al, 2014). HCs can be formed by two families of functionally related
proteins which share the same tranamembrane topology but have
divergent primary seguences: pannexdne (Pams) and connestins (D)
|Giaume, Levhaert, Maus, & Sdez, 2013] They oligomerize into heam-
eres that isolate a large nonselective pore in the membrane allowing

Gha 201 7:1-19.
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endatheial calls and as a consequence, could ameliorate A clearance
and reduce Af accumulation in boldine treated animals. However, we
observed that the progresdon of the amylold deposition is not maodi-
fied by boldne treatment suppesting that if boldre has an effect an
BBR, it is only marginal and likely not essential in its neuroprotect e
action. Second, boldine was alo reported to hawe anti- inflamm atory
effects (Lau et al, 2015), In agreement with this, we have shown that
the level of TNFx was dightly but significantly reduced in APP/PS1
mice treated with boldine while IL-18 level was mot significanthy
affected. We previously showed that inflammation is invdved in Panx 1
HC activitation in astrocytes dose to amylold phgues in APP/PS1 mice
¥ et al, 2018) Indesd acute application of minocydine that reduces
the level of THF-x in APP/PS1 brain slices was able to inhibit Panscl
HCs in these reactive astrocytes. Hence, the an tiinflamm atory effect of
baoldine can be one of the medhanisms invohed in the inhibition of
Pamed HCS observed in APP/PS1 mice.

The absence of toddty of boldine in a large range of doses indlud-
img the concentration used presently (imenez & Speisky, 2000;
OrBrien et al, 2004), its ability to reach the brain after in vivo adminis-
tration, its water solubility and thus its fadility to be delivered by oral
administ ration, a5 wel a5 its relatively low cost compared to mimetic
peptides, make it a promising therapeutic molecule to fight deleterous
effects of HC acthity in diverse brain pathologies Indeed, a neuropro-
tective effect of boldine in a2 modd of stroke induced by a permanenit
MCAD in mice was recently described (de Lima et al, 2017) In mice
treated with 25 mg'kg boldine during 5 days after stroke, the size of
the infarct area and the neurcinflammatory response were reduced,
while cell viability and newnol opical scores of the mice were improved.
The mechanizms undertving such neuroprotection were not examined,
bt am inhibition of glial HCs that are activated in lschemic conditions
(Contreras et al, 2002; Glaume et al, 2013) could likely contribute to
its beneficial effects Moreover, boldine ks present in many nutraceuti-
cal preparations indicated in the treatment of diverse human disorders
in particular digestive ones without secondary ddsterious effect
(Spekky & Camels, 19%4] Hence, boldine appears as a new
neuroprotective drug that could be administered in therapeutical
treatment of both acute and chrondc brain diseases to reduce neuronal

damages.
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Mono-Heteromeric Configurations of
Gap Junction Channels Formed by
Connexin43 and Connexin45 Reduce
Unitary Conductance and Determine
both Voltage Gating and Metabolic
Flux Asymmetry

Guogiang Zhong ', Nazem Akoumn?, Daniel A. Appadurai®, Volodya Hayrapetyan®,
QOsman Ahmed*®, Agustin D. Martinaez®, Eric C. Beyer? and Alonso P Moreno
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Lintan States, ¢ Health Soianca Canter, Lnversty of Taxas, Taxss, TX Unfed States, 5 Atnta Heart Speckists, Alanta, G4,
Lirtag States, © Cantro interdiscipinario de Neurockncla de Valpamsiso, Faculted de Clenclas, Universidad de MWalparatso,
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In cardiac tissues, the expression of multiple connexins (Cxd 0, Cxd3, Cxdb, and Cx30.2)
iz a requirement for proper development and funchton. Gap junchons formed by these
connexing have distinct permeabilty and gating mechanisms. Since a single cell can
express more than one connexin isoform, the formation of hetero-mulbimenc gap junchion
channels prowvides a tissue with an enormous repertoire of combinations to modulate
intercellular communication. To study further the perm-selectivity and gating properties
of channels containing Cxd:3 and Cxd5, we studied two moncheteromeric combinations
inwhich a Hela cell co-iransfected with Cxd3 and Cxd5 was paired with a cell expressing
only one of these connexing. Macroscopic measurements of total conductance between
cell pairs indicated a drastic reduction in total conductance for mono-heteromenc
channels. In terms of V] dependent gating, Cx43 homomeric connexons facing
heteromenc connexons only responded weakly to voltage negativity. Cxdd homomenc
connexons exhibited no change in V) gating when facing heteromeric connexons. The
distributions of unitary conductances (y)) for both mono-heteromernc channels were
smaller than predicted, and both showed low permeability to the fluorescent dyes Lucifer
yellow and RhodaminelZ3. For both mono-heteromenc channels, we observed flux
asymmetry regardless of dye charge: flux was higher in the direction of the heteromenc
connexon for MhetCxd5 and in the direction of the homomenc Cxd3 connexon for
MhetCxd3. Thus, our data suggest that co-expression of Cxd5 and Cwxd3 induces
the formation of heteromeric connexons with grestly reduced permeability and unitary
conductance. Furthermore, it increases the asymmetry for voltage gating for opposing
connexons, and it favors asyrmmetric fiux of maolecules across the junction that depends
prirnarnty on the size (not the charge) of the crossing molecules.

Keywords: Intarcallular communication, heteromeric connexons, gap junctions, parmeabliity, protein kingse C
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INTERNATIONAL SPRING SCHOOL

App||ed Statistical Thermodynamics 2017:

from theory te molecular dynamigs simulation

P oo Y

»

Willem F van Gunsteren
Swiss Institute of Technology (ETH), Zurich, Suiza

Chris Oostenbrink
University of Natural Resources (BOKU), Vienna, Austria

Jose Antonio Garate
Centro Interdisciplinario de Neurociencia de Valparaiso (CINV), Valparaiso, Chile

Tomas Perez-Acle
Fundacion Ciencia & Vida (FCV), Santiago, Chile

NOVEMBER 20 - DECEMBER 01, 2017
FUNDACION CIENCIA & VIDA

AVDA. ZANARTU 1482, NUNOA, SANTIAGO
CHILE

Organizing Committee:

José Antonio Garate, CINV, Universidad de Valparaiso
Tomas Perez-Acle, Fundacion Ciencia & Vida

inscriptions and more info: http://dlab.cl/courses/AST2017
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LACONEU

“WORKSHOP ON
COMPUTATIONAL NEUROSCIENCE:
NEW TRENDS AND CHALLENGES FOR 2030"

WD L A N @ LT . B MUSEO NAVAL
2017 | 9:00-17:00 HRS SUBIDA ARTILLERIA 470, VALPARAISO

Albert Compte, IDIBAPS, Barcelona,Spain
Bruno Cessac, INRIA Sophia-Antipolis, France
Alain Destexhe, Centre National de la Recherche Scientifique (CNRS), France
Wael El-Deredy, Universidad de Valparaiso, Chile
Laurent Perrinet, INT - Institut de Neurosciences de la Timone, Marseille, France
Tatyana Sharpee, Salk Institute, California, USA
Frédéric Alexandre, INRIA-Bordeaux, France
Nelson Trujillo-Barreto, University of Manchester, UK
Yasser Iturria, McGill University, Canada

Free entrance, registration mandatory: http://cinv.uv.cl/laconeu-workshop

{\qllemo o
Advanced Center‘ UNIVERSIDAD TECNICA
" FEDERICO SANTA MARIA

for Electrical and Elects Engineering

INSTITUTO DE_ ) Universidad /‘\

CENTRO INTERDISCIPLINARIO DE ——

NCUI‘OCI(:‘DCI;& ck G*’j Sistemas Complejos deValparaiso
Valparaiso \_ P

DE VALPARAISO

CHILE
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XIV Latin American Symposium :
| on Chronobiology 2017

14 TO 18 NOVEMBER 2017
PARQUE CULTURAL DE VALPARAISO
cinv.uv.cl/lasc2017/

KEYNOTE SPEAKER PUBLIC LECTURE
JOSEPH TAKAHASHI CELINE VETTER

HHMI Investigator, University of Texas University of Colorado Boulder, USA
Southwestern Medical Center, USA.

NOBEL LAUREATE

> MICHAEL ROSBASH
HHMI Investigator, Brandeis University, USA.

LASC 2017 includes a one-day course, Early registration period closes October 5%, 2017
and symposia and workshops on clocks and sleep. Late registration closes October 15, 2017
More informations | Organized by Sponsors
st ey e gy PR £ e g I
Contact K‘«’alrw'afwl'\'y.? '*“"g'.'."'g %' gv?.vl' W‘v-f'!“'.%h o T @
natalia.salinas@cinv.cl
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Outreach activities throughout the period
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DE

EL CEREBRO, UN HUESO

MEN

TE

AUTORES

Ana Abbott, Adolfo Agurto, Marcia Arriagada, Mauricio Aspé,
Aland Astudillo, Constanza Bertea, Tito Castle, Valeska Cid,
Cristian Calftin, Juan Pablo Castillo, Isaac Garcia, Ricardo Illesca,
Ann Mary Iturra, Oscar Jara, Indira Lara, Cristian Malhue,

Luis Manriquez, Soraya Mora, Juan Carlos Morales, Jesiis Olivares,
Marcela Ovando, Melissa Pavez, Miguel Pifieiro, Mauricio Ramirez,
César Ravello, Magali Septlveda, Maria Teresa Salas, Felipe Tapia.

EDITORES (CINV)
Oliver Schmachtenberg, Jestis Olivares

EDICION GENERAL
Carmen Rodriguez, Luz Maria Alvarado

COMITE EDITORIAL
Ramén Latorre, Juan Carlos Garcia, Héctor Cossio

ILUSTRACIONES
Jorge Gonzilez

DISENO Y DIAGRAMACION
Dante Mellado, Cristdbal Amigo
AAsstudio

Agradecemos en primer lugar a la Universidad de Valparaiso, que

alberga al Centro Interdisciplinario de Neurociencia de Valparaiso
(CINV), permitiendo hacer ciencia de excelencia desde una universidad
publica. A los estudiantes de Magister y Doctorado en Ciencias, mencién
Neurociencia de esta universidad, quienes escribieron los articulos de este
libro, llevando la ciencia de frontera a un lenguaje comprensible por toda la
sociedad. Queremos agradecer también al diario electrénico EI Mostrador,
primer diario online de Chile, por darnos la oportunidad desde 2014 de
llegar a cientos de miles de lectores interesados en conocer cémo funciona
nuestro sistema nervioso a través de la serie “Los secretos del cerebro”, en
una experiencia inédita en nuestro pais. Por dltimo, queremos agradecer a
laIniciativa Cientifica Milenio del Ministerio de Economia, cuyo generoso
y permanente apoyo ha hecho posible el desarrollo de ciencia competitiva
al nivel internacional, ademds de impulsar su difusién y promocién de

modos innovadores, como con esta publicacién.
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LA ALEGRIA DE LA CIENCIA

XX Concurso de Proyectos Explora de Valoracion y Divulgacion de la Ciencia y la
Tecnologia 2015-2016

Contacto
www._cienciaaltiro.cl ; www._cinv.cl

CONICYT
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BE PART OF THE FALLING WALLS LAB
CHILE ON 27 SEPTEMBER 2017

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!

¢ Apply now if you are a Bachelor or Master student, PhD
candidate, post-doc, young professional or entrepreneur.

Application deadline

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

* Application deadline: 25 August 2017

The Falling Walls Lab Chile

¢ The event will take place at the Parque Cultural de
Valparaiso, Calle Cércel 471, Cerro Céarcel, Valparaiso.
e Start: 2 pm

FA L L l N G * Auswiartiges Amt

CINV ANNUAL PROGRESS REPORT —2017

SHARE YOUR INNOVATIVE IDEA AND
WIN A TRIP TO BERLIN

A distinguished jury selects the winner who
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?

fwlab@cienciajoven.cl
Tweet about the Lab: #FallingWalls17

The Falling Walls Lab Chile is hosted by the Fundacién
Ciencia Joven and the Centro Interdisciplinario de Neuro-
ciencia de Valparaiso of the Universidad de Valparaiso, in
collaboration with the German Academic Exchange Service
and supported by the Federal Foreign Office of Germany.

Deutscher Akademischer Austauschdienst

WALLS DAAD o iatemc Exthange sorvies

LAB

FUNDACION “Neurociencia e @j A Universidad m
CIENCIA JOVEN Valparaiso \. My deValparaiso 00 I

CHILE VALPARAISO eonoRgse
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1) “Scientific Center will be raised in historic ruins of Valparaiso”
Newspaper: El Mercurio
Date: April 23, 2017

Link: http://impresa.elmercurio.com/Pages/NewsDetail.aspx?dt=2017-04-23&dtB=23-

04-2017%200:00:00&Paginald=18&bodyid=3

Scope: National

EL MERCURIO

Se mantendrd y recuperard la fachada del ex edificio Severin:

Levantardn centro cientifico en
histdricas ruinas de Valparaiso

El proyecto para edificar la nueva sede de un instituto de
investigacion de excelencia a nivel mundial estd en licitacién.

HERNAN CISTERNAS ARELLANO

Sitodo marcha de acuerdo con
lo previsto, en un plazo de 600
dfas volverdn a recobrar vida las
ruinas del ex edificio Severin, si-
tio con valor histérico, que entre
febrero y agosto de 1828 acogid
al primer Congreso Bicameral
de Chile. Estd ubicado en el cora-
z6n del barrio fundacional de
Valparaiso, a pasos de la iglesia
La Matriz, uno de los sectores
mads deteriorados de la ciudad y
resurgird convertido en un refu-
gio cientifico, que apuesta por
revitalizar y recuperar esa zona
patrimonial.

La Direccién de Arquitectura
del Ministerio de Obras Publicas
llamé a licitacién para construir
en el lugar la sede del Centro In-
terdisciplinario de Neurocien-
cias de Valparaiso (CINV), que
dirige el premio nacional de
Ciencias Ramén Latorre.

Se trata de un proyecto que
tiene un costo de $7.425 millo-
nes, que demord casi una década
en concretarse.

En el siglo XVIII, el ruinoso
edificio Severin fue convento je-
suita. Posteriormente acogié a la
congregacién de los Dominicos.
Elinmueble termind su vida util
el ano 2004, cuando un incendio
—el segundo en su historia—
destruyd las instalaciones ocu-
padas en esa fecha por una comi-
sarfa de Carabineros. Tras afios

BARRIO PUERTO.—. El proyecto ayudard a recupear el deteriorado barrio

puerto, el sector fundacional de la ciudad de Valparaiso.

como sitio eriazo, del inmueble
original solo permanece en pie la
fachada.

Una vez que se reconstruya,
pasard a denominarse “Edificio
Juan Ignacio Moli-
na”, en honor al
abate jesuita consi-
derado como el pri-
mer cientifico chi-
leno, quien residié
en ese lugar hasta

VISITA
Las empresas
interesadas en la
construccion visitaran
el lugar el 4 de mayo.

obstante el deterioro del sector,
“lo que queremos hacer en el lu-
gar es un faro para la ciencia, un
faro para el pafs y recuperar el
barrio”.

El desafio es de-
mostrar que a traves
de un edificio mo-
derno e innovador,
convertido en un
centro de investiga-
cién de excelencia a

antes de trasladarse  m———— nivel mundial, es

a Bolonia, Italia.

Para el cientifico Ramén La-
torre, promotor de la idea de
instalar el CINV en el barrio
fundacional de Valparaiso, no

posible recuperar si-
tios histdricos y, paralelamente,
reactivar un barrio que forma par-
te de la zona que ha sido declara-
da por la Unesco como patrimo-

JONATHAN MANCILLA

nio de la humanidad.

El Centro Interdisciplinario
de Neurociencias de Valparafso
ostenta desde el afo 2011 la cate-
goria de Instituto Milenio.

En el lugar se levantard un edi-
ficio de 4.863 m?, que contard con
instalaciones de alta tecnologia,
laboratorios para investigacién
neurocientifica, un auditorio, sa-
las multiuso y de reuniones, espa-
cios de trabajo para 150 personas
—entre investigadores y estu-
diantes de doctorados y post doc-
torados, chilenos y extranjeros—,
un museo interactivo y dreas para
la difusion de la ciencia.

Se espera que anualmente el
Centro de Neurociencias reciba
a mds de 2 mil especialistas na-
cionales e internacionales liga-
dos a la investigacién cientifica.

En julio del 2015, Bienes Na-
cionales entregd la propiedad en
comodato por 40 afios a la Uni-
versidad de Valparaiso para la
construccién del CINV.

Para contar con los $7.425
millones que cuesta el proyecto
fue necesario concordar volun-
tades en pos de un financia-
miento compartido entre el Mi-
nisterio de Obras Publicas
($1.075 millones), la Universi-
dad de Valparaiso ($1.500 mi-
llones) y el Gobierno Regional
($4.850 millones).

La apertura de los antece-
dentes técnicos que se presen-
ten dentro de la propuesta pu-
blica se realizard el 22 de agos-
to, mientras que las ofertas eco-
némicas se conocerdn el 13 de
septiembre.
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2) “Scientific documentary explains the importance of cuttlefish in the advance of
neuroscience in Chile”
Webpage: Diario electronico el Mostrador
Date: August 27, 2017
Link: http://www.elmostrador.cl/cultura/2017/08/27/documental-cientifico-explica-la-

importancia-de-la-jibia-en-el-avance-de-la-neurociencia-en-
chile/?php%20bloginfo(%27url%27);%20?%3E/cultura

elm Strador Noticias Mercados TV Cultura Ag

oo, L SNOPREN B et ot

NOTICIAS | CIENCIA

“Montemar, Laberintos de la Memoria” se estrena hoy, domingo, en TV abierta
Documental cientifico explica la importancia de la jibia
" en el avance de la neurociencia en Chile

grandes logros
mpre son en equipo.

23082017

> Montemar y Los Laberintos de la Memoria / Trailer
Documental e

[VIDEO] “Llevo 4 meses sin
medicinas y mi miedo es que
mafiana me muera”: la
desesperada biisqueda de
medicamentos en Venezuela

La cinta rescata epopeya de la investigacion cientifica nacional: la jibia de la corriente de
. . . o0 P o . sz [VIDEO] El milagroso penal en
Humboldt, con testimonios y registros de los tltimos 50 afios. Bajo la direccion de Gonzalo el iltimo minuto que le dio el
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3) “Researcher discovers how worms inherit survival mechanisms from their
offspring”.
Newspaper: Las Ultimas Noticias
Date: December 26, 2017
Link:_http://www.lun.com/Pages/NewsDetail.aspx?dt=2017-12-
26&Paginald=32&bodyid=0

Scope: National

Las Ultimas ﬂptlcias

CAMILA FIGUEROA

haya nacido como tal y no como

un gusano es tan minima, dice
Andrea Calixto, doctora en Neurobiolo-
gia Molecular de la Universidad de Co-
lumbia, que solo un porcentaje minimo
de genes hizo la diferencia.

De hecho, asegura, un humano es
tan parecido a un gusano, especifica-
mente al de la especie Caenorhabditis
elegans, que las células y proteinas fa-
bricadas por ambos cuerpos cumplen
el mismo rol: decirle al organismo
cuando crecer, como reproducirse o
como defenderse.

Calixto, quien ademds tuvo como
mentor doctoral al mismisimo Martin
Chelfie -ganador del Premio Nobel Qui-
mica del afio 2008 por descubrir Ia pro-
teina verde fluorescente en el mismo
gusano (que permite ver procesos ce-
lulares que antes eran invisibles. Entre
ellos, el desarrollo de las neuronas) in-
cluso afirma que el C. Elegans es muy
Gtil para entender como funcionan los
humanos.

En octubre pasado, luego de cuatro
afos de estudio, la investigadora del
Centro Interdisciplinario de Neuro-
ciencia de la Universidad de Valparaiso
descubrid que el gusano C. elegans
tiene un mecanismo transgeneracio-
nal, es decir que lo une a sus antepasa-
dos. Ese mecanismo permite que su
descendencia pueda defenderse de las
cosas malas de la vida, por ejemplo, de
las bacterias patdgenas.
Una especie de recurso que
lo hace evolucionar hacia
una especie mas resistente,
tal cual lo planted Darwin en
"El origen de las especies”.

| a diferencia entre que un humano

Mecanismo de
defensa

Los C. elegans se ali-
mentan de bacterias. Les
gusta su olor, pero no pue-
den distinguir las saludables
de las menos saludables. Es
mas, advierte Calixto, las
bacterias patégenas tienen

Segun la investigacion de la
doctora Calixto, el
Caenorhabditi. Elegans es
muy Util para entender
cémo funcionan los
humanos

Lo publicaron en la revista “mBio” de la Sociedad Americana de Microbiologia

Investigadora descubre como
gusanos heredan mecanismos de
supervivencia a su descendencia

Andrea Calixto es

Estudio de doctora Andrea Calixto revelé que el
gusano C. elegans tiene un mecanismo que lo

une a sus antepasados.

que cuando los gusanos nacen, pasan
por cuatro fases larvarias hasta que fi-
nalmente llegan a la adultez. Entre el
estadio dos y tres hay una larva que se
llama Dauver, que tiene la capacidad de
ralentizar su metabolismo y endure-
cerse para asi dejar de comer por unos
cuatro meses, hasta que pase el estrés
de las bacterias malas y vuelva a tener
alimento saludable. Eso es la diapausa.

“El hallazgo es que antes no se ha-
bia descrito que los animales podian
hacer diapausa como forma de defen-
sa. Es importante que sea una larva y

piensan en la comunidad, no son indi-
vidualistas”, advierte.

Agrega que cuando las larvas cono-
cen a la bacteria mala y pasan la infor-
macidn a los hijos, lo hacen de manera
transgeneracional. “Eso sirve para pre-
servar la especie porque los parentales
le informan a su progenie lo que han
aprendido y les pueden salvar la vida.
Ahora estamos investigando el meca-
nismo por el cul la madre traspasa la
informacion”.

Quien se encarga de traspasar el co-
nocimiento es la madre, que en este

se tenido el contacto con las bacterias.
Les basta con la informacion que les
traspasé la madre. Eso se llama linea
germinal materna”, explica.

La importancia del gusano
Patricio Olguin, académico del De-
partamento de Neurociencias de la
Universidad de Chile e investigador del
Instituto de Neurociencia Biomédica
(BNI), lo aclara: "Los gusanos tienen
muchos genes que estan conservados
en los humanos y por eso la investiga-
cion de Calixto es importante”. Agrega
que “el uso de C. elegans es funda-
mental porque tiene vias de senaliza-
cion celular que hacen béasicamente lo
mismo en humanos, entonces lo que
podamos descubrir en ellos, también
se puede extrapolar a las personas”.

un muy buen olor. “Sin em- doctora en no un adulto porque los animales jove-  caso es un hermafrodita que hace de  Por ejemplo, dice, en los primeros ex-
bargo, cuando los gusanos se comenla  Neurobiologia nes son los que pueden reproducirse. fémina, ya que, segln la doctora, solo  perimentos realizados con este gusano
bacteria y les infecta el intestino, esa  Molecular Si td sacas del ciclo de vida a un animal hay C. elegans machos y hermafrodi-  en la década los 60, se encontrd el gen

infeccion va al sistema nervioso e in-
forma que deben tomar una decision
que tiene que ver con cerrar la boca,
utilizar los écidos grasos acumulados y
ponerse en un estado de letargo”, de-
talla la microbidloga.

Esa decision vital que deben tomar
los gusanos se llama diapausa y es pro-
ducto del aprendizaje. “Demoran toda
una generacion en aprenderlo”, cuen-
ta

¢Qué es la diapausa? Calixto dice

viejo, no sirve. La especie necesita cui-
dar a los jovenes para que cuando la
comunidad salga del estrés, el nicho
pueda llenarse nuevamente. Ellos

tas. "Hicimos cruzas de hermafroditas
que tuvieron contacto con los patoge-
nos y con machos que no lo tuvieron.
No les importd que el macho no hubie-

de la proteina Netrina, que les dice a las
neuronas donde tienen que hacer con-
tacto en el cerebro. Y tal como pasa en
el gusano, sucede en humanos.

» *“Los gusanos tienen muchos genes que estan conservados en los
humanos y por eso la investigacion de Calixto es importante”

Patricio Olguin, académico del BNI
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4) “Which Chilean City will be the first one to fall down if a pandemic will reach?”
Newspaper: Las Ultimas Noticias
Date: December 12, 2017
Link: http://www.lun.com/Pages/NewsDetail.aspx?dt=2017-12-
11&NewsID=388975&BodylD=0&Paginald=28
Scope: National
Note: This article appeared in diferentt kind of Chilean newspapers

Las Ultimas Noticias

Software propone distintos escenarios en caso de enfermedades infecciosas

¢ Cual ciudad chilena seria la
primera en caer si llegara
una pandemia?

BARBARA NUNEZ

u ué hubiera pasado
en Chile si hubiese

6 llegado una enfer-
medad como el ébo-

la, el temido mal que asol6 Africa hasta
este afo? ¢Qué ciudad se hubiera in-
fectado primero? ;Como hubieran re-
accionado las autoridades?

Aunque esa es una realidad que no
nos tocé vivir, sf ocurrid en el software
computacional creado por Tomas Pé-
rez-Acle, director del laboratorio de
Biologia Computacional de la Funda-
cion Ciencia & Vida e investigador del
Centro Interdisciplinario de Neuro-
ciencia de Valparaiso. La razén para
crear un Chile asolado por una enfer-
medad infecciosa era simple: prever
como nos comportariamos.

¢Coémo simulamos algo que no ha
pasado? Con datos. Miles de datos. En
este caso, los que se usaron para mol-
dear este futuro distopico vinieron de
los ministerios de Salud, Transporte y
otras organizaciones internacionales
de salud. "Ademas, nosotros integra-
mos los datos del Gltimo brote de ébo-
la en Africa, es decir, el nimero de in-
fectados, de muertos, de personas que
serecuperaron y el nimero de cadave-
res que no fueron apropiadamente tra-
tados para no propagar la enferme-
dad”, dice Pérez-Acle.

Con esto, se construyd el modelo
matematico de la enfermedad. En
otras palabras, un software bien pare-
cido a un videojuego apocaliptico.

Para efectos de la simulacion, solo
se consideraron las cuatro ciudades
mas pobladas de Chile: La Serena, Vifia
del Mar-Valparaiso, Santiago y Con-
cepcion.

No existe el paciente cero

Investigador concluyé que la conectividad es el factor clave para que
una dolencia se disperse en las cuatro urbes mas pobladas del pais.

N

"q'

"Pusimos un infectado en Santiago  Tomas ciente se dedigue a infectar y vaya al ~ Santiago, Valparaiso se infecta muchi-  capacidad. “Las ciudades que estan
enel dia cero. Corrimos lasimulaciony ~ Pérez-Acle estadio y le estornude a todo el mun-  simo mas rapido, porque la cantidad  mas conectadas son las que primero
no paso nada. Luego dos infectadosy  realizé la do”, comenta el cientifico. de habitantes de Valparaiso en térmi-  van a caer y las que estan en los extre-
de nuevo no paso nada”, dice Pérez-  simulacion. nos de la densidad es mucho mayor  mos, las Gltimas”, dice. En este mode-
Acle. En el software no pasaba nada, Desde Valparaiso a que la de Santiago”. lo, la Giltima en caer seria Concepcién.
pero en la vida real de los cinco investi- Concepcion Tanto en la simulacién como en la

gadores a cargo, bastante.

Cada vez que el software corria una
simulacion habia que esperar tres dias
para ver los resultados. Finalmente,
llegaron a un nimero mégico: el diez.

“Diez personas tienen que infectar-
se simultaneamente para que la enfer-
medad se disperse”, dice Pérez-Acle.
El ndmero en si es bastante bajo, pero
rompe con la extendida creencia del
“'paciente cero”, tipica de pelicula holl-
ywoodense. “Con un solo paciente la
probabilidad de que esa enfermedad
se disperse es tan baja que habitual-
mente no ocurre, 3 Menos que ese pa-

Aunque el primer paciente se infec-
te en la capital, no seria inmediata-
mente la ciudad en tener mas casos.
“Descubrimos en nuestra simulacion
que si bien la infeccion comienza en

realidad, Valparaiso es la ciudad con
mayores sistemas de conectividad:
terminales de buses y el puerto. Cada
dia de la ciudad portefia salen a Santia-
go mas de 45 buses. Todos a maxima

»Diez personas tienen que infectarse
simultaneamente para que la
enfermedad se disperse

Tomas Pérez-Acle

ZA quién creerle?

Extendida la enfermedad ficticia, el
gobierno central ficticio entra en ac-
cion. Lo impactante es que, segin lo
que las autoridades digitales decidan
comunicarle a la poblacién, la cantidad
de enfermos varia sustancialmente.

Hay tres escenarios posibl; pri-
mero, al entregar un mensaje inco-
rrecto como “no hay epidemia”, la
cantidad de infectados se dispara.

El segundo, cuando hay mensajes

Sigue en pagina 30 )

ABRAHAM MARQUEZ
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5) “Nobel Prize critiscise tendency anti-vaccines”
Newspaper: El Mercurio de Valparaiso
Date: November 17, 2017
Link: http://www.mercuriovalpo.cl/impresa/2017/11/17/full/cuerpo-principal/3/
Scope: National
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6) “With this decision, the government is hypothecate the science and to its own
knowledge”.
Newspaper: ElI Mercurio de Valparaiso
Date: October 19, 2017
Link: http://www.mercuriovalpo.cl/impresa/2017/10/19/full/cuerpo-principal/5/
Scope: National

EL MERCURIO

DE VALPARAISO

e ENTREVISTA. RAMON LATORRE, director del CINV, sobre la reduccion del 2,2% para la ciencia:

“Con esta decision el Gobierno
estd hipotecando el futuro de la

ciencia y del conocimiento propio”

Paolo Navia S.

ok ania@meirinalposd

omo una bofetada en

paraiso (CINV), la decision
adoptada por el Gobierno en
relacion a reducir en un 2,2%

logha e innovacidn (CT).

La reduccion fue tomada
‘como un golpe bajo por parte
del mundo cientifico, mis atn
si se toma en cuenta que Chile
es ¢l pais de la Organizacion
para la Cooperacion y el Desa
rrollo Econdrmicos (OCDE) que
menos invierte del Producto
Intermo Bruto (PIB) en diencia,
consdlod 0,38%.

Ante este escenario, el aca-
démico de la Universidad de
Valparafso (UV) fue tajante al

i Goveoouta

hd
A

sefialar que el gobierno de Mi
chelle Bachelet dice una cosa,
pero hace otra.

“Acé hay una tremenda di
ferencia entre Jo que se dice y
1o que se hace, porque en to-
dos los discursos del Gobiemo
se habla de la necesidad de  ~SI -pero fick
crear unp e pais no produci
nocimiento, y cuando se llega  conocimiento propio,
al Presupuesto, resulta que no mam - Seguro que si, pues en Chile  vas generaciones de investigado-
existe fondos para crear tal pa delas  [chemos muy bucnos inge-  resconestadecisiéndareducicel
5", manifestd Latorre. dependiendo nicros, y también tenemos  presupuests para la cencia?

materfasbrutas,es genre inteligente y muy ca- - Yo creo que se les estin cor-

~Usted dice que axisteunacon-  decir, de vender paz, pero esta reduccion es  tando las alas, porque acd hay
tradicclénalinterior del Ejecutl-  frutas, vino y cobre,y  como una bofetada en pleno  una cadena de reduccion pre-
voenmateriadentifica Porawé  esto) lo hemos rostro, sobre todo cuandosa-  supuestaria. Primero en edu-
realiza esa afirmacién? bemos que dentro del Presu-  cacion y el recorte a la gratui-
-Porqecaciprepues SBYOURVEZLDEIO 0, delavenadel  dad, yahoraenlaclencia, en-
10 destinado para clenciases K5 1o cobre, las Fuerzas Armadas  tonces, €s como un interés
de un pais subdesarrollado,y  NOS sevana llevar mil millonesde — compuesto que daa pensar el

2 €508 recursos, que ya son
extremadamente deficientes
para cchar a andar un pais en
un mundo moderno, resulta
que le recortan ¢l 2%. Enton

Europase da csa situacion. Pe

dolares. Entonces, de alguna
manera esto da a entender
que el pais estd funcionando

se tropieza dos veces con la

de manera yese
es el problema més serio, por-

tipo de pais que estamos
creando, con una educacion
que es muy mala y basada en
la posicion social, porque la
gente con dinero puede man

ces, lverdad esquenoseen:  misma piedra, porque tuvi-  que con esta decision el go-  dar a sus hijos a los mejores
q quelosale- b coleglas, y B
que i clsinté turo dela ciencia y del cono-  modesta tiene que hipotecar
necesitamos un desarrollode  y ahora estamos adn depen-  cimiento propio. su futuro. Entonces, la cosa
las grandes tecnologias y que  diendo del cobre, pero iqué esti fallando por todos lados,
necesitamos innovacion, e pasa si de un dia px de porque los estudiantes que
10 se recorta un Hegan a primer aflo de univer-
quees para el 2 Por des- - Mire, si nosotros como pais  sidad apenas entienden los
pais. de la base del i textos de estudio, y €30 algo
ya deberiamos estar gjecutan:  propio, vamos a seguir depen-  daa entender.
o Alanh brut
ipo de s decir, de vender frutas, vino - 06me se puede generar una si-
0 en 2 escala reglonal? ycobre, y dich
-~ A nosotros, obviamente, nos - 2Qué tipe de acclones? una y otra vez, pero las autori-  nerama para el desarrolio de la
vaaafectar y quizds - Por cjemplo, los dades no nos escuchan, aun-  clenclaen Chile?
una . for al 2%, . mucho  que para ser francos, existen - Yo creo que esto va a cambiar

perocseno es el temade fon-  cobre, y por lo tanto, ya debe- G

do, porque al final esto e vaa  rlamos estar creando fibricas  do Girardi que se la estdn ju-  tomen el toro por las astas y
afectar a todo el pais, pues sl de motores para esetipodeau-  gando por apuntar aun senti-  acabar con esta falta de consis-
miramos el mundo modemo,  tomdniles, ne  doy i Comi-  tencia entre lo que se dice y lo
no existe ningun pais desarmo- cesita invertir en y  sion del quetodoslos g , porqu

Nladdo que e L necesi- pr
poderosa que permita un de- ¢ litio, dad del Chileso g inclusive
sarrollo ade bre la base del laba-
do, ni en Estados Unidos, nien  do baterfas. propio, peroal parecer, esono  sedeladenclachilena. <8
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Newspaper: ElI Mercurio de Valparaiso
Date: September 16, 2017
Link: http://www.mercuriovalpo.cl/impresa/2017/10/03/full/cuerpo-principal/16/
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7) “CINV Researcher make an progress in Muscular myopathy studies”

Scope: National

Note: This article appeared in diferentt kind of Chilean newspapers

EL MERCURIO

DE VALPARAISO

Cientifica del Centro de Neurociencia
avanza en estudio de miopatia muscular

VALPARAISO. Doctora Arlek Gonzdlez
centra sus estudios en grave patologia.

esde los laboratorios
D del Centro Interdisci-
plinario de Neurocien-
cia, de la Universidad de Valpa-
raiso (CINV),la Dra. Arlek Gon-
zalez, investigadora del Institu-
to Milenio, avanza en la com-
prension de las miopatias here-
ditarias, un conjunto de enfer-
medades neuromusculares pa-
ra las cuales no hay cura, y que
afectan a alrededor de 6 mil
chilenos.

Gonzalez, bioquimica y
oriunda de la ciudad de Los Vi-
los, descubrié un factor clave
en el origen de la miopatia do-
minante centronuclear, desor-
den que genera debilidad mus-
cular progresiva en musculos
faciales y oculares, asi como
atrofia irreversible de la mus-
culatura esquelética distal -ex-
tremidades-, pudiendo llevar a

lainvalidez.

Esta enfermedad, que afec-
ta a hombres y mujeres por
igual, escausada por diversas
mutaciones en ungen encarga-
do de producir una proteina
llamada dinamina 11, la cual se
expresa en distintos tejidos y
cumple un rolimportante en la
formacion y funcionamiento
de las fibras musculares.

“Los pacientes debutan
con la enfermedad en la adul-
teztemprana, alrededor delos
20 afios. Los primeros sinto-
mas son debilidad muscular y
mucha fatiga. Es una patologia
progresiva que conlleva a un
deterioro paulatino de la fun-
cion muscular en la que, de-
pendiendo de la severidad con
que se manifiesta, los afecta-
dos pueden perder la capaci-
dad de caminar, quedando en

CINV

r |
== |

DOCTORA ARLEK GONZALEZ.

silla de ruedas”, comenta la in-
vestigadora.

Junto a la Dra. Ana Maria
Cardenas, investigadora de
CINV y quien fuerasu tutora de
tesis doctoral, la Doctora Arlek
Gonzalez analiz6 de qué mane-
ra estas mutaciones en el gen
de dinamina 11 afectan la fun-

“Es una patologia
progresiva que
conllevaaun
deterioro paulatino
de la funcion
muscular”
Arlek Gonzilez
Cientificadel CINV

cion de esta proteina en las fi-
bras musculares.

“En nuestro trabajo obser-
vamos que hay una funcion
muy importante que estd afec-
tada, relacionada con el trafico
intracelular, es decir, con como
viajan ciertas proteinas a la
membrana de las células. Ob-
servamos que en células mus-
culares en las que dinamina Il
estd mutada existe otra protei-
na, el ransportador de glucosa
GLUT4, que no esta llegando
bien a la membrana de la célu-
lay esonose habia descritoan-
teriormente”, comenta. 3
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Newspaper: El Mercurio de Valparaiso
Date: Agustu 18, 2017
Link: http://www.mercuriovalpo.cl/impresa/2017/08/12/full/cuerpo-principal/8/

8) “ CINV Experter warning: “ Sleeping time does not recover it”

Scope: National

EL MERCURIO

DE VALPARAISO

Experto del CINV advierte: “La
hora de sueno no se recupera”

VALPARAISO. John Ewer advierte sobre el impacto que tendra el cambio de hora que
los chilenos deben hacer esta medianoche y entrega consejos para mitigarlos.

limpacto que tienen las
E horas de suefio y vigilia
en el cerebro es uno de
los temas que el doctor John
Ewer maneja a la perfeccion.
Por ello, desde su puesto como
investigador del Centro Inter-
disciplinario de Neurociencia
de la Universidad de valparai-
$0 (CINV), se ha elevado como
un firme opositor a los cam-
bios de huso horario que en-
frentan los chilenos dos veces
alafo.

Ewer, experto en genéticay
desarrollo de los sistemas ner-
viosos, afirma que al adelantar
los relojes una hora, lo que se
debe realizar esta medianoche
(hay que poner la1dela madru-
gada), lejos de ajustar nuestro
ciclo laboral con el natural, lo
aleja una horamas. A partir de
la mafiana del domingo, la ma-
yoriade los chilenos tendremos
dos horas de diferencia con el
huso horario que nos corres-
pondey estaremos alejados del
ciclo que cumple el principal
regulador de nuestras respues-
tas corporales: el sol.

CINV

JOHN EWER ES UN EXPERTO DEL CENTRO DE NEUROCIENCIA PORTENO.

“Elhuso horario en que ter-
minamos es peor que el que te-
nemos ahora, que ya esta equi-
vocado en una hora con res-
pecto a lo que nos correspon-
de”, afirma el especialista que
trabaja en los laboratorios del
CINV en Valparaiso.

El doctor Ewer explica que
con el nuevo horario la salida
delsol sera mas tarde. Como la
llegada de la luz del sol regula

cuando despertamos en dias
sin despertador, luego del cam-
bio el despertador nos desper-
tard una hora antes en un dia
de trabajo, lo cual significa per-
der una hora de suefo por so-
bre del déficit de suefio que ya
tiene la mayoria de las perso-
nas. Esta hora de suenio perdi-
do no se recupera, advierte
Ewer, sino que uno no se
“acostumbra” a este cambio de

horario y su efecto no desapa
rece hasta que el sol se levantc
mas temprano, lo cual ocurre
naturalmente a medida que
nos acercamos al verano.

PARA MITIGAR IMPACTO
Como no hay solucién, porqu¢
adelantar los relojes es una ley
que se debe cumplir, el doctor
Ewer plantea algunas medida:
capaces de mitigar el dafo. “Sc
recomienda simplemente to
mar precauciones, andar cor
cuidado cuando se desplacer
por las calles, idealmente nc
manejar y no dictar asignatu
ras complicadas durante la
primeras horas del dia, ade
mas de no realizar tareas o ac
ciones que requieran de mu
cha atencion en la mafiana”.
En otras palabras, dijc
Ewer, solo se puede minimi
zar el dano, pero “hablamo
de un daifo completament¢
evitable si cambiaran el hora
rio de Chile”, es decir, silos re
lojes retrocedieran una horz
en vezde adelantarse hoya l:
medianoche. ¢
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